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PREFACE
T
he third edition of Textbook of Clinical Neurology
has been prepared for all clinicians directly
involved with patients with neurological diseases:

neurologists, neurosurgeons, internists, psychiatrists, and
family practitioners, whether senior clinicians, residents, or
students. Building on the successes of the prior editions
(1999 and 2003), we have updated materials and added
several new areas of discussion to cover the breadth of
contemporary clinical neurology.

The textbook’s original structure, however, has not
changed and remains anchored in the methods that
neurologists utilize on a daily basis to approach, diagnose,
and treat patients. Part One deals with the anatomical basis
of neurological syndromes and outlines how the combina-
tions of signs and symptoms direct clinicians to accurate
localization within the nervous system. Part Two focuses
on the available neurodiagnostic tools that refine the
anatomical diagnosis and suggest specific etiologies.
Finally, Part Three approaches the causes of neurological
disorders, linking Parts One and Two, just as the active
clinician must do to diagnose patients accurately and to
select an appropriate treatment plan. This strategy is termed
the clinical-anatomical method and has a strong historical
tradition, originally introduced by the celebrated early
French neurologist, Jean-Martin Charcot. Although neu-
roanatomical understanding, available tools, and etiological
categories were more modest in prior centuries, the strategy
of working from anatomy to ancillary diagnostic testing to
a specific etiological diagnosis remains the anchor of
clinical neurology in the 21st century. With extensive
cross-referencing across chapters in the three parts, Text-
book of Clinical Neurology allows readers to work through
a neurological diagnosis and treatment plan at all points of
the evaluation process.

The chapter authors are authorities in their fields and
have prepared materials that reflect the galloping expansion
of information in neuroscience and its direct application to
clinical medicine. References are up-to-date, with some
recent reviews and new publications added during the
proofing stage. Furthermore, all chapters in each part of
Textbook of Clinical Neurology are written in a standard
template, making it easier for readers to find specific
material. I thank the authors especially for respecting this
overriding organization and for recognizing that each
contribution is not only a freestanding essay but also a
part of a larger whole. As editor, I feel that readers deserve
this cohesiveness as they move from one chapter to
another.

The senior authors for all but two chapters have
remained unchanged from the last edition. This continuity
of effort has facilitated my job as editor. The reality of
career changes and evolving interests has allowed for some
of these world leaders to bring in new coauthors and thus
enrich the author list further. Two chapters have non-
overlapping authorship with the chapter of the same name
from the second edition. Alexandru Barboi wrote the
chapter “Cranial Nerves XI (Spinal Accessory) and XII
(Hypoglossal),” and Julie Rowin and Matthew Meriggioli
wrote the chapter “Proprioception, Touch, and Vibratory
Sensation.” Though these chapters are new and reflect
these authors’ own original scientific approaches, I have
cited the earlier authors in footnotes because the chapters
are based in part on those from the second edition.

Textbook of Clinical Neurology has an accompanying
DVD-ROM. On this disk readers will find a large number
of video clips that illustrate topics referenced in the
textbook. An icon appears in the margin of the text
alerting the reader to the additional educational aids. The
number and title of the video clip are given in the text. The
video materials have been contributed by the authors
and numerous colleagues, including my own co-workers
at Rush University Medical Center. The DVD-ROM also
contains a series of study questions for each chapter. In an
age of continuing medical education and increasing
certification requirements, these exercises may assist
colleagues preparing for such challenges. However, the
study questions are written for all readers and can be used
for self-motivated study as well as teaching at all levels. I
have shared them with medical students and residents in
training and have tested my own comprehension of
chapter material by reviewing the questions and answers.
Each question has multiple options, and the correct answer
is provided with a discussion. The questions are not part of
the printed textbook, because the DVD-ROM is the



xiv Preface
preferred format for these interactive exercises. For all
chapters, the authors and I have tried to make these
questions instructive and clinically pertinent. The DVD-
ROM self-launches and is readily usable on personal
computers of different formats.

Throughout the preparation of this textbook, I have
benefited from collaboration with many professionals. In
addition to the authors, the staff at Elsevier—Susan Pioli,
Rebecca Gaertner, Laurie Anello, Bruce Robison—have
been particularly supportive, as has Clay Cansler of P. M.
Gordon Associates. Within my own office, Bernadette
Gillard has served as editorial assistant and has managed
the project with grace and exactitude. The video materials
were prepared for the master disk by my colleague Teresa
Chmura, whose artistic vision and technical skills are of
consistently high quality. Finally, I mention Eric J. Pappert,
who was the original coeditor of the first edition. Although
he was not involved in the second or third edition, he
participated as an equal partner in the original project and
his scientific style and organizational excellence still
resonate in the structural format of this edition.

I began this preface with a reference to Jean-Martin
Charcot and would like to close it with two quotations from
him that set the intellectual framework for the coming
chapters. They deal with the role of the physician in
approaching new discoveries and the intellectual agility
required to integrate new information. In a scientific climate
of ever-increasing amounts of data and a growing tendency
to seek knowledge through entertainment, the sober
discipline of Charcot, his tenacious embrace of careful
study, and his willingness to discover are important guide-
posts to the modern physician dealing with neurological
patients. Through a great master’s words, I evoke the
thematic anchors of Textbook of Clinical Neurology and
hope that they will be kept in mind as readers access this
book:

Because he is so complex, he is an excellent patient to study.
After all, clinical medicine is primarily the study of the difficult
aspects and complexities of disease. When a patient calls on
you, he is under no obligation to have a simple disease just to
please you. (1887)

. . .This may seem to be beyond imagination. And yet, it is a
fact—one that we must get used to. Such was the case for so
many other ideas which are today universally accepted because
they are based on demonstrable evidence, but which met only
skepticism and often sarcasm for so long—it is only a matter of
time. (1888)

Christopher G. Goetz, MD
Chicago, Illinois
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HISTORY AND DEFINITIONS

Consciousness represents the core of our experience as
human beings, and its alterations challenge our concepts
of self and the meaning or value of life. For the physician,
and especially the clinical neuroscientist, these alterations
are among the greatest dilemmas because the disorders that
produce them often require swift diagnosis and manage-
ment based primarily on the physical examination and
most probable etiologies. The ancients, at least as far back
as the Egyptians at the time of the Edwin Smith surgical
papyrus, recognized that the brain was the seat of con-
sciousness. However, the anatomical structures and physio-
logical processes involved in awareness were not
elucidated until the middle of the 20th century. The classic
studies of Moruzzi and Magoun1 established the impor-
tance of the midbrain reticular formation as the driving
force of consciousness. McNealy and Plum2 applied these
concepts in their clinical observations, which were pub-
lished in the 1960s, on patients with mass lesions. With
some modifications by Ropper,3 their discussion of the
anatomy of lesions altering consciousness, as amplified in
the classic text by Plum and Posner,4 remains the founda-
tion for analysis of the patient with altered consciousness.
The other major source of insight into mechanisms of con-
sciousness comes from the study of patients with epilepsy,
particularly by Penfield and Jasper5 and by Gloor.6 The
various theories used to explain loss of awareness during
complex partial seizures and absence seizures have helped
elucidate the interaction of the cortex and the reticular
system.

For the purposes of this book, consciousness describes
that set of neural processes that allow an individual to per-
ceive, comprehend, and act on the internal and external
environments. It is usually envisioned in two parts: arou-
sal and awareness. Arousal describes the degree to which
the individual appears to be able to interact with these
environments; the contrast between waking and sleeping is
a common example of two different states of arousal.
In contrast, awareness reflects the depth and content of the
aroused state. Awareness is dependent on arousal because
one who cannot be aroused appears to lack awareness.
Awareness does not imply any specificity for the modality
of stimulation. This stimulation may be external (e.g., audi-
tory) or internal (e.g., thirst). Attention depends on aware-
ness and implies the ability to respond to particular types
of stimuli (modality specific).7

Many terms that describe gradations of consciousness
populate the clinical literature. Stupor refers to a condition
in which the patient is less alert than usual but can be stim-
ulated into responding. Obtundation describes a patient
who appears to be asleep much of the time when not being
stimulated. This eyes-closed state is not electroencephalo-
graphic (EEG) sleep, however. Stuporous or obtunded
patients respond to noxious stimuli by attempting to deflect
or avoid the stimulus. The comatose patient lies with eyes
closed and does not make an attempt to avoid noxious
stimuli. Such a person may display various forms of reflex
posturing (defined later) but does not actively try to avoid
the stimulus. After a period of coma, some patients may
enter a vegetative state, in which the patient’s eyes open
and close, and the patient may appear to track objects about
the room and may chew and swallow food placed in the
mouth. However, the vegetative patient does not respond
to auditory stimuli and does not appear to sense pain, hun-
ger, or other stimuli. This is a state in which there is
arousal but no awareness.

Delirium has been redefined in recent years by the psy-
chiatric community through the Diagnostic and Statistical
Manual of Mental Disorders. In this publication, delirium
is defined as

a disturbance of consciousness that is accompanied by a change in
cognition that cannot be better accounted for by a preexisting or
evolving dementia. The disturbance develops over a short period
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of time, usually hours or days, and tends to fluctuate during the
course of the day. There is evidence from the history, physical
examination, or laboratory tests that the delirium is a direct
physiological consequence of a general medical condition, sub-
stance intoxication or withdrawal, use of a medication, or toxin
exposure, or a combination of these factors.8
Delirium in critically ill patients identifies a group with
higher mortality and longer hospital stays.9

Many other terms have been applied to gradations of
consciousness but lack consistent definitions and usage.
For this reason, one should eschew their employment and
concentrate on clearly describing what the patient does spon-
taneously and in response to auditory, visual, and somatic
stimulation. This discipline results in clearer communication
among the clinicians caring for the patient.
CLINICAL HISTORY

Although the physician confronted with a patient whose
alertness is reduced must be prepared to proceed without
any external information, knowledge of the patient’s his-
tory frequently provides important clues regarding the
etiology of the problem and the initial approach to manage-
ment. When an observer can provide the history of the
present illness, immediate therapy for likely causes can
be instituted. Even when only fragmentary information is
available, such data allow the clinician to focus the evalua-
tion more closely and, it is hoped, reach a diagnosis in a
more timely fashion.

A history of trauma or underlying medical disease is
important to establish, and a list of medications may sug-
gest important intoxication or drug reactions. If the change
in consciousness occurred suddenly, a cardiac or primary
neurovascular event should be considered, whereas a sub-
acute or slow decline in function may suggest other medical
or metabolic causes. Any details on the immediate events
surrounding the altered consciousness may help in isolating
possible environmental factors, and knowledge of prior
events of a similar nature leads the clinician to consider
etiologies of a recurrent nature, such as epilepsy. Particu-
larly important information on associated medical or neu-
rological signs that occurred just before the loss of
consciousness, such as vomiting, altered speech or confu-
sion, hemiparesis, or chest pains, is directly applicable to
forming a list of possible diagnoses.
ANATOMY OF CONSCIOUSNESS AND ATTENTION

Anatomy of Arousal
Arousal requires the interplay of both the reticular forma-
tion and the cerebral hemispheres. The reticular compo-
nents necessary for arousal reside in the upper brain stem
and diencephalon; recent work shows that the upper pon-
tine reticular formation is necessary for arousal.10 The mid-
brain may be viewed as a driving center for the higher
structures; loss of the midbrain reticular formation (MRF)
produces a state in which the cortex appears to be waiting
for the command or ability to function. This is manifested
electroencephalographically as alpha coma, in which the
resting electrical activity of the cortex appears relatively
normal but cannot be altered by external or internal stimuli.
This ascending midbrain reticular activating system
extends upward into the hypothalamus to the thalamus. It
receives collaterals from and is stimulated by every major
somatic and sensory pathway directly or indirectly.
Because of its many cellular components, this system is
best regarded as a physiological rather than a precise anato-
mical entity. Nonetheless, at least three principal paths pro-
ject out of the midbrain—one to the thalamic reticular
nucleus and then to the cortex, one to the hypothalamus
and then on to the basal forebrain and limbic system, and
a third to the brain stem median raphe and locus coeruleus
with consequent diffuse cortical projections.11

The precise mechanism of diencephalic involvement in
arousal is uncertain. Information from the midbrain reticu-
lar formation passes to the thalamic reticular nucleus,
through which these signals must pass in order to allow
the cortex to function. The thalamic reticular nucleus acts
predominantly to inhibit the cerebral cortex via outflow
tracts that traverse numerous other thalamic nuclei. By
increasing or decreasing thalamic inhibitory mechanisms
on the cortex, the ascending reticular system from the mid-
brain provides a gating mechanism to enhance or diminish
neuronal activation.12 In patients with chronic subdural
hematoma, diminished awareness appears to reflect a
decrease in thalamic blood flow as a consequence of
horizontal diencephalic shift.13

Disorders that distort the normal anatomical relation-
ships of the midbrain, diencephalon, and cortex appear to
impair arousal by interrupting the flow of information from
the midbrain to the cortex. However, it is likely that the
diencephalon plays a more active role in the control of
arousal than simply that of a conduit. For example, in the
prion disorder known as fatal familial insomnia (see Chap-
ter 43), dysfunction of neurons in the anterior and ventral
thalamic nuclei interfere with normal sleep-wake cycling
to diminish or even completely prevent sleep.

Because of the diffuse anatomical substrate of arousal, little
is known of the specific neurochemistry involved in the
maintenance of arousal. It appears, however, that central
acetylcholine and monoamine systems (noradrenaline and
serotonin) have received the most attention. Cholinergic
receptors exist at many levels of this system; antimuscarinic
drugs often depress consciousness, and the centrally active
cholinesterase inhibitor physostigmine reverses anticholiner-
gic encephalopathy, both observations suggesting a direct role
of the cholinergic system. Likewise, norepinephrine and sero-
tonin are neurotransmitters in numerous areas of the brain
stem reticular formation and may serve as direct or indirect
chemical components of arousal pharmacology.14

Although older discussions of this material have stressed
the role of downward shift of the midbrain in the produc-
tion of coma, current concepts of pathological anatomy
have been revised by the availability of computed tomogra-
phy (CT) and magnetic resonance imaging (MRI). It is now
clear that in patients with lateralized masses, the horizontal
displacement of the diencephalon is more closely corre-
lated with the degree of altered awareness than the vertical
displacement. In patients with diffuse brain swelling, cau-
dal vertical displacement of the diencephalon is important,
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but the actual mechanism of coma may relate more to ele-
vated intracranial pressure (ICP), which compromises cere-
bral perfusion, than the actual movement. Terminally, both
lateral masses and diffuse supratentorial brain swelling dis-
place the brain stem caudally, separating it from the basilar
artery (which remains fixed to the clivus).

Loss of function of both cerebral hemispheres interferes
with normal arousal mechanisms. However, over days to
weeks following a severe global cortical injury (e.g.,
hypoxia), the central nervous system appears to reestablish
some degree of arousal. This is clinically apparent in the
vegetative state, in which the patient manifests sleep-wake
cycling. This condition appears to represent arousal with-
out awareness and is histopathologically characterized by
loss of the cortex with preservation of brain stem and
diencephalic reticular structures.

In summary, two primary types of lesions depress the
level of arousal, either direct brain stem-diencephalic dys-
function involving the reticular formation and nuclei or
bilateral cerebral dysfunction. Unilateral cortical lesions
should not impair arousal function unless there is second-
ary compression or compromise of the other hemisphere
or reticular structures, as sometimes occurs with herniation
syndromes.
Anatomy of Awareness
Awareness implies that the individual is not only alert but
also cognizant of self and surroundings. Interaction of the
cerebral cortex and the reticular system is required for the
individual to be aware. Analysis of patients in the vegeta-
tive state and the study of anencephalic infants provide a
picture of reticular system function in the absence of the
cerebral cortex. The opposite problem, that of understand-
ing the function of the cortex in the absence of reticular
system control, is difficult to study. First, almost all lesions
damaging the midbrain or thalamic reticular structures also
impair motor output. Second, although the cortex appears
electroencephalographically to be idling, there is no electri-
cal technique by which one can determine whether the cor-
tex is aware. A few case reports suggest that olfactory
stimulation (which does not require transit through the
midbrain or thalamus to reach the cortex) may produce
an EEG change, and patients in alpha coma due to a mid-
brain lesion will rarely alter this EEG pattern. These are
the only suggestions that external stimuli can alter cortical
function in the absence of reticular system driving. With
current techniques, scientists are not able to examine
whether the cortex of an individual with a reticular system
lesion is able to perceive any internal state (e.g., hunger).

Anatomy of Attention
Attention to specific aspects of the perceived universe
depends on both awareness as a general property and the
specific anatomical structures that mediate the sensory phe-
nomena involved. In order to attend to a particular stimu-
lus, the pathways required for its perception must be
functional (e.g., the visual system must carry information
from the retina to the occipital cortex for visual attention
to occur). Each primary sensory modality has one or more
principal cortical regions that must function in order to
attend to a stimulus (e.g., primary somatosensory cortex
in the postcentral gyrus), but the presence of these areas
alone is not sufficient for attention. Lesions affecting the
more posterior portion of the nondominant parietal lobe,
for example, produce extinction of the contralateral stimu-
lus when stimuli are presented simultaneously on each side
of the body. A lesion at the occipitoparietal junction pro-
duces a similar defect in visual perception of bilateral
stimuli. With larger lesions, the patient appears to have
increasingly more substantial deficits in awareness of the
contralateral half of the universe, including the self.
EXAMINATION OF CONSCIOUSNESS AND
ATTENTION

Directed Neurological Examination
Overview
The examination of the patient with altered consciousness
begins by ensuring that the patient’s vital signs and basic
biochemistry are adequate to support brain function. It is
essential to ensure that blood pressure, respiration, and
oxygen saturation are adequate and that the patient is not
hypoglycemic or thiamine deficient before proceeding with
the examination outlined later. In many situations (e.g.,
emergency departments), naloxone is also administered at
this point to reverse any putative effects of opiates. The
empirical use of flumazenil to antagonize potential benzo-
diazepine intoxication as a routine measure is controversial
because of the risk of provoking seizures or status epilepti-
cus, especially in patients with mixed benzodiazepine and
cyclic antidepressant overdoses.

The initial goals of the examination of the patient with
apparent altered consciousness are first to determine
whether the patient is conscious and then, in patients with
altered awareness, to determine whether or not the reticular
system is functional. Because altered awareness requires
either reticular system dysfunction or bilateral hemispheric
dysfunction, testing the structures immediately adjacent to
the reticular system provides the major clues regarding the
etiology of altered consciousness and thereby determines
the direction of subsequent investigations. The major find-
ings on examination and their expected anatomical corre-
lates are presented in Table 1-1. These correlations are
with the level of dysfunction, which may involve a sub-
stantially larger portion of the nervous system than the
degree of actual damage.15

The findings on these examinations are often summa-
rized by use of the Glasgow Coma Scale.16 Because the ver-
bal response of intubated patients is difficult to assess, one
either ignores it (assigning it a value of T, for intubated) or
imputes a score based on the examiner’s estimate of what
the patient could do. Although the results of this evaluation
are frequently presented as the sum of the values, this prac-
tice is of limited utility. This procedure is of value in indi-
cating the severity of head injury, in which a total score of
3 to 8 indicates severe trauma, 9 to 13 moderate trauma,
and 14 to 15 mild trauma. However, the real utility of the
score is to provide a simple way of detecting changes in



TABLE 1-1

Clinical Findings with Different Levels of Central Nervous System Dysfunction

DYSFUNCTION
RESPONSE TO
NOXIOUS STIMULI PUPILS EYE MOVEMENTS BREATHING

Both cortices Withdrawal Small, reactive Spontaneous conjugate
horizontal movements;
if none, cervico-ocular or
vestibulo-ocular reflexes
can be elicited

Posthyperventilation apnea
or Cheyne-Stokes
respiration

Thalamus Decorticate posturing Same as above, unless the
optic tracts are also
damaged

Same as above Same as above

Midbrain Decorticate or
decerebrate
posturing

Midposition, fixed to light Loss of ability to adduct.
Both eyes may be deviated
laterally (wall-eyed)
(CN III damaged)

Usually same as above;
potential for central reflex
hyperpnea

Pons Decerebrate posturing Usually small; may exhibit
bilateral pinpoint pupils
(especially with midline
pontine hemorrhage);
Horner’s syndrome with
lateral lesions

Loss of conjugate horizontal
movements with retained
vertical movements and
accommodation. Often
eyes are deviated medially
(CN VII damage)

May exhibit central reflex
hyperpnea, cluster
(Biot’s) breathing, or
apneustic breathing

Medulla Weak leg flexion
(or none)

Usually small; Horner’s
syndrome with lateral
lesions

Usually no effect on
spontaneous eye
movements; may interfere
with reflex responses;
rarely, nystagmus

Rarely, ataxic respiration;
apnea if respiratory
centers involved

6 Neuroanatomical Localization and Syndromes / 1
the examination over time, with good inter-rater reliability,
in circumstances of global cerebral dysfunction (e.g.,
trauma and intoxication). The score has limited utility in
patients with focal neurological dysfunction. The Full Out-
line of Unresponsivness (FOUR) score may help to over-
come some of the limitations of the Glasgow Coma Scale
(Fig. 1-1; Table 1-2).

At all times in the initial examination of the patient with
suspected impaired awareness, the examiner must recall that
the patient may in fact be capable of sensing and remember-
ing. Although noxious stimuli may be required for an ade-
quate examination, the minimum necessary stimulation
should be employed, and the examiner should always be cog-
nizant of the need for explanation of procedures, especially
potentially painful ones. This caveat should carry over from
the first encounter with the patient throughout the course of
treatment. Attempts to communicate the level of sedation in
patients are particularly problematic. For patients who are
intoxicated or therapeutically sedated, the scale proposed by
Sessler and colleagues is commonly used (Table 1-3).17

Assessment of Arousal
OBSERVATION OF THE PATIENT’S AMBIENT

STATE. A great deal can be learned by watching the
patient before the formal examination. Is the patient lying
still in bed when not stimulated (required for the diagnosis
of coma), or does he or she exhibit spontaneous move-
ments? Evaluation of the patient’s spontaneous movements
often yields information of localizing and lateralizing sig-
nificance. An externally rotated leg in a comatose patient
is frequently evidence of corticospinal tract dysfunction
due to a contralateral hemispheric lesion. Do the eyes open
spontaneously, and are there other facial movements?
Minor facial or extremity twitching is frequently the only
physical finding in patients suffering from nonconvulsive
status epilepticus. Is there evidence of trauma to the head
or the rest of the body?

The examiner next asks the patient to follow verbal com-
mands. Early in the examination, ask the patient to open
the eyes and look up; this will detect patients with pontine
lesions that prevent all other somatic motor output (the
locked-in syndrome). Such patients may appear comatose
but are not, and care must be taken to recall that they are
alert and cognizant, and have intact auditory and somato-
sensory systems despite their brain stem disorder.18

PUPILLARY RESPONSES TO LIGHT. The parasympa-
thetic reflex arc begins in the retina, traverses the base of
the brain, runs through the midbrain, and returns to the
pupil (see Chapters 8 and 9). Disorders altering pupillary
constriction typically affect the midbrain or cranial nerve
III. Compression of the superior colliculus (e.g., by a
pineal region mass) interferes with input to the pretectal
nuclei, resulting in pupils that are large (because the sym-
pathetic system is not affected), unreactive to light, and
sometimes displaying hippus. Lesions affecting the area
of the Edinger-Westphal nucleus and the origins of cranial
nerve III are the most important because this area is adja-
cent to the superior pole of the midbrain reticular forma-
tion. Because the descending sympathetic efferent fibers
also traverse this portion of the brain stem, dysfunc-
tion produces pupils that are midposition (4 to 6 mm in
diameter), unreactive to light, and frequently slightly irre-
gular. Such pupils are an ominous finding, usually indicat-
ing that coma is due to structural damage affecting the
upper midbrain, and unless its etiology can be reversed
quickly, the patient’s coma is usually irreversible. Because
the pupillary constrictor has a muscarinic, rather than a
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Figure 1-1. Full Outline of Unresponsiveness (FOUR) testing.
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nicotinic, acetylcholine receptor, it is not affected by drugs
given to block neuromuscular transmission. However, it is
affected by systemic antimuscarinic drugs (e.g., atropine),
so one must be cautious about interpreting the examination
if such agents are being used.

Unilateral loss of pupillary constriction in the comatose
patient may rarely indicate subarachnoid hemorrhage from
an internal carotid aneurysm that compresses cranial nerve
III at the origin of the posterior communicating artery
(Video 32, Cranial Nerve III Palsy). Much more com-
monly, such a finding indicates the presence of a mass
lesion that has shifted the diencephalon laterally. Although
older studies suggested that this finding arose from com-
pression of the third cranial nerve by the herniating tem-
poral lobe, the unilaterally dilated pupil appears to
develop before actual movement of the medial temporal
structures over the tentorial edge. Ropper’s work demon-
strates that unilateral pupillary dilation results from
traction on cranial nerve III produced when the diencepha-
lon, being pushed away from an expanding lateral mass,
pulls the midbrain with it. Because cranial nerve III is teth-
ered anteriorly at the cavernous sinus, the nerve ipsilateral
to the mass is subjected to stretching and the pupil dilates.
Early in the course of this process, therapies that decrease
the degree of shift (e.g., administration of mannitol) can
reverse the pupillary dilation.

The sympathetic pathways begin in the hypothalamus,
descend through the brain stem and spinal cord to the first
thoracic level, and then exit the central nervous system to
traverse the face and reach the pupil. Most sedative drugs
produce bilateral small pupils by antagonizing sympathetic
outflow at the hypothalamic level; other agents, such as
opiates, appear to have an additional effect of stimulating
the parasympathetic system, resulting in very small (pin-
point) pupils. Lesions affecting the sympathetic system
below the midbrain do not directly affect consciousness.

CONJUGATE EYE MOVEMENTS. The position and
movements of the eyes are observed, and certain easy-to-
administer procedures are undertaken to evaluate the integ-
rity of the cerebral hemisphere and brain stem. The neural
pathways for the control of horizontal conjugate eye move-
ments are outlined in Figure 1-2. Cortical control originates
in the frontal gaze centers (Brodmann’s area 8), and des-
cending fibers controlling horizontal conjugate gaze cross
the midline in the lower midbrain region and descend to
the paramedian pontine reticular formation (PPRF) in the
pons. The systems producing conjugate eye movements in
the conscious and unconscious states vary slightly. Con-
scious horizontal conjugate eye movements depend on the
PPRF for their coordination, whereas such movement in
the unconscious patient appears to bypass this region and
depend directly on the abducens nuclei for their coordina-
tion. Because these small structures are directly adjacent to
each other and are caudal to the portion of the reticular for-
mation necessary for consciousness, this distinction is not
usually of consequence. The region of PPRF and adjacent
neurons is thus the major area of confluence of pathways
controlling horizontal eye movements. Neurons from the
PPRF project to the nearby abducens nerve (cranial nerve
VI) nucleus and thereby stimulate movements in the lateral
rectus muscle of the eye ipsilateral to the PPRF and contra-
lateral to the frontal gaze center. In addition, fibers from
the abducens nerve nucleus cross the midline and ascend
the median longitudinal fasciculus (MLF) to the medial rec-
tus nucleus of the oculomotor nerve (cranial nerve III) in the
midbrain. This activation stimulates adduction of the eye
ipsilateral to the frontal gaze center, and conjugate gaze is
thus completed. Because this system overlaps in space with
the midbrain reticular formation, conjugate gaze examina-
tion is of vital importance in the comatose patient. In contrast
to the pupillary constrictors, these muscles have nicotinic
neuromuscular junctions and are therefore susceptible to
neuromuscular junction blocking agents.

By following the pathways outlined in Figure 1-2, the con-
sequences of lesions at various levels of the neuraxis can be
deduced. Stimulation of fibers from the frontal gaze center of
one cerebral hemisphere results in horizontal, conjugate eye
movements to the contralateral side. If one frontal gaze cen-
ter or its descending fiber tract is damaged, the eyes drift
toward the involved cerebral hemisphere due to unopposed



TABLE 1-2

Full Outline of Unresponsiveness (FOUR) Score Testing

From Wijdicks EF, Bamlet WR, Maramattom BV, Manno EM, McClelland RL: Validation of a new coma scale: The FOUR score. Ann Neurol 2005;58:585–593.

TABLE 1-3

Richmond Agitation-Sedation Scale

SCORE TERM DESCRIPTION

þ4 Combative Overtly combative; immediate danger to staff
þ3 Very agitated Pulls or removes tube(s) or catheter(s); aggressive
þ2 Agitated Frequently nonpurposeful movement; fights ventilator
þ1 Restless Anxious, but movements not aggressive or vigorous
0 Alert and calm

�1 Drowsy Not fully alert but has sustained awakening (eye opening or eye contact to voice > 10 seconds)
�2 Light sedation Briefly awake with eye contact to voice (<10 seconds)
�3 Moderate sedation Movement or eye opening to voice (but no eye contact)
�4 Deep sedation No response to voice but movement or eye opening to physical stimulation
�5 Unarousable No response to voice or physical stimulation

From Ely EW, Truman B, Shintani A, et al: Monitoring sedation status over time in ICU patients: Reliability and validity of the Richmond Agitation–Sedation Scale (RASS).
J Am Med Assoc 2003;289:2983–2991.
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Domain score Behavior

Eye response

 

4 Eyelids open or opened, tracking, or blinking to command

3 Eyelids open but not tracking

2 Eyelids closed but open to loud voice

1 Eyelids closed but open to pain

0 Eyelids remain closed with pain

Motor response

4 Thumbs-up, fist, or peace sign

3 Localizing to pain

 

2 Flexion response to pain

1 Extension response to pain

0 No response to pain or generalized myoclonic status

Brain stem reflexes

 

4 Pupil and corneal reflexes present

3 One pupil wide and fixed

2 Pupil OR corneal reflexes absent

1 Pupil AND corneal reflexes absent

0 Absent pupil, corneal, and cough reflex

Respiration

 

4 Not intubated, regular breathing pattern

3 Not intubated, Cheyne-Stokes breathing pattern

2 Not intubated, irregular breathing

1 Breathes above ventilator rate

0 Breathes at ventilator rate or apnea
action of the remaining frontal gaze center. For example, a
destructive lesion in the right cerebral hemisphere, involving
descending motor fibers and frontal gaze fibers, causes a left
hemiplegia, with head and eyes deviated to the right. In other
words, the eyes appear to look at a destructive hemispheric
lesion and look away from the resulting hemiplegia.

By contrast, a destructive left pontine lesion, for exam-
ple, damages the left PPRF and surrounding region. The
eyes, therefore, cannot move to the left and tend to deviate
to the right. Because descending pyramidal tract fibers
cross the midline in the medulla, damage to the pyramidal
tract fibers in the pons on the left results in a right hemiple-
gia. Thus, the eyes appear to look away from a destructive
pontine lesion but look toward the hemiplegia.

If the abducens nerve or nucleus is destroyed, there is a
loss of abduction of the ipsilateral eye (cranial nerve VI
palsy) (Video 1, Cranial Nerve VI Palsy). With destruction
of the tract of the medial longitudinal fasciculus, disconju-
gate gaze results, with loss of adduction of the ipsilateral
eye (same side as the tract of the MLF). Abduction of the
contralateral eye is preserved, but there is nystagmus in
the awake patient. This type of disconjugate gaze abnor-
mality is also termed internuclear ophthalmoplegia (Video
19, Internuclear Ophthalmoplegia; Video 202, Internuclear
Ophthalmoplegia). The pathways for vertical eye move-
ments are less well understood. Lower centers likely exist
in the midbrain (pretectal and tectal) regions.

If a patient cannot follow verbal commands, two useful
tests are employed to determine brain stem integrity. They
activate the PPRF and subsequent pathways not by cortical
stimulation but, rather, by vestibular alterations. A cervico-
ocular (or doll’s eyes) reflex is performed by turning the
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Figure 1-2. Conjugate vision pathways; nuclei and paths are shaded to
include those important to left conjugate gaze. Fibers from the right fron-
tal cortex descend, cross the midline, and synapse in the left paramedian
pontine reticular formation (PPRF). Fibers then travel to the nearby left
cranial nerve VI nucleus (to move the left eye laterally) and then cross
the midline to rise in the medial longitudinal fasciculus (MLF) to the right
cranial nerve III nucleus (to move the right eye medially). In addition to
the cortical influence on the left PPRF, there is vestibular influence. With
cold water placed in the left external ear canal, the crossed pathway from
the right vestibular nucleus to the left PPRF predominates and drives the
eyes conjugately to the left. This procedure tests the integrity of the brain
stem circuit that includes the vestibular nucleus, the PPRF, and cranial
nerves III and VI and the MLF. If the eyes move to the side of cold water
infusion, the brain stem from medulla to midbrain must be functioning.
(From Weiner WJ, Goetz CG [eds]: Neurology for the Non-Neurologist,
3rd ed. Philadelphia, J.B. Lippincott, 1994.)
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patient’s head rapidly in the horizontal or vertical planes
and by noting the movements or position of the eyes rela-
tive to the orbits. This test obviously should not be per-
formed if a cervical neck fracture is suspected. If the
pontine (horizontal) or midbrain (vertical) gaze centers
are intact, the eyes should move in the orbits in the direc-
tion opposite to the rotating head. An abnormal response
(no eye movement on moving the head) implies pontine
or midbrain dysfunction and is characterized by no move-
ment of the eyes relative to the orbits, or an asymmetry
of movements.
Horizontal cervico-ocular maneuvers are a relatively
weak stimulus for horizontal eye movements. If a doll’s
eyes reflex is present, it is not necessary to continue with
vestibulo-ocular testing. If, however, the cervico-ocular
reflex is lacking, ice water caloric testing (vestibulo-ocular
reflex) should be performed because ice water is a stronger
stimulus than cervico-ocular maneuvers.

Vestibulo-ocular responses (ice water calorics) are reflex
eye movements in response to irrigation of the external ear
canals with cold water. The head is raised to 30 degrees
relative to the horizontal place, and the external canals
are inspected for the presence of cerumen or a perforated
tympanic membrane. Fifty to one hundred milliliters of
cold water is instilled into the canal (waiting 5 minutes
between each ear), and the resulting eye movements are
noted. Ice water produces a downward current in the hori-
zontal semicircular canal and decreases tonic vestibular
output to the contralateral PPRF. Simplistically, one can
think of this as an indirect means of stimulating the ipsilat-
eral PPRF. Hence, after cold water instillation, there should
be a slow, tonic, conjugate deviation of the eyes toward the
irrigated ear if the brain stem is intact. In a comatose
patient, there is a loss of the past-phase nystagmus, and
only tonic deviation of the eyes is seen if appropriate pon-
tine-midbrain areas are intact. Thus, if nystagmus is noted
in a seemingly unconscious patient, the patient is not truly
comatose.

Thus, a lack of vestibulo-ocular responses suggests pon-
tine-midbrain dysfunction. Ice water calorics can help
differentiate between the conjugate gaze weakness or paraly-
sis caused by either cortical (cerebral hemisphere) or brain
stem (pontine) damage. Vestibulo-ocular responses should
not be altered in patients with only hemispheric pathology
other than the loss of nystagmus.

Movement of the ipsilateral eye toward the irrigated ear
but no movement of the contralateral eye suggests an
abnormality of the contralateral MLF.

Although tradition dictates that the head be elevated 30
degrees (in order to place the horizontal semicircular canal
in a vertical orientation, thereby maximizing the effect of
gravity on endolymphatic movement), the superiority of
this position over others has not been solidly demonstrated.

BREATHING PATTERNS. Various respiratory patterns
have localizing significance in the patient with altered con-
sciousness. These patterns are recognizable by bedside
observation. Before proceeding to detailed analysis of the
respiratory pattern, the examiner should be certain that
the upper airway is intact. If it is not, endotracheal intuba-
tion should be performed immediately unless the patient
has an advance directive prohibiting this maneuver. The
respiratory pattern can be easily assessed after intubation,
recognizing the confounding effects of drugs given to facil-
itate the procedure and the increased work of breathing
required by the smaller diameter of the new airway.

The respiratory pattern is determined by observation but
should be interpreted in the light of arterial blood gas
results. Tachypnea should be interpreted differently in
patients who are hypoxic than in those who are normoxic.
In the analysis of blood gas results, recall that the brain stem
is primarily concerned with the maintenance of pH and PaO2,
not PaCO2. Thus, compensation for a metabolic acidosis pro-
duces a pattern resembling central reflex hyperpnea, but the



TABLE 1-4

Respiratory Patterns in Patients with Alterations of Consciousness

PATTERN DESCRIPTION LOCALIZATION COMMENTS

Posthyperventilation
apnea

Apnea for more than
10 seconds after
five deep breaths

Bilateral hemispheric dysfunction Normally, the cerebral cortex triggers another
breath within 10 seconds regardless of the
PaCO2

Cheyne-Stokes respiration Rhythmic waxing and
waning of
respiratory
amplitude

Bilateral hemispheric dysfunction 1. Periods of “apnea” are actually times when
the respiratory amplitude is too low to
measure, but the respiratory rhythm is
unchanged

2. Congestive heart failure prolongs the reflex
arc (blood leaving the lungs takes longer to
reach the brain stem than is normal) and may
produce this finding without any neurologic
dysfunction

Central reflex hyperpnea
(CRH) (formerly called
central neurogenic
hyperventilation)

Continuous deep
breathing

Bilateral hemispheric (e.g., trauma), lower
midbrain, upper pons, possibly medulla

When present in patients with brain stem
lesions or subarachnoid hemorrhage, CRH
is most commonly due to the hypoxia
that accompanies neurogenic pulmonary
edema. True central neurogenic
hyperventilation is rare

Apneustic respiration Prolonged inspiratory
time (“inspiratory
cramp”)

Pons Does not support adequate ventilation (true for
all following patterns as well). Isolated
lesions at these levels do not produce coma

Cluster (Biot’s) breathing Clusters of breaths
punctuated by
apnea

Lower pons

Ataxic respiration Infrequent, irregular
breaths

Lower pons or upper medulla

Ondine’s curse Failure of involuntary
respiration with
retained voluntary
respiration

Medulla

Apnea No respiration Medulla down to C4; peripheral nerve (e.g.,
acute inflammatory polyneuropathy),
neuromuscular junction (e.g., myasthenia
gravis), muscle
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arterial blood gas analysis shows a pH below 7.35, which is
indicative of a primary metabolic problem, such as diabetic
ketoacidosis. The anatomical correlations of the major
respiratory patterns are found in Table 1-1 and the patterns
themselves are summarized in Table 1-4.

MOTOR EXAMINATION. The level of neurological dys-
function is often best defined by the motor examination. If
the patient responds to noxious stimuli by any defensive
maneuver, such as withdrawal from the stimulus, that
patient is not truly comatose. Such a response may be seen
in patients whose examinations otherwise suggest no cortical
function, presumably because a noxious stimulus powerfully
evokes an arousal response. Stereotyped posturing (sponta-
neous or induced) indicates that the cerebral cortices are no
longer in command of the motor system.19 The physiological
levels of dysfunction are summarized in the motor compo-
nent of the Glasgow Coma Scale (Table 1-5).

Experiments in animals led to the concepts of decorti-
cate and decerebrate rigidity. These terms have produced
endless confusion, and these states are perhaps better called
by the labels used in the Glasgow Coma Scale: Decorticate
rigidity is abnormal flexion, and decerebrate rigidity is
abnormal extension. Physiologically, these states reflect
loss of higher motor control functions, either leaving the
rubrospinal system in command (in flexor posturing) or
ceding control to the vestibulospinal and reticulospinal sys-
tems (in extensor posturing). These postures do not mean
that the higher control centers have been destroyed but
indicate that they are not functioning. Patients with lateral
mass lesions may demonstrate flexor posturing on one side
of the body and extensor posturing on the other (usually the
side contralateral to the mass; see Chapter 15).

Assessment of Awareness
Although the comatose patient, by definition, does not
manifest spontaneous eye opening (except in association with
the vertical eye movements that may accompany a suppres-
sion-burst EEG pattern), the presence of spontaneous eye
opening and even conjugate eye movements does indicate
awareness; these findings are part of the vegetative state, in
which the patient has arousal without awareness. Thus, testing
for awareness must involve observation for the response to
various stimuli and is not practically separable from testing
for attention because inattention to the stimuli chosen could
be misinterpreted for unawareness (e.g., failure to respond to
verbal commands on the part of a deaf patient). The patient
who appears to be awake (i.e., aroused) but fails to attend to
any stimuli (internal or external) is identified as lacking
awareness.



TABLE 1-5

Glasgow Coma Scale

ITEM RESPONSE SCORE

Verbal response Oriented 5
Confused 4
Inappropriate words 3
Incomprehensible 2
None 1

Eye opening Spontaneous 4
To speech 3
To pain 2
None 1

Motor Obeys commands 6
Localizes pain 5
Withdraws 4
Abnormal flexion 3
Abnormal extension 2
None 1
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Assessment of Attention
Tests of attentionmust include several modalities and be pre-
sented from both sides of the patient in order to avoid misin-
terpreting disorders of primary sensation or attention as
disordered awareness. Typically, verbal, visual, and somato-
sensory stimuli are employed. Descriptions of the available
tests for attention take upmajor portions of neuropsychology
texts and are beyond the scope of this chapter. Only the basic
principles commonly used in bedside screening of patients
with impaired consciousness are discussed here.

Patients who are unable to respond to verbal commands
(e.g., owing to receptive aphasia) may be able to direct
themselves toward a voice or other sound (usually presented
contralateral to the nondominant hemisphere). Assessing
the response to visual stimuli may require passive eye open-
ing (e.g., in patients with nondominant parietal lesions who
have a transient apraxia of eyelid opening). Standardized
tests of attention (e.g., the trailmaking test) are valuable in
following patients over time, especially in assessing their
response to therapy.

Associated Neurological Findings
CEREBRAL. The scope of potential physical findings

related to lesions of the cerebral cortex in patients with
altered awareness is the subject of several texts. Rather than
attempting to perform specific tests of cortical function in
thes e patients, one should concentrat e on ( 1) u sing the neuro-
logical examination to identify lateralized lesions that may
be affecting consciousness by shifting the diencephalon
and (2) detect ing focal dysfunct ion that may be misi nter-
preted as altered consciousness (e.g., a patient with receptive
aphasia who is misdiagnosed as confused or psychotic).

CRANIAL NERVES. In addition to the eye movements
discussed previously, the cranial nerve examination is cru-
cial for the detection of brain stem lesions. Funduscopic
examination may also provide a clue to the presence of ele-
vated ICP. Conscious patients may exhibit nystagmus with
a variety of intoxications. In anyone with a confusional
state, detection of altered eye movements should prompt
consideration of Wernicke’s encephalopathy (see Chapter
40) (Video 229, Wernicke’s Encephalopathy).
MOTOR/REFLEXES/CEREBELLAR/GAIT. Asterixis is
a nonspecific sign of bilateral cortical dysfunction. Hemi-
paresis indicates a lesion of the upper motor neuron paths
and may suggest either a contralateral cortical or parame-
dian brain stem lesion. Quadriplegia suggests a midline
brain stem lesion. Signs of cerebellar dysfunction are un-
usual in patients with cerebellar infarcts or hemorrhages,
which alter consciousness by producing brain stem com-
pression or obstructive hydrocephalus. Finding cerebellar
dysfunction or abnormal gait in a confused patient should
raise the possibility of nutritional deficiencies (e.g.,
Wernicke’s encephalopathy and vitamin B12 deficiency)
or intoxications (see Chapters 39, 40, and 55) (Video 5,
Sensory Ataxia).

AUTONOMIC NERVOUS SYSTEM. Autonomic instabil-
ity can be both a cause and an effect of coma. In lesions
affecting the descending sympathetic pathways from the
hypothalamus to the brain stem, Horner’s syndrome with a
mildly constricted pupil ipsilateral to the lesion can be seen
(Video 17, Horner’s Syndrome). Whereas diencephalic
lesions are particularly associated with erratic changes in
autonomic stability, the most common causes of coma with
marked dysautonomia are intoxication and drug overdose
(see Chapters 39 and 55).

NEUROVASCULAR. Because cardiac and vascular dis-
ease are commonly associated with coma, a thorough
examination of these systems is essential. Arrhythmias,
specifically atrial fibrillation, are associated with emboli
that can shower the cortices and provoke multifocal bilat-
eral cerebral dysfunction, leading to coma. The large ves-
sels of the neck should be examined for evidence of
carotid disease. The funduscopic examination likewise
complements the neurovascular examination in detecting
disease that affects central nervous system vasculature.
Associated Medical Findings
Beyond measuring vital signs and detecting evidence of
trauma, the general physical examination is most important
for clues to systemic disorders that may alter consciousness.
In the initial evaluation, detection of nuchal rigidity and skin
lesions are the most important portions of the examination
because they may indicate the presence of bacterial meningi-
tis (or, with nuchal rigidity, either subarachnoid hemorrhage
or cerebellar tonsillar herniation). Other points of impor-
tance include evidence of hepatic disease, especially jaun-
dice and signs of portal hypertension. An irregular cardiac
rhythm raises the suspicion of systemic embolism, which
may alter consciousness by producing a brain stem infarct
or large bilateral cortical infarcts. Hematomas or purpura
raise the possibility of platelet or coagulation disorders and
may be associated with intracranial bleeding or conditions
such as thrombotic thrombocytopenic purpura. Edema may
reflect cardiac, hepatic, renal, or nutritional disorders.
EVALUATION GUIDELINES

The use of neurodiagnostic studies in patients with altered
consciousness with specific syndromes is outlined in
Table 1-6.



TABLE 1-6

Useful Studies in the Evaluation of Disorder of Level of Consciousness

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY
FLUID AND TISSUE
ANALYSIS

NEUROPSYCHOLOGICAL
TESTS

Bilateral cortical
dysfunction;
confusion and
delirium

Usually normal; may show
atrophy; rarely bilateral chronic
subdural hematoma or evidence
of herpes simplex encephalitis;
dural enhancement in
meningitis, especially
neoplastic meningitides

Diffuse slowing; often, frontally
predominant intermittent
rhythmic delta activity (FIRDA);
in herpes simplex encephalitis,
periodic lateralized epileptiform
activity (PLEDS)

Blood or urine
analyses may reveal
etiology; CSF may
show evidence of
infection or
neoplastic cells

In mild cases, difficulty
with attention (e.g.,
trailmaking tests); in
more severe cases,
formal testing is not
possible

Diencephalic
dysfunction

Lesion(s) in or displacement of
diencephalon; also displays
mass displacing the
diencephalon

Usually, diffuse slowing; rarely,
FIRDA; in displacement
syndromes, effect of the mass
producing displacement (e.g.,
focal delta activity, loss of faster
rhythms)

Usually not helpful Usually not obtained

Midbrain
dysfunction

Lesion(s) in the midbrain or
displacing it

Usually, diffuse slowing; alpha
coma; evoked response testing
may demonstrate failure of
conduction above the lesion

Rarely, platelet or
coagulation
abnormalities

Usually not performed

Pontine dysfunction Lesion(s) producing syndrome;
thrombosis of basilar artery
abnormalities

EEG: usually normal; evoked
responses usually normal

Rarely, platelet or
coagulation

Usually not performed

Medullary
dysfunction

Lesion(s) producing dysfunction EEG: normal; brain stem auditory
and somatosensory evoked
responses may show conduction
abnormalities

Rarely, platelet or
coagulation
abnormalities

Usually not performed

Herniation
syndromes

Lesion(s) producing herniation;
appearance of
perimesencephalic cistern

Findings related to etiology Findings related to
etiology

Usually not performed

Locked-in
syndrome

Infarction of basis pontis EEG and evoked potential studies:
normal

Findings related to
etiology

Usually not performed

Death by brain
criteria

Absence of intracranial blood
flow above the foramen
magnum

EEG: electrocerebral silence;
evoked potential studies may
show peripheral components
(e.g., wave I of brain stem
auditory evoked response) but no
central conduction

Absence of
hypnosedative drugs

Not done

Psychogenic
unresponsiveness

Normal Normal Normal Helpful after patient
“awakens”

CSF, cerebrospinal fluid; EEG, electroencephalogram; FIRDA, frontally predominant intermittent rhythmic delta activity; PLEDS, periodic lateralized epileptiform activity.
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NEUROIMAGING. Neuroimaging studies should be
selected based on the patient’s history and the initial exam-
ination. If a structural lesion is suspected, an emergent CT
scan should be obtained to guide therapy. Patients with
bilateral hemispheric dysfunction do not usually benefit
from emergent CT scanning. Although MRI is almost
always superior in quality to CT, the pulse sequences cur-
rently employed may not detect all cases of acute intracra-
nial bleeding. CT scanning is usually faster and more
readily available in emergent circumstances.20 Positron
emission tomography may be useful in the study of vegeta-
tive patients but is not widely available.

ELECTROPHYSIOLOGY. An EEG is indicated in most
patients with altered consciousness at some point in their eval-
uation, usually after a structural lesion has been excluded,
because the history and examination are inadequate to detect
many cases of nonconvulsive status epilepticus.21 Patients in
whom supratentorial structural lesions are present but are
not adequate to explain the patient’s state based on their loca-
tion and size should also have an EEG performed.
Some EEG findings in patients with encephalopathy are
characteristic; for example, frontally predominant rhythmic
delta activity and triphasic waves are common in metabolic
disorders. An alpha coma pattern indicates a midbrain
lesion, anoxia, or hypnosedative drug overdose. In the set-
ting of a hypnosedative drug overdose, the patient has a
good prognosis for recovery. An unexpectedly normal
EEG, with alpha blocking on passive eye opening and nor-
mal sleep-wake cycling, should alert the physician to the
likelihood of psychogenic unresponsiveness. The EEG
may also provide clues to otherwise unexpected diagnoses,
such as subacute spongiform encephalopathy, which may
come to medical attention in the guise of an acute encepha-
lopathy. Evoked response studies are of limited value in
these patients, and although abnormalities may be present
(see Table 1-6), these studies seldom contribute diagnosti-
cally or therapeutically useful data in this population.22

BODY FLUID AND TISSUE ANALYSIS. Although the
concept of routine tests has fallen from favor in laboratory
medicine circles because of pressure from third-party
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payors, the patient with unexplained bilateral hemispheric
dysfunction should indeed have a battery of screening tests
to allow the physician to detect treatable etiologies rapidly.
At a minimum, these tests should include a complete blood
count with differential, platelet estimate or count, pro-
thrombin time, partial thromboplastin time, serum osmolal-
ity, and serum and urinary screening for drugs of abuse.

If oral drug ingestion is considered a possibility, gastric
aspiration for analysis of the contents and removal of
remaining unabsorbed drug is indicated. If the patient’s air-
way protective reflexes are compromised, endotracheal
intubation should be performed first. Induction of vomiting
is no longer recommended in the emergency department
because it may interfere with the use of activated charcoal
to bind drugs. This substance may be used routinely unless
acetaminophen ingestion is suspected because it will inter-
fere with the absorption of acetylcysteine as well.

CEREBROSPINAL FLUID. Cerebrospinal fluid analysis
is crucial in some conditions that alter consciousness (e.g.,
suspected meningitis) and is irrelevant in others. Thus, the
decision to perform a lumbar puncture is based on the entire
clinical picture. If bacterial meningitis is suspected and the
physician believes that an imaging study should precede
the lumbar puncture in these patients, then appropriate anti-
biotic therapy should be started before the patient is sent
for the imaging study. Pneumococcal and meningococcal
meningitides may be so rapidly fatal that even a brief delay
in instituting antibiotic treatment should not occur.

Subarachnoid hemorrhage, either as a single event or as
a repeated phenomenon, can also be diagnosed by lumbar
puncture. The pattern of red blood cells and various pig-
ments helps in establishing whether a patient with a known
subarachnoid hemorrhage and a new onset of depressed
level of consciousness has re-bled or suffered another event
such as vasospasm.

In many instances of altered level of consciousness, ICP
changes due to an intracranial mass lesion, ventricular
obstruction, or other causes. As discussed in Chapter 26,
ICP reflects the net effect of static and dynamic forces
affecting the intracranial contents. In the clinical context
of decreased intracranial compliance, relatively small
changes in volume have the potential to effect dangerous
changes in pressure when the ICP is already elevated. There-
fore, sudden and nonlinear rises in pressure are particularly
important to control through ICP monitoring. Whereas in
the normal brain, the perfusion pressure (mean arterial pres-
sure minus mean ICP) must drop below 40 mmHg before
cerebral blood flow is impaired, in the damaged brain, the
determinate pressure is less clear. Furthermore, often pres-
sure increases are not distributed evenly throughout the cra-
nium, and compartmentalized, very high-pressure areas may
not be accurately recorded by ICP monitoring. These fea-
tures are particularly problematic in the instance of focal
lesions with risks of herniations.

NEUROPSYCHOLOGICAL TESTS. Although most focal
cortical abnormalities should be detected by the bedside
neurological examination, formal neuropsychological test-
ing may be valuable for detecting focal neurological dys-
function in patients who are thought to have diffuse
disorders. This may be especially valuable in patients
who present with an acute encephalopathy but do not
improve, or in whom subsequent information indicates that
a more chronic dementing process may be present.
CLINICAL SYNDROMES

Syncope
Syncope refers to rapid, transient loss of consciousness that
is most commonly due to cardiovascular problems (e.g.,
arrhythmias) but that may also be a reflection of autonomic
disturbances. These autonomic disturbances are frequently
drug induced but may include such conditions as Shy-
Drager syndrome. The other major differential diagnostic
concern for the neurologist is a seizure presenting as loss
of consciousness. The patient’s history is essential in dis-
tinguishing conditions of inadequate cerebral blood flow
from seizures.23

Many patients with syncope of cardiac or autonomic ori-
gin have a brief tonic spasm when they lose consciousness,
and a minority have a tonic-clonic seizure. This situation
appears to be more common in children and young adults,
and it may be exacerbated if the patient is not allowed to
become recumbent during the period of hypotension. The
congenital syndromes of QT interval prolongation (e.g.,
Romano-Ward syndrome) are frequently misdiagnosed as
a primary seizure disorder instead of a cardiac arrhythmia.
Analyses of patients undergoing induced ventricular fibril-
lation as part of a cardiac electrophysiological study reveal
a high incidence of seizures in this setting.24 EEG should
be reserved for cases in which there is a reason in the his-
tory or findings on examination to suspect seizures or in
which the cardiac and autonomic evaluations have not
yielded a diagnosis. Other than seizures or rare autonomic
neuropathies, primary neurological disorders are extremely
unlikely to cause syncope.

Bilateral Cortical Dysfunction
Confusion and delirium are common in hospitalized
patients, especially the elderly. In this setting, drugs pre-
scribed for the patient must be considered the first candidates
for causing this state. Other common possibilities include
nutritional disorders and withdrawal from alcohol or other
hypnosedative agents. Even seemingly subtle changes in
the patient’s medication regimen, such as accidental discon-
tinuation of a thyroid replacement medication, can lead to a
metabolic encephalopathy with depressed consciousness.
Patients in intensive care units (ICUs) are sometimes thought
to develop delirium because of sleep deprivation, but this
concept of ICU psychosis has come under attack in recent
years because almost all such patients have other reasons
for acute confusion. A distinctive neuro-ophthalmological
sign of ping-pong movements can be seen with bilateral cor-
itcal dysfunction (Video 222, Ping-Pong Eye Movements).

Diencephalic Dysfunction
Disorders of the diencephalon may affect consciousness
either directly, by interfering with reticular system func-
tion, or indirectly, by producing endocrine disorders. These



14 Neuroanatomical Localization and Syndromes / 1
conditions may develop slowly, as with anterior pituitary
syndromes resulting in hypothyroidism or cortisol defi-
ciency, or rapidly, as with osmoregulatory disorders. The
lesions producing these problems may also affect the cere-
bral cortex, as in the case of neoplasms, and produce sei-
zures or other focal neurological disorders. Patients with
structural diencephalic lesions may have toxic downward
eye deviation, small pupils, decorticate posturing, and
Cheyne-Stokes respirations as an archetype, although
varying combinations of signs may appear.

Midbrain Dysfunction
The classic midbrain syndrome associated with depressed
consciousness involves midsized pupils, often unilateral
cranial nerve III paresis with compensatory forced adduc-
tion (wall-eyes) and retractory nystagmoid movements
(Video 244, Retractory Nystagmus; Video 245, Wall
Eyes). Decerebrate or decorticate posturing can occur,
and a severe respiratory alkalosis can arise from central
neurogenic hyperventilation. Rarely, patients with mid-
brain dysfunction can actually remain awake but have an
altered state termed peduncular hallucinosis of Lhermitte.
In this situation, the patient experiences intense visual hal-
lucinations in a clear sensorium. These phenomena have
been likened to dreams in an awake state, and disrupted
brain stem pathways involved in sleep-wake physiology
may be implicated in this remarkable syndrome.

Pontine and Medullary Dysfunction
Hemorrhage into the basis pontis frequently extends ros-
trally into the midbrain and appears to produce coma by
interference with midbrain reticular function. This condi-
tion is associated with pinpoint pupils, presumably reflect-
ing both parasympathetic irritation and sympathetic
outflow disruption. Importantly, however, most patients
presenting in coma with pinpoint pupils are suffering from
an opiate overdose and not specific pontine dysfunction.
Naloxone quickly reverses opiate pupillary changes but
has no effect on pontine lesions. Patients with pontine
lesions that cause coma from involvement of midbrain reti-
cular dysfunction may also have a flaccid hemiparesis or
paraparesis, irregular respirations termed apneustic, and a
variety of extraocular palsies. These problems may include
conjugate deviation of the eyes toward the hemiparetic
body if the PPRF has a lesion, unilateral or bilateral cranial
nerve VI palsies, or an internuclear ophthalmoplegia if the
MLF has a lesion. Cold caloric testing usually clarifies the
ocular dysfunction.

Primary pontine lesions without midbrain involvement
may mimic coma as the “locked-in” syndrome by inter-
rupting almost all efferent pathways from the cerebral cor-
tex. Infarction of the basis pontis disrupts the corticospinal
tracts (producing tetraplegia), the PPRF and abducens
nuclei (eliminating conjugate horizontal eye movements),
and the facial nerves in their course around the abducens
nuclei (resulting in complete facial paralysis). Because
the MRF is spared, however, the patient is awake and alert,
and because the sensory pathways have migrated to a pos-
terior position in the pons, both the auditory and somato-
sensory systems are functional. The only voluntary motor
act of which the patient is capable is conjugate vertical
eye movements. When the patient is not actively moving
the eyes, spontaneous vertical movements known as ocular
bobbing may develop.

Although this condition was previously emphasized
because of the possibility that a sentient patient would mis-
takenly be judged comatose, the advent of thrombolytic
therapy for cerebrovascular diseases mandates that these
patients be identified rapidly so that they may be consid-
ered for intravenous recombinant tissue plasminogen acti-
vator treatment. Studies of intra-arterial thrombolysis are
in progress.

The locked-in state is occasionally mimicked by severe
neuropathic disorders (e.g., acute inflammatory polyneu-
ropathy and the Guillain-Barré syndrome) and other wide-
spread peripheral disorders.

Herniation Syndromes
Herniation occurs when the brain is subjected to pressure
gradients that cause portions of it to flow from one intra-
cranial compartment to another. Although the brain has
substantial elasticity, the arteries and veins responsible
for its blood supply are relatively fixed in space, producing
a risk that brain shifts will cause the moving portions to
lose their blood supply. In the case of lateral herniation,
the hernia may compress or distort vessels, similarly dis-
rupting blood flow. Herniation also appears to produce
dysfunction in important white matter pathways, such as
those connecting the MRF to the thalamus, probably via
geometrical distortion of the pathways. Extracerebral struc-
tures, particularly cranial nerve III, are also susceptible to
distortion when the brain shifts.

The classic herniation syndromes are well established
in the clinical neurosciences; advances in imaging have
changed some of our understanding of their pathological
anatomy, but their clinical symptoms remain important.

CENTRAL HERNIATION SYNDROME. Central hernia-
tion occurs when diffuse brain swelling (e.g., after trauma)
or a centrally located mass cause the diencephalon to move
caudally through the tentorial notch. Dysfunction of the
reticular formation and cerebral hypoperfusion due to ICP
elevation are the leading hypotheses explaining alteration
of consciousness in this setting. Diencephalic dysfunction
initially produces small reactive pupils because of loss of
sympathetic output from the hypothalamus. At this stage,
decorticate (flexor) posturing may be present sponta-
neously or is frequently elicited by noxious stimuli. As
the midbrain begins to fail, the pupils enlarge to midposi-
tion, and posturing becomes decerebrate (extensor).
Attempts to elicit horizontal eye movements may reveal
failure of adduction with either cervico-ocular reflex
(COR) or vestibulo-ocular reflex (VOR) testing; however,
this is often only present briefly. Eventually, if the patient
is breathing spontaneously, tidal volume decreases and
the respiratory rhythm becomes irregular.

The initial cardiovascular response to diminished brain
stem perfusion, regardless of etiology, is hypertension. In
this setting, bradycardia is a reflex response to the systemic
hypertension that is commonly seen in children but is less
common in adults. There may be a tendency for bradycar-
dia to occur more commonly in patients with posterior
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fossa masses, but this observation is confounded by the
higher incidence of posterior fossa tumors in children.
Respiratory disturbances, the third component of Cushing’s
triad, reflect the anatomical considerations discussed pre-
viously and are not part of the same reflex system as the
cardiovascular responses. In some clinical settings, such
as head injury with diffuse brain swelling, spontaneous
hyperventilation is commonly noted but its etiology
remains obscure.

LATERAL MASS HERNIATION (UNCAL OR HIPPO-

CAMPAL HERNIATION) SYNDROME. Although concepts
of herniation due to an expanding lateral cerebral mass
have changed in the past decade, there is a consistent
sequence of physical findings that develops. The initial
signs are usually those related to the mass (e.g., contralat-
eral hemiparesis); as the diencephalon begins to shift away
from the mass, consciousness begins to diminish, and an
ipsilateral cranial nerve III palsy develops in approximately
85% of patients (Video 32, Cranial Nerve III Palsy). When
cranial nerve III is compressed against the tentorial notch,
the pupillary fibers, located most peripherally in the nerve,
are primarily damaged and the prominent sign is a large
pupil. The remaining patients develop either simultaneous
bilateral cranial nerve III palsies or, occasionally, an iso-
lated contralateral cranial nerve III palsy. These findings
presumably follow from the distortion of cranial nerve III
anatomy described previously, although the bilateral distur-
bance may also relate to midbrain ischemia as the brain
stem begins to move away from the basilar artery. Imaging
studies (CT or MRI) performed early in this process do not
show transtentorial movement of the temporal lobe; this
feature occurs later in the process, accounting for its impli-
cation as the cause of third nerve dysfunction in autopsy
studies. Early in this process, the most common finding
on imaging studies is an enlargement of the perimesence-
phalic cistern ipsilateral to the mass.

As lateral displacement of the midbrain continues, the
contralateral corticospinal tract (in the cerebral peduncle)
is compressed against the edge of the tentorium. This pro-
duces an ipsilateral hemiplegia, called the Kernohan’s
notch phenomenon. If the herniation process continues,
the diencephalon and the ipsilateral temporal lobe may
actually herniate downward through the tentorial notch.
Because the uncus (containing the amygdala) and the hip-
pocampus are the most medial portions of the temporal
lobe, they are the first structures to cross the tentorial edge;
this accounts for the older terms of uncal or hippocampal
herniation. Movement of the more posterior aspects of the
medial temporal lobe may compress the posterior cerebral
artery (or arteries), producing ischemia in the medial
temporal lobe and sometimes in the occipital lobe.

SUBFALCINE HERNIATION SYNDROME. Herniation
of the medial frontal structures (e.g., the cingulate gyrus)
beneath the falx is commonly observed in patients with
frontal lobe masses. Most of these patients present with
signs related either to the mass or to the global increase
in ICP that accompanies it. Rarely, this subfalcine hernia-
tion causes ischemia in the distribution of the anterior
cerebral arteries.

CEREBELLAR TONSILLAR HERNIATION SYN-

DROME. Posterior fossa masses produce most of their
findings by compression of the brain stem and cranial
nerves and by obstructive hydrocephalus. As the pressure
gradient across the foramen magnum increases, however,
the cerebellar tonsils may be pushed into, and eventually
through, the foramen. This compresses the medulla and
may produce apnea by inducing dysfunction in the medul-
lary respiratory centers. Before losing consciousness,
patients with cerebellar tonsillar herniation may complain
of a stiff neck.

UPWARD TRANSTENTORIAL HERNIATION SYN-

DROME. Expanding posterior fossa masses usually herni-
ate caudally because the obstructive hydrocephalus they
produce prevents a pressure gradient across the tentorial
opening. If these patients undergo ventriculostomy for
relief of hydrocephalus, however, the possibility of upward
herniation of the contents of posterior fossa into the dience-
phalic region exists. Many neurosurgeons prepare the
patient for an emergent posterior fossa decompression just
before performing the ventriculostomy in case this problem
occurs.

Persistent Vegetative State
Following a severe brain insult, usually traumatic or
anoxic, the comatose patient with a relatively intact brain
stem usually begins to show the signs of the vegetative
state discussed previously.25 Less commonly, the syn-
drome can be seen in the context of degenerative or severe
developmental malformation disorders of the central ner-
vous system. Approximately 10,000 to 25,000 adults and
6000 to 10,000 children in the United States are diagnosed
with this syndrome. Clinically, patients show no evidence
of awareness of self or environment; no evidence of
sustained, reproducible, purposeful behavioral response to
stimuli; no evidence of language comprehension or ex-
pression; intermittent wakefulness; bowel and bladder
incontinence; variably preserved cranial nerve and spinal
reflexes; and sufficiently preserved hypothalamic and brain
stem autonomic function to permit survival with medical
and nursing care. The prognosis for further recovery to at
least the level of ability to understand and follow com-
mands varies with the mechanism of injury and with the
age of the patient. In general, patients who remain in a
vegetative state 3 months after an anoxic injury are
expected to persist in that state indefinitely. Patients in a
vegetative state at the time of hospital discharge after head
trauma have an approximately 50% likelihood of some
further recovery over the next 12 months, and a small num-
ber regain consciousness between 12 and 36 months. How-
ever, the prognosis for functional recovery, in the form of
returning to work or to school, is much worse. Although
approximately one-third of trauma patients younger than
30 years of age who awaken after prolonged vegetative
state meet these goals, only some patients older than
30 years of age do so.

Death by Neurologic Criteria
The ability to transplant organs successfully led to the need
of criteria for brain death, and national and international
definitions have been developed. Although the concept of
brain death is embraced internationally, definitions vary
considerably, without worldwide consensus on diagnostic



TABLE 1-7

Death by Brain Criteria in Several Countries

LAW GUIDELINE APNEA TEST NUMBER OF PHYSICIANS OBSERVATION TIME (HR) CONFIRMATORY TEST

USA P P PCO2 2* 6 Optional
Canada P P PCO2 1 6 Optional
Mexico P P A A 24 Mandatory
Argentina P P DVO 1 6 Mandatory
United Kingdom P P PCO2 2 6 Optional
France P P PCO2 1 A Mandatory
Sweden P P PCO2 1 A Mandatory
Israel P P PCO2 1 6 (24){ Mandatory
China A A A A A Optional
Japan P P PCO2 1 A Mandatory
Australia P P PCO2 2 2 Optional
New Zealand A P PCO2 2 2 Optional
India P P DVO 4 A Mandatory

*Based on data from eight states.

{Observation time can be shortened or eliminated if one confirmatory test is positive for brain death.
P, present law or guidelines; A, absent law or guidelines; PCO2, target PCO2 defined (50 or 60 mmHg); DVO, disconnection from ventilator only.
Adapted from Wijdicks EFM: Brain death worldwide. Neurology 2002;58:20–25.
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criteria (Table 1-7).26 Many now argue that current criteria
are restrictive and should be expanded to include patients
who have no reasonable chance of regaining conscious-
ness.27 If this change is to be made, a substantial shift in
societal thinking about life and death may need to precede
it. However, in North America, death by neurologic criteria
is still considered to be irreversible loss of brain function,
including that of the brain stem. The single exception to
this rule appears to be in the area of osmolar control, and
diabetes insipidus is not required for this diagnosis.

Many jurisdictions now permit organ recovery from
patients immediately after cessation of cardiopulmonary
function (donation after cardiac death).28 This allows the
families of patients who have been neurologically deva-
stated but who are not dead to fulfill the patient’s wish to
donate organs. Although currently this technique is limited
to renal and hepatic transplantation, it is evolving rapidly.
This option requires careful forethought and planning, but
it can help a family gain some measure of peace in the face
of an otherwise devastating loss.29

Currently, most jurisdictions recognize the existence of
death by neurologic criteria, but its precise definition varies
with local practice. In general, the first stage in pronounc-
ing death by brain criteria is a permissive diagnosis; that is,
there must be a diagnosis adequate to explain death of the
brain, including the brain stem. This need not be an etiolo-
gical diagnosis; for example, a massive intracerebral
hemorrhage qualifies as a permissive diagnosis, even if
the etiology of the hemorrhage is unknown. This require-
ment helps exclude cases of hypnosedative overdose, in
which the patient may appear dead but still recover. Impor-
tantly, this criterion does not require demonstration of an
anatomical lesion, and a history of prolonged anoxia, for
example, would suffice. One then proceeds to demonstrate
that there is no detectable function above the level of the
foramen magnum. Any sign of brain stem-mediated func-
tion, such as decerebrate posturing, eye movements, pupil-
lary response to light, or coughing, negates the possibility
of the diagnosis of death by current brain criteria. Brain
stem testing includes an apnea challenge.30

Apnea testing involves observing the brain stem
response to hypercapnia without producing hypoxemia. In
order to prevent hypoxemia, a period (e.g., 20 minutes)
of ventilation with 100% oxygen is required before starting
the test. Although acidosis, rather than hypercapnia, is the
real afferent trigger for ventilation, a PaCO2 of 60 mmHg
(50 mmHg in the United Kingdom) is usually the endpoint
for this test. In order to reach this endpoint before hypoxe-
mia supervenes, it is advisable to regulate ventilation dur-
ing the period of preapneic oxygenation so that the PaCO2
reaches 40 to 45 mmHg before apnea begins. This period
should also be used to ensure that the patient’s core tem-
perature is adequate (e.g., >32�C), and that the results of
assays for hypnosedative agents, if indicated, show that
intoxication is not the cause of the patient’s apparent lack
of reflex responses.

Even though the patient has been adequately preoxyge-
nated, some method of supplemental oxygen delivery is
still necessary. This may be accomplished either by placing
a suction catheter near the carina with a 10 L/min oxygen
flow or by using a continuous positive airway pressure
(CPAP) circuit with 10 cm H2O pressure. A CPAP circuit
does not provide ventilation, so it does not interfere with
observation for spontaneous respirations. Even with one
of these methods employed, some patients with cardiore-
spiratory dysfunction may not tolerate the approximately
10 minutes of apnea necessary to raise the PaCO2 to
60 mmHg without becoming hypoxemic and hypotensive.
In this circumstance, a confirmatory test may be necessary.

Apnea is then allowed under observation until the PaCO2
reaches 60 mmHg by arterial blood gas analysis. Although
it may be possible to predict this point by following the trend
in end-tidal CO2 (PetCO2) measurements, there is enough dis-
crepancy between arterial blood PaCO2 and PetCO2 to indicate
use of the arterial measurement. Visual observation is the
standard method for detecting respiratory movement; this
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may be supplemented by airway pressure monitoring. Any
respiratory movement negates the diagnosis of apnea. How-
ever, if the patient remains apneic despite a PaCO2 of 60
mmHg, the diagnosis of apnea is confirmed, and the patient,
having met the other conditions cited as prerequisites, is
declared dead by brain criteria.

If the patient is unable to tolerate the apnea test, or if
some portion of the examination cannot be performed
(e.g., trauma has rendered the face too swollen to examine
the eyes), then a confirmatory test is necessary if the
patient is to be diagnosed as dead. This is usually indicated
only for potential organ donors, because there is no
requirement that death be diagnosed in order to withdraw
supportive measures, but at times may be helpful for the
patient’s family. Tests of cerebral perfusion (e.g., radionu-
clide angiography, conventional contrast angiography, or
CT angiography) are usually employed to show that blood
does not flow intracranially above the foramen magnum.31

In some areas, transcranial Doppler blood flow velocity
measurements are considered adequate for this purpose.
Transorbital, transtemporal, and transforaminal approaches
can be used.32 Electrophysiological studies, such as EEG,
have been used for this purpose but are prone to both
false-positive (e.g., artifacts that cannot be distinguished
from cerebral activity with certainty) and false-negative
(due to hypothermia or hypnosedative drug intoxication)
results (see Chapter 24, Fig. 24-4).
TABLE 1-8

Selected Etiologies Associated with Changes in Level of Con

ETIOLOGICAL CATEGORY SELECTED SPECIFIC

Structural Disorders

Developmental Hydrocephalus:
Neural tube defe
Segmentation, cl
Neuronal migrat
Posterior fossa a

Degenerative and compressive Paget’s disease

Hereditary and Degenerative Disorders

Storage diseases: lipidoses, glycogen disorders, and
leukoencephalopathies

Neuronal ceroid
Cerebrosidoses,
Leukodystrophie
Krabbe’s disea

Amino/organic acidopathies, mitochondrial enzyme
defects, and other metabolic errors

Aminoacidopath
disorders, prop

Mitochondrial en
disease, MER

Chromosomal abnormalities and neurocutaneous
disorders

Conditions assoc
sclerosis and S

The degenerative dementias Alzheimer’s dise
Pick’s disease (l

Movement disorders Multiple system
Huntington’s dis

Ataxias Dandy-Walker s
Chiari malforma
Multiple system

Degenerative motor, sensory, and autonomic
disorders

Amyotrophic lat

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Electrolyte dysfu
Hormonal imbal
glucose metab
Psychogenic Unresponsiveness
This category includes patients who have a diagnosable
psychiatric condition, such as catatonia or conversion dis-
order (Video 88, Catatonia), and those who are malinger-
ing. The differential diagnosis of these conditions is
beyond the scope of this chapter, but a few diagnostic
points are important in order to raise the physician’s suspi-
cion of a psychogenic disorder. These conditions share two
characteristics not seen in patients with neurological rea-
sons for coma: First, they have the COR and VOR
responses characteristic of awake patients and develop nys-
tagmus and vomiting to cold caloric challenge. Second,
their EEGs are not indicative of coma.
GENERAL MANAGEMENT GOALS

Beyond the initial stabilization of the patient and the de-
tection of conditions that require immediate specific
treatment, the management of patients with altered con-
sciousness is primarily supportive. The responsibility to
protect patients from harm runs the gamut from keeping
the confused ambulator from wandering away to endotra-
cheal intubation and mechanical ventilation. Making an
etiological diagnosis as rapidly as possible may permit spe-
cific treatment (Table 1-8).
sciousness

ETIOLOGIES CHAPTER

obstructive or nonobstructive 28
cts
eavage defects
ion defects
bnormalities, Dandy-Walker, Chiari malformations

29

lipofuscinosis, especially NCL-2 30
especially type II
s, especially Canavan’s disease (neonatal form) and
se
ies, especially maple syrup urine disease, urea cycle
ionic acidemia, methylmalonic acidemia

31

zyme defects, especially Leigh’s disease, Alper’s
FF, MELAS, fatty acid oxidation disorders
iated with generalized seizures, especially tuberous
turge-Weber syndrome

32

ase (late) 33
ate)
atrophy with syncope 34
ease (late)
yndrome 35
tions
atrophy with syncope
eral sclerosis (late) 36

nction, sodium, potassium, chloride, calcium 38
ances: especially thyroid, corticomineral steroids, and
olism

Continued



TABLE 1-8

Selected Etiologies Associated with Changes in Level of Consciousness—cont’d

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Exogenous acquired metabolic disorders of the
nervous system: toxins and illicit drugs

Solvents including methyl alcohol, ethylene glycol, carbon tetrachloride 39
Organophosphates and organochlorides
Illicit drugs, including cocaine, amphetamine analogs, and opioids

Nutritional deficiencies and syndromes associated
with alcoholism

Alcohol stupor and withdrawal 40
Vitamin deficiencies, including thiamine, B12, folic acid, and biotin

Infectious Disorders

Viral infections All causes of viral meningitis and viral encephalitis 41
Nonviral infections All organisms causing bacterial meningitis or encephalitis 42

Abscesses with increased intracranial pressure
Transmissible spongiform encephalopathies

syndromes
Kuru, Creutzfeldt-Jakob, Gerstmann-Straussler-Scheinker and fatal

familial insomnia
43

HIV and AIDS AIDS encephalopathy, AIDS dementia complex (late), dysautonomia from
neuropathy or myelopathy, progressive multifocal leukoencephalopathy

44

Neurovascular Disorders Unilateral strokes with secondary edema. Bilateral strokes or showering of
emboli, brain stem strokes, subarachnoid hemorrhage

45

Neoplastic Disorders

Primary neurological tumors Unilateral tumors with secondary edema. Bilateral cerebral or primary
brain stem tumors. Metabolic alterations, especially involving calcium

46

Metastatic neoplasms and paraneoplastic syndromes Unilateral tumors with secondary edema. Bilateral cerebral or primary
brain stem tumors. Metabolic alterations, especially involving calcium

47

Demyelinating Disorders

Demyelinating disorders of the central nervous
system

Multiple sclerosis (rare) 48
Devic’s disease

Demyelinating disorders of the peripheral nervous
system

Guillain-Barré syndrome (with dysautonomia) 49

Autoimmune and Inflammatory Disorders
Autoimmune cerebritis including giant cell arteritis, primary CNS arteritis,

and hypersensitivity arteritis and autoimmune-induced dysautonomic
states from peripheral nervous system involvement including
polyarteritis and Wegener’s granulomatosis. Systemic lupus
erythematosus can affect either central or peripheral systems

50

Traumatic Disorders Cortical contusion, epidural hematomas, subdural hematomas 51
Traumatic hematomas, post-traumatic epilepsy

Epilepsy
All seizures associated with loss of consciousness (i.e., primary and

secondary generalized seizures and all complex partial seizures with an
alteration in consciousness)

52

Headache and Facial Pain Complicated migraine, basilar migraine 53

Sleep Disorders Obstructive sleep apnea 54

Drug-Induced and Iatrogenic Drugs associated with hypotension or seizures 55
Neurological Disorders

AIDS, acquired immunodeficiency syndrome; CNS, central nervous system; MELAS, mitochondrial myopathy, encephalopathy, lactic acidosis, and strokelike episodes;
MERFF, mitochondrial encephalopathy with ragged red fibers; NCL-2, neuronal ceroid lipofuscinosis type 2.
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HISTORY AND DEFINITIONS

Slee p occupies appro ximatel y one-thi rd of the adult life.
Altho ugh the full function of sle ep is not under stood, the
inhe rent n ecessity for sle ep is widely recogniz ed and is pre-
sent in almost all mamm als. Th e notion that sleep is a time of
rest and brain inac tivity pers isted until the 20th century,
whe n elect rophys iological techniq ues were appl ied to the
stud y of sleep. There after, sleep was found to be a dynamic
proce ss, with the cyclical recurrence of differ ent stages.
Th e discover y of rapid eye moveme nt (REM) sleep by Ase r-
insk y and Klei tman in 1 953 1 was a major advanc e in sleep
rese arch, stimulatin g physio logical and clinical studies of
sle ep. Sleep alternat es between two phase s: REM and
non-r apid eye moveme nt (N REM) sleep. 2

REM sleep cycles on and off thr oughout the night. In a
youn g adul t, the first REM p eriod occur s appro ximatel y
90 to 1 00 minut es aft er sleep onset, followi ng an initial
perio d of NREM sleep. The first REM peri od is on average
the shortes t of the night. Succes sive REM periods tend to
be of progr essively longer duration, with the longe st
REM period most often occur ring in the early mornin g
hours . In infancy, 50% to 80% of total sleep time consi sts
of REM sleep. By age 2 year s and through adul thood, the
perc entage of REM sleep falls to appro ximatel y 20% to
25% of total sle ep ti me.

REM sleep is divided into tonic and phasic events, and it
has several characteri stic features. The tonic REM event s
include ( 1) cortical desync hronizat ion, with mixed fre-
quency , fast activit y on electroenc ephalogr aphy (EEG ),
simi lar to that obser ved in the wak ing state; (2) hippocamp al
synchronous theta activity that also occurs in waking; and
( 3) mus cle aton ia that is present in all but respirato ry and
ocular muscles and is marked by a reduction in chin and limb
electromyographic activity. The phasic components of REM
sle ep include the following featur es: (1) rapid eye move-
ments, horizontal and vertical, occurring in bursts during
REM ; (2) mus cle twit ches p unctuating the mus cle aton ia;
( 3) ponto -geniculo- occipital spik es (PGOs ) not observabl e
on routine polyso mnograph y (PSG ); and ( 4) auto nomic
nervous system lability with fluctuations in respiratory rate,
heart rate, and blood pressure.3

NREM sleep is divided into four stages: Stages 1 and 2
are considered light sleep. Stage 1 occupies 2% to 5% of
sleep time and is marked by slow rolling eye movements;
low-voltage, mixed-frequency EEG; and a low arousal
threshold. Stage 2 makes up approximately 45% to 55%
of total sleep time and is marked by the presence of K com-
plexes and sleep spindles on EEG recordings. K complexes
are composed of an initial negative sharp wave followed by
a positive component. Sleep spindles are episodic, rhythmi-
cal complexes occurring with frequency of 7 to 14 cycles
per second grouped in sequences lasting 1 or 2 seconds.
Spindles can occur alone or can be superimposed on
K complexes. Although spindles are a feature of Stage 2
sleep, they may also be present in Stage 3 and Stage 4
NREM sleep, and they can even be found in REM sleep.

Stages 3 and 4 sleep are considered deep or slow-wave
sleep (SWS). SWS is prominent in youth and diminishes in
the elderly. SWS is present for approximately 10% to 20%
of sleep time and predominates in the first part of the night.
The arousal threshold is high in SWS. The EEG feature of
SWS is the delta wave, a high-voltage (75microvolts ormore)
wave patternwith a frequency range below4Hz. Stage 3 sleep
is defined as sleep consisting of 20% to 50% delta waves, and
Stage 4 is defined as greater than 50% delta waves.3,4
CLINICAL HISTORY

Obtaining a detailed clinical history is especially important
when diagnosing a sleep disturbance because routine
physical and neurological examinations during the waking
hours are often not revealing. Information gathered from
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the history, such as age of onset, duration, and progression
of the sleep complaint, often allows a general classification
of the type of sleep disturbance. The International Classifi-
cation of Sleep Disorders, second edition, categorizes sleep
distur bance s as (1) insomnia, (2 ) sleep-rel ated breathing
diso rders, ( 3) hypersom nias of central origin, ( 4) cir cadian
rhyth m diso rders, ( 5) parasom nias, ( 6) sleep-r elated move-
men t diso rders, ( 7) normal variants, and (8) othe r. Insom-
nia coul d be due to a learned difficul ty in sle eping or
psycho physi ological insomni a.5 Obstruct ive and cent ral
sleep apnea may present as fragmented sleep with snoring
and witnessed pauses. Restless legs syndrome (RLS), peri-
odic limb movement disorder (PLMD) (Video 251, Peri-
odic Leg Movements), and sleep bruxism are classified as
sleep-related movement disorders. Examples of parasom-
nias include sleepwalking, sleep terrors, sleep talking,
nightmares, REM sleep behavior disorder (RBD) (Video
241, REM Behavioral Disorder), and enuresis. Sleep disor-
ders associated with medical and psychiatric conditions
include those secondary to mood disorders, alcoholism,
neurological disorders such as parkinsonism and dementia,
and gastroesophageal reflux.6,7

Sleep complaints often involve three areas of sleep dis-
turbance : ( 1) the perceived inability to obtain suffic ient
sleep (insom nia), ( 2) the presence of excessi ve sleepi ness
or fatigue during the day (excessive daytime somnolence
[ED S]), and ( 3) the occurren ce of abnorma l event s duri ng
sleep (parasomnias) (see the section titled Clinical Syn-
dromes Involving the Anatomy of Sleep). The clinical his-
tory should investigate each of these areas because there is
often overlap among them.

The first part of the interview examines the quantity and
quality of sleep, including the hour of bedtime and final
awakening, the latency from bedtime to onset of sleep,
events that delay sleep onset, number and duration of noc-
turnal awakenings, activities during the night, and per-
ceived sleep quality. Is there a variation in the timing of
sleep from day to day? Those who work or attend school
may sleep less during the week, then sleep much longer
when their activities are not structured during the week-
end.8 Shift workers or those who work in the evening or
at night may find it very difficult to obtain a consistent tim-
ing and duration of sleep. They may be always fighting the
circadian clock, which keeps internal rhythms and levels of
alertness set to a 24-hour cycle.9 Patients with neurodegen-
erative diseases often have internal clocks that no longer
function effectively. Sleep and wakefulness may occur
haphazardly around the clock or may be reversed, with
most sleep coming during the daylight hours.10 Withdrawal
from pharmacological agents, especially those that cause
sedation, is another possible cause of sleep disruption.

A sleep diary is a useful adjunct to the patient history.
The patient completes a sleep diary every day for a conse-
cutive 14-day period. This daily record of the patient sleep
cycle provides the clinician with an indication of the tim-
ing and quantity of sleep obtained. This method is particu-
larly useful in diagnosing sleep phase shifts and timing of
insomnia. Patients with delayed phase sleep may show an
inability to fall asleep until late at night, with a corres-
ponding late awakening. Likewise, patients with phase
advanced sleep may fall asleep easily at an early hour but
awaken early in the morning. In addition, sleep diaries
allow for an assessment of spontaneous sleep patterns dur-
ing weekends or vacation periods, when the necessity to
accommodate a work or school schedule is not present.
Actigraphy is a useful adjunct to a sleep diary. A wrist acti-
graph can be worn by the patient for 2 weeks and will con-
tinually record physical activity. Although it does not
directly record sleep, periods of quiescence suggesting
sleep time, punctuated by periods of muscle activity, can
be stored in the actigraph and later retrieved. In conjunc-
tion with a sleep diary, actigraphy is a powerful tool in
estimating routine sleep patterns at home.11

The evaluation of sleep quality relies on the subjective
perception of sleep. Several scales have been developed
to assess overall sleep quality. Some of these scales have
been validated.12 The structured interview provides insight
into several domains of sleep quality. How well does the
patient sleep? Does the patient believe that sleep is
troubled or insufficient? Good sleep satisfies several cri-
teria: (1) It is suffic ient—provi ding for adequate ale rtness
and a feelin g of vitality during the day; (2) it is effi-
cient—easily initiated, continuously maintained, and not
exces sively prolonged ; and (3) it is conven ient—oc curring
during a period of time when the patient would not need or
prefer to be awake, which is usually at night but may vary
for those with other life demands, such as a nighttime job.

An evaluation of the presence and severity of daytime
sleepiness is a vital part of the sleep interview. Patients
whose sleep is significantly disrupted or fragmented,13 or
those who simply do not get enough sleep, may be sleepy
during the daytime. Typically, EDS manifests as nodding
off or napping during quiet, passive activities, such as read-
ing, watching television, or listening to a lecture. In more
severe cases, sleep may occur during active periods such
as while eating, talking, or driving a motor vehicle. When
EDS is severe, it can impair the quality of life and even
lead to life-threatening situations, such as falling asleep
while driving. In contrast to the EDS arising from noctur-
nal sleep disruption, narcoleptic patients may have attacks
of sleep that begin with stage REM.

In determining whether or not there are abnormal events
during sleep, interview of the bed partner or family mem-
bers who are able to observe the patient’s sleep may be
essential. A variety of abnormal events during sleep may
impair sleep quality, cause patient discomfort, or interrupt
the sleep of the bed partner. Snoring or gasping during
sleep may be a sign of respiratory difficulties or sleep
apnea. Unusual sleep-related movements can indicate the
presence of PLMD, nocturnal epilepsy, or RBD. Other
behaviors may suggest the presence of sleepwalking
(somnambulism), sleep talking (somniloquy), tooth grind-
ing (bruxism), or attacks of eating in a fuguelike state
(nocturnal eating disorder).5

Events occurring before sleep onset may provide clues to
the cause of insomnia. Good sleep hygiene, which can help
sleep quality, involves consistent calming activities before
sleep.14 Poor sleep hygiene may interfere with the ability
to sleep. Activities that may contribute to poor sleep
hygiene include caffeine and nicotine intake, late-day nap-
ping, exercising immediately before bedtime, and using the
bed to read, watch television, or work. Alcohol intake
at bedtime may shorten sleep latency but often causes sleep
fragmentation later in the night, with early morning
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awakening. Patients may report sensory phenomena in the
legs or arms when they lie down to sleep. These sensations
may be described as tingling, tightness, crawling sensa-
tions, or pain. These sensations may be severe enough to
interfere with sleep onset and may be relieved only with
movement of the limbs or walking. This history suggests
the diagnosis of RLS (Video 73, Restless Leg Syndrome).
PLMD is frequently associated with RLS and may cause
disruption of sleep once sleep is obtained. A prominent jerk
just at sleep onset that runs through most of the body,
sometimes associated with a sensation or illusion of falling,
is a hypnic jerk and is experienced by most people on
occasion.15

Psychological states at the time of sleep onset are impor-
tant to assess in patients with insomnia. Patients reporting
excessive worries, ruminations over daytime problems,
and anxiety may find that despite feeling sleepy, these
intrusive thoughts cause alertness and prevent sleep onset.
They may feel increased muscle tension. The duration
and triggering factor for the insomnia is important to
obtain. Patients experiencing transient insomnia related to
particular life events may benefit from treatment strategies
inappropriate for the patient with chronic, recurrent insom-
nia. Depression and anxiety are psychiatric disorders that
are strongly associated with sleep disturbances. A psychi-
atric assessment may provide useful clues to the presence
of these potentially treatable causes of insomnia.

Medical conditions may also interfere with normal sleep.
Patients with rheumatoid arthritis may be awakened by
pain. Patients with neuromuscular disease may awaken
because of respiratory difficulty. Patients with Parkinson’s
disease may awaken because their medications have worn
off and they are uncomfortable and unable to shift posture.
Prostate disorders may lead to frequent awakenings to uri-
nate during the night. The elderly may be at higher risk for
frequent urination as a product of fragmented sleep.

Neuromuscular disorders, Parkinson’s disease, multisys-
tem atrophy, lung disease, obesity, acromegaly, or thyroid
disease can all be associated with respiratory disturbances
in sleep.16 Different medical and neurological conditions,
including iron deficiency, uremia, and peripheral neuropa-
thy, are associated with RLS and PLMD.17 Neurodegenera-
tive disorders, such as Alzheimer’s disease, may result in a
breakdown of the circadian clock, which regulates the
alternation of sleep and wakefulness. Tic disease may lead
to parasomnias in children. Patients with Parkinson’s dis-
ease, as well as those with neurodegenerative disease or
brain stem strokes, may have RBD, in which dreams can
be acted out with injurious consequences.18

A history of hallucinations either at sleep onset (hypna-
gogic) or on awakening from sleep (hypnopompic), sleep
paralysis (the inability to voluntarily move on awakening),
sleepiness during the day, and cataplexy (sudden loss of
muscle tone during wakefulness) comprise the classic tet-
rad for narcolepsy (Video 72, Cataplexy). If present, they
may indicate a diagnosis of narcolepsy, particularly if onset
occurred during youth, adolescence, or young adulthood.19

Not all narcoleptics have each of the symptoms in the
tetrad.

Ingestion of medication is a particularly important part
of the clinical history. There are many medications that
cause drowsiness during the day or disrupted sleep at night.
In severe cases, this disruption may lead to lethargy,
confusion, or forgetfulness. Although sedative and hyp-
notic medications, particularly those with long half-lives,
are usually recognized as a cause of daytime sleepiness, there
are numerous additional agents that have a similar effect,
including antihistamines, neuroleptic agents, antihyper-
tensives, anticonvulsants, antiparkinsonian medications,
antidepressants, analgesics, and muscle relaxants. Elderly
patients, especially those with hepatic or renal insufficiency,
may be particularly susceptible to medication side effects
because a drug or its active metabolites may accumulate
owing to impairedmetabolism or excretion. Antiparkinsonian
medications may cause vivid dreams and nightmares. The
benzodiazepines and barbiturates may suppress SWS,
decrease the amount of REM sleep, and exacerbate sleep
apnea.With chronic use, these agents often lose their efficacy,
and sudden discontinuation frequently causes rebound insom-
nia. Stimulants used for attention deficit disorder and in narco-
lepsy may cause insomnia. Dopamine-blocking agents
including metoclopramide can aggravate RLS, whereas anti-
depressants, including tricyclic compounds and serotonin
reuptake inhibitors, may activate PLMD or aggravate RLS.

A family history of sleep disturbance may suggest par-
ticular sleep disorders. In particular, RLS is familial and
an autosomal dominant inheritance has been suggested
by some pedigrees.20 Narcolepsy and sleep apnea are
other sleep disorders with genetic components. Genetic
factors contribute to NREM parasomnias, with most
patients having a first-degree relative with a NREM para-
somnia. The familial seizure disorder autosomal dominant
frontal lobe epilepsy has been described.21 Fatal familial
insomnia is a rare disorder in which family history is
helpful for a correct diagnosis, although diagnosis can
be made with a determination of the nature of the prion
protein.22
ANATOMY OF NORMAL SLEEP

Physiological Function of Sleep
Sleep evolves during life and changes with maturation and
aging. During infancy, 16 to 18 hours a day are spent sleep-
ing, with sleep-wake states initially occurring every 3 or
4 hours. By 6 months of age, a more prolonged sleep per-
iod occurs during the night. REM sleep time occupies as
much as 80% of sleep time in the newborn, with a steady
decrease until only approximately 20% of sleep is REM
in the adult. Sleep spindles appear at approximately 2 years
of age. During adolescence, sleep requirement increases,
and the sleep pattern is one of phase delay.8 Because
school schedules do not allow for late awakening, the most
common cause of daytime sleepiness in this age group is
insufficient sleep. In adulthood, the need for sleep is rela-
tively constant. With aging, sleep tends to become more
fragmented, and night sleep may decrease with a corre-
sponding increase of daytime napping. With aging, the
amount of SWS decreases. Although REM sleep time
remains stable with aging, the pattern of REM sleep seen
in the young adult with progressively longer REM periods
is not observed in the elderly, who have REM sleep equally
distributed over the course of the night.23
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The function of sleep remains elusive.24 Most sleep is
NREM sleep, comprising 80% of total sleep time in the
adult. The most critical part of NREM sleep occurs early
at night, when most SWS occurs. SWS is the deepest, most
difficult to interrupt, and most refreshing of the sleep
stages. During recovery from sleep deprivation, SWS is
the first to rebound.25 The decline in the proportion of
SWS with aging is possibly related to the overall deteriora-
tion of sleep, resulting in an increase in sleep complaints
that characterize the older population. Third, for humans,
primarily diurnal animals, sleep typically occurs at night.
Whatever else sleep does, it likely reduces activity at the
time when a diurnal, visually dependent animal cannot
function effectively and thereby conserves resources. In
evolution, the development of sleep as a block of reduced
activity at night likely made that time available for other
purposes. Functions that would be impaired by daylight
activity could be shifted into the sleep period and inte-
grated with the sleep state. As a result, many of the plausi-
ble functions of sleep may be adaptations to the reduced
nocturnal activity that sleep ensures. Fourth, there may be
no one single function of sleep but a group of different
functions. As one summary statement to a publication of
the proceedings of a conference on the function of sleep
stated, “Research and speculation on the functions of sleep
have yielded many viable possibilities.”26 Functions may
vary in importance depending on the individual’s age or
activities, and none of these functions may be unique to
sleep. The following section presents some of the plausible
functions suggested for NREM sleep.

Metabolic and Thermoregulatory Functions
Experiments with rats have suggested that during sleep
deprivation, energy expenditure increases while tempera-
ture and weight drop until body systems begin to fail,
beginning with the endocrine and immune systems.27

These and other studies have led to the proposal that sleep
conserves energy loss through thermoregulation, and when
core body temperature decreases during sleep, heat loss to
the environment is minimized. Confirmatory sleep depriva-
tion studies have not been performed in humans, but humans
naturally show lowered body temperature during sleep.
A different interpretation of temperature changes begins
during sleep with the observation that sleep in general and
deeper NREM sleep in particular are increased when the
body is heated28; therefore, sleep may allow the shedding
of excess accumulated heat.29 This approach emphasizes
not the decreased rate of heat loss in sleep due to decreased
core temperature but the reduced rate of heat production
due to slowed metabolism. Sleep may be the prime period
for anabolic activity. In primates, growth hormone, whose
effects can be manifest at all ages in humans, is primarily
secreted during the periods of deepest SWS early in the
night.30 In several studies of growth in children with growth
disorders, total sleep correlated with rate of growth, suggest-
ing that disrupted sleep could inhibit growth. In human
males, the growth hormone secretion is positively associated
with the amount of SWS.31 Acute sleep loss has been asso-
ciated with decreased glucose tolerance, lower thyrotropin
concentrations, elevated evening cortisol levels, and
increased sympathetic nervous system activity.32
Restorative Neural Functions
In the brain, there is evidence, although it is not yet conclu-
sive, that overall RNA transcription and protein synthesis
is most prominent during deep SWS. This activity may
have particular importance for synaptic function. It has
been hypothesized that the brain uses the materials pro-
duced and stored during SWS. The decline of cognitive
function with sleep deprivation provides evidence of these
restorative or supportive functions of sleep. There is also
some evidence that SWS responds to learning situations
in animals and may play additional roles in consolidating
memories.33 Other possible related functions are a restora-
tion of balance at the synaptic level. Neurons relatively
quiescent during the waking period can be activated at
night during both NREM and REM sleep so that the entire
network does not become imbalanced.34 SWS may restore
a functional balance of emotional states related to limbic
system function.
NEURONAL CIRCUITS AND NUCLEI UNDERLYING
SLEEP

Reticular Activating System
The reticular activating system (RAS) is a network of
neurons located in the brain stem that project anteriorly
to the hypothalamus to mediate behavior, as well as both
posteriorly to the thalamus and directly to the cortex for acti-
vation of awake, desynchronized cortical EEG patterns. The
RAS receives input from visceral, somatic, and sensory sys-
tems. The neurotransmitters employed in this system include
acetylcholine, serotonin, noradrenalin, dopamine, histamine,
and hypocretin (orexin) (Fig. 2-1).

Circadian Rhythms
The timing and rhythmicity of the sleep-wake cycle is
matched to the solar day-night cycle in humans. This
rhythmical pattern is generated internally but is modified
by environmental factors, particularly the light-dark cycle.
The endogenous nature of the circadian rhythm is verified
by the persistence of these rhythms when environmental
conditions are held constant. For example, a human kept
in isolation without access to a clock or a periodic light-
dark cycle will maintain a regular sleep-wake cycle.
According to Czeisler and colleagues, although the rhythm
is maintained, the periodicity of the sleep-wake cycle under
this free-running condition is approximately 24.2 hours.
However, under the influence of the environmental light-
dark cycle, this rhythm is entrained to the 24-hour solar
day. The environmental cues that are able to entrain the
internal clock mechanism are called zeitgebers. The most
potent zeitgeber for sleep-wake rhythms in most organisms
is light.

The Suprachiasmatic Nucleus
The anatomical structure serving as the internal circadian
rhythm generator is the suprachiasmatic nucleus (SCN) of
the anterior hypothalamus.35,36 Lesions of the SCN in
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roden ts abol ish circadian rhythm icity, and disconnec tion of
the SCN from the rest of the brain also results in a loss of
circadi an rhythm s in the brain despite continue d fluctua-
tions within the SCN . Furt hermore, in animals with abla-
tions of the SCN, transplant ation o f fetal SCN tissue
restor es circadian rhythm .

Entr ainment of these neuro ns occur s via the visu al path-
ways linking photoreceptors of the retina to the SCN.
Th ere are two path ways: ( 1) a direct pathwa y called the
retino hypot halamic tract (R HT) and ( 2) an indi rect p ath-
way called the geniculohypothalamic tract (GHT). Photore-
ceptors in the retina transduce light into nerve impulses and
transmit information to ganglion cells, distributed over the
entire retina. The ganglion cells contribute to the RHT,
which travels through the optic nerve and optic chiasm.
In the chiasm, two-thirds of the axons cross and one-third
remain uncrossed. The RHT projects directly to the SCN.
Collateral processes from the RHT continue in the optic
tract to the lateral geniculate complex. From the lateral
geniculate, the GHT projects to the SCN as the indirect
pathway.

Efferent fibers from the SCN project to intrahypothala-
mic areas—encompassing the preoptic area, paraventricu-
lar nucleus, retrochiasmatic area, dorsomedial area, and
extrahypothalamic sites, including the thalamus, basal fore-
brain, and periaqueductal gray. From these areas informa-
tion is further relayed to the effector organs for particular
biological rhythms.

In addition to controlling the circadian variability of the
sleep-wake cycle, the SCN drives a similar circadian varia-
bility in locomotor activity, food intake, water intake, sex-
ual behavior, core body temperature, and hormonal levels.
Thus, cortisol is highest in the early morning hours
between 4:00 AM and 8:00 AM, and thyroid-stimulating hor-
mone increases just before sleep. Hormones both influence
and are influenced by the circadian clock.

The Pineal Gland and Melatonin
The pineal gland is a neuroendocrine gland that synthesizes
and secretes melatonin (N-acetyl-5-methoxytryptamine).37

The afferent input to the pineal gland is transmitted from
the retinal photoreceptors through the SCN and sympa-
thetic nervous system. The circadian rhythm of melatonin
is controlled by the SCN but is strongly entrained by light.
The two effects of light are to regulate melatonin secretion
in accordance with diurnal light-dark cycles and to sup-
press melatonin if given in brief intense pulses. Melatonin
secretion increases rather abruptly in the evening, approxi-
mately 2 hours before typical bedtime (dim light melatonin
onset), and then continues elevated during the night, reach-
ing a peak level between 2:00 AM and 4:00 AM, then gradu-
ally falls during the latter part of the night and is present
at very low levels during the day. Exogenous melatonin
has been used with some success to avoid jet lag and
may be useful for treatment of phase-shifted sleep and
sleep disturbance due to shift work. Melatonin is available
through health food stores and has received strong public
attention. However, there are no proven indications for
melatonin.

NREM Sleep
Sleep spindles usually arise from the gamma-aminobutyric
acid (GABA)-ergic neurons in the reticular thalamic
nucleus. These neurons have intrinsic oscillations with
spontaneous slow depolarization on which rhythmical
spikes are superimposed and serve as drivers for thalamo-
cortical projection neurons. Dissection of the reticular tha-
lamic region from the thalamocortical region or specific
kainic acid lesions of reticular thalamic nuclei eliminates
spindles. On scalp recordings, spindles occur maximally
over the frontal and vertex areas. Depth electrode record-
ings in humans show that thalamic spindles are earlier
and more frequent than those recorded on the scalp. Spin-
dles occurring in the frontal leads may also originate in
the supplementary cortex.38

The defining feature of Stages 3 and 4 sleep is the delta
or slow wave. Thalamocortical cells are capable of generat-
ing delta waves, but other areas are involved as well, as
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show n by les ions of the anterior hypothal amus, preop tic
region, and basal forebra in, all of which can abol ish delta
wav es.
REM Sleep
The anatom ical subst rates for the different com ponents of
REM sleep are as follows:

1. An import ant substrate is cortic al desynchroniza-
tion. The origin of the mixed frequency activity is
the mesencephalic reticular formation. The reticular
cells begin firing approximately 15 seconds before
activation is manifest in the cortex, and their projecti-
ons extend to the intralaminar nuclei of the thalamus
with widesp read projectio ns to cortex.

2. Hippoca mpa l theta activity is h ighly synchr onous
activi ty with a frequenc y of 5 to 10 Hz, which is
gener ated in the dent ate gy rus and medial entorh-
inal cortex. It involves the rostral pontin e reticula r
format ion in the area of the n ucleus pontis oralis.

3. Muscle atonia, except for respiratory and ocular mus-
cles, is a tonic event of REM sleep. Electrical stimu-
lation studies have shown that muscle atonia occurs
following activation of the medullary magnocellular
retic ular nucleus and the rostra l nucl eus ponti s ora-
lis. Musc le paralys is arises at the spinal cord level,
from a cent rally mediated hyper polarizat ion of
the alph a motor neuro ns through the action of the
inhibi tory neuro transmitt er glycine .

4. Musc le twitches are super impose d on the tonic mus-
cle para lysis. Th e twitche s arise from desce nding
excita tory impul ses, which transient ly overcom e
motor neuron inhibi tion.

5. Rapid eye move ments are another phasic event of
REM sleep. Horiz ontal eye move ments arise from
burst neurons in the parabduce ns reticu lar formati on
in the pons, and vertical eye moveme nts are asso-
ciate d with activation of the midbrain reticula r for-
mati on. Po sitron emission tom ography has show n
that REM-r elated eye move ments involve cortical
areas simi lar to thos e used d uring wakefulnes s.

6. PGO activit y is a phasic feature of REM sle ep, gen-
erated in the pons and project ed through the lateral
geni culate body and other thalami c nuclei to the
occip ital cortex. PGO activit y is of two types: Type
1 occurs independe nt of eye move ments, and type 2
occur s simulta neously with eye moveme nts. PGO
spik e activit y has been associated with fragme ntary
images or dreams.

7. Autonom ic nervous syst em labil ity, with profoun d
sym pathetic activation and fluctuations in resp ira-
tions, hear t rate, and blood pres sure, involv es the
para brachia l nucl ei of pons. Other featur es of REM
sleep include peni le erections not associa ted with
sexua l stim ulation or dream content and thermore-
gula tory suspe nsion leading to a pseudo poikil o-
therm ic state. Additiona lly, there is an incr ease in
cereb ral metabo lism and blood flow compare d with
NREM sleep, partic ularly in the pons, thalam us,
and cingula te cortex. 39–41
The regul ation of REM sleep is pri marily at the leve l of
the brain stem, with REM -on and REM-of f nuclei. 42

Altho ugh the p utative trigge r zone ini tiating REM sle ep
is not identified, the activi ty of brai n ste m areas during
REM sleep has been stud ied, both elect rically and pharma-
colog ically. Brain stem nucl ei with activit y immedia tely
precedi ng and pers isting duri ng REM sle ep are the choli-
nergic cells in the dorso lateral tegmen tum: the later al dor-
sal tegmen tal (LD T) and the pedunc ulopo ntine tegmental
(PPN ) nucl ei. These tw o nucl ei compri se the main conce n-
tration of brain stem choline rgic neuro ns. 43 The proj ection
areas of these nucl ei include the basal ganglia; the limbic
areas, including the preop tic area ; the thalami c nucl ei,
includi ng the later al geni culate nucl ei; and the cortex.
The PPN plays a role in numerous feedback loops, invol-
ving locomotion and rhythmical functions, specifically
control of sleep-wake cycles and generation of REM sleep.
The cholinoceptive REM triggering zone located in the
paramedian reticular formation receives input from LDT
and PPN. Inhibition of these REM-on nuclei appears to
arise from nearby REM-off cells, primarily the serotoner-
gic neurons of the dorsal raphe and adrenergic neurons of
the locus coeruleus.

The reciprocal-interaction model proposed by Hobson
posits that control of REM sleep arises from anatomically
distributed and neurochemically integrated populations of
cells. This model is summarized by McCarley as involving
four steps: ( 1) positive feed back of REM -on neuron s
through excitatory interconnections with reticular neurons;
( 2) excita tion o f REM-of f neuro ns by REM-on neuron s
mediated through cholinergic pathways, although the reti-
cular formation may actually be the origin of this process;
( 3) inhibition of REM-on neuro ns by REM-of f neurons
locate d in the dorsal raphe and locu s coer uleus; and ( 4)
inhibitory feedback of REM-off neurons through recur-
rent collateral or some other method of serotonin and
norepinephrine feedback.3

The neuroanatomical areas involved in the generation of
REM sleep have largely been identified through transections
at different levels in the neuraxis. In transections separating
the forebrain from the brain stem, REM sleep features are
recorded caudal to the cut. These features include atonia,
rapid eye movements, PGO spike bursts, and REM-like
activation of the reticular formation. However, in this trans-
ection, thermoregulatory control is lost with an inverse
relationship between temperature and amount of REM
sleep. Transections between the locus coeruleus and the
red nucleus, separating the pons from the midbrain, result
in atonia, PGO spike bursts, rapid eye movements, and acti-
vation of the reticular formation in a rhythmical pattern cau-
dal to the transection. Transections between the medulla and
the pons result in a regular cycle of REM above the transec-
tion, with the exception of the generation of muscle atonia.
Taken together, these experiments provide evidence that
REM sleep is generated primarily in the pons.39

REM sleep is the form of sleep in which many dreams
occur. When awakened during an episode of REM, the
sleeper will report the contents of the dream approximately
85% of the time. The function of dreaming has remained
elusive. Both physiological (related to memory and learn-
ing) and psychological roles have been proposed.44
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NEUROCHEMICAL ANATOMY

Several primary neurotransmitters control circadian rhythm.
SCN neurons are mostly GABAergic. The neurotransmit-
ter released from the RHT is glutamate, affecting both
N-methyl-D-aspartate (NMDA) and non-NMDA receptors
in the SCN. The putative neurotransmitters of the indirect
pathway, GHT, are GABA and neuropeptide Y. Cholinergic
agonists such as carbachol also have an effect on activity of
the SCN, and their administration shifts the activity of the
SCN in a manner similar to that of light exposure. Less
pronounced effects on SCN activity have been described fol-
lowing clonidine, an alpha-2 receptor agonist. The SCN also
receives nonentrainment afferents from serotonergic projec-
tions of the median and dorsal raphe nucleus of the midbrain
and histaminergic projections from the posterior hypothala-
mic tuberomammillary neurons. Vasoactive intestinal poly-
peptide is a neurotransmitter in an efferent pathway from the
SCN. The neurotransmitter from the SCN to the pineal is
norepinephrine.35

The neurochemical constituents involved in the genera-
tion and maintenance of REM and NREM are listed in
Table 2-1. Neurochemically, REM sleep is associated with
an increase in cholinergic activity and a reduction in nora-
drenergic and serotonergic activity. In contrast, SWS is
associated with increased serotonergic activity.42

Hypocretin (Orexin) System
Hypocretin (orexin) is a brain neuropeptide contributing to
the sleep-wake cycle and implicated in the etiology of narco-
lepsy. The function of this neuropeptide is thought to pro-
mote wakefulness and stimulate appetite. The cell bodies
containing hypocretin are located in the dorsolateral
hypothalamus and project to the locus coeruleus and numer-
ous other areas of the brain including the cortex.45 In animal
models, alterations of the gene encoding hypocretin 2 recep-
tors and preprohypocretin genes produce findings consistent
with narcolepsy.46,47 In humans, cerebrospinal fluid levels
of hypocretin were markedly decreased in seven of nine nar-
coleptic patients but detected in normal amounts among the
eight control subjects. Human narcoleptic brains have been
shown to have a dramatic reduction in the number of hypo-
cretin neurons.48 The hypocretin system may offer further
understanding of narcolepsy and offer a target for future
treatment strategies.
TABLE 2-1

Neurotransmitters Involved during Waking, Slow-Wave Sleep

NEUROTRANSMITTER WAKING ACTIVITY SLOW-WAVE SLEEP R

Acetylcholine Increased Decreased I
Norepinephrine Increased Increased D
Serotonin Increased Increased D

Others:

Wake—dopamine (ventral tegmental area), histamine (posterior hypothalam
hypocretin/orexin (lateral and posterior hypothalamus)

NREM—GABA (reticular formation, basal forebrain, hypothalamus, reticu
NREM/REM sleep—adenosine (hypothalamus and basal forebrain), may b
by caffeine)

PPN, pedunculopontine nucleus.
EXAMINATION OF THE PATIENT WITH SLEEP-WAKE
CYCLE COMPLAINTS

Neurological Examination
CEREBRAL. The neurological examination focuses on

the general state of alertness. Patients may appear sleepy
or even nod off during the examination if EDS is severe.
Cognitive and psychological functioning are assessed for
evidence of dementia or depression because both are asso-
ciated with sleep pattern disruption. Excessive anxiety,
fears, and concerns are frequent causes for insomnia, and
clues to these problems may reveal themselves during cere-
bral assessments of memory, concentration, and attention.

CRANIAL NERVES. Cranial nerve lesions indicate brain
stem pathology. Disorders of REM sleep, including narco-
lepsy and RBD, may reflect focal pathology in the pons, so
specific attention to pontine cranial nerve function (trigem-
inal, abducens, facial, and vestibulocochlear) is essential
(Video 1, Cranial Nerve VI Palsy). Bulbar dysfunction in
the form of dysphagia, hoarseness, and dyspnea can occur
in neuromuscular disorders and myopathies. In checking
for the gag reflex, the upper airway can be examined, and
a reddened palate and uvula are suggestive of snoring.

MOTOR/REFLEXES/CEREBELLAR/GAIT. Several dis-
orders of the motor system are associated with sleep alter-
ations. Strength should be examined, specifically the
strength of the neck and respiratory muscles. Patients with
myopathies, neuropathies, and neuromuscular junction dis-
ease can have significant chest wall weakness (Video 13,
Myopathic Gait). In acute or chronic demyelinating poly-
neuropathy (Guillain-Barré syndrome), tendon reflexes are
lost and there may be additional bulbar cranial nerve weak-
ness. In patients with myasthenia gravis, initial inspiration
and expiration volumes may be normal, but repeated testing
demonstrates rapid fatigability and poor aeration (Video 42,
Fatiguability). In multiple system atrophy, a diffuse degen-
erative condition with numerous areas of the nervous system
affected, sleep complaints occur in the context of parkin-
sonism and signs of cerebellar dysfunction, such as dysme-
tria (Video 9, Dysmetria), ataxia, or tremors (Video 234,
Multiple System Atrophy, Cerebellar Type; Video 235,
Multiple System Atrophy, Striatal-Nigral Degeneration).
Spinocerebellar atrophies are also associated with sleep
disruption, and their motor signs are predominantly limb,
trunk, and gait ataxia, along with sensory neuropathies
, and REM Sleep

EM SLEEP LOCATION

ncreased Basal forebrain, PPN, laterodorsal tegmental nuclei
ecreased Locus coeruleus and lateral tegmental area
ecreased Dorsal raphe nucleus

us), glutamate (reticular formation and neurons projecting to cortex),

lar nucleus of the thalamus)
e a neuromodulator for sleep by accumulating during wake (antagonized
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(Video 207, Spinal Cerebellar Atrophy III). Whereas most
movement (disorders resolve during sleep, patients with tics
may have significant sleep disruption from continuing tics,
and patients with Parkinson’s disease have difficulty going
to sleep because of stiffness and shaking as well as further
difficulty staying asleep. In addition, they have a frequent
problem with vivid dreams and sleep fragmentation, and
they may have RBD associated with injurious behaviors
(Video 241, REM Behavioral Disorder).

SENSORY. A number of neuropathies are associated
with sleep alterations, and hence the sensory examination,
including both position and vibration testing for myelinated
fiber function and pain and temperature testing for unmy-
elinated fiber function, should be performed. RLS can be
frequently exacerbated by neuropathy, and diabetes
mellitus and spinocerebellar atrophies have characteristic
neuropathic findings (Video 73, Restless Leg Syndrome).

AUTONOMIC NERVOUS SYSTEM. The signs of central
sleep apnea include the loss of respiratory airflow and the
loss of respiratory muscle effort. The condition is thought
to arise from alterations in the functioning of chemorecep-
tors monitoring hypoxic and hypercapnic influences on
respiration. Patients should be examined for waking respira-
tory difficulties and cardiac functioning, in particular for
congestive heart failure. Neuromuscular diseases likewise
may predispose to episodes of sleep apnea, as can autonomic
nervous system instability. Patients should be assessed for
evidence of orthostatic hypotension and examined for those
disorders with autonomic nervous system involvement,
includingmultiple system atrophy, Guillain-Barré syndrome,
and diabetes.

NEUROVASCULAR SYSTEM. A general cardiac and
vascular examination reveals signs of cardiac failure and
blood pressure, specifically signs of pulmonary hypertension
that is frequently associated with obstructive sleep apnea.
TABLE 2-2

Useful Studies for the Investigation of Sleep-Wake Cycle Dis

SYNDROME ELECTROPHYSIOLOGY/SLEEP
NEUROPSYCHOLOGICAL
EVALUATION

Insomnia PSG (rule out other sleep
disorders)

Depression, anxiety,
dementia

Sleep diary
Sleep-related

breathing
disorders

PSG Depression

Hypersomnias of
central origin

PSG Depression, anxiety

MSLT

Circadian disorders Wrist actigraphy, PSG Assessment for
anxiety, depressionSleep diary

Parasomnia PSG with videotaping with
extended EEG montage

Post-traumatic stress
disorder

Depression

Sleep-related
movement
disorders

PSG with videotaping Depression, anxiety

ABG, arterial blood gas; EMG, electromyography; ENT ear, nose, and throat; HLA, huma
PLMD, periodic limb movement disorder; PSG, polysomnography; RBD, REM Sleep Be
Associated Medical Findings
The physical examination in a patient with a suspected
sleep disorder focuses on several features. To assess for
physical abnormalities associated with obstructive sleep
apnea, particular attention is directed toward examination
of height, weight, and blood pressure. Abnormalities of
the upper airway, including nasal congestion, nasal polyps,
deviated septum, enlarged tonsils, enlarged tongue, or low
palate, can indicate possible contribution of these anatomi-
cal findings to airway obstruction. A reddened uvula and
palate may be associated with loud snoring. Retrognathia
and a small pharyngeal opening may also be seen in patients
with sleep apnea.
EVALUATION GUIDELINES

There are a variety of laboratory tests that directly or indi-
rectly may apply to the evaluation of sleep and sleep disor-
ders (Table 2-2).

NEUROIMAGING. Neuroimaging is not usually neces-
sary during the evaluation of a primary sleep disorder. If
patients present with additional neurological symptoms
and signs, or the clinical history is atypical, magnetic
resonance imaging may be helpful.

ELECTROPHYSIOLOGY. Routine EEG may be indi-
cated when a diagnosis of sleep-related seizures is
suspected. Likewise, electromyography may provide
valuable information if peripheral neuropathy is suspected
associated with RLS, or if neuromuscular disorders are
thought to be predisposing to sleep apnea. The standard test
of sleep is overnight PSG. PSG is an overnight recording of
sleep, monitoring EEG, eye movements, chin muscle tone,
muscle activity of the limbs, electrocardiogram, respiratory
orders

FLUID AND TISSUE
ANALYSIS OTHER

Metabolic evaluation,
illicit drug screening

As appropriate

Thyroid screening Pulmonary function test, ABG ENT
evaluation, weight loss if applicable

To assist in narcolepsy:
HLA typing, CSF
hypocretin levels

MRI brain (i.e., post-traumatic
hypersomnia)

If other: thyroid
disease, anemia,
other metabolic

Salivary melatonin
levels (research)

Sleep hygeine, caffeine use

Illicit drug screening Seizure evaluation, MRI for RBD (focus
on brain stem)

Evaluate drugs taken for effect or
withdrawal

RLS: ferritin RLS: EMG for neuropathy, drug
evaluation

MRI: as indicated by particular movement
Sleep bruxism: caffeine, nicotine, stress

n leukocyte antigen; MSLT multiple sleep latency test; OSA, obstructive sleep apnea;
havior Disorder; RLS, restless legs syndrome.



Stevens and Hening / Sleep and Wakefulness 29
effort, nasal airflow, and oxygen saturation. During PSG, a
patient is closely monitored by a technician who is present
throughout the night. Digital equipment is widely used for
clinical polysomnograms. Videorecording of abnormal
sleep behaviors is often helpful for diagnosis and is recom-
mended for movement disorders of sleep.49 PSG testing
provides objective data concerning sleep latency, sleep
efficiency, sleep staging, severity and type of sleep apnea,
periodic limb movements, and parasomnias. PSG is of
more limited usefulness in the evaluation of insomnia,
unless insomnia arises from a primary sleep disorder such
as sleep apnea. The major drawback to PSG is the need
to sleep in a controlled environment. For some patients,
the strange surroundings reduce the ability to sleep nor-
mally, and obtaining an accurate sleep recording requires
one night of adaptation before the actual recording night.
Moreover, PSG is very labor-intensive and expensive.
Despite these drawbacks, PSG remains the most reliable
test for certain sleep disturbances.

BODY FLUID AND TISSUE ANALYSIS. In patients with
sleep apnea, obtaining a baseline arterial blood gas may be
essential in guiding treatment. In patients with suspected
narcolepsy, human leukocyte antigen blood typing may
be descriptively interesting but does not confirm or elimi-
nate a diagnosis. Obtaining other tests will depend on the
individual case. Extensive fluid and tissue analysis is sel-
dom necessary for most primary sleep disorders, but thy-
roid tests and drug screens should be obtained in most
cases. Blood iron analysis is important in RLS, with ferritin
levels giving the best indication of body iron stores, which
are often decreased in RLS patients.

NEUROPSYCHOLOGICAL TESTS. Neuropsychological
testing is useful for determining the presence and severity
of cognitive impairment and mood disorders.

OTHER TESTS. Sleep diaries allow a continuous subjec-
tive report of sleep. Patients are given a 2-week log, with
each day divided into 30- or 60-minute intervals. Patients
are instructed to fill out the log three or four times per
day, indicating the time asleep for the previous 6- to 8-hour
period. Patients can comment about their sense of alertness
on awakening each morning and record unusual daytime or
nighttime events. Sleep logs are inexpensive and convenient.
Logs can provide valuable information about the circadian
pattern of sleep and allow for an indefinite recording period.
The drawback to sleep logs is the inaccuracy of self-report of
sleep time and the inability to diagnose sleep disturbance.
Sleep logs are a useful screening tool and can provide
follow-up information for phase-shifted sleep and insomnia.

Wrist actigraphy measures movement of the wrist and
consists of a movement detector and memory storage. A
wrist actigraph is approximately the size of a large watch
and is worn continuously at home. When the recording pe-
riod is complete, the stored movement data are transferred
to a computer for analysis. Interpretation of actigraphic
records assumes that movement is reduced during sleep
compared with wakefulness. Patients who lie still but are
awake for prolonged periods of time will have their sleep
time overestimated. Similarly, patients with excessive
movements during sleep may be considered to be awake
and have an underestimate of sleep time. According to
the American Sleep Disorders Association practice para-
meters, actigraphy serves as a useful adjunct to history,
examination, and subjective sleep diary for the diagnosis
and treatment of insomnia, circadian rhythm disorders, and
excessive sleepiness. However, actigraphy is not indicated
for the routine diagnosis of any sleep disorder.50

The multiple sleep latency test (MSLT) consists of five
20-minute nap opportunities, with each nap separated by
2 hours. The patient lies down in a darkened room and is
instructed to try to sleep. The time before any sleep is
recorded for each nap, and the mean sleep latency for all
five naps is then determined. Patients with a mean sleep
latency of less than 5 minutes are considered to have
pathological sleepiness, those with a mean sleep latency
between 5 and 10 minutes are borderline, and those with a
mean latency of more than 10 minutes are normal. During
the naps, sleep is staged. If REM sleep occurs during two
or more naps, the MSLT is consistent with a diagnosis of
narcolepsy, provided other causes of sleep-onset rapid eye
movements have been excluded. The interpretation of the
MSLT is more accurate if performed the day following over-
night PSG. Sleep deprivation from the night before or drugs
that suppress REM may yield deceptive results. The MSLT
is indicated for assessment of narcolepsy, severity of EDS
due to obstructive sleep apnea, other nocturnal sleep dis-
turbances, and idiopathic hypersomnia.51 Pupillometry mea-
sures the pupillary size. Pupils generally constrict and
demonstrate instability when falling asleep. However, this
is not used widely clinically because normative data are
not available.

Ambulatory or portable sleep monitoring allows for
recording of sleep in the patient’s home. It is less expen-
sive than laboratory PSG and more convenient for patients.
Portable monitors have been most often used for the
assessment of sleep apnea. The limitations of portable
monitoring include the variability in commercially avail-
able monitors. Recording channels may be limited, making
a complete assessment of sleep problematic. There is no
technician present in an unattended study to adjust for
malfunctioning equipment or to reapply faulty or loose
electrodes. According to the American Sleep Disorder
Association’s guidelines, portable monitoring is indicated
only for patients who cannot be studied in the sleep labor-
atory or for follow-up studies when the diagnosis has
already been established by standard PSG.52
CLINICAL SYNDROMES INVOLVING THE ANATOMY
OF SLEEP

This section discusses the sleep disorders as clinical syn-
dromes (Table 2-3). See Chapter 54 for a discussion of the
specific diagnoses and treatment of primary sleep disorders.

Insomnia
The insomnias encompass a number of different disorders
predominantly by difficulty falling asleep or maintaining
consolidated sleep or the problem of awakening early in
the morning before adequate sleep is obtained, with asso-
ciated daytime impairment. The definition of adequate
sleep varies among individuals, with some perceiving 5
hours as sufficient and others feeling that 8 or 9 hours of
undisturbed sleep is necessary to be rested and alert the
following day. The history is crucial to determining the
possible etiologies of insomnia.53–56



TABLE 2-3

Selected Etiologies of Disorders Affecting the Sleep-Wake Cycle

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES CHAPTER

Developmental structural disorders Chiari malformations leading to sleep apnea 28
Degenerative and compressive structural

disorders
OSA, upper airway resistance syndrome 29

The degenerative dementias Alzheimer’s disease (day-night reversal, OSA) 33
Movement disorders Parkinson’s disease; multiple system atrophy; dopa-responsive dystonia; hyperkinetic

movements: tics, chorea, dystonia, tremor, hemiballismus, hemifacial spasm, myoclonus
of cortical origin

34

Degenerative motor, sensory, and
autonomic disorders

Charcot-Marie-Tooth (pharyngeal neuropathy with OSA), amyotrophic lateral sclerosis
(hypoventilation)

36

Myotonic Dystrophy (daytime sleepiness, OSA)
Hereditary nondegenerative

neuromuscular disease
Congential myopathies 37

Endogenous metabolic disorders Thyroid disease (daytime fatigue, OSA) 38
Nutritional deficiencies and syndromes

associated with alcoholism
Alcoholism (insomnia, hypersomnia, parasomnias) 40

Transmissible spongiform encephalopathy Fatal familial insomnia 43
Autoimmune and inflammatory disorders Rheumatoid arthritis, polymyositis, myasthenia gravis 50
Traumatic disorders Post-traumatic hypersomnia 51
Epilepsy Sleep epilepsy, ADNFLE (autosomal dominant nocturnal frontal lobe epilepsy) 52
Headache and facial pain Sleep-related headaches 53
Sleep disorders Narcolepsy, REM sleep behavior disorder, restless legs syndrome, periodic limb movement

disorder, primary insomnia, sleepwalking, sleep talking, bruxism
54

Drug-induced and iatrogenic neurological
disorders

Antidepressants; hypnotic-dependent sleep disorder, stimulant-dependent sleep disorder 55

OSA, obstructive sleep apnea.
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Sleep-onset insomnia refers to a prolonged latency from
the time of going to bed until falling asleep. In psychophys-
liological insomnia, patients may complain of feelings of
anxiety, tension, worry, or persistent reflections over the
problems of the past or future as they lay in bed to sleep.
In acute insomnia, there may be a precipitating event, such
as the death or illness of a loved one, that is associated with
the onset of insomnia. The pattern may become established
over time, and the patient is left with a recurrent, persistent
insomnia. In time, the patient may become apprehensive as
he or she lies down to sleep, fearing that the struggle to
obtain sleep will commence again. The greater the effort
expended in trying to sleep, the more elusive sleep becomes.
Watching the clock as each minute and hour passes only
increases the sense of urgency, further confounding efforts
to sleep. The bed may eventually be viewed as a battle-
ground, and sleep is achieved more easily in a less typical
environment. Some patients report an inability to fall asleep
quickly because of physical discomfort as they lie down.
Another primary sleep disorder, RLS, may cause unusual
sensations of tightness, tension, creeping, or tingling deep
in the legs as the patient tries to go to sleep that are relieved
only by movement.

Patients with poor sleep hygiene may complain of sleep-
onset insomnia. Late-day napping, caffeine and nicotine
intake, exercising in the hours immediately before bed, or
late-night meals may all be factors contributing to insomnia.
Using the bedroom and bed to work, read, eat, or watch
television may also interfere with the ability to fall asleep.

Insomnia may arise secondary to neurological or psy-
chological disorders.57–59 Patients with Parkinson’s disease
may observe stiffness and an inability to roll over in bed.
Patients with dementia may have difficulty falling asleep
at night. In some, there may even be a reversal of the nor-
mal day-night sleep cycle so that the patient is awake and
wandering about throughout the night hours and napping
intermittently during the day. Certain psychiatric disorders,
such as major depression or bipolar disorder, may be the
cause of insomnia. Particularly in the acute manic or hypo-
manic phase of bipolar illness, there may be significant
problems with sleep onset. Insomnia may also present as
early morning awakening. Patients with this type of
insomnia complain that they wake up for no reason at an
early hour in the morning and are not able to reinitiate
sleep. This type of insomnia is often seen in patients with
major depression. Schizophrenic patients may also report
sleep-onset insomnia.

Many drugs may interfere with sleep.60 Some agents,
such as stimulants and antiparkinsonian drugs, may be
directly associated with insomnia. Other drugs may cause
insomnia when they are discontinued. In particular, the dis-
continuation of chronic sedative-hypnotic treatment may
cause severe rebound insomnia. Establishing the pattern
of medication intake and the association of medications
with the onset of insomnia is vital to considering this factor
as the cause of insomnia.

Sleep fragmentation refers to an inability to maintain
sleep over the night with frequent nocturnal awakenings
and variable ability to fall back to sleep. Sleep may be dis-
turbed by a variety of causes. Alcohol intake before bed,
although promoting sleep onset, often causes disruption of
sleep toward the end of the night. Primary sleep disorders
may disrupt nocturnal sleep. PLMD may cause a patient to
awaken without being aware of the cause. Sleep apnea, like-
wise, may cause sleep fragmentation in a patient who reports
that initial sleep latency is short. A patient with sleep apnea
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may awaken with choking or a sense of being unable to
breathe. PSG is usually necessary to diagnose these causes
of insomnia.

Medical and neurological conditions, including nocturia,
cardiac disease, rheumatoid arthritis, fibromyalgia, and
neuromuscular diseases, may also cause sleep fragmenta-
tion. Pain from arthritis, neuropathy, or muscle injury may
be enhanced at night. Sleep fragmentation is commonly seen
with neurodegenerative disorders.

Hypersomnia of Central Origin
EDS indicates the occurrence of abnormal sleepiness dur-
ing the normal waking hours. EDS may be associated with
inadequate nocturnal sleep and can be a component to a
primary sleep disorder, such as sleep-related breathing dis-
orders. EDS can also occur independently of insomnia. Pri-
mary sleep disorders, such as sleep apnea and PLMD, may
disrupt nocturnal sleep, leading to sleep deprivation and
EDS. Often, patients with these disorders have frequent
arousals punctuating the night but are unaware of these
brief events and focus only on their susceptibility to falling
asleep during the day. When the condition is mild, inadver-
tent napping may occur only with sedentary activities dur-
ing the normal nadirs in daytime alertness in the afternoon
or evening. As EDS becomes more severe, patients may
report nodding off during active periods, such as while
driving a car or when conversing.

Hypersomnia of central origin includes narcolepsy and
idiopathic hypersomnia. Narcolepsy is characterized by a
propensity to sleep during the day. Sometimes, these peri-
ods may present as microsleeps in which there is a sudden
but momentary lapse of consciousness. During these short
periods, automatic behaviors may occur and observers
may not realize that the patient is asleep. Sleep attacks—
the unexpected, cataclysmic onset of sleep—are also seen.
Patients with narcolepsy may experience REM sleep and
report the occurrence of dreams during these daytime naps.
EDS may be the sole clinical manifestation of narcolepsy
in some patients, occurring without associated cataplexy,
hallucinations, or sleep paralysis (Video 72, Cataplexy;
Video 89, Hallucinations).61 Idiopathic hypersomnia is a
neurological disorder characterized by nocturnal sleep that
is prolonged but not refreshing and an insatiable sleep
need. Daytime naps may be long and unsatisfactory.
Patients may sleep for periods of up to 20 hours a day.
PSG shows a relatively normal sleep architecture compared
with the more fragmented sleep seen in narcolepsy. The
multiple sleep latency test demonstrates pathological sleep-
iness, but REM sleep does not occur during the two or
more naps. Hypersomnia may also be caused by medical
conditions such as viral infections, especially mononucleo-
sis and encephalitis, or hydrocephalus. It is usually neces-
sary to obtain a PSG, and often a multiple sleep latency
test, in order to distinguish among the disorders leading
to the EDS syndrome.

Sleep-Related Breathing Disorders
Loud, disruptive snoring and witnessed apneas can indicate
sleep-related breathing disorders. Obstructive apneas occur
with complete or partial closing of the upper airway.
Central apneas lack any ventilatory effort. The apneas
can greatly fragment sleep, resulting in symptoms of
insomnia and secondary daytime sleepiness. Obesity is a
common predisposing factor for obstructive sleep apnea
(OSA), and it is often associated with hypertension, lung
disease, and heart disease. Stroke is a predisposing factor
for OSA if neuroanatomical abnormalities result in a com-
promise of pharyngeal musculature. Conversely, OSA is
thought to be an independent risk factor for stroke as well.
Central apneas are often caused by neurologic or car-
diopulmonary disease, and they can be a component of
periodic breathing seen with congestive heart failure.

Parasomnias/Sleep-Related Movement Disorders
Parasomnia refers to a group of disorders that involve the
intrusion of unwanted events or acts into sleep, which often
can appear purposeful. A feature of many of the parasomnias
is the occurrence of abnormal muscle activation behaviors
during sleep. These behaviors may be associated with
REM or NREM sleep. NREM parasomnias typically occur
during Stages 3 and 4 of NREM sleep, thus usually occurring
during the first third of the night. NREM parasomnias are
largely considered disorders of arousal. Somnambulism or
sleepwalking, sleep terrors, and confusional arousals are
commonly occurring parasomnias during SWS. Usually,
these disorders affect children and adolescents, and they
resolve during adulthood. However, these disorders may
carry over into adulthood or arise as side effects of various
medications. Sleepwalking may result in significant sleep-
related injuries because patients may walk through windows
or fall down stairs during their nocturnal wanderings. Sleep
enuresis and hypnogogic/hypnopompic hallucinations are
other examples classified as parasomnias.

The parasomnias associated with REM sleep include
nightmares, sleep paralysis, and RBD.18 REM-related para-
somnias are more likely to occur later in the night, when
REM sleep predominates. RBD usually affects older men,
in contrast to the other REM- and NREM-related parasom-
nias. RBD may occur as an idiopathic disorder or be
related to neurological disorders with pathology involving
brain stem nuclei. RBD is considered a primary disorder
of REM sleep that parallels oneiric activity in animals fol-
lowing selective lesions of the pontine nuclei controlling
motor atonia. Patients with narcolepsy, another disorder
of REM sleep, may also show features of RBD.

Sleep-related movement disorders are simple or stereo-
typed movements occurring during sleep. Examples in-
clude bruxism, sleep-related leg cramps, or periodic limb
movement. Restless legs syndrome occurs in the period
before sleep onset or during wake periods and involves
both voluntary (restless) and involuntary (PLM) move-
ments. RLS is a waking syndrome; only concomitant PLMS
occur in sleep (Video 73, Restless Leg Syndrome; Video
251, Periodic Leg Movements). Sleep complaints that
occur during the transition from wakefulness to sleep often
affect otherwise healthy individuals and include sleep
starts, sleep talking, and rhythmical movement disorders
such as head banging, body rocking, and head rolling. The
hallmark of this group of disorders is their occurrence at
sleep onset, with some also occurring during wakefulness
and sleep.
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Additional sleep-related behavior disorders that may be
confused with those described previously include par-
oxysmal nocturnal dystonia and nocturnal epilepsy. These
disorders appear as paroxysmal, stereotyped behaviors with
sudden onset and resolution reflecting abnormal cortical
activity rather than alterations in brain stem centers
controlling REM sleep, or most commonly arising from
NREM sleep.

Circadian Rhythm Disorders
This group of disorders involves a disruption of the inher-
ent circadian pattern of wakefulness and sleep.36 Jet lag
arises from transmeridian flights of long duration, usually
through at least three time zones, and reflects the adapta-
tion necessary to reset the internal rhythm to the day-night
cycle of the destination. Jet lag is enhanced by the sleep
deprivation that usually occurs before a prolonged trip, loss
of sleep, and altered conditions during flight. Depending on
the distance traveled, recovery may take 7 days or more,
especially for eastward travel.

Circadian rhythm disorders may also present as sleep-
onset insomnia.62 Patients with irregular sleep hours, such
as shift workers or international travelers, are continuously
fighting their inherent circadian rhythms. In particular, tra-
vel in an eastward direction may provoke an inability to
sleep at the desired times in the new time zone. Adoles-
cents are often phase delayed, becoming so-called “night
owls,” preferring a later bedtime and awakening time. In
some individuals, this pattern may carry over into adult-
hood, causing significant problems with maintaining an
acceptable job schedule. These patients may be incorrectly
diagnosed with sleep-onset insomnia rather than phase-
delayed sleep. In phase-advanced sleep, the major sleep
period occurs early so that bedtime and final awakening
occur before the desired times, which is a frequent
complaint of the elderly.

In contrast, shift workers are required to change their
major sleep period without the reinforcement of external
light-dark cycles and in the absence of social patterns that
conform to their new sleep schedule. Following a single
change in shift, 2 weeks may be needed for readjustment.
However, often shift workers are required to change their
schedules every 2 to 4 weeks and frequently are progres-
sively changed from night to afternoon to morning shifts.
Thus, they may have a chronic desynchronization with
their circadian clock.

Finally, there are so-called “natural night owls” and “morn-
ing larks” who are most comfortable with their major sleep
period either later or earlier than can accommodate socially
acceptable daytime activities, such as work or school.
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HISTORY AND DEFINITIONS

Mood is the term used to describe a sustained internal emo-
tion and is to be distinguished from affect, which is more
fluid, possibly changing from moment to moment.1 The
spectrum of moods is enormous, and each different mood
is colored in a multitude of gradations and shades. The most
obvious moods are sadness, joy, grief, and anger. The pre-
sence of one mood, of course, does not preclude the simulta-
neous presence of another. Sadness and anger, even opposite
moods such as happiness and sadness, frequently coexist.
Affect generally refers to the external expression of emo-
tional content and may coincide or be at odds with a patient’s
mood. The terms mood congruent and mood incongruent
are used to describe these forms of emotional or affective
expressions. Two basic mood abnormalities, depression and
mania, are recognized, and these occur on a continuum from
normal to the clearly pathological. Whereas minor symp-
toms may be an extension of normal sadness or elation,
more severe symptoms are associated with discrete syndro-
mes (affective disorders) that appear to differ qualitatively
from normal processes. Depression is defined as a morbid
sadness, dejection, or melancholy, whereas mania is a dis-
ordered mental state of extreme excitement. Both have
accompanying emotional, cognitive, and motoric features.

Emotional experience connotes the whole range of human
feelings, including anxiety, fear, apathy, euphoria, depres-
sion, sadness, anger, and grief, as well as how the person
experiences these various feelings, which are not mutually
exclusive. Thus, most individuals constantly experience a
wide variety of feelings of variable intensities that vary over
time. Emotional expression, or affect, may be mood con-
gruent, accurately reflecting the person’s inner state, or
incongruent, when the subject appears to be very happy or
sad but in fact feels quite the opposite. Emotional expression
has an enormous range, which is obviously wider in some
people than in others. This range may be normal, expanded,
or restricted, allowing little chance for either happy or sad
emotions to be displayed. When expansive, emotional
expression is amplified at both ends of the mood spectrum.
Flattened affect is a lack of emotional display, and labile
affect is an emotional state that changes rapidly and is out of
proportion to changes in the situation. It is important to note
that emotional experience and emotional expression are quite
different. One can appear to be emotionally detached and have
little concern or interest in the situation, when in fact one is
greatly moved. Such discordance between apparent and true
emotion may be highly adaptive in some situations and
cultures and not at all pathological.

Other terms involved in disorders of emotion and mood
include apathy, which is a lack of feeling or indifference.2

Abulia is a general behavioral slowing and lowered activity
that may be associated with an inability or refusal to speak.
Akinetic mutism is defined as a condition in which the
patient appears awake and may follow the examiner with
his or her eyes but lacks spontaneous motor and verbal
responses. Anxiety is an uncomfortable and unjustified sense
of apprehension that may be diffuse and unfocused and is
often accompanied by physiological symptoms. An anxiety
disorder connotes significant distress and dysfunction due
to the anxiety. Fear can also produce the symptoms of
anxiety, but, in contrast to anxiety, its cause is obvious and
understandable.

Thought is in many ways unrelated to mood or emotions.
Thought is evaluated in terms of the “process” or mechanics
of thinking and also in terms of the content. In schizo-
phrenia, one deals with “loosened” thought processes. Psy-
chosis is a broad term defined variably in different places.
Historically, it was defined by a loss of contact with reality
leading to severe impairments in personal and social func-
tioning. The current definition characterizes it as a “mental
disorder in which the thoughts, affective response, ability
to recognize reality, and ability to communicate and relate
to others are sufficiently impaired to interfere grossly
with the capacity to deal with reality.”1 Psychosis is distin-
guished from delirium, in which there is an impairment of
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consciousness associated with an organic cause. Distin-
guishing these two syndromes may be difficult but is ex-
tremely important. Delirium usually has a more abrupt
onset and a course that fluctuates more widely and more
quickly than psychosis. Delirious patients are usually disor-
iented with significant attentional problems.

Hallucinations, hallucinosis, illusions, and delusions are
terms that are frequently misused, leading to incorrect
diagnoses, particularly by nonpsychiatrists. Hallucinations
are false sensations that arise without a stimulus. Visual
hallucinations appear real and are seen clearly in the light.
They may be unformed, like geometric shapes, or formed,
simulating people, animals, or objects. Auditory halluci-
nations are sounds, such as voices or music, that are indis-
tinguishable from real sounds. Hallucinosis refers to the
presence of hallucinations in an otherwise normal mental
state, without confusion, disorientation, or psychosis. Gen-
erally, hallucinations are experienced as real, whereas in
hallucinosis the sensations are quickly interpreted as false.
Hallucinations occur in every sensory realm so that smells,
taste, tactile sensations, and so on may all occur. Illusion
refers to an altered or misperceived sensation that is trans-
formed, such as perceiving a lamp as a person. Delusion
refers to a false and irrational belief that is unalterable by
rational discourse. Typical delusions may include grandios-
ity, in which the patient believes he or she has great
powers, or paranoia, in which the patient believes he or
she is being followed. Hallucinations and delusions occur
in a wide variety of psychoses, including manic-depression
and organic states.

Hallucinations and delusions are considered positive
symptoms, meaning that they are extra or additional fea-
tures superimposed upon normal behavior. This concept
was pioneered by Hughlings Jackson, who considered posi-
tive symptoms a “release” phenomenon in which inhibitory
control is lost.3 Other positive symptoms include bizarre
behavior, pressured speech, and thought disorder. In con-
trast, negative symptoms refer to loss of affect, diminished
thought, anhedonia (diminished interest and enjoyment),
and diminished attention. Jackson attributed negative symp-
toms to a loss of neurons leading to a direct loss of function.3

Obsessive thoughts are unwanted and bothersome recur-
rent ideas, images, and impulses that intrude upon a patient
and cannot be pushed out of consciousness. A compulsion
is an irresistible need to perform an activity. Obsessions
and compulsions usually go together. Rituals are a sequence
of stereotyped behaviors that must be performed and often
have a symbolic meaning.
CLINICAL HISTORY

The basic structure of the history and examination for a
mood, emotion, or thought disorder is no different from
that used for any medical or neurological problem. The
only variation lies in how the history is obtained and how
the patient answers questions and relays the clinical infor-
mation. The process of response may therefore be even
more important than the content of the historical details.
Another difference is that historical data, in a patient with a
disorder of mood, emotion, or thought, often need corrobo-
ration or explication by third parties. The examiner should
also obtain information about the premorbid state of the
patient, including his or her development and environment,
as important background on which to view the patient’s cur-
rent state. Personality changes are crucial indicators of
mood and should be sought from family members. Progres-
sive irritability or social withdrawal may be markers of
depression, whereas new gregariousness and socializing
may reflect a “decline” into mania. Finally, the time frame
of the behavioral changes determines whether the event is
acute, subacute, or chronic.

The presence of certain features typical of mood, emo-
tion, or thought disorders must be pursued in a manner
similar to that used for historical evaluation for any neuro-
logical or medical condition. Important details are evaluated
so that pertinent positive and negative elements of the his-
tory supporting a diagnosis can be supplied. The clinician
should know the symptoms of the illnesses considered in
the differential diagnosis so that he or she can be sure that
all pertinent questions have been asked. The history for a
person with an affective illness must take into account both
the mood state and the multiple somatic manifestations of
mood disorders. Important questions about both depression
and mania must be asked.

Depression is often associated with vegetative symptoms
including disturbances of sleep and appetite, and loss of
interest or pleasure in almost everything. Depressed people
may state that they sleep excessively or insufficiently.
They may note a loss of appetite or weight, or eat exces-
sively. Because most depressed people lose energy and
develop easy and excessive fatigue, these symptoms should
be inquired about. Although some depressed patients be-
come agitated, as if they were manic, most generally do not
apply this energy in useful, purposeful activities. Patients
may note that their thinking ability and attention span are
reduced and that their decision-making capability has plum-
meted. The patient may exhibit low self-esteem and feelings
of guilt and may be absorbed by thoughts of death. The
depressed mood may not be perceived by the patient or
even by associates and may be manifested only by irritabil-
ity. A sexual history is important because sexual drive may
be markedly decreased as well.

Special care must be taken in the particular situation of
a potentially suicidal patient, and the topic should be
addressed forthrightly. Depressed patients should always
be questioned about their potential for suicide. A history
of suicide attempts, a family history of suicide, a suicide
note, and a history of impulsive behavior are all significant
risk factors.

When mania is encountered, the patient or family may
note that the patient’s need for sleep has declined and that
the sleep schedule has changed dramatically. There may be
a history of going without sleep for a few days and
impaired judgment. This impaired judgment may have led
to the undertaking of huge projects based on an inflated
belief in one’s own power to control the outcome. The his-
tory may include details about money because large amounts
may have been spent. Excessive or inappropriate sexual
activity is also common.

When a patient has apathy or abulia, there is a near com-
plete loss of feeling, initiative, movement, and thought. Very
little historical information can be obtained directly from the
patient, and the physician will have to rely on other family
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members or caretakers. In contrast, patients with anxiety and
anxiety disorders often describe feelings of tension, irritabil-
ity, or apprehension and may be mildly distractible during
the interview. The presence of concomitant autonomic
symptoms should be inquired about, including palpitations,
diarrhea, cold and clammy extremities, sweating, urinary
frequency, insomnia, fatigue, and trembling.

Patients with psychotic disorders have a history of a
grossly impaired sense of reality, often coupled with emo-
tional disabilities. The violence-prone patient must be
assessed in a safe situation, and the potential for violence
should be openly acknowledged. Questions should be
asked about previous episodes and the reason for the cur-
rent violent outburst or threat. The interview situation must
be stable and under control, with security personnel pre-
sent, if necessary. During the interview, the patient may
talk and act in a bizarre fashion, demonstrate delusions,
or have illusions and hallucinations. During the conversa-
tion, the interviewer should note disturbances of both
thought form and content. Abnormalities of thought include
a loosening of associations with tangential topics of con-
versation. The flow of thoughts does not follow the usual
orderly sequence that leads from one idea to another.
Rather, it takes peculiar leaps that are difficult for listeners
to follow both because the sequence is idiosyncratic and
because the expressed thoughts may appear unrelated to
the preceding thoughts. In addition, the content of thoughts
may be bizarre. The patient may disrupt the flow of
thoughts by including irrelevant information. New words,
or neologisms, may be used that have no meaning. Distur-
bances of thought content, or delusions, may be bizarre,
persecutory, or of grandeur. The patient may state that he
or she believes he or she can control events through telepa-
thy or may be convinced that there are “meanings” behind
events and people’s actions directed toward him or her.

Illusions are typically visual but may also be auditory or
tactile. With visual illusions, the patient or family may note
that the person may look at an object or person and see
something other than what is actually there. The examiner
should give specific examples, such as looking at a coat
hanging in the closet or a light pole or lamp and perceiving
a person, or looking at a bush and perceiving an animal.
Similar examples involving sounds and tactile stimulation
should be inquired about. Hallucinations should also be
inquired about, and all sensory modalities should be inves-
tigated. Hallucinations may be unformed shapes or colors
or formed images of people, animals, and objects. The
images may be familiar or unfamiliar and may include
relatives or friends who are living or dead, children, babies,
or lilliputian figures. Threatening or frightening hallucina-
tions may also occur and should be inquired about. The
nature of the hallucinations may be relatively stereotypic
for individual disorders. All primary nondementing psy-
chotic disorders that include hallucinations feature auditory
rather than visual hallucinations. These are mood congru-
ent, meaning that the content reflects the emotional state
of the patient. Drug-induced hallucinations are generally
visual and are often without emotional content. It should
also be noted that sensory deprivation, blindness in particu-
lar, may produce non-emotion-laden hallucinations in the
impaired sensory modality. Visual hallucinations are also
common in dementia with Lewy bodies.
In the investigation of obsessive-compulsive behavior,
the examiner should ask whether the patient experiences
repeated images or ideas that are intrusive. Patients may
note that these thoughts are unwanted, distressing, and
occasionally frightening or violent, and that they are
powerless to stop them. The examiner should ask whether
the patient ruminates endlessly on certain thoughts, such
as whether the patient locked the door or performed other
activities. The existence of rituals or compulsions should
be sought. Patients should be asked if they must count,
touch, or clean something to ward off unwanted happen-
ings or to satisfy an obsession. These activities may con-
sume a patient’s entire day, rendering him or her unable
to complete any necessary task.

Patients with impulse dyscontrol or aggression may not
offer any complaints, yet family members may relate a
detailed account. The spouse or relatives may note the
patient’s impulsiveness in everyday activities and an
inability to resist performing inappropriate activities both
at home and in public. The clinician should inquire about
the use of both inappropriate words and physical actions.
Additionally, family members should be asked about the
presence of sudden outbursts or episodes of rage involving
destructive behavior to property, abusive actions involving
others, or self-mutilation. The patient’s emotional response
to his or her acts of destruction or aggression and his or her
memory of the events may be very helpful in making a
diagnosis.

In all settings of disorders of mood, emotion, and thought,
a complete drug history is essential to uncover possible
organic precipitants of behavioral changes. A medical and
neurological review of systems is also crucial. Various med-
ical conditions such as infections and endocrinopathies may
present with disorders of mood, emotion, and thought, and
other physical findings associated with these disorders
may be helpful in arriving at the correct diagnosis. Neuro-
logically, patients should be asked whether they have
experienced asymmetrical weakness, numbness, memory
problems, dysgeusia, or seizure activity, which may indicate
a structural, metabolic, or infectious cause of the presen-
tation. Finally, a family history provides important diagnos-
tic information since certain mental illnesses, including
affective disorders, tend to be hereditary.
ANATOMY OF MOOD, EMOTION, AND THOUGHT

The neuroanatomic structures related to human mood,
emotion, and thought function are complex, and research
in this area is still under development. The association of
various brain regions with particular functions is based pri-
marily on studies of lesions and on functional neuroim-
aging. Although generalizations based on these isolated
cases are somewhat precarious, extended observations
based on series of cases are somewhat more reliable. Addi-
tionally, although the findings of animal studies are highly
reproducible, they do notnecessarily apply to human behav-
ior.4 Early experiments on dogs and other animals demon-
strated that decortication produced rage behavior when the
animal was presented with previously nonthreatening stim-
uli. Later work in cats showed the importance of an intact
diencephalon (thalamus and hypothalamus) in eliciting this
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response. If these lower structures were also damaged, strong
emotional displays were not elicited. Other experiments
on the hypothalamus of the cat demonstrated that when cer-
tain areas were stimulated, marked behavioral alterations
were produced, including not only behavioral displays but
also concomitant physiological changes appropriate to the
behavior. For example, the cat displayed piloerection and
hissing and baring of teeth with associated elevations of
blood pressure, heart rate, and respiration.

Primary alterations in mood, emotion, and thought in
humans have also been associated with abnormalities in
certain regions of the brain and have primarily focused
on the “limbic system” and on the temporal lobe and the
frontal lobes.

Limbic System
The term limbic lobe was coined by Broca in 1878 to
describe a series of structures that envelop the brain stem.
The word limbic is derived from limbus, meaning border
in Latin,5 and the limbic system encompasses the amygdala,
hippocampus, septum, cingulate gyrus, cingulate cortex,
hypothalamus, epithalamus, anterior thalamus, mammillary
bodies, and fornix. The limbic system has rich connections
throughout the brain, particularly with the primary sensory
cortices, including the rhinencephalon for smell, the auto-
nomic nervous system via the hypothalamus, and memory
areas. The subthalamic nucleus region may also be involved
in the processing or transmission of emotional information.6

Electrical stimulation of this nucleus for the treatment of
Parkinson’s disease has been associated with both transient
mood changes and permanent depressive states.7 Early
reports on strokes in the subthalamic nucleus described both
hemiballismus and emotional changes. In 1937, Papez was
the first to use clinical information obtained from patients
with brain tumors in support of his proposed limbic
mechanism of emotion and memory. Since that time, others
have reported a correlation of abnormalities of this region
with disorders of emotion, mood, and thought.

Starkstein and colleagues studied 11 patients with manic
syndromes associated with brain injuries and demonstrated
that secondary mania correlated with the presence of either
anterior subcortical atrophy or a focal lesion of a limbic or
limbic-connected region of the right hemisphere.8 Follow-
up studies of additional patients along with analysis of
other cases of secondary mania from the literature indi-
cated that the causative brain lesions were located mainly
in limbic and limbic-related areas that have connections
with the frontal lobes.9,10 More recently, positron emission
tomography (PET) studies performed on subjects experi-
encing transient sadness with recall of unhappy memories
showed bilateral activation of paralimbic structures,
whereas happy memories were associated with a widespread
reduction in cortical cerebral blood flow.

Further evidence for the involvement of limbic system
structures in mood comes from studies on brain stimulation
for depression. Deep brain stimulation of the subgenual
cingulate and the ventral portion of the anterior limb of
the internal capsule has helped patients with treatment
refractory depression in small case series. Vagus nerve stim-
ulation (VNS) was approved in July 2005 as an adjunc-
tive treatment for chronic depression in adults with an
inadequate response to at least four antidepressant treat-
ments. Although the exact mechanism of VNS is not
worked out, VNS stimulates afferent fibers to the nucleus
of the tractus solitarius, which in turn sends fibers to the
parabrachial nucleus. This nucleus has projections to multi-
ple central nervous system (CNS) structures, including the
hippocampus, amygdala, and the hypothalamus, which
may be how VNS exerts its antidepressant effect.

Mega and colleagues11 describe two main divisions
of the limbic system: (1 ) an orbitofron tal amygdal a d ivi-
sion involved in emotional associations and appetites and
( 2) a hippo campal cingula te division serving mnemon ic
and attentional activities.

The limbic system has also been implicated in such
thought disorders as schizophrenia. A consistent finding of
neuroanatomical studies in schizophrenia has been reduced
hippocampal volume. However, decreases in the size of the
amygdala and the parahippocampal gyrus have also been
reported.

Amygdala
The amygdala, a core part of the limbic system, has been
the focus of particular research attention in the evaluation
of mood and emotion. This structure, named for its almond
shape, sits medially in the anterior temporal lobe above the
hippocampal formation. It consists of two main nuclear
regions and approximately 12 individual nuclei, each with
distinct cytological and histochemical features. The amyg-
dala is in contact with the tail of the caudate nucleus, but it
is dissimilar from this region from both structural and evo-
lutionary standpoints. Afferent inputs to the amygdala are
varied and include projections from the olfactory cortex,
hypothalamus, and thalamus. The two major efferent pro-
jections from the amygdala are the stria terminalis and
the ventral amygdalofugal pathway. The former supplies
the hypothalamus, the nucleus accumbens, and the bed
nucleus of the stria terminalis. The latter projects to the
hypothalamus, dorsal medial nucleus of the thalamus, and
the cingulate gyrus. The amygdala also projects in a recip-
rocal fashion to brain stem nuclei involved in the auto-
nomic changes that accompany fear and stress-related
responses. Projections to somatosensory cortex and most
of the temporal lobe have also been demonstrated.

The connections between the amygdala and the hypotha-
lamus and visceral brain stem nuclei explain the complex
physiological responses that occur with mood changes in
general, specifically fear and the “fight or flight” response.
Stimulation experiments in animals produce a variety of
autonomic responses. The most common response is an
accelerated respiratory rate with shallow breathing asso-
ciated with increases or decreases in blood pressure and
pulse. Gastric motility may increase or decrease, and urina-
tion as well as defecation may be induced. Piloerection,
pupillary changes, salivation, and altered body temperature
may also occur. These autonomic changes may result from
sympathetic or parasympathetic systems. The amygdala is
additionally implicated in modulation of the hypothalamic
control over food intake. Lesions of the basolateral nucleus
of the amygdala or bilateral destruction of the amygdala
induce hyperphagia. Stimulation of the basolateral nucleus
causes decreased appetite and arrest of feeding behavior.
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In 1939, Kluver and Bucy described primates with bilat-
eral anterior temporal lobectomies, including removal of
the uncus, amygdala, and part of the hippocampus.12 These
animals became tame, and they lost the responses of fear
and aggression. They mouthed all objects, regardless of
how familiar or inappropriate, and they ate everything,
including nonfood items. Sexual behavior increased drama-
tically for appropriate and inappropriate targets, and self-
stimulation also occurred. A visual agnosia combined with
an inability to screen out unimportant visual stimuli caused
the animals to react to all stimuli in their visual field. Sub-
sequent studies revealed that damage to the amygdala was
the most important source of these behaviors. These data
suggest that the amygdala gives sensory stimuli affective
and motivational significance. In other experimental mod-
els, aggression has been provoked by stimulation of the
amygdala, hypothalamus, and fornix and inhibited by
stimulation of the frontal lobes.

Amygdala damage in humans usually occurs in patients
undergoing elective surgery for controlling epilepsy, and in
such cases these regions are presumed to be abnormal before
ablation. Decreased aggression, increased placidity, or no
emotional changes result.13 In one case of amygdalectomy,
the patient lost the ability to interpret facial emotions as
well as the emotions conveyed by the nonverbal aspects of
speech. In contrast, amygdala stimulation in humans has
produced fear, confusion, amnesia, and altered awareness.
Temporal Lobe
Emotional attributes have also been associated with temporal
lobe abnormalities in humans, even when the nature, locali-
zation, and extent of the abnormalities have been unknown.
Most of these data involve epileptics with known seizure foci
of the temporal lobe. Researchers have posited that patients
with temporal lobe epilepsy who have not undergone surgery
may have a “temporal lobe personality.” In such studies,
patients with right temporal lobe abnormalities have been
thought to be more introspective and “obsessive,” and those
with left temporal lobe defects have been said to be extro-
verted and often concerned with “personal destiny.”14 Addi-
tional features perceived to be more common in temporal
lobe epileptics than in normal controls include emotionality
(more intense and sustained emotional response), euphoria,
sadness, anger, guilt, hypermoralism, religiosity, hypergra-
phia, and passivity. These studies have been criticized on
methodological grounds but suggest that emotionality, mood,
and thought processes involve temporal lobe function, albeit
in complicated and still poorly understood ways.

Various reviews and long-term follow-up studies of
patients with epilepsy who have undergone temporal lobec-
tomies have led to several conclusions about the temporal
lobe and psychotic behavior. Most reports suggest that
when psychosis is present preoperatively, no improvement
is demonstrated following the operation. In fact, psychosis
may actually develop postoperatively, especially when the
surgery involves the right temporal lobe. Postoperative
depression and both early and late suicide are also reported
as possible complications of temporal lobectomy. Improve-
ment, however, may occur in other behaviors, particularly
excessive aggression, irritability, and social misconduct.
Frontal Cortex
Mood, emotions, and thought also involve structures outside
the limbic system, and the frontal lobes in particular have a
major role. The famous 1868 case of Phineas Gage, in which
the subject survived an explosion in which a metal bar 3 cm
wide by 1 m long went through his left frontal lobe but then
demonstrated a marked alteration in personality, clearly
indicated the importance of the frontal lobe in behavior.

“The frontal lobes serve as the ‘senior executive’ of the
brain and personality, acting to process, integrate, inhibit,
assimilate, and remember perceptions and impulses received
from the limbic system, striatum, and neocortical sensory
receiving areas.”15 The frontal cortex of interest can be
divided into three major domains: precentral, prefrontal,
and limbic. The precentral cortex is composed primarily of
the motor strip and premotor cortex. Further anterior is the
prefrontal cortex, which is the largest region of the frontal
lobe and includes the anterior pole. The prefrontal cortex
may be further divided into mesial, dorsal, and orbital parts.
The orbitofrontal region of the cortex is one of the main
limbic efferent channels to the hypothalamic-hypophysial
complex and the visceral motor system. The prefrontal
cortex has connections with the association, premotor, and
limbic cortices as well as with the amygdala, hippocampus,
and dorsomedial thalamic nuclei. Although the prefrontal
cortex projects to the striatum, it does not receive reciprocal
fibers from this structure. Lichter and Cummings have
proposed three major circuits connecting the frontal lobes
with the subcortical structures, providing a framework for
understanding the role of the frontal lobes in behavioral
disorders. Based on analyses of lesions, the dorsolateral
prefrontal-subcortical circuit appears to be involved with
executive function (see Chapter 5). This type of function
includes the process of supervising other brain functions
related to developing and implementing a plan. The orbito-
frontal-subcortical circuit is necessary for social behaviors
and inhibition of inappropriate activities, and lesions of
this area have been associated with obsessive-compulsive
disorders. Finally, the medial frontal-subcortical circuit
is involved with motivation; consequently, lesions of this
region have been associated with apathy syndromes.

Lesions of the frontal lobe may cause different behavioral
syndromes depending on their location and size. Bilateral
disturbances of the frontal lobes, particularly slowly devel-
oping abnormalities such as tumors, can cause significant
intellectual and affective decline that simulates the signs of
Alzheimer’s disease or other dementing disorders. Bilateral
ventromedial frontal lobe damage produces inappropriate,
uncontrolled histrionic displays of affect, with laughing or
crying fits that are not precipitated by obvious stimuli and
are unrelated to the subject’s mood.15 More commonly,
frontal lobe lesions in humans cause a dulling or shallowness
of response or a lability of mood, classically termed witzel-
sucht. This term refers to the inappropriate jocularity and
facetiousness seen with such disorders. The humor is quite
changeable, and the affect may be labile. There is a loss
of pleasure but no depressed affect, as seen in patients
with affective disorders. Increased volatility, especially in
patients with orbital lesions, has led to hypotheses that dys-
function of the frontal-orbital cortex may be involved in
mania, especially when the right hemisphere is involved.
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Other focal lesions of the frontal cortex have also been
associated with mood and emotion abnormalities. In a
selected group of right-handed patients with a single stroke
lesion in either the right or the left hemisphere and no pre-
vious psychiatric history, Robinson and associates found
that the severity of depression was significantly increased
in those with left anterior lesions as opposed to any other
location.16 Additionally, the severity of depression corre-
lated significantly with the proximity of the lesion to the
frontal pole in the left anterior group. Patients with a right
hemisphere lesion showed the reverse. Lesion analysis
in post-stroke patients indicates that lesions of the left
cortico-striato-pallido-thalamic-cortical circuits are most
involved in depression unrelated to severity of the neuro-
logic deficit.17 These findings suggest that the location of
the intrahemisphere lesion is in some way related to mood
disorders in stroke patients, and the neuroanatomy of the
biogenic amine-containing pathways in the cortex might
explain the graded effect.

In the presence of frontal lobe dysfunction, patients are
often impulsive and have little insight into their difficulties.
They are also characterized by a lack of originality and crea-
tivity, an inability to focus attention, recent memory pro-
blems, and a tendency to display inappropriate emotional
reactions (disinhibitions) (Video 21, Disinhibition).15,17

Investigations of patients with thought disorders such as
schizophrenia have also consistently shown frontal lobe
dysfunction. Morphological and imaging studies in these
patients have shown other abnormalities, including ventri-
cular enlargement with atrophy involving the amygdala,
parahippocampal gyrus, and superior temporal gyrus.18

Single-photon emission computed tomography (SPECT)
and PET have further revealed the presence of low meta-
bolic rates in medial frontal regions19 and in the dorsolat-
eral prefrontal cortex.20 Magnetic resonance imaging
(MRI) has revealed portions of the brain involved when
patients are hallucinating during their scan.

Subcortical Structures
Mood and affective changes are seen in patients with sub-
cortical dementia syndromes resulting from a disconnec-
tion between the frontal lobes and the basal ganglia.
Behavior has been investigated in patients with certain spe-
cific disorders, including Parkinson’s disease, progressive
supranuclear palsy (PSP), and Huntington’s disease.21

In each, the pathology has been located primarily in
the basal ganglia, and all patients have had associated dis-
orders of affect and cognition. Patients with Parkinson’s
disease or PSP are often depressed or apathetic and may
develop delusions and hallucinations with drug therapy.
These patients, particularly those with PSP, may demon-
strate a pathological affect known as pseudobulbar affect,
whereby they intermittently exhibit primary emotional dis-
plays in response to trivial stimuli. This situation is also
seen in any condition causing bilateral lesions involving
the bulbar regions of the neocortical motor system or its
descending connections. Patients with Huntington’s disease
also become depressed, impulsive, and, often, psychotic.
The clinicopathological correlation is complicated by
the fact that our understanding of the pathology of each of
these disorders is still incomplete, and cortex is not spared
in these disorders. Other investigators have shown that sec-
ondary mania is associated with subcortical lesions of the
white matter of the right frontal lobe, the right anterior limb
of the internal capsule, and the right head of the caudate.

Investigators have become interested in the role of the
cerebellum in nonmotor function, including mood and
executive function.22 A syndrome of mutism and behav-
ioral disturbances has been reported in some children after
cerebellar resections, and several case reports have
described “cortical type” behavioral disturbances resulting
from purely cerebellar lesions.23

Pharmacological Neuroanatomy
A number of neurotransmitters, specifically the catechola-
mines (norepinephrine and dopamine) and serotonin, are
closely related to mood, emotion, and thought disorders.24

Catecholamines are formed in brain, chromaffin cells, sym-
pathetic nerves, and sympathetic ganglia from tyrosine,
their amino acid precursor (Fig. 3-1). Tyrosine is taken
up from the bloodstream and concentrated within the brain
and other sympathetically innervated tissue via active
transport. In the brain, tyrosine undergoes a series of chem-
ical transformations, resulting in the formation of norepi-
nephrine and dopamine. The conversion of tyrosine to
dihydroxyphenylalanine (DOPA), the first and rate-limiting
step in this process, is controlled by tyrosine hydroxylase.
This enzyme is stereospecific and requires molecular O2,
Fe2þ, and tetrahydropteridine as cofactors. The second
enzyme involved in catecholamine biosynthesis is DOPA
decarboxylase, which requires pyridoxal phosphate (vitamin
B6) as a cofactor and converts DOPA to dopamine. Dopa-
mine-beta-hydroxylase utilizes molecular oxygen in the
presence of ascorbic acid to convert dopamine to norepi-
nephrine. In the adrenal medulla, norepinephrine can be
further N-methylated by the enzyme phenylethanolamine-
N-methyl transferase, forming epinephrine. Although it is
largely restricted to the adrenal medulla, low levels of this
enzyme have been noted in the mammalian brain.

The degree of sympathetic activity does not influence
endogenous levels of norepinephrine. Studies have demon-
strated that accelerated norepinephrine biosynthesis sec-
ondary to enhanced sympathetic activity is due to an
increase in the activity of existing tyrosine hydroxylase
and is not the result of increased enzyme synthesis. Tyro-
sine hydroxylase is inhibited by catechols and catechola-
mines, presumably within the neuron. When increased
impulse flow causes more transmitter to be released and
metabolized, the levels of intraneuronal norepinephrine
are reduced, resulting in increased activity of tyrosine
hydroxylase. Several experiments have demonstrated
that electrical stimulation of both central and peripheral
catecholamine neurons results in an allosteric activation
of tyrosine hydroxylase that persists following termina-
tion of the stimulation. This suggests that short-term mech-
anisms in addition to depletion of catecholamines are
operative in altering tyrosine hydroxylase activity during
increased neuronal activity. After prolonged increases in
activity of catecholaminergic neurons, tyrosine hydroxy-
lase formation is induced; however, this process appears
to be nonspecific and also results in increased levels of
dopamine-beta-hydroxylase.
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Most norepinephrine is located within highly specialized
subcellular particles, or granules, in sympathetic nerve
endings of the CNS. Adenosine triphosphate likewise is
contained in the granules. These vesicles serve as a depot
for dopamine and oxidize this transmitter to norepinephr-
ine. By storing the transmitters, the vesicles retard their
diffusion out of the neuron and protect them from des-
truction by intraneuronal monoamine oxidase (MAO).
The release of catecholamines can be influenced by direct local
action at nerve terminals by catecholamines as well as by pros-
taglandins, vasoactive amines, angiotensin II, acetylcholine,
and polypeptides. Beta-2-adrenoceptors are believed to facil-
itate the release of norepinephrine, possibly by stimulation of
adenylate cyclase, which leads to increased levels of cyclic
adenosine monophosphate, followed by rises in intracellular
Ca2þ concentrations.

The major enzymes involved in the metabolic degrada-
tion of catecholamines are MAO and catechol-O-methyl
transferase (COMT) (Fig. 3-2). MAO converts catechola-
mines to their corresponding aldehydes, which are then
rapidly metabolized, generally through oxidation by alde-
hyde dehydrogenase to the corresponding acid. MAO is
predominantly located in the outer membrane of mitochon-
dria with possible microsomal localization. Extraneuronal
MAO exists; however, it is predominantly an intraneuronal
enzyme. In the human brain, at least two forms of MAO,
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type A and type B, have been identified. Certain agents
have been shown to specifically inhibit these enzymes,
including clorgyline, a specific typeA inhibitor, and deprenyl,
a selective type B inhibitor.

The second enzyme, COMT, is thought to be predomi-
nantly extraneuronal and requires S-adenosyl methionine
and Mg2þ to become active. In peripheral sympathetic
neurons, the aldehyde intermediate produced by MAO can
be oxidized to the corresponding acid or reduced to glycols.
Oxidation usually exceeds reduction, and vanillylmandelic
acid is the major metabolite of norepinephrine and is detect-
able in the urine. In the CNS, reduction of the inter-
mediate aldehyde formed by MAO predominates, and the
major metabolite of norepinephrine found is 3-methoxy-4-
hydroxy-phenethyleneglycol. Dopamine is metabolized to
dihydroxyphenylacetic acid (DOPAC) through intraneuro-
nal MAO following reuptake (Fig. 3-3). When released,
dopamine is also metabolized to homovanillic acid (HVA)
through the actions of COMT and then MAO. In humans,
the major dopaminergic brain metabolite is HVA, and accu-
mulation of this metabolite in the brain or cerebrospinal fluid
can be used as an index of functional activity of this trans-
mitter system. There are lesser amounts of DOPAC and
3-methoxytyramine in human brain tissue. Catecholamines
released by neurons are subsequently taken up via a satur-
able membrane transport process that is dependent on
temperature and requires energy. This process is also
sodium dependent and can be blocked by the inhibition of
Naþ/Kþ-activated ATPase.

The largest group of norepinephrine neurons in the CNS
is in the locus coeruleus, a compact bilateral cluster of
approximately 12,000 large neurons in the caudal pontine
central gray matter. Fibers from these cells form three
major ascending noradrenergic tracts: the central gray dor-
sal longitudinal fasciculus, the central tegmental, and the
ventral tegmental-medial forebrain bundle tracts. These
fibers innervate all cortices, specific thalamic and hypotha-
lamic nuclei, and the olfactory bulb. A fourth tract ascends
to innervate the cerebellar cortex, whereas the fifth fascicle
descends into the mesencephalon and spinal cord; although
they are largely ipsilateral, approximately one-fourth of
these fibers cross in some animals.
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These central norepinephrine neurons have been thought
to be involved in many neurophysiological functions,
including learning, memory, sleep-wake cycle regulation,
anxiety, and nociception, as well as in affective psychoses.
In the catecholaminergic theory of affective disorders, it is
hypothesized that depression may be related to a deficiency
of catecholamine at important CNS receptors, whereas
mania is associated with an excess catecholaminergic state.
This hypothesis originally resulted from the observation
that MAO inhibitors produced mood elevation, and, in con-
trast, drugs that depleted brain amines such as reserpine
could produce depression. Furthermore, agents such as
MAO inhibitors, tricyclic antidepressants, and stimulants
that are effective in treating depression interact with brain
catecholamine receptors and increase the availability of
monoamines. More recent studies have shown that long-
term treatment with some of these agents affects receptor
numbers and causes physiological and behavioral changes
in sensitivity to monoamine agents. Furthermore, there is
a decrease in the number and sensitivity of postsynaptic
beta-adrenergic receptors and an increase in sensitivity of
central alpha-adrenergic receptors.

The CNS dopaminergic system is complex, and a pro-
posed schema divides the anatomy into three systems:
ultra-short, intermediate-length, and long-length systems.24

The ultra-short systems encompass the interplexiform ama-
crine and periglomerular olfactory dopamine cells, which
are unrelated to mood, emotion, or thought processes. The
intermediate-length systems include the tuberohypophysial
(connecting the arcuate and periventricular nuclei to the
intermediate lobe of the pituitary and median eminence), the
incertohypothalamic neurons (linking the dorsal-posterior
hypothalamus with the dorsal anterior hypothalamus-lateral
septal nuclei), and the medullary periventricular dopamine
group (in the area of the dorsal motor nucleus, nucleus tractus
solitarius, and periaqueductal gray). The long-length system
connects the ventral tegmental and substantia nigra with the
caudate-putamen (nigrostriatal) and limbic cortex-limbic sys-
tem (mesocortical-mesolimbic). This long-length system is
important inmotor control and inmood, emotion, and thought
processes.
CH3O

H

Figure 3-3. Major metabolites of dopamine. COMT, cate-
chol-O-methyl transferase; DOPAC, 3,4-dihydroxypheny-
lacetic acid; HVA, homovanillic acid; MAO, monoamine
oxidase. (Reproduced with permission from Siegel GJ,
Agranoff BW, Albers RW, Molinoff PB: Basic Neuro-
chemistry, 5th ed. New York, Raven Press, 1994.)
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Although dopamine synthesis and transmitter dynamics
are shared by all dopamine cells, their physiology, pharma-
cology, and regulatory properties vary with location. Early
investigations suggested that there were two broad classes
of dopamine receptors (D1 and D2 classes); however, multi-
ple additional subtypes have been identified (two D1

and four D2 classes). The D1 receptors mediate dopamine-
stimulated increases of adenylate cyclase and phospho-
inositide turnover and are located in the striatum, nucleus
accumbens, olfactory tubercle, and striatum. One D1 recep-
tor subtype, D5, has a pharmacological profile that is similar
to that of D1 and stimulates adenylate cyclase activity, but it
displays a higher affinity for dopamine and is located pri-
marily in the limbic system. The D2 receptors mediate the
inhibition of adenylate cyclase and modulate phosphoinosi-
tide metabolism, as well as inhibiting the entry of Ca2þ

through voltage-sensitive channels and enhancing Kþ con-
ductance in the dopaminergic neuron. These receptors are
located in the striatum, nucleus accumbens, retina, substan-
tia nigra, ventral tegmental area, and pituitary gland. The
D3 receptor, a D2 subtype, is found in highest levels in the
limbic brain structures. Another D2 subtype, the D4 class,
resembles the D2 and D3 receptors pharmacologically but
has a higher affinity for clozapine, the atypical anti-
psychotic, and is found in the amygdala, hippocampus, and
hypothalamus. Drugs that have dopaminergic effects may
act via dopamine receptor-mediated effects as well as by
non-receptor-mediated effects on presynaptic function and
by effects that are mediated indirectly by interaction with
other neurotransmitter systems that subsequently affect
dopamine neurons.

Abnormalities in dopaminergic homeostasis have been
implicated in patients with psychotic disorders, particularly
schizophrenia. These theories suggest that such abnormal-
ities of thought result from too much dopaminergic activity.
This hypothesis evolved from the observation that, except
for clozapine, the efficacy and potency of antipsychotics
are correlated with the ability to antagonize the D2 receptor.
Additionally, amphetamines and other drugs that increase
dopaminergic activity are able to produce psychotic behav-
ior. Whether the cause of psychosis is related to excessive
dopamine release or hypersensitivity of the dopamine
receptors is unclear, as is which dopaminergic systems or
receptors are involved. Furthermore, there is no direct
experimental evidence that excessive dopamine-dependent
neuronal activity or elevated dopamine levels at central
synapses occur in schizophrenics. Although a significant
elevation in HVA levels in the cerebrospinal fluid (CSF) of
patients taking antipsychotic medications has been dem-
onstrated, no differences in HVA levels in brain or CSF in
normal subjects and unmedicated schizophrenics have
been found.

Other neurotransmitters may also be involved in psycho-
sis, including norepinephrine, serotonin, and some amino
acids. Glutamate, the most ubiquitous excitatory neurotrans-
mitter in the CNS, has become a focus of attention. Dissocia-
tive anesthetics, such as PCP and ketamine, are NMDA
glutamate receptor antagonists and can cause positive
symptoms, negative symptoms, and cognitive impairments
similar to that seen in schizophrenic patients. Genetic dis-
coveries have also implicated diminished glutamate signal-
ing in the pathophysiology of schizophrenia.25 How these
various systems interact, however, is a matter of continued
speculation.

Brain serotonin makes up only approximately 2% of the
body’s serotonin, with much more being present in platelets,
mast cells, and enterochromaffin cells. In the brain, sero-
tonin is synthesized by the uptake of tryptophan, which
is then hydroxylated by tryptophan hydroxylase to form
5-hydroxytryptophan (5-HTP). This enzyme requires molec-
ular oxygen, reduced pteridine, and a sulfhydryl-stabilizing
substance. This first enzyme is the rate-limiting step. When
synthesized, 5-HTP is then decarboxylated to serotonin via
amino acid decarboxylase. Serotonin is deaminated by
MAO, producing 5-hydroxyindoleacetaldehyde, which can
be further oxidized to 5-hydroxyindoleacetic acid (5-HIAA)
or reduced to 5-hydroxytryptophol.

Serotonin synthesis apparently is not influenced by the
concentration of 5-HT. This has been demonstrated by
the fact that when 5-HT catabolism is blocked, brain seroto-
nin concentration increases to three times that of controls.
Furthermore, when 5-HIAA efflux is blocked, levels of this
metabolite continue to rise linearly. These findings suggest
that the rate of initial synthesis may be limited only by the
availability of substrate and cofactors or by other mecha-
nisms. Serotonin-containing cells are concentrated in the
pineal gland but are also found in discrete groups of cells
in the midline regions of the pons and midbrain. The caudal
cells project to the spinal cord and brain stem, whereas the
rostral cell groups project to the limbic forebrain system, tha-
lamus, neostriatum, and cerebellum. Raphe neurons receive
dopaminergic input from the substantia nigra and the ventral
tegmental area; norepinephrine input from the locus coeru-
leus; and other afferents from the hypothalamus, thalamus,
and limbic forebrain. In the past decade, extensive pharma-
cological laboratory work has identified numerous seroto-
nergic subsystems, including 5-HT1A-F, 5-HT2A-C, 5-HT3,
5-HT4, 5-HT5A-B, and 5-HT7. Specific receptor antagonists
have also been developed that allowmore refined pharmaco-
logical and neurochemical analysis of behaviors that relate to
serotonin.

A wide array of homeostatic functions has been sug-
gested for the serotonergic systems, including sleep-wake
cycles. Alterations in serotonergic function have also been
suggested in patients with certain psychiatric conditions,
such as affective illness, aggressive states, and schizophre-
nia. Low levels of serotonin in brain have been associated
with depression and suicide, and drugs that enhance seroto-
nin activity act as antidepressants. The selective serotonin
reuptake inhibitors (SSRIs) have become the mainstay of
antidepressant treatment in the United States, and drugs
that block 5-HT2 and dopamine D2 receptors have proven
more effective antipsychotics than the neuroleptic class of
antipsychotics.26
EXAMINATION OF MOOD, EMOTION,
AND THOUGHT

Directed Neurological Examination
The directed neurological examination should begin with a
mental status evaluation, which includes a psychiatric
assessment. This part of the examination actually begins
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during the history and may be expanded in a more formal
fashion. The mental status examination should include
assessments of level of alertness, orientation, and attention.
Stupor may be organic in origin or psychiatric. Hypervigi-
lant states may develop with delirium tremens as well as
with drug overdoses, such as amphetamine, phencyclidine,
and cocaine, or with paranoid states in general. A fluctuating
level of consciousness is more likely to be associated with an
organic cause, and the presence of stupor will interfere with
the remaining aspects of the cognitive examination. Sudden
alterations in behavior, especially behavior with automa-
tisms, may also suggest a seizure disorder; seizures of frontal
lobe origin may be extremely bizarre, and sudden behavioral
changes are often mistaken for psychogenic displays.

To assess mood, one must ask how the patient feels, yet
the affect is also directly displayed. The patient may appear
sad and tearful or ebullient and inappropriately expansive.
The way the patient is dressed and presents herself or him-
self is important but is often overlooked. A slovenly
appearance in a recently high-performing individual is a
cause for concern, even if the subject scores well on tests
of memory and the simple routine tasks demanded in an
office cognitive examination. The way questions are an-
swered is a significant aspect of the emotional evaluation.
The examiner should notice whether the patient volunteers
information or conceals it. Additionally, it should be noted
whether questions are answered in a normal time frame or
if there are delays that require several prompts to obtain
an answer. Furthermore, the answers may be incomplete
or minimally helpful, and the prosody of the speech may
convey emotions or the lack of them.

The presence of a thought disorder will be conveyed
during conversation and is independent of mood. When
taking the history and examining patients, the clinician
should look for “loose associations of thought” and the
practice of skipping illogically from one idea to another
seemingly unrelated idea. It should be observed whether a
word with two meanings is used correctly the first time
and then used incorrectly to develop an unrelated thought.
A formal language examination may be helpful in distin-
guishing a thought disorder from an aphasia. However,
when the speech disorder is profound, the difference may
be difficult to discern. There are certain features of psycho-
tic speech that may be helpful and should be sought. Clan-
ging, the use of similar sounding words together regardless
of their meaning, is never present in aphasia, whereas dys-
arthria is not a feature of psychosis. Naming should not be
impaired in thought disorder but is usually affected in
aphasias. The examiner should note that many patients
with thought disorders are either noncompliant and refuse
to answer or may seem to purposefully misname things,
requiring interpretation of the incorrect answers. Writing
specimens of a psychotic subject should be obtained; they
may be agrammatical or may contain neologisms, simulat-
ing aphasia. As in patients with some aphasias, the content
of the speech of a patient with a thought disorder may be
empty, and often, after a few minutes of monologue, the
examiner may have no idea what information was con-
veyed. Thought-disordered speech may also be pressured
and may be highly distractible. The clinician should note
any figures of speech that may contain unusual allusions
and references to bizarre or macabre things.
The examiner should also ask whether the patient is
hearing or seeing things that are not there and assess
whether these hallucinations are interfering with complete
cooperation. Delusions should be probed but not countered.
Since the delusion is an irrational belief, argument over its
logic is fruitless, but the examiner should not agree with it.
Depending on the situation, either an explanation that the
belief is a delusion but appears real to the patient can be
given or the clinician can simply take note of it and pass
on to other subjects. In the case of drug-induced psychosis
in Parkinson’s disease, the most common delusion is of
spousal infidelity, a problem that is often not shared with
the neurologist owing to embarrassment by both the patient
and the spouse. In this situation and occasionally in others,
specific delusions should be asked about.

Associated Neurological Findings
CRANIAL NERVES. The cranial nerve examination is

important for determining symmetry in general. Asymmetri-
cal findings indicate a pathological process. The eye exami-
nation is the most important part of the cranial nerve
examination. Gaze impersistence, an inability to maintain
conjugate deviation of the eyes, may be seen in a frontal
lesion. Small pupils may suggest narcotic use. Anticholiner-
gic overdose may cause large pupils. A left-sided field cut or
cortical blindness may be associated with a mass or infarct
and, in addition, will be associated with a denial of illness.
A bitemporal field cut indicates a chiasmal lesion, which
can occur in a patient with a pituitary tumor in the presence
of emotional abnormalities. A superior quadrantanopia may
accompany temporal lobe tumors or other disorders. Fundi
can reveal papilledema or emboli, pointing to systemic dis-
ease. Foster Kennedy syndrome, associated with a frontal
meningioma, may present with behavioral changes, ipsilat-
eral optic atrophy, and contralateral papilledema. Smell
should also be tested in patients with behavioral abnormal-
ities because it may be abnormal when orbital-frontal
pathology is present.

MOTOR/REFLEXES/CEREBELLAR/GAIT. The motor
examination may reveal several signs relevant to the
assessment of mood and thought. Any abnormality such
as a hemiparesis indicates an organic disorder. The finding
of myoclonus or asterixis generally indicates a metabolic
or toxic disorder and occurs only rarely with focal lesions.
Tremor at rest is seen with neuroleptic drug use or Parkin-
son’s disease, and these should be considered. Rigidity and
akinesia should also be assessed; they may accompany cat-
atonia, neuroleptic use, or any parkinsonian syndrome.
Catatonic akinesia may include waxy flexibility and abnor-
mal sustained postures, including one limb being stretched
out for extended periods. Adventitious movements such as
chorea may be seen and usually indicate tardive dyskinesia
following chronic exposure to dopamine-blocking drugs
(Video 66, Tardive Dyskinesia). Alternative explanations
include dyskinesias in the presence of psychosis in Parkin-
son’s disease, Huntington’s disease, Sydenham’s chorea, or
systemic lupus erythematosus. Stereotypic movements
such as clapping, tapping, and rubbing may suggest autism
or mental retardation or may be seen with schizophrenia.
Deep tendon reflexes may be accentuated during stress
or anxiety. A few beats of clonus at the ankles may be
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acceptable in these settings. Babinski’s sign, asymmetrical
reflexes, or spastic tone should always suggest an organic
process (Video 204, Babinski Sign). “Frontal release” or
“primitive” reflexes may occur as a normal finding, but
these are commonly seen in patients with disorders of fron-
tal lobe deterioration. The grasp reflex is normal in young
children only and is always pathological in adults. Hoff-
man’s sign and the palmomental reflex are common in
the normal elderly, and their appearance can be interpreted
as abnormal only if multiple frontal release signs are
present or if their appearance is asymmetrical.

SENSORY. The sensory examination is the most subjec-
tive part of the evaluation and can be difficult to interpret.
The presence of a sensory abnormality triggers the same
differential diagnosis as that used for a mentally normal
person. It is important to test vibratory and position sensa-
tions in a patient with a mood or thought disorder. A sensory
neuropathy should lead the clinician to assess nutritional
problems (vitamin B12 deficiency), infections (human
immunodeficiency virus [HIV] and syphilis), hypothyroid-
ism, or malignancy (Video 5, Sensory Ataxia). The gait
should also be checked. An obviously factitious gait may
cast doubt on the organicity of an unexplained mood, emo-
tion, or thought abnormality encountered during other parts
of the examination. However, gait ataxia and mood disor-
ders may occur in the context of alcoholism and multiple
sclerosis and, more rarely, with hypothyroidism. Isolated
right parietal signs such as extinction on double simulta-
neous stimulation or agrapesthesia may be the only physical
findings associated with a confusional state induced by a
right parietal infarct or tumor.

AUTONOMIC NERVOUS SYSTEM. The clinician should
look for evidence of autonomic hyperactivity, including
the presence of palpitations, cold and clammy extremities,
sweating, sighing, trembling, or hypervigilance, which
can be indicative of anxiety disorders, anxiety associated
with neurological diseases, or drug withdrawal syndromes.

NEUROVASCULAR. The neurovascular examination is
rarely helpful in patients with mood, emotion, or thought
disorders.

Associated Medical Findings
Assessment of vital signs, preferably performed prior to
administration of medications, is very important. Fever
should always be construed as a sign of organic disease
and should trigger consideration of a spinal tap. In a patient
taking a neuroleptic, fever may accompany the neuroleptic
malignant syndrome and may warrant consideration of this
diagnosis. The lethal catatonia syndrome is a disorder that
mimics the neuroleptic malignant syndrome except for the
lack of drug use. Once the vital signs are known, the general
physical examination should be performed with the aim
of identifying contributory factors to a behavior disorder.
The general appearance may reveal obesity or cachexia.
Central obesity and hirsutism suggest endocrine derange-
ments, whereas hair loss may indicate lupus, thyroid disease,
or simply an unrelated skin condition. Weight loss may be
evident by excessive skin folds or a cachectic appearance
and may accompany depressive syndromes. Baggy clothes,
indicative of weight loss, may be supportive evidence.
Changes in skin color may suggest endocrine disorders or a
neurocutaneous syndrome. Evaluation of the head may
reveal evidence of trauma or gingival hyperplasia, indicative
most likely of chronic phenytoin use or proptosis from
hypothyroidism. Heart auscultation may reveal murmurs of
valvular disease. Both lupus and rheumatic fever may affect
the heart valves and can cause a variety of neuropsychiatric
syndromes. Subacute bacterial endocarditis, a chronic
illness, may present with an abnormal mental state such as
depression and mild dementia. Tachycardia may be
observed in patients with anxiety and manic disorders.
Abdominal examination may reveal evidence of liver dis-
ease. The extremities should be evaluated for intravenous
track marks, the stigmata of the drug abuser.
EVALUATION GUIDELINES (Table 3-1)

The tests that should be performed on patients with mood,
emotion, or thought disorders depend on the clinical situa-
tion. Patients who present for the first time are obviously to
be evaluated differently from patients who were once fully
evaluated but have suffered a relapse. Which tests are
ordered is considered best left to the examining physician.
A psychiatric text1 leaves the choice of tests up to the physi-
cian and avoids any blanket recommendation for imaging of
the brain or other tests. This is analogous to the National
Institute of Neurological Disorders and Stroke criteria for
diagnosing Alzheimer’s disease, which do not include brain
imaging. Patients with long histories, although perhaps
never fully evaluated with modern techniques, may not
require testing because the natural course of alternative
diagnoses may preclude their consideration (e.g., in a
65-year-old with a 40-year history of schizophrenia, a frontal
lobe tumor is not the cause of the behavioral disorder).

NEUROIMAGING.Most U.S. psychiatrists suggest that a
psychotic patient should have at least one brain MRI and
possibly an electroencephalogram to not miss the rare
patient with a structural or physiological abnormality.
A MRI study is more sensitive than a computed tomogra-
phy (CT) scan primarily because it reveals white matter
disease with far greater sensitivity. The usefulness of these
studies is questionable in “routine” disorders of mood,
emotion, and thought, but in atypical cases, those of late
onset, or when focal neurological signs are present, an ima-
ging study is imperative. In general, imaging is done to
look for evidence of masses or infarcts for which CT is
adequate. Lesions causing such changes are usually large
or multiple, and CT is satisfactory and much less costly
than MRI. In patients who have had a prior brain imaging
study for a behavioral disorder, repeat studies are unlikely
to shed further light on a potential organic cause.

SPECT studies have been available for several years
using the hexamethylpropylenamine-oxime ligand to visua-
lize brain metabolism, yet they have little diagnostic value
for individual patients. In the future, as more ligands are
developed, the prospect of depicting neurotransmitter or
receptor densities throughout the brain is high. PET scans
provide information about metabolism (glucose utiliza-
tion), neurotransmitters, or receptors. Although several
abnormalities have been found in a variety of disorders of
mood, emotion, and thought, none occur with sufficient
specificity to be diagnostic.



TABLE 3-1

Useful Studies in the Evaluation of Patients with Disorders of Mood, Emotion, and Thought

SYNDROME
NEUROPSYCHOLOGICAL
NEUROIMAGING ELECTROPHYSIOLOGY

FLUID AND TISSUE
ANALYSIS TESTS

Affective disorder
syndromes
Depression Brain MRI/CT:

Hydrocephalus
Not applicable CBC, chemistries, TFTs,

VDRL, toxicology,
vitamin B12, ESR,
adrenal studies

California Verbal Learning,
Wechsler, Memory Scale,
Controlled Oral Word
Fluency, Beck
Depression Inventory,
Hamilton Depression
Rating Scale, Geriatric
Depression Rating Scale

Mania Brain MRI/CT: Epilepsy,
Huntington’s disease,
CNS neoplasm,
trauma, stroke,
encephalitis

EEG: Mania associated
with epilepsy

CBC, chemistries, TFTs,
VDRL, toxicology,
heavy metal screen,
vitamin B12, ESR,
adrenal studies,
porphyria studies,
genetic studies,
evaluation

Minnesota Multiphasic
Personality Inventory-2
(MMPI-2)

Psychotic syndromes Brain MRI/CT: Epilepsy,
CNS neoplasms,
stroke, trauma, carbon
monoxide poisoning,
hydrocephalus,
encephalitis,
Wernicke-Korsakoff
syndrome

EEG: Psychosis
associated with
temporal lobe epilepsy

CBC, chemistries, TFTs,
VDRL, toxicology,
heavy metal screen,
vitamin B12, ESR,
adrenal studies, CSF
evaluation, HIV,
ceruloplasmin,
porphyria studies

Brief psychiatric rating
scale; scale for
assessment of positive
symptoms; scale for
assessment of negative
symptoms

Apathy syndromes Brain MRI/CT: CNS
neoplasms, stroke,
trauma

EEG: Encephalopathy Toxicology screen Frontal Lobe Personality
Scale

Anxiety syndromes Brain MRI/CT: Post-
trauma, stroke,
encephalitis, multiple
sclerosis

EEG: Aura preceding
seizures

CBC, chemistries, TFTs,
VDRL, toxicology,
vitamin B12, adrenal
studies, urinary
metanephrines, ESR

State train anxiety
inventory; anxiety
disorders interview
schedule

Obsessive-
compulsive
syndromes

Brain MRI/CT: Post-
trauma

EEG: Temporal lobe
epilepsy

Not applicable Yale-Brown Obsessive-
Compulsive Scale

Impulse dyscontrol
syndromes

Brain MRI/CT:
Degenerative disorders,
CNS tumors, trauma,
encephalitis

Sleep-deprived EEG with
nasopharyngeal
electrodes

CBC, chemistries,
adrenal studies, TFTs,
CSF evaluation,
toxicology

Luria Complex Motor Tasks
(go–no go); Wisconsin
Card Sorting Test,
California Verbal
Learning Test;
Behavioral Dyscontrol
Scale; EXIT; MMPI-2;
Frontal Lobe Personality
Scale

Altered sexuality
syndromes

Brain MRI/CT:
Encephalitis, CNS
tumors, hypothalamic
lesions, trauma

EEG: Temporal lobe
epilepsy

Prolactin, follicle-
stimulating and
luteinizing hormone
levels, testosterone,
estradiol, urine cortisol

MMPI-2

CBC, complete blood count; CSF, cerebrospinal fluid; CT, computed tomography; EEG, electroencephalography; ESR, erythrocyte sedimentation rate; EXIT, executive
interview; HIV, human immunodeficiency virus; MRI, magnetic resonance imaging; TFTs, thyroid function tests; VDRL, venereal disease research laboratory test.
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ELECTROPHYSIOLOGY. Electroencephalography (EEG)
is helpful in the evaluation of seizure disorders and
metabolic encephalopathy and, to a lesser extent, for
documentation of regional physiological malfunctions.
In patients with psychosis, the EEG should be normal,
whereas metabolic disorders can cause disorganization and
generalized slowing. The EEG can reveal physiological
abnormalities that may not be reflected on structural imaging
studies. Old trauma, a postictal state, or migraine headache
may be associated with behavioral abnormalities and may
cause focal EEG findings when the MRI is normal. Rarely,
disorders of emotion, mood, or thought with “subclinical
seizures” or complex partial status epilepticus may be diag-
nosed only with EEG. The use of evoked responses in neu-
ropsychiatric disorders remains a research tool except
when organic explanations such as multiple sclerosis are
being actively considered.

BODY FLUID AND TISSUE ANALYSIS. “Routine” blood
tests to assess for metabolic disorders are required for all
patients with behavioral abnormalities. Sodium, glucose,
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creatinine, blood urea nitrogen, calcium, liver function tests,
and thyroid hormone levels are mandatory. Depending on
the situation, other blood studies, such as serum ammonia,
ceruloplasmin, porphobilinogen, drug levels, pregnancy
tests, prolactin and other hormones, toxicology screens, vas-
culitic studies, and HIV and syphilis serologic tests, may be
appropriate. Gastric lavage is useful in patients with sus-
pected drug ingestion and possibly when one is searching
for blood as a source of hepatic encephalopathy. Because
of the putative biological nature of many depressions,
certain research-related tests have been developed, includ-
ing the dexamethasone suppression test, measurement of
urinary 3-methoxy-4-hydroxyphenylglycol, and the thyro-
tropin-releasing hormone stimulation test. Unfortunately,
these studies are not useful in routine clinical practice.
A drug screen for amphetamines and other psychoactive
medications should be included in the evaluation of patients
with appropriate clinical presentations.

GENETIC TESTING. Because behavioral abnormalities
can precede motor signs in Huntington’s disease, genetic
testing can be done in the correct clinical setting. Gene
testing is also now available for Alzheimer’s disease
(AD). The most prevalent genetic risk factor for AD is
the ApoE genotype. Three different alleles of ApoE exist:
ApoE2, ApoE3, and ApoE4. The presence of ApoE4 con-
tributes to the susceptibility of AD, whereas the presence
of ApoE2 may offer protection against the development
of AD. However, because this genotype is found in many
elderly without dementia, determination of the ApoE geno-
type is not recommended for diagnostic use. In addition,
three autosomal dominant genes have been identified that
are linked to rare, familial, early onset forms of AD: prese-
nilin-1, presenilin-2, and the amyloid precursor protein
gene. These genetic tests are now commercially available.

CEREBROSPINAL FLUID. Cerebrospinal fluid must be
examined when meningitis (infectious or carcinomatous)
and encephalitis are being considered. Cell counts are
elevated in patients with infectious or malignant meningi-
tis. There is a polymorphonuclear predominance with
bacterial etiologies and a mononuclear predominance with
viral, fungal, or malignant causes. There is also an elevated
protein and low (bacterial) and normal to low (viral
or fungal) glucose levels. Special stains, cultures, and
immunofixation studies should be obtained when indicated.
A high-volume tap for cytological examination should also
be pursued when carcinomatous meningitis is being
considered in the presence of a known or suspected malig-
nancy. A single large-volume tap may be negative, and
multiple lumbar punctures may be required to effectively
document or rule out the possibility of this diagnosis.

NEUROPSYCHOLOGICAL TESTS. Neuropsychological
testing can be extremely helpful in the diagnosis, prog-
nosis, and treatment of patients with disorders of mood,
emotion, and thought and is especially useful for distin-
guishing “organic” dementia from nonorganic disorders
such as the pseudodementia of depression, or malingering.
These tests may also help to identify and localize organic
syndromes, contribute to the identification of borderline
psychotic states, and provide baseline data on the patient’s
general and specific function. A large number of neuropsy-
chological tests are available, and the tester must choose
the appropriate studies. The Wechsler Adult Intelligence
Scale provides three separate IQ scores, and various subtests
can provide clues to the presence of disorders of attention
and thought (see Chapter 27). The Minnesota Multiphasic
Personality Inventory can produce a general description of
the patient’s personality characteristics, but it is not useful
diagnostically. Other tests that may at times be useful in
the evaluation of patients with mood, emotion, and thought
disorders include the Bender-Gestalt, Rorschach, thematic
aperception, and draw-a-person tests (see Chapter 27).
CLINICAL SYNDROMES (Table 3-2)

Affective Disorder Syndromes
Major depression has a lifetime prevalence of approxi-
mately 15% and is approximately 15 times as common
as bipolar disorder (manic-depressive disorder). Major de-
pression is approximately twice as common in women as
in men in all countries and cultures and does not vary
in occurrence among different races. It may occur at any
age, but the majority of cases occur in adulthood. Studies
suggest a genetic predisposition based on twin studies
and studies of adoptees but point to a complex interaction
with the environment. The Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV), criteria
for this diagnosis require either that the patient have a
depressed mood or that the patient have a sustained loss
of interest and pleasure. Some depressed patients have a
depressed affect or become withdrawn or irritable but do
not admit to or complain of feelings of sadness. Almost
all, however, complain of reduced energy and easy fatig-
ability, and most have weight disturbances. Their clinical
presentation can vary, however, from profound retardation
and withdrawal to an irritable, unrelieved agitation. Other
symptoms include a loss of interest in activities, dimin-
ished emotional bonds, preoccupation with death, guilt,
and a sense of worthlessness. The patient may have
somatic complaints with memory impairment, fatigability,
insomnia, anorexia or hyperrexia, weight loss or gain, and
impaired libido. A thought disorder may be present with
delusions, but hallucinations are uncommon. Most patients
have two or more attacks, and some have clear periods
between episodes. Most attacks gradually build over a
period of a week to a month, and if untreated they may last
from 3 to 8 months. Diagnosis and treatment of depression
are believed to be grossly inadequate. The World Health
Organization ranked depression fourth among all disorders
in importance. It is a common cause of disability of equal
significance in the United States to heart disease, diabetes,
and hypertension.

Major depression is to be distinguished from a lower
intensity and more prolonged depressive state known as
dysthymia. Major depression is associated with psychotic
features such as delusions or hallucinations in approximately
15% of cases.

The diagnosis of depression in patients with neurological
disease is often overlooked. This may occur because the
depression is overshadowed by the primary disorder or by
the belief that the affect is appropriate to the condition.
In fact, it can be difficult to distinguish appropriate grieving
from depression. In parkinsonian disorders, many of the



TABLE 3-2

Selected Etiologies Associated with Disorders of Mood, Emotion, and Thought

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Hereditodegenerative Disorders

Storage diseases: lipidoses, glycogen disorders,
and leukoencephalopathies

Cerebral lipidoses—psychotic features 30
Metachromatic leukodystrophy—psychotic features

Amino/organic acidopathies, mitochondrial
enzyme defects, and other metabolic errors

Homocystinuria—psychotic features 31
Acute intermittent porphyria—psychotic features, depression

Degenerative dementias Diffuse Lewy body disease—psychotic features, dyscontrol syndromes 33
Alzheimer’s disease—psychotic features, depression, dyscontrol syndromes

Movement disorders Parkinson’s disease—depression, anxiety, apathy 34
Progressive supranuclear palsy—depression, anxiety, apathy
Wilson’s disease—psychotic or manic features, depression, anxiety
Huntington’s disease—psychotic or manic features, anxiety, dyscontrol
syndromes, depression

Tourette’s syndrome—anxiety, obsessive-compulsive syndrome
Degenerative motor, sensory, and autonomic

disorders
Fabry’s disease—psychotic features 36

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Adrenal, parathyroid, thyroid dysfunction (hypo and hyper)—depression, manic
features, anxiety, dyscontrol syndromes

38

Cardiovascular disease, pulmonary insufficiency, anemia, hypoglycemia,
pheochromocytoma—anxiety

Exogenous acquired metabolic disorders of
the nervous system: toxins and illicit drugs

Carbon monoxide poisoning—psychotic features 39
Heavy metals—psychotic features, anxiety
Amphetamine, hallucinogens, belladonna alkaloids, barbiturate withdrawal,
cocaine, phencyclidine—psychotic features, dyscontrol syndromes

Nutritional deficiencies and syndromes
associated with alcoholism

Vitamin B12 deficiency—psychotic features, depression, anxiety 40
Wernicke-Korsakoff syndrome—psychotic features
Pellagra—psychotic features, anxiety
Alcohol—psychotic and manic features
Alcohol withdrawal—anxiety

Infectious Disorders

Viral infections Encephalitis—psychotic or manic features, anxiety, dyscontrol syndromes, altered
sexuality

41

Epstein-Barr virus—depression
Postencephalitic—obsessive-compulsive syndrome

Nonviral infections Neurosyphilis—psychotic or manic features, anxiety 42
Tuberculosis—depression

Transmissible spongiform encephalopathy HIV
and AIDS

Creutzfeldt-Jakob disease—psychotic features 43
Depression 44
Manic features

Neurovascular Disorders Stroke involving temporal/frontal lobe—psychotic or manic features, anxiety,
apathy

45

Stroke involving right parietal lobe—depression, apathy

Neoplastic Disorders

Primary neurological tumors Cerebral glioma—psychotic and manic features, depression, anxiety, dyscontrol
syndromes

46

Parasagittal/orbital ridge meningioma—apathy and dyscontrol syndromes
Hypothalamic/temporal lobe tumors—altered sexuality syndromes

Metastatic neoplasms and paraneoplastic
syndromes

Cerebral metastasis—psychotic features, depression, mania, anxiety, dyscontrol
syndromes, apathy

47

Demyelinating Disorders

Demyelinating disorders of the central nervous
system

Multiple sclerosis—manic features, depression, anxiety 48

Traumatic Disorders Head trauma—depression, psychotic or manic features, apathy syndromes,
anxiety, obsessive-compulsive syndrome, apathy

50

Autoimmune and Inflammatory Disorders Systemic lupus erythematosus—psychotic features, anxiety 51
Rheumatoid arthritis, temporal arteritis, polyarteritis nodosa—anxiety

Epilepsy Temporal lobe epilepsy—psychotic or manic features, anxiety (aura), dyscontrol
syndromes, altered sexuality syndromes

52

Headache and Facial Pain Sleep Disorders Migraine—manic features, anxiety 53
Sleep apnea, narcolepsy—depression 54

Drug-Induced and Iatrogenic Neurological

Disorders

Ibuprofen, ampicillin, streptomycin, tetracycline, beta-blockers, vincristine,
azathioprine, amantadine, cimetidine, prednisone, dopaminergics—depression

55

Amphetamines, baclofen, isoniazid, dopaminergics, opiates, cimetidine,
captopril—manic features

Caffeine (and withdrawal), penicillin, sulfonamides, sympathomimetics,
amphetamines—anxiety

Barbiturates, amphetamines—dyscontrol syndromes
Dopaminergics, amantadine—altered sexuality syndromes
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features of depression—psychomotor retardation, depressed
facial expression, and soft noninflected speech—are also
features of the neurological disorder.

The differential diagnosis of depression includes primary
psychiatric syndromes other than major depression, such as
behaviors associated with schizophrenia, generalized anxi-
ety disorder, and obsessive-compulsive neuroses. Medical
and neurological disorders either associated with or mimick-
ing depression include malignancy, infections, medications
(steroids, reserpine, benzodiazepines, and anticholinester-
ases), endocrinological dysfunction (Cushing’s disease, hy-
pothyroidism, apathetic hyperthyroidism, and diabetes),
pernicious anemia, and electrolyte and nutritional disorders
(inappropriate secretion of antidiuretic hormone, hyponatre-
mia, hypokalemia, and hypercalcemia). Depression is also
associated with multiple sclerosis, Parkinson’s disease, head
trauma, stroke (particularly of the left frontal lobe), and
Huntington’s disease. Interictal changes in temporal lobe
epilepsy may mimic depression, particularly with right-
sided epileptic foci. Patients with diencephalic and temporal
region tumors may also present with depressive symptoms.
Equally important, depressive signs and symptoms may be
incorrectly diagnosed as dementia, especially in the elderly
population, in which depression induces a pseudodementia.

In patients with bipolar disorder, mania that is severe
enough to compromise functioning must be present in addi-
tion to depression. The lifetime risk for developing bipolar
disorder is 0.6 to 1.0%. Although the type of inheritance is
uncertain, there is a strong genetic influence. These manic
periods usually develop over a few days and may be asso-
ciated with hallucinations and delusions. The attacks are
usually separated in time by months or years, but there
may be more rapid cycling in a minority of patients. Symp-
toms consistent with mania include euphoria, emotional
lability, irritability, an increased amount of energy, a
marked decrease in time spent sleeping, and a demanding
and egocentric demeanor. The patient may be loud and
have word rhyming or pressured speech with a flight of
ideas. He or she may demonstrate poor judgment, disorga-
nization, and agitation, possibly accompanied by paranoia,
delusions, or hallucinations.

The differential diagnosis of bipolar disorder includes
other psychiatric syndromes including schizophrenia and
personality disorders. Medical and neurological conditions
that may be associated with mania or may be mistaken for
bipolar disorder include CNS masses, infections (neurosy-
philis and encephalitis), and hyperthyroidism. Steroids,
cocaine, amphetamines, hallucinogens, baclofen, dopamine
agonists, methylphenidate, and levodopa may all cause
symptoms consistent with mania. Other neurological disor-
ders that may include mania as part of their presentation
include multiple sclerosis, head trauma, stroke, temporal
lobe epilepsy, and Wilson’s disease.

Pseudobulbar Affect
Pseudobulbar affect is an affective disinhibition syndrome
of involuntary crying and/or laughing associated with neu-
ronal damage from neurodegenerative disease or resulting
from stroke or trauma (Video 10, Dysarthria). Patients with
pseudobulbar affect demonstrate pathological laughing,
crying, and grimacing, often following little or no stimula-
tion. Spastic weakness of the lower cranial nerve muscles
(cranial nerves V, VII, and IX through XII) may be noticed
on examination, with accompanying dysarthria. In addition
to patients with dementia, cerebral infarctions, or trauma,
this syndrome may also be seen in patients with upper motor
neuron dysfunction, including amyotrophic lateral sclerosis
or multiple sclerosis. Patients with PSP, Parkinson’s dis-
ease, and other parkinsonian syndromes may also have
pseudobulbar affect in addition to more classic signs and
symptoms (Video 55, Supranuclear Gaze Paresis). Mutism
associated with pseudobulbar symptoms has also been
reported after the resection of posterior fossa tumors in chil-
dren.23 Most therapies are ineffective; however, a combi-
nation of dextromethorphan hydrobromide and quinidine
sulfate was shown to be helpful for pseudobulbar affect in
patients with amyotrophic lateral sclerosis (Video 236,
ALS-Parkinsonism Dementia).27 In addition, trials of agents
that modulate biogenic amines such as levodopa, aman-
tadine, amitriptyline, and fluoxetine may ameliorate the
paroxysms of abnormal affective behavior.
Psychotic Syndromes
Psychosis does not describe a specific diagnosis and may
be seen in patients with both primary psychiatric disease
and drug intoxication and in the presence of certain medi-
cal and neurological conditions. Psychotic patients have
alterations in the normal processes of thought that result
in an impaired sense of reality, which may be linked to
emotional and cognitive abnormalities. The patient with
psychosis may talk and act in a bizarre fashion and dem-
onstrate hallucinations. The hallucinations may occur in
one or more sensory modalities, including tactile (the sen-
sation of bugs crawling on the skin), auditory (threatening,
critical, or insulting voices), and visual (lilliputian figures
or animals) (Video 89, Hallucinations). Additionally, delu-
sions in the presence of full wakefulness may occur. These
may be systematized or fragmentary, and the content may
be variable, but persecutory delusions are most common.

Schizophrenia is the most common psychotic illness, and
in the United States there is a 1 to 1.5% lifetime prevalence
of this disorder. The disorder is equally prevalent in men and
women and tends to occur more frequently in urban popula-
tions and in lower socioeconomic groups. The peak age of
onset in men is 15 to 25, whereas in women the peak occurs
at 25 to 35 years of age. Numerous studies suggest that
the inheritance of schizophrenia has a genetic component,
which is most likely polygenetic. Certain genetic abnor-
malities have been found that cause specific schizophrenic
syndromes. Fifty percent of monozygotic twins of schizo-
phrenics develop the disorder compared with 10% of dizy-
gotic twins. The diagnosis of schizophrenia is a clinical
diagnosis because there are no pathognomonic findings.
Two or more of the following features must be present
for a significant period of time during a 1-month period:
delusions, hallucinations, disorganized speech, grossly dis-
organized or catatonic behavior, and negative symptoms.
Only one of these is required if delusions are bizarre, if
hallucinations consist of a voice keeping up a running
commentary, or if two or more voices are conversing with
each other (Video 22, Delusional Thinking). There are five



TABLE 3-3

Differential Diagnosis of Psychosis

Infections

Acquired immunodeficiency syndrome (AIDS)
Creutzfeldt-Jakob disease
Herpes encephalitis
Neurosyphilis

Structural

Neoplasm
Trauma
Normal pressure hydrocephalus

Toxins

Heavy metals
Carbon monoxide

Nutritional

Vitamin B12 deficiency
Pellagra

Hereditodegenerative

Cerebral lipidoses
Fabry’s disease
Fahr’s disease
Hallervorden-Spatz disease
Homocystinuria
Huntington’s disease
Diffuse Lewy body disease
Metachromatic leukodystrophy
Lafora’s disease
Wilson’s disease

Drugs

Amphetamines
Anticholinergics
Levodopa
Dopaminergics
Deprenyl
Alcohol
Barbiturate withdrawal
Cocaine
Phencyclidine

Other

Epilepsy
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subtypes of schizophrenia: paranoid, disorganized, catatonic,
undifferentiated, and residual types.1,28

Schizophrenia is a chronic disorder, but many of the
dramatic and acute symptoms subside over time. Most
patients have low-level delusions and hallucinations and
end up in psychiatric hospitals or supervised shelters. There
is an improved prognosis when the onset occurs after age 30
and the active psychotic symptoms have a rapid onset. Addi-
tionally, good premorbid social and occupational function,
the presence of a probable precipitant, and the absence of a
family history are associated with an improved outcome.
Although genetic abnormalities have been clearly impli-
cated, the neurobiology of schizophrenia has not been cate-
gorized. Unlike neurodegenerative disorders such as
Parkinson’s disease and Alzheimer’s disease, schizophrenia
appears to reach a plateau. Many researchers believe that
schizophrenia represents a neurodevelopmental disorder
rather than a neuronal degeneration. It is associated with
mild but consistentMRI changes. Until recently, schizophre-
nia has been hypothesized to be largely a dopaminergic dis-
order, but the focus has shifted to a broader pharmacologic
theory including glutamate, serotonin, and norepinephrine.
No convincing evidence of primary abnormalities in any of
these neurochemical systems has been developed.

Schizophrenia should be differentiated from other primary
psychiatric disorders that may have psychosis as a feature,
including schizoaffective disorder, the major affective disor-
ders, autism, malingering, and obsessive-compulsive disor-
der. Symptoms of psychosis can be caused by a large
number of medical and neurological conditions and may be
precipitated by legal and illicit drugs (Table 3-3). Psychosis
and other psychiatric symptoms may present early in the
course of medical or neurological disorders, and the clinician
must consider this in the differential diagnosis. Of note, a sig-
nificant link has been established between temporal lobe
tumors and psychosis, even if patients with epilepsy are not
considered. Tumors of the limbic system, particularly the cin-
gulate gyrus, amygdala-hippocampal region, and the area
around the third ventricle, are also commonly associatedwith
psychotic behaviors. Typically, patients with organic causes
of psychosis have a higher amount of insight into the illness
and are distressed by their symptoms. Clinicians should be
aggressive in pursuing a medical or neurological cause of
psychosis in patients with no diagnosed psychiatric disease,
particularly if there are unusual symptoms, altered conscious-
ness, or concomitantmedical or neurological signs. Addition-
ally, a concomitant medical or neurological condition may
cause an exacerbation or recrudescence of psychosis in
patients with an established psychiatric disease. Neither
infarcts nor hemorrhages cause psychosis, so acute-onset
psychotic syndromes in the elderly should not be blamed on
vascular events.

Apathy Syndromes
Patients with apathy demonstrate a lack of interest not only
in their usual interests and hobbies but also in routine daily
activities. Apathy may arise from unilateral or bilateral
lesions of the caudate nuclei, bilateral lesions in the lenti-
cular nuclei, or frontal lobe lesions. Apathy is a common
aspect of Parkinson’s disease and PSP and can be difficult
to distinguish from depression (Video 62, Parkinsonian
Gait). Bilateral cingulate lesions can produce akinetic
mutism and abulia, but these lesions are not necessarily
symmetrical, and one can be cortical while the other is sub-
cortical. Abulia can cause mutism and is characterized by a
general slowing of behavior and lowered activity. Patients
with abulia show little spontaneous motor or speech activ-
ity and may at times fail to respond for minutes or at all to
questions or commands. If they occur at all, the responses
are slow and apathetic. Akinetic mutism refers to a syn-
drome of variable severity caused by lesions of both medial
frontal lobes causing decreased motivation, sometimes to a
degree mimicking catatonia, with complete failure to ini-
tiate activity or to respond, even to painful stimuli (Video
88, Catatonia). These patients may respond intermittently
to noxious stimuli and may be doubly incontinent. All
of these signs are related to supplementary motor area
damage and can be seen with lesions anywhere in the
ascending dopaminergic pathways. In these settings, primi-
tive reflexes such as sucking and rooting may also emerge,
but if the motor cortex is unaffected, the remainder of the
examination may be unremarkable.
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Anxiety and Obsessive-Compulsive
Disorder Syndromes
Anxiety is an extremely common problem that affects
everyone at some time and is characterized by an unplea-
sant and unjustified sense of fear that is usually associated
with autonomic symptoms, including hypervigilance, pal-
pitations, sweating, lightheadedness, hyperventilation, diar-
rhea, and urinary frequency, as well as fatigue and
insomnia. Anxiety is thought to be mediated through the
limbic system, particularly the cingulate gyrus and the
septal-hippocampal pathway, as well as the frontal and
temporal cortex. Based on animal data, the amygdala is
believed to be the mediator of the stress response causing
the sympathetic response to fear. Lesions of the amygdala
prevent such a response in animals. The term anxiety disor-
der is used to denote significant distress and dysfunction
resulting from anxiety. There are several subsyndromes
of anxiety. Generalized anxiety is probably the one
most commonly encountered in neurological practice.
Panic attacks may precipitate neurological consultation to
exclude other paroxysmal disorders. It should be noted that
the lactate infusion test will precipitate panic attacks in
two-thirds of subjects. Post-traumatic stress disorders may
also be associated with episodic behavioral changes that
bring a patient to neurological attention. Agoraphobia and
other phobias are also subsumed under the umbrella
term of anxiety. Chronic, moderately severe anxiety tends
to run in families and may be associated with other anxiety
disorders or depression. The differential diagnosis of anxi-
ety states includes other psychiatric conditions such as
anxious depression as well as schizophrenia, which may
present as a panic attack with disordered thinking. Uncom-
plicated anxiety may be a common problem in patients
who abuse alcohol and hypnotic sedatives, amphetamines,
and caffeine. Other medical conditions that may be asso-
ciated with anxiety include hypoglycemia, hyperthyroid-
ism, and pheochromocytoma. As an organic disorder,
anxiety is not intrinsically part of any neurological disease,
although it is commonly seen with Gilles de la Tourette’s
syndrome, Parkinson’s disease, and various headache
syndromes.

Patients with obsessive-compulsive disorders have
intruding unwanted thoughts that are distressful and recur-
rent ideas, images, and impulses that cannot be pushed out
of consciousness. The patient may ruminate on these
thoughts endlessly, impairing his or her ability to function.
Most of these individuals develop rituals and compulsions
that are performed to ward off an unwanted occurrence or
to fulfill an obsession (Video 112, Obsessive Movements).
Anxiety may be associated with the obsessions, and the
performance of certain rituals may temporarily relieve this
anxiety. The cause of this condition is unknown, but
abnormalities in CNS serotonergic neurons have been
implicated. Various studies and reports suggest that the
frontotemporal lobes, cingulum, and basal ganglia may
play a role in the generation of this behavior. Obsessive-
compulsive disorder occurs in approximately 2% of the
population and is more common in first-degree relatives
of afflicted patients. Typically, this disorder begins in the
third decade of life and is usually chronic with few remis-
sions. This abnormal behavior may occur in the presence of
depression or may be associated with certain neurological
disorders, including postencephalitic parkinsonism and
Gilles de la Tourette’s syndrome.

A number of pathologic compulsive behaviors have been
attributed to Parkinson’s disease patients on dopaminergic
medications, including hypersexuality, pathological gam-
bling, compulsive eating, compulsive shopping, and the
dopamine dysregulation syndrome. Because these behav-
iors develop while on dopaminergic therapy and resolve
when these medications are discontinued, they are pre-
sumed to result from alterations of either dopamine or ser-
otonin. Central dopaminergic pathways, specifically the
mesolimbic dopaminergic projections to the nucleus
accumbens, have been implicated in models of drug abuse
and dependence, and they may be involved in these beha-
viors. In the dopamine dysregulation syndrome, patients
begin to take increasing amounts of medication, despite
the fact that their motor symptoms are well controlled on
lower doses. These patients are generally male and have
a young onset of Parkinson’s disease. Other predisposing
factors include the use of short-acting agents such as apo-
morphine, past drug abuse, heavy alcohol use, or a history
of mood disorders.

Impulse Dyscontrol and Aggression Syndromes
The impulse dyscontrol and aggression syndrome consists
of an inability to resist an impulse to perform a harmful
act; the impulse is accompanied by a buildup of tension
needing to be released, and it is followed by a feeling of
satisfaction or relief when the act is committed.29 This in
turn is followed by relief, remorse, or a sense of justification
for the act. Impulse dyscontrol and aggression can occur
in neurologically normal individuals, but this behavior
becomes pathological when carrying out the impulse consis-
tently harms the subject or others (Video 21, Disinhibition).
These behaviors may occur in patients with psychiatric
disorders and global or localized brain dysfunction. These
disorders overlap with obsessive-compulsive disorders,
personality disorders, and mood disorders.

A number of other neuropsychiatric conditions may be
associated with aggression. In patients with psychotic dis-
orders, such as those mentioned previously, aggressiveness
may be a component. This type of behavior may also be
seen with manic episodes and usually arises from delu-
sional beliefs. A primary psychiatric disorder known as
intermittent explosive disorder is characterized by discrete
episodes of unrestrained violence that result in serious
assaultive acts or destruction of property. The degree of
aggressiveness is grossly out of proportion to any precipi-
tating psychosocial stressors, occurs in a person with a
clear consciousness, and is not accounted for by another
mental disorder or the direct effects of a substance or any
medical or neurological condition. Although the etiology
of this disorder is unknown, investigations have suggested
that disordered limbic system function with decreases in
serotonergic transmission may play an important role.

Aggression may occur in patients with other medical or
neurological conditions, producing global brain dysfunction.
With a reduced level of consciousness and altered sleep-
wake cycles, patients with delirium (due to electrolyte
derangements, infection, drugs, or postsurgical or postictal
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conditions) may experience transitory ill-formed delusions
and misperceptions leading to aggression. Encephalitis sec-
ondary to herpes simplex virus can become manifest with
aggressiveness and may be associated with memory difficul-
ties, irritability, distractibility, apathy, and restlessness. An
unusual syndrome associated with aggressive behavior is
REM behavior disorder. Patients with this disorder act out
their aggressive dreams, which occur during REM sleep,
causing harm to themselves or their bedmate. Most of these
patients have this in association with a parkinsonian condi-
tion, usually idiopathic Parkinson’s disease or dementia with
Lewy bodies. Childhood attention-deficit disorder, although
it becomes manifest generally with attentional impairment,
may be associated with destructive behavior when it is severe.
Self-mutilation in association with aggression is a prominent
feature of both the Lesch-Nyhan and the Prader-Willi syn-
dromes, and itmay be seen in any condition that causesmental
retardation. Finally, aggression in the context of a general
personality change may be seen in patients with global neuro-
degenerative disorders, such as Alzheimer’s disease and
Huntington’s disease (Video 18, Limb Chorea). When more
prominent frontal lobe involvement is present, as occurs in
the frontal lobe dementias, explosive outbursts of rage may
be seen.

Focal frontal lobe dysfunction in the presence of head
injury, tumors, or stroke may lead to disinhibited behavior
and a need to do things on the spur of the moment. Disinhib-
ited behaviors accompanied by a lack of restraint of antiso-
cial impulses but without aggression can occur in patients
with orbitofrontal damage. Aggressive impulses in the
form of rage in response to trivial irritations may arise in
patients with dorsolateral prefrontal damage. Limbic system
dysfunction, particularly with involvement of the ventrome-
dial hypothalamus or amygdala, in which the affective sig-
nificance of stimuli may be altered, may also be associated
with rage and violent behavior. This condition typically
occurs in patients with amnesia, hyperphagia, and other
evidence of hypothalamic dysfunction and is usually asso-
ciated with neoplastic invasion. Occasionally, impulsive
behavior, aggressiveness, or simply inappropriate behavior
are ascribed to seizures of temporal lobe onset, but complex
behaviors involving directed interactions with other indivi-
duals are rarely of convulsive origin. Drugs often are at
the root of aggressive behavior, and doses that precipi-
tate aggressiveness can be highly variable among indivi-
duals. For example, some patients become pathologically
aggressive on very small amounts of alcohol.

Altered Sexuality Syndromes
Altered sexuality may take many forms. The loss of libido
is the most common form and can present as inhibited
excitement or orgasm. Hypoactive sexual desire may be
due to a number of psychiatric, medical, and neurological
disorders. Typically, the cause is functional and the condi-
tion occurs in the presence of anxiety or depression. Hypo-
sexuality associated with hypergraphia, hyper-religiosity,
irritability, and elation comprise the main features of
the Gastaut-Geschwind syndrome. This syndrome has
been described as an interictal syndrome in patients with
epilepsy of temporal lobe origin. These patients may
also demonstrate “viscosity,” which refers to a stickiness
of thought processes and an interpersonal adhesiveness,
and circumstantiality, which is manifest as a difficulty in
terminating conversations.

A vigorous sexual drive can be a normal variant of
human sexuality, but when it interferes with normal activ-
ities of living or is pursued at inappropriate times and
with unwilling partners, it is considered pathological.
Historically, hypersexuality was described as part of the
Kluver-Bucy syndrome in association with loss of anxiety,
diminished aggression, hypermetamorphosis, visual agno-
sia, and hyperorality. This syndrome is rare in humans
but has occurred as a result of encephalitis.30 Lesions of
the hypothalamus are the most likely to create sexual disin-
terest, but medial temporal lobe damage may produce the
same result. Frontal lobe lesions often create disinhibited
behavior that may or may not be associated with a change
in libido. Hypersexuality may also occur in individuals
with Parkinson’s disease or other parkinsonian patients
treated with dopaminergic agents, including levodopa,
dopamine agonists, and amantadine.
GENERAL MANAGEMENT GOALS

Affective Disorder Syndromes
When secondary causes have been sufficiently evaluated,
treatment of depression can be initiated. Treatment may
include psychological therapies (supportive psychotherapy
and behavior therapy) as well as pharmacological agents.
Nearly 80% of patients with major and most chronic minor
depressions respond to drug therapy, including tricyclic
antidepressants, specific SSRIs, and MAO inhibitors. Elec-
troconvulsive therapy may be necessary if medications
fail or their use is not tolerated, if immediate therapy is
indicated, or in some patients with psychotic depressions.

When manic symptoms are mild (hypomania), the
patient may be followed as an outpatient with home super-
vision by family members. These patients may benefit by a
short course of an antipsychotic drug. If they are manic,
patients require hospitalization and may require acute anti-
psychotic therapy in combination with a benzodiazepine.
These medications should be tapered and discontinued
when the initial phase of the manic episode has subsided
and the effects of more definitive therapy using lithium
carbonate, carbamazepine, lamotrigine, or valproic acid
have been established. Lithium, although effective in the
long term, takes time to have an effect so that acute inter-
vention with these other medications may be required.
Note that some antidepressants used for treatment for
depression in patients with bipolar affective disorder may
trigger a manic spell in some patients.

Psychotic Syndromes
Antipsychotics can be used in patients with acute psy-
choses while a specific etiology is being sought (Table 3-4).
Most of the antipsychotics are sedating but act specifically
on the psychosis and are not simply tranquilizers. All such
drugs act preferentially on the positive symptoms but may
also improve the negative symptoms of schizophrenia as
well. The older antipsychotics were all neuroleptics, having
dopamine receptor blocking properties that induced a wide



TABLE 3-4

Common Antipsychotic Drugs and Doses

DOSAGE FORM AND RANGE

Generic (Trade) Names Oral Parenteral (IM)

Phenothiazines

Chlorpromazine
(Thorazine)

200–800 mg/day 25–50 mg/dose

Fluphenazine (Prolixin)
Hydrochloride 2–20 mg/day None
Enanthate/decanoate None 1.25–2.5 mg every

1–4 weeks
Trifluoperazine
hydrochloride

5–20 mg/day 1–20 mg/dose

Thioxanthenes

Thiothixene
hydrochloride
(Navane)

5–30 mg/day 2–4 mg/dose

Butyrophenone

Haloperidol (Haldol)
Hydrochloride 2–20 mg/day 2–5 mg/dose
Decanoate None 25–250 mg every

2–4 weeks

Atypical Antipsychotics

Clozapine (Clozaril) 6.25–900 mg/day None
Risperidone (Risperdal) 2–8 mg/day None
Olanzapine (Zyprexa) 10–15 mg/day None
Quetiapine (Seroquel) 25–800 mg/day None
Ziprasidone (Geodon) 40–200 mg/day 10–20 mg/dose,

max. 40 mg/day
Aripiprazole (Abilify) 5–30 mg/day None
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variety of movement disorders. The newer agents, classified
as “atypical antipsychotics,” are considered to have a benign
extrapyramidal side effect profile, although evidence sug-
gests that certain atypical antipsychotics at high doses are
just as likely to cause parkinsonism as low doses of conven-
tional antipsychotics. In schizophrenic patients, some atypi-
cal antipsychotics have also been shown to have metabolic
side effects, including insulin resistance, weight gain, dys-
lipidemia, and abnormal glucose metabolism. Long-term
follow-up for tardive dyskinesia syndromes is still neces-
sary, however. A poorly understood observation has been
that haloperidol, administered intravenously, is relatively
free of extrapyramidal side effects, whereas the intramus-
cular and oral preparations have a high propensity to induce
a variety of problems.

Anxiety and Obsessive-Compulsive
Disorder Syndromes
The drug treatment available for anxiety disorders is quite
good. Although few drugs have been adequately tested in
long-term trials of generalized anxiety, benzodiazepines
are successful in approximately 70% of cases. There are
no data to support one drug as more effective than the
others, and the sedative side effects usually resolve without
loss of efficacy. Despite this, however, some psychiatrists
do not recommend benzodiazepines as a long-term treat-
ment option because of the potential for dependence.
SSRIs, venlafaxine, and buspirone are other options,
although buspirone is mildly less effective. Behavioral
treatments, such as relaxation techniques and cognitive
therapy, may also be helpful. Although beta-blockers are
helpful with the secondary autonomic symptoms of anxi-
ety, they are not very helpful in treating the anxiety. Panic
disorder is responsive to antidepressants (SSRIs, tricyclics
and tetracyclics, MAO inhibitors, and the atypical antide-
pressants) as well as high-dose benzodiazepines (but not
buspirone). SSRIs are the recommended first-line treatment
for obsessive-compulsive disorder. Clomipramine is also
efficacious but tends to have more side effects. A neuro-
leptic can be added for refractory patients. Management
of compulsive behaviors associated with dopaminergic
use, including the dopamine dysregulation syndrome,
can be difficult. A first step is to decrease dopaminergic
medications. Atypical antipsychotics such as quetiapine
or clozapine may also be tried.
Impulse Dyscontrol and Aggression Syndromes
Aggressiveness is a common management issue for clini-
cians of various specialties and may be a primary reason
for referral. Although aggression is not a specific diagnosis
and its etiology should be sought, many of these conditions
are not directly treatable, and symptomatic therapy is
indicated. A wide assortment of medications in various
pharmacological classes have been studied for patients
with aggression, primarily in open-label fashion, and none
have been found uniformly helpful. In practice, the neuro-
leptics are the most widely used agents (see Table 3-2).
Benzodiazepines are useful for short-term control of
aggression, but long-term treatment with these agents
should be avoided because of the possibility of paradoxical
disinhibition and tolerance necessitating dose escalation.
Lithium has been shown to be helpful in the reduction of
“psychotic excitement” not only in manic patients but also
in those with aggression related to other conditions. Simi-
larly, carbamazepine has been used to stabilize mood and
may aid in the treatment of aggressive behaviors. Other
agents that may be useful, alone or in combination, include
the beta-blockers, clonidine, buspirone, and the SSRIs. A new
class of drugs, termed the serenics, was specifically developed
for the treatment of destructive behaviors in humans. How-
ever, one such agent, eltoprazine hydrochloride, failed to
show any significant effect when it was studied in patients
with either Gilles de la Tourette’s syndrome or epilepsy with
aggressive behaviors.
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HISTORY AND DEFINITIONS

Apraxia is a term that is applied to a diverse set of action
disorders. However, this discussion will focus predomi-
nantly on limb apraxia. This term is defined as an inability
to correctly perform skilled movements with the arms and
hands in the absence of primary sensory or motor impair-
ments that could account for this disability. To be classi-
fied as an apraxia, a patient’s inability to perform learned
movements cannot be caused by weakness, ataxia, seizures,
or the superimposition of involuntary movements such as
tremor, dystonia, chorea, ballismus, athetosis, or myoclonus.
Patients with severe cognitive, memory, motivational, and
attention disorders may also have difficulty in performing
skilled acts without being apraxic. Whereas the presence of
these disorders does not preclude the presence of apraxia,
before apraxia is diagnosed, the clinician should be certain
that these behavioral disorders do not fully account for the
patient’s inability to perform skilled acts.

There are several types of limb apraxia that are defined
by both the nature of the errors made by patients and the
means by which these errors are elicited on the neurologi-
cal examination. Apraxias might be task specific, such as
dressing apraxia and constructional apraxia, or general,
and this chapter discusses the general forms of apraxia
(Table 4-1). In the early 20th century, Liepmann was the
first to systematically study limb apraxia. His thorough
the Types of Errors Committed to Commands

ERRORS TO COMMAND

Postural Orientation DISCRIMINATION: MOVEMENT

þþþ þþþ 0
þþþ þþþ þþþ
0 0 0

þþþ þþþ 0
0 0 0
0 0 0
and insightful description of an Imperial Counselor who
had suffered a stroke and demonstrated “mixed aphasia
and post-stroke dementia” provided the fundamental basis
for models of apraxia. Liepmann discussed three types
of apraxia: melokinetic (or limb-kinetic), ideomotor, and
ideational. Since Liepmann’s initial descriptions, three
other forms of apraxia, designated dissociation apraxia,
conduction apraxia, and conceptual apraxia, have also been
described and are included here.
CLINICAL HISTORY

Although some patients complain of a loss of ability to per-
form skilled movements, most do not recognize their dis-
ability or complain about it. The activities to be inquired
about include the use of common bathroom tools, such as
toothbrushes, razors, combs, and brushes. Furthermore, the
clinician should ask whether the patient can prepare his or
her own meals and use typical kitchen utensils, including
forks, knives, spoons, and other ancillary household equip-
ment. Because the apraxia associated with hemispheric
injury such as strokes and trauma is often associated with a
hemiparesis, patients with these disorders who attempt to
perform skilled acts with the nonpreferred arm during daily
activities state that they are impaired. Although patients
may attribute the difficulty to a premorbid clumsiness of
COMPREHENSION IMITATION SERIES MECHANICAL KNOWLEDGE

0 þþ 0 0
þþþ þþ 0 0
0 þþþ 0 0
0 0 0 0
0 0 þþþ 0
0 0 0 þþþ
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the nonpreferred arm, this potential error in interpretation of
the clinical history should not be committed by the
physician.

Patients with hemispheric strokes may be anosognosic
for the apraxia and state that they are able to use their non-
preferred hand correctly although they are clearly apraxic.1

Additionally, many caretakers of chronically impaired indi-
viduals may find it easier to anticipate the patients’ needs
and perform mechanical tasks for them rather than await
failures. It is therefore important to ask the caregiver about
the presence of any impaired skills in the patient’s activ-
ities of daily living. Since apraxia is most commonly seen
in patients with strokes or Alzheimer’s disease, special
attention should be paid to obtaining the important ele-
ments of a history of praxis when the patient interview
suggests these neurological disorders. However, apraxia
may be seen in patients with many other diseases of the
central nervous system, including trauma, and can be the
presenting sign in those with corticobasal degeneration or
primary progressive apraxia.
ANATOMY OF PRAXIS

Much of what we know about the anatomical basis of
praxis (the ability to perform voluntary skilled movements)
comes from the observations of patients with discrete
cerebral lesions who have lost these abilities. To perform
learned skilled movements, several types of knowledge
are required. One must be able to make independent but
coordinated and precise limb and finger movements (deft-
ness or agility). One must know how to posture the arm,
forearm, and hand; how to move the limb through space
(spatial trajectory); how fast to move it; how much force
to use; and how to correctly aim the hand. To successfully
interact with the environment, a conceptual knowledge of
praxis is also needed, such as what action is associated
with a tool or object and how to perform a series of acts
to achieve a goal.

Liepmann and Maas2 were the first to attempt to loca-
lize where in the brain this movement spatial-temporal
knowledge is stored. They described a patient with a right
hemiparesis who was unable to correctly pantomime to
command with his left arm. This patient had lesions of both
the pons and the corpus callosum. Because this patient had
a right hemiparesis, his right hand could not be tested.
Since the work of Broca, it has been known that the left
hemisphere in right-handed individuals is dominant for
language. Liepmann and Maas could have attributed their
patient’s inability to pantomime with his left arm to a dis-
connection between the language and motor areas (i.e., the
left hemisphere that mediates comprehension of the verbal
command could not influence the right hemisphere’s motor
areas, which are responsible for controlling the left arm).
However, this patient also could not imitate gestures or
correctly use actual tools or objects with his left hand.
Therefore, a language-motor disconnection could not
account for these findings. Liepmann and Maas posited
that the left hemisphere of right-handed individuals con-
tains movement formulas and that the callosal lesion in this
patient disconnected these movement formulas from the
right hemisphere’s motor areas.
Geschwind and Kaplan3 and Gazzaniga and coworkers4

also found that their patients with callosal disconnection
could not correctly pantomime to command with their left
arm, but unlike Liepmann and Maas’ patient, their patients
could imitate and correctly use actual tools and objects
with the left hand. The preserved ability to imitate and
use actual tools and objects suggests that the inability to
gesture to command, in these patients with callosal lesions,
was induced by a language-motor disconnection rather
than by a movement formula-motor disconnection. In ad-
dition, a disconnection between movement formula and
motor areas should produce spatial and temporal errors, but
many of the errors made by Liepmann and Maas’ patient
appeared to be content errors.

Watson and Heilman,5 however, described a patient with
an infarction limited to the body of the corpus callosum.
This patient had no weakness in her right hand and
performed all tasks flawlessly with her right hand. Yet, as
Liepmann might have predicted, this patient could not cor-
rectly pantomime to command, imitate, or use actual tools
with her left hand. Immediately after this patient’s cerebral
infarction, she made content errors, but subsequently she
made primarily spatial and temporal errors. Her perfor-
mance indicated that not only language but also movement
representations were stored in her left hemisphere, and her
callosal lesion disconnected these representations from the
right hemisphere. In Watson and Heilman’s patient, there
appeared to be two types of representations that were
stored in the left hemisphere: spatial-temporal movement
representations (also called visual-kinesthetic engrams)
and conceptual knowledge about the relationship between
tools and the actions required to use these tools.

Heilman and colleagues6 and Rothi and associates7 pro-
posed that the movement representations (visual kinesthetic
movement engrams), first posited by Liepmann, were stored
in the left parietal lobe of right-handed individuals, and
that destruction of the left parietal lobe should induce not
only a production deficit (apraxia) but also a gesture com-
prehension-discrimination disorder. Apraxia induced by
lesions of the premotor cortex, and the pathways that con-
nect the parietal lobe with the premotor areas, may also
cause production deficits. In these situations, patients make
spatial and temporal errors, but, unlike parietal lesions, these
lesions do not induce gesture comprehension and discrimi-
nation disorders. When patients with anterior and posterior
lesions were tested, it was found that although both groups
of patients were apraxic, the patients with a damaged parie-
tal lobe had comprehension and discrimination disturbances,
but those without parietal lesions did not.

As discussed fully in Chapter 15, the final common path-
way that allows the muscles to move joints involves motor
nerves that originate from the spinal cord. These spinal
motor nerves are activated by corticospinal neurons. Injury
to the corticospinal tract or its connections from the lateral
premotor areas induces a loss of the ability to perform
independent finger movements or coordinated finger
movements. This loss of deftness and agility is called
limb-kinetic apraxia by Lawrence and Kuypers.8 The corti-
cospinal tract is influenced by the premotor areas. For each
specific skilled movement, there is a set of spatial loci that
must be traversed in a specific temporal pattern. It is
proposed that movement formulas represented in the inferior
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parietal lobe are stored in a three-dimensional supramodal
code. For the corticospinal neurons to properly activate
the motor nerves, the stored spatial-temporal knowledge
has to be transformed into a motor program.

The medial premotor cortex including the supplementary
motor area (SMA) appears to play an important role in med-
iating skilled movements. Whereas electrical stimulation of
the primary motor cortex induces simple movements, SMA
stimulation induces complex movements that may include
the entire forelimb. SMA receives projections from parietal
neurons and projects to motor neurons. SMA neurons dis-
charge before neurons in the primary motor cortex. Studies
of cerebral blood flow, an indicator of cerebral metabolism
and synaptic activity, have revealed that single repetitive
movements increase activation of the contralateral primary
motor cortex, but complex movements increase flow in the
contralateral motor cortex and bilaterally in the SMA.When
subjects remain still and think about making complex move-
ments, blood flow is increased to the SMA but not to the pri-
mary motor cortex. Watson and colleagues9 reported several
patients with left-sided medial frontal lesions that included
the SMA who made spatial and temporal errors when they
attempted to perform learned skilled movements.

The convexity premotor cortex also receives projections
from the parietal lobes as well as from the medial premotor
cortex, and, like the medial premotor cortex, the convexity
premotor cortex also projects to the primary motor area.
Many skilled movements require that multiple joints be
moved simultaneously. For example, when using a knife to
cut a slice of bread, on the forward thrust, the shoulder must
be flexed and adducted while the elbow is extended. On the
backward thrust, the arm must be extended at the shoulder
while the shoulder is abducted and the forearm is flexed
at the elbow. Lesions in the convexity premotor cortex
impair multiple joint coordination. Unlike patients with
parietal lesions, patients with convexity and medial pre-
motor lesions could both comprehend and discriminate
between well-performed and incorrectly performed panto-
mimes, demonstrating that their spatial-temporal movement
representations were intact but could not be implemented.

It has been suggested that ideomotor apraxia might be due
to deep subcortical lesions, including lesions of the basal gan-
glia or thalamus. Pramstaller andMarsden10 reviewed 82 cases
of “subcortical” apraxias that were studied by either neuroim-
aging modalities or neuropathological means. They concluded
that isolated damage to the basal ganglia (putamen, caudate,
and globus pallidus) does not induce apraxia. However, they
noted that small lesions of the thalamus can sometimes cause
apraxia, yet the exact role of the thalamus in higher-order
motor control and apraxia remains to be determined.
EXAMINATION OF PRAXIS

Directed Neurological Examination
Because the diagnosis of apraxia is in part a diagnosis of
exclusion, the clinician must perform a general neurological
examination to determine whether the abnormal motor
performance can be completely accounted for by non-
apraxic motor, sensory, or cognitive disorders. Although
the presence of elemental motor defects does not prohibit
or preclude praxis testing, the examiner must interpret the
results of praxis testing in light of the knowledge gained
from the neurological examination.

When possible, both the right and left arms and hands
should be tested. When one arm is weak or has another
motor disorder that would interfere with testing, the non-
paretic limb should be tested. Testing of praxis involves
selectively varying input as well as varying task demands.
If possible, the same items should be used for all subtests.
First, deftness should be tested by having them rotate a
nickel between their thumb, forefinger, and middle finger.11

Then patients should be requested to pantomime to verbal
command (e.g., “Show me how you would use a bread knife
to cut a slice of bread”). Transitive gestures (i.e., using a tool
and instrument) should be tested. The clinician should
instruct the patient not to use the body part as the tool but
instead pantomime the use of the tool. In addition, patients
should be asked to imitate the examiner performing both
meaningful and meaningless gestures. Independent of the
results of the pantomime-to-command and imitation tests,
patients should also be allowed to see and hold actual tools
or objects and to demonstrate how to use the tools or objects
while they are seeing and holding these implements. In ad-
dition to having patients pantomime to verbal command,
the examiner may also want to show them pictures of tools
or objects for pantomime. The examiner should also allow
patients to view real tools or the objects on which tools work
(e.g., nails) and, without allowing them to hold the tools or
objects, ask them to pantomime the actions associated with
the tools or objects. It may be valuable to determine whether
the patient can name or recognize transitive and intransitive
pantomimes made by the examiner and can discriminate
between well- and poorly performed pantomimes. Patients
should also be asked to perform a task that requires several
sequential motor acts (e.g., making a sandwich). Lastly,
the examiner may want to determine whether the patient
can match tools with the objects on which they operate
(e.g., given a partially driven nail, will he select a hammer?)
and whether a patient can develop tools to solve mechanical
problems.

The types of errors made by patients with apraxia often
define the nature of the praxis defect. Therefore, it is
important to categorize errors, which can be done using a
scoring system that classifies praxis errors into either
content or production errors. Content errors include seman-
tically related productions (e.g., pantomiming playing a
trumpet rather than a trombone) and unrelated responses
(e.g., making hammering movements rather than those
associated with a trombone). Production errors include a
loss of deftness, assuming the wrong posture, moving the
incorrect joints, improperly coordinating multijoint move-
ments, assuming an incorrect orientation, and making
timing errors (Table 4-2). Each gesture produced by the
patient may contain one or more praxis errors (see Rothi
and colleagues12 and Poizner and associates13).

Associated Neurological Findings
Because the diagnosis of apraxia is one of exclusion, a
thorough neurological examination is indicated to rule out
abnormalities of skilled motor movements that result
from abnormalities of attention, language, primary visual



TABLE 4-2

Types of Production and Content Errors Seen in Patients with Apraxia

ERROR TYPE DESCRIPTION EXAMPLE

Production Errors

Spatial
Postural Use a body part as tool Pantomiming the use of scissors, patients use fingers as

blades
Orientation Fail to orient forelimbs to an imaginary target Pantomiming cutting a piece of paper in half with

scissors, patients orient scissors laterally or not in
consistent plane

Movement Incorrect joint movement Pantomiming the use of a screwdriver, patients rotate at
the wrist and fix the elbow

Timing Increased latency and incorrect speed Absence of smooth sinusoidal speeds of movement when
cutting with a knife

Content Errors

Tool-object action
knowledge

Lack of knowledge of the type of actions associated
with tools, utensils, or objects

When pantomiming or using a screwdriver, the patient
pantomimes a hammering movement or uses a
screwdriver as a hammer

Tool-object
association
knowledge

Lack of knowledge of the association of a specific tool
with a specific object

When shown a partially driven nail, the patient may
select a screwdriver instead of a hammer from an array
of tools

Mechanical
knowledge

Lack of knowledge of overall mechanics of the use of
tools

When attempting to drive a nail with no hammer
available, the patient selects a screwdriver rather than a
heavier tool (pliers)
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disturbances, muscle weakness, ataxia, or disorders of
primary sensory function (touch and proprioception). If any
of these are present, the diagnosis of apraxia may be difficult
to substantiate.

CEREBRAL. Since patients with apraxia commonly have
other neurobehavioral dysfunction, a thorough neuropsy-
chological examination is indicated, including an evalua-
tion of directed attention and language function. Patients
with left-sided parietal lesions of the supramarginal and
angular gyri may have dyscalculia, finger agnosia, left-
right disorientation, and agraphia (Gerstmann’s syndrome).
Additionally, patients may have alexia, aphasia (Video 96,
Conduction Aphasia), and constructional apraxia. Neglect
for right-sided stimuli may occur but is uncommon. Patients
with degenerative causes of apraxia, such as Alzheimer’s
disease, may also demonstrate memory loss, aphasia, and
agnosia. Individuals with corticobasal degeneration may
demonstrate frontal-subcortical dysfunction as well (Video
231, Cortical Basal Degeneration).

CRANIAL NERVES. Since patients with apraxia may have
associated visual abnormalities due to involvement of the
visual radiations in the parietal lobes, a bedside evaluation
of the visual fields should be completed. Patients may demon-
strate homonymous hemianopias or quadrantanopias. Visual
pursuit and optokinetic nystagmus should be checked using
a handheld strip at the bedside because ipsilateral tracking
abnormalities may be seen in patients with parietal lobe
lesions. Occasionally, patients with apraxia related to more
frontal lesions may demonstrate a conjugate gaze deviation.

MOTOR/REFLEXES/CEREBELLAR/GAIT. Patients with
frontal lobe lesions associated with apraxia may have con-
tralateral hemiparesis due to involvement of the motor
cortex (Video 11, Hemiplegic Gait). Crural weakness with-
out involvement of the arm and face suggests involvement
of the medial frontal lobe; when acute, this suggests infarc-
tion in the territory of the anterior cerebral artery. These
patients may also show evidence of callosal disconnection
(see later discussion). Brachial-facial weakness suggests
involvement of the distribution of the middle cerebral artery.
Evaluation of tone and evaluation for the presence of
abnormalities of movement is also important. Patients with
apraxia as part of corticobasal degeneration may have rigid-
ity, bradykinesia, and tremor or myoclonus and alien hand
(Video 39, Alien Hand Syndrome).

SENSORY. Cortical sensory loss including impaired
two-point discrimination, agraphesthesia, and astereognosis
indicates involvement of the parietal cortex and can occur
in patients with apraxia due to vascular causes as well as
in those with corticobasal degeneration.

AUTONOMIC NERVOUS SYSTEM. Disturbances of the
autonomic nervous system generally do not occur in
patients with apraxia.
EVALUATION GUIDELINES

Abnormalities of praxis are assessed by clinical history and
the bedside neurological examination. Complementary
investigations, such as neuroimaging, electrophysiology,
fluid and tissue analysis, and neuropsychological testing,
can contribute to the etiological diagnosis.

NEUROIMAGING. Neuroimaging can be very useful in
localizing and identifying the various disorders that present
with praxis abnormalities. Although the clinical history and
examination are most helpful in distinguishing apraxia
due to an acute process, such as stroke, from a more chronic
process, such as the degenerative disorders, magnetic reso-
nance imaging (MRI) and computed tomography (CT) are
useful in differentiating the causes of stroke (hemorrhage
and ischemia) and in ruling out central nervous systemmalig-
nancies. Additionally, these imaging studies (particularly
MRI) may show the areas of cortical atrophy in patients with



TABLE 4-3

Selected Etiologies Associated with Disorders of Praxis

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Hereditodegenerative

Disorders

Degenerative
dementias

Alzheimer’s disease
Pick’s disease

33

Corticobasal ganglionic
degeneration

Movement disorders Corticobasal ganglionic
degeneration

34

Neurovascular

Disorders

Ischemic/hemorrhagic
infarction

45

Arteriovenous
malformation

Neoplastic Disorders

Primary neurological
tumors

Astrocytoma/glioblastoma/
oligodendroglioma/
meningioma

46

Metastatic neoplasms
and paraneoplastic
syndromes

Metastatic disease 47

Traumatic Disorders Blunt or penetrating CNS
trauma

51
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degenerative disorders. Unilateral, predominantly parietal,
atrophy suggests corticobasal degeneration, whereas bilateral
temporoparietal atrophy is associated with Alzheimer’s
disease. Single-photon emission computed tomography
(SPECT) may be useful in demonstrating decreased cortical
activity when obvious atrophy is not observed. Positron emis-
sion tomography (PET), utilizing oxygen metabolism and
18F-DOPA uptake, can demonstrate asymmetrical hypometa-
bolism in the posterior frontal, inferior parietal, and lateral
temporal cortex, striatum, and thalamus in patients with corti-
cobasal degeneration, whereas patients with Alzheimer’s dis-
ease generally show hypometabolism of the parietotemporal
and frontal association area, which may be asymmetrical or
symmetrical, but striatal metabolism is preserved.

ELECTROPHYSIOLOGY. Electroencephalography is one
measure of cortical function, and the finding of asym-
metrical or symmetrical slowing may aid in the localization
of pathology in patients with apraxia. Electromyography
and nerve conduction studies are generally of little use in
the evaluation of patients with apraxia.

CEREBROSPINAL FLUID AND TISSUE ANALYSIS.

Cerebrospinal fluid (CSF) analysis is generally not helpful
in differentiating the causes of apraxia, demonstrating at
most nonspecific findings in patients with stroke or degen-
erative disorders. Brain biopsy, although potentially diag-
nostic in patients with apraxia associated with Alzheimer’s
disease or corticobasal degeneration, is indicated only in
atypical cases or when the history and examination suggest
other potentially treatable etiologies.

NEUROPSYCHOLOGICAL TESTS. In addition to bed-
side testing of praxis function, additional neuropsychological
tests may be useful in differentiating early degenerative disor-
ders, such as Alzheimer’s disease, corticobasal degeneration,
or Pick’s disease (see Chapter 33).
CLINICAL SYNDROMES (Table 4-3)

Limb-Kinetic Apraxia
Patients with limb-kinetic apraxia are unable to make precise,
independent but coordinated finger movements; they have a
loss of deftness or agility. In the absence of bradykinesia,
the coin (nickel) rotation test is one of the most sensitive
tests for this disorder.11 Having patients pick up dimes
from a table using a pincer grasp might also reveal this form
of apraxia. Limb-kinetic apraxia is most commonly asso-
ciated with damage to the convexity premotor cortex, but
in the absence of severe weakness or spasticity it can also
be seen with damage to the corticospinal system. Usually,
limb-kinetic apraxia is most severe in the hand that is con-
tralateral to the damaged hemisphere, but right-handed
patients with left hemisphere strokes might have this disor-
der in their left hand. Limb-kinetic apraxia is most com-
monly associated with strokes, but it can also be seen in
Parkinson-like syndromes such as corticobasal degeneration
(Video 231, Cortical Basal Degeneration).

Ideomotor Apraxia
Ideomotor apraxia (IMA) is characterized by an impairment
in the selection of the posture, spatial movements, speed, and
spatial orientation of transitive and intransitive movements
(Video 40, Apraxia). Two forms of IMA can be identified.
A posterior form can be induced by left parietal cortex
(angular or supramarginal gyrus) lesions, whereas an ante-
rior form can occur following lesions anterior to the supra-
marginal gyrus that disconnect the visual kinesthetic motor
engrams from the premotor and motor areas. Patients with
posterior IMA have difficulty performing in response to
command and imitation and do not discriminate well
between poorly and well-performed acts. Patients with the
anterior type of IMA also perform poorly to command or
imitation but can comprehend and discriminate pantomimes
(see Table 4-1).

When performing skilled acts, patients with IMA make
primarily spatial and temporal production errors (see
Table 4-2). Spatial errors can be divided into postural (or
internal configuration), spatial orientation, and spatial
movement subtypes. Postural errors are seen in patients
with apraxia when they are asked to pantomime a skilled
motor task and use a body part as a tool rather than acting
as if they were using the particular implement (Video 102,
Ideomotor Apraxia).14 For example, when certain patients
with IMA are asked to pantomime the use of a pair of scis-
sors, they may use their fingers for the blades. Although
many normal subjects can make similar errors, it is impor-
tant to instruct the patient specifically not to use a body
part as a tool. Unlike normal subjects, patients with IMA
continue to use their body parts as tools despite these
instructions.15

Also unlike normal subjects, who, when asked to use a
tool, orient that tool to an imaginary target of the tool’s
action, patients with IMA often fail to orient their forelimbs
to the imaginary target. These are errors of spatial orienta-
tion. For example, when asked to pantomime cutting a
piece of paper with scissors, rather than keeping the scis-
sors oriented in the sagittal plane, IMA patients may either
orient the scissors laterally11 or may not maintain any
consistent plane.
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When patients with IMA attempt to make a learned
skilled movement, they often make the correct core move-
ment (e.g., twisting, pounding, and cutting), but their limb
moves through space incorrectly.11,12 These spatial move-
ment errors are caused by incorrect joint movements.
Apraxic patients often stabilize a joint that they should be
moving and move joints that should not be moving. For
example, when pantomiming the use of a screwdriver, the
patient with IMA may rotate his hand at the wrist and fix
his elbow. Wrist rotation moves the hand in arcs when
the hand should be rotating on a fixed axis. When multiple
joint movements must be coordinated, the patient with
apraxia may be unable to coordinate these actions to
achieve the desired spatial trajectory. For example, when
asked to pantomime slicing bread with a knife, both the
shoulder and elbow joints must be alternately flexed and
extended. However, when the shoulder flexes, the elbow
should extend. When the joint movements are not well
coordinated, patients may make primarily chopping or
stabbing movements.

Patients with IMA may also make timing errors, includ-
ing long delays before initiating a movement and brief
multiple stops (stuttering movements), especially when
changing direction.11 In addition, when normal subjects
make a curved movement, they reduce the speed of
the movement, and when they move in a straight line,
they increase the speed. Patients with IMA, however, do
not demonstrate a smooth sinusoidal hand speed when
performing cyclical movements such as cutting with a
knife.

Conduction Apraxia
Patients with conduction apraxia show a greater impair-
ment when imitating movements than when pantomiming
to command. Because this constellation of signs is similar
to those of the conduction aphasic who repeats poorly,
Ochipa and colleagues16 termed this disorder conduction
apraxia. Patients with conduction apraxia can comprehend
examiners’ pantomimes and gestures but cannot perform
the movements. We, therefore, believe that patients’ visual
systems can access the movement representations (praxi-
cons) and that these activated movement representations
can activate semantics. It is possible that decoding a ges-
ture requires accessing different movement representations
than does programming an action. Therefore, according to
Rothi and coworkers,17 there may be two different stores
of movement representations, an input praxicon and an out-
put praxicon. In the verbal domain, a disconnection of the
hypothetical input and output lexicons induces conduction
aphasia, and in the praxis domain, a disconnection between
the input and output praxicons could induce conduction
apraxia. Whereas the lesions that induce conduction aphasia
are usually in the supramarginal gyrus or Wernicke’s area,
the lesions that induce conduction apraxia are unknown
(Video 96, Conduction Aphasia).

Dissociation Apraxia
Patients with verbal dissociation apraxia cannot gesture
normally to command but perform well with imitation
and actual tools and objects. Heilman18 described patients
who, when asked to pantomime to command, looked at
their hand but would not perform any recognizable action
(Video 101, Dissociation Apraxia). Unlike the patients
with ideomotor and conduction apraxia described pre-
viously, their ability to imitate motions and use objects
was flawless. De Renzi and colleagues19 also reported
such patients as well as others who had a similar defect
in other modalities. Others have reported patients with a
dissociation apraxia of only the left hand following a
callosal lesion.3,4 Whereas language in these patients was
mediated by the left hemisphere, we posit that movement
representations may have been bilaterally represented.
Therefore, their callosal abnormalities induced a dissocia-
tion apraxia of only the left hand because the verbal
command could not get access to the right hemisphere
movement representations. Although patients with callosal
dissociation apraxia are not able to correctly carry out
skilled learned movements of the left arm on command,
these patients can imitate and use actual tools and
objects with the left hand because these tasks do not
require verbal mediation, and the movement representa-
tions stored in the right hemisphere can be activated by
visual input.

Right-handed patients in whom both language and
movement formulas are represented in the left hemisphere
may show a combination of dissociation and ideomotor
apraxia in the presence of callosal lesions.5 When asked
to pantomime with their left hands, patients may look at
them and perform no recognizable movement (dissociation
apraxia), but when imitating or using actual tools and
objects, they may make the same spatial and temporal
errors seen in patients with ideomotor apraxia.

Left-handed individuals may demonstrate an ideomotor
apraxia without aphasia from a right hemisphere lesion.
These left-handed individuals are apraxic because their
movement representations were stored in the right hemi-
sphere and were destroyed by the lesion.20,21 These left-
handed people are not aphasic because language is
mediated by the left hemisphere (as is the case in the
majority of left-handed people). If these left-handed individ-
uals had a callosal lesion, they might have demonstrated a
dissociation apraxia of the left arm and an ideomotor apraxia
of the right arm.

The dissociation apraxia described by Heilman18 from
left hemispheric lesions was incorrectly termed “ideational
apraxia.” These patients and those of De Renzi and
associates19 probably had an intrahemispheric language-
movement formula, visual-movement formula, or somes-
thetic-movement formula dissociation. The locations of the
lesions that cause these intrahemispheric dissociation
apraxia are not known.

Ideational Apraxia
Patients with ideational apraxia are unable to carry out an
ideational plan or a series of acts in the proper
sequence.22,23 When performing a task that requires a se-
ries of acts, these patients have difficulty in sequencing
the acts properly. For example, when writing and sending
a letter, the patient with ideational apraxia may seal the
envelope before inserting the letter. Unfortunately, the
use of the term ideational apraxia has been confusing since
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it has been used erroneously to label other disorders,24,25

including those involving dissociation apraxias18 and con-
ceptual apraxias. Many patients who demonstrate ideational
apraxia have bilateral frontal and parietal dysfunction such
as that seen with degenerative dementias, including Pick’s
disease.
Conceptual Apraxia
Whereas patients with ideomotor apraxia make production
errors (e.g., spatial and temporal errors), patients with con-
ceptual apraxia make content and tool selection errors.
These patients may not recall the type of actions associated
with specific tools, utensils, or objects (tool-object action
knowledge) and therefore make content errors.26,27 For
example, when asked to demonstrate the use of a screw-
driver, either pantomiming or using the tool, the patient
who has lost tool-object action knowledge may pantomime
a hammering movement or use the screwdriver as if it were
a hammer (Video 103, Conceptual Apraxia). Although this
type of error may occur in the presence of an object agno-
sia, Ochipa and colleagues27 reported a patient who could
name tools and therefore was not agnosic but often used
them inappropriately.

Patients with conceptual apraxia may be unable to recall
which specific tool is associated with a specific object
(tool-object association knowledge). For example, when
shown a partially driven nail, they may select a screwdriver
rather than a hammer from an array of tools. This concep-
tual defect may also be found in the verbal domain such
that when an actual tool is shown to a patient, she may
be able to name it (e.g., hammer), but when she is asked
to name or point to a tool when its function is described,
she cannot. These patients may also be unable to describe
the functions of tools.

Patients with conceptual apraxia may also have impaired
mechanical knowledge. For example, if they are attempting
to drive a nail into a piece of wood and there is no hammer
available, they may select a screwdriver rather than a
wrench or pliers (which are hard, heavy, and good for
pounding).28 Mechanical knowledge is also important for
tool development, and patients with conceptual apraxia
may also be unable to correctly develop tools from avail-
able materials. Conceptual apraxia is perhaps most com-
monly seen in the degenerative dementia of the
Alzheimer type,28 but it is also seen with left hemispheric
dysfunction.29
GENERAL MANAGEMENT GOALS

The performance of learned motor tasks involves the abil-
ity to complete many of the activities of daily living,
including personal hygiene and meal preparation. As a
result, the presence of apraxic deficits can result in the loss
of independence for many patients. Although physical
rehabilitation may improve other associated neurological
deficits following head trauma or stroke, the presence of
apraxia can make occupational rehabilitation difficult
because the patient will have difficulty in performing these
skilled tasks. Specific training programs have shown some
promise in the rehabilitation of limb apraxia.30 The clini-
cian must inform patients and caregivers that apraxic
patients should avoid participating in activities in which they
may injure themselves or others. Occupational therapy and
counseling may be useful for the patient and caregiver to
teach various compensatory strategies. No pharmacological
therapy has been shown to be useful in treating apraxia.
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HISTORY AND DEFINITIONS

Types of Memory
Memory in health and disease has been the focus of medi-
cal studies throughout history. In the first century, Pliny the
Elder described a man who fell off a roof and afterward
could not remember his mother, neighbors, and friends.
Galen (130–200) placed emphasis on the ventricles as the
anatomical key to mental processing, a view advocated
by Nemesius of Syria, Posidonius of Byzantium, and
several other early religious leaders whose views influ-
enced medical thought. The perceived role of the ventricles
declined during the Renaissance, and Thomas Willis enter-
tained the idea that the cerebellum and brain stem con-
trolled memory. Later, such figures as David Harley
(1705–1757) and Charles Bonnet viewed memory in terms
of vibration waves that oscillated in the brain. Scientific
measurement of memory began in the late 1800s with
Ebbinghaus’ monograph and turned the study of memory
away from philosophers and toward experimentalists.
Studies of dementia, brain atrophy and memory decline,
and trauma in relation to amnesia were conducted by sev-
eral neurological luminaries, including Samuel Wilks, Jean
Esquirol, and Alois Alzheimer. Linkage of memory with
emotional elements was presented by James Papez, whose
anatomical studies form much of the basis of modern
knowledge of memory circuitry.

Memory is the recording, retention, and retrieval of
knowledge. It accounts for all knowledge gained from
experience—facts that are known, events that are remem-
bered, and skills that are gained and applied. Memory
is not a unitary faculty but, rather, an ensemble of various
forms of learning that differ in their uses, their operating
characteristics, and the neural networks that mediate
their processing. A memory system may be defined as a
particular neural network that mediates a specific form
of mnemonic processing. Neurological or psychiatric
diseases result in characteristic mnemonic deficits that
reflect which memory systems are injured by a particular
disease.

In regard to memory, several distinctions should be
made between aspects of memory that are useful from the
clinical perspective and those that are useful from the neu-
roscience perspective. One such distinction is between
declarative and nondeclarative forms of memory.1 Declar-
ative memory corresponds to the everyday sense of mem-
ory and is responsible for the learning and remembrance
of new events, facts, and materials. Thus, it encompasses
both episodic memories (remembrance of personal experi-
ences that took place at a particular place and time) and
semantic memories (knowledge of generic information,
such as the meaning of a word).2 It is the form of memory
people use to recollect facts and events consciously and
intentionally and is therefore also referred to as explicit
memory.

Nondeclarative memory refers to the many forms of
memory that are not retrieved explicitly or intentionally
but reflexively or incidentally. Remembering how to swim
or ride a bicycle belong in this category. Nondeclarative
forms of memory do not depend on the psychological pro-
cesses or brain regions that are vital for declarative mem-
ory. These forms of memory guide current behavior on
the basis of past experiences unrelated to any conscious
awareness of those experiences and therefore are referred
to as implicit memory. Implicit forms of memory include
perceptual, motor, and cognitive skill learning (sometimes
referred to as procedural memory), which is the increased
accuracy, speed, or skill acquired for a given task during
multiple training sessions in the absence of conscious
awareness; classic and other sorts of conditioning, in which
repeated pairing of an unconditioned stimulus, such as a
tone, with an unconditioned response, such as salivation
at the sight of food, leads to a conditioned response (saliva-
tion) when the tone is presented in the absence of the evok-
ing stimulus (food); and repetition priming, which is the
facilitated processing of a stimulus, such as a word or
picture, due to prior exposure to that stimulus.
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Temporal properties also distinguish one form of mem-
ory from another. Immediate memory refers to the recall
of information without delay, either immediately after
presentation or after uninterrupted rehearsal. Immediate
memory is characterized by sharply limited capacities for
how much and how long information can be remembered.
For example, most people can remember no more than
seven random digits and only as long as they rehearse the
digits. Immediate memory often has perceptual characteris-
tics. For example, errors in immediate memory for words
are more likely to reflect word sounds than word meanings.
Working memory is a multicomponent psychological sys-
tem that mediates the temporary processing and storage
of internal representations that guide and control action.
Information is held in working memory only as long as it
is useful for solving a problem at hand.

Long-term memory refers to permanent and large stores
of episodic and semantic memories. Long-term memories
are not, however, passively stored records of experience.
Rather, they are constantly used to interpret new experi-
ences. That ongoing use can alter the original memory
(retrograde interference) and yield inaccurate memories
(false or distorted memories). Long-term memory is often
organized by meaning (semantics) or gist rather than by
perceptual characteristics of experience. For example, peo-
ple remember the content of a sentence they have read far
better than the specific order of words or the font in which
the sentence was seen. Similarly, people remember a set of
related words (e.g., fruits) better than a set of unrelated
words. It is common, however, to believe falsely that a par-
ticular fruit was in the set of words when it was not actually
presented.

The relation between short-term and long-term memory
is often misunderstood, in part because of various meanings
of the term short-term memory. Sometimes the term short-
term memory is used to refer to attention. An individual
who cannot repeat back even a single digit or word is better
described as having a deficit in attention than a deficit in any
sort of memory. A second use of short-term memory is to
refer to a memory mechanism that supports remembrance
of information after a delay of seconds or minutes and with-
out rehearsal. There is, however, no evidence of any anato-
mical memory system that has a temporal span between
immediate and long term. Instead, there is constant and
rapid loss of long-term memory for most events and facts.
Therefore, memory of information after a brief delay of sec-
onds or minutes will be superior to memory after a longer
delay, but this difference reflects the dynamics of long-term
memory and not the existence of any particular short-term
memory store. It is often thought that information must go
through short-term memory in order to reach long-term
memory. This is correct if short-term memory refers to
attention because people do not remember that which they
do not notice. Surprisingly, this notion is incorrect if short-
term memory refers to immediate memory. Patients with
severe immediate memory deficits show minimal long-term
memory deficits. This finding indicates that information
from the environment enters immediate-memory and long-
term memory stores in parallel rather than serially (Video
260, Memory Testing).

There is also a relation between working and long-term
memory that is apparent on strategic memory tasks. Strategic
memory tasks require manipulation of long-term memories
rather than the mere retrieval of those memories. The mere
retrieval of memories, for example, is sufficient to support
performance on a recognition test in which an individual is
asked to differentiate items that were seen earlier from those
that were not. In contrast, an individual must initiate and use
a strategy when asked to recall what items were seen or in
what order the items were seen. For these strategic memory
tasks, individuals must use a plan to “work with” long-term
memories in order to solve a memory problem.

Cognition and Memory
Cognition refers to the mental processes of knowing, in-
cluding high-level perception, language, and reasoning.
Cognitive processes may be dichotomized as crystallized or
fluid.3 Crystallized processes involve the application of
well-established knowledge andwell-practiced routines, such
as vocabulary knowledge. Fluid processes are invoked when
a problemmust be solved with a novel, flexible strategy, such
as reasoning. Fluid processes are far more dependent on
working memory capacity than are crystallized processes.
Some factors influence cognitive functions in a global fash-
ion. Education, for example, typically augments many cogni-
tive abilities. However, there is considerable evidence that
various forms of cognition reflect psychologically and neu-
rally distinct processes. For example, spatial and verbal cog-
nition depend mostly on processes that are psychologically
distinct and mediated by different brain regions.

Cognition has multiple relations with memory. Impaired
cognition in a particular knowledge domain is usually corre-
lated with both declarative and nondeclarative memory
impairments in that domain. A patient with aphasia, for
example, is likely to have impaired declarative and nonde-
clarative memory for words. Declarative memory, however,
can be greatly impaired without affecting cognition except
insofar as cognition depends on the acquisition of new
declarative memories. Thus, individuals who cannot form
new declarative memories can perform very well on many
demanding tests of cognition. The same individuals, how-
ever, can fail relatively undemanding tests of cognition if
they involve the explicit learning of new information. Speci-
fic impairments in working memory can lead to broad diffi-
culties in cognition because reduced working memory
capacity limits the expression or use of acquired information
in situations that require fluid thinking.

Disorders of Memory
A disorder of declarative memory is defined as amnesia.
A pure amnesia refers to a relatively circumscribed disorder
of declarative memory that cannot be accounted for by non-
mnemonic deficits such as attention, perception, language,
or motivation. Anterograde amnesia refers to the inability
to acquire new declarative memories. Retrograde amnesia
refers to the loss of memories acquired prior to the onset
of the amnesia. Retrograde amnesias are described as flat
when they extend back uniformly through an individual’s
life. More often, however, retrograde amnesias are tempo-
rally graded, being most severe or limited to a time period
preceding the onset of the amnesia and less severe or absent
for more remote experiences.4 The gradient may reflect the
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time when the memory was acquired or the strength of the
original memory. Depending on the size and location of
lesions, amnesias can vary considerably in anterograde and
retrograde scope and severity.

Dementia may be defined as a chronic and substantial
decline in two or more areas of cognition. In addition to
memory impairment, at least one of the following must
occur: aphasia, agnosia, or a disturbance of executive func-
tion (see Chapter 33). The cognitive deficits must reflect a
decline from the person’s former function and must be suffi-
ciently severe to cause impairment in occupational or social
activities of daily living. Dementia differs from delirium
because it is neither acute in onset nor a diffuse confusional
state that affects all realms of function. It differs from amne-
sia in that dementia is not circumscribed to a declarative
memory disorder. Dementia, however, can greatly affect
memory ability in primary and secondary ways. Dementia
can include a primary memory disability when declarative
memory is one of the areas of decline. Indeed, many defini-
tions of Alzheimer’s disease, the most common dementing
disorder, require that declarative memory be one of the areas
of decline. Dementias can also affect memory ability in a
secondary way when the multiple cognitive deficits impede
memory performance. A dementia featuring a severe atten-
tional disorder, for example, impedes many aspects of mem-
ory performance. For similar reasons, mental retardation,
confusional states, inattention, or motivational difficulties
such as depression all have broad and substantial secondary
effects on memory performance.

Memory is also affected by nondisease influences such as
aging. Older people in their sixties and seventies typically
perform less well on standard measures of memory than
younger people in their twenties and thirties. This decline
is sometimes referred to as age-associated memory impair-
ment. Greater-than-expected decline for age may represent
a pathological transition state between normal aging and
Alzheimer’s disease, termed mild cognitive impairment.5

Age-associated changes in the absence of overt disease,
however, vary considerably for different kinds of cognition
and memory. They are more severe for fluid than for crys-
tallized aspects of cognition; indeed, crystallized cognition
is often minimally affected. Working memory capacity
appears to decline constantly across the life span; therefore,
aging affects strategic memory far more than nonstrategic
declarative memory performance. Semantic memory
appears to be affected only in very old age. There are few,
if any, age-associated changes in some forms of nonde-
clarative memory, such as repetition priming,6 and there
are severe declines in other forms of nondeclarative mem-
ory, such as conditioning.7 Longitudinal studies provide evi-
dence that age-associated memory impairment is accounted
for partly by individuals with preclinical Alzheimer’s dis-
ease. It is unclear whether age-associated memory impair-
ments reflect only preclinical forms of age-related diseases
or whether age-related reductions in memory occur that are
independent of disease processes.
CLINICAL HISTORY

Patients with memory deficits are, by definition, limited in
their ability to provide information about their history, and
this limitation is especially salient for patients who may be
demented. Therefore, obtaining a clinical history from a
patient complaining of memory disorders usually requires
considerable cooperation from the patient’s family or care-
givers. In many cases, they are the ones who can most accu-
rately recite the patient’s problems. This fact introduces a
challenge to the interpersonal skills of the examining physi-
cian because the patient must retain a feeling of central
importance during the interview even though much informa-
tion about the patient must come from these collateral
sources.

The physician, after introductions, can elicit a general
history that may be directed if the patient begins to go off-
track. As the patient provides the history, the physician
should be appraising the patient for a general view of affect
and cognitive function and for salient aspects of the
patient’s personality, educational background, and state of
health. Information about the temporal onset and progres-
sion of memory impairment is useful in focusing the differ-
ential diagnosis. An acute onset of decline to a chronic
level of memory dysfunction suggests a stroke or anoxic
episode. An abrupt onset with a stepwise progression raises
a suspicion of a vascular-based memory problem such as
multi-infarct dementia. An insidious, slowly progressive,
chronic decline shifts attention to the possibility of alco-
hol-related dementia or Alzheimer’s disease. A more rapid
progression of memory dysfunction over weeks to months
may point to a depression-related memory loss or, espe-
cially if seizures are present also, to primary or metastatic
tumors or encephalitis.

Family history should include the age and state of health
or age at death and cause of death of at least the siblings,
parents, grandparents, aunts, and uncles. Neurological dis-
ease in any relatives or the possibility of consanguinity
should be pursued as a lead to uncovering a genetic etiology.

Occupational and intellectual achievements of the past
should be elicited. A discordance between poor language
or judgment relative to superior occupational and intellec-
tual achievements in the past suggests causes that are not
consonant with more pure amnesias. Furthermore, high
levels of premorbid functioning may mask the severity of
current problems because such individuals can effectively
compensate for memory loss. Paradoxically, individuals
with high levels of premorbid functioning may be most
sensitive to and concerned about memory disturbances,
and they may interpret such age-associated disturbances as
harbingers of Alzheimer’s disease.

The past and current medical history should be thorough
because memory disorders have a wide range of primary
and secondary causes. Information about alcohol, drug,
and dietary habits should be obtained. Substantial alcohol
consumption, which should be quantified, may lead to mem-
ory dysfunction through Wernicke-Korsakoff psychosis or
hepatorenal encephalopathy (Video 229, Wernicke’s Ence-
phalopathy). A detailed drug history should be obtained
because many medications directly or indirectly (e.g., via
lethargy) reduce memory performance. Commonly used
prescription and nonprescription drugs thatmay interfere with
memory and cognition include analgesic, antihypertensive,
anticholinergic, psychotropic, and sedative medications.

A history of surgery, trauma, or head injury should be
pursued for the possibility of cerebral anoxia or direct
trauma to the brain structures. Onset and progression of
seizures and headaches should be clarified to direct suspi-
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cions of tumors, aneurysms, encephalitis, or epilepsy.
A cancer history should raise a suspicion of metastases
to the brain or paraneoplastic disorders, and known hyper-
tension, stroke, or transient ischemic attacks point to a
vascular cause of a memory disorder.

A history of depression is particularly notable because
memory loss is often seen during depressive episodes, in
which anxiety, guilt, and delusions are also present. For
this reason, it is useful to assess the mood of the patient
and make note of any insomnia or fatigue. A primary mem-
ory disorder, however, can affect a patient’s mood, sleep,
work, family relations, and daily activities. Personality
changes, usually reported by the family, should be pursued
to determine whether they are an incidental finding, a con-
sequence of the memory dysfunction, or a clue to the
underlying etiology, such as depression or frontal lobe
pathology.

Finally, social and legal issues may have to be consid-
ered, especially when the findings are inconsistent across
time or do not agree with the signs of an organic disorder.
Stressful family situations may color the complaints of the
patient or family. Legal motivations are salient in cases of
insurance claims or conservatorships.
ANATOMY OF MEMORY (Table 5-1)

Papez Circuit
It is well recognized that the ability to recall and engender
memories is intimately linked to the emotional makeup of
such memories. Furthermore, several clinical conditions
show combined deficits in these domains, suggesting a
direct anatomical or physiological interaction of functions.
TABLE 5-1

Clinico-anatomical Correlations of Memory Disorders

ANATOMICAL SITE OF
DAMAGE MEMORY FINDING

Frontal lobe Lateralized deficits in working m
spatial defects, left verbal defe
recall with spared recognition

Basal forebrain Domain-independent declarative

Ventromedial cortex Frontal lobe–type declarative me

Hippocampus and
parahippocampal
cortex

Bilateral lesions yield global am
lesions show lateralization of
verbal deficits; right: spatial d

Fornix Global amnesia
Mammillary bodies Declarative memory deficits

Dorsal and medial
dorsal nucleus
thalamus

Declarative memory deficits

Anterior thalamus Declarative memory deficits

Lateral temporal cortex Deficits in autobiographical mem
In 1937, the neuroanatomist Papez published a study
describing an anatomical circuit that involved a number
of central nervous system nuclei and pathways that are
important in aspects of memory and emotion. Familiarity
with this Papez circuit allows clinicians to think systemati-
cally about the overall anatomical foundation of memory
and to analyze which elements are involved in different
aspects of memory function. The concept of a circuit is
particularly important in dealing with memory since
lesions anywhere along the pathway may interrupt memory
function, although the coloration of the deficit may be par-
ticularly influenced by the specific nuclei or path that is
damaged (Fig. 5-1).

The circuit is schematically diagrammed in Figure 5-1A,
and the anatomical nuclei and pathways are identified in
the sagittal brain section shown in Figure 5-1B. The path-
way is circular and provides continual reintegration of
information. The two prominent cortical areas are the cin-
gulate cortex and the hippocampus of the temporal lobe.
Diffuse cortical impulses travel into the hippocampus, tra-
verse the midline fornix pathway to the mammillary bodies
of the hypothalamus, and continue to the anterior and dor-
sal thalamus. From these regions, information projects
to the midline cingulate cortex, which finally projects
diffusely to cortical regions.
Anatomy of Declarative Memory
A broad convergence of human and animal research indi-
cates that declarative memory depends on an interaction
between domain-specific neocortical regions and domain-
independent medial-temporal, diencephalic, and basal fore-
brain regions.1 Long-term memories are thought to be
OTHER NEUROLOGICAL AND MEDICAL
FINDINGS
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stored in the neocortex, the neocortical location reflecting
the content of the memory. For example, knowledge about
the visual appearance of a tool may be stored separately,
perhaps near the visual neocortex, from knowledge about
its use, which may be stored in areas that include the pre-
motor regions.8 Thus, relevant aspects of incoming infor-
mation may be processed by domain-specific neocortical
regions, and memory retrieval may involve reactivation of
these regions, reflecting the retrieval of information stored
in these domain-specific neocortical structures. For exam-
ple, different brain regions involved in visual or auditory
processing of an experience may be reactivated when that
experience is remembered.9–11 Therefore, memory of an
event or fact may bewidely distributed in the neocortex, with
specific perceptual, conceptual, and emotional features of an
event stored in specialized neocortical regions. The hippo-
campal complex has reciprocal connections with higher-
order association cortices, and it is hypothesized that the
hippocampal complex somehow binds or relates multiple
features about an event or fact across physically disparate
neocortical regions. Information processed in visual cortex,
such as a person’s face, and information processed in audi-
tory cortex, such as a person’s name, would elicit different
patterns of activity in the hippocampal formation when
experienced in isolation. However, when learned in associa-
tion with one another, a face and a name may evoke a differ-
ent pattern of activity from unassociated faces and names,
suggesting that the hippocampal formation is important for
combining distinct, domain-specific features of an experi-
ence.12 Over time, the features somehow become consoli-
dated and no longer require the hippocampal complex for
binding. It is thought that temporally limited retrograde
amnesia reflects the disruption of consolidation processes.

Damage to a neocortical region results in both the loss of
previously acquired memory or knowledge stored in that
area and an inability to acquire new memories involving that
kind of knowledge. For example, patients with left temporal
lesions lose specific knowledge about the names of animals,
tools, or people, depending on the location of the lesion.13

Thus, neocortical damage is thought to result in domain-
specific memory deficits in which the loss of old memories
and the inability to gain new memories reflect the kind of
knowledge represented in that neocortical region.
In contrast, damage to medial temporal lobe, diencepha-
lic, and basal forebrain regions yields widespread, or
domain-independent, declarative memory deficits. Global
amnesia can arise from damage to any one of these regions,
even if the other regions remain intact. Bilateral damage
to these regions can yield a global amnesia that affects
all domains of declarative memory. Unilateral left- or
right-sided lesions typically result in material-specific
memory dysfunctions for, respectively, verbal or nonverbal
information. An important exception to this rule occurs in
patients with longstanding unilateral injury, such as that
sometimes seen in epilepsy. In such cases, the relatively
spared contralateral brain region may become critical for
verbal and nonverbal memory functions.

The medial temporal region includes a number of inter-
connected but anatomically distinct structures: the amyg-
dala; the hippocampal region that includes the cornu
ammonis (CA) fields, dentate gyrus, and subiculum; the
entorhinal cortex; the perirhinal cortex; and the parahippo-
campal cortex. Research with animals and humans indicates
that these structures all have their own specialized roles in
memory. It is now thought that the amygdala is not critical
for most aspects of declarative memory. Rather, the amyg-
dala appears to play a specific role in the emotional modula-
tion of memories; its role in fear conditioning is especially
well documented.14 Focal damage to the CA1 region of the
hippocampus is sufficient to result in a clinically substantial
declarative memory deficit.15 More widespread damage to
the entorhinal, perirhinal, and parahippocampal regions
(Fig. 5-2) results in increasingly devastating memory defi-
cits.16 In addition, the fornix constitutes the major subcorti-
cal output pathway of the hippocampal region. Damage to
the fornix can produce global amnesia.17 The specific mne-
monic roles of medial temporal lobe regions critical for
declarative memory ability have not been well characterized
in humans. Functional neuroimaging and electrophysiologi-
cal recordings in humans, however, have suggested that the
formation of new declarative memories involves distinct,
serially organized subprocesses associated with the parahip-
pocampal cortex, the rhinal cortices, and the hippocampal
formation.18–20 Furthermore, subicular and entorhinal areas
appear to participate in the retrieval of recently21 or more
remotely22 learned information.



Figure 5-2. T2-weighted axial MRIs at the level of the temporal lobes of two patients with severe and selective global amnesias: H.M. (left) and E.P.
(right). Regions with brighter intensity indicate damaged tissue. Both patients sustained extensive medial temporal lobe damage, including hippocampal,
entorhinal, perirhinal, and parahippocampal regions. Images are oriented such that the left side of the brain is on the right side of the image. The scale bar,
2 cm, applies to both images. (Reprinted from Stefanacci L, Buffalo EA, Schmolck H, et al: Profound amnesia after damage to the medial temporal lobe:
A neuroanatomical and neuropsychological profile of patient E.P. J Neurosci 2000;20(14):7024–7036, copyright 2000 by the Society for Neuroscience.)
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Diencephalic regions linked to declarative memory
include the dorsomedial and anterior nuclei of the thala-
mus, the mammillary bodies, the mammillothalamic fiber
tract connecting the medial hippocampal complex to the
anterior thalamic nuclei, and the ventroamygdalofugal
fiber tract connecting the amygdala to the dorsomedial
nuclei. The precise roles of these structures are not well
specified, in part because damage tends to co-occur in mul-
tiple structures. For example, the mammillary bodies and
dorsomedial nuclei are both greatly affected in alcoholic
Korsakoff’s amnesia. Acute thalamic lesions producing
amnesia often injure both the dorsomedial nucleus and
the surrounding mammillothalamic and ventroamygdalofu-
gal tracts. The preponderance of the evidence favors a cri-
tical role for the dorsomedial nucleus of the thalamus and,
perhaps, the surrounding fibers of the mammillothalamic
tract.23 The importance of the mammillary bodies is less
certain. Lesions there sometimes appear to account for
declarative memory deficits in patients24 but do not pro-
duce the long-lasting memory impairments seen in mon-
keys that have sustained medial temporal or dorsomedial
thalamic lesions. Declarative memory failure after dience-
phalic lesions appears to be quite similar to that seen after
medial-temporal lesions, although additional nonmnemonic
deficits may result from diencephalic lesions.

The basal forebrain is composed of midline structures,
including the septal nuclei, diagonal band of Broca, and
substantia innominata. These regions provide the largest
input of acetylcholine, the neurotransmitter most directly
implicated as critical for declarative memory, to the hippo-
campus and many neocortical areas. The basal forebrain
also supplies to the cerebral cortex other neurotransmitters
that contribute to the modulation of memory, including
dopamine, norepinephrine, and serotonin. An extensive
lesion to the basal forebrain yields a severe declarative
memory impairment.25 Partial damage to this and adjacent
ventromedial frontal cortex often occurs after ruptures of
anterior communicating artery aneurysms, which often lead
to mild but persistent anterograde amnesia.26

There is increasing evidence of a correlation between the
severity of anterograde amnesia and the extent of retro-
grade amnesia. Furthermore, the severity of both ante-
rograde and retrograde amnesia appears to correlate with
the extent of medial-temporal injury.15 Some patients with
mild anterograde amnesias, however, show a surprising
loss of personal memories concerning major life events or
family members.27 These patients typically have sustained
damage to the more lateral temporal neocortex, which may
store long-term autobiographical memory representations.
These patients fail to exhibit the temporally graded re-
trograde amnesia characteristic of patients with lesions
restricted to medial-temporal areas.

Anatomy of Nondeclarative Memory
Whereas declarative memory depends on the integrity of a
limited number of brain regions, nondeclarative memory
encompasses all other forms of memory mediated by all
other brain regions. In this sense, nondeclarative memory
may be described as more diffuse in its neural representa-
tion. Each specific form of nondeclarative memory, how-
ever, is closely linked to specific brain structures and
regions.

Immediate memory stores appear to be located in poster-
ior neocortical regions, the location reflecting the modality
(auditory or visual) and material (verbal or nonverbal) of
the briefly retained information. For immediate auditory
memory, left and right temporal-parietal cortices, respec-
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tively, mediate auditory verbal and nonverbal material. For
immediate visual memory, left and right occipitoparietal
cortices, respectively, mediate immediate verbal and non-
verbal material. Thus, a reduced ability to immediately
recall aurally presented digit strings occurs in patients with
left temporal-parietal lesions.

Working memory processes that support selective as-
pects of declarative memory have been linked to the dorso-
lateral frontal cortex and to basal ganglia and cerebellar
areas that are directly or indirectly linked to the dorsolat-
eral frontal cortex. The prevailing view is that there are dis-
crete dorsolateral frontal areas that direct the rehearsal of
the immediate memory stores. Thus, keeping a spatial loca-
tion in mind may involve a right frontal area that directs
the maintenance of that information in a right parietal area,
whereas keeping a word in mind may involve a left frontal
area that directs the maintenance of that information in a
left temporal or parietal area.28 Specific basal ganglia and
cerebellar areas appear to support the working memory
capacity of particular frontal regions.

Implicit memory processes appear to depend on the same
brain regions that mediate performance in any given domain.
By this view, implicit memory reflects adaptive plasticity
within neural systems that occurs in the course of the support
by those systems of particular forms of behavior. Thus,
motor-skill learning has been linked to pyramidal, extrapyr-
amidal, and cerebellar motor systems.29 Interestingly, per-
ceptual and cognitive skill learning has also been linked to
the same action systems, with evidence indicating that they
may reflect adjacent but separable frontostriatal and fronto-
cerebellar circuits. Perceptual repetition priming has been
linked to modality-specific neocortices (e.g., visual priming
with visual cortex)30 and conceptual repetition priming has
been linked to polymodal linguistic neocortical regions in
the left frontal and left temporoparietal areas.31

Classic conditioning has been well characterized as
being dependent on the dentate and interpositus nuclei of
the cerebellum in animals, and such conditioning depends
on the same cerebellar structures in humans.32 More
complicated conditioning paradigms appear to require, in
addition, medial-temporal regions.33

Memory-Related Anatomical Changes
Memories are presumably formed by experience-induced
changes in the operating characteristics of single cells, local
circuits, and large-scale systems. Little is known directly
about how these changes occur in the human brain. A great
deal is known about some memory-related phenomena at
cellular levels in in vitro and invertebrate models, such as
the marine snail Aplysia. These findings offer suggestions
about the cellular bases of human memories.

Aplysia withdraw their gills when stimulated with a brief
jet of seawater. Repeated stimulation, however, leads to
habituation such that the gills are no longer withdrawn.
Habituation has been linked to decreasing presynaptic
transmitter release. In other conditions, repeated stimula-
tion can lead to sensitization. For example, a strong
noxious stimulation, such as an electrical shock, can inten-
sify a subsequent withdrawal response to a touch. Sensiti-
zation involves an increase of transmitter release from a
facilitating interneuron.34
Long-term, but not short-term, memory processes require
messenger RNA and protein synthesis.35 These findings
indicate that there are genes and proteins that guide long-
term memories that are not invoked in short-term memories.
These long-term changes may involve structural changes in
presynaptic neurons. Long-term habituation may involve a
pruning of presynaptic terminals, whereas sensitization
may involve a proliferation of presynaptic terminals.36 A
strong candidate for a cellular basis of mammalian learning
is long-term potentiation (LTP). A neuron becomes poten-
tiated (i.e., increasingly responsive to new input of the same
type) for minutes, days, or weeks when it is bombarded with
brief but rapid series of stimulations. The fact that simulta-
neous stimulation of different synapses, or cooperativity, is
required for LTP makes it a promising mechanism for asso-
ciative learning at the level of a single cell. Cooperativity
and other sources of evidence indicate that the postsynaptic
neuron triggers LTP. LTP-induced changes in postsynaptic
neurons are known to increase the concentration of calcium
in dendrites, which activates a cascade of protein phosphor-
ylation leading to changes in synaptic properties. LTP has
been extensively studied in hippocampal synapses, in which
N-methyl-D-aspartate glutamate receptors are of critical
importance for the establishment, but not the maintenance,
of LTP. There is evidence of similar mechanisms in the
amygdala, cerebellum, and cerebral cortex. LTP in different
brain regions exhibits different rates of development and sta-
bility, suggesting the involvement of multiple cellular
mechanisms.

Another source of plasticity does not involve changes
between existing synaptic connections but the formation of
new neurons. Neurogenesis has been observed in the dentate
gyrus of the hippocampus throughout the lives of many spe-
cies,37–39 including humans.40 Not all newly generated hippo-
campal neurons survive, but hippocampal-dependentmemory
tasks can enhance the survival of these neurons, whereas hip-
pocampal-independent memory tasks provide no such bene-
fit.41 In addition, these new neurons may be functionally
important for memory formation in hippocampal-dependent
memory tasks because a reduction in the number of such
neurons impairs learning in such tasks.42

Memory-Related Chemical Changes
The specific roles of different neurotransmitters in mem-
ory are just beginning to be appreciated. The cholinergic
system appears to be critical for the acquisition of long-
term declarative memories. In healthy subjects, cholinergic
antagonists such as scopolamine impair declarative mem-
ory performance, whereas agonists such as physostigmine
facilitate such performance.43 Some nondeclarative forms
of memory, however, are not affected by scopolamine.
Cholinergic function decreases somewhat with age and
greatly in patients with Alzheimer’s disease,44 and these
changes may contribute importantly to corresponding
reductions in declarative memory ability.

The catecholamines appear to have an important role in
working memory. Dopaminergic function is decreased in
patients with Parkinson’s disease, who have reduced work-
ing memory capacity. There is evidence that dopamine
agonists can improve working memory capacity in patients
with Parkinson’s disease45 and in healthy subjects.46
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EXAMINATION OF MEMORY

Directed Neurological Examination
The first goal of the neurological examination of memory is
to ascertain that memory impairment is not secondary either
to a specific perceptual, motor, or cognitive disability or to a
broad impairment of mental status. This goal can be accom-
plished by performing a mental status assessment and brief
bedside tests of orientation, receptive and expressive lan-
guage, and visual constructional abilities. Confusional states
can be evaluated both informally, while the patient tells his
or her history, by noting confusion or incoherence in think-
ing, anxiety level, and inconsistencies and inaccuracies
about dates and symptoms, and formally by asking about
the present day, date, place, and year. Further memory
assessment should be undertaken only if a patient’s level
and content of consciousness and attention are determined
to be unimpaired. One widely used standardized mental
status test is the mini mental status examination.47

The second goal of the directed neurological examination
is to characterize the nature of a primary memory problem
by the use of brief tests of immediate, long-term, and remote
memory. Tests of immediate memory require the patient
to repeat exactly a series of random digits; normal adults
can repeat five to seven digits. Such tests assess the ability
to attend to events adequately and to encode information.
Immediate memory is relatively spared in patients with even
the most severe amnesias and moderate dementias. Failure
to immediately repeat five digits in the order presented
suggests a problem in attention or orientation. The rare
exceptions include patients with specific immediate memory
deficits who may be differentiated from inattentive patients
by virtue of their intact immediate memory in another
modality (e.g., when shown five digits visually).

Tests of long-term memory (often referred to as short-
term memory in standard neurological usage) require the
patient to remember and later recall (e.g., after 3 minutes)
three items of information (e.g., words or objects). It is
useful to warn the patient that memory will be tested for
the information and to have the patient immediately repeat
the words or name the objects to rule out attentional, percep-
tual, and linguistic bases for any later memory failure. It is
important that the delay between the study and the test be
filled with activity such as counting before the patient is
asked to recall the words or objects. Otherwise, a patient
may quietly rehearse the words, and the test no longer
measures long-term memory. In patients with expressive
aphasia, demands on speech production may be bypassed
by having the patient select the test object from a set of
objects. Such tests assess the ability to learn new material
and evaluate the possibility of anterograde amnesia.

Tests of remote memory used to evaluate the possibility of
retrograde amnesia (often referred to as long-term memory
in standard neurological usage) require patients to recall past
personal, geographic, or historical facts (e.g., the names of
the last six presidents).

Associated Neurological Findings
CEREBRAL. The presence of accompanying cortical

signs other than memory loss helps to localize the anato-
mical basis of an amnestic syndrome. Accompanying
dyspraxia, aphasia, or agnosia indicates that the cortex
is involved in the pathological process. An assessment
of affect is also important because depression can produce
a picture of seeming dementia (pseudodementia). Emo-
tional lability or poor voluntary control over emotional
expression (pseudobulbar affect) can occur in patients with
conditions that affect both cortices or with progressive
supranuclear palsy.

CRANIAL NERVES. In the context of compromised
cognition, cranial nerve abnormalities are valuable in elu-
cidating the underlying location and cause. Increased intra-
cranial pressure is suggested by papilledema and cranial
nerve VI paresis, and progressive supranuclear palsy often
produces distinctive defects in volitional conjugate vertical
gaze. A variety of extraocular muscle pareses and nystag-
mus may accompany Wernicke-Korsakoff syndrome, and
visual field defects of a homonymous hemianopia pattern
suggest the presence of deep lesions of the white matter
pathways, which are seen in patients with thalamic and tem-
poral lobe disorders (Video 229, Wernicke’s Encephalopa-
thy). Multiple cranial nerve deficits are seen in patients
with chronic meningitis.

MOTOR/REFLEXES/CEREBELLAR/GAIT. Chorea and
dystonia suggest the possibility of Huntington’s disease
(Video 63, Choreic Gait). Bradykinesia, tremor, rigidity, and
postural reflex impairment are seen in Parkinson’s disease
(Video 62, Parkinsonian Gait), and myoclonus typifies posta-
noxia syndromes and spongiform encephalopathies, among
other conditions (Video 57, Myoclonus). Primitive reflexes
such as snout, plantar extension, and palmomental reflexes
such as rooting responses suggest the presence of bilateral
cortical, subcortical, or brain stem disease. Ataxia and
other cerebellar signs may occur in patients with Wernicke-
Korsakoff syndrome. Asymmetrical reflexes and mixed areas
of weakness (e.g., a slight facial paresis on one side and amild
weakness of a leg or arm on the other side) suggest multiple
strokes, often subcortical in location.

SENSORY. Primary sensory function is difficult to test in
patients with memory or cognitive impairment because
they are often inattentive and inconsistent in their res-
ponses. If primary sensation is normal and a deficit in
higher cortical sensory processing is present, such as aster-
eognosis, extinction, or neglect, a cortical disorder should
be suspected. Preferential vibration and position sensory
loss in combination with memory problems may suggest
vitamin B12 deficiency, whereas severe, painful crises and
loss of pin and temperature sensation are more typical of
syphilitic illness.

AUTONOMIC NERVOUS SYSTEM. In patients with
diffuse sympathetic hyperactivity that can occur in the
presence of hypothalamic lesions, bilaterally dilated pupils
can occur, along with cardiac dysrhythmias and blood
pressure instability.

NEUROVASCULAR. In the context of possible strokes,
the neck vessels should be examined, and evidence of
orthostatic hypotension should be sought.

Associated Medical Findings
Impaired memory and cognitive functioning are character-
istic of drug intoxication or withdrawal as well as several
systemic diseases, such as vitamin deficiencies, endocrine
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disorders, chronic infections, and carcinomas. Therefore, a
general physical examination is necessary to identify the
precipitating cause. Typically, in disorders of memory such
as dementia and amnesic syndromes, the patient does not
appear to be acutely ill unless a systemic disorder is also
present.

The general physical examination may reveal reversible
memory disturbances, the most common causes of which
are intracranial masses, normal pressure hydrocephalus,
thyroid dysfunction, and vitamin B12 deficiency. Exam-
ination of the patient’s general appearance, vital signs,
skin and mucous membranes, head, neck, chest, and abdo-
men should reveal clinical signs that will aid in the differ-
ential diagnoses of dementia and amnesic syndromes.
Fever, tachycardia, hypertension or hypotension, sweating,
hypothermia, and impaired level of consciousness should
suggest a systemic disease, anticholinergic intoxication,
or withdrawal from ethanol or sedative drugs rather than
an isolated memory disorder. Jaundice suggests hepatic
disease; glossitis, intestinal problems, and yellowish
skin suggest a vitamin B12 deficiency; and hot, dry skin is
often characteristic of anticholinergic drug intoxication.
Hypothermia, hypotension, bradycardia, coarse dry skin,
brittle hair, and subcutaneous edema are characteristic
of hypothyroidism. Recent trauma to the head may be
evidenced by scalp lacerations or contusions and pain.
Positive Kernig’s and Brudzinski’s signs are found in cases
of meningitis and subarachnoid hemorrhage.
EVALUATION GUIDELINES (Table 5-2)

NEUROIMAGING. Neuroimaging techniques provide
valuable information in the assessment of extent of struc-
tural and functional brain abnormalities in a patient. These
data can be used to target further assessment of a patient’s
memory complaint. Gross structural abnormalities are
often adequately revealed by computed tomography, but
subtle damage to white matter or to medial temporal lobe
structures is better visualized by magnetic resonance ima-
ging (MRI). Lesions that can be detected include space-
occupying masses, such as tumors or abscesses, and diffuse
or focal degenerative illnesses involving the cortex and
subcortical regions. Whereas diffuse atrophy typifies
TABLE 5-2

Various Causes of Dementia

Alzheimer’s disease
Multi-infarct dementia
Alcoholic dementia
Intracranial tumors
Normal pressure hydrocephalus
Chronic drug intoxication
Metabolic states

Vitamin B12 deficiency, thyroid disease
Infectious illnesses

Spongiform encephalopathy, chronic meningitis, neurosyphilis,
AIDS

Other neurological disorders
Parkinson’s disease, progressive supranuclear palsy,
Huntington’s disease
Alzheimer’s disease, prominent frontal or temporal lobe
atrophy is characteristic of frontotemporal dementia. Con-
trast infusion studies highlight the abnormalities seen in
infectious or neoplastic disorders and hence may help in
leading the clinician to the proper etiological diagnosis.

Other functional neuroimaging techniques, such as
positron emission tomography and single-photon emission
computed tomography, assess global metabolic patterns
and are useful in assessing the diffuse neuronal loss that
occurs in degenerative diseases. For instance, in patients
with dementias marked by memory loss, such as Alzhei-
mer’s disease, hypometabolism occurs primarily bilaterally
in the temporal-parietal regions with relative sparing of the
posterior cortices.48 In contrast, in dementias marked by
relative sparing of memory, such as frontotemporal demen-
tia, hypometabolism occurs primarily in the bilateral frontal
cortices.49 These techniques may be useful when a patient’s
pattern of memory loss and sparing is difficult to compre-
hend and structural imaging reveals no lesions. In these
cases, atypical functioning of a particular brain region
may provide useful information.
ELECTROPHYSIOLOGY. Electroencephalography (EEG)

is used routinely to detect the gross locus and nature of
seizure activity in patients with epilepsy, although an ab-
normal EEG may result from any number of conditions,
including tumors, abscesses, and subdural hematomas.
Memory problems are mainly associated with medial tem-
poral lobe epilepsy, and the nature of memory deficits
varies with the epileptogenic hemisphere. EEG data are
of limited value in indexing a memory deficit because
often other areas of the epileptogenic hemisphere or the
nonepileptogenic hemisphere may appropriate the mem-
ory functions normally subserved by the epileptic tissue.
Consequently, the patient may present with very mild or
no memory deficits. EEG data are valuable in the diagno-
sis of sleep disorders that can result in memory problems.
In many dementing processes, the EEG shows a diffuse
and nonspecific slowing that may be most predominant
in the temporal regions. Distinctive processes, such
as periodic one- or two-cycle-per-second slow-wave
triphasic spike activity or a burst suppression pattern,
may suggest dementing illnesses such as spongiform
encephalopathies.

BODY FLUID AND TISSUE ANALYSIS.Memory impair-
ment may occur secondarily to conditions such as drug and
alcohol intoxication or withdrawal and to systemic diseases
such as vitamin deficiencies, endocrine disorders (specifi-
cally thyroid disease), chronic infections, or carcinomas.
These are often treatable conditions diagnosed by analysis
of tissue (by biopsy) or fluids (by tests of blood and urine).
When a treatable condition is found, further evaluation of
memory need not be performed unless the memory impair-
ment persists or becomes worse after the underlying disease
has been treated. Some tests, such as the sedimentation rate,
are nonspecific but lead the investigator toward other tests
that may properly document a condition such as vasculitis
or cerebritis. In patients with memory problems in whom
management or treatment depends directly on a specific
diagnosis, a brain biopsy should be considered. Instances
include primary cerebral vasculitis, spongiform encephalo-
pathies, tumors that require specific treatment, or likely
infections, abscesses, or cysts.
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Genetic testing is a new and growing potential source of
evaluative information. In some cases (e.g., Huntington’s
disease), it is part of a standard diagnosis, but in other
cases it is optional. In patients with Alzheimer’s disease,
atypical early onset cases may be screened for specific
mutations on chromosomes 1, 14, and 21. More typical
cases of Alzheimer’s disease have been linked to apoli-
poprotein E4 alleles, but this linkage is probabilistic.50

Because such genetic testing cannot definitively determine
the diagnosis of Alzheimer’s disease, drawbacks to such
screening are salient. One drawback is that the appropriate
diagnosis of dementia or Alzheimer’s disease could be
overly influenced by genetic information. A second draw-
back concerns the complex and controversial ethical issues
involved in deciding whether this information should
be available to the patient, family members, or insurers
when the information does not define a disease. For these
reasons, it is reasonable to suggest that apolipoprotein E
testing is not yet appropriate for clinical use.

CEREBROSPINAL FLUID. Once a space-occupying
lesion has been excluded, cerebrospinal fluid (CSF)
may be obtained for analysis of treatable causes of memory
problems. Infection, in the form of a chronic meningitis, is
suggested by the presence of white blood cells, and in
patients with tertiary syphilis, inflammatory cells and
elevated titers detected by CSF Venereal Disease Research
Laboratories test are diagnostic.

NEUROPSYCHOLOGICAL TESTS. One of the most
important goals of neuropsychological testing is to deter-
mine whether the patient has a “pure” memory deficit or
whether the deficit is due to a defect in some general cog-
nitive function. Thus, neuropsychological testing should be
comprehensive enough to identify the patient’s strengths as
well as weaknesses. For a more comprehensive discussion
of particular tests, there are several resources available
(e.g., Strauss, Sherman, and Spreen, 2006).

One of the most widely used standard battery of tests
of anterograde memory is the Wechsler Memory Scale
(WMS III).51 This measure has the advantage of having been
co-normed with the most established measure of intelli-
gence, the Wechsler Adult Intelligence Scale III (WAIS
III). The consequence is that memory and general intellec-
tual abilities can be directly related based on normative data.
The WMS III includes a variety of subtests that assess audi-
tory and visual immediate and delayed memory and working
memory functions. A study of patients with pure amnesias
due to Korsakoff’s syndrome revealed normal working
memory scores and intellectual ability but impaired general
memory scores. The pattern of subtest scores in amnesia
suggests impaired encoding and storage with little benefit
from repeated exposure or from recognition relative to free
recall testing.

If there is no reason to suspect that the patient has a mate-
rial-specific memory deficit, there are shorter measures that
characterize the nature of the impaired memory processes
more precisely and thus enable better discrimination
between patients with different types of memory disorders.
A strength of the California Verbal Learning Test
(CVLT-II),52 a word list learning test, is that it assesses the
processes driving patients’ performances, such as organizing
strategies and sources of interference. For example, the
words to be learned are related, thus enabling patients to
use conceptual relationships to improve memory perfor-
mance. Patients with frontal lobe damage and executive
dyscontrol have difficulty exploiting this organization. Also,
within recognition memory, sensitivity (measured by the
statistic, d¼prime), and response bias are also separated,
thus enabling the separation of patients with more pure
memory deficits from those with maladaptive response
styles (e.g., an impulsive tendency to falsely recognize
words as previously presented). A widely used test of visuo-
spatial memory is the Rey-Osterrieth Complex Figure Test,53

which includes assessment of copying and of immediate
and delayed recall. It is laborious to score, but it allows
assessment of the perceptual strategies that patients use or
fail to use. Patients with left-hemisphere lesions often cannot
remember internal details, whereas those with right-hemi-
sphere lesions often cannot remember the general configura-
tion. It is also possible to examine the process of how designs
are created to assess organizational strategies in a patient
with frontal lobe involvement.

Retrograde amnesia is more difficult to assess because
it is culturally, geographically, and temporally specific
to an individual. Furthermore, it is difficult to ascertain
what a person knew years ago. There are a few standard-
ized tests in this area, including the Boston Retrograde
Amnesia Battery,54 which assesses the extent of the tem-
poral gradient of a person’s retrograde amnesia by incor-
porating pictures of famous people at different ages; a
temporal gradient will be revealed if the amnesic patient
recognizes the person at a young but not older age. These
instruments are useful for documenting major losses of
knowledge but have limited value in assessing subtle or
very temporally limited (e.g., days, weeks, or months)
retrograde amnesias.

Memory disorders are sometimes simulated by patients,
particularly when amnesia would result in financial or legal
gain. In such cases, neuropsychological testing can be help-
ful in distinguishing real from feigned memory loss. Often,
patients feigning amnesia mimic psychogenic amnesia, as
shown in movies and on television, and report a total retro-
grade amnesia without any anterograde amnesia. Such a
condition has not been documented in patients with verifi-
able lesions, although it may occur legitimately in a psychia-
tric form known as conversion disorder. It is worthwhile to
note that psychogenic retrograde amnesias are highly selec-
tive in terms of what is forgotten. Patients may forget their
identity and personal history, but they often remember pub-
lic events. This is exactly the opposite of lesion-induced ret-
rograde amnesia, in which patients remember their identity
and forget personal and public experiences on the basis of
temporal factors. One approach to distinguishing real from
feigned anterograde memory loss is to administer easy mul-
tiple-choice recognition tests in which pseudoamnesic
patients may perform less well than chance if they systema-
tically avoid selecting the correct response. Another
approach is the use of implicit memory tests that yield nor-
mal results in amnesic patients. Malingering subjects often
perform poorly on these tests. Unaware of the findings that
amnesic patients perform at normal levels, malingering
subjects purposefully avoid using information presented
earlier (Colorado Malingering Tests).55
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CLINICAL SYNDROMES OF MEMORY DYSFUNCTION
( Table 5-3)

Dementia
Dementia refers to the loss of multiple acquired cognitive
and emotional abilities sufficient to interfere with daily
activities. It is defined by a behavioral syndrome and not
by etiology or lesion location. Its onset is often insidious
and its course is often progressive. Dementia is an age-
associated syndrome that has a prevalence of 1% at age
60 and doubles every 5 years, becoming 30% to 50% by
age 85.56 More than 50 diseases may produce dementia,
but Alzheimer’s disease is thought to account for approxi-
mately 70% of dementia cases.57 The second main cause
TABLE 5-3

Selected Etiologies Associated with Memory Disorders

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES

Structural Disorders

Developmental disorders Compensated hydrocephalus

Hereditary and Degenerative

Disorders

Chromosomal abnormalities
and neurocutaneous disorders

Consanguinity

Degenerative dementias Alzheimer’s disease, frontotemp
Movement disorders Parkinson’s disease, Huntington

Acquired Metabolic and

Nutritional Disorders

Endogenous metabolic
disorders

Hepatic encephalopathy, hypoth

Exogenous acquired metabolic
disorders

Anticholinergic intoxication

Toxins and illicit drugs Lead intoxication
Nutritional deficiencies and
syndromes associated with
alcoholism

Alcoholic withdrawal
Alcohol-related dementia (e.g.,

Infectious Disorders

Viral infections Herpes simplex encephalitis
Nonviral infections Bacterial encephalitis

Cerebral abscess
Transmissible spongiform
encephalopathies

Creutzfeldt-Jakob disease

HIV and AIDS AIDS dementia complex

Neurovascular Disorders Vascular dementia (multi-infarc
Posterior cerebral artery occlusi

Neoplastic Disorders

Primary neurological tumors Primary tumor (especially those
lobe, fornix, or thalamus)

Metastatic neoplasms and
paraneoplastic syndromes

Metastatic melanoma, paraneopl

Demyelinating Disorders

Demyelinating disorders of the
central nervous system

Multiple sclerosis

Traumatic Disorders Traumatic head injury

Epilepsy Medial temporal lobe epilepsy h

Sleep Disorders Insomnia, sleep apnea

Drug-Induced and Iatrogenic

Neurological Disorders

Surgical lobectomy to treat med
Electroconvulsive treatment
Medications: analgesic, antihype
sedative
is multi-infarct or vascular dementia; it may account for
10% to 20% of dementias. Other causes of dementia,
including treatable causes, are rare. Although they
account for relatively smaller percentages of dementias,
some neurological diseases inevitably (e.g., Huntington’s
disease) or frequently (e.g., Parkinson’s disease) result in
dementia. For diseases that are age associated, such as Par-
kinson’s disease, it is difficult to know whether dementia
reflects that disease per se or comorbid Alzheimer’s
disease.

Dementia, unlike pure amnesia, has a virtually unlimited
range of specific presentations that depend on which partic-
ular abilities are compromised. Disabilities may occur
in memory, language, spatial perception, cognition, atten-
tion, high-level motor control, emotion, and motivation.
CHAPTER
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The breadth and diversity of presentation require the exclu-
sion of other bases for widespread cognitive failure, includ-
ing diminished arousal or wakefulness or an acute
confusional state (e.g., drug intoxication). More circum-
scribed deficits, such as an aphasia or amnesia, must also
be excluded. As discussed later for amnesia, focal damage
to mental abilities such as language or memory may appear
superficially as a widespread disorder of cognition. For
example, an aphasic individual could appear to fail in
many areas of thought if he or she cannot adequately
understand or respond to questions.

In patients with Alzheimer’s disease, an impairment of
declarative memory is typically the first sign. The patient
may pass through a stage of mild cognitive impairment
before progressing to dementia. This is often manifested
as mild forgetfulness in daily tasks without marked inter-
ference in activities of daily living. Subsequently, however,
with appointments missed and possessions misplaced, the
patient is no longer able to perform his or her usual activ-
ities as before. The gradual progression of declarative
memory failure is often noted when an individual fails
to accomplish a habitual task, such as maintaining a
checkbook, following a recipe, or following a route home.
It may be noticed better by family members than by
the patient, who is losing the very memory and other intel-
lectual abilities needed to discern a decline in mental
performance.

Two factors may obscure the declarative memory defi-
cit. First, a mild degree of declarative memory difficulty
is common in aging. Second, well-established knowledge
and habits may continue to guide behavior and mask a dec-
larative memory deficit for recent experiences and novel
information. Remote memories appear intact relative to
recent memories, but careful testing usually reveals a
temporally extensive retrograde amnesia.58

A second cortical dementing illness is frontotemporal
dementia.59 The clinical picture may be similar to that seen
with Alzheimer’s disease, although neuroimaging studies
may reveal a preferential atrophic process in the frontal
or temporal lobes. In some cases, the memory problems
and dementia occur in the context of deficits that suggest
the preferential lobar involvement: Personality changes,
aphasia, and disinhibition typify patients with frontal lobe
involvement, and poor word comprehension is a prominent
feature in those with temporal lobe lesions.60 In many
patients with frontotemporal dementia, however, the defi-
cits appear to be more global, and the patients may not be
easily separable clinically from subjects with Alzheimer’s
disease.

In the later stages of Alzheimer’s disease, the cognitive
deficits become more pronounced and pervasive.61 The
language deficit is severe in all aspects of production and
comprehension. Patients lose their arithmetic skills. Spatial
disorientation extends to simple everyday tasks such as
dress. Patients forget how to use common objects and
tools. Florid psychiatric symptoms occur, including delu-
sions and visual hallucinations.62 Parkinsonian motor signs
become more apparent and lead to problems in locomotion.
Finally, the patient lies in bed and must be fed and bathed.
This progression occurs over a course of 5 or more years
and often consists of alternating precipitous declines and
plateaus of little apparent change.63
Cortical versus Subcortical Dementing Syndromes
A distinction has been noted between the cortical dementia
typically seen in Alzheimer’s disease or frontotemporal
dementia and the subcortical dementia typified by Hunting-
ton’s and Parkinson’s disease but noted also in progressive
supranuclear palsy, multiple sclerosis, Wilson’s disease,
and human immunodeficiency virus infection.64 Dementia
seen in diseases with primarily subcortical neuropathology
features slowed movement (bradykinesia) and thought
(bradyphrenia); it may also include disproportionate pro-
blems with planning, judgment, and memory.

The distinction is not absolute because most of these dis-
eases are not limited to either cortical or subcortical
regions, and therefore many patients exhibit elements of
both kinds of dementia. Most of the differences between
cortical and subcortical dementia are matters of degree
and proportion rather than strict dichotomies. These char-
acteristic differences in the patterns of dementias may be
more distinct in the early, mild stages; the distinctions are
less clear in later stages.

When measured formally, impairments in speed of mental
processing, working memory, reasoning, and strategic mem-
ory (e.g., recall) are evident in nondemented patients with
striatal diseases, including patients with early Parkinson’s
disease.65 These deficits are highly intercorrelated, suggest-
ing that they reflect a family of interacting memory
processes mediated by frontostriatal neural circuits. In non-
demented patients, these deficits may be circumscribed,
and the patients perform normally on tests of immediate
memory, semantic memory, nonstrategic declarative mem-
ory (recognition), and language. When dementia develops
in a patient with a subcortical disease, problems in speed
of mental processing, working memory, reasoning, and
strategic memory then become disproportionately severe
relative to other problems in language or memory. The dis-
proportionate deficit in strategic memory may be contrasted
with the more proportionate and global declarative memory
deficits (e.g., recall and recognition) seen in people with
Alzheimer’s disease or amnesia. In addition, demented
patients with Parkinson’s or Huntington’s disease often have
deficits in procedural forms of memory, motoric and nonmo-
toric, that remain intact in patients with Alzheimer’s disease
and amnesia. Thus, disproportionate impairments in speed
of mental processing, working memory, reasoning, strategic
memory, and procedural memory may reflect disproportion-
ate damage to the frontostriatal regions in diseases that
initially affect those brain regions.
Amnesia
Amnesia refers to a relatively circumscribed deficit in
declarative memory that cannot be accounted for by
impairments in attention, language, motivation, reasoning,
or other nonmnemonic abilities. It is defined by a beha-
vioral syndrome and not by etiology or lesion location.
The severity of the deficit can vary considerably, but at a
minimum it interferes with daily activities and quality of
life. The purity of the deficit also varies because many
patients have some degree of other cognitive difficulties
as well. To the extent that those difficulties are mild and
do not account for the memory deficit, a patient may
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be classified as amnesic. Otherwise, a patient may be better
classified as demented, with memory being one of multiple
deficits. The amnesia is described as global if it extends to
both verbal and nonverbal information. The amnesic
patient performs well on tests of attention, reasoning, and
general information as long as the tests do not make
demands on declarative memory.

Patients with pure amnesia have a pervasive impairment
on tests of declarative memory. The anterograde amnesia
extends to memory for all sorts of materials and events in
all modalities. It is apparent in both easy and difficult tests
of memory. The severity of amnesia varies considerably,
however, so that a mildly amnesic patient could perform
well on easy tests of memory. Because judgment is pre-
served in amnesic patients, they are usually aware of having
a memory problem. However, they may underestimate the
severity of the problem because they are aware only of mem-
ory difficulties at the present moment and cannot remember
the sorts of memory failures they experienced earlier.

Amnesic patients perform normally on tests of immediate
memory, classic conditioning, skill learning (motoric, per-
ceptual, and cognitive), and perceptual and conceptual repe-
tition priming.1 Declarative memory, however, is often
invoked by tests that are not ostensibly memory tests. Many
complex tests of cognition require some degree of declara-
tive memory, if only to remember the instructions for the
test. Other tests confound anterograde amnesia with general
knowledge. For example, a patient who became amnesic in
1985 would not know the current president of the United
States and other sorts of widely known information about
events since 1985. For the same reason, a purely amnesic
patient could even fail to answer some questions used to
probe orientation, such as where the patient is at present.
The amnesic patient would not remember the name or
address of a hospital or medical building and would not
know the day, month, or year because all of these facts are
learned via declarative memory. For these reasons, intelli-
gent amnesic patients may earn a poor score on a standard
dementia rating scale. Pure amnesia is quite rare, so routine
application of assessment measures may be misleading.

Amnesia by definition features an anterograde amnesia,
and a retrograde loss of memories is frequently but vari-
ably present. The retrograde amnesia is typically tempo-
rally graded, with more recent memories being most
vulnerable to amnesia and remote memories most likely
to be spared. In general, the severity of anterograde and
retrograde amnesias are correlated. If a lesion extends
laterally from medial temporal lobe areas, it may injure
temporal lobe regions that normally represent autobiogra-
phical knowledge. Such a lesion would exacerbate the
retrograde amnesia and lead to a more extensive loss of
acquired memories, even important ones from remote time
periods.

Amnesic syndromes can occur in isolation or can be
accompanied by other neurological signs. In patients with
the Wernicke-Korsakoff syndrome (see Chapter 40), which
is often associated with thiamine deficiency but also with
head trauma, epilepsy, and anoxia, amnesia may develop
in the context of ataxia and extraocular muscle pareses. An
overall confusional state may be seen early in such cases,
but the enduring learning and memory deficit is the most
distinctive mental aberration of this syndrome. In such cases,
the anatomical lesion should be sought in the diencephalon,
medial temporal lobes, mammillary bodies, and connecting
pathways of these regions regardless of etiology.
Pseudodementia
The term pseudodementia refers generically to treat-
able disorders that mimic dementia. The most common is
depression. Depression and dementia can both lead to
reduced motivation, impaired concentration, and mental
slowing. Consequently, both diseases can lead to wide-
spread cognitive and memory dysfunctions. Formal testing
has shown that purely depressed patients perform better
on declarative memory tests than genuinely demented
patients, but this difference may be difficult to determine
in particular patients. Because depression, with or without
the co-occurrence of dementia, is treatable, it should be
considered in any diagnostic evaluation. Some instruments,
such as the Geriatric Depression Scale, may be useful in
diagnosing depression in elderly individuals.
Transient Global Amnesia
Transient global amnesia is a relatively rare syndrome char-
acterized by a sudden onset of severe anterograde amnesia
and confusion that often includes repetitive questioning.
Patients are often disoriented in regard to time and place
but usually not personal identity. The confusion may simply
reflect a response to the amnesia (e.g., if an amnesic patient
asks what is wrong with his or her memory or what the date
is, he or she will forget any answer provided within
moments). The absence of such overt confusion and repeti-
tive questioning in chronic amnesia patients may reflect an
eventual accommodation of the patient to the amnesic state.
Transient global amnesia typically lasts for hours, although
its duration may range from minutes to days. Retrograde
amnesia is also common, although its severity varies much
more than that of anterograde amnesia. Retrograde amnesia
is usually extensive and is temporally graded. As the antero-
grade amnesia gradually resolves, the temporal extent of the
retrograde amnesia appears to shrink. After recovery, the
patient retains an amnesia for the period of the transient glo-
bal amnesia and often for a few hours preceding it.66 Transi-
ent global amnesia is often associated with atherosclerotic
disease, especially ischemia in the posterior circulation,
but seizure activity and migraine attacks have also been pos-
ited as a mechanism in some cases. In patients with this syn-
drome, an EEG may show abnormalities, although in most
cases the findings are nonspecific. Attacks recur in less than
25% of patients, and fewer than 5% have more than three
attacks. The frequency of seizures or subsequent strokes is
no different from that in a comparable age-matched popula-
tion. No special treatment is indicated for these unusual
cases of transient but traumatic memory impairment.
GENERAL MANAGEMENT GOALS

The first goal is to diagnose any treatable memory pro-
blems. These include cases in which the problem is second-
ary to a treatable illness, such as depression or a systemic
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disease. Memory problems arising from medications may
be treated by discontinuing any unneeded medications or
considering alternative medications for needed treatments.

For untreatable causes of memory disorders, the main
goal is to establish a framework for the care of patients
who are or will be unable to take care of themselves.
Informing the patient involves judgment about what infor-
mation is useful to the patient. On the one hand, it is desir-
able to have the patient feel that he or she is at the center of
the management goals. On the other hand, patients with
severe memory disorders remember little of what is told
to them, and discussions may produce distress for the
patient with no benefit.

A primary consideration is the safety and security of the
patient. Patients with dementia or pure amnesia have a
limited ability to take care of themselves. Therefore, patients
should be protected from taking actions that may cause
injury to themselves and others and for which they can
no longer be held responsible. If a patient is still working,
a plan for retirement should be initiated. A plan for the daily
supervision of the patient should be developed that takes into
account the present mental status of the patient and the
resources of the family. It is usually advantageous, when
possible, for the patient to sustain habits of daily activities
in a familiar environment because these habits rely on abil-
ities that are the last to decline. Supervision of the patient
must be considered in terms of medical care, diet, medica-
tions, and daily activities. A common and difficult problem
is determining when certain activities, particularly driving,
become potentially dangerous. Legal issues, such as conser-
vatorships, often arise at some stage of the disease.
The nature of these issues varies a great deal between patients
with chronic amnesia, in which the patient’s judgment may
remain intact, and those with dementia, in which judgment
typically declines considerably. In both cases, however,
patients cannot be responsible for or take care of themselves.
For those with progressive diseases, however, hospitalization
is inevitable.

Information given to family members is critical in several
respects. First, they have to understand what the patients
can and cannot do for themselves. This is important not only
for practical reasons but also because uninformed family
members may misinterpret the actions of a memory-
impaired patient as reflecting poor motivation or judgment.
Therefore, family members must have as clear a picture as
possible about the patient’s abilities and disabilities.

Important information includes whether the memory
impairment is chronic and whether it is likely to improve
or become worse. It is useful for family members to under-
stand whether the memory disorder is global or limited.
It is also important for them to understand how pervasive
a declarative memory disorder can be because few people
appreciate how memory constantly supports the activities
of daily living, including the taking of medications, prepar-
ing or eating meals, and paying bills. Often, patients and
family members are surprised by the contrast between
anterograde amnesia and relative preservation of memory
for remote periods. The severity and purity of the memory
disorder dictate whether the patient can provide some
degree of compensation in daily life. For example, patients
with mild or moderate amnesias and without other major
cognitive deficits can use notes or computers, especially
small portable computers, to keep a useful record of goals
and appointments. Even in these cases, however, frequent
supervision is needed because important information may
be ignored. Patients with severe amnesia or substantial
additional cognitive deficits often cannot use such external
memory devices effectively because they cannot even
remember to use the devices.

It is also helpful to remind family members that mem-
ory-disordered patients retain many of their intellectual
and emotional capacities and therefore need to have an
active, regular schedule. Even patients with substantial
memory or cognitive problems can slowly adapt to a regu-
lar, well-structured schedule. It is good to maintain a rela-
tively normal sleep-wake cycle that ensures a good rest at
night. This may require efforts to keep the patient awake
during the day. Medications may be required to sustain a
healthy sleep-wake cycle. Conversely, unexpected events
can be exceptionally distressing to patients who cannot
cope with novel circumstances.

In many respects, the diagnosis of dementia or chronic
amnesia is as devastating to family members as to the
patients. Family members face a long and difficult personal
path in terms of emotional, financial, and often legal
issues. This burden falls on the very shoulders of those
who must now take exceptional responsibility for the
care of their spouse, parent, or sibling. It is not uncommon
for them to have strong feelings of denial, guilt, or blame.
These feelings may not only affect the family members but
also compromise the supervision of the patient. It is impor-
tant to monitor the mental health of family members and to
encourage the use of appropriate resources, including
social services and support groups.

Finally, medical care for the memory-disordered patient
must be maintained. For example, a number of diseases that
lead to memory disorders also lead to seizures that must be
treated. Medical supervision is challenging because amnesic
patients are often unable to provide any useful history, and
demented patients may be unable to answer even simple
questions about their present condition.
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HISTORY AND DEFINITIONS

A wide variety of language disorders were described
for many centuries before the modern interest in aphasia.
The formal delineation of aphasia as presently recognized
dates from 1861. In the early 19th century, similarly to
other brain functions, language was considered to be sub-
served by a specific area in the brain. Opponents of this
localization approach considered mental function to be a
product of the entire brain working as a unit. In 1861, Paul
Broca presented to the French Society of Anthropology
the case of a patient who became speechless and then
died. Postmortem studies revealed a large frontal lesion
supporting the localization viewpoint. After this case, mul-
tiple clinicopathological studies were reported, confirming
Broca’s finding and lateralizing language function to the
left hemisphere. In 1874, Karl Wernicke distinguished
two types of aphasia, motor and sensory, which were clini-
cally and anatomopathologically separable. He also postu-
lated the existence of a conduction aphasia based on a
diagrammatic scheme linking the sensory and motor compo-
nents of language. Technological advancements, including
neuroimaging techniques and more standardized aphasia
batteries, have helped considerably in assessing patients
with language disorders and in elucidating the intricate
subsystems subserving language function.

Speech is the ability to vocalize by coordinating the
muscles controlling the vocal apparatus. It is the mechani-
cal aspect of oral communication. Speech disorders are
termed dysarthria, a disturbance in articulation, or dyspho-
nia, a disturbance in vocalization or phonation. Patients
with dysarthria or dysphonia retain their language ability
despite their speech disturbance.

Language refers to symbolic communication. It is the
ability to converse, comprehend, repeat, read, and write.
Language ability depends on central processing for either
comprehension or formulation for expressing the sounds
and symbols of prepositional communication. Language
disorders are termed aphasias and involve language distur-
bances in comprehension, production, or both.

This chapter reviews clinical syndromes of both speech
and language disorders. An overview of anatomy and
physiology of speech and language is a first step toward
understanding the pathophysiology underlying these dis-
orders. Examination of speech and language disorders is
emphasized and forms the basis for diagnosis, lesion loca-
lization, and treatment.
CLINICAL HISTORY

Clinical history is critical for speech and language assess-
ment. Information from relatives, friends, or witnesses is
often necessary owing to the patient’s decreased ability to
communicate. History taking should include the following
components.

Temporal development of symptoms provides valuable-
information on the underlying pathophysiological process.
An acute impairment of speech output indicates a possible
underlying vascular, infectious, inflammatory, or traumatic
pathology. A chronic and progressive course of symptoms
is more suspicious for a degenerative or neoplastic process.

Description of the symptom is important in characterizing
and differentiating speech and language disorders. Difficulty
in articulation or vocalization implies a speech disorder,
whereas the inability to find words, comprehend, read,
or write is indicative of a language disorder. Differentiation
of speech and language disorders has important localizing
value for the underlying pathology within the nervous
system and helps distinguish among different etiological
processes.

Associated features should be sought. The presence
of other neurological symptoms may help in localization
of the pathological process or in discovering the cause of
the disorder. For example, a patient who complains of pro-
gressive headaches, decreased level of consciousness, and
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weakness in the right upper extremity associated with
language difficulties most likely has a left frontal expanding,
neoplastic lesion.

Handedness should always be assessed. The left hemi-
sphere is the dominant hemisphere for language for almost
all right-handed adults and for many left-handed adults.
This information has crucial significance for localization
of the underlying disturbance.

Associated intercurrent or past medical illnesses are
important clues to the underlying etiology of speech and
language disorders. Vascular risk factors such as hyperten-
sion, diabetes, or evidence of atherosclerotic disease, includ-
ing previous strokes or myocardial infarctions and smoking,
should be assessed. A history of infection, trauma, alcohol or
drug abuse, and malignancy also may be important.

Past psychiatric history should be reviewed. Psychiatric
conditions such as schizophrenia, bipolar illness, and con-
version disorders may present with speech and language
symptoms closely mimicking a neurological syndrome.

Other important components of clinical history include
developmental and educational background and family
history. It is crucial to know the patient’s previous language
abilities, including reading, writing, and the presence of a
known developmental delay. This information may help
distinguish a developmental disorder from an acquired
disorder.
ANATOMY OF SPEECH AND LANGUAGE
Anatomy of Speech (Normal Phonation and
Articulation)
Normal speech involves a highly coordinated sequence of
contractions of the respiratory musculature, larynx, pharynx,
tongue, and lips. These muscles are innervated by the facial,
vagal, hypoglossal (reviewed in Chapters 11, 13, and 14),
and phrenic nerves. The nuclei of these nerves are controlled
by themotor cortices through the corticobulbar tracts. Coordi-
nation of themovements of the articulatory structures requires
simultaneous and coordinated activation of these cranial
nerves, not only by direct cortical motor activation but also
by indirect involvement of the basal ganglia and cerebellum.
The basal ganglia and the cerebellum are also important par-
ticipants in producing the prosodic aspects of speech, includ-
ing pitch or frequency, stress or the differential emphasis
placed on syllables, and rhythm or timing.

Thus, pathology affecting speech could be located at
several sites within the motor systems. Speech is impaired
when any of the following structures are damaged or dys-
functional: motor cortex and its outflow tracts; cerebellum;
basal ganglia; brain stem; peripheral portions of cranial
nerves controlling the speech apparatus; and target speech
musculature, including facial muscles, pharynx, palate,
tongue, vocal cords, diaphragm, and intercostal muscles.

Anatomy of Language

Overview
Language processes are lateralized to the dominant, usually
left, hemisphere. This has been determined through anato-
moclinical correlation in patients with language disturbances
and associated brain pathology. It also has been demonstrated
by electrical stimulation and seizure activity in the left hemi-
sphere, as well as injection of sodium amytal in the left
internal carotid, all causing language disturbances and speech
arrest. Increased cerebral blood flow to the left hemis-
phere during language processing also confirms this later-
alized brain function. There are anatomical differences
between the left and right hemispheres. The planum tem-
porale, the region on the superior surface of the temporal lobe
posterior to Heschl’s gyrus and extending to the posterior end
of the sylvian fissure, is slightly larger on the left, which
is consistent with Wernicke’s area.1 Computed tomogra-
phy (CT) has shown the left occipital lobe to be longer than
the right.

Approximately 90% of the general population are right-
handed.2 They prefer using their right hand for most motor
activities, especially skillful tasks. Approximately 99% of
right-handed individuals have language functions in the left
hemisphere. There is a tendency for left-handed and ambi-
dextrous individuals to have varying degrees of bilateral
representation of language and visuospatial functions.3

Left-handers are more likely to become aphasic because
of the bilateral representation, but their aphasia tends to
be milder and briefer than that of right-handers.4 Specific
cortical areas in the left hemisphere subserve distinct
language functions. For example, the production or com-
prehension of a word requires serial and parallel processing
of information through cortical and possibly subcortical
circuits (Fig. 6-1).

Speech Comprehension and Production
Speech comprehension and production are complex pro-
cesses. Words first reach the peripheral auditory apparatus,
which transforms the mechanical input from the tympanic
membrane into electrical impulses that travel to the brain
stem cochlear nucleus, then to the medial geniculate nucleus
of the thalamus via the trapezoid body and lateral lemniscus,
finally reaching the primary auditory cortex (Heschl’s
gyrus) in the superior temporal gyrus. The auditory lan-
guage content undergoes preliminary decoding in the audi-
tory association cortex, Wernicke’s area (Brodmann’s area
22) located in the posterior third of the left superior
temporal gyrus (see Fig. 6-1). The sounds undergo further
processing in the heteromodal association cortex, the angu-
lar gyrus, to provide the semantics (the meaning) and relate
it to other incoming words, other sensory modalities, and
past experiences. If the words are to be repeated, the audi-
tory information is transmitted forward to Broca’s area
without necessarily passing through the angular gyrus.
Information travels from Wernicke’s area to the motor
association cortex, Broca’s area (Brodmann’s area 44, 45
located in the posterior part of the inferior left frontal
convolution), through the arcuate fasciculus, a band of white
matter deep to the supramarginal gyrus connecting both
language areas. Through the use of diffusion tensor
imaging, this white matter bundle has become better eluci-
dated. The arcuate fasciculus may not be a solitary white
matter bundle relaying information between Broca’s and
Wernicke’s area. Tractography has demonstrated three
types of connections. The medial segment corresponds to
the classical arcuate fasciculus connecting the frontal and
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Figure 6-2. Artist’s rendition of the four areas involved in comprehension of
spoken language. P, perceptive area (auditory association cortex); R, receptive
area (Heschl’s gyrus); SE, semantic interpretation area (angular gyrus); SY,
syntactical interpretation area (Broca’s area). (From Benson DF, Ardila A:
Aphasia: A Clinical Perspective. New York, Oxford University Press, 1996.)
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temporal lobes. The posterior lateral portion connects the tem-
poral and parietal lobes, and a final anterior segment con-
necting frontal and parietal lobes. Broca’s area initiates a
motor plan that is transmitted to the primary motor cortex
(Brodmann’s area 4) to pronounce the words. The motor
cortex, in coordination with the supplementary motor area,
basal ganglia, and cerebellum, sends corticobulbar fibers
to implement speech sounds. (Figure 6-2 illustrates the
four principal areas involved in comprehension of spoken
language.)

Reading and Writing
Reading depends on visual stimuli (written words) reaching
the primary visual cortex (Brodmann’s area 17). The visual
stimuli are then transmitted from the primary visual cortex
to the visual association cortex or unimodal association
cortex. The word stimuli are further processed in the hetero-
modal association cortex, the angular gyrus, for semantic
meaning and integration with other sensory modalities
and past experiences. If the words are to be read aloud, the
information is transmitted forward from the visual asso-
ciation cortex to Broca’s area through the arcuate fasciculus,
without necessarily passing through the angular gyrus.
From Broca’s area, they are spoken using the same circuits
as described previously. A clinically pertinent fact is that
visual information from the right visual cortex must travel
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through the posterior part of the corpus callosum to be
further processed and read in the language regions of the
left hemisphere.

Writing requires the transfer of language information to the
motor association cortex superior to Broca’s area and then to
motor neurons in the primary motor cortex (Brodmann’s
area 4), projecting to the arm and hand. Writing to dictation
involves the transfer of auditory information fromWernicke’s
area to the anterior motor areas; copying written material
involves transfer of information from visual association cortex
to the anterior motor areas for execution. Visuospatial input
is also important in the orientation of written language.

Anatomy of the Affective Elements of Speech and
Language
The dominance of the right hemisphere in the processing
of affective prosody is supported by numerous lesion
studies5–7 and by functional imaging data.8 The ability to
convey emotional meaning in speech, facial expressions,
and gestures is a function of the right inferior frontal lobe
(pars opercularis). The perception of affective components
of communication is considered a function of more posterior
areas in the right hemisphere.

Limbic and Subcortical Structures Participating in
Language Processing
In addition to the known left hemisphere cortical functions in
language processing, other structures, including the insula,
striatum, thalamus, and subcortical white matter, are involved
in language function. The striatum is involved in speech
output and prosody; the thalamus is important for cortical
arousal and language comprehension. The subcortical white
matter interconnects language areas.
EXAMINATION OF SPEECH AND LANGUAGE
Directed Neurological Examination

SPEECH. The examination of speech includes the assess-
ment of speech volume, rate, articulation, prosody, and
initiation.9,10 Each component of speech can be affected
differently in various disorders. The examiner should assess
speech through spontaneous conversation or by having the
patient read a standardized passage to elicit a wide range
of sounds, including labials (sounds dependent on the lips),
linguals (sounds dependent on the tongue), dentals (sounds
requiring placing the tongue behind the front teeth), and
gutturals (sounds depending on laryngeal control).

Speech volume may be increased with auditory percep-
tual problems. Reduced volume (hypophonia) is seen in
extrapyramidal motor disorders and in peripheral disorders
such as vocal cord paresis.

The rate of speech may be increased in Parkinson’s dis-
ease, in which patients speak rapidly, and in patients with
Wernicke’s aphasia, who have pressured speech. In general,
nonfluent aphasics speak slowly.

Articulation defect is a sign of motor impairment. Dys-
arthric speech often results in stereotyped speech errors—
that is, repeating the same errors when trying to produce
certain sounds. This helps distinguish dysarthric speech
from paraphasic speech, in which substituted letters occur
in a variable pattern.

Prosody evaluation includes assessment of the spontaneous
inflection, prosodic matching of sentence structure (declara-
tive sentence, questions, and boundaries between clauses),
assessment of affective intent, and assessment of pragmatic
intent (humor, declarative, sarcastic, and defensive). Speech
inflection and prosodic matching of sentence structure are
mediated by the left hemisphere, whereas affective intent is
mediated by right hemisphere and basal ganglia functions.

Timing of speech initiation is related to supplementary
motor area function and its outflow.11,12

Laryngeal phonation, or breathiness, and resonance, or
nasality, are two other qualities of speech that aid in loca-
lization. They are seen most often in patients with upper
motor neuron lesions and spastic speech.

LANGUAGE. The six main parts of the language exami-
nation can be performed at the patient’s bedside. These
parts are (1) expressive speech, (2) comprehension of spo-
ken language, (3) repetition, (4) naming, (5) reading, and
(6) writing.13–15 The examiner can classify most aphasic
syndromes after evaluating spontaneous speech, repetition,
and comprehension (Fig. 6-3).

EXPRESSIVE SPEECH. The evaluation of aphasia
traditionally begins by observing the spontaneous or con-
versational speech of the patient. Aphasic verbal output
is either nonfluent or fluent. Normal English output is
100 to 150 words per minute.16 Nonfluent aphasic output
is sparse (<50 words per minute), produced with consider-
able effort, poorly articulated, of short phrase length (often
only a single word), and dysprosodic (abnormal rhythm).
Also, it features a preferential use of substantive mean-
ingful words with a relative absence of functor words
(prepositions, articles, adverbs). In contrast, fluent aphasic
output features many words and is easily produced, with
normal phrase length and prosodic quality but often omit-
ting semantically significant words. Fluent aphasia, when
severe, may sound empty and devoid of content. In addi-
tion, paraphasic errors (substitution of phrases or words)
are often abundant in fluent aphasic output. Nonfluent
aphasic output is associated with pathology involving the
anterior left hemisphere,17,18 and fluent aphasia results
from pathology posterior to the fissure of Rolando.

COMPREHENSION OF SPOKEN LANGUAGE. Com-
prehension can be assessed in manyways19; examples of clin-
ical evaluations of comprehension are (1) conversation—
engaging the patient in ordinary conversation probes
the patient’s ability to understand questions and commands;
(2) commands—a series of single or multistep commands,
such as asking the patient to pick up a piece of paper, fold it
in two, and place it on a bedside stand; (3) yes and no
answers—require only elementary motor function and can
be used to assess various comprehension levels (e.g., Are
the lights on in this room?); and (4) pointing—requires a
limited motor response (patients can be asked to point to
the window, the door, and the ceiling; the patients are asked
to point to these places in a specific sequence, and more
difficult tasks can also be given [e.g., point to the source of
illumination in this room]).

Despite all of these methods, comprehension remains
difficult to assess. Patients may derive significant meaning
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from nonverbal cues (e.g., tone of voice and facial or arm
gesture) and may lead the clinician to underestimate the
comprehension deficit. Apraxia and other motor disorders
may cause a failure to perform, leading to an overestima-
tion of the deficits. Perseverative answers may further
complicate comprehension assessment.

Comprehension is compromised by dysfunction of the
heteromodal association cortex or Wernicke’s area of the left
hemisphere.

REPETITION. The examiner tests repetition by request-
ing that the patient repeat digits, words, and sentences.
A phrase such as “no ifs, ands, or buts” poses special diffi-
culty.14 Aphasics with impaired repetition have pathology
that involves the perisylvian region. In contrast, a strong,
often mandatory tendency to repeat (echolalia) suggests
an extrasylvian locus of pathology, often involving the
vascular borderzone areas.

NAMING. Disturbances in confrontational naming are
the least specific language abnormalities. Naming is dis-
turbed in most aphasic patients. Testing should evaluate
the patient’s ability to name objects (both high and low fre-
quency), body parts, colors, and geometrical figures. If the
patient fails, the examiner provides a phonemic cue (such
as pronouncing the initial phoneme of the word) or a
semantic cue (such as “You write with a ___.”). Anomia
is generally not a reliable localizing abnormality20; it
occurs with lesions of the angular gyrus, posterior inferior
temporal cortex, and temporal pole on the left but may
occur in concert with other lesions.

READING. The examination tests both reading aloud and
reading for comprehension. In some cases, the two abilities
are dissociated.

WRITING. Writing is nearly always disturbed in aphasic
patients. Writing provides a further sample of expressive
language and permits evaluation of spelling, syntax, visuos-
patial layout, and mechanics. The examiner assesses writing
to dictation and to command (e.g., describe your job), as
well as copying.

Associated Neurological Findings
CEREBRAL. Many portions of the neurological exami-

nation are of considerable value in helping localize lesions
associated with speech and language disorders.

When speech alterations are due to bilateral involvement
of corticobulbar tracts, affective changes may be evident in
which the patient expresses emotional incontinence (spas-
modic crying and laughing). This is part of the pseudobulbar
syndrome, which is described in the next section.

Language disturbances can be associated with other
types of cognitive dysfunction, such as impaired memory,
abstraction, visuospatial function, and praxis, as well as
changes in personality (decreased inhibition), irritability,
apathy, and agitation, which may indicate the presence
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of widespread dysfunction such as that encountered in
degenerative dementing diseases. Evaluation for apraxia
(which is defined as failure to carry out a maneuver on com-
mand, excluding any primary motor, sensory, or compre-
hension disorder) is important because ideomotor apraxia
is often associated with nonfluent aphasias and conduction
aphasia.

CRANIAL NERVES. Speech disorders are associated
with lower motor neuron pathology, including abnor-
malities of the neuromuscular junction. Therefore, it is
important to search for any weakness, atrophy, and fascicula-
tion in the facial musculature, the tongue, and the palate. Other
cranial nerve function must be assessed; ptosis, ophthal-
moplegia, and fatigability should be observed and tested.
The gag reflex should be examined because it may be de-
pressed in dysarthria of the lower motor neuron type and
increased in dysarthria of the upper motor neuron type. A
masked or unexpressive face and decreased blinking may be
clues to the presence of an extrapyramidal cause of dysarthria.

Right homonymous hemianopia or quadrantanopia is
helpful in localizing the site of pathology associated with
language disorders. Anterior aphasias have little or no in-
volvement of the visual fields compared with more posterior
aphasic syndromes. The cranial nerves should also be
assessed for the presence of a central type of facial muscle
weakness on the right side. Occasionally, patients with acute
onset of anterior aphasia have a conjugate gaze deviation
to the left (see Chapter 1).

MOTOR/REFLEXES/CEREBELLAR/GAIT. Speech ab-
normalities in the presence of a significant spastic paralysis
involving the entire side of the body suggest a deep-lying
lesion involving the contralateral internal capsule. This type
of lesion typically gives rise to spastic speech. When weak-
ness is bilateral or unilateral but is associated with cranial
nerve deficits on the opposite side, a brain stem lesion is sus-
pected. Dysarthria associated with this type of insult is either
flaccid or spastic, depending on the involvement of either
the motor nuclei controlling the speech apparatus or their
supranuclear pathways. Upper motor neuron signs, including
spasticity and hyper-reflexia, should be sought as well as
lower motor neuron signs, including atrophy, fasciculation,
and hyporeflexia and areflexia. These signs are helpful in dis-
tinguishing lesions producing spastic dysarthria from those
causing flaccid dysarthria. Bradykinesia, rigidity, resting
tremor, chorea, and dystonia are all signs suggestive of extra-
pyramidal disease and are usually associatedwith hypokinetic
or hyperkinetic dysarthrias.

Cerebellar findings include ataxia, dysmetria on finger-
to-nose and heel-to-shin testing, as well as gaze-evoked
nystagmus, dysmetric saccades, and rebound nystagmus.
These findings are often associated with ataxic dysarthria.

Weakness involving only one limb with or without fa-
cial weakness is most suggestive of cortical pathology.
Brachiofacial involvement suggests infarction of the terri-
tory of the middle cerebral artery and is usually associated
with perisylvian aphasias; crural weakness without involve-
ment of the arm and face suggests infarction in the
territory of the anterior cerebral artery and is usually asso-
ciated with transcortical motor aphasia. Greater weakness
of proximal musculature in contrast to distal musculature
is suggestive of involvement in the borderzone vascular
areas and can be associated with extrasylvian aphasias
(transcortical aphasias). Testing for ideomotor apraxia is
helpful to localize pathology further within the left hemi-
sphere. Language disturbances are not usually associated
with cerebellar disease.

SENSORY. Intact perception of light touch and proprio-
ception with impaired sensation of pain and temperature
occurring in an alternate pattern affecting one side of the
face and the opposite side of the body helps localize
pathology to the lateral brain stem or thalamus. Brain stem
lesions could also affect lower cranial nerves, such as cra-
nial nerves IX, X, and XII, and create a flaccid dysarthria.

Cortical sensory loss (astereognosia, impaired two-point
discrimination, and agraphesthesia) indicates involvement
of the parietal cortex and can be associated with more pos-
terior aphasia-producing lesions. Pseudothalamic pain that
begins months after the onset of the sensory abnormality
is seen after lesions affecting the white matter just deep
to the supramarginal gyrus and can be associated with
conduction aphasia.13

NEUROVASCULAR. The presence of significant bilateral
vascular bruits on neurovascular examination is an impor-
tant risk factor for stroke. Stroke patients could present with
spastic dysarthria or pseudobulbar palsy secondary to single
or multiple cerebral infarcts, respectively.

Regarding speech disorders, abnormal neurovascular
examination suggests the presence of cerebrovascular dis-
ease. Multiple language disturbances and syndromes are
caused by strokes. Transcortical aphasia occurs following
borderzone infarction in patients with severe carotid stenosis
during a hypotensive episode.
EVALUATION GUIDELINES (Table 6-1)

Speech and language disturbances are assessed by clinical
history, bedside speech and language assessment, and
neurological examination. Complementary investigations,
such as neuroimaging, electrophysiology, fluid and tissue
analysis, neuropsychological testing, and other tests, help
confirm the clinical diagnosis.

NEUROIMAGING. Several techniques are extremely
helpful for localizing and identifying various types of
pathologies underlying a speech or language disturbance.
With the advent of CT and magnetic resonance imaging
(MRI), the improved visualization of subcortical structures
has implicated these regions in an increasing number of
speech and language disorders. Investigators have used
positron emission tomography and single-photon emission
computed tomography to investigate aphasia and the anat-
omy of language. The studies have largely confirmed
lesion-derived conclusions about the anatomy of language
described previously; however, functional MRI enables
better characterization of brain regions involved in normal
speech and language production and increases
our understanding of brain regions involved in recovery
from aphasic stroke.21

ELECTROPHYSIOLOGY. Electroencephalography mea-
sures one parameter of brain function and can help in
the localization of pathology. Repetitive magnetic sti-
mulation has been used to localize lesions within the
language- dominant hemisphere.22 Electromyography and
nerve conduction studies could assist in the diagnosis of



TABLE 6-1

Useful Studies in the Evaluation of Speech and Language Disorders

DISORDER NEUROIMAGING ELECTROPHYSIOLOGY
FLUID AND TISSUE
ANALYSIS NEUROPSYCHOLOGICAL TESTS OTHER TESTS

Dysphonia

Muscle paralysis or
fatigability

Mass lesion compressing cranial
nerve X or on the vocal cords

Abnormal decrement of CMAP with
repetitive stimulation in
myasthenia gravis. Single-fiber
EMG showing jitter in NMJ
defects

Carcinoma of the vocal cords,
carcinomatous meningitis

Normal language and cognitive
function

Vocal cord pathology
visualized by direct
or indirect
laryngoscopy

Dysarthria

Spastic dysarthria Multiple subcortical white matter
disease

Prolonged sensory and visual evoked
potentials in multiple sclerosis

Oligoclonal bands in CSF in
multiple sclerosis

Pseudobulbar affect, psychomotor
slowing, retrieval memory deficit

Flaccid dysarthria Brain stem lesion, atrophy,
or normal

Fibrillation, fasciculation, and
neurogenic recruitment on EMG
testing, prolonged latencies

Increased protein in CSF with
Guillain-Barré syndrome,
carcinomatous meningitis

Normal language and cognitive
function

Ataxia dysarthria Atrophy of cerebellum, stroke
or cerebellar tumor

Decreased CMAP, SNAP in axonal
polyneuropathy secondary to
alcohol. CMAP potentiation with
Eaton-Lambert syndrome

Increased CSF protein, anti-Purkinje
cell antibodies, vitamin E
deficiency

Normal language Prolonged latencies of
evoked potentials in
multiple sclerosis

Extrapyramidal
dysarthria

Stroke in basal ganglia,
atrophy of the caudate

Mild cognitive decline, psychomotor
slowing

Aphasia

Perisylvian aphasia Stroke, tumor, abscess in
perisylvian area

Slowing over the fronto- parieto-
temporal region on EEG

Increased cholesterol,
anticardiolipid antibodies

Decreased verbal memory Holter and
echocardiogram to
rule out embolic
causes of stroke,
chest x-ray study

Extrasylvian aphasia
(transcortical)

Stroke in borderzone vascular
territory

Slowing over the left hemisphere on
EEG

Doppler study of the
carotids to rule out
occlusion

Subcortical Stroke in striatocapsular
region or thalamus

Psychomotor slowing and possible
decreased verbal memory

Nonlocalizing
(anomic)

Generalized atrophy or left
hemisphere lesion

Slowing over the temporal lobes
over the left hemisphere on EEG

Plaques and tangles or spongiform
changes on brain biopsy

Prominent cognitive deficits:
visuospatial, praxis, memory

Apolipoprotein E

Other Disorders

Alexia without
agraphia

Left occipital infarct involving the
splenum of the corpus callosum

EEG slowing over the left occipital
cortex

Alexia with agraphia Generalized atrophy or focal infarct
in left parietotemporal junction

Left centrotemporal slowing on EEG Associated Gerstmann’s syndrome
plus anomia constitutes the
angular gyrus syndrome

Reiterative speech Borderzone vascular infarct or
generalized atrophy

Left hemisphere slowing on EEG Plaques and tangles or spongiform
changes on brain biopsy

Multiple cognitive deficits when
there is underlying degenerative
disorder

Delirium Usually normal or generalized
atrophy

Abnormal chemistry panel, urine
culture, positive hemoculture,
abnormal liver or renal function

Multiple cognitive deficits

Psychiatric disease Normal Normal Normal Bizarre thought content, flight of
ideas, grandiosity, word salad

CMAP, compound muscle action potential; CSF, cerebrospinal fluid; EEG, electroencephalogram; EMG, electromyogram; NMJ, neuromuscular junction; SNAP, sensory nerve action potential.



TABLE 6-3

Language Disorders

Aphasias

Perisylvian
Broca’s
Wernicke’s
Conduction
Global

Extrasylvian
Transcortical motor and supplementary motor area
Transcortical sensory
Transcortical mixed

Subcortical
Thalamic, striatal, white matter

Nonlocalizing
Anomic

Alexias and Agraphias

Language-Related Disorders

Aphemia
Pure word deafness
Others
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peripheral causes of speech disorders, including motor
neuron disease, and disorders of the neuromuscular
junction.

CEREBROSPINAL FLUID. Lumbar puncture, blood
and urine analysis, as well as more invasive procedures
such as brain biopsy may be performed to confirm a diag-
nosis and help in the treatment of the underlying pathology,
particularly in patients with inflammatory or infectious
disorders.

NEUROPSYCHOLOGICAL TESTS. Numerous tests
provide valuable information about cognitive function,
particularly in patients suspected of having a degenera-
tive disease underlying their language disturbance.
Severe aphasia makes it impossible to perform meaningful
neuropsychological assessment.

OTHER TESTS. Of additional value, laryngoscopy
(direct and indirect) and diaphragmatic fluoroscopy can
be helpful in the diagnosis of peripheral causes of speech
disorder affecting the larynx and diaphragm, respectively.
Delirium
Psychiatric disorders
Right hemisphere disorders
Dementing diseases
CLINICAL SYNDROMES

A discussion of speech disorders, including dysphonias,
dysarthrias, and speech-related disorders, is followed
by a discussion of language disorders, including aphasias,
alexias, and agraphias, and language-related disorders.
Tables 6-2 and 6-3 outline the classification of speech
and language disorders. This classification is meant to
help in localizing various clinical syndromes according
to current information regarding anatomoclinical correla-
tions. Some entities could be classified in several subcate-
gories, but they have been categorized under the most
probable anatomical localization. Future research will
help refine the classification. Three major speech distur-
bances are recognized: dysphonias, dysarthrias, and other
speech-related disturbances.23

Dysphonia
Dysphonia is the inability or reduced ability to vocalize due
to a disorder of the larynx or its innervation. Dysphonic
TABLE 6-2

Speech Disorders

Dysphonia

Vocal cord muscle paralysis or fatigability
Spasmodic dysphonia

Dysarthria

Upper motor neuron (spastic dysarthria)
Lower motor neuron (flaccid dysarthria)
Cerebellar (ataxic dysarthria)
Extrapyramidal (hypo- or hyperkinetic dysarthria)
Mixed dysarthria

Speech-Related Disorders

Phonic tics and vocalization
Reiterative speech
Echolalia
Palilalia
Stuttering
Logoclonia
patients have a breathy sound resulting from abnormal
apposition of the vocal cords.

Vocal Cord Dysfunction or Paralysis
Laryngitis is the most common cause of decreased voice
volume, but laryngeal hypophonia may result from other
causes, such as damage to the superior laryngeal nerve,
nodules or polyps of the larynx or vocal cords, or carcinoma
involving the larynx. Muscle paralysis or fatigability can
produce hypophonia, which is produced after excessive
speaking. When a patient presents with variable hypophonia
and/or dysarthria, a disorder of the neuromuscular junction
should be sought. Dysphonia should lead to an investiga-
tion of laryngeal disease, either primary or secondary to an
abnormality of innervation.

Spasmodic Dysphonia
Spasmodic dysphonia is a segmental dystonia and is
usually nonprogressive. This unusual syndrome occurs in
middle-aged or elderly individuals. Spasmodic dysphonia
involves dystonic spasms of the laryngeal muscles. In the
most common form, the adductor type, the voice will be
strained, high-pitched, and commonly punctuated by repet-
itive brief interruptions of speech (Video 48, Spasmodic
Dysphonia). Singing, whispering, or changing the voice’s
pitch may sometimes help lessen the spasms. Less com-
monly, the voice has a whispering, breathy quality due to
abduction spasms of the vocal cords.

Dysarthria
Dysarthria is the inability or reduced ability to form or pro-
duce understandable speech due to lack of motor control
over peripheral speech organs. Defects in articulation
may be subdivided into several types: flaccid, spastic,
ataxic, hypo/hyperkinetic, and mixed.
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Flaccid Dysarthria
Flaccid dysarthria is also called lower motor neuron dysar-
thria or bulbar paralysis. This is due to disease affecting
motor neurons in the medulla and lower pons or their intra-
medullary or peripheral extensions. Speech becomes slurred
and progressively less distinct (Video 44, Dysphonia). There
is special difficulty in the enunciation of vibrative letters
such as “R”; lingual and labial consonants may become
impossible with advancing paralysis. Speech has a nasal
quality with bilateral paralysis of the palate as may be seen
with diphtheria and poliomyelitis and in progressive bulbar
palsy. The voice may have a raspy quality because of vocal
cord paralysis. Facial diplegia as in Guillain-Barré syn-
drome affects the lips and impairs enunciation of labial con-
sonants (B, M, P). Neurological examination may reveal
atrophy and fasciculations of the tongue and weakness of
the palate and the facial muscles. When a history of variable
dysarthria or dysphonia with prominent fatigability is elic-
ited, a neuromuscular junction disorder such as myasthenia
gravis should be considered.

Spastic Dysarthria
Spastic dysarthria is also called upper motor neuron dysar-
thria. It is a motor speech problem characterized by a harsh,
low-pitched, slow, monotonous verbal output that sounds
strained or strangled (Video 10, Dysarthria). This is the
speech that characterizes pseudobulbar palsy (bilateral
involvement of corticobulbar tracts) and, to a lesser degree,
may be present following significant unilateral upper motor
neuron disturbance. Spastic dysarthria may occur with
nonfluent aphasia, particularly Broca’s aphasia.

Mutism
Mutism is the total loss of speech. Several diseases and
various sites of pathology can produce mutism. Peripheral
disorders such as laryngitis or vocal cord paralysis occa-
sionally can cause a mute state. Patients with aphemia
(described later), global aphasia, transcortical motor apha-
sia, and aphasia with subcortical lesions frequently present
with mutism. Persistent mutism is associated with bihemi-
spheric involvement, particularly of the frontal lobes.24,25

Tissue destruction or dysfunction affecting the upper brain
stem or the frontal cingulate/supplementary area bilaterally
can interfere with the initiation of both behavior and verbal
output. When it is severe, this state is called akinetic
mutism.26 Mutism can also be of psychogenic origin.

Ataxic Dysarthria
Ataxic dysarthria is manifested by slowness of speech,
altered rhythm, irregular breakdowns, and improper stress,
producing an uneven, jumpy, and unpredictable output.
Coordination of speech and of respiration is disturbed. There
may not be enough breath to utter certain words or syllables,
and others are expressed with greater strength than intended
(explosive speech). This speech disorder is most commonly
encountered with acute and chronic cerebellar disease.

Scanning speech is part of Charcot’s triad (ataxia, nystag-
mus, and scanning speech), which is historically considered
to be pathognomonic for multiple sclerosis, but it is more
commonwith head injuries. Scanning speech is characterized
as a slow, deliberate, segmented, and monotonous output,
presented as individual words or major segments of words.
The output retains both grammatical and semantic compe-
tence, and articulation remains relatively normal. It is the
prosodic quality, particularly of the rhythm and inflection,
that is disrupted. The lesions producing this disorder are
located at the level of the decussation of the brachium con-
junctivum in the mesencephalon affecting crossed efferent
cerebellar pathways and motor fibers in the cerebral pedun-
cles, which lie in close proximity.27 Although scanning
speech is easilymisinterpreted as a nonfluent aphasia, careful
evaluation reveals that there is no true language impairment.

Hypokinetic and Hyperkinetic Dysarthria
Extrapyramidal disease is often associated with either hypo-
kinetic or hyperkinetic dysarthria. Hypokinetic dysarthria
occurs in Parkinson’s disease and other rigid types of extra-
pyramidal disorders (Video 49, Hypophonia). This speech
abnormality is characterized by rapid utterances, slurring
of words, and decrescendo volume at the ends of sentences.
The voice is low-pitched and monotonous, lacking both
inflection and volume (hypokinetic and hypophonic).
In advanced states, only whispering is possible. Festinations
of speech with increasing rapidity as the sentence is uttered
may occur.

Two varieties of speech disorders can be classified as
hyperkinetic. The first, choreiform dysarthria, features
prolonged phoneme and sentence segments, intermixed with
silences and showing variable, often improper, stress
(phoneme inflections). This gives speech a bursting quality.
This speech output occurs in choreiform disorders such
as Huntington’s disease and in myoclonic disorders. The
second type, dystonic dysarthria, produces a slower speak-
ing rate, with prolongation of the individual phonemes and
segments and with abnormal, unexpected appearances of
stress or of silence. Dystonic dysarthria occurs in dystonia
musculorum deformans. Spastic dysphonia is one type of
dystonic dysarthria.

Mixed Dysarthrias
In clinical practice, a mixed dysarthria syndrome that has
characteristics of several types of motor speech disorders is
commonly seen. Several classic neurological disorders,
such as multiple sclerosis, Wilson’s disease, and advanced
amyotrophic lateral sclerosis, produce several variations of
dysarthria concurrently, including spastic, flaccid, ataxic,
and hypokinetic and hyperkinetic dysarthrias.

Speech-Related Disorders
Miscellaneous speech-related disturbances not classified as
dysarthrias or dysphonias include phonic tics, vocalizations,
coprolalia, and reiterative speech disorders.

Phonic Tics and Vocalizations
Phonic tics are either simple or complex vocal tics. Simple
vocal tics are similar in character to motor tics and are
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expressed as inarticulate noises and sounds (throat clearing,
grunts, coughs, shouts, snorts, and word accentuation).
Complex vocal tics include articulate words, phrases, or
sentences such as echolalia (involuntary repetition of the last
sound, word, phrase, or sentence of another person) or
coprolalia (involuntary utterance of socially unacceptable
or obscene words, phrases, or sentences) (Video 35, Cop-
rolalia). Phonic tics, including various involuntary vocal-
izations and coprolalia, occur most often in Gilles de la
Tourette syndrome. Degenerative diseases of the nervous
system (e.g., neuroacanthocytosis and Huntington’s dis-
ease), as well as use of neuroleptic medication and acquired
brain injuries, also have been associated with tic disorder.

Reiterative Speech Disturbances (Table 6-4)

ECHOLALIA. This syndrome is a nearly mandatory ten-
dency to repeat what has just been said by the examiner. Fully
developed echolalia encompasses entire phrases and sentences.
The echoed phrasemay be the only output the patient can offer.
In other cases, the echoed phrase may be followed by a run of
jargon output, with the patient apparently unaware of what he
or she is saying.13 Most patients with echolalia show the com-
pletion phenomenon; thus, if started on a phrase that is not
completed, “red, white, and . . .,” the correct word is supplied
by the patient automatically. Echolalia is most often encoun-
tered in patients with transcortical aphasias, notably transcor-
tical sensory and mixed transcortical aphasias. Echolalia is
also encountered in many degenerative brain diseases.28,29

PALILALIA. This rare speech disorder is characterized
by involuntary repetition of words and phrases during ver-
bal output. In most instances, palilalia and aphasia are
separate disorders, but palilalia has been reported with both
anterior and posterior aphasias. Basal ganglia involvement
has been suggested as the cause of some cases of palilalia.
TABLE 6-4

Disorders Commonly Presenting with Reiterative Speech

Echolalia

Transcortical sensory aphasia
Mixed transcortical aphasia
Gilles de la Tourette syndrome
Autism
Frontotemporal dementia
Huntington’s disease
Neuroacanthocytosis

Palilalia

Parkinson’s disease
Schizophrenia
Thalamic infarction
Alzheimer’s disease
Idiopathic calcification of basal ganglia
Progressive supranuclear palsy

Stutter

Parkinson’s disease
Huntington’s disease
Progressive supranuclear palsy
Left cortical infarction
Left subcortical infarction

Logoclonia

Alzheimer’s disease (late stages)
General paresis
Palilalia can be seen in untreated schizophrenic patients, in
paramedian thalamic damage, in the later stages of degen-
erative brain diseases such as Alzheimer’s disease,28,29 and
during electrical stimulation of left hemisphere sites.

STUTTER. Many patients have a tendency to repeatedly
iterate an uttered sound. It is common particularly among
boys. Stutter can appear following brain damage in an
individual who had not stuttered previously.30

The most common stutter is developmental stuttering,
which is characterized by the involuntary repetition of the
first syllable of a word. Initiation of the word is followed
either by a machine gun-like repetition (stutter) or the pre-
sentation of the syllable followed by a prolonged silence
(stammer). Both situations are accompanied by physical
and emotional discomfort (stress). The patient with a newly
acquired stutter produces repetitions and prolongations that
are not restricted to the initial syllable. The patient does not
exhibit evidence of anxiety associated with the difficult
performance. Studies suggest that acquired stutter most
often occurs with bilateral brain dysfunction. No focal
neuroanatomical site or sites have been associated with
acquired stuttering. The co-occurrence of acquired stutter
and aphasia has been reported.

LOGOCLONIA. This condition, in which a tendency to
repeat the final syllable of a word occurs, often indicates
bilateral brain dysfunction. Logoclonia is reported in later
stages of dementia.29

Aphasias
Language disorders affect the ability to comprehend and
express spoken or written language or both. Aphasias are
the most classic syndromes and are presented first; disor-
ders of written language, including alexias and agraphias
as well as other related language disorders, are discussed
in the next section.

The clinical characteristics of aphasia syndromes are
summarized in Table 6-5.

Perisylvian Syndromes
Perisylvian syndromes include classic aphasic syndromes
occurring with lesions along the left Sylvian fissure. They
include Broca’s, Wernicke’s, and conduction aphasia syn-
dromes. Subtypes of Broca’s and Wernicke’s aphasia are
described (Fig. 6-4).

BROCA’S APHASIA. In 1861, Paul Broca described an
aphasic syndrome and correlated it with underlying pathol-
ogy.31 Broca’s aphasia has since been called by several
names. For instance, the same findings have been called
expressive aphasia, anterior aphasia, and motor aphasia.
The term Broca’s aphasia is still the most universally
recognized for this syndrome, and a specified anatomical
localization has been widely accepted.

Verbal output in Broca’s aphasia, which is assessed
through conversational speech, is markedly reduced, often
to fewer than 10 words per minute. The central feature of
Broca’s aphasia is a nonfluent verbal output;32 it is sparse,
poorly articulated, and produced with considerable effort.
The quality of speech is markedly dysprosodic, lacking
melody and rhythm. Sentences are very short, and most
responses by a nonfluent aphasic are limited to single-word
sentences or telegraphic speech.13 Even though very few
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Figure 6-4. Lateral view of the left hemisphere indicating presylvian area
(central, clear region) and extrasylvian areas or borderzone area (cross-
hatched region). TMA, region where a lesion may result in transcortical
motor aphasia; TSA, region where a lesion may result in transcortical
sensory aphasia.

TABLE 6-5

Language Disorders: Clinical Characteristics

TYPE OF APHASIA VERBAL OUTPUT PARAPHASIA REPETITION COMPREHENSION NAMING
READING (ALOUD/
COMPREHENSION) WRITING

Broca’s Nonfluent Rare Poor Good Poor Poor/good Poor
Wernicke’s Fluent Common Poor Poor Poor Poor/poor Poor
Conduction Fluent Common Good Good Poor Poor/good Poor
Global Nonfluent Common Poor Poor Poor Poor/poor Poor
Transcortical
motor

Nonfluent Rare Good Good Poor Poor/good Poor

Transcortical
sensory

Fluent Common Good Poor Poor Poor/poor Poor

Mixed
transcortical

Nonfluent Rare Good Poor Poor Poor/poor Poor

Anomic Fluent Rare Good Good Poor Variable Variable
Subcortical Fluent or

nonfluent
Good Variable Poor Common Variable Variable
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words are produced by the nonfluent aphasic, the output
often conveys significant information and may be well
inflected. There is near absence of syntactical words (pre-
positions, articles, and adverbs). The words produced are
usually nouns, action verbs, or descriptive adjectives. This
alteration of normal grammatical sentence structure is
called agrammatism.33

Other language characteristics are less dramatic. The
comprehension of spoken language is always significantly
better than verbal output. Most patients with Broca’s apha-
sia have some degree of comprehension defect; most often,
it is a difficulty understanding syntactical structures. The
disturbance involves diminished comprehension of the
same terms that the patients omit from their verbal expres-
sions, and they have difficulty with relational words such
as up and down, and inside and outside. Repetition of spo-
ken language is abnormal. Confrontation naming is invari-
ably poor. Patients often accept prompting well and
improve in pronunciation or initiating articulation. This
finding is characteristic of Broca’s aphasia, even though
it can be found in other types of aphasia. Reading out loud
is very difficult for Broca’s aphasia patients. Reading
comprehension may be somewhat disturbed, but it is com-
paratively well preserved. Writing is abnormal, affecting
both writing to command or copying written material.
The letters are oversized, and multiple misspellings are
common.

Neurological examination shows some degree of right-
sided weakness in the majority of patients (>80%), with
a variable degree of severity. The weakness usually has a
brachiofacial distribution. Hyperactive reflexes are fre-
quently present on the involved side. Ideomotor apraxia,
an inability to carry out on command a task that can be
done spontaneously, frequently involves the nonparalyzed
left hand of patients with Broca’s aphasia.13

Sensory loss is not consistent. If a severe hemisensory loss
is present at the onset but clears rapidly, a unilateral inatten-
tion syndrome is suggested rather than a true sensory
defect.34 Often, a conjugate ocular deviation to the left will
be present initially. A visual field defect is uncommon and,
if it is present, suggests more posterior neuroanatomical
involvement.

The site of pathology in Broca’s aphasia has been loca-
lized to the left posteroinferior frontal lobe, Brodmann’s
area 44 or simply Broca’s area. Patients with the classic syn-
drome of Broca’s aphasia often have associated deep-
extending pathology involving the insula, basal ganglia,
and periventricular white matter (Fig. 6-5).15,21,35,36 Various
types of pathology, including trauma, tumor, infection,
abscess, and others, can produce Broca’s aphasia. The most
common cause is cerebral vascular disease. Occlusion of one
or several branches of the middle cerebral artery feeding the
inferior frontal region is the most common cause of Broca’s
aphasia.

Broca’s aphasia that rapidly improves is associated with
lesions involving the frontal operculum but not extending
deeply. These patients have a different clinical picture,
and the condition has been called little Broca’s aphasia or
aphemia.15 They may be left with a “breathy” voice or a
speech disorder that sounds like the accent of a non-native
speaker (foreign accent syndrome).

WERNICKE’S APHASIA. In 1874, Karl Wernicke
described a language impairment that was characterized
by fluent verbal output and impaired comprehension.
Essentially identical aphasia syndromes have also been
called sensory aphasia or receptive aphasia.



Figure 6-5. MRI of the brain showing a large, deep infarct involving Bro-
ca’s area, the internal capsule, and the basal ganglia. (From Damasio H,
Damasio AR: Lesion Analysis in Neuropsychology. New York, Oxford
University Press, 1989.)
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Verbal output in Wernicke’s aphasia is either normal or
increased, sometimes more than 200 words per minute.16

Speech production demands little or no effort, and articula-
tion is normal. Sentences are of normal length with normal
prosody. However, sentences are devoid of meaningful
words so that almost no information is conveyed, an output
that can be called empty speech; paraphasia is common.13

Paraphasia may be literal when a syllable is substituted
within a word (phonemic substitution) or semantic (also
termed verbal paraphasia) when a word is substituted.
Words can also be substituted by meaningless, nonsense
words (neologisms). “Jargon aphasia” is a severe form of
Wernicke’s aphasia with rapid verbal output, abundant
paraphasic substitutions, and incomprehensible verbaliza-
tion. When patients have an increased output and speak
incessantly, this is called logorrhea or pressured speech,
an aphasic output nearly diagnostic of Wernicke’s aphasia.

Comprehension of spoken language is disturbed in
Wernicke’s aphasia. The severity of the comprehension
deficit is variable. Patients can sometimes understand a
few words and even short sentences. Comprehension abil-
ity may decrease with testing, a phenomenon called fatigue
or jamming. Two varieties of comprehension defect are
described.37 In one variety, the ability to comprehend
spoken language is considerably worse than the ability to
comprehend written language (the patient is predominantly
word deaf), whereas in the other the opposite is true (the
patient is predominantly word blind). Classic Wernicke’s
aphasia features a combination of the two.19
Other aspects of language are disturbed. Repetition of
spoken language is invariably abnormal. Naming is often
abnormal, and grossly paraphasic responses can be pro-
duced during confrontational naming. Reading out loud as
well as reading comprehension are abnormal. Writing is
also abnormal in Wernicke’s aphasia. The output consists
of well-formed letters combined in a meaningless manner.
Correctly produced words may be scattered among the
unintelligible combinations.

Neurological examination is often unrevealing. Some
degree of cortical sensory loss may be present. A superior
quadrantanopia suggesting involvement of the temporal
radiation of the geniculocalcarine tract is often the only
neurological deficit associated with Wernicke’s aphasia.
The absence of associated neurological deficits may lead
to the erroneous diagnosis of psychosis or schizophre-
nia, particularly in younger patients, or dementia in older
patients.

The pathology in most cases of Wernicke’s aphasia is
localized in the auditory association cortex of the post-
erosuperior portion of the first temporal gyrus of the left
temporal lobe. When word deafness is predominant over
word blindness, pathology tends to be deeper in the first
temporal gyrus, involving Heschl’s gyrus or its connec-
tions. Predominance of word blindness suggests greater
involvement of the contiguous parietal cortex (primarily
the angular gyrus). Pure word deafness is discussed in the
next section. A variety of pathological entities are known
to produce Wernicke’s aphasia, including vascular events
and tumors or abscesses of the temporal lobe.

The outcome and recovery of Wernicke’s aphasia is less
favorable than for Broca’s aphasia. With improvement,
some ability to recognize spoken words appears. With con-
tinued improvement, the patient may be able to understand
auditory material if it is presented slowly.38 Recovery may
be delayed by associated behavioral problems; most
patients, however, are unaware of their deficit, making
rehabilitation efforts difficult, and paranoid ideation is
common.13

CONDUCTION APHASIA. Conduction aphasia occurs in
up to 15% of admissions of patients with aphasia in some
reports.37,39 The defining feature of conduction aphasia is
the repetition difficulty (Video 96, Conduction Aphasia).
Conduction aphasia may be “Wernicke-like” or “Broca-
like.” When of the former variety, verbal output is fluent
and paraphasic, but the amount of output is less than in
Wernicke’s aphasia.. In the latter, articulation is excellent,
and comprehension of spoken language is intact; however,
fluency may be diminished. In contrast, the repetition of
numbers or the naming of colors may be contaminated with
phonemic paraphasias. Confrontational naming is also
disturbed, mainly because of paraphasic errors. Reading
out loud may be similarly compromised; in contrast, reading
silently for comprehension is intact. The ability to write is
invariably disturbed to some extent. Most often, syllables
and letters are substituted or misspelled or misplaced. Often,
conduction aphasia is not diagnosed at the onset but devel-
ops in the recovery phase from Wernicke’s aphasia.
With further improvement, patients remain anomic.

The neurological examination often shows no abnormal-
ities, but variable motor or sensory findings and ideomotor
apraxia may be present. A pseudothalamic pain syndrome
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may develop in the recovery phase. Visual fields may
show variable deficits reflecting involvement of different
sites neighboring the locus of pathology underlying
conduction aphasia.13

The site of pathology in conduction aphasia involves the
left hemisphere arcuate fasciculus, most often deep to the
supramarginal gyrus. This may produce a separation of the
sensory and motor language areas, as originally suggested
by Wernicke.40, 41 The discovery of a trifurcatin of fibers
in the arcuate fasciculus may account for the different
presentation of conduction aphasia. Lesions in the anterior
segment disrupt connections between the frontal lobe
(i.e., Broca’s area) and the parietal lobe, whereas lesions in
the posterior segments would disconnect Wernicke’s area
from the parietal region. This could account for reports of
conduction aphasia described with lesions outside the classi-
cal arcuate fasciculus region, notably in the left supramargi-
nal gyrus and left temporal gyrus.37,39 The most common
cause of conduction aphasia is occlusion of a portion of the
angular branch of the middle cerebral artery.

GLOBAL APHASIA. In global aphasia, all language
functions are seriously impaired. The verbal output is
always limited but not to a state of mutism. Single words
or syllables can sometimes be produced, and occasionally,
verbal output is limited to strings of a single syllable.13

Some cases can produce highly automatic, overlearned
phrases, such as “How are you?” Comprehension is often
better than verbal output but is also seriously disturbed.
Repetition, naming, reading, and writing are all compro-
mised. Neurological examination often shows hemiplegia,
visual field loss, and sensory abnormalities. In some
patients, the condition evolves from global aphasia to the
other aphasia syndromes. Patients who do not make a rapid
recovery soon after onset have a poor prognosis. The
pathology may involve a large part of the left hemisphere,
often in the distribution of the middle cerebral artery. How-
ever, rare cases are reported with a global aphasia but few
associated neurological deficits. In those cases, small, stra-
tegically placed lesions involve Broca’s and Wernicke’s
areas simultaneously.42 Strokes are probably the most com-
mon cause, but a tumor, trauma, infection, gunshot wound,
and other causes can all lead to severe global aphasia.

Extrasylvian Aphasias
In extrasylvian aphasias, pathology is localized outside the
regions immediately bordering the sylvian fissure (see
Fig. 6-4). There are three recognized aphasic syndromes
in this category: transcortical motor, transcortical sensory,
and mixed transcortical aphasias.

TRANSCORTICAL MOTOR APHASIA. Transcortical
motor aphasia resembles Broca’s aphasia, but patients
are able to repeat. The term transcortical aphasia was sug-
gested by Wernicke in 1881 and Lichtheim in 1885. It was
also termed anterior isolation syndrome by Benson and
Geschwind.43 Verbal output is described as nonfluent and
dysarthric, as in Broca’s aphasia. However, patients with
transcortical motor aphasia have a stronger tendency to
stutter, and output is often agrammatical and is produced
with considerable effort. Comprehension of spoken lan-
guage is normal. Sometimes, the presence of associated
apraxia might falsely suggest that the patient does not
comprehend when asked to point to room objects or carry
out commands. Repetition is usually good to excellent.
Confrontational naming is often disturbed, and prompting
with contextual cues or phonemic cues helps these pati-
ents considerably. Reading out loud produces poorly articul-
ated speech. Comprehension of written language is intact
and usually better than in patients with Broca’s aphasia.
Writing ability is always defective. It is often clumsily
written with large letters, poor spelling, and agrammatical
output. Most often, transcortical motor aphasia is seen in
the recovery phase from Broca’s aphasia. Patients with
transcortical motor aphasia usually have variable recovery.

Neurological examination usually reveals right hemiple-
gia. Apraxia is very common, and conjugate ocular devia-
tion is occasionally seen. Sensory loss and visual field
loss do not occur.

Transcortical motor aphasia is not a frequent entity. Cases
occur with lesions in the anterior watershed area or with
occlusion of the left anterior cerebral artery. In some cases,
pathology is located in the left frontal or prefrontal regions
of the dominant hemisphere anterior or superior to Broca’s
area.21 It is suggested that transcortical motor aphasia is
the result of a separation of the pathways that connect the
supplementary motor area with Broca’s area.44 Other
patients have lesions of the left medial frontal region.

A variant of transcortical motor aphasia has been termed
supplementary motor area aphasia. This syndrome is basi-
cally identical to transcortical motor aphasia but is pro-
duced by damage to the dominant hemisphere medial
frontal structures, notably the cingulate cortex and supple-
mentary motor area. Following initial mutism, patients
with this disturbance develop a slow hypophonic output
that improves considerably with repetition. Compared to
transcortical motor aphasia, patients with supplementary
motor area aphasia have a characteristic neurological dis-
turbance with weakness of the right lower extremity and
shoulder but relatively normal strength in the arm and face.
A similar pattern of sensory disturbance may or may not be
present.11 This syndrome is not common and occurs most
often after occlusion of the dominant hemisphere anterior
cerebral artery.

TRANSCORTICAL SENSORY APHASIA. Transcortical
sensory aphasia is a distinct entity that features fluent out-
put that is often contaminated by considerable paraphasia,
including both neologistic and semantic substitutions.
Comprehension of spoken language is severely disturbed.
In striking contrast, repetition is intact. The patient is often
echolalic, repeating most of the examiner’s utterances with
apparent unawareness of what is said. Naming is disturbed.
Reading out loud may be preserved but is usually contami-
nated with paraphasic errors. Reading comprehension is
defective. Writing is also abnormal.

Sensory abnormalities usually of the cortical type are
found as well as a visual field defect. Occasionally, patients
with transcortical sensory aphasia have a normal neuro-
logical examination and are misdiagnosed as schizophrenic.

The pathology underlying this syndrome is often located
in the parietal and temporal areas, posterior to the perisyl-
vian region. Occlusion of the left internal carotid with a
subsequent posterior borderzone infarction frequently
underlies transcortical sensory aphasia. Tumors in the par-
ietotemporo-occipital junction area, as well as trauma,



92 Neuroanatomical Localization and Syndromes / 6
intracerebral hematoma,45 and degenerative disorders such
as Alzheimer’s disease,46 are other reported causes.

Transcortical sensory aphasia may also follow the resolu-
tion ofWernicke’s aphasia. The prognosis is usually guarded.

MIXED TRANSCORTICAL APHASIA. Mixed trans-
cortical aphasia, or isolation aphasia, is equivalent to global
aphasia with preserved repetition.47 Patients with this syn-
drome do not speak unless spoken to, and their verbal output
is almost entirely limited to what has been offered by the
examiner—a true echolalia.13 Patients may embellish the
output in the form of the completion phenomenon or sponta-
neous correction of grammatical errors deliberately produced
by the examiner. Thus, if told the beginning of a common
phrase, the patient may not only repeat what has been said
but also continue the phrase to completion. Comprehension
of spoken language is severely disturbed. The ability to
repeat, although well preserved compared with all other
language features, remains limited and is often below normal.
The number of words in a sentence that can be repeated is
often limited to three or four. Naming, reading out loud,
reading for comprehension, and writing are severely compro-
mised. When a response is elicited, it is often contaminated
with paraphasias. Neurological examination reveals variable
motor, sensory, and visual field deficits.

The pathology underlying mixed transcortical aphasia
is most often located in both the anterior and posterior
vascular borderzone cortical areas of the left hemis-
phere. Although borderzone pathology is rare in its pure
form, individuals with acute left internal carotid occlu-
sion or the residuals of severe cerebral edema or prolon-
ged hypoxia may show the mixed transcortical language
pattern. The course of this syndrome is one of improve-
ment to a stable state of often severe language disability.
The syndrome has been reported with unusual frequency
in Creutzfeldt-Jakob disease.

Subcortical Aphasia
With the advent of brain imaging, language disorders that
previously were difficult to characterize were found to have
pathology affecting subcortical structures, particularly the
basal ganglia and the thalamus.48 Considerable variation is
seen in the clinical picture depending on the specific subcor-
tical structures involved, but several general characteristics
help define the entity. First, there is typically an acute onset
with mutism, recovering slowly to a hypophonic, slow, and
poorly articulated output. Other language features vary
depending on the site of subcortical pathology.

Aphasia has been reported following lesions in seve-
ral different subcortical structures. Electrical stimulation
and functional imaging studies have increased awareness
of the role of these structures in language processing.49,50

Left thalamic lesions involving predominantly ventrolateral
nuclei or anterior nuclei produce a mildly nonfluent aphasia
with frequent paraphasias, impaired naming, logorrhea, and
relatively preserved repetition and comprehension.51 Hyper-
tensive hemorrhage and ischemic lesions, particularly
those involving the tuberthalamic artery, are the main causa-
tive etiologies. Electrical stimulation recordings demon-
strate a role for the anterior putamen in coordination of
articulation with resultant anarthria or dysarthria following
stimulation. Superior-medial portions of the caudate appear
to be involved in control of language via connections to the
prefrontal cortex, with perseveration following stimula-
tion.52 These same electrical stimulation experiments reveal
similar results for right-sided homologues in left-handed
individuals. Except in rare cases and those involving
large areas extending beyond the basal ganglia, recovery is
significant.19,51,53

Several theories have been proposed to explain the role of
subcortical structures in the various forms of language
impairment; these include cortical dysfunction secondary
to mass effect and compression from blood in the thalamic/
basal ganglia regions and dysfunction related to diaschisis.
Another theory suggests a disconnection syndrome between
cortical language areas and subcortical structures, proposing
that there are “language loops” comparable to the cognitive
loops involving subcortical structures and the frontal cortex.
Subcortical mechanisms may impact the attentional and
selective engagement properties of the thalamus. Subcorti-
cal structures may serve as a gating mechanism to control
input and output and play a role in the ability of the thalamus
to activate the specific regions of cortex required to carry
out language functions.50,51,54

Nonlocalizing Aphasic Syndromes
ANOMIC APHASIA. Anomic aphasia is also known as

amnestic aphasia and nominal aphasia. Anomia is a very
frequent finding in aphasia to the extent that it is consid-
ered imprudent to suggest a diagnosis of aphasia in its
absence.13 Anomic aphasia refers to those aphasic syn-
dromes in which the principal deficit is in confrontational
naming. Although spontaneous speech is fluent and easily
produced, there is an emptiness, which results from a lack
of substantive words, with substitution of many nonspecific
words that fail to communicate an idea satisfactorily. This
vague output is called empty speech. Most often, excessive
word-finding pauses typify the anomic output. If the
description demands a substantive word that cannot be pro-
duced, another description may be tried. This rapidly
produces a circuitous output called circumlocution.

Other language aspects are more intact. Comprehension is
relatively well preserved. Reading and writing may be
entirely normal, but not infrequently, there is abnormality
in both. When anomia occurs by itself, it may result from
pathology almost anywhere in the left hemisphere area
and can even be seen in some cases of right hemisphere
lesions.13,19 There is a fairly common syndrome in which
anomic aphasia is associated with alexia plus Gerstmann’s
syndrome (agraphia, right-left disorientation, acalculia, and
finger agnosia). In this syndrome, the pathology is localized
in the left angular gyrus.13,14 Anomia is often the residual of
more severe aphasic syndromes and remains the complaint
of many well-recovered aphasics. Anomia also is seen in
degenerative disorders such as Alzheimer’s disease.

Alexias and Agraphias

Alexia without Agraphia
Alexia without agraphia was first described by Dejerine
in 1892 in a patient who suddenly lost the ability to read
but had no other language disturbance. The only neuro-
logical finding of significance was a right homonymous
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hemianopia. Although the patient was unable to read
except for some individual letters, he could write ade-
quately. In patients with this syndrome, the patient can
write but cannot read his or her own written output (Video
97, Dyslexia). If the letters of a word are read aloud, the
patient can often put them together so that the word can
be deciphered. The patient often has verbal alexia, which
refers to an inability to read words (also called word blind-
ness) but not literal alexia (letter blindness), retaining the
ability to read letters. The patient with alexia without agra-
phia can recognize individual letters when they are drawn
in the palm or palpated from embossed blocks. Patients
with this syndrome do not lose the ability to see verbal
stimuli, but visual information has lost access to the lan-
guage area. Patients with this disorder also have greater
difficulty in copying written material than in producing
words to dictation. They can spell words out loud without
difficulty. Many patients have disturbed color naming as
well as a mild degree of anomia. Some have difficulty in
reading numbers and others suffer from true acalculia.

The causative lesion is nearly always a stroke in the
territory of the left posterior cerebral artery, with infarction
of the medial occipital lobe, the medial temporal lobe,
and the splenium of the corpus callosum. Dejerine sug-
gested a disconnection between the intact right visual cor-
tex and the left hemisphere areas mediating language,
particularly the angular gyrus. Geschwind repopularized
this disconnection theory.55

As a separate but closely related entity, Greenblatt56

described a syndrome that he named subangular alexia.
Patients with this disorder have alexia without agraphia
but with hemianopia. The structural pathology in these
cases involves the white matter deep in the dominant parietal
cortex, undercutting the angular gyrus.

Alexia with Agraphia
In 1891, Dejerine also described a syndrome of alexia with
agraphia in a patient who suffered a cerebral vascular acci-
dent. The ability to read both letters and words is impaired,
and there is equal difficulty in comprehension of numbers
and musical notation. Cues are of little help. Thus, tracing
the letter with the finger does not aid in identification, and
the patient with this type of alexia cannot decipher a word
when it is spelled aloud for him or her. The writing distur-
bance is usually of equal severity. The ability to copy
written material is far better than the ability to produce it
on command. This syndrome may be considered an
acquired illiteracy, in which a previously educated patient
is rendered unable to read and write.

This disorder often overlaps with Wernicke’s aphasia.
In those cases, the patients often have a paraphasic output,
impaired naming, and poor repetition, as well as distur-
bed written comprehension (word blindness) more than
auditory comprehension (word deafness). Associated find-
ings include right hemianopia or superior quadrantanopia,
elements of Gerstmann’s syndrome, and right-sided sen-
sory loss. Most often, there is partial recovery, permitting
only limited reading comprehension.

The most common locus of pathology in this syndrome
is situated in the parietotemporal junction of the left hemi-
sphere, particularly in the angular gyrus.
The association of alexia with agraphia in Gerstmann’s
syndrome and anomia has been called the angular gyrus syn-
drome, and the combined disorder almost invariably indi-
cates a left hemisphere inferior parietal location of the
causative pathology.57

Frontal Alexia
A number of features of frontal alexia are sufficiently dis-
tinctive to allow differentiation from the other varieties of
alexia.15 Most patients with the disorder can read, both
aloud and for comprehension, but only isolated words from
a given sentence are uttered; the recognized words are
almost exclusively substantives. If relational words such
as adjectives and prepositional phrases are the determining
language structures, the patient may completely misinter-
pret the sentence. Nonfluent aphasia is often associated
with frontal alexia. The site of pathology in frontal alexia
involves the same locus as Broca’s aphasia.

Other types of alexias have been described, including
hemialexia following posterior corpus callosum section, uni-
lateral paralexia, a manifestation of unilateral inattention,
and other variants.57

Agraphia
Agraphia may be defined as a loss or impairment of the
ability to produce written language, caused by brain dys-
function. Almost without exception, every individual with
aphasia shows at least some degree of agraphia, and tests
of writing ability can be used as a screening device to
detect the presence of aphasia. Caution is necessary, how-
ever, because agraphia accompanies many disturbances
other than aphasia.13 Abnormalities of constructional skills,
visuospatial discrimination, and disturbances of motor
skills, such as ataxia, rigidity, spasticity, chorea, myoclo-
nus, and tremor, cause major alterations in the quality of
graphic output.

Three variations of agraphia are outlined.13 Left frontal
(anterior) agraphia is seen in patients with Broca’s apha-
sia, and their written output parallels their verbal output.
Words and letters are large and messy with poor spelling,
and sentences are devoid of grammatical words (agramma-
tism). Left parietotemporal (posterior) agraphia is seen in
patients with posterior aphasias, and written output paral-
lels their spoken output. Literal and verbal paragraphias
as well as empty writing are present. Visuospatial agra-
phia is most commonly associated with posterior right
hemisphere defects causing constructional disturbance.
The script is well formed, but there is a tendency for the
written line to slant upward and for the left margin to be
larger and increasing in size with subsequent lines.

Language-Related Disorders

Aphemia
Aphemia was the term originally used by Broca to describe
all language disturbances, but he later accepted the term
aphasia promoted by Trousseau (1864). Bastian (1887) used
aphemia to denote a specific syndrome described here;
others have termed the same language abnormality pure
motor aphasia, cortical anarthria, or apraxia of speech.
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Aphemia traditionally is described as a disorder present-
ing with mutism but preserved ability to communicate using
written language. More recent descriptions include patients
with impaired writing abilities characterized by omission
of prepositions and numerous spelling errors. When verbali-
zation returns, the output is hypophonic, slow, and poorly
articulated so as to be almost incomprehensible. Compre-
hension of spoken language is intact. Although both rep-
etition and naming are severely disturbed because they
demand vocalization, patients can comprehend written lan-
guage and are able to write without difficulty. Primary
laryngeal pathology should be ruled out.

Neurological examination reveals a transient right hemi-
plegia or hemiparesis without other neurological signs except
for an often associated buccofacial apraxia. Patients have
difficulty performing on command acts such as whistling,
sucking, blowing, and winking. In contrast, they have no
trouble performing limb activities such as imitating the use
of a comb or a toothbrush, waving goodbye, and saluting.

In aphemia, the communication disturbance involves
verbal output and is a speech problem rather than an
impairment of language. There is often an overlap, how-
ever, between aphemia and the anterior aphasia syndromes.
An aphemia-like state appears in some patients who have
recovered from Broca’s aphasia. Some investigators have
even considered aphemia to be a minor subtype of Broca’s
aphasia, also called little Broca’s aphasia.

However, aphemia differs from true Broca’s aphasia
because of the absence of agrammatism in the spoken
and written output. Most often, aphemia improves to useful
language output, but a dysprosodic speech quality remains,
producing a so-called foreign accent syndrome, a disorder
of rhythm, inflection, and articulation, suggesting that the
patient is not a native speaker of the language. The pathol-
ogy is located in or immediately inferior to Broca’s area in
the dominant hemisphere (see Fig. 6-5).11

Pure Word Deafness
Pure word deafness is a rare prelanguage syndrome in
which only reception of spoken language is involved. Indi-
viduals with pure word deafness do not understand spoken
language and cannot repeat. However, they are able to hear
and identify adequately nonverbal sounds such as a whis-
tle, a telephone ring, and a dog bark. Their reading is
intact, and they often carry with them a writing tablet for
others to use.19

There are two known loci of pathology. Some patients
have a single lesion deep in the dominant superior temporal
region affecting the primary auditory cortex or the pathways
to it from the medial geniculate nucleus. More commonly,
there is bilateral pathology involving the midportion of the
superior temporal gyrus of both hemispheres. Wernicke’s
area (left auditory association cortex) is not involved.

Some cases of pure word deafness have associated para-
phasic output and mild written language comprehension
deficits. These cases should be classified as Wernicke’s
aphasias with predominant word deafness and relatively
less word blindness (reading comprehension).

Pure word deafness is not a disturbance of language abil-
ity. Delivery of the auditory signal to the area mediating
language interpretation is defective, which is a sensory
transmission problem rather than a language disturbance.
Pure word deafness resembles deafness more than aphasia.
It has also been called auditory verbal agnosia.58 Although
pure word deafness is rare in isolation, it may be associated
with posterior aphasic disorders.

Delirium
Delirium with fluctuating consciousness and disturbed
thought content is associated with variable language diffi-
culties with or without structural brain pathology. Patients
often have impaired attention and do poorly on tasks such
as digit span and mental control. Language disturbances
can be the presenting feature of delirium, particularly in
patients with decreased attention and concentration. Associ-
ated features may include agitation, hallucinations, confusion,
and myoclonus.

Psychiatric Disorders
Psychiatric disorders can occasionally mimic classic lan-
guage syndromes. Schizophrenics often present with verbal
output described as word salad, containing bizarre words
and sentences. Written output parallels the content of verbal
output. These patients have no other language disturbances
and they are usually readily distinguished from Wernicke’s
or other posterior aphasias. Manic patients often present
with logorrheic output, pressured speech, and grandiose
content, but no other language disturbances are encountered
that distinguish them from other classic aphasia syndromes.

Right Hemisphere Disorders
Right hemisphere disorders can affect language function,
most commonly in left-handed individuals. Rarely, right-
handed patients become aphasic after strokes in the right
hemisphere, a phenomenon called crossed aphasia in dex-
trals. Even in right-handed people with typical left hemi-
sphere dominance for language, subtle alterations in
language function occur after right hemisphere damage.
The right hemisphere has been considered the dominant
hemisphere for the expression and detection of emotion
in language, gestures, and faces, although a critical review
of the literature has questioned these assumptions.59,60

Localization of emotional comprehension and emotional
repetition have been less well characterized than compar-
able left hemisphere language functions. The inability to
express affect in speech (affective motor aprosodia) has
repeatedly been shown to result from lesions in the right
frontal opercular region.61 This syndrome is characterized
by flat, robotic speech with loss of normal melody and
emotional intonation. Affected patients also lack variability
in the spacing of words and syllables to imply meaning.
They rely more on semantic information to convey emo-
tions. Frequently, this syndrome is interpreted as depres-
sion; however, patients deny the feeling or experience of
being depressed. In addition, receptive amusia and other
disorders of music appreciation are related disturbances
predominantly associated with right hemisphere lesions.

Tables 6-6 and 6-7 summarize clinico-anatomical corre-
lations and major etiological categories of speech and
language disorders.



TABLE 6-6

Clinico-anatomical Correlations of Speech and Language Disorders

ANATOMICAL SITE OF
DAMAGE

SPEECH OR LANGUAGE
SYNDROME

OTHER NEUROLOGICAL
AND MEDICAL FINDINGS COMMON ETIOLOGIES COMMENTS

(L) Posterior inferior
frontal lobe

Broca’s aphasia Brachiofacial weakness Stroke, trauma, tumor,
infection

Initial (L) conjugate
gaze deviation

(L) Posterior superior
temporal gyrus

Wernicke’s aphasia Visual field deficit Stroke, temporal lobe
abscess

(L) Posterior sylvian
region

Conduction aphasia Cortical sensory deficit
pseudothalamic pain

Stroke Associated ideomotor
apraxia

(L) Sylvian region Global aphasia Hemianopia, hemiplegia Stroke, tumor, trauma,
infection

(L) Dorsolateral frontal
cortex

Transcortical motor
aphasia

Buccofacial apraxia,
hemiparesis is
occasional

Anterior borderzone
vascular infarction

(L) Temporoparieto-
occipital junction

Transcortical sensory
aphasia

Critical sensory deficit Posterior borderzone
vascular infarction

Echolalia is common

Visual field deficit Degenerative disease
(L) Hemisphere,
vascular border zone
areas

Mixed transcortical
aphasia

Variable motor, sensory,
and visual field
deficits

Borderzone infarctions,
anoxia, carbon
monoxide poisoning

Echolalia very
common

(L) Thalamus, striatum
white matter

Subcortical aphasia Hemiplegia/sensory loss Stroke, ischemic and
hemorrhagic

No visual field or
cortical sensory loss

Unilateral or bilateral
corticobulbar tracts

Spastic dysarthria Unilateral or bilateral
hyper-reflexia or
spasticity

Stroke, demyelinating
and degenerative
disease

Cerebellum Ataxic dysarthria Dysmetria, nystagmus,
ataxia

Stroke, degenerative,
toxic disorder; tumor

Lower motor neuron,
brain stem, or
peripheral nerves

Flaccid dysarthria Atrophy, fasciculation,
decreased gag

Motor neuron disease,
stroke, carcinomatous
meningitis

Risk of aspiration
pneumonia

Basal ganglia Hypokinetic/
hyperkinetic
dysarthria

Parkinsonism, dystonia,
chorea

Degenerative disease,
Parkinson’s disease,
Huntington’s disease,
stroke

Vocal cords or their
innervation

Dysphonia Fatigability, ptosis Laryngitis, vocal cord
paralysis, myasthenia

May be a sign of
laryngeal carcinoma
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GENERAL MANAGEMENT GOALS

Language and speech are basic for human existence, and
their loss is often catastrophic. Most patients lose their
ability to communicate in a sudden and unexpected way.
In addition to the loss of language, patients may lose their
employment, social position, recreational opportunities,
and many other stabilizing factors of personal existence.15

The prognosis of any speech and language disorder depends
on many factors, including etiology, lesion site, severity,
profile of aphasic deficits, age at onset, individual (crossed
aphasics), or group characteristics (left-handedness).

Most clinicians agree that speech therapy may be helpful
and begin treatment as soon as possible, but delays in treat-
ment are not detrimental and are warranted until the patient
is neurologically stable.62 Therapy should be goal driven,
not simply to maximize or optimize language function.
The therapist should identify limiting factors, establish treat-
ment plans for the treatable factors, and specify both the
expected outcome and the specific duration of treatment.

A growing body of literature on drug treatment of post-
stroke aphasia has yielded inconclusive results. Dopa-
mine agonists, piracetam, amphetamines, and cholinesterase
inhibitors have been used in the treatment of aphasia. Bromo-
criptine is most helpful in nonfluent aphasias. Amphetamines
improve attention span and enhance learning, necessary for
acquisition of motor and cognitive skills vital in language
recovery.63,64 Case studies and an open-label study utili-
zing donepezil have shown beneficial effects on chronic
post-stroke aphasia recovery.65

Treatment should also address complications of speech and
language disorders. Depression is associated with left hemi-
sphere injury, particularly in the deep frontal regions, and is
associated with Broca’s aphasia, global aphasia, or subcorti-
cal aphasia with anterior extension.63,64 Treatment of depres-
sion includes support and encouragement, concentration on
domains in which the patient succeeds, and antidepressant
medication. Paranoid and agitated behavior is occasionally
observed in patients with posterior aphasic syndromes, parti-
cularly those with Wernicke’s aphasia and pure word deaf-
ness65; management consists of antipsychotic drugs in low
doses. Finally, patients with associated bulbar or pseudobulbar
palsy are at increased risk for aspiration and secondary lung
infection and should be monitored closely and considered for
percutaneous gastric feeding tube.

Patients with aphasia are often assumed to be incompetent
because of their reduced communication ability; the inabil-
ity to communicate through verbal or written language,
however, does not preclude aphasic patients from nonverbal
communication, thinking, and expressing opinions. Even
severely aphasic patients can live semi-independently and
develop new interests and goals.



TABLE 6-7

Selected Etiologies of Speech and Language Disorders

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Arnold-Chiari malformations 28

Hereditary and Degenerative Disorders

Storage diseases: Lipidoses, glycogen disorders, and
leukoencephalopathies

Adrenoleukodystrophy, Krabbe’s disease, metachromatic
leukodystrophy

30

The degenerative dementias Alzheimer’s disease, frontotemporal degeneration,
Parkinson’s disease, Huntington’s disease

33

Movement disroders Hallervorden-Spatz disease, Wilson’s disease, progressive
supranuclear palsy, Parkinson’s disease, multiple system
atrophy, Huntington’s disease

34

Ataxias Friedreich’s ataxia, abetalipoproteinemia 35
Degenerative motor, sensory, and autonomic disorders Amyotrophic lateral sclerosis 36
Hereditary nondegenerative neuromuscular disease Myopathies 37

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Hypothyroidism 38
Exogenous acquired metabolic system: Toxins and

illicit drugsdisorders of the nervous
Cocaine 39

Nutritional deficiencies and syndromes associated with
alcoholism

Alcoholic cerebellar degeneration Vitamin E deficiency 40

Infectious Disorders

Viral infections Herpetic encephalitis 41
Nonviral infections Toxoplasmosis or bacterial abscess of the temporal lobe 42
Transmissible spongiform encephalopathies Creutzfeldt-Jakob disease, Gerstmann-Straussler syndrome 43
HIV and AIDS Lymphoma, toxoplasmosis, AIDS dementia complex 44

Neurovascular Disorders Vascular dementia; embolic, thrombotic, and hemorrhagic
stroke

45

Neoplastic Disorders

Primary neurological tumors Glioblastoma, meningioma, astrocytoma 46

Metastatic neoplasms and paraneoplastic syndromes Metastasis from lung, breast, melanoma, paraneoplastic
cerebellar degeneration

47

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis, progressive multifocal
leukoencephalopathy

48

Demyelinating disorders of the peripheral nervous system Guillain-Barré syndrome 49

Autoimmune and Inflammatory Disorders Myasthenia gravis 50

Traumatic Disorders Contusion, subdural hematoma 51

Epilepsy Frontal lobe epilepsy 52

Headache and Facial Pain Migraine with aura 53

Sleep Disorders Hypoxemia and hypotension with sleep apnea 54

Drug-Induced and Iatrogenic Neurological Disorders Anterior cerebral infarction following aneurysm clipping 55

AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.
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61–90.

Demonet JF, Thierry G: Language and brain: What is up? What is coming
up? J Clin Exp Neuropsych 2001;23:49–73.

Jordan LC, Hillis AE: Disorders of speech and language; aphasia, apraxia
and dysarthria. Curr Opin Neurol 2006;19:580–585.

Kertesz A: Aphasia. In Vinken PJ, Bruyn GW, Klawans HL (eds):
Handbook of Clinical Neurology, Vol 45: Clinical Neuropsychology,
Amsterdam, Elsevier, 1985.

Lecours AR, Lhermitte F, Bryans B: Aphasiology. London, Bailliere-
Tindall, 1983.

Metter EJ: Speech Disorders. New York, Spectrum, 1985.



Swanberg, Nasreddine, Mendez, and Cummings / Speech and Language 97
Price CJ: The anatomy of language: Contributions from functional neuroi-
maging. J Anat 2000;197:335–359.

Saffran EM: Aphasia and the relationship of language and brain. Semin
Neurol 2000;20:409–419.

Szaflarski JP, Schmithorst VJ, Altaye M, et al: A longitudinal functional
magnetic resonance imaging study of language development in children
5 to 11 years old. Ann Neurol 2006;59(5):796–807.

Trousseau A: De l’aphasia. Gaz Hôp (Paris) 1864;37:13, 25, 37, 49.
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DEFINITIONS

Cranial nerve I (CN I) constitutes the primary receptor
cells for the sense of smell. This nerve monitors the intake
of airborne agents into the human respiratory system and
largely determines, along with the sense of taste, the flavor
and palatability of foods and beverages. In addition to pur-
veying esthetic pleasures, CN I warns of spoiled foods,
leaking natural gas, polluted air, and smoke and mediates
elements of basic communication (e.g., mother-infant inter-
actions). Of particular interest to the neurologist is the fact
that alterations in the ability to smell are among the first, if
not the first, signs of Alzheimer’s disease and idiopathic
Parkinson’s disease.

Olfactory dysfunction can affect a patient’s safety, nutri-
tional status, and quality of life. Among 750 consecutive
patients presenting to the University of Pennsylvania Smell
and Taste Center with mainly olfactory problems, 68%
experienced an altered quality of life, 46% reported
changes in appetite or body weight, and 56% noted adverse
influences on daily living or psychological well-being.1

Many anosmics report increased use of sugar and season-
ings to compensate for their olfactory disorder, a situation
detrimental to persons with diabetes and salt-sensitive
hypertension. In experimental settings, older persons with
diminished smell function ingest foods that younger per-
sons find distasteful, implying that such individuals are at
considerable risk for food poisoning. It is well documented
that a disproportionate number of elderly persons die from
accidental gas poisoning, which is due, in large part, to
their decreased ability to smell.

Most patients presenting with decreased “taste” function
actually have decreased smell function. The perception of
decreased ability to taste during deglutition is usually due
to a loss of flavor sensations derived from retronasal stimu-
lation of the olfactory receptors rather than to a loss of taste
bud-mediated sensations per se. Thus, such flavors as cof-
fee, chocolate, vanilla, strawberry, pizza, licorice, steak
sauce, root beer, and cola disappear when CN I is markedly
damaged, leaving intact only sweet, sour, salty, bitter, and
umami (monosodium glutamate-like) sensations. Whole-
mouth taste function is much more resilient to pathological
or trauma-related alterations than is olfactory function, in
large part because the taste buds have redundant innerva-
tion from several cranial nerves (i.e., CN VII, IX, and X).

The nomenclature for olfactory dysfunction is straightfor-
ward. Anosmia refers to a loss of ability to smell, where-
as hyposmia or microsmia refers to diminished ability to
smell. Dysosmia is distorted or perverted smell perception,
such as when a rose smells more like garbage than a rose
(parosmia or cacosmia) or when a “medicine-like” smell is
present in the absence of odor stimulation following head
trauma (phantosmia). General or total anosmia implies an
inability to smell all odorants on both sides of the nose. Par-
tial anosmia implies an inability to smell certain odorants.
In some cases, partial anosmia is indicative of a decreased
sensitivity to a broad spectrum of odorants (general hypos-
mia), with the decrement exceeding the absolute threshold
for only some odorants. Specific anosmia, the inability to
smell one or a few odorants in the presence of an otherwise
normal sense of smell, is rarely a reason for medical consul-
tation. Hyperosmia is a rare condition of abnormally acute
smell function. This occurs, for example, in some epileptic
patients prior to the onset of ictal activity.

Olfactory dysfunction can be either bilateral or unilat-
eral (sometimes termed binasal or uninasal). Thus, if a
person has anosmia on the left side of the nose but not
the right, the condition is described as unilateral left anos-
mia. Anosmia that is present on both sides of the nose is
termed bilateral anosmia or, as noted previously, total
anosmia.

Occasionally, complaints of dysosmia reflect foul odors
that are produced either within the nasal cavity (e.g., as a
result of infections within the nose) or within the body
proper (e.g., as a result of altered metabolism). In the latter
case, bad odors may come from saliva, exhaled breath, skin
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secretions, or urine. Although the basis of a number of such
problems has nothing to do with alterations in any element
of the olfactory pathway, the term dysosmia is still ap-
propriate for describing the complaint but not the clinical
syndrome. Examples are trimethylaminuria (fish odor syn-
drome), in which a metabolic defect results in excretion
of fish-like smelling amines, and cat’s odor syndrome, a
childhood neurological disorder associated with a defect
in the enzyme b-methyl-crotonyl-CoA carboxylase.
CLINICAL HISTORY

A patient’s description of the nature and onset of the che-
mosensory problem is an essential element of the clinical
history, as is an historical assessment of the patient’s
general health, including endocrinological state, hospital
admissions, surgical interventions, radiological treatments,
and medications received for other conditions. The use of
thyroid agents and drugs that affect cell turnover (e.g., che-
motherapeutic drugs) may be of etiological significance.
Retarded or delayed puberty in association with anosmia
(with or without midline craniofacial abnormalities, deaf-
ness, and renal anomalies) suggests the possibility of Kall-
mann’s syndrome. Importantly, associated events such as
viral or bacterial respiratory infections, head trauma, expo-
sure to toxic fumes, systemic diseases, and signs of early
parkinsonism or central tumors are critical for arriving at
an etiological diagnosis, which is possible in the majority
of cases. Information related to exposure to environmental
chemicals and signs of seizure activity (e.g., automatisms,
occurrence of blackouts, and déjà vu) should be sought,
particularly in patients in whom heightened sensitivity is
a symptom. Attention to the possibility of renal disease as
well as liver disease is crucial, given reports of alterations
of olfactory function in patients with cirrhosis of the liver,
acute viral hepatitis, or renal dysfunction. Decreased olfac-
tory function has been observed in some people with
human immunodeficiency virus infection.

In patients complaining of anosmia or hyposmia, it is
useful to ask whether smell function is diminished or com-
pletely lost, localized to the right or left nostril or both, and
whether the dysfunction is for all odorants or only a few.
Patients with loss due to nasal sinus disease are more likely
to experience a gradual loss of function than those who
have loss due to a prior upper respiratory infection or to
head trauma.1 Some patients report temporary recovery of
function in circumstances in which nasal patency is
increased, such as on warm days or during exercise, show-
ering, or treatment with corticosteroids; this implies a pro-
blem with intranasal airway blockage (as in allergic
rhinitis) rather than a sensorineural problem.

The smoking history should be explored in light of evi-
dence that the ability to smell decreases as a function of
cumulative smoking dose and that cessation of smoking
can result in improvement in olfactory function over time.2

A history of allergy should be sought, as should a history of
current or past nasal or paranasal sinus infections. Inquiry
should be made about nasal or paranasal sinus operations
or other treatments, such as the use of topical intranasal med-
ications. Importantly, the association of nasal obstruction,
headache, facial pain, postnasal discharge, purulent or clear
rhinorrhea, ear symptoms, and throat symptoms should
be sought with specific questioning. The order in which
the symptoms appeared and regressed is at times helpful.
The duration of the problem is important in relation to
the possibility of spontaneous recovery, which is gener-
ally assumed to be unlikely after 6 months if damage to the
olfactory epithelium has occurred.

The patient should be asked about olfactory distortions
and whether they seem to be bilateral or are confined to
one or the other nasal chamber. In various stages of olfac-
tory epithelial degeneration or regeneration, a dysosmia—
usually foul—is often present that may or may not require
an inhaled stimulus for elicitation. Dysosmias are some-
times associated with certain mental disorders, including
epilepsy, psychosis, schizophrenia, and depression-related
syndromes such as the olfactory reference syndrome.3 In
some cases, aura-like dysosmic phenomena may occur with-
out any evidence of seizure activity. Fortunately, most olfac-
tory perversions are temporary, although long-standing
cases have been reported.

Exploring a patient’s complaint of taste loss is essential
because it usually reflects an olfactory disorder. It is use-
ful to have the patient differentiate between the loss of per-
ception of flavors of food or beverages and the loss of
perception of sweet, sour, bitter, and salty stimuli. The
physician can ask whether the patient is able to perceive
saltiness in potato chips, sourness in lemonade, or sweet-
ness in sugar on cereal to arrive at this differentiation.
A patient with anosmia may be able to taste the sweetness
of an apple or a pear but is unable to distinguish between
their flavors.
ANATOMY OF CRANIAL NERVE I (Table 7-1)

Sensory Receptors and Primary Neurons
Cranial nerve I is the collection of approximately 6 million
bipolar receptor cells whose cell bodies, dendrites, and
initial axon segments are located within the olfactory neu-
roepithelium and whose axons project through the cribri-
form plate of the ethmoid bone to the anterior cranial fossa
(Fig. 7-1).4 The olfactory neuroepithelium is a pseudostrati-
fied columnar epithelium supported by a highly vascularized
lamina propria and is situated on the cribriform plate as well
as on segments of the superior septum and both the superior
and middle turbinates. Each bipolar receptor cell sends 3 to
50 cilia (which lack dynein arms and commonly have a
9þ 2 microtubule arrangement) from its dendritic knob into
the overlying mucus. The cilia, which can radiate across the
epithelial surface for over 30 mm, contain the receptor sites
where odorants bind and provide a relatively large area for
such binding. Assuming 6 million bipolar receptor cells,
each containing 20 cilia 30 mm long and with an average
diameter of 0.5 mm, the surface area of the cilia proves to
be nearly 9 square inches.

In addition to bipolar receptor cells, the olfactory epithe-
lium contains several other major cell types (see Fig. 7-1).
The sustentacular or supporting cells, whose apical ends
have microvilli that extend into the olfactory mucus, span
the distance from the epithelial surface to the basal laminae
and functi on to ( 1) mec hanically isolate the bipolar recepto r



TABLE 7-1

Clinico-anatomical Correlation of Disorders of the Olfactory Nerve

ANATOMICAL SITE OF
DAMAGE TYPICAL CN I FINDING

OTHER NEUROLOGICAL AND MEDICAL
FINDINGS COMMON ETIOLOGIES

Sensory receptors
and primary
neuron

Hyposmia or
anosmia

With trauma, rare nasal leaks of CSF Head trauma

Dysosmia Upper respiratory infections
Can be unilateral Nasal or sinus disease

Toxic exposure
Secondary neurons Hyposmia or

anosmia
Foster Kennedy syndrome Meningioma

Olfactory bulb cells Dysosmia Disinhibition, change in personality Neurodegenerative diseases
(Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease)

Anterior olfactory
nucleus

Can be unilateral Gait dyspraxia, disinhibition, change
in personality

Medial and lateral
striae

Frontal lobe tumors
Pituitary tumors
Aneurysms

Medial dorsal
nucleus of
thalamus

Decreased odor
identification

Signs of Wernicke-Korsakoff
syndrome: ataxia, extraocular
paresis, nystagmus, memory
problems including confabulations

Wernicke-Korsakoff syndrome

Normal or increased
odor thresholds*

Infarctions

Primary and
secondary
olfactory cortex

Decreased odor
identification

Lip smacking, automatisms during
seizures

Epilepsy

Normal or increased
odor thresholds*

Neurodegenerative disorders
Dementia, memory loss Alzheimer’s disease
Tremor, bradykinesia Parkinson’s disease
Chorea, dementia Huntington’s disease
Contralateral weakness, aphasia,

homonymous quadrant visual field
defects

Tumors or infarcts

*Because of bilateral cortical and subcortical representation of olfactory function, unilateral lesions at this level generally do not cause clinically meaningful olfactory
dysfunction.
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cel ls from one another, ( 2) secrete muc opolysacc arides, ( 3)
transpor t molecu les acro ss the epithel ium, and ( 4) deto xify
and degrade odorants.5 Some of the basal cells, located near
the basement membrane, serve as precursors for the genera-
tion of other cell types within the neuroepithelium. The duct
cells of Bowman’s glands line passages through which most
of the olfactory mucus is secreted, whereas the microvillar
cells, located at the surface of the epithelium, send tufts of
microvilli into the nasal mucus. The function of these
flask-shaped cells is unknown. However, they number
approximately 600,000 in humans.4,6

The constituent bipolar neurons of CN I are unique in
three respects. First, their apical processes are more or less
directly exposed to the external environment. Second,
unlike nearly all other neuronal cells, they have the propen-
sity to regenerate from basal cells after being damaged;
indeed, some of these cells die and replenish themselves
at regular intervals, although others are more long-lived.7

Third, each of these cells serves as both a receptor cell
and a first-order neuron, projecting an axon directly from
the nasal cavity into the brain without an intervening
synapse. Unlike the other major cell types of the epithe-
lium, these cells have relatively little xenobiotic-metaboliz-
ing capacity8 and are a primary route of invasion into the
central nervous system (CNS) of toxic agents and viruses.
Indeed, it is believed that the majority of neurovirulent
viruses first enter the CNS through this pathway.
Within the lamina propria, the unmyelinated and
unbranched axons of the olfactory receptor cells coalesce
into bundles of approximately 200 axons, each surrounded
by ensheathing or Schwann cell mesoaxons. Axons within
these bundles are in direct contact with one another and
may interact metabolically and electrically.9 These bundles
in turn combine with other bundles to form the olfactory
fila, which traverse the cribriform plate of the ethmoid
bone through 50 or so foramina. The fila, on exiting from
the cribriform plate, form a dense layer of axons on the sur-
face of the olfactory bulb. From here, the receptor cell
axons branch and synapse with second-order neurons
within the glomeruli of the bulb.

Secondary Sensory Neurons: Olfactory
Bulb and Projections
The olfactory bulbs are complex ovoid structures located
on the ventral surface of each frontal lobe dorsal to the
cribriform plate.10 Each bulb is composed of a number of
types of cells, including neurons, afferent and efferent
nerve fibers, microglia, astrocytes, and blood vessels, all
surrounded by a thin layer of pia-arachnoid cells. The cel-
lular elements of the bulb are arranged in six concentric
layers: the olfactory nerve layer (ONL), the glomerular
layer (GL), the external plexiform layer (EPL), the mitral
cell layer (MCL), the internal plexiform layer (IPL), and



Figure 7-1. Low-power electron micrograph (�1000) of a longitudinal sec-
tion through a biopsy of human olfactory mucosa taken from the nasal
septum. Four cell types are indicated: ciliated olfactory receptor cells
(c), microvillar cells (m), supporting cells (s), and basal cells (b). The
arrows point to ciliated olfactory knobs of bipolar receptor cells. d, indi-
cates degenerating cells; bs, the base of supporting cells; lp, the lamina
propria; n, a nerve bundle; bg, a Bowman’s gland. (From Moran DT,
Rowley JC III, Jafek BW, et al: The fine structure of the olfactory mucosa
in man. J Neurocytol 1982;11:721–746.)
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the granule cell layer (GCL). The GCL is the largest of
these layers, comprising approximately half the volume
of the entire bulb. The anterior olfactory nucleus (AON)
lies within the core of the posterior olfactory bulb and
extends through the olfactory tract to the rostral part of
the olfactory peduncle near the anterior perforated sub-
stance. This structure, which is considered to be an element
of the primary olfactory cortex, contains pyramidal cells
whose dendrites receive synapses from mitral and tufted
cells as well as from the contralateral AON (via the anterior
commissure [AC]) and numerous central brain structures.
The axons of its pyramidal cells project to ipsilateral bulb
neurons (mainly granule cells) as well as to the contralateral
AON, bulb, or rostral olfactory cortex via the AC. Although
termed a nucleus, the AON has a cortical structure with sub-
divisions based on cellular architecture and connectional
patterns.10

The first synapse of a CN I bipolar neuron occurs in the
olfactory bulb’s glomerulus, a defining feature of both ver-
tebrate and invertebrate olfactory systems (Fig. 7-2). The
olfactory bulb of nonelderly humans has thousands of these
50- to 200-mm structures, arranged in single or double
layers within the GL. With age, the number and integrity
of the glomeruli greatly decrease so that they are nearly
absent in people older than 80 years of age.11 The develop-
ment and maintenance of the glomeruli depend on trophic
influences exerted by the receptor cells. Synapses between
axons of the olfactory receptor cells and dendrites of sec-
ond-order neurons occur within these structures. A given
receptor cell projects to only one glomerulus, and a given
glomerulus appears to receive most of its input from a
restricted region of the epithelium.

The main afferent second-order neurons are termed
mitral and tufted cells (see Fig. 7-2). The apical dendrites
of these cells are influenced not only by the olfactory nerve
terminals but also by interneurons and centrifugal fibers,
most of which are GABAergic or dopaminergic.10

Central Connections
The olfactory tract, which contains both afferent and effer-
ent fibers, is relatively flat posteriorly and becomes the
olfactory trigone just rostral to the anterior perforated sub-
stance (so named because of the many small holes for
blood vessels found throughout this region). At the edges
of the trigone, the tract divides into the medial and lateral
olfactory striae. The axons of the mitral and tufted cells
arise from the caudolateral part of the olfactory bulb and
form the olfactory tract at the surface of the olfactory pe-
duncle. All mitral and tufted cell axons leave the olfactory
bulb via the lateral olfactory tract to synapse on structures
collectively termed the primary olfactory cortex.12 These
struct ures are ( 1) the anterior olfactory nucl eus, ( 2) the olfac-
tory tube rcle (poor ly developed in humans) , ( 3) the piriform
cortex, ( 4) the anteri or cortical nucleus of the amy gdala, ( 5)
the periamygda loid com plex, and (6) the rostra l ento rhinal
cortex.12 The components of the olfactory cortex have rich
(and reciprocal) relations with a number of higher brain
structures. For example, the entorhinal cortex supplies affer-
ent fibers along the entire length of the hippocampus. It is
generally believed that the olfactory system is unique among
sensory systems in sending fibers directly to cortical regions
without synapsing in the thalamus. Extensive interactions
occur between the cells comprising the superficial and
deeper laminae of each component of the olfactory cortex,
as well as among the components.12

In humans, it appears that most of the projections of the
mitral and tufted cells extend to the more rostral elements
of the primary olfactory cortex. It is believed that specific
sites within the bulb do not preferentially communicate
with specific sites within the primary olfactory cortex; that
is, no obvious point-to-point topography exists.11 Thus,
small areas of the bulb can project to large areas of the
olfactory cortex and vice versa.12 Among the brain regions
that exhibit reciprocal connections with the primary olfac-
tory cortex are the orbitofrontal cortex, the dorsomedial
and submedial thalamic nuclei, the lateral hypothalamus,
the amygdala, and the hippocampus.12 A major pathway
from the olfactory cortex to the orbitofrontal cortex is via
the mediodorsal nucleus of the thalamus.
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Figure 7-2. Diagram of major layers and
types of olfactory bulb neurons in the
mammalian olfactory bulb, as based on
Golgi stained material. Main layers are
indicated on left as follows: ONL, olfac-
tory nerve layer; GL, glomerular layer;
EPL, external plexiform layer; MBL,
mitral body layer; IPL, internal plexiform
layer; GRL, granule cell layer. ON, ol-
factory nerves; PGb, periglomerular cells
with biglomerular dendrites; PGm, peri-
glomerular cell with monoglomerular
dendrites; SAe, short-axon cell with extra-
glomerular dendrites; M, mitral cell; M/
Td, displaced mitral or deep tufted cell;
Tm, middle tufted cell; Ts, superficial
tufted cell; Gm, granule cell with cell body
in mitral cell layer; Gd, granule cell with
cell body in deep layers; SAc, short-axon
cell of Cajal; SAg, short-axon cell of
Golgi; C, centrifugal fibers; AON, fibers
from the anterior olfactory nucleus; AC,
fibers from anterior commissure; LOT,
lateral olfactory tract. (From Shepherd
GM: Synaptic organization of the mam-
malian olfactory bulb. Physiol Rev
1972;52:864–917. Used with permission.)
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Neurochemical Olfactory Transduction Processes

Peripheral olfactory transduction occurs in several stages:
First, odorants move from the air phase of the nasal cavity
into the aqueous phase of the olfactory mucus; second,
odorants (most of which are hydrophobic) diffuse or are
transported through this aqueous phase to the protein-
aceous olfactory receptors; third, odorants bind to the
receptors; fourth, action potentials are generated within
the receptor neurons as a result of such binding; and fifth,
integration of information occurs at higher levels, such as
within the glomeruli of the olfactory bulb. Although some
odorants stimulate nerve endings from CN V and perhaps
other cranial nerves distributed in the nasal mucosa, nasal
pharynx, or oral cavity, these involve primarily somato-
sensory sensations of the “common chemical sense,” such
as warmth or coolness, pungency, and irritation.

There is evidence that small water-soluble proteins,
termed odorant-binding proteins, assist the movement of
some hydrophobic, lipid-soluble molecules through the
mucus to the receptor proteins of the olfactory cilia.13 Such
assistance may be selective, and at least some of these pro-
teins may serve to inactivate odorant molecules or filter the
number of such molecules reaching the receptors. For
example, some odor-induced signals appear to be rapidly
abolished by detoxification or biotransformation enzymes
within the mucus.14

After reaching the cilia, odorants bind to receptor sites
located on their surface. Different models of ligand-receptor
interactions have been proposed, although little is known
about the specific nature of the odorant-receptor inter-
actions. There is evidence, however, that G proteins play
an important role in olfactory transduction. G proteins have
been identified in olfactory receptor cells,15 and adenylate
cyclase, an enzyme that is usually coupled to a G protein,
is highly active in olfactory cilia.16 The activity of this
enzyme in cilia is increased in the presence of guanosine
triphosphate by a number of odorant ligands.17 Interestingly,
a positive correlation exists between an odorant’s ability to
activate adenyl cyclase activity in a frog ciliary preparation
and both its perceived odor intensity to humans and the
magnitude of the electro-olfactogram, a summated neural
response produced in frog epithelia. This implies that a func-
tional relation exists between the amount of adenyl cyclase
activated and the intensity of odor perception.18

Studies indicate that there is marked genetic diversity in
olfactory receptors. Buck and Axel,19 in a pioneering study,
identified a large multigene family that appears to code for
odorant receptor proteins with seven transmembrane
domains on rat olfactory sensory neurons. Subsequent stu-
dies have identified homologous gene families in a range
of vertebrate forms, including humans.20 In humans, more
than half of mammalian receptor gene family members are
pseudogenes, indicating that the number of functional genes
is less than 500.

It has long been known, mainly from single cell electro-
physiological recordings, that individual olfactory receptor
cells respond to a wide variety of odorants, leading earlier
workers to label olfactory receptor cells “generalists.” How-
ever, on closer scrutiny, it has become evident that such cells
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do not respond exactly to the same sets of stimuli, which
allows for the possibility of cross-neuron coding. Research
incorporating gene probes from in situ hybridization studies
has provided three important insights regarding the distribu-
tion of receptors on olfactory receptor cells and the relation-
ship of such cells to higher order structures.21 First, most
rodent olfactory receptor genes are expressed in only approxi-
mately 0.1% of the population of olfactory sensory neurons,
in accordance with the hypothesis that each sensory neu-
ron expresses only one or at most a few receptor genes.
Second, neurons expressing the same gene do not clump
together within the olfactory epithelium but seem to be ran-
domly distributed within the epithelium in “spatial zones,”
across which different sets of olfactory receptor genes are
expressed.22 For example, in the mouse, four such zones,
formed as a series of strips extending along the anterior-
posterior axis of the nasal cavity, have been identified.
Neurons that recognize the same odors (i.e., express the
same olfactory receptor genes) are more or less confined
to the same zone. Third, axons of neurons that express the
same odorant receptor tend to converge on a small number
of glomeruli within the olfactory bulb, suggesting that each
glomerulus may be dedicated to only one or a very small
number of receptor types, receiving input from only receptor
cells expressing that receptor type. As noted by Sullivan and
colleagues,21

a stereotyped and highly organized map of sensory information
exists in the bulb, in which information provided by different
ORs (odorant receptors) is mapped into discrete sites. As a single
odorant can activate many glomeruli and a single glomerulus
responds to many odorants, this map may well be a map of indi-
vidual structural determinants, or epitopes, each shared by many
odorants and recognized by different ORs.
A number of odorants produce a dose-related increase
in intracellular cyclical adenosine 30,50-monophosphate
(cAMP) in olfactory receptor cells, thereby triggering the
opening of cAMP-gated cation channels.23 Some odorants
also activate cyclic guanosine monophosphate (cGMP),
which appears to play a role in the modulation of the
sensitivity of olfactory receptor neurons, such as during
adaptation.24
EXAMINATION OF CRANIAL NERVE I

Directed Neurological Examination
Essential components of the directed physical examination
include a neurological evaluation emphasizing the cranial
nerves and orbital contents (to direct attention to lesions
of the skull base), as well as a general evaluation of the
ears, upper respiratory tract, and head and neck. Although
much can be gained by evaluating the nose using anterior
rhinoscopy, nasal endoscopy allows a more thorough
assessment. With this procedure, the rhinologist can often
directly visualize the olfactory neuroepithelium and estab-
lish whether airflow access to the epithelium is blocked.
In the nasal examination, the nasal mucosa is evaluated
for color, surface texture, swelling, inflammation, exudate,
ulceration, epithelial metaplasia, erosion, and atrophy. Dis-
covery of purulent rhinorrhea, especially its site of origin,
is considered significant; if it is present throughout the
nasal cavity, rhinitis is suggested. If rhinorrhea is present
in the middle meatus, maxillary or anterior ethmoid sinusi-
tis is possible, whereas if the frontal recess is involved,
frontal sinusitis is implicated. Finally, if rhinorrhea origi-
nates from the superior meatus or sphenoethmoidal recess,
posterior ethmoid or sphenoid sinusitis is likely. The pres-
ence of polyps, masses, adhesions of the turbinates to the
septum, and marked septal deviations all have the potential
to decrease airflow to the olfactory epithelium. Allergy is
suggested if the mucous membrane is pale, usually as a
result of edema within the lamina propria. Chronic or acute
exposure to environmental or industrial pollutants is sug-
gested by metaplasia within the epithelium, as well as by
swelling, inflammation, exudate, erosion, or ulceration.
Atrophy of the lamina propria is suggested by unusual spa-
ciousness, dryness, and crusting, as seen in atrophic rhinitis
or rhinitis medicamentosa.

Quantitative testing of olfactory function is essential to
( 1) est ablish the validity of a patient’s compla int; ( 2) char -
acterize the specific nature of the problem; ( 3) rel iably
monitor changes in function over time, including those
result ing from med ical interv entions or treatments ; ( 4)
detect mali ngering; and (5) establish com pensa tion for per-
manent disability. It should be noted that some patients
who present with complaints of anosmia or hyposmia actu-
ally have normal function relative to their peers. Others can
be unaware of their deficits. For example, approximately
90% of patients with idiopathic Parkinson’s disease have
a demonstrable olfactory loss, yet less than 15% are aware
of the problem until they are tested objectively (Video 59,
Rest Tremor; Video 62, Parkinsonian Gait).

Historically, a popular means of assessing the ability to
smell has been to ask a patient to sniff a few small vials
containing odorants such as coffee or cinnamon and then
report whether or not an odor is perceived. Unfortunately,
this procedure is akin to testing vision by shining an
intense light into the eye and asking whether or not it can
be seen. This problem is not corrected by asking the patient
to attempt to identify an odor since, without cues, even
normal subjects have difficulty in identifying some odors.
Although most olfactory disorders can be detected by
administering a wide variety of nominally distinct olfactory
tests, including tests of odor detection, discrimination,
identification, and memory, interpretation of the findings
of such tests must be done conservatively. All such tests
are influenced by damage to the olfactory membrane, mak-
ing it dangerous to assume, in any given case, that poor
performance on a specific type of test (e.g., odor memory)
has anything to do with damage to the neural circuits
underlying the name of the test (e.g., odor memory cir-
cuits). The fact that the reliability (and hence sensitivity)
of a number of such tests is low or unknown adds further
difficulty to attempts to establish differential function.

Because assessment of olfactory function often has
both medical and legal consequences, accuracy in olfactory
testing is essential. Anosmia or hyposmia is a common
consequence of head injury and is frequently the only re-
sidual neurological impairment of a fall or motor vehicle
accident. In the United States, disability compensation is
provided under the 1963 amendment to the Workmen’s
Compensation Law when a diminution of future earning
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power is apparent, and the Veterans Administration awards
a 10% whole-body disability for total anosmia. The Guides
to the Evaluation of Permanent Impairment published
by the American Medical Association provides another
authoritative basis for disability compensation.25 However,
this document equates total anosmia and total ageusia (a
condition that exists rarely, if ever) with a 3% impairment
of the whole person, a figure that is far below the amount
given in most legal settlements for anosmia alone and that
many view as insufficient. In Great Britain, disability ben-
efits for anosmia resulting from an injury are available
under the National Insurance Act as well under private
accident insurance policies. Occupation must be taken into
account in disability issues because loss or decreased smell
function is quite a different matter for people in some
occupations (e.g., chefs, plumbers, wine tasters, and munic-
ipal gas workers) than in others (e.g., sanitation workers).

A number of practical clinical quantitative tests of olfac-
tory function of known reliability are now commercially
available. The most widely used of these tests is the Univer-
sity of Pennsylvania Smell Identification Test (UPSIT), also
known as the Smell Identification Test (Sensonics, Haddon
Heights, NJ).26,27 The UPSIT, which can be self-adminis-
tered in 10 to 15 minutes by most patients in the waiting
room and scored in less than 1 minute by nonmedical per-
sonnel, consists of four booklets containing 10 odorants
apiece. The stimuli are embedded in 10- to 50-mm-diameter
microencapsulated crystals located on “scratch and sniff”
strips near the bottom of each page. Above each strip is a
multiple-choice question with four response alternatives.
The patient is required to choose an answer, even if none
seems appropriate or no odor is perceived (i.e., the test is
forced choice). This helps to encourage the patient to care-
fully sample each stimulus and provides a means of detect-
ing malingering; since chance performance is 10 out of 40,
very low scores reflect avoidance, and hence recognition, of
the correct answer. Norms based on the administration of
this test to nearly 4000 people are provided, and an indi-
vidual’s percentile rank is established relative to people of
the same age and gender.27 This test makes it possible to
classify an individual’s function, on an absolute basis, into
one of six categories: normosmia, mild microsmia, moder-
ate microsmia, severe microsmia, anosmia, and probable
malingering. The reliability of this test is high (test-retest
Pearson r > 0.90).

Other commercially available olfactory tests include
3-item forced-choice microencapsulated screening tests,
such as the Pocket Smell Test (PST)28 and the Quick Smell
Identification Test (Q-SIT)29; the 12-item Brief Smell Iden-
tification Test (B-SIT)30; the five-odorant T&T olfactometer
threshold test31; and a squeeze-bottle odor threshold test kit
termed the Smell Threshold Test (STT).32 With the excep-
tion of the very brief tests, the test-retest reliability coeffi-
cients of such tests are approximately 0.70. Norms that
take into account both age and gender are available only
for the UPSIT, STT, and B-SIT, although the small number
of items in the latter test allows neither differentiation
between degrees of olfactory loss nor a means for determin-
ing malingering.

Although most cases of olfactory dysfunction are bilat-
eral, in some instances unilateral testing is needed. To
accurately assess olfaction unilaterally, the naris contralat-
eral to the tested side should be occluded to prevent or
minimize crossing of inhaled or exhaled air at the rear of
the nasopharynx to the opposite side (so-called retronasal
stimulation). An easy way of doing this is to seal the
contralateral naris using a piece of Microfoam tape (3M
Corporation, Minneapolis, MN) cut to fit its borders. The
patient is instructed to sniff the stimulus normally and to
exhale through the mouth.

Associated Neurological Findings
CEREBRAL. The neurologist should be alert to signs

of dementia (e.g., inattention, memory dysfunction, apathy,
disorientation, language disturbance, and apraxia) in pa-
tients presenting with olfactory dysfunction since decreased
ability to smell is among the first signs of Alzheimer’s
disease and is also seen in some patients with Hunting-
ton’s chorea, multi-infarct dementia, and Pick’s disease.
Evidence of fainting spells or blackouts, disorientation, sei-
zure activity, and mood change should be sought because
both increases and decreases in olfactory function are
found in patients with temporal lobe epilepsy. Olfactory
loss, along with short-term memory problems and asso-
ciated confabulation, may help to define vitamin B1 defi-
ciency and the Wernicke-Korsakoff syndrome. Cognitive
alterations (e.g., mental slowing, confusion, depression, and
hallucinations) may also signal the presence of pernicious
anemia.

CRANIAL NERVES. Optic disk examination and docu-
mentation of increased intraocular or intracranial pressure
(papilledema) should be obtained because tumors in the
olfactory groove or sphenoid ridge (e.g., meningiomas)
can cause the Foster Kennedy syndrome, which is com-
posed of three clinical hallmarks—ipsilateral anosmia
or hyposmia, ipsilateral optic atrophy, and contralateral
papilledema. Although rare, visual disturbances are caused
by some forms of sinusitis, which can also alter chemo-
sensation. For example, optic neuropathy has been reported
secondary to cocaine-induced osteolytic sinusitis.33 Altered
visual contrast sensitivity, color perception, and perception
of the visual vertical may provide additional information
about a more diffuse chemosensory disorder. Hearing
problems may reflect viral or bacterial infections in the
middle ear that alter taste function in the anterior tongue
via chorda tympani nerve (CN VII) damage or inflamma-
tion, as well as more general nasal sinus infections that also
influence olfaction. Specifically, patients with Korsakoff’s
syndrome have deficits not only in memory and olfactory
function but also in color discrimination and several mea-
sures of auditory perception, including dichotic listening
tasks (Video 229, Wernicke’s Encephalopathy). Pupillary
reaction to light is also sluggish in patients with this syn-
drome, and horizontal nystagmus and ophthalmoplegia,
usually involving the bilateral lateral recti in isolation or
in combination with other extraocular muscle palsies, are
also commonly present.

Applying small drops of sweet, sour, bitter, and salty tast-
ing stimuli (with water rinses between applications) to the
fungiform papillae on the front of the tongue (which are
innervated by the chorda tympani division of CN VII) and
on the circumvallate papillae at the rear of the tongue (CN
IX) can be useful in identifying regional deficits and damage



106 Neuroanatomical Localization and Syndromes / 7
to specific nerves involved in taste perception. Alterna-
tively, determination of thresholds to electrical stimulation
using commercially available electrogustometers can also
be employed. Iatrogenic factors, such as tonsillectomy, can
damage CN IX fibers and produce taste distortions, whereas
alterations in CN VII function (i.e., the chorda tympani
nerve) can be caused by middle ear infections. Local factors
(e.g., dryness, inflammation, edema, atrophy, abnormal
surface texture, leukoplakia, erythroplasia, exudate, erosion,
and ulceration) can influence taste function through a variety
of means (e.g., gastric reflux), as can poor oral health, the use
of smokeless tobacco,34 and a range of medications, includ-
ing antifugal agents such as terbinafine,35 ACE inhibitors,
and statins.36

MOTOR/REFLEXES/CEREBELLAR/GAIT. Attention to
ataxia, apraxia for orolingual movements, oculomotor
abnormalities, coordination problems, gait disturbances, tre-
mor, bradykinesia, and rigidity is critical since alterations in
the ability to smell are present in some patients with Hun-
tington’s chorea and multiple sclerosis and also in approxi-
mately 90% of patients with early stage Parkinson’s
disease. In Korsakoff’s syndrome, ataxia of the trunk but
not of the limbs is frequently present, as are signs of acute
alcohol withdrawal (e.g., tremor, delirium, and tachycardia).

SENSORY. Decreased position, vibratory, temperature,
and pain appreciation occurs in several neuropathies asso-
ciated with hyposmia. These include diabetes, the neuropathy
of renal and hepatic failures, and a large variety of toxic
neuropathies. In patients with pernicious anemia, the large
myelinated central fibers carrying position and vibration
senses are preferentially affected. In the context of hepatitis,
the acquired immunodeficiency syndrome, and other virus-
related illnesses, hyposmia can occur along with an ascending
polyneuropathy of the Guillain-Barré type (Video 221, Miller
Fisher Syndrome). In seizure patients with uncal or temporal
lobe foci that induce dysosmic auras, altered sensations in
a hemibody distribution can occur as part of the seizure or
as a postictal transient sequela.
Healthy elderly Alzheimer's disease
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Associated Medical Findings
Evidence of a fever or stiff neck may help to determine the
presence of an ongoing infection, including very serious
disorders such as meningitis, which can be associated with
chemosensory dysfunction. Flamboyant signs or inconsis-
tencies in the examination may signal psychogenic factors
or a propensity for malingering. Signs of diabetes should
be sought since both olfactory and gustatory dysfunction
may be altered in this disorder.
Figure 7-3. Positron emission tomography (PET) of Alzheimer’s disease:
mesotemporal decrement in odor-induced PET activation. Left, Whole brain
subtraction of olfactory stimulation minus control stimulation in healthy
elderly control participants, coregistered on a T1-weighted referencemagnetic
resonance image (N ¼ 7, accounting for one control participant whose right
ventral temporal lobe fell outside the scanner field of view). Right and left
are reversed. Regions of interest are as follows: A, right frontotemporal junc-
tion (piriform area); B, left piriform area; C, right anterior-ventral temporal
lobe (Brodmann 20). Right, Same whole brain subtraction in patients with
Alzheimer’s disease. Regions of interest are as follows: A, 7 mm anterior to
the frontotemporal junction (piriform) region in the control participants’
image; B, left amygdala-uncus. (From Kareken DA, Doty RL, Moberg PJ,
et al: Olfactory-evoked regional cerebral blood flow in Alzheimer’s disease.
Neuropsychology 2001;15:18–29.)
EVALUATION GUIDELINES

NEUROIMAGING. The sensitivity of computed tomogra-
phy (CT) to soft tissue disease and bony changes makes it
ideal for the investigation of the sinonasal cavities. All of
the nasal cavity, paranasal sinuses, hard palate, anterior skull
base, orbits, and nasopharynx should be scanned, and if cen-
tral causes of olfactory dysfunction are suspected, the brain
should be scanned as well. Coronal scans are particularly
valuable for the assessment of the paranasal anatomy,
namely, the anterior nasoethmoid (ostiomeatal) region (i.e.,
the maxillary sinus ostium, infundibulum, uncinate process,
and middle meatus). To better identify vascular lesions,
tumors, abscess cavities, and meningeal or parameningeal
processes, intravenous contrast enhancement is frequently
employed. High-resolution CT appears to be the most use-
ful and cost-effective screening tool for the assessment of
sinonasal tract inflammatory disorders.37

Magnetic resonance imaging (MRI) is superior to CT in
the discrimination of soft tissue but is less sensitive than
CT to bony cortical abnormalities or landmarks. Thus,
MRI is the technique of choice for the evaluation of the
olfactory bulbs, olfactory tracts, and intracranial causes of
olfactory dysfunction because they can be visualized rather
clearly on coronal scans. MRI is also the method of choice
for the evaluation of skull base invasion by sinonasal tumors.
Gadolinium-enhanced scans are particularly valuable in
detecting dural or leptomeningeal involvement at the skull
base. The paramagnetic contrast agent gadolinium-DTPA
has been widely used to enhance the margins of sinonasal
tumors and to distinguish solidly enhancing tumors from
rim-enhancing inflammatory processes.37

Noninvasive functional neuroimaging techniques are
increasingly used in the study and management of olfactory
dysfunction.Although positron emission tomography and sin-
gle-photon emission computed tomography (SPECT) are
somewhat invasive in that they require the administration of
a radioactive isotope and exposure to ionizing radiation, these
study techniques are used as an indirect measure of odorant
sensitivity by looking at regional levels of neuronal activity
via parameters such as glucose metabolism or blood flow
(Fig. 7-3). Functional magnetic resonance imaging (fMRI)
is also an indirect measure of blood flow, but it depends
on an intrinsic contrast agent—hemoglobin—rather than
an introduced tracer or contrast agent.37 Quantitative brain
perfusion SPECT is more readily available than fMRI,
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which is largely limited to research centers.38 Modern
functional imaging techniques have limited usefulness in
distinguishing and characterizing olfactory-related deficits
in such conditions as Alzheimer’s disease, Parkinson’s dis-
ease, schizophrenia, Huntington’s disease, head trauma, and
neoplasms.37

ELECTROPHYSIOLOGY. Outpatient testing for electro-
encephalography (EEG) activity in individuals with dysos-
mia may be enhanced by using electrodes placed in the
nasopharyngeal region or over the lower temporal areas.
Inpatient EEG monitoring is indicated if epileptic-like
olfactory events occur frequently but cannot be discerned
by outpatient testing procedures.

Although odor-evoked potentials can now be measured
accurately in most patients, the stimulus presentation equip-
ment is complex and is very expensive; thus, such testing is
available in very few clinics. The major technical problem is
that trains of well-defined odorant pulses, with steep-onset
gradients, must be imbedded in a humidified airstream that
is flowed through the nose in a manner that does not evoke
somatosensory afferents. To date, only late near field poten-
tials have been recorded using this technique. When avail-
able, evoked potential olfactometry is useful in detecting
malingering as well as for providing information about
olfactory function that does not depend on verbal or other
overt responses of the patient.

BODY FLUID AND TISSUE ANALYSIS. In patients in
whom a clear cause is not found, a complete blood count
may be indicated to better define whether infective, nutri-
tional, or hematopoietic processes are involved. A nonspe-
cific indication of an autoimmune or inflammatory process
can be obtained from the erythrocyte sedimentation rate.
Although frank zinc deficiency has the potential to alter
olfactory function, there is no evidence that zinc treatment
of people without stark zinc deficiency influences any
olfactory disorder. Indeed, a double-blind clinical trial using
a crossover design in which zinc was compared to placebo
showed no advantage of zinc over placebo in the treatment
of hyposmia or hypogeusia.39 Since vitamin B1 deficiency
is clearly implicated in the Wernicke-Korsakoff syndrome,
determination of the erythrocyte thiamine level is indicated
in patients with a significant history of suspectedor docu-
mented chronic alcohol abuse. Early reports that vitamin A
therapy may be of value in some cases did not include
controls, making the efficacy of this therapy enigmatic.

NEUROPSYCHOLOGICAL TESTS. Given the close
association between olfactory loss and several forms of
dementia, including Alzheimer’s disease and multi-infarct
dementia, neuropsychological testing may be indicated to
better identify the presence of dementia (for details of the
tests described in this section, see Lezak40). The Mini-
Mental State Examination is a widely used brief screening
instrument for dementia and can be used alone or as a com-
ponent of examination protocols such as the Consortium to
Establish a Registry for Alzheimer’s Disease battery. More
extensive assessment of dementia can be obtained using
the Mattis Dementia Rating Scale, the Blessed Dementia
Scale, the Boston Naming Test, or the logical memory
and visual reproduction subtests of the Wechsler Memory
Scale-Revised (WMS-R). The WMS-R and the California
Verbal Learning Test have proved useful in patients in
whom schizophrenia is suspected.
Malingering can be detected or is strongly suspected
when a person scores below chance level on the UPSIT.
Further verification of malingering can be obtained by
administering neuropsychological tests specifically
designed for this purpose. Among those that are widely
used are Rey’s memory test, also known as Rey’s 3 � 5
test and the Rey 15-item memory test. The rationale behind
this test is that malingerers typically fail at a memory task
that all but the most retarded or severely brain-damaged
people perform easily. Another widely used test, the
Portland digit recognition test, incorporates, like the UPSIT,
a forced-choice procedure to ascertain whether test perfor-
mance falls below that expected on the basis of chance.
Unfortunately, this test takes nearly 1 hour to administer
and provides no other neuropsychological information.
However, abbreviated versions of this test are available.

OTHER TESTS. To document changes in cellular aspects
of the olfactory neuroepithelium, olfactory biopsies can be
performed. In this procedure, a small amount of olfactory
neuroepithelial tissue is stripped from the nasal septum
by the rhinologist using small forceps or a specialized
instrument and subsequently analyzed histologically.41,42

This procedure must be performed by a surgeon who
is experienced in the technique, and multiple biopsies
are usually needed, given the considerable metaplasia of
respiratory-like epithelium in the region of the olfactory
neuroepithelium.
CLINICAL SYNDROMES (Table 7-2)

Anosmia and Hyposmia
Loss or decreased olfactory function is estimated to be pres-
ent in approximately 1% of the U.S. population younger
than the age of 60 years and in more than half of the popu-
lation older than age 60.43 The causes of loss or decreased
olfactory function are variable, and simply establishing the
presence of olfactory loss per se provides little insight into
the cause. Nearly two-thirds of cases with chronic anosmia
or hyposmia (i.e., those that are presumably permanent) are
due to prior upper respiratory infections, head trauma, and
nasal and paranasal sinus disease, and most reflect damage
to the olfactory neuroepithelium.1 Head trauma alone
may account for approximately 10% to 20% of all chemo-
sensory disorders, and the incidence in the general popula-
tion of trauma-related olfactory impairment is probably
between 4% and 15%.44 Risk factors associated with
increased likelihood of post-traumatic anosmia include
the presence of a skull fracture, prolonged loss of con-
sciousness at the time of trauma (>24 hours), prolonged
post-traumatic amnesia, and a poor Glasgow Coma Scale
(GCS) rating on presentation (GCS < 9).45 On average,
if some recovery is going to happen, it occurs early, within
8 weeks to 1 year. Someone with complete anosmia after 5
years will probably never recover. Other causes of anosmia
include iatrogenic interventions (e.g., septoplasty, rhino-
plasty, turbinectomy, and radiation therapy), intranasal neo-
plasms (e.g., papillomas, hemangiomas, and ameloblastomas),
intracranial tumors or lesions (e.g., Foster Kennedy syndrome,
olfactory groove meningiomas, and frontal lobe gliomas),
epilepsy, psychiatric disorders, exposure to environmental



TABLE 7-2

Selected Etiologies Associated with Disorders of Cranial Nerve I

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Kallmann’s syndrome 28
Degenerative and compressive Schizophrenia

Usher’s syndrome 29

Hereditary and Degenerative Disorders

Amino/organic acidopathies, mitochondrial enzyme defects and other metabolic errors Trimethylaminuria 31
Chromosomal abnormalities and neurocutaneous disorders Down’s syndrome 32
Degenerative dementias Alzheimer’s disease 33

Pick’s disease
Movement disorders Idiopathic Parkinson’s disease 34

Huntington’s disease
Degenerative motor, sensory, and autonomic disorders Amyotrophic lateral sclerosis 36

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Diabetes 38
Hypothyroidism
Kidney disease
Liver disease

Exogenous acquired metabolic disorders of the nervous system:
Toxins and illicit drugs

Toxic chemical exposure 39

Nutritional deficiencies and syndromes associated with alcoholism Wernicke-Korsakoff syndrome 40
Cirrhosis

Infectious Disorders

Viral infections Upper respiratory viral infection 41
Acute viral hepatitis
Acute poliomyelitis (CNs XI, XII)

Nonviral infections Bacterial meningitis 43
Neurosyphilis (CN XII)
Pneumonia

HIV and AIDS Human immunodeficiency virus (HIV) 44

Neurovascular Disorders Stroke 45

Neoplastic Disorders

Primary neurological tumors Foster Kennedy syndrome 46
Metastatic neoplasms and paraneoplastic syndromes Metastatic carcinoma 47

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis 48

Autoimmune and Inflammatory Disorders Allergies 50

Traumatic Disorders Head trauma 51

Epilepsy Temporal lobe epilepsy 52

Drug-Induced and Iatrogenic Neurological Disorders Rhinitis medicamentosa 55
Nasal surgery
Medications (neuroleptics)
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chemicals, hypothyroidism, renal disease, and kidney disease.
According to Finelli and Mair,46 the single most egregious
error of neurologists in dealing with olfactory disturbances
is the failure to recognize the symptom of anosmia as the prin-
cipal or sole feature of an olfactory groove meningioma.

Of particular interest to the neurologist is the observation
that olfactory dysfunction is a cardinal feature of a number
of neurodegenerative disorders and may be the first sign of
Alzheimer’s disease and idiopathic Parkinson’s disease.47

Most Alzheimer’s disease and Parkinson’s disease patients
are unaware of their olfactory deficit. In Alzheimer’s dis-
ease, a smell deficit is robust early in the disease, affects
85% to 90% of patients, is associated with decreased
activation of odor-processing central structures (as mea-
sured by functional imaging), progresses over time, and
is present in some inherited forms.47 There is also support
for the notion that in patients diagnosed with questionable
Alzheimer’s disease, those who have at least one APOE-4
allele perform worse on olfactory tests. In addition,
patients who are anosmic and possess the APOE-4 allele
have 4.9 times the risk of having cognitive decline com-
pared to those who do not possess the genetic marker.48

Olfactory testing is not only useful as a predictor of devel-
oping Alzheimer’s disease but also can be useful in
differentiating between Alzheimer’s disease and other con-
ditions, such as depression (pseudodementia).49 In Parkin-
son’s disease, the smell impairment is robust, bilateral,
appears very early in the disorder, does not worsen over time,
is unrelated to the magnitude of motor symptoms, appears in
both familial and inherited forms of Parkinson’s disease, and
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is unrelated to the use of anti-Parkinson’s disease medi-
cations.47 Olfactory dysfunction can distinguish idiopathic
Parkinson’s disease from a number of other movement disor-
ders, including vascular parkinsonism.50 In atypical parkin-
sonism syndromes, including such disorders as progressive
supranuclear palsy, corticobasal degeneration, multiple sys-
tem atrophy, and MPTP-induced Parkinson’s disease, pre-
served or mildly impaired olfactory function appears to
be the rule (Video 231, Cortical Basal Degeneration; Video
235, Multiple System Atrophy, Striatal-Nigral Degenera-
tion). Data suggest that a deficit in odor identification may
exist in some patients with essential tremor, although it is
clearly more mild than that seen in idiopathic Parkinson’s
disease.51 Multiple sclerosis patients demonstrate impair-
ment on tests of odor identification that is proportional
to multiple sclerosis plaque burden in the subfrontal and
subtemporal lobes.52 Sensory symptoms are now considered
to be a feature of variantCreutzfeldt-Jacob disease (Video 50,
Myoclonus In Creutzfeldt-Jakob Disease),53 and there has
been at least one report of a patient with variant Creutzfeldt-
Jacob disease presenting with smell and taste impariment.54

Pathological study in this patient revealed prominent and
diffuse staining for prion protein in the olfactory tract asso-
ciated with vacuolation. In sporadic forms of Creutzfeldt-
Jacob disease, prion protein is deposited in the neuroepithe-
lium of the olfactory mucosa, suggesting that olfactory
biopsy may be a useful diagnostic tool.55 Additionally, this
finding lends some credence to the notion that the olfactory
pathway may represent a route of infection and possible
means of spreading the infection.

Patients with intractable epilepsy who are candidates for
temporal lobe resection have a hyposmic condition prior to
surgery. In most of these cases, the hyposmia is bilateral,
although asymmetry in function can be present, with the
greatest decrement being observed on the side of the focal
damage. Interestingly, after surgical removal of diseased
tissue in the right hemisphere, some measures of olfactory
function improve significantly on the left side of the nose.

In most patients with congenital anosmia, MRI reveals a
lack of or marked hypoplasia of the olfactory bulbs and
stalks bilaterally. For example, in a study of 25 patients with
congenital anosmia from the University of Pennsylvania
Smell and Taste Center, MRI revealed an absence or
hypoplasia of olfactory bulbs and tracts in all instances.56

Verification of a physical cause of this disability proved
to be quite therapeutic for some of these individuals.

Dysosmia
Dysosmia (disordered smell perception) presents as either a
distortion in the perceived quality of an odor (parosmia
and cacosmia) or as the presence of a strange odor in the
absence of actual odor stimulation (phantosmia or olfac-
tory hallucinations). Most dysosmias reflect dynamic
elements associated with degeneration (or, more rarely,
regeneration) of the olfactory epithelium and remit over
time. However, it is common for patients with anosmia to
report that prior to the onset of anosmia they experienced
a period of weeks or months when dysosmia was present.
Extremely debilitating chronic dysosmias have been
reported that have required surgical intervention, such as
ablation of portions of the olfactory epithelium57 or
removal of the olfactory bulbs.58 Most such cases present
unilaterally. More commonly, dysosmias are part of the
sequelae of events that occur after the olfactory nerve
fibers have been partially damaged by upper respiratory
infections, head trauma, nasal sinus disease, or other disor-
ders. In the majority of these cases, marked smell loss does
not accompany the dysosmic condition, implying that it
requires a relatively intact sensory system for expression.
In rare instances, dysosmias reflect aura-like processes that
are suggestive of central brain tumors or lesions, particu-
larly lesions of the temporal lobe. In some cases, aura-like
dysosmias can be chronic or occur regularly without pro-
ducing any evidence or any clear sign of seizure activity
(although, as noted previously, inpatient EEGs may
be needed to detect infrequent partial seizure episodes).
A few psychiatric syndromes, such as olfactory reference
syndrome, are also associated with dysosmic episodes, as
are metabolic disturbances such as trimethylaminuria.

Hyperosmia
Hyperosmia (heightened smell function) is a relatively rare
condition, usually of idiopathic origin, in which quan-
titative olfactory testing reveals heightened performance
(e.g., UPSIT scores of 40 and detection threshold values
that are several orders of magnitude below those of normal
subjects). Although untreated adrenal cortical insufficiency
is reportedly accompanied by hyperosmia,59 this work has
not been replicated, and animal studies have shown no evi-
dence of heightened odor detection performance following
adrenalectomy.60 Indeed, adrenalectomy reduces rather
than enhances peripheral nerve responses to a number of
types of sensory stimuli, including tastants.61 There have
been suggestions of hyperosmia in patients with syndromes
such as multiple chemical sensitivity, but the limited data
available fail to support this notion.62 Hyperosmia occurs
in some patients with epilepsy during the interictal period,
although, as noted previously, patients with long-term epi-
lepsy and intractable seizure activity, such as candidates
for temporal lobe resection, typically are hyposmic.
Migraine, an electrochemical event, is like epilepsy in that
hyperacuity to odors has been reported between episodes of
migraine attack.63 Additionally, sensitivity to odors may
contribute to migraine predisposition and may be a promi-
nent feature of the migraine syndrome (e.g., osmopho-
bia).64 Although hyperosmia is classically associated with
pregnancy and hyperemesis gravidarum, objective evi-
dence is lacking as to whether this is a true hypersensitivity
per se versus a hyper-reactivity. One study demonstrated
that abnormal chemosensory perceptions occur in as many
as 76% of pregnant women and include symptoms of
increased smell sensitivity at the early stage of pregnancy
(67% of all pregnant respondents) with occasional asso-
ciated qualitative smell distortions (17%) and phantom
smells (14%). The smell abnormalities are significantly less
common in later pregnancy and almost absent postpartum.65

Dissociated Olfactory Function Syndromes
Some types of olfactory tests (e.g., tests of odor identifica-
tion and discrimination) may be altered by central brain
lesions that have little or no influence on other types of
olfactory tests (e.g., odor detection thresholds). Thus, a
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dissociation between elements of the olfactory perceptual
process may occur. For example, H.M., the only patient on
record to have undergone bilateral temporal lobe resection,
is said to perform normally on tests of odor detection, sup-
rathreshold intensity discrimination, and adaptation but
abnormally on tests of odor quality discrimination and iden-
tification.66 In one study, resection of left temporal lobes,
right or left frontal lobes, and the right frontotemporal region
significantly depressed scores on the UPSIT but not on a
detection threshold test.67 As noted previously, however,
care must be taken in the interpretation of such test results,
given the fact that some olfactory tests, most notably some
olfactory threshold tests, are relatively unreliable and thus
insensitive to subtle alterations in smell function.
GENERAL MANAGEMENT GOALS

Patients with complaints of olfactory dysfunction, regard-
less of etiology or anatomical localization, should receive
careful sensory and neurological testing to ensure accurate
categorization of both their sensory problem and, ideally,
its physiological basis. In patients in whom anosmia or
hyposmia is caused by airway blockage, treatment to
relieve the edema or physical obstruction can be underta-
ken with optimism. Examples of treatments that have
restored such function include allergic management, topi-
cal and systemic corticosteroid therapies, antibiotic ther-
apy, and various surgical interventions. In cases in which
tumors are the cause of the problem, their removal with
the goal of maintaining the integrity of the olfactory path-
ways can sometimes restore olfactory function. For patients
with dysosmia, a careful review and systematic cessation
of drugs that are potentially associated with the dysfunc-
tion may be fruitful in some instances, although this pro-
cess can take several months, depending on the mode of
action of the drugs involved and the number of medications
being taken by the patient. In rare cases of long-term
chronic dysosmia severe enough to produce depression,
weight loss, or nausea because of the perversion of food
flavor, surgical intervention may be indicated. If the dysos-
mia is unilateral (detected by blocking the flow of air to
one side of the nose or by anesthetizing the olfactory mem-
brane unilaterally), unilateral surgical intervention may
correct the problem while sparing olfactory function on
the contralateral side. Of the surgical approaches, intrana-
sal ablation or stripping of tissue from the olfactory epithe-
lium on the affected side is more conservative and less
invasive than removing the olfactory bulb or tract through
a craniotomy. Should the dysosmia reappear after such
surgery, additional intranasal ablations may be performed.

Treatment of patients with anosmia due to sensorineural
problems is challenging. Although there are a few advocates
of zinc and vitamin therapies, sound empirical evidence of
their efficacy is lacking. In patients in whom olfactory loss
has been present for a long period of time and can be attrib-
uted to neural damage within the olfactory neuroepithe-
lium, the prognosis is poor, and no treatment is possible.
Nevertheless, simply providing such patients with accurate
information about their disorder, establishing objectively the
degree and nature of the deficit, and ruling out the possibility
of a serious disorder as the cause of the problem can
diminish anxiety and may be very therapeutic. Because
half of elderly people with permanent olfactory loss are
at or above the 50th percentile of their norm group, these
individuals can be informed that although their olfactory
function is below what it used to be, they still are outper-
forming most of their peers. This knowledge is extremely
therapeutic and helps them place the natural age-related
loss of olfactory function in a broader perspective.

As noted previously, the discontinuation of smoking typi-
cally results in a dose-related improvement in olfactory
function and flavor sensation over time.2 Novel medications
that are known to distort or diminish olfactory function
should be changed or stopped if possible. Specific treat-
ments for seizures, migraines, metabolic issues (e.g.,
hypothyroidism), and central processes (e.g., CNS tumors
and inflammatory lesions) can help restore olfaction when
initiated. It is also important to recognize and eliminate
any exposures that may be present in the workplace or home
environment. A proper dietary and nutritional assessment is
essential to understanding how an olfactory impairment may
be affecting one’s eating habits and ultimate health. Modi-
fication of food products and meals using flavor enhancers
often provides patients with a newfound satisfaction de-
prived of them by anosmia. Safety issues are important to
discuss in the context of management, and these include
testing smoke detectors frequently, changing gas stoves to
electric, and regularly checking expiration dates of stored
food products for possible spoilage.
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HISTORY AND DEFINITIONS

The afferent visual pathways encompass structures respon-
sible for perceiving, relaying, and processing visual infor-
mation: the eyes, optic nerves (cranial nerve II), chiasm,
tracts, lateral geniculate nuclei, optic radiations, and striate
cortex. In general, the visual abnormalities caused by
lesions anterior to and including the chiasm cause acuity
(clarity) loss, color deficits, and visual field defects (abnor-
mal central or peripheral vision). From a neuro-ophthalmic
standpoint, patients with unilateral retrochiasmal distur-
bances present primarily with visual field defects without
acuity abnormalities. Higher-order processing, which is
instrumental for interpreting visual images, occurs in extra-
striate association cortex. Abnormalities in these areas
cause, for instance, deficits in object recognition, color per-
ception, and visual attention (neglect of visual stimuli in
left or right hemifields).

This chapter reviews the neuroanatomical features of
these structures and provides a systematic approach to the
evaluation of clinical syndromes involving cranial nerve
II, other parts of the afferent visual pathway, and higher
cortical visual areas.
CLINICAL HISTORY

Common complaints encountered with visual loss include
so-called negative phenomena such as blurry vision or gray
vision. Patients with higher cortical disorders often have
nonspecific complaints such as “I’m having trouble seeing”
or “difficulty focusing.” Patients with lesions of the affer-
ent visual pathway may also complain of positive phenom-
ena, such as flashing or colored lights (phosphenes or
photopsias), jagged lines, or formed visual hallucinations
(misperceptions of something that is not there). The level
of visual image complexity of the positive phenomenon
does not specify localization (see later).

The temporal profile of the visual loss suggests possible
diagnoses, and its monocularity or binocularity helps in
localization. As a general rule, acute or subacute visual
deficits result from ischemic or inflammatory conditions
or may be caused by a vitreous hemorrhage or retinal
detachment. Chronic or progressive visual loss, in turn,
may result from a compressive, infiltrative, or degenerative
process. Cataracts, refractive error, open-angle glaucoma,
and retinal disorders such as age-related macular degenera-
tion or diabetic retinopathy also need to be considered
when visual symptoms are insidious.

If a patient complains of monocular visual loss, a
process in one eye or in the optic nerve should be consid-
ered. Painful monocular visual loss is characteristic of an
inflammatory or demyelinating optic neuropathy. With
binocular visual loss, a lesion of both eyes or optic nerves
or of the chiasm, tract, radiations, or occipital lobe should
be investigated. Associated neurological deficits, such as
motor or sensory abnormalities, also assist in localization
and often indicate a hemispheric abnormality. Medical
conditions should always be investigated in the review
of systems. Hypertension and diabetes, for instance, pre-
dispose the patient to vascular disease, and a history of
coronary artery disease should alert the examiner to the
possibility of carotid artery insufficiency as well. Visual
loss accompanied by endocrine symptoms, such as those
consistent with hypopituitarism (e.g., amenorrhea, de-
creased libido, and impotence) or pituitary hypersecretion
(e.g., galactorrhea and acromegaly), suggests a process
involving the chiasm.
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ANATOMY OF CRANIAL NERVE II AND AFFERENT
VISUAL PATHW AYS (Table 8-1)

Overview
Retinal ganglion cell axons carry visual information to the
brain via the optic nerve, chiasm, and tract. A small portion
subserves the pupillary light reflex by leaving the optic tract
to reach the mesencephalon. Other axons synapse in the
lateral geniculate body, which in turn sends projections via
the optic radiations to reach striate cortex in the occipital lobe.
Visual information undergoes higher-order processing in
occipitotemporal, temporal, occipitoparietal, and parietal lobes.
Eyes
The eyes are the primary sensory organs of the visual system.
Before reaching the retina, light travels through the ocular
media, consisting of the cornea, anterior chamber, lens, and
TABLE 8-1

Clinico-Anatomical Correlation of Disorders of Cranial Nerv

ANATOMICAL LOCATION VISUAL PHENOMENA
OTHER
AND M

Retina Transient monocular visual loss Holle

Acute monocular visual loss Cherr
Subacute monocular visual loss Retin

spo
Subacute monocular visual loss Vitre
Impaired visual acuity Meta

Optic nerve Ipsilateral visual loss (decreased
acuity, decreased color vision,
central scotoma, altitudinal field
defect)

Optic

Optic chiasm Bitemporal hemianopsia, decreased
acuity and color vision

Optic

Optic tract Contralateral incongruous
homonymous hemianopia

Contr
pup
atr

Optic radiations Contralateral homonymous
hemianopia

Prese
pup
OK
los

Occipital lobe Contralateral congruous
homonymous hemianopia
(with or without macular sparing),
quadrantic field defect,
homonymous hemianopic central
scotoma, cortical blindness
(if bilateral)

Usua

Association cortex Cerebral hemiachromatopsia
Alexia without agraphia

Visual agnosia, prosopagnosia

Defective motion perception

Left hemifield visual neglect Audit
hem

Balint’s syndrome (optic ataxia,
simultanagnosia, ocular apraxia)

Palinopsia
vitreous. The size of the pupil, like the aperture of a camera,
regulates the amount of light reaching the retina. The cornea
and lens focus light rays to produce a clear image on the
retina, and the ciliary muscle changes the lens shape to adjust
for objects at different distances (accommodation).1

Retina
Retinal processing of visual information occurs before its
transmission through the optic nerve and remainder of the
afferent visual pathway. The cone and rod photoreceptors
first convert light (photons) to neuronal signals. The cones
are located primarily in the middle of the retina, or macula,
which is dedicated to central vision. The center of the
macula, called the fovea centralis, is composed exclusively
of cones. The rods occupy the retinal periphery. They sub-
serve peripheral vision and are more useful in dim situations.
Cones function best in bright light and are more important
for color vision. Three types of cone photoreceptors are
e II and Afferent Visual Pathways

NEUROLOGICAL
EDICAL FINDINGS POSSIBLE ETIOLOGIES

nhorst’s plaque Carotid disease, giant cell arteritis,
migraine, vasospasm, cardiac
emboli

y-red spot, box-carring Central retinal artery occlusion
al hemorrhage, cotton wool
ts, dilated retinal veins

Central retinal vein occlusion

ous opacification Vitreous hemorrhage
morphopsia Central serous chorioretinopathy,

macular degeneration
atrophy, optic disc swelling Optic neuritis, ischemic optic

neuropathy, compressive lesions

atrophy Pituitary adenoma,
craniopharyngioma, optic
glioma, meningioma, aneurysm

alateral relative afferent
illary defect, “bowtie” optic
ophy

Pituitary adenoma,
craniopharyngioma, aneurysm

rved visual acuity, intact
illary response, decreased
N to side of lesion, sensory
s, hemiparesis

MCA stroke, temporal or parietal
mass lesion

lly isolated deficits PCA stroke, migraine, Alzheimer’s,
hypertensive encephalopathy

Lingual and fusiform gyri lesion
Left occipital lobe and splenium of
corpus callosum lesion

Bilateral medial occipitotemporal
lesions

Lateral occipitotemporal lesion
(Brodmann area 39)

ory and tactile neglect in left
ifield

Right parietal lesion

Bilateral occipitoparietal lesions

Temporo-occipital lesion(s)
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found, and each has a characteristic absorption spectra and
responds best to blue, green, or red light. The perceived color
of an object is based on the extent to which each of the three
classes of cone photoreceptors is stimulated.2

The pigment molecules rhodopsin (in rods) and cone
opsin (in cones) both contain 11-cis-retinal and are situated
in the membrane of the outer segment of the photoreceptors.
Light causes 11-cis-retinal to change to trans-retinal, and
this process causes a conformational change in rhodopsin
and cone opsin. The activated pigments stimulate trans-
ducin, which then activates cyclic guanosine monophos-
phate (cGMP) phosphodiesterase, which causes the
breakdown of cGMP to 50-GMP. Sodium channels, which
are normally open in the dark, are then forced to close,
resulting in hyperpolarization of the cell.3 Photoreceptor
signals are communicated to bipolar cells, then to the
Figure 8-1. The three nuclear layers of
the retina contain five major classes of
cells: photoreceptors (rods and cones),
bipolar cells, horizontal cells, amacrine
cells, and ganglion cells. Photorecep-
tors, bipolar cells, and horizontal cells
make synaptic connections with each
other in the outer plexiform layer. The
bipolar, amacrine, and ganglion cells
make contact in the inner plexiform
layer. Information flows vertically from
photoreceptors to bipolar cells to gang-
lion cells and is modified by horizontal
cells in the outer plexiform layer and
amacrine cells in the inner plexiform
layer. Output of visual information
from the retina transported through the
retinal ganglion cell axons (bottom).
(From Tessier-Lavigne M: The retina
and phototransduction. In Kandel ER,
Schwartz JH, Jessell TM [eds]: Princi-
ples of Neural Science, 4th ed. New
York, McGraw-Hill, 2000, p 515.)

Pial
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network

Cribriform
plate

Figure 8-2. The blood supply of the optic nerve head is
derived primarily from the arteriolar anastomotic cir-
cle of Zinn-Haller, which is supplied by the posterior
ciliary arteries, the pial arteriole plexus, and the peri-
papillary choroid. (Redrawn from Hayreh SS: The
central artery of the retina. Br J Ophthalmol
1963;47:655.)
retinal ganglion cells, and these messages are modified by
amacrine cells and horizontal cells (Fig. 8-1).4

The nasal retina receives visual information from the
temporal field, and the temporal retina receives visual
information from the nasal field. The superior and inferior
halves of the retina have a similar crossed relationship with
respect to lower and upper fields of vision. This type of
parceling of visual information continues throughout the
afferent visual pathway.

The majority of the blood supply of the eye travels via
the ophthalmic artery, which is the first major intradural
branch of the internal carotid artery, although there are
external carotid anastomoses. The first major branch of
the ophthalmic artery, the central retinal artery, pierces
the dura of the optic nerve just behind the globe and travels
within the nerve (Fig. 8-2). The central retinal artery then
Central retinal artery

Arterial circle of Zinn-Haller

Posterior
ciliary
artery

Choroid

Sclera
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3
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Left
eye

L

Right
eye

R

Comment

No light perception
right eye

Junctional syndrome

Bitemporal
hemianopsia (classic)

Central bitemporal
hemianopic scotomas

Incongruous right
homonymous
hemianopia

Field defect

1 Right optic nerve

2 Junction of right optic
nerve and chiasm

3 Chiasm

4 Posterior chiasm

5 Left optic tract

Figure 8-3. Optic chiasm: Correlation of lesion site and field defect. (From Liu
GT: Disorders of the eyes and eyelids. In Samuels MA, Feske S [eds]: The
Office Practice of Neurology. New York, Churchill Livingstone, 1996, p
46; adapted from Hoyt WF, Luis O: The primate chiasm. Arch Ophthalmol
1963;70:69–85. Copyright 1963, American Medical Association.)
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emerges at the disc surface, where it typically branches
into superior and inferior branches, each of which in
turn divides into nasal and temporal branches to supply
the four quadrants of the inner two-thirds of the retina.
The ophthalmic artery also gives rise to the long and short
posterior ciliary arteries. The long posterior ciliary arteries
pierce the sclera lateral to the optic nerve to supply the cili-
ary body and iris. The short posterior ciliary arteries enter the
sclera near the optic nerve to supply the prelaminar portion
of the optic nerve and outer one-third of the retina. In some
individuals, a cilioretinal artery, supplied by the choroidal
circulation, may be seen at the temporal edge of the disc.
The cilioretinal artery can provide an alternative blood
supply to the papillomacular and macular regions in the
event of a central retinal artery occlusion.5

Optic Nerve
The optic nerve has four major portions: intraocular,
intraorbital, intracanalicular, and intracranial. The intraocu-
lar portion, the optic disc, consists of the unmyelinated
retinal ganglion cell axons and astrocytes and is situated
3 or 4 mm nasal to the fovea. As the nerve exits the globe,
it traverses the lamina cribrosa, which is a trabeculated
meshwork of collagenous tissue. Just posterior to this, the
optic nerve increases in diameter as it becomes myelinated
by oligodendrocytes. At this point, the optic nerve is also
invested with pia, arachnoid, and dura. The arachnoid
extends to the sclera of the globe and contains cerebrospi-
nal fluid (CSF) that is contiguous with that of the central
nervous system. The dural covering fuses with the sclera
around the optic nerve and more posteriorly blends into
the periosteum of the optic canal.5

The intraorbital segment of the optic nerve is approxi-
mately 5 mm longer than the distance from the orbital apex
to the posterior aspect of the globe. Within the orbital apex,
the optic nerve is encased by the annulus of Zinn, which
consists of the connective tissue origins of the superior,
medial, lateral, and inferior rectus muscles. The nerve
then passes through the optic foramen into the bony optic
canal, which lies posteromedially in the sphenoid bone.
The paired optic nerves course medially and rise at an
angle of 45 degrees toward the chiasm. Intracranially, the
optic nerves lie inferior to frontal lobes (gyrus recti) and
anterior cerebral and anterior communicating arteries.5

The blood supply of the optic disc is derived from
the arteriolar anastomotic circle of Zinn-Haller, which is
supplied by the posterior ciliary arteries, the pial arteri-
ole plexus, and the peripapillary choroid (see Fig. 8-2).
Perforating branches of the ophthalmic artery supply the
intraorbital segment of the optic nerve. The intracanalicular
and intracranial portions of the optic nerve are supplied
by a neurovascular network derived from the ophthalmic
artery, internal carotid, anterior cerebral, and anterior
communicating arteries. The central retinal artery does
not directly supply the optic nerve.5,6

Optic Chiasm
The optic nerves join at the optic chiasm, which lies in
the suprasellar region, superior to the diaphragma sella,
inferior to the third ventricle and hypothalamus, and just
anterior to the infundibular stalk. The chiasm tilts forward
at an angle of 45 degrees and most commonly lies directly
above the pituitary fossa, although occasionally it may be
prefixed or postfixed in position relative to the sella. Within
the chiasm, fibers from the nasal retina cross, and the most
ventral axons from the inferior nasal retina bend temporally
through the contralateral optic nerve (Wilbrand’s knee),
whereas the fibers from temporal retina remain ipsilateral
(Fig. 8-3). The existence of Wilbrand’s knee has come
into question.7 The ratio of crossed to uncrossed fibers is
53% to 47%, respectively. The fibers transmitting visual
information from the superior retina remain superior in the
chiasm, whereas those from the inferior retina remain situ-
ated inferiorly. The papillomacular bundles lie superiorly
and posteriorly within the chiasm.1,8

Most of the fibers traveling through the optic chiasm are
destined for the optic tracts and lateral geniculate bodies.
Retinal projections may also exist from the posterior chiasm
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Figure 8-4. Pupillary light reflex-parasympathetic pathway. Light entering
one eye (straight black arrow, bottom right) stimulates the retinal photore-
ceptors (RET), resulting in excitation of ganglion cells, whose axons travel
within the optic nerve (ON), partially decussate in the chiasm (CHI), then
leave the optic tract (OT) (before the lateral geniculate nucleus [LGN])
and pass through the brachium of the superior colliculus (SC) before synap-
sing at the mesencephalic pretectal nucleus (PTN). This structure connects
bilaterally within the oculomotor nuclear complex at the Edinger-Westphal
(E-W) nuclei, which issues parasympathetic fibers that travel within the
third nerve (inferior division) and terminate at the ciliary ganglion (CG) in
the orbit. Postsynaptic cells innervate the pupillary sphincter, resulting in
miosis. Note that light in one eye causes bilateral pupillary constriction.
(From Liu GT: Disorders of the eyes and eyelids. In Samuels MA, Feske
S [eds]: The Office Practice of Neurology. New York, Churchill Living-
stone, 1996, p 61; adapted from Slamovits TL, Glaser JS: The pupils
and accommodation. In Glaser JS [ed]: Neuro-ophthalmology, 3rd ed.
Philadelphia, Lippincott Williams &Wilkins, 1999, p 528, with permission).
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to the hypothalamus, specifically the suprachiasmatic nucleus
or the supraoptic nucleus.5 This pathway is thought tomediate
the visual input responsible for diurnal variations of neuroen-
docrine systems. The chiasm’s neuroanatomical locale in
relation to surrounding vascular structures is important, given
the potential aneurysms and subsequent visual field defects
that they may produce. The carotid arteries ascend lateral to
the optic chiasm, and the precommunicating segments of the
anterior cerebral arteries lie superior to the chiasm.6

The chiasm derives its blood supply from an inferior and
superior anastomotic group of vessels.9 The inferior group
is made up of the superior hypophyseal arteries, which
derive their blood supply from the internal carotid, poster-
ior communicating, and posterior cerebral arteries. The
superior group of vessels consists of precommunicating
branches of the anterior cerebral arteries.6

Optic Tract and Lateral Geniculate Body
The afferent visual fibers exit the chiasm posteriorly and
diverge to form the left and right optic tracts, each of which
is made up of ipsilateral temporal fibers and contralateral
nasal fibers. The optic tracts sweep around and above the
infundibulum, below the third ventricle, and superomedially
to the uncal gyri. They then turn posterolaterally to the inter-
penduncular cistern, just ventral to the rostral midbrain and
cerebral peduncles.

Most of the fibers synapse within the ipsilateral lateral
geniculate nucleus; however, a few axons depart from the
optic tract to complete the afferent limb of the pupillary light
reflex. These fibers pass ventral to the medial geniculate
nucleus; then they continue through the brachium of the
superior colliculi before reaching the pretectal nuclei, where
they synapse (Fig. 8-4). In turn, these nuclei connect bilater-
ally to the Edinger-Westphal nuclei in the oculomotor
complex. Parasympathetic pupillary fibers leave the brain
stem within cranial nerve III, then synapse in the ciliary
ganglion in the orbit. Postganglionic fibers mediate pupil-
lary constriction. Details regarding the Edinger-Westphal
nuclei in oculomotor complex are contained in the chapter
on cranial nerves III, IV, and VI (see Chapter 9).

The lateral geniculate nucleus (LGN), which is situated
within the lateral recess of the choroidal fissure, above the
ambient cistern, is considered part of the thalamus. Coron-
ally, the LGN has six neuronal layers, and the input into each
is monocular and retinotopically organized. Visual informa-
tion from the ipsilateral eye synapses within laminae 2, 3,
and 5, whereas that from the contralateral eye synapses
within laminae 1, 4, and 6. Layers one and two contain large
neurons (magnocellular LGN layers), whereas layers three
through six contain smaller neurons (parvocellular LGN
layers). Studies suggest the existence of at least two types
of retinal ganglion cells (M and P, respectively) that project
preferentially to each group, and that each layer may
have distinct projections within the striate cortex as well.
The medial horn of the LGN subserves the inferior visual
field and the lateral horn subserves the superior visual field.
The medial portion (hilum) subserves macular vision.

The blood supply of the optic tract is variable but typi-
cally comes from an anastomotic network made up of the
anterior thalamic perforators (from the posterior cerebral
artery) and the anterior choroidal artery (from the internal
carotid artery). The LGN also has a rich anastomotic blood
supply made up of the anterior and posterior choroidal
arteries. The medial and lateral wedges of the LGN are
supplied by the anterior choroidal artery, and the hilum
(middle wedge) is supplied by the posterior choroidal
artery. In approximately 50% of cases, small portions of
the LGN receive blood from other small posterior cerebral
artery (PCA) branches. Ischemic lesions to the posterior
portion of the optic tract and the LGN are considered rare
because of their rich anastomotic blood supply.5,6

Optic Radiations
The optic radiations (geniculocalcarine fibers) exit dorsally
from the LGN, then spread into two major bundles. The
group of fibers containing contralateral superior quadrant
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visual information (inferior fascicle) curves in an anteroin-
ferior direction into the anterior pole of the temporal lobe,
forming Meyer’s loop. The superior fascicle lies deep
within the parietal lobe and subserves visual information
from the contralateral inferior quadrant. The temporal and
parietal fascicles project in a retinotopic fashion to the
lower and upper banks of calcarine cortex, respectively.

The temporal portion of the optic radiations receives its
blood supply from the anterior choroidal artery and other
middle cerebral artery (MCA) branches within the sylvian
fissure, including the lenticulostriate and inferior tem-
poro-occipital artery. The distal branches of the MCA,
including the angular and posterior temporal arteries,
supply the more superiorly situated parietal fascicles.
The most posterior portions of the optic radiations, just
before their entry into the occipital lobe, are supplied by
the superior temporo-occipital sylvian artery branch of
the MCA and the anterior temporal and calcarine arteries
of the PCA.5,6

Striate Cortex
Brodmann area 17 (or V1, primary, calcarine, or striate
cortex) is the end organ of the afferent visual system and
is situated in the occipital lobe. The upper bank of striate
cortex lies superior to the calcarine fissure, and the lower
bank lies below the fissure. Other boundaries of striate cor-
tex include the splenium of the corpus callosum anteriorly,
interhemispheric fissure medially, and occipital pole pos-
teriorly. Laterally, some striate cortex may be visible on
the posterolateral outer surface of the occipital lobes.

Neuronal input arrives in a retinotopic fashion from
fibers of the LGN and synapses within striate cortex, which
is divided into six layers. The thick, light-colored layer IV
is visible to the naked eye and has been termed the striae of
Gennari. The parvocellular neurons synapse within the
layer IV-C-beta, whereas the magnocellular cells synapse
within layer IV-C-alpha.10 Fibers from the medial aspect
of the LGN, carrying information from the superior retina,
project to the upper bank of the calcarine cortex, whereas
those from the lateral aspect, carrying information from
the inferior retina, project to the lower bank. The inferior
visual fields are thus represented within the upper bank,
and the superior visual fields are represented within the
lower bank. Left and right visual fields are represented
within right and left occipital lobes, respectively. Macular
projections synapse in the occipital pole and occupy
approximately one-half the entire surface area of striate
cortex. The occipital tip is devoted to foveal vision.

The majority of the blood supply to striate cortex derives
from branches of the PCA: the calcarine artery, mostly,
with lesser contributions from the posterior temporal and
parieto-occipital arteries. In most cases, small penetrating
branches from the calcarine artery supply both the upper
and lower banks of calcarine cortex. In up to one-third
of cases, one major branch to each bank may be seen.
At the occipital pole, there is an anastomosis between
PCA vessels and the superior temporo-occipital sylvian
artery from the MCA. This dual blood supply to the area
responsible for central vision is one vascular explanation
for macular sparing in the setting of PCA occlusion.
Visual Association Areas
Extrastriate areas V2 and V3 surround V1 above and below
the calcarine sulcus. Isolated and clinically apparent lesions
of V2 and V3 are unusual, but a combined lesion of V2 and
V3 restricted to the upper or lower bank typically is associated
with a homonymous quadrantic visual field defect.11

Higher cortical processing of visual information occurs in
visual association areas, which are divided anatomically and
functionally into ventral and dorsal pathways. In general, the
ventral stream (occipitotemporal) is more concerned with
object recognition (“what”) and represents the continuation
of the parvocellular pathway.10 Area V4, which is situated
in the lingual and fusiform gyri, is responsible for color per-
ception within the contralateral hemifield.12 Bilateral mesial
occipitotemporal regions are utilized in object and facial
recognition.13,14 In contrast, the dorsal stream carries out
functions related to spatial orientation (the “where” path-
way) and is the extension of the magnocellular pathway.10

The parietal lobe is devoted to directed attention. Evidence
suggests that Brodmann area 39 (area V5), within the lateral
occipitotemporal region, is analogous to monkey area MT
and is important for motion perception.15,16
EXAMINATION OF CRANIAL NERVE II AND
AFFERENT VISUAL PATHWAYS

Directed Neurological Examination

Visual Acuity
Visual acuity is a measurement of the individual’s capacity
for visual discrimination of fine details of high contrast.17

Best corrected visual acuity should be tested for each
eye.1 Distance vision is assessed with a standard Snellen
chart and near vision with a handheld card. If the patient
does not bring corrective lenses for the examination, a
pinhole can correct most refractive errors.

Acuity is most often recorded as, for example, 20/40, in
which the numerator refers to the distance (in feet) from
which the patient sees the letters and the denominator the
distance from which a patient with normal vision sees the
same letters. Visual acuity with the near card is often
recorded using the standard Jaeger notation (J1, J3, etc.).
If a patient is unable to read the largest Snellen letters
(20/200 or 20/400), the acuity should be characterized by
the ability to count fingers (CF) (and at what distance),
detect hand motions (HM), or have light perception (LP).
An eye that is blind has no light perception (NLP).
Contrast sensitivity testing with sine-wave gratings is a use-
ful adjunct in the evaluation of visual acuity. In younger
preverbal patients, assessment of fixing and following in
most instances is sufficient. When more accurate visual acu-
ities are required, preferential looking tests (Teller’s acuities)
may be used.18 These tests are based on the principle that a
child would rather look at objects with a pattern stimulus
(alternating black and white lines of specific widths) than at
a homogeneous field. The smallest pattern that the child
seems to prefer is an indicator of best visual acuity.

Visual acuity can be altered by macular, optic nerve, or
chiasmal lesions. Disturbances that are posterior to the chiasm
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(retrochiasmal, i.e., tract, optic radiations, and occipital lobe)
can affect visual acuity only if they are bilateral.

Color Perception
Color vision can be tested with standard pseudoisochro-
matic Ishihara or Hardy-Rand-Ritter plates, both of which
contain numbers or geometrical shapes that the patient is
asked to identify among different colored dots.2 Qualitative
inter-eye differences in color perception can be tested
by comparing a red bottle top, for example, with each
eye. A patient with monocular “red desaturation” may state
that with the affected eye the red bottle top appeared
washed out, pink, or orange.

Color vision can be altered by macular, optic nerve, or
chiasmal lesions. Retrochiasmal disturbances can produce
abnormal color vision in the defective visual field. A lesion
of the lingual and fusiform gyri can cause defective color
vision in the contralateral hemifield.

Visual Field Testing
Testing the patient’s visual fields can be accomplished at
the bedside by finger confrontation methods in all four
quadrants of each eye by asking the patient to “count my
fingers” or “tell me when you first see my finger wig-
gling.” In a patient who is aphasic, uncooperative, intu-
bated, sedated, or very young, responses such as finger
mimicry, pointing to targets presented, visual tracking, or
reflex blink to visual threat allow for a gross assessment
of visual field integrity. Color or subjective hand compari-
son is a useful adjunct to elicit defects respecting the verti-
cal or horizontal meridians.1 To test central or macular
vision, an Amsler grid (similar to a piece of graph paper
with a central fixation point) can be viewed by the patient.
Patients may perceive abnormal areas on the grid that may
correspond with visual field deficits.

Accurate documentation of visual fields requires kinetic
testing with a tangent screen, Goldmann’s perimeter, or
automated threshold perimeter. The Goldmann’s kinetic
technique is useful when evaluating patients with significant
neurological impairment because it is shorter and involves
interaction with the examiner. Threshold computerized peri-
metry of the central 30 degrees of vision is a more sensitive
and reproducible test for patients with optic neuropathies
and chiasmal disturbances. When visual fields are recorded,
they are presented so that the right field is to the right and the
left field to the left. The blind spot, corresponding to the
optic nerve, is located approximately 15 degrees temporal
to fixation and is recorded as an area without vision.1

The visual field can be altered by lesions anywhere
in the afferent visual pathway, and the specific patterns in
relationship to neuroanatomical structures are discussed
in more detail later.

Higher Cortical Visual Function
It is often difficult to separate a dense left hemianopia from
dense neglect in a patient with a large right parietal lesion.
In instances in which the deficits are more subtle, the
examiner can screen for visual inattention by presenting
visual stimuli, such as fingers, separately in each hemifield
and then together on both sides of midline (double simulta-
neous visual stimulation). People with subtle visual inat-
tention but intact fields see the stimulus when presented
separately but not when shown simultaneously. Other bed-
side tests include letter cancellation, in which the patient is
asked to find a specific letter or shape within a random
array. Patients with left visual neglect may find the speci-
fied letter only when it appears on the right side of the
page. When patients with left neglect are asked to bisect
lines drawn randomly on a page, they may tend to “bisect”
the lines to the right of their center.

In patients suspected of agnosias, informal tests of visual
recognition can be performed at the bedside using common
objects, such as a pen, cup, or book. An inability to recog-
nize faces (prosopagnosia) or interpret complex scenes
(simultanagnosia) can be tested with magazine or newspa-
per photos and advertisements. Standardized facial and
object recognition tasks are available during more formal
neuropsychological testing.

Pupillary Examination
The size of each pupil can be measured in light and dark
using the pupil scale found on most near-acuity cards. Pupil-
lary light reactivity is tested with a bright light, such as a
halogen transilluminator, while the patient fixes on a distant
object (to avoid accommodation). While the light is shining
in one eye, the ipsilateral pupillary light reflex, termed
the direct response, and the contralateral, termed the con-
sensual response, should be noted. Transient fluctuations
in pupillary diameter are normal and are called hippus.
The swinging flashlight test involves alternating a bright
light equally at each eye to compare each pupil’s reactivity
to light. Because light from one eye will reach both
Edinger-Westphal nuclei (see Fig. 8-4), normally both pupils
react briskly when light is shone into just one eye, and the
amount of constriction is the same regardless of which eye
is stimulated (Video 30, Afferent Pupillary Defect).
If one eye has reduced vision owing to an optic neuropa-

thy or large retinal process, light directed into that eye pro-
duces a relatively weaker pupillary response in both eyes
(relative afferent pupillary defect [RAPD]) (Fig. 8-5).1

Asymmetrical chiasmal disturbances may lead to a RAPD
in the eye with worse acuity or greater field loss. Optic
tract lesions can be associated with a RAPD in the contra-
lateral eye owing to interruption of the crossing nasal
fibers, which outnumber the uncrossed temporal fibers.
Because afferent pupillary fibers leave the afferent visual
pathway before the geniculate, geniculocalcarine disorders
are not associated with pupillary abnormalities.

Funduscopic Examination
The posterior pole of the eye can be viewed with a direct
ophthalmoscope through an undilated pupil. Any media
opacity due to corneal exposure, cataract, or vitritis, for
instance, can create a hazy view. Posteriorly, the optic disc,
retinal vasculature, macula, and peripapillary retina should
be carefully examined (Fig. 8-6). Important details of the
optic disc that should be noted include its color and contour
and cup-to-disc ratio. The retinal vasculature should be
evaluated in detail, with particular attention to the caliber
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Figure 8-5. A, Normal swinging flashlight test, in which light directed in
either eye elicits the same amount of pupillary constriction. B, Swinging
flashlight test revealing a left relative afferent pupillary defect in the
hypothetical setting of visual loss in the left eye due to an optic neuropa-
thy. Pupillary sizes are equal at rest in ambient lighting (b-1). Light stimu-
lation of the good right eye results in brisk bilateral pupillary constriction
(b-2). Light stimulation of the defective left eye produces comparatively
weaker pupillary constriction, and both pupils dilate (b-3).
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of arteries and veins, branching patterns, and,when suspected,
possible emboli. The macula, best observed by asking
the patient to look at the direct ophthalmoscope’s light, is
examined for evidence of degeneration, lipid deposition,
detachment, edema, or change in pigment color. Thorough
evaluation of the retinal periphery requires a pharmacologi-
cally dilated pupil and indirect ophthalmoscopy.

Optic disc swelling suggests an optic neuropathy or papille-
dema. Chronic optic nerve processes lead to disc atrophy.
Macular disturbances are associated with central field loss
Optic 
 disc

Figure 8-6. Photograph (left) of a normal left fundus. The corresponding illustra
eyes and eyelids. In Samuels MA, Feske S [eds]: The Office Practice of Neur
and decrease in visual acuity. If large enough, other retinal
abnormalities can also cause corresponding field loss. For
instance, retinitis pigmentosa beginning peripherally causes
field constriction, whereas an inferior branch retinal artery
occlusion is associated with a superior altitudinal field defect.

Ancillary Ophthalmological Techniques
The evaluation of patients with disorders of the afferent
visual pathways often is enhanced by consultation with
an ophthalmologist or neuro-ophthalmologist, who has
ancillary ophthalmological equipment available. The most
common cause of blurry vision is refractive error, and an
ophthalmologist is the individual best equipped to make
the required measurements. Applanation tonometry is a
necessary screen for glaucoma. An exophthalmometer helps
measure anterior protrusion of the eye, and it is indispens-
able when following proptosis, for example, in a patient with
thyroid orbitopathy.

Slit lamp examination (biomicroscopy) uses what essen-
tially is a horizontally mounted microscope and a special
light source to visualize directly the cornea, anterior cham-
ber, iris, vitreous, and posterior pole of the fundus (disc and
macula, primarily). Indirect ophthalmoscopy, using a 20-
diopter lens, allows more complete visualization of the pos-
terior pole and peripheral retina. Both techniques follow
pharmacological dilation of the pupil (usually 2.5%
phenylephrine and 1% tropicamide topically), and each per-
mits a stereoscopic view of the fundus, which is especially
important when evaluating disc swelling, disc contour,
cup-to-disc ratio, and macular edema. In addition, both slit
lamp biomicroscopy and indirect ophthalmoscopy employ
very bright light sources, allowing greater visualization of
structures in the back of the eye when there is a media
opacity such as a cataract.

Associated Neurological Findings
CEREBRAL. Hemianopias that result from lesions of the

optic radiations are often associated with other “cortically
based” neurological findings. Temporal lobe lesions may
Fovea

Macula

ArterioleVein

tion (right) identifies important structures. (From Liu GT: Disorders of the
ology. New York, Churchill Livingstone, 1996, p 41.)
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be accompanied by personality changes, complex partial sei-
zures, memory deficits, fluent aphasia (if the dominant side is
involved), or Klver-Bucy syndrome (hypersexuality, placid-
ity, hyperorality, visual and auditory agnosia, and apathy)
with involvement of the anterior temporal lobes bilaterally.
Conduction aphasia or Gerstmann’s syndrome (finger agno-
sia, agraphia, acalculia, and right-left disorientation) suggests
a dominant parietal lobe process. Left-sided neglect, topo-
graphic memory loss, constructional and dressing apraxias,
in association with a left hemianopia, suggest a nondomi-
nant parietal lesion. More parieto-occipital or occipitally
based visual disturbances such as in Balint’s syndrome or
cortical blindness may accompany dementia in Creutzfeldt-
Jakob disease, progressive multifocal leukoencephalopathy,
or Alzheimer’s disease.

CRANIAL NERVES. Lesions causing visual loss and
ocular motility deficits frequently exhibit characteristic
recognizable symptom complexes. For instance, orbital apex
disturbances cause an optic neuropathy and cranial nerve III,
IV, and VI dysfunction, as well as cranial nerve V distribu-
tion sensory loss, and oculosympathetic paresis. Suprasellar
masses may compress the optic chiasm and, if large enough,
can extend laterally to involve cranial nerves III, IV, VI, V1,
and V2 within the cavernous sinus. In rare instances, seesaw
nystagmus occurs in association with sellar lesions with
bitemporal hemianopias. In this unique motility disturbance,
one eye elevates and intorts while the other depresses
and extorts, then the process reverses and repeats. Deep pari-
etal lobe lesions can produce a homonymous hemianopia
and poor tracking of objects moving toward the lesion.
This effect results from involvement of the optic radiations
and adjacent descending corticobulbar fibers from the
parieto-occipitotemporal pursuit area.

In contrast, normal optokinetic responses can be expected
in a hemianopia due to a lesion solely within the occipital
lobe. Bilateral parietal lesions may cause abnormal initiation
of voluntary eye movements, despite normal reflex saccades
and pursuit (ocular motor apraxia), as seen in Balint’s
syndrome (see later in the chapter). Hemianopias related to
occipital lobe infarction may be associated with brain stem
ocular motor dysfunction, if the etiology is vertebrobasilar
occlusion. Patients with a hemianopia or neglect may have
a gaze preference away from the visual deficit.

Patients with cerebellar disease and acquired nystagmus,
particularly pendular, may complain of oscillopsia, the
illusion of motion, and may suffer a reduction in visual
acuity. Conversely, patients with bilateral visual loss invol-
ving the anterior visual pathways, especially if congenital
or acquired in childhood, may develop nystagmus with jerk
and pendular components.19 Patients with severe visual loss
of any type may also display a “searching” nystagmus in
their attempt to localize objects without adequate visual
feedback.

Patients with multiple sclerosis presenting with optic
neuritis may have nystagmus or a unilateral or bilateral
internuclear ophthalmoplegia, indicating previous white
matter involvement in the posterior fossa.

MOTOR/REFLEXES/CEREBELLAR/GAIT. Hemispheric
lesions may produce a homonymous field defect and ipsilat-
eral hemiparesis when the optic radiations and motor strip or
descending motor fibers are disrupted. A proximal posterior
cerebral artery occlusion causes a similar clinical picture by
leading to infarction of the cerebral peduncle in the midbrain
and of the occipital lobe. Signs of cerebellar dysfunction,
such as nystagmus, truncal or appendicular ataxia, dysme-
tria, intention tremor, dysdiadochokinesia, or scanning
speech, together with a congruous homonymous hemianopia
suggest vertebrobasilar occlusion. Patients with multiple
sclerosis presenting with optic neuritis may have cerebellar
signs indicating previous white matter involvement. Any
process affecting both the afferent visual pathways and the
corticospinal tracts can cause visual loss and hyper-reflexia.
For instance, large hemispheric lesions can be expected
to result in contralateral hemianopia and hyper-reflexia.
Conditions affecting central myelin (e.g., multiple sclero-
sis or acute disseminated encephalomyelitis) can cause
optic or chiasmal neuropathy as well as spasticity and
hyper-reflexia. In central and peripheral dysmyelinating
syndromes, there may be visual loss and hyporeflexia.

SENSORY. A homonymous field defect in combination
with ipsilateral sensory loss, astereognosis, decreased
two-point discrimination, or graphesthesia suggests a parie-
tal lesion. A process within the nondominant (usually right)
parietal lobe can also produce a contralateral neglect syn-
drome or hemianopia, accompanied by contralateral sen-
sory inattention. Pain, hemianesthesia, or choreoathetoid
movements and an ipsilateral homonymous field deficit
imply coinvolvement of the thalamus and optic radiations.

AUTONOMIC NERVOUS SYSTEM. Autonomic system
dysfunction, primarily because of pupillary and lacrimal
disturbances, may lead to visual complaints. For instance,
patients with pathological mydriasis due to parasympathetic
dysfunction can suffer from photophobia or refractive error.
The latter results from exposing spherical aberrations in
the lens and cornea. Tonic pupils (e.g., Adie’s pupils) are
associated with accommodative insufficiency, and patients
may complain of difficulty reading. Lacrimation abnormal-
ities cause dry corneas, resulting in hazy views with irritative
symptoms that are responsive to topical lubrication. Horner’s
syndrome (oculosympathetic dysfunction), by itself, should
not cause visual abnormalities.

NEUROVASCULAR. Amaurosis fugax due to carotid ste-
nosis may be associated with a carotid bruit, although that
finding is notoriously unreliable. Cranial or ocular bruits
may indicate an intracranial arteriovenous malformation or
a carotid-cavernous fistula. In some instances of visual
loss due to anterior ischemic optic neuropathy, underlying
giant cell arteritis is suggested by tender, cordlike temporal
arteries.

Associated Medical Findings
A thorough but directed general examination of all patients
can often provide important clues to neuro-ophthalmical
diagnoses. It is impossible to list all the abnormalities
one may find; however, some examples are reviewed.

Proptosis or periorbital fullness suggests an orbital
process such as Graves’ disease, orbital meningioma, or
orbital pseudotumor (Video 227, Orbital Pseudotumor).
The patient’s general appearance may suggest an underly-
ing chromosomal, endocrinological, or metabolic disorder.
For instance, disfiguring frontal bossing and enlargement
of the mandible and hands are characteristic of acromeg-
aly associated with a growth hormone-secreting pituitary
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adenoma. The heart rate, blood pressure, and carotid and car-
diac examinations are important in any patient with a possi-
ble ischemic event. Patients with pseudotumor cerebri tend
to be young females with obesity or a history of recent
weight gain. Skin lesions, such as erythema migrans (Lyme
disease) or malar rash (systemic lupus erythematosus), and
abnormal discolorations, such as café-au-lait spots and
axillary freckling (neurofibromatosis), or hypopigmented
ash-leaf spots (tuberous sclerosis) also may be helpful in
guiding the evaluation of patients with visual disturbances.
EVALUATION GUIDELINES (Table 8-2)

NEUROIMAGING. Most patients with suspected optic
neuropathies should undergo neuroimaging to exclude a
TABLE 8-2

Useful Studies in the Evaluation of Disorders of Cranial Ner

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY

Retina MRA: carotid occlusion,
stenosis, or dissection

Abnormal
electroretinogram if
photoreceptors are
affected

Optic nerve MRI with gadolinium and
fat saturation, coronal
views: optic nerve
enlargement or
enhancement, or
compressive mass
lesion

Visual evoked
potentials: decreased
amplitude or
increased latency

Optic chiasm MRI with gadolinium,
thin coronal and sagittal
cuts through sella:
chiasmal enlargement
or enhancement, or
sellar compressive mass

N/A

Optic tract MRI: compressive mass N/A
Lateral

geniculate
body

MRI: infarction N/A

Optic radiations MRI: infarction or tumor N/A
MRA: carotid or MCA

occlusion

Occipital lobe MRI: infarction or tumor N/A
MRA: posterior

circulation occlusion
Higher cortical

areas
MRI: infarction or tumor N/A

Visual
hallucinations

MRI: infarction or tumor Epileptiform discharges
on EEG if
hallucinations are due
to seizures

Other positive
visual
phenomena

MRI: infarction or tumor Epileptiform discharges
if positive phenomena
are due to seizures

CSF, cerebrospinal fluid; EEG, electroencephalogram; ESR, erythrocyte sedimentation ra
not applicable.
compressive or inflammatory process. The major exceptions
are typical optic neuritis (although magnetic resonance
imaging [MRI] scan may be appropriate to determine the
prognosis for developing subsequent multiple sclerosis) or
classic anterior ischemic optic neuropathy. MRI of the optic
nerves in optic neuritis predominantly demonstrates hyper-
intense signal and enhancement, whereas in nonarteritic
anterior ischemic optic neuropathy it will not.20 Transient
visual loss in the setting of migraine does not require neuro-
imaging when the historical features are characteristic
and results of the neurological examination are normal.
All patients with chiasmal and retrochiasmal patterns of
visual loss should undergo imaging examination.

In general, MRI, with and without gadolinium, is the pre-
ferred technique for the evaluation of patients with sus-
pected lesions of the afferent visual pathway.21 In addition
ve II and Afferent Visual Pathways

FLUID AND TISSUE
ANALYSIS

NEUROPSYCHOLOGICAL
TESTS OTHER TESTS

Elevated ESR in giant cell
arteritis

N/A Vascular occlusion
on fluorescein
angiography

Thromboembolic
source on cardiac
echography,
carotid
ultrasound, or
formal
angiography

Elevated ESR in giant cell
arteritis. CSF
pleocytosis if
inflammatory

N/A N/A

CSF pleocytosis if
inflammatory,
endocrine studies
showing evidence of
hypopituitarism or
hormone hypersecretion

N/A N/A

N/A N/A N/A
N/A N/A N/A

N/A Deficits in spatial
ability and
attention

Thromboembolic
source on cardiac
echography or
carotid ultrasound

N/A N/A Thromboembolic
source on cardiac
echography

N/A Deficits in color
perception or
object or face
recognition

Thromboembolic
source on cardiac
echography

N/A N/A N/A

N/A N/A N/A

te; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging; N/A,
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to the usual brain studies, some special cases require further
neuroimaging. For instance, when an optic nerve process is
suspected, MRI of the orbits with fat saturation and coronal
views should be obtained. The chiasm is best imaged with
additional thin cuts, coronal and sagittal, through the sellar
area. Vascular disturbances, whether occlusive or aneurys-
mal, require MRI angiography and then, in some instances,
formal angiography. Computed tomography (CT) is helpful
when fractures, bony erosion, or calcification is suspected,
as in meningiomas or craniopharyngiomas.

Some experimental functional neuroimaging techniques
may be helpful in cases in which MRI or CT evaluation
is inconclusive. Using positron emission tomography or
single-photon emission computed tomography techniques,
hypoperfusion in visual association areas may be demon-
strated in patients with visual agnosias, achromatopsia,
and deficits in motion perception, for example. Functional
MRI can highlight areas of cortical activation by detecting
small changes in local blood flow.22 The functional MRI
technique may be more helpful for localization of normally
functioning areas of brain, as in presurgical identification
of cortical structures adjacent to brain tumors.23

Amaurosis fugax, central retinal artery occlusion, and
ischemia in the middle and anterior cerebral artery distribu-
tions necessitate Doppler examination or MRI angiography
of the carotids. Echocardiography should be performed
when a cardiac embolus or patent foramen ovale is suspected.

ELECTROPHYSIOLOGY. Other diagnostic tests used in
combination with the clinical examination include electro-
physiological testing such as an electroretinogram (ERG)
or visual evoked potential (VEP). ERGs measure rod and
cone photoreceptor function and help to distinguish the ret-
inal degenerations and dystrophies. VEPs measure the corti-
cal activity in response to flashes of light or checkerboard
stimuli and, if abnormal, suggest a lesion of the afferent
visual pathway. VEPs, when the result is normal, are particu-
larly helpful in excluding organic lesions when functional
visual loss is suspected. In addition, they can detect clini-
cally silent lesions in the afferent visual pathway of patients
with multiple sclerosis. VEPs should never take the place of
the clinical examination and field testing, however, in the
diagnosis or follow-up of patients with optic neuropathies
or chiasmal disturbances. When cardiac source emboli are
suspected, arrhythmias should be excluded by telemetry or
Holter monitoring.

BODY FLUID AND TISSUE ANALYSIS. Blood studies
are indicated when specific pathological processes are
suspected. Vascular events may require evaluation of the
erythrocyte sedimentation rate (ESR); rapid plasmin reagin;
anti-nuclear antibody (ANA); and coagulation indices such
as prothrombin time, partial thromboplastin time, and plate-
let count. The ESR, together with a C-reactive protein level,
is especially important in transient or permanent visual loss
in the elderly to rule out giant cell arteritis. In young indivi-
duals without an obvious risk factor for stroke, protein C,
protein S, antithrombin III, factor V Leiden mutation, anti-
phospholipid antibody, and anti- cardiolipin antibody levels
should be obtained. A toxicology screen is necessary if drug
use is suspected. Most intracranial mass lesions require
either at least a brain biopsy if a primary neoplasm is sus-
pected or a metastatic evaluation if multiple metastases are
more likely. In many cases of demyelinating disease, other
autoimmune, inflammatory, and infectious disorders should
be excluded by evaluating the ANA titer result, angiotensin-
converting enzyme level, Lyme disease titer, and ESR,
for instance.

When visual loss due to a sellar process is suspected,
pituitary and hypothalamic function should be evaluated.
The basic outpatient endocrinological panel should include
serum prolactin, growth hormone (after a 75-g oral glucose
load), insulin-like growth factor-I, adrenocorticotropic hor-
mone, cortisol (serum morning sample or 24-hour urine-free
cortisol), thyroid-stimulating hormone, T3, T4, luteinizing
hormone, follicle-stimulating hormone, estradiol, and test-
osterone level. Low values, and even normal ones in some
instances, are consistent with hypopituitarism. High values
imply pituitary hypersecretion by a pituitary adenoma.

CEREBROSPINAL FLUID. In some instances, CSF
examination may aid in establishing the cause of visual
loss. Inflammatory and infectious processes require CSF
analysis (cell count, protein, glucose, Gram stain, and
culture [bacterial, fungal, and viral when indicated]) when
suspected. Carcinomatous or lymphomatous meningitis
may require CSF cytology testing, including flow cytometry
if available.

When pseudotumor cerebri is suspected in an individual
with papilledema and normal neuroimaging results, a lum-
bar puncture is necessary to rule out meningitis, for example,
and to document the CSF opening pressure. The lumbar
puncture should be performed with the patient relaxed in
a lateral decubitus position, with the head and spine at
the same level and the neck and knees slightly flexed.
To establish the diagnosis of pseudotumor cerebri, the
CSF opening pressure should exceed 250 mm H2O, which
is the upper limit of normal for most obese and nonobese
people.24 Approximately 20 to 30 mL of CSF can be re-
moved, although the optimal amount has not been studied.
In suspected cases with a normal CSF opening pressure,
monitoring for 1 hour with an epidural transducer or subar-
achnoid bolt may be considered,25 but such a procedure is
rarely done in clinical practice. The cell count and glucose
levels should be normal, and the protein level should be
normal or low.26

Lumbar punctures are not necessary in the evaluation of
patients with typical isolated optic neuritis because they
rarely change the diagnosis and do not add to information
garnered from an MRI in predicting the future develop-
ment of multiple sclerosis.27 The protein and glucose levels
are usually normal, and only one-third of patients have a
pleocytosis that is between 6 and 27 white blood cells/
mm3 and rarely ever higher. Myelin basic protein can be
detected in approximately one-fifth of patients and IgG
synthesis in approximately two-fifths. Oligoclonal banding
occurs in approximately half of these patients and is asso-
ciated with the future development of clinically definite
multiple sclerosis. However, oligoclonal banding usually
occurs in the presence of white matter lesions on MRI,
which has been found to be highly correlated with the
future evolution of multiple sclerosis. Therefore, oligoclo-
nal banding adds little to the prognosis when neuroima-
ging, which is less invasive, has already been performed.27

NEUROPSYCHOLOGICAL TESTING. Neuropsycho-
logical assessment of higher cognitive functions can be
used as an adjunct to the neuro-ophthalmic examination.
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By combining the disciplines of neurology and cognitive
psychology, it is possible to analyze systematically the
subcomponents of complex cognitive abilities or “informa-
tion processing.” The general functions that may be analyzed
in detail include attention; speech and language; memory
(short and long term, verbal and visual); visuospatial and
perceptual functions (neglect, construction, praxia, and agno-
sia); and specific thought processes that include calculations,
abstractions, judgment, and problem solving.28

OTHER TESTS. Color stereo disc photographs frequently
aid in the management of patients with optic disc swelling
and pseudopapilledema due to disc drusen, for instance.
Fluorescein angiography highlights the choroidal and retinal
vasculature and involves intravenous injection of an aqueous
fluorescein solution. Funduscopic pictures are taken
before injection and at specific intervals after injection.
This method detects vascular occlusion, abnormal retinal
pigmentation or hemorrhages, and disturbances of the retinal
pigmented epithelium. Truly swollen discs leak fluorescein,
whereas, in general, discs with pseudopapilledema do not.
TABLE 8-3

Selected Etiologies Associated with Disorders of Cranial Ner

ETIOLOGICAL CATEGORY

Structural Disorders

Developmental structural disorders

Hereditodegenerative Disorders

Storage diseases: lipidoses, glycogen disorders, and
leukoencephalopathies

Amino/organic acidopathies, mitochondrial enzyme defects,
and other metabolic errors

Chromosomal abnormalities and neurocutaneous disorders
Degenerative dementias
Ataxias

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders
Exogenous acquired metabolic disorders of the nervous system,

toxins and illicit drugs
Nutritional deficiencies and syndromes associated with alcoholism

Infectious Disorders

Nonviral infections

Transmissible spongiform encephalopathy
HIV and AIDS

Neurovascular Disorders

Neoplastic Disorders

Primary neurological tumors

Demyelinating Disorders

Demyelinating disorders of the CNS

Autoimmune and Inflammatory Disorders

Traumatic Disorders

Headache and Facial Pain

Sleep Disorders

Drug-Induced and Iatrogenic Neurological Disorders
CLINICAL SYNDROMES (Table 8-3)

Retina
Retina-related visual loss is usually painless and, in the acute
setting, is almost always associated with some abnormality
on funduscopic examination. Peripheral retinal disorders
cause peripheral visual loss. Macular lesions tend to affect
central vision and visual acuity. Symptoms of retinal degen-
eration include slowly progressive visual loss and poor night
vision. Clues to underlying neurological disease may be
provided by associated vascular, metabolic, hereditary, and
degenerative retinal disorders.

Patients with transient monocular visual loss (amauro-
sis fugax) sometimes describe a descending “gray shade”
thatresolvesafter afewsecondsorminutes.29A yellow choles-
terol (Hollenhorst’s) plaque may be seen at retinal vascular
bifurcations, indicating an embolus from an atheromatous
internal carotid artery or aortic arch. Emboli originating
from calcific cardiac valves can produce similar symptoms
ve II and Afferent Visual Pathways

SPECIFIC ETIOLOGIES CHAPTER

Septo-optic dysplasia 28

Adrenoleukodystrophy, Niemann-Pick disease,
mucopolysaccharidoses

30

Cystinosis, Leber’s hereditary optic neuropathy 31

Optic pathway glioma in neurofibromatosis type-1 32
Alzheimer’s disease 33
Spinocerebellar degenerations 35

Diabetes 38
Methanol 39

Nutritional amblyopia, B12 deficiency 40

Bacterial meningitis 42
Lyme meningitis
Tuberculous meningitis
Creutzfeldt-Jakob disease 43
Progressive multifocal leukoencephalopathy 44

Central retinal artery occlusion 45
Ophthalmic artery occlusion
Occipital or parietal lobe infarction

Optic pathway glioma 46
Optic nerve meningioma
Craniopharyngioma

Optic neuritis/multiple sclerosis/Devic’s 48

Giant cell arteritis 50
Sarcoidosis
Systemic lupus erythematosus

Traumatic optic neuropathy 51

Migraine 53

Narcolepsy 54

Functional visual loss 55
Drugs
Radiation



Figure 8-7. Photograph of papilledema, demonstrating disc hyperemia,
blurring of the disc borders, engorgement of the venules, and Paton’s
lines.
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but appear funduscopically as intra-arterial white plaques.
Other causes of transient monocular visual loss include giant
cell arteritis, retinal migraine, and vasospasm.

If the vascular obstruction persists, a completed central
or branch retinal artery occlusion results. Typically, the
funduscopic examination reveals a normal optic disc, ves-
sel attenuation, segmentation of the blood column (“box-
carring” of arterial blood flow), retinal edema (pale and
opaque), and a macular cherry-red spot. The latter results
from the visible perfused choroid in the macular region,
surrounded by opaque, infarcted ganglion cells, which are
absent in the macula.

Painless monocular visual loss may also occur following a
vitreous hemorrhage. Affected patients often report seeing
large floaters in the affected eye, and blood within the
vitreous impedes a complete fundus examination. These
hemorrhages can result from neovascularization (e.g., dia-
betes) or acutely elevated intracranial pressure associated
with a subarachnoid hemorrhage (Terson’s syndrome).

Common causes of subacute monocular visual loss evol-
ving over hours that involve the retina include retinal vein
occlusions and retinal detachments. A patient with a central
or branch retinal vein occlusion generally reports a painless
loss of vision. Funduscopic examination reveals retinal
hemorrhages; cotton wool spots; edema; and tortuous,
dilated retinal veins. Peripheral visual loss may be reported,
and decreased visual acuity suggests macular involvement
or optic nerve ischemia. Retinal detachments are usually
preceded by floaters and flashes of light (photopsias).
If the macula becomes involved, the patient may experience
acuity loss.

Central serous chorioretinopathy, which is characterized
by elevation of the sensory retina with underlying serous
fluid, affects the macula acutely. More insidious macular
processes include age-related macular degeneration (exu-
dative and nonexudative) and hereditary disorders such as
Stargardt’s disease.

Metabolic and energy disorders of neurological impor-
tance often produce characteristic retinal abnormalities
that can cause progressive visual loss. These findings also
provide important diagnostic clues, however. For instance,
the presence of a macular cherry-red spot may suggest
Tay-Sachs disease or sialidosis. Pigmentary retinal changes
are often observed in Hallervorden-Spatz disease, neuronal
ceroid lipofuscinosis, abetalipoproteinemia, mucopolysac-
charidosis, or Refsum disease. Macular “salt and pepper”
pigmentary retinopathy can be seen in patients with mito-
chondrial disorders such as MELAS syndrome (mitochon-
drial encephalomyopathy, lactic acidosis, and strokelike
episodes), Kearns-Sayre syndrome, and chronic progressive
external ophthalmoplegia.

Optic Nerve
Decreases in visual acuity and color vision, unilateral visual
field loss, and a pupillary defect suggest an optic neuropathy
(Video 200, Afferent Pupillary Defect). Commonly asso-
ciated field defects include arcuate, central, altitudinal
scotomas and constriction. The funduscopic examination
may reveal an optic disc that is normal, swollen, or pale,
depending on the etiology and temporal profile of the optic
neuropathy. A glaucomatous disc has a normal rim, normal
overall color, and an enlarged cup. Optic disc swelling, which
is characterized by hyperemia, nerve fiber layer edema,
venous congestion, obscuration of retinal vessels, and peripa-
pillary hemorrhages, is indicative of active processes such
as raised intracranial pressure or optic nerve inflamma-
tion, ischemia, or infiltration (Fig. 8-7). Retrobulbar optic
neuropathies by definition have no disc swelling because
the pathology occurs more proximally, away from the
optic nerve head. Optic disc pallor suggests an atrophic pro-
cess and is seen at least to some degree in all chronic optic
neuropathies when the damage has been present for weeks.

Although the most common optic neuropathy results
from glaucoma (increased intraocular pressure), others
associated with neurological disease include inflammatory,
vascular, compressive, infectious, infiltrative, neoplastic,
nutritional, toxic, congenital, and hereditary etiologies.

Patients with optic neuritis, which is an inflammatory
optic neuropathy, present with acute monocular (usually)
visual loss with pain exacerbated by eye movements. Two-
thirds of the cases are retrobulbar,30 and visual loss results
from inflammatory demyelination of the optic nerve. Most
cases resolve spontaneously, but some patients continue to
notice a transient loss of vision in the previously afflicted
eye (Uhthoff’s symptom) during periods of elevated body
temperature during exercise or showering. Patients with
optic neuritis who have a single white matter lesion on
MRI consistent with demyelination are at increased risk for
developing multiple sclerosis within 10 years.31

Some vascular etiologies of optic nerve dysfunction
include ischemic optic neuropathy (nonarteritic or arteritic,
secondary to giant cell arteritis), blood loss, and hypoten-
sion. Nonarteritic anterior ischemic optic neuropathy is an
idiopathic, ischemic insult of the optic nerve head. Acute,
painless visual loss (decreased acuity and an altitudinal
defect, usually) and optic disc swelling characterize this
disorder. The most common visual field defects in nonar-
teritic anterior ischemic optic neuropathy are inferior nasal
and inferior altitudinal defects.32 The prognosis for visual
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recovery is relatively poor (in contrast to optic neuritis),
and patients are typically older.33 Presumed risk factors
include a crowded, cupless optic disc; diabetes; and hyper-
tension. There is a 14.7% risk of nonarteritic anterior
ischemic optic neuropathy occurring in the fellow eye dur-
ing the next 5 years, whereas recurrence in the same eye is
very rare. 34 Arteritic anterior ischemic optic neuropathy is
associated with more severe visual loss,35 and the disc
swelling tends to be pallid.

The most common compressive lesions causing optic
neuropathies are carotid-ophthalmic artery aneurysms and
sellar masses (craniopharyngioma, meningioma, or pituitary
adenoma/apoplexy). Primary neoplastic processes affect-
ing the optic nerve include optic nerve gliomas (often
associated with neurofibromatosis type 1) and optic nerve
sheath meningiomas. Infiltrative processes (sarcoidosis,
carcinomatous meningitis, leukemia, and lymphoma), nutri-
tional deficiencies (cobalamin and thiamine deficiency),
infections (syphilis), trauma, toxin exposures (ethambutol,
methanol, and isoniazid), and congenital disc abnormalities
(disc hypoplasia, congenital disc elevation, and optic nerve
head drusen) may all cause optic neuropathies. The cause
of tobacco/alcohol amblyopia, which appears classically
as disc pallor and cecocentral scotomas, is unclear. The
most common form of heredodegenerative optic neuropathy
is the maternally inherited Leber’s hereditary optic neuro-
pathy.36 Appearing in young males with severe, often
sequential visual loss, this disorder is typically associated
funduscopically with nonedematous disc elevation and
peripapillary telangiectasias.

Pseudotumor cerebri (idiopathic intracranial hyperten-
sion) should be mentioned here because its major morbidity
is visual loss related to optic nerve dysfunction. We dislike
the term benign intracranial hypertension because the visual
deficits can be severe and blinding. Patients should sat-
isfy the following (modified Dandy’s) 37 criteria: (1) signs
and symptoms due to elevated intracranial pressure; (2) a
normal result on neurological examination except for an
abducens palsy; (3) modern neuroimaging excluding a mass
lesion or other cause of elevated intracranial pressure; and
(4) normal CSF parameters, except an elevated opening
pressure (>250 mm H2O). Patients are usually young, obese
females who may complain of headache, transient visual
obscurations (seconds), pulsatile intracranial noises, or
double vision. Almost uniformly, patients have papilledema;
other causes of disc elevation, such as pseudopapilledema
(e.g., optic nerve drusen or congenital nerve head elevation),
should be excluded. Typically, visual acuity and color are
preserved, but optic nerve-related visual field defects, which
are best detected with computerized threshold perimetry,
are present in more than 90% of patients and include
enlarged blind spots, generalized constriction, and inferior
nasal field loss.

The combination of optic disc pallor and papilledema
in the fellow eye is termed Foster Kennedy syndrome.
Classically, the culprit lesion is a subfrontal mass, typically
a meningioma, which compresses the ipsilateral optic nerve,
causing disc atrophy. If the lesion is large enough to cause
elevated intracranial pressure, papilledema results in the
contralateral eye, but the ipsilateral optic nerve cannot swell
because it is atrophic. Bilateral optic nerve compression is
another possible mechanism.38 Nontumor causes, resulting
in the pseudo-Foster Kennedy syndrome, are actually more
common. Examples include consecutive anterior ischemic
optic neuropathy, characterized by new ischemic disc swel-
ling in one eye accompanied by long-standing disc atrophy
resulting from a previous event.

Optic Chiasm
A chiasmal process should be considered in patients with
temporal field defects that respect the vertical meridian in
either or both eyes or in patients with visual loss of any
type accompanied by an endocrinopathy. The most com-
mon field defect is a bitemporal hemianopsia, although
the pattern of visual loss may vary depending on both the
chiasm’s position and the exact nature and location of the
offending process (see Fig. 8-3). When a sellar mass is
the cause, prefixed chiasms or more posteriorly situated
lesions predispose to optic tract syndromes or central hemi-
anopic scotomas. Postfixed chiasms or more anteriorly
situated lesions are more likely to appear as an optic neuro-
pathy or junctional scotoma with involvement of the
ipsilateral optic nerve and Wilbrand’s knee.

Patients with a bitemporal hemianopia are often without
visual complaints unless visual acuity is abnormal, and
such defects may not be apparent until the patient reads
only the nasal half of the acuity chart. Some patients may
complain of double vision because they may be unable
to align the noncorresponding nasal fields of each eye
(hemifield slide phenomenon). Asymmetrical lesions may
produce an ipsilateral afferent pupillary defect, and color
vision may be abnormal only in the defective field. Conge-
nital or chronic processes may lead to optic atrophy, but
rarely does a lesion compressing the optic chiasm lead to
optic disc swelling without concomitant compression of
the third ventricle. Rarely, patients present with asymmetri-
cal shimmering nystagmus, torticollis, and head bobbing
(mimicking spasmus nutans) or seesaw nystagmus.

Chiasmal syndromes are most commonly caused by sellar
and suprasellar compressive masses. Such lesions are sug-
gested by historical evidence of pituitary or hypothalamic
dysfunction, and the differential diagnosis depends largely
on the age of the patient. In the pediatric population, chias-
mal-hypothalamic gliomas39 and craniopharyngiomas40 are
most likely, whereas in middle-age to elderly patients,
pituitary adenomas,37 internal carotid aneurysms, cranio-
pharyngiomas, and meningiomas should be considered.
Compressive lesions usually produce insidious visual loss,
and medical or surgical decompression may provide partial
or complete visual recovery, especially in patients without
evidence of optic atrophy. Rapid onset of visual loss and
hypopituitarism suggests pituitary apoplexy.41, 42 Rarely,
chiasmal syndromes can be congenital, as in septo-optic
dysplasia (de Morsier’s syndrome), characterized by hypo-
plasia of the optic nerves and chiasm, a hypoplastic or absent
septum pellucidum, and pituitary ectopia.

Optic Tract/Lateral Geniculate Body
Complete lesions of both these structures cause dense con-
tralateral homonymous hemianopias. Isolated syndromes
involving these structures are rare. Incongruous homo-
nymous hemianopias characterize partial optic tract and
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lateral geniculate body lesions (Fig. 8-8). A contralateral
relative afferent pupillary defect can accompany an optic
tract lesion; much rarer pupillary abnormalities include
contralateral mydriasis (Behr’s pupil) and hemianopic pupil-
lary reactivity (Wernicke’s pupil). Because of presynaptic
interruption, patients may have bilateral optic atrophy
with ipsilateral temporal pallor and contralateral “bowtie”
or “band” atrophy. Visual acuity is normal in isolated tract
lesions. Sellar and parasellar masses, especially cranio-
pharyngiomas and aneurysms, commonly compress the
optic tract. Isolated tract syndromes may also result from
demyelination or, rarely, ischemia.

Although it is often difficult to distinguish clinically
between lateral geniculate and tract syndromes, there are
two unique exceptions owing to the geniculate’s dual vascular
supply. A congruous homonymous horizontal wedge-shaped
sectoranopia results from posterior choroidal artery infarc-
tion, whereas upper and lower homonymous sectoranopias
result from anterior choroidal artery occlusion.

Optic Radiations
An isolated lesion of Meyer’s loop typically leads to
a congruous or incongruous contralateral homonymous
hemianopia denser superiorly (pie-in-the-sky defect), where-
as lesions of the parietal lobe lead to defects more prominent
inferiorly. In clinical practice, there is significant variation in
these findings. Complete interruption of the optic radiations
causes a dense homonymous hemianopia (Fig. 8-9A). Visual
acuity is spared in unilateral lesions, but it can be impaired if
bilateral lesions are present. Again, the pupillary responses
are normal.

Occipital Lobe
Unilateral occipital lobe lesions, which are commonly due to
vascular insults or primary and metastatic neoplastic lesions,
cause a contralateral congruous homonymous hemianopia
respecting the vertical meridian (see Fig. 8-9A). Posterior
cerebral artery infarction may produce a hemianopia with
macular sparing (rather than macular splitting) (Fig. 8-9B),
and this feature is specific to occipital lobe-related hemi-
anopias. Proposed mechanisms include the dual vascular
supply of the occipital poles, bilateral representation of
the maculae, and test artifact due to poor central fixation
by the patient. Posterior cerebral artery strokes may also
spare the anterior striate cortex, the area that subserves tem-
poral vision, thereby leading to homonymous hemianopias
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Figure 8-9. A, Complete, macular splitting right homonymous hemianopia due to a large left middle cerebral artery infarction. B, Macular sparing left
homonymous hemianopia due to a right posterior cerebral artery stroke.
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with preservation of the monocular temporal crescent
(Fig. 8-9C).43 This type of field defect is also highly sug-
gestive of occipital lobe injury. Restricted lesions of the
upper or lower banks of the calcarine cortex cause quadrantic
field defects.

Bilateral upper or lower bank disturbances produce
altitudinal hemianopias respecting the horizontal meridian.
Homonymous hemianopic central scotomas are a telltale
sign of a unilateral occipital lobe tip disturbance. Acuity
is preserved with unilateral occipital lobe damage, but
it can be impaired with bilateral geniculocalcarine lesions.
Any level of visual acuity is possible with bilateral retro-
chiasmal lesions, but the acuities should be symmetri-
cal unless there is superimposed anterior visual pathway
disease.

Hemianopias that are stroke-related are often isolated,
unless a proximal posterior cerebral artery occlusion leads
to a cranial nerve III palsy, ataxia, or ipsilateral hemiparesis
from mesencephalic involvement, and memory or personal-
ity changes from mesial-temporal or thalamic involvement.
A patient with a unilateral hemianopia due to occipital
lobe infarction has a normal optokinetic response. In contrast,
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Figure 8-9. C, Right homonymous hemianopia with sparing of the temporal crescent in the right eye. This resulted from a left posterior cerebral artery
infarction that spared the anterior striate cortex on that side. (Reprinted with permission from Liu GT, Volpe NJ, Galetta SL: Neuro-ophthalmology: Diag-
nosis and Management. Philadelphia, Saunders, 2001, pp 307, 312, and 313.)
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one with a hemianopia owing to an occipital lobe mass with
edema extending into the parietal lobe may have an abnor-
mal optokinetic response when the targets are drawn
ipsilaterally to the lesion (Cogan’s rule).

Cortical blindness, characterized by absent blink to threat
and optokinetic responses, results from bilateral occipital
lobe involvement. Clinically, patients with cortical blind-
ness can be distinguished from those with pregeniculate
lesions by the presence of intact pupillary light responses.
Cortically blind patients may confabulate visual perceptions
or deny their blindness (Anton’s syndrome). Some of these
patients have additional contributory cerebral lesions that
alter recognition, memory, and behavior.

Unusual features observed following occipital lobe injury
include unconscious vision in the blind hemifield (blind-
sight) and the recovery of motion perception (Riddoch’s
phenomenon). A “second,” more primitive, retinal-tectal-
pulvinal subcortical, extrastriate visual pathway has been
proposed as a possible explanation. Polyopia (single objects
appearing as several), palinopsia (persistence of visual
images), and optic allesthesia (abnormal object orientation
in space) are other unusual phenomena resulting from
occipital, occipitoparietal, or occipitotemporal lesions.

Migrainous phenomena can involve the occipital lobes
and manifest with transient hemianopic phenomena, with or
without scintillations or phosphenes, followed by headache.
Some patients experience only the visual prodrome without
the headache (acephalgic migraine). In rare instances, a com-
plicated migraine may lead to occipital lobe infarction and a
fixed hemianopic defect.

In elderly patients, the differential diagnosis of occipital
lobe dysfunction also includes Alzheimer’s disease and
hemorrhagic infarction due to amyloid angiopathy. Hyper-
tensive encephalopathy or eclampsia can produce cortical
blindness or transient hemianopias in patients of any age.
Infectious causes include encephalitis, abscesses, progres-
sive multifocal leukoencephalopathy, and Creutzfeldt-Jakob
disease. In children, meningoencephalitis, adrenoleukody-
strophy, and MELAS may be responsible for hemianopias.
Ictal or postictal hemianopias are rare.

Higher Cortical Lesions
Patients with lesions of visual association areas may have
visual field defects if striate cortex is involved, but their
visual complaints frequently cannot be explained by field
loss alone. Further investigation often allows more accurate
characterization of their symptoms.

Inferior occipital lobe dysfunction, involving the lingual
and fusiform gyri, may result in a contralateral homonymous
upper quadrantanopia and abnormal color vision in the
contralateral hemifield (cerebral hemiachromatopsia). With
left-sided lesions when the splenium of the corpus callosum
or adjacent periventricular white matter is involved, alexia
without agraphia (or pure alexia or “word blindness”) may
be observed. This represents a disconnection syndrome char-
acterized by a right homonymous field defect and an inabil-
ity to retrieve lexical visual information processed in the
intact right occipital lobe.

Visual agnosia (the inability to recognize visual objects),
in the absence of significant afferent visual pathway dis-
ruption, suggests bilateral medial occipitotemporal lesions
disrupting the inferior longitudinal fasciculus, which is a
white matter tract connecting striate cortex with the visual
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association areas of the temporal lobe. Prosopagnosia, a
visual agnosia specific for faces, results from lesions to
the fusiform face areas in the medial occipitotemporal
regions. Defective motion perception is observed with
lesions of Brodmann area 39 or lateral occipitotemporal
cortex (area V5).15

Neglect or inattention to visual, tactile, or auditory stim-
uli in the left hemifield; dressing and constructional
apraxia; and spatial disorientation suggest right hemi-
spheric lesions. Neglect can occur without a hemianopia.
Large parietal lesions frequently cause both, however,
and in affected patients it may be difficult to separate dense
visual neglect from field loss. The severity of neglect
ranges from complete inattention to all stimuli in the left
hemifield to subtle visual neglect of objects to the left only
when stimuli are presented simultaneously on both sides of
midline (double simultaneous stimulation).

Balint’s syndrome is characterized by optic ataxia
(a defect in reaching under visual guidance), simultanagno-
sia (an inability to recognize a whole picture despite the abil-
ity to perceive its parts), and ocular apraxia (a defect in
voluntary eye movements). The symptom complex is caused
by bilateral occipitoparietal lesions that are important for
visual attention and foveal refixation. One or all elements
may be present. Because the lesions commonly involve
upper banks of occipital cortex, Balint’s syndrome is com-
monly associated with inferior altitudinal field defects.
Watershed infarctions are the usual cause, but Balint’s syn-
drome may also be a prominent symptom of Alzheimer’s
disease or Creutzfeldt-Jakob disease.

Visual Hallucinations
These are visual images that the patient claims to see but
that other observers do not. Visual hallucinations can be
characterized as simple or unformed (e.g., dots, flashes,
and zigzags) versus complex or formed (actual objects or
people). They may occur in patients with damage to the
afferent visual pathways, sensory deprivation, migraine,
seizures, brain stem lesions, drug toxicity or abuse, and
psychiatric illnesses.44

Patients with visual loss due to a lesion anywhere within
the afferent visual pathways may complain of hallucina-
tions (positive visual phenomena) within the defective
field.45 This clinical scenario has been termed Charles
Bonnet’s syndrome. The complexity of the visual phenom-
enon is nonlocalizing. Patients may find these visual images
pleasant or disturbing and may be embarrassed to volunteer
their occurrence to their physician. Physiologically, they
may represent visual phenomena released by lack of
inhibitory input.46 This mechanism may also explain visual
hallucinations associated with severe sensory deprivation in
prisoners of war.

Migraine visual aura may include positive phenomena
such as stars, sparks, flashes, simple geometrical forms,
enlarging scintillating scotomas, and fortification spectra.47

Typically auras develop over more than 4 minutes, last less
than 1 hour, and precede or rarely accompany or follow the
headache.48 Uncommonly, the positive phenomena may
persist in patients with or without “migrainous infarction.”49

Epileptic visual hallucinations of occipital lobe origin
may be very similar to migraine aura, and clinically the
two disorders may be difficult to distinguish.50 Secondary
generalization, loss of consciousness, and ictal occipital
discharges on electroencephalogram (EEG) may support a
diagnosis of epilepsy, whereas transient visual loss, head-
ache, and family history are more suggestive of migraine.
Epileptiform discharges from other parts of the brain
(e.g., the temporal lobe) may also produce positive visual
phenomena. However, other clinical features (e.g., auto-
nomic) are expected. In contrast to release hallucinations,
the complexity of the visual phenomena may help localize
the seizure focus. It is a useful generalization that occipital
lobe seizures tend to be associated with simple visual
hallucinations, whereas complex visual hallucinations are
more likely the result of temporal lobe foci.

Peduncular hallucinations, consisting of vivid and lifelike
visual images of concrete objects, are rare sequelae of ven-
tral midbrain injury. The hallucinations are frequently
accompanied by sleep and cognitive disturbances. One clin-
icopathological study51 suggested that their expression
requires bilateral destruction of the medial substantia nigra
pars reticulata.

Illicit drug use (cocaine, lysergic acid diethylamide
[LSD], marijuana), medications (digoxin, anticholinergics,
and dopaminergics), and parasympatholytic eye drops (atro-
pine) may also be responsible for visual hallucinations.
A psychotic psychiatric disorder is suggested when complex
visual hallucinations are accompanied by occasional audi-
tory hallucinations.44 Normal people may experience both
formed and unformed visual images on wakening (hypno-
pompic) or on going to sleep (hypnagogic). A number of
degenerative neurological diseases (Parkinson’s disease
and progressive supranuclear palsy), in the setting of
medication use (levodopa, dopamine agonists, monoamine
oxidase inhibitors, and anticholinergics), can make visual
hallucinations a common clinical disorder (Video 89,
Hallucinations). Other disorders, such as diffuse Lewy body
disease, may have visual hallucinations as a primary
symptom as well.

Other Positive Visual Phenomena
Phosphenes are flashes of light witnessed in patients with
a blow to the eye, traction on the retina, optic nerve
compression, or optic neuritis.52 More complex positive
visual phenomena include palinopsia (persistence of visual
images), polyopia (multiple images), micropsia (shrunken
images), macropsia (enlarged images), metamorphopsia
(distortion of shape), and Alice-in-Wonderland syndrome
(distortion of bodily image). All of these may occur dur-
ing migraine aura. Metamorphopsia is a much more com-
mon complaint, however, among patients with macular
disease. Palinopsia is more characteristically a symptom
of occipitotemporal lobe damage.

Functional Visual Loss
Nonphysiological or functional visual loss can be either
subconscious (hysteria) or deliberate and willful (malinger-
ing). Commonly encountered neuro-ophthalmic complaints
include visual impairment or complete loss of vision,
visual field defects such as constricted fields, and monocu-
lar double vision. It is important to keep in mind that
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approximately 53% of adults and 25% of children with
functional vision loss have accompanying organic disease
affecting their vision.53 Commonly associated disorders
with functional vision loss are migraine, trigeminal neural-
gia, trauma, abuse, stress, anxiety, or depression.54 When
confronted with a patient whose complaints and examina-
tion do not seem to correlate (subjective/objective mis-
match) or whose visual deficit is nonphysiological, there
are several clinical tools that help determine whether these
findings are nonorganic.

The following clinical tests, when abnormal, are useful
in a patient with suspected nonphysiological visual loss:
(1) lack of a normal linear improvement of Snellen visual
acuity with decreasing distance or increasing letter size
(e.g., a patient who correctly identifies a 20/100 letter at
20 feet should equally identify a 20/50 letter at 10 feet);
(2) the presence of normal color vision and stereoacuity
despite severely affected Snellen acuity; (3) normal menace
or threat reflex, in which an approaching examiner’s hand
or bright light directed into the eye of interest causes a blink
response; (4) the presence of optokinetic nystagmus using
an optokinetic nystagmus strip; (5) the presence of fixation
of a patient’s eyes on his or her reflected image during
the “swinging mirror” test; (6) suggestive Schmidt-Rimpler
test result, which involves having the patient hold up his
or her hand while instructed to look at it—a test of proprio-
ception more so than vision. A patient with functional visual
loss often looks everywhere but directly at the hand. Next,
the patient is asked to touch the two index finger tips
together, which, in nonorganic instances, may be performed
improperly; and (7) normal EEG and psychogalvanic skin
responses to light. With an intact afferent visual system,
light shone into a normal eye causes a dampening of the
posterior dominant alpha rhythm on EEG. The psychogal-
vanic skin reflex uses an electrode placed on the skin to
measure the sympathetic response when a bright light is
shone into the eye of interest. A normal response pro-
duces a deflection; no response is expected from the blind
eye.55 VEPs may also be helpful in this regard, although
abnormal responses can be intentionally generated.

Monocular visual loss in the absence of a relative afferent
pupillary defect or refractive error, media opacity, or retinal
disorder suggests a nonorganic etiology. Tests that require
binocularity (unbeknownst to the patient) can be extremely
helpful in these cases. Perception of nine of nine stereo
dots in the Titmus test requires 20/20 vision in both eyes.56

During the Worth’s four-dot test, the patient views red and
green lights through a red glass over the right eye and a green
one over the left. The right eye will see the red dots, and
the left eye will see the green ones. It is impossible for an
individual with one blind eye to see red and green dots
simultaneously. In another maneuver, a prism is placed over
the suspect eye while the patient reads the Snellen chart.
Reading continues uninterrupted if the eye is blind. If vision
is really normal in that eye, the patient pauses while refixat-
ing.57 Perhaps the best stratagem is to fog the good eye
secretively with a þ10.00 diopter lens, then ask the patient
to read the Snellen chart with both eyes. Any line read
correctly must have been seen by the purported blind eye.

“Tunnel vision” is a classic nonphysiological visual field
defect, and the patient usually complains of decreased
peripheral vision.58 Tangent screen testing reveals a lack
of physiological expansion of the patient’s perceived visual
fields when the target size and distance from the screen are
doubled. A patient’s complaint of monocular hemianopia
that upon formal visual field testing is present while testing
the involved eye, absent while testing the unaffected eye,
then present again when testing under binocular conditions
is also nonphysiological. Although there are identifiable
causes of monocular double vision, such as disturbances
of the ocular media and some occipital lobe lesions, most
are also considered nonphysiological, especially when they
do not resolve with a pinhole.
GENERAL MANAGEMENT GOALS

Some causes of visual loss, such as optic neuritis, tend to
resolve spontaneously. Others due to compressive lesions
and pituitary adenomas, for instance, have a good prognosis
once the mass is removed surgically. Unfortunately, many of
the vascular, hereditary, and degenerative causes of visual
dysfunction have a poor prognosis for improvement.

Low vision aids may be helpful in some of these cases.
In people with poor visual acuity, magnifiers can help them
to read newspapers or other printed material. Closed-circuit
televisions, which enlarge written material without the dis-
tortion lenses may produce, are becoming popular for this
purpose as well.

Patients with dense homonymous hemianopias can be
offered prism therapy, but only a minority of them find it
beneficial. A 30- to 45-diopter base-out Fresnel press-on
prism is placed on the temporal half of an eyeglass ipsilat-
eral to the hemianopia. This device projects images in the
blind half of vision into the good half. The patients who
like the prism therapy are those who use the prism to notice
novel objects in their blind field; they then turn their head
in that direction to use their good field to see the objects
more clearly. Unfortunately, most individuals find this pro-
cess too confusing and the result is suboptimal. It certainly
does not improve their vision to the point at which they can
drive. Base-out prism therapy should be attempted only in
individuals who have normal mentation and in whom the
hemianopia is isolated.

Experimental vestibular stimulation (e.g., by cold water)
may have some efficacy in patients with visual neglect.
We have no personal experience with this technique,
however.

We have found that visual occupational therapy and
rehabilitation is relatively unhelpful. Little proof exists that
visual training after injury makes any difference in the
speed or amount of visual recovery.
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HISTORY AND DEFINITIONS

Cranial nerves III, IV, and VI and the muscles they inner-
vate are involved in moving the eyes to allow inspection
of visual objects. The act of positioning the image of an
object on the retinal fovea, which is the locus of highest
visual acuity and the psychological center of the visual
field, is referred to as fixation. This is accomplished by
activating combinations of extraocular muscles to achieve
a specific angle of globe rotation in order to place the fovea
in direct line with an image. Fusion denotes the primitive
reflex action, organized within the central nervous system
(CNS), in which the visual axes of the two eyes are made
to converge on a single object of regard. This allows the
same image in visual space to be focused. simultaneously
on the foveas of both eyes, and the image is perceived as a
single object. The visual axis is an imaginary line connecting
the fovea of the retina with the object of regard. It defines
the direction of gaze and corresponds to the Y axis on
Figure 9-1. Strabismus is present when there is deviation
or misalignment of the visual axes.

There are nine cardinal positions of gaze, subdivided
into primary, secondary, and tertiary positions. The pri-
mary position is straight ahead, and eccentric gaze devel-
ops when the two eyes deviate away from primary gaze.
Secondary positions include straight up, straight down,
straight in toward the nose, and straight out toward the
temple. Tertiary positions are those away from the primary
position with combined simultaneous horizontal and verti-
cal deviation. These tertiary positions include elevation in
adduction, elevation in abduction, depression in adduction,
and depression in abduction. Abduction refers to move-
ment of the eye toward the temple in the horizontal plane
about a vertical axis, and adduction is the movement of
the eye toward the nose in the horizontal plane about a ver-
tical axis (see Z axis in Fig. 9-1). Rotational movements
relate to the eye’s turning about an axis in the coronal or
frontal plane of the globe. The axis may be vertical (horizon-
tal rotation) or horizontal (vertical rotation) or oblique (obli-
que rotation) at any angle. Torsional movements relate to an
eye turning in the frontal plane about an anteroposterior axis
through the center of rotation of the globe. The direction of
torsion is specified by the movement of the 12 o’clock mer-
idian of the limbus or corneal margin. Intorsion is defined as
rotation of the point inward toward the nose or midline, and
extorsion refers to rotation outward toward the temple. The
rotation of both eyes in the same direction and at the same
speed is known as conjugate gaze. This keeps the relative
position of the visual axes constant (nearly parallel for dis-
tant objects, convergent for near objects). These conjugate
movements of the two eyes are termed versions to distin-
guish them from vergence movements, in which the visual
axes do not remain parallel but either converge or diverge.

Phoria denotes a latent eye deviation or deviation of the
visual axes not present under conditions of binocular view-
ing. A phoria becomes manifest (becomes a tropia) when
the image of the object of regard is made different in the
two eyes such that the fusion mechanism cannot operate
or operates inefficiently. Tropia is defined as deviation that
is present with both eyes viewing, and hence it is the con-
dition that underlies diplopia. Diplopia, or double vision, is
defined as seeing two separate images of the same object in
visual space, with one of the images displaced from the
other. Binocular diplopia results from the misalignment
of the visual axes (the two eyes are looking in slightly dif-
ferent directions). This type is present only when the
patient is viewing the object of regard simultaneously with
both eyes and disappears when either eye is covered. Poly-
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Figure 9-1. The axes of rotation of the eye. The Y axis corresponds to the
line of sight when the eye is in the primary position looking straight ahead.
(FromMiller NR:Walsh and Hoyt’s Clinical Neuro-ophthalmology, 4th ed,
Vol 2. Baltimore, Williams & Wilkins, 1985.)

134 Neuroanatomical Localization and Syndromes / 9
opia, or seeing three or more simultaneous images of a sin-
gle object in visual space, is categorically not a feature of
binocular diplopia in humans. It is usually caused by an
optical aberration in the refractive media of the eye, but a
cerebral form also exists and is usually from lesions in
the occipital-parietal lobes.

There are three systems of conjugate eye movement that
deviate the eyes in unison—smooth pursuit, saccades, and
the vestibulo-ocular reflex (VOR). Smooth pursuit eye
movements stabilize on the fovea images of small objects
moving in visual space. Saccades redirect the line of gaze
to an object of interest, placing its image on the fovea.
The VOR compensates for head movement, stabilizing gaze
in space.
CLINICAL HISTORY

Because cranial nerves III, IV, and VI innervate the extra-
ocular muscles that move the eyes, the striated muscles that
elevate the upper eyelids, and the iris sphincters that con-
strict the pupils, several symptoms develop when damage
occurs. In general, dysfunction of these nerves causes
different combinations of binocular double vision from
misalignment of the visual axes. Damage to cranial nerve
III causes ptosis from weakness of the levator palpebrae
muscle, as well as pupil mydriasis or dilatation from paresis
of the iris sphincter muscle.

Altered function in the supranuclear control of the ocular
motor system leads to conjugate gaze palsy or paresis in
which the visual axes remain parallel or appropriately con-
vergent on the object of regard. In these settings, the patient
does not experience diplopia because the two eyes simulta-
neously fail to achieve full movement in one or several
directions from primary gaze. In some cases of conjugate
gaze paresis, the eyes fail to deviate fully into the defective
direction, and in other cases, the deficit is more subtle so
that the eyes deviate fully but move more slowly than they
should or with an interrupted course. These dynamic altera-
tions are generally without subjective symptoms andmust be
observed during the course of examination. Even patients
with complete lack of gaze in a particular direction often
have no complaints but automatically turn their head to com-
pensate for the loss of eye deviation. The major exception to
this principle is loss of downgaze, which generally creates
much difficulty for the patient even when walking on a flat
surface and especially in negotiating stairs and other uneven
terrain. This is particularly irksome when coupled with the
involuntary head and neck retraction or extension that often
accompanies progressive supranuclear palsy (PSP) (see
Chapter 34). Falling backward is common in PSP patients,
and this problem should also be asked about specifically.
A key symptom of pathological underactivity in the VOR
is oscillopsia, which is an illusory sense of movement of
the visual environment as the head moves. This is a direct
consequence of foveal image slippage engendered speci-
fically by head movement, and the illusion ceases when the
head is immobile. Vertigo, another common symptom of
vestibular disorders, is often present when the head is still,
although it is usually aggravated by headmovement. Vertigo
is a rotational illusion that is often accompanied by rhythmi-
cal oscillopsia as a consequence of nystagmus, in which case
the rhythm is imposed by the regular fast phases of the nys-
tagmus. The vertigomay be subjective, inwhich case patients
feel as though they are rotating, or it may be objective, in
which case they perceive that the environment is rotating.

The time course of the symptoms constitutes the best
evidence for the etiology of the disorder and must be
probed in detail. Diplopia is a markedly troublesome symp-
tom, and it is either present or not, making its onset always
acute. The angle of deviation between the eyes and the
consequent distance between the two images may vary
after onset, and this feature can be used to discern whether
the course is stationary, progressive, or remitting. Symptoms
from compressive cranial nerve lesions secondary to tumors
and from degenerative conditions generally have a progres-
sive course, whereas inflammatory diseases such as orbital
inflammatory pseudotumor or Tolosa-Hunt syndrome (orbi-
tal and cavernous sinus inflammation, respectively) (see
Chapter 53) often run either a course of remissions and
exacerbations or a progressive course. Ischemic causes tend
to produce a stationary course after acute onset.

Both ischemic and inflammatory disorders of cranial
nerves III, IV, or VI tend to be associated with pain in
the ipsilateral eye or orbit, sometimes with wide radiation
to the brow, frontal, and temporal regions and downward
into the cheek and even to the mandible. Malignant neo-
plasms may involve the cranial nerves III, IV, and VI any-
where along their courses, and pain can accompany the
other features, especially when there is meningeal, bony,
or dural infiltration. As with inflammatory diseases, the
pain is usually centered on the ipsilateral orbit but may
radiate widely. Not infrequently, intraorbital lesions, even
malignant ones, can involve the cranial nerves without
pain, possibly because they do not stretch or invade pain-
sensitive structures, including muscle and particularly dura
and periosteum. Absence of pain, therefore, should not in
itself engender a false sense of security that the lesion
causing the cranial neuropathy is benign.
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A detailed characterization of the direction and circum-
stances of image separation is important in establishing
which muscle or muscles, and hence, which cranial nerve
or nerves, are involved. Horizontal diplopia arises from
disorders affecting either the lateral rectus or medial rectus
muscles. If the paretic muscle is one or both lateral rectus
pair, the visual axes will be convergent (esotropia), and if
the involved muscle is one or both medial recti, the visual
axes will be divergent (exotropia). It is important to note
that at minimal angles of binocular divergence, the patient
often describes the visual experience as a blur rather than
doubling of images. It is important to ask any patient with
blurred vision if it clears on covering either eye, which will
be the case for blur that is a result of minimal angle bin-
ocular diplopia. Blurring can be misconstrued for dimin-
ished acuity, but acuity is a function of cranial nerve II.
Patients often cannot tell from the diplopia whether they
have convergent or divergent eyes because either condition
produces horizontal image separation. Asking the patient
when he or she covers the right eye whether the right or left
image disappears can be helpful. If the eyes are exodeviated
(divergent), the image to the left disappears. If the eyes are
esodeviated (convergent), the image to the right disappears.
A convenient way to remember the directions is to consider
that crossed (X) diplopia results from eXodeviation (diver-
gent visual axes, medial rectus weakness) and homonymous,
or same-side, diplopia results from esodeviation (convergent
visual axes, lateral rectus weakness). The terms crossed and
homonymous refer to the relation between the side of the eye
covered and the relative position of the image that disap-
pears—on the same (homonymous) or opposite (crossed)
side. This same principle underlies diplopia testing and is
considered in the examination section.

The visual axes are nearly parallel for viewing very dis-
tant objects. As the object of regard is brought progres-
sively closer to the viewing subject, the person’s visual
axes must become more convergent to keep the images
on both retinal foveas. Convergence is therefore a normal
voluntary action in which the medial recti of both eyes
are simultaneously activated and the resulting esodeviation
is appropriate for near viewing. Because of this, patients
with lateral rectus (cranial nerve VI) dysfunction and eso-
tropia have diplopia only for relatively distant objects.
All objects in near space can be fused by adding normal
convergence to the esotropia that results from the muscle
weakness. On the other hand, patients with exotropia do
not have single vision at any distance. The presence or
absence of fusion and single vision at some near point
can be used to discern esotropia from exotropia.

Vertical image separation implies dysfunction of a verti-
cally acting muscle in one or both eyes. These include the
superior rectus and oblique and the inferior rectus and obli-
que muscles on either side. The details of image separation
for vertical muscle imbalance must usually await examina-
tion using diplopia testing, but the patient may be able to
supply some useful hints by way of history. Patients with a
cranial nerve III dysfunction usually have mixed horizontal
and vertical diplopia (oblique image separation) because
several vertical muscles and the horizontally acting medial
rectus muscle are commonly involved together. Also, these
patients usually have some degree of upper eyelid ptosis,
which is noticed by the patient on looking in the mirror.
As ptosis becomes more severe, there is first restriction of
the upper visual field and then loss of all vision when the
pupil is completely covered. Asking the patient about upper
field loss and total vision loss can help plot the time course
of the ptosis. The most common neural cause of isolated
vertical diplopia is cranial nerve IV dysfunction. The weak
muscle is the superior oblique, which turns the eye down
(depression) and does so most efficiently in adduction (hor-
izontal deviation toward the nose). The image separation is
widest in downgaze and looking to the side opposite the
lesion, which brings the involved eye into adduction. If the
patient can say that the vertical diplopia is wider looking
down and widest looking down and to the left, then right
superior oblique muscle weakness is most likely and vice
versa. The diplopia is isolated in cranial nerve IV palsy
because the nerve does not innervate any muscles other than
the superior oblique and, in that respect, differs from cranial
nerve III palsy, with its multiplicity of simultaneously
involved muscles.

Patients with cranial nerve IV palsy often have torsional
imbalance with excyclodeviation of the involved eye. Most
patients automatically compensate by tilting and turning
the head to minimize and sometimes eliminate diplopia.
The resulting head position—tucked down, turned away,
and tilted away—is characteristic and usually has been
noticed as peculiar by others if not by the patient himself
or herself. Patients often avoid diplopia altogether by using
the compensatory head position. It can be useful to ask
when people started saying things about the patient’s head
position, if it is unclear when the cranial nerve IV palsy
really started. Also, it is useful to review family photo-
graphs from the patient’s childhood and infancy. Head tilt
in a childhood photo is good evidence of congenital cranial
nerve IV palsy—a common condition that may present
with the onset of diplopia later in life.

Oculomotor dysfunction may occur in the setting of any
systemic disorder. One of the most common diseases to
affect ocular motility is thyroid orbitopathy. The past his-
tory is particularly important because thyroid function stu-
dies are commonly normal when the patients present with
orbital findings. A history of fatigue, weight change, skin
alterations, heat intolerance, and other constitutional symp-
toms is thus important to elicit. A large contingent of
patients who present with cranial mononeuropathies have a
presumed ischemic etiology based on putative small vessel
occlusive disease. These can usually present in people older
than 60 years of age, and many have other arteriosclerotic
risk factors, such as systemic hypertension or diabetes melli-
tus. A history of these disorders should be elicited by the
interviewer. A full inquiry about multisystem signs and
symptoms is essential to identify collagen vascular diseases
such as periarteritis nodosa or systemic lupus erythematosus,
which may be complicated by ischemic cranial mononeu-
ropathy. Orbital inflammatory pseudotumor or Tolosa-Hunt
syndrome may be caused by sarcoidosis, and the history
should be probed for any of itsmany systemicmanifestations,
including skin, muscle, joint, pulmonary, hepatic, or renal
involvement. Myasthenia gravis frequently presents with
ptosis and weakness of various extraocular muscles and
may closelymimic cranial nerve lesions. This neuromuscular



TABLE 9-1

Clinico-anatomical Correlation of Disorders of Cranial Nerves III, IV, and VI

ANATOMICAL
STRUCTURE OCULAR FINDINGS ETIOLOGIES

Cranial Nerve III

Nuclear Bilateral ptosis and upgaze limitation; ipsilateral impairment of elevation, depression,
adduction, and pupillary paralysis

Ischemia, central demyelinating disorders, neoplasm, inflammatory or infections (abscess) lesions

Fascicular Ipsilateral limitation of ocular elevation, depression, adduction; ptosis; pupillary paralysis Ischemia, central demyelinating disorders, neoplasm, inflammatory or infectious (abscess) lesions
Subarachnoid Ipsilateral limitation of ocular elevation, depression, adduction; ptosis; pupillary paralysis Meningeal neoplastic, infectious, and inflammatory infiltrative disorders; aneurysm of the posterior

communicating artery–internal carotid junction
Cavernous Ipsilateral limitation of ocular elevation, depression, and

adduction; ptosis; pupillary paralysis
Pituitary adenoma with lateral expansion, inflammatory (Tolosa-Hunt syndrome) and infection
(aspergillosis), meningioma, giant carotid siphon aneurysm, pseudoaneurysm,
carotid and dural branch to cavernous sinus fistulae, cavernous sinus thrombosis

Orbital Ipsilateral limitation of ocular elevation, depression, and adduction; ptosis; pupillary
paralysis

Orbital inflammatory pseudotumor, primary tumors (hemangioma, meningioma), metastatic tumors

Cranial Nerve IV

Nuclear Failure of the ipsilateral eye to depress fully in adduction; excyclodeviation; ipsilateral
hyperdeviation (greatest in adduction and depression)

Ischemia, central demyelinating disorders, neoplasm, inflammatory or infectious (abscess) lesions

Fascicular Failure of the ipsilateral eye to depress fully in adduction; excyclodeviation (torsion);
ipsilateral hyperdeviation (greatest in adduction and depression)

Ischemia, central demyelinating disorders, neoplasm, inflammatory or infectious (abscess) lesions

Subarachnoid Failure of both eyes to depress fully in adduction; excyclodeviation (torsion);ipsilateral
hyperdeviation (greatest in adduction and depression)

Head trauma (downward/backward displacement of the brain stem with impaction of both cranial nerves IV)
Ischemia, central demyelinating disorders, neoplasm, and inflammatory or infectious (abscess) lesions

Cavernous Failure of the ipsilateral eye to depress fully in adduction; excyclodeviation (torsion);
ipsilateral hyperdeviation (greatest in adduction and depression)

Pituitary adenoma with lateral expansion, inflammatory (Tolosa-Hunt syndrome) and infectious
(aspergillosis) lesions, meningioma, giant carotid siphon aneurysm, pseudoaneurysm, carotid
and dural branch to cavernous sinus fistulae, cavernous sinus thrombosis

Orbital Failure of the ipsilateral eye to depress fully in adduction; excyclodeviation (torsion);
ipsilateral hyperdeviation (greatest in adduction and depression)

Orbital inflammatory pseudotumor, primary tumors (hemangioma, meningioma), metastatic tumors
(lymphoma)

Cranial Nerve VI

Nuclear Conjugate gaze palsy ipsilateral to the lesion, plus failure of ipsilateral eye to abduct fully
and esotropia

Ischemia, central demyelinating disorders, neoplasm, inflammatory or infectious (abscess) lesions

Fascicular Failure of ipsilateral eye to abduct; esotropia greatest in gaze toward the lesion side Ischemia, central demyelinating disorders, neoplasm, inflammatory or infectious (abscess) lesions
Subarachnoid Failure of ipsilateral eye to abduct; esotropia greatest in gaze toward the

affected side
Meningeal neoplastic, infectious, and inflammatory disorders; false-localizing cranial nerve
VI palsy with elevated intracranial pressure

Cavernous Failure of ipsilateral eye to abduct; esotropia greatest in gaze toward the lesion side Pituitary adenoma with lateral expansion, inflammatory (Tolosa-Hunt syndrome) and infectious
(aspergillosis) disorders, meningioma, giant carotid siphon aneurysm, pseudoaneurysm,
carotid and dural branch to cavernous sinus fistulae, cavernous sinus thrombosis

Orbital Failure of ipsilateral eye to abduct; esotropia greatest in gaze toward the
affected side

Orbital inflammatory pseudotumor, primary tumors (hemangioma, meningioma), metastatic tumors
(lymphoma)

Supranuclear Control

Cortical Long latency, hypometric contralateral saccades, increased frequency square wave jerks;
low-gain (slow) ipsilateral smooth pursuit with catch-up (forward) saccades

Degenerative diseases, benign and malignant primary and metastatic neoplasms, focal infectious or
inflammatory lesions, ischemic and hemorrhagic stroke

PPRF Slow saccades, low-gain smooth pursuit with catch-up saccades, and conjugate gaze palsy all
horizontal and ipsilateral

Benign and malignant primary and metastatic neoplasms, focal infectious or inflammatory
lesions, ischemic and hemorrhagic stroke involving dorsal medial pons

Cerebellum Gaze-evoked nystagmus with fast phases; ipsilateral, macro-square wave jerks, saccadic
dysmetria, saccadic oscillations, macrosaccadic oscillations

Cerebellar degenerative diseases, benign and malignant primary and metastatic neoplasms,
focal infectious or inflammatory lesions, ischemic and hemorrhagic stroke

Vestibular
system

Vestibular (constant velocity slow-phase) nystagmus in plane of affected semicircular canal
for peripheral lesions, pure upbeat for central lesions

Cerebellar degenerative diseases (flocculus and nodulus), benign and malignant primary and metastatic
neoplasms, focal infectious or inflammatory lesions, ischemic and hemorrhagic stroke

MLF Failure of ipsilateral eye to adduct during versions (conjugate gaze) to the side opposite the
lesion; dissociated sustained or transient nystagmus of the abducting eye with fast phases
away from lesion side

Multiple sclerosis, benign and malignant primary and metastatic neoplasms, focal infectious or
inflammatory lesions, ischemic and hemorrhagic stroke

Gaze-holding
system

Gaze-evoked nystagmus with fast phases ipsilateral Cerebellar degenerative diseases (flocculus and nodulus), benign and malignant primary and metastatic
neoplasms, focal infectious or inflammatory lesions, ischemic and hemorrhagic stroke

MLF, medial longitudinal fasciculus; PPRF, paramedian pontine reticular formation.
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disorder (see Chapter 50) has the remarkable capacity to look
like a pupil-sparing cranial nerve III palsy or, in a more lim-
ited case, internuclear ophthalmoplegia (INO) from a lesion
along the medial longitudinal fasciculus (MLF) in the brain
stem.1 Myasthenia most frequently runs a remitting, exacer-
bating course with involvement of axial and appendicular
muscle groups. Therefore, it is important to ask about past
or concurrent weakness in the limbs, trouble swallowing,
weak phonation, and trouble breathing. Finally, a full family
history and review of all medications is necessary. Many
commonly prescribed general medical and neurological
drugs (carbamazepine and phenytoin) can be associated with
diplopia, particularly at toxic levels.
ANATOMY OF CRANIAL NERVES III, IV, AND VI
( Table 9-1)

Extraocular Muscles
Figure 9-2 represents a schematic diagram of the orbits
viewed from above, with the eyes looking to the right.
The superior rectus and superior oblique muscles are
shown with their insertions on the top of the globes—the
superior rectus muscle elevates the globe and the superior
oblique muscle depresses the globe. The inferior rectus
and oblique muscles insert at homologous sites on the bot-
tom of the globe, and the horizontal vectors of pull are the
same, except the inferior rectus muscle depresses the globe
while the inferior oblique muscle elevates it. The adducted
position of the left eye places the superior oblique in a
position to depress the eye as a primary and direct action
(Table 9-2; see also Figure 9-2B). The abducted position
of the right eye puts the right superior rectus in position
to elevate the right eye as a primary and direct action.
The direction of pull of the left superior rectus muscle on
the adducted left eye puts it in position to intort the eye
as a primary and direct action (incyclodeviation or intor-
sion, rotation of the 12 o’clock meridian toward the nose
or midline about the Z axis [see Fig. 9-1]). Similarly, the
direction of pull of the right superior oblique muscle on
the abducted right eye puts it in position to intort the right
eye as its primary and direct action. More generally, the
oblique muscles act as the pure depressor and elevator of
the eye when it is in adduction, and the rectus muscles
act as the pure depressor and elevator of the eye when it
is in abduction. Conversely, the primary torsional action
is carried out by the rectus muscles when the eye is in
adduction and by the oblique muscles when the eye is in
abduction. When the eyes are in primary position, the obli-
que and the rectus muscles both perform a mixture of
vertical and torsional action. The action of the medial and
lateral rectus muscles is simple relative to the vertical mus-
cles. The medial rectus muscle adducts and the lateral
rectus muscle abducts the eye.

The importance of these relationships lies in the fact that
the binocular relative deviation is largest when the patient
attempts to look into the direction of pull of the defective
muscle. By determining the angles of deviation between
the visual axes in all the cardinal positions of gaze, the weak
muscle can be identified as the one that serves the cardinal
position with the largest deviation.
Oculomotor Nerve (Cranial Nerve III)
Cranial nerve III innervates the medial rectus, superior rec-
tus, inferior rectus, and inferior oblique muscles, along
with the pupillary sphincter and the levator palpebrae that
elevates the upper eyelid.

Cranial nerve III originates in a rostrocaudally elongated
group of subnuclei clustered in the midbrain, just rostral to
the level of the nucleus of cranial nerve IV. The architec-
ture of this nuclear group has been the subject of intensive
study throughout the years. The most widely accepted ana-
tomical scheme is that of Warwick2 and is represented in
Figure 9-3. Warwick suspected that there is a subnucleus
for each muscle and that these structures are in rostrocaud-
ally elongated columns of cells. Axons from the more dor-
sally situated subnuclei pass through the middle and
inferior columns of cells on their way to the point of exit
from the ventral aspect of the midbrain near the cerebral
peduncles. The nuclei for the inferior rectus, inferior obli-
que, and medial rectus muscles send axons only to the ipsi-
lateral cranial nerve III. The caudal central subnucleus for
the levator palpebrae is a midline structure and sends axons
to both nerves. The Edinger-Westphal nucleus is also an
unpaired midline nucleus situated rostral to the caudal cen-
tral nucleus. Cells within this nucleus synapse in the ciliary
ganglion in the inferior orbit. From this structure, postgan-
glionic parasympathetic fibers innervate the pupillary
sphincter muscle and the ciliary muscle that controls
accommodation of the crystalline lens. Finally, the superior
rectus subnucleus sends axons only to the contralateral
third nerve trunk. These anatomical details lead to clinical
rules by which one can determine whether a lesion is in the
cranial nerve III nucleus or in the fascicular portion, which
is more distal. Fascicular cranial nerve III involvement by
intramedullary lesions can also be distinguished from
extramedullary lesions by concomitant involvement of the
red nucleus (Claude’s syndrome), cerebral peduncle
(Weber’s syndrome), or both (Benedikt’s syndrome) (see
Chapter 22).

Within the subarachnoid space, the nerve trunk is fed by
branches of the posterior cerebral artery, superior cerebel-
lar artery, and branches of the meningohypophysial trunk.3

In the cavernous sinus, cranial nerve III runs superior to
cranial nerve IV in the deep layer of the lateral wall of
the cavernous sinus (Fig. 9-4). Cranial nerve III enters
the orbit inferior to cranial nerve IV. Within the common
tendon sheath of the extraocular muscles, the annulus of
Zinn, cranial nerve III then divides into the superior and
inferior rami (Fig. 9-5). The actual point of division varies
among individuals and can occur within the cavernous
sinus. The superior ramus of cranial nerve III innervates
the superior rectus and levator palpebrae muscles, whereas
the inferior ramus innervates the medial and inferior rectus
muscles, inferior oblique muscle, and ciliary ganglion.
Sympathetic Innervation of the Pupil
In opposition to the pupillary constriction produced by cra-
nial nerve III, the sympathetic system dilates the pupil. The
dilator system functions by a reflex arc similar to the
sphincter system. The afferent arm, however, is much less
circumscribed than the light reflex. Afferent stimulation
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Figure 9-2. A, Axial section of the orbits
viewed from above. The eyes are shown in
conjugate right gaze, which places the right
eye in the abducted position and the left
eye in the adducted position. The superior
oblique muscle is shown with its tendon
passing through the trochlea or pulley on
the anterior medial orbital rim. The rectus
muscles are the primary elevators and
depressors when the eye is in abduction,
and the obliques perform this function
with the eye in adduction. B, A diagram
showing the position of maximum action
of the extraocular muscles of the two eyes
as viewed from in front of the patient. IO,
inferior oblique; IR, inferior rectus; LR,
lateral rectus; MR, medial rectus; SO,
superior oblique; SR, superior rectus.
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along pain and temperature pathways from the spinal cord
generally causes pupillary dilatation that is abrupt in onset
and lasts 20 to 60 seconds. More sustained dilatation often
attends mental states involving fear, anxiety, or surprise.
Because the sympathetic afferent pathways are anatomi-
cally ill defined, especially at rostral levels of the CNS, this
discussion focuses on the efferent sympathetic pathways.
Anatomical reports have shown sympathetic fiber degen-
eration in the upper brain stem after experimental lesions
in the hypothalamus.4 These studies document widely dis-
persed fiber tracts in the upper midbrain and diencephalon
but none in the pons or medulla. The descending system is
most likely a polysynaptic one, despite the clinical refer-
ence to “the central neuron” in the chain leading to the iris
dilator. Clinical studies have documented that dorsolateral
lesions throughout the brain stem often produce ocular
sympathetic dysfunction ipsilaterally, whereas medial and
ventral lesions do not. This is the basis for the widely
accepted view that the polysynaptic central ocular sympa-
thetic system is dorsolaterally disposed in the brain stem.

This pathway continues into the spinal cord to the C8
through T2 segmental levels, where the central fibers
synapse with cells in the intermediolateral gray horns. This
TABLE 9-2

Primary Actions of the Extraocular Muscles

MUSCLE ACTION OPTIMUM POSITION

Medial rectus Adduction —
Lateral rectus Abduction —
Superior rectus Elevation In abduction
Inferior rectus Depression In abduction
Superior oblique Depression In adduction
Inferior oblique Elevation In adduction
zone between C8 and T2 is commonly known as the
ciliospinal center of Budge and Waller.5 The central path-
ways through the cervical spinal cord are located very
superficially (near the pia) in the lateral columns.6 The
preganglionic cells from the ciliospinal center send axons
to the paravertebral sympathetic ganglion chain by way
of the C8-T2 ventral roots. These preganglionic fibers tra-
vel upward in the sympathetic chain through the stellate
(combined upper thoracic and lower cervical ganglion)
and the middle cervical ganglions. They synapse with post-
ganglionic cells in the superior cervical ganglion, which is
usually found high in the neck, often under the angle of the
mandible. This means that the common lesions that cause
ocular sympathetic palsy (Horner’s syndrome) interfere
with preganglionic fibers as they course through the upper
thorax and neck. Virtually all lesions producing postgan-
glionic sympathetic dysfunction are intracranial and
intraorbital because the superior cervical ganglion is so
near the base of the skull. The postganglionic axons at first
travel in the adventitia of the carotid artery, and those sup-
plying vascular and sweat gland structures in the lower
face travel with external carotid branches. The ocular sym-
pathetics and those serving vasomotor and sudomotor func-
tion for the forehead travel with the internal carotid into the
middle cranial fossa. A contingent of ocular sympathetic
fibers takes a side path through the otic ganglion in the
middle ear. This apparently explains the occasional occur-
rence of Horner’s syndrome with middle ear infections.
The main ocular sympathetic pathway, however, follows
the carotid artery through its siphon region and then joins
the first division (ophthalmic) of the trigeminal nerve,
which carries it into the orbit. A sympathetic contingent
passes through the parasympathetic ciliary ganglion, con-
stituting the so-called sympathetic root of the ganglion,
but no sympathetic synapses occur there. In the orbit, the



Figure 9-3. A cross section through the midbrain showing the cranial nerve III nuclear complex. The subnuclei extend in rostrocaudally oriented columns,
as depicted in this three-dimensional representation modeled on Warwick’s schemata. The letters superimposed on each nuclear group indicate the muscle
innervated as follows: IO, inferior oblique; IR, inferior rectus; LP, levator palpebrae; MR, medial rectus; SR, superior rectus. A right nuclear cranial nerve
III lesion is illustrated. Open triangles and dotted lines indicate lesioned neurons and their axons. Solid triangles and solid lines denote normal neurons and
their axons. All of the outflow to the right cranial nerve III is lesioned. Crossed outflow from the right SR and LP subnuclei gives rise to paresis of con-
tralateral eye elevation and ptosis. The left ptosis is partial because there is still ipsilateral (uncrossed) outflow from the left LP subnucleus to the left LP.
The crossed pathway from left LP subnucleus to right LP is affected at the axonal level as the fibers course through the damaged right cranial nerve III
complex (transition of solid lines to dotted); thus, right ptosis is complete. The contralateral elevator palsy and ptosis thus distinguish nuclear nerve palsy
from fascicular palsy, in which the findings are limited to the ipsilateral eye. (From Goodwin JA: Eye signs in neurologic diagnosis. In Weiner WJ, Goetz
CG [eds]: Neurology for the Non-neurologist, 3rd ed. Philadelphia, Lippincott, 1994, pp 298–348.)
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ocular sympathetics innervate the iris dilator muscles
together with small smooth muscles in the lids (Mueller’s
muscle), which contribute to upper lid elevation and lower
lid depression.

Trochlear Nerve (Cranial Nerve IV)
Cranial nerve IV is unique in that it exits from the brain
stem dorsally and crosses to the other side before encir-
cling the brain stem on the way to the cavernous sinus.
This anatomy renders it particularly susceptible to trauma
in which forces are brought to bear on the dorsal midbrain.
This situation usually occurs in the setting of very severe
head trauma in which the brain stem is forced downward
and angulated backward by a sudden shift of supratentorial
structures. The course of cranial nerve IV in the subarach-
noid space is relatively protected from compressing lesions
by the adjacent free edge of the tentorium. Within the
cavernous sinus, cranial nerve IV can be found in the deep
layer of the lateral wall inferior to cranial nerve III (see
Fig. 9-4). Cranial nerve IV enters the orbit through the
superior orbital fissure superior to cranial nerve III but
outside the annulus of Zinn (see Fig. 9-5). It lies in the
superior orbit, crosses over the superior rectus muscle,
and innervates the superior oblique muscle.7

Abducens Nerve (Cranial Nerve VI)
The abducens nucleus is medial and dorsal at the pontomed-
ullary junction, separated from the floor of the fourth
ventricle by the genu of the facial nerve. Within the abdu-
cens nucleus, lateral rectus motor neurons intermix with
internuclear neurons that send their axons across to the
opposite MLF and then to the contralateral cranial nerve
III. Axons of cranial nerve VI course almost directly ventral
and exit from the pons near the midline. The axons emerge
in the horizontal sulcus between the pons and medulla, lat-
eral to the bundles of the corticospinal tract. Cranial nerve
VI ascends underneath the pons in the prepontine cistern
and enters Dorello’s canal beneath Grüber’s (petroclinoid)
ligament. Within the cavernous sinus, the nerve is situated
between the carotid artery medially and the ophthalmic
branch of cranial nerve V. The large cells of the abducens
nucleus innervate the lateral rectus muscle, whereas a small
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Figure 9-4. Diagram of the cavernous sinus. Oculomotor (III), trochlear (IV)
(V1), and ophthalmic division of the trigeminal and abducens cranial (VI)
nerves are indicated. (From Miller NR: Walsh and Hoyt’s Clinical Neuro-
ophthalmology, 4th ed, Vol 2. Baltimore, Williams & Wilkins, 1985.)
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Figure 9-5. View of the posterior orbit showing the origins of the extraocu-
lar muscles and their relationships to the optic and ocular motor nerves.
(Reproduced with permission from Miller NR: Walsh and Hoyt’s Clinical
Neuro-ophthalmology, 4th ed, Vol 2. Baltimore, Williams & Wilkins,
1985.)
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cell population innervates the contralateral medial rectus
subnucleus of the oculomotor complex (cranial nerve III)
via the MLF.
SUPRANUCLEAR CONTROL OF EYE MOVEMENTS

As with other motor anatomical systems, conjugate gaze
has lower motor nuclei and an upper motor neuron control
system.
The upper motor neuron supranuclear control resides
bilaterally in the cerebral cortex and cerebellum, and the
control networks that produce conjugate gaze functions are
the saccade, pursuit, and vestibulo-ocular systems, each with
a specific anatomical arrangement in the cerebral hemi-
spheres, brain stem, and cerebellum. All of the supranuclear
systems are concerned with conjugate eye movements, and
destructive lesions in these systems cause conjugate devia-
tion in the direction of the unopposed antagonist muscles.
Dysconjugate eye movements indicate a disorder at or
below (peripheral to) the nuclei of cranial nerves III, IV,
and VI or in the pathways joining these nuclei.

Anatomy of the Saccade System
Three important cortical areas are involved with saccade
generation: the frontal eye fields (FEF), the supplementary
eye fields (SEF), and the parietal eye fields (PEF). Other
zones of the association cortex that play a secondary but
important role in saccade generation are the prefrontal cor-
tex (PFC) and posterior parietal cortex. The interrelation-
ships of these structures are complex and are summarized
with a clinical emphasis (Fig. 9-6).8 The FEF is located
in the lateral part of the precentral sulcus at the posterior
end of the middle frontal gyrus. It is primarily involved
with intentional conjugate visual exploration to the contra-
lateral visual space and is active in the disengagement from
fixation that must precede each refixation saccade. The
FEF receives input from the PFC, which functions in pre-
diction, spatial memory, and inhibition of saccades; the
SEF, wherein reside motor programs; and the PEF, which
is specialized to integrate spatial vectors and facilitate
reflexive visual exploration.9,10 FEF output is directed to
the superior colliculus (SC) and saccade generators (burst
neurons) in the brain stem reticular formation.11,12

The SEF is in the anterior part of the supplementary
motor area in the posteromedial part of the superior frontal
gyrus.13,14 It receives input from the PFC and from the pos-
terior hemisphere,9 and it projects to the FEF,10 the SC,
and the brain stem reticular formation.15 The SEF functions
to coordinate visual with other sensory and motor inputs to
maintain eye position in space, despite head and body move-
ment during and between successive saccades.16–19 The
PEF is situated in the superior part of the angular gyrus
and supramarginal gyrus within Brodmann areas 39 and
40.20,21 Lesions of this area result in increased latency of
reflexive, visually guided saccades22 to the contralateral
visual space, and this area has also been shown to be
involved with disengagement from fixation as well as the
triggering of reflexive visually guided saccades. The PEF
seems more important in the reflexive exploration of the
visual environment, whereas the FEF is more active with
intentional (internally generated or willed) exploration.

The descending saccadic pathways most likely mimic
those described in lower-order primates. In these animals,
the frontal lobes project to the SC, which is then projected
to the saccade generators in the pons (paramedian pontine
reticular formation [PPRF]) for horizontal saccades and
the midbrain for vertical saccades (see later in the chapter).
There are two parallel systems for the FEF and SEF.
A subcortical circuit has also been demonstrated from the
frontal cortex to the caudate nucleus and projects to the



Figure 9-6. Hypothetical cortical pathways involved in saccade control. The cortical relays of saccade pathways are represented by arrowheads. FEF, frontal
eye field; H, hippocampal formation; OC, occipital cortex; PEF, parietal eye field; PFC, prefrontal cortex (i.e., Brodmann area 46); PPC, posterior parietal
cortex; SC and RF, superior colliculus and reticular formation; SEF, supplementary eye field; SPL, superior parietal lobule; T, thalamus; VC, vestibular
cortex. (From Pierrot-Deseilligny C, Rivaud S, Gaymard B, et al: Cortical control of saccades. Ann Neurol 1995;557–567:37.)
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substantia nigra (pars reticularis) that sends inhibitory
output to the SC, suppressing unnecessary saccades.

In a clinical example, a patient with an acute unilateral
right-sided cerebral infarction resulting in left-sided limb
weakness may maintain his or her eyes and head turned to
the right. This patient’s gaze may be brought to near the
midposition, but attempts at saccades with the left gaze field
are not possible. The doll’s head maneuver does, however,
bring the eyes past the midline to the left. In contrast, a
patient with an acute unilateral right-sided pontine infarct
will have left-sided limb weakness also, but gaze preference
will be to the left with impaired rightward horizontal sac-
cades. The doll’s head maneuver will not bring the eyes past
the midline.

Anatomy of the Pursuit System
In contrast to the saccadic control, the conjugate pursuit
system of each hemisphere controls binocular eye move-
ments to the ipsilateral visual space.23 Occipital visual
areas (Brodmann areas 18 and 19) provide input on spatial
vectors to the middle temporal (MT) and medial superior
temporal (MST) cortexes. These areas are of primary
importance in generating smooth conjugate pursuit eye
movements.24,25 Efferents from MT and MST travel to
the FEF, posterior parietal cortex, and brain stem reticular
formation. Brain stem connections undergo a double decus-
sation, resulting in each hemisphere’s controlling ipsilat-
eral smooth pursuit eye movements.26,27 Selective lesions
of MST bring about bilateral reduction of pursuit gain over
the entire movement field, although this is most pro-
nounced for ipsilateral pursuit.28 Optokinetic nystagmus
(OKN) gain is reduced by MST lesions.29 OKN occurs
when a series of vertical bars or a similar pattern is passed
in front of the eyes. There is a slow following phase and a
rapid jerk in the opposite direction.30 Selective MT lesions
produce impaired initiation of pursuit with motion in either
direction in the contralateral hemifield of vision.31

Large cortical lesions, involving either frontal or parietal
lobes, generally are associated with ipsilateral conjugate eye
deviation that lasts a few days.32 In these cases, forceful eye
closure may be associated with conjugate eye deviation
contralateral to the lesion.33 Bilateral posterior cerebral
hemisphere lesions lead to Balint’s syndrome,34 in which
pursuit eye movements and OKN movements are defective
in all directions and visually guided saccades have increased
latency and diminished accuracy with relatively preserved
intentional saccades. Involvement of angular gyrus and
superior parietal cortex is thought to be responsible for the
visual inattention that accompanies this syndrome. Optic
ataxia refers to the inability of the patient to make accurate
eye or limb movements under visual guidance. These
patients also have a distinctive visual perceptual abnormal-
ity in which they cannot synthesize large visual figures that
require multiple fixations to encompass. This is caused in
part by the inability to make accurate saccades to the ele-
ments of the extended visual figure. This perceptual problem
has been called amorphosynthesis or simultanagnosia by
various authors.

Subcortical nuclei and pathways are undoubtedly im-
portant in generating smooth pursuit, although the result of
focal lesions of these structures is uncertain. The thalamic
pulvinar receives direct input from the retina and SC, and
it projects to several cortical areas involved in the generation
of eye movement. There is evidence that the pulvinar may
function in visual suppression during saccades to eliminate
perception of image motion as the eyes are traveling to
a new fixation point. The pulvinar may also play a role in
shifts in spatial attention and efference copy by which brain
stem ocular motor structures provide feedback to cortical eye
movement control systems about the moment-to-moment
state of the eye movement. The internal medullary lamina
of the thalamus receives input from brain stem nuclei,
including the SC, vestibular nuclei, and nucleus prepositus
hypoglossi, and provides reciprocal connections to the
FEF, SEF, and PEF in the cerebral hemisphere. The clini-
cal result of lesions involving the internal medullary lamina
is uncertain. Such lesions may result in inaccuracy of
memory-guided saccades if another eye movement occurs
between the saccade stimulus and the resulting saccade.
Also, difficulties with disengaging fixation may occur, lead-
ing to increased saccade latency for visually guided saccades
in certain stimulus circumstances.35

Thus, there is a fundamental distinction to be made
between cerebral hemisphere and brain stem conjugate
gaze control. At the cerebral level, the direction of the sac-
cade control (contraversive) is opposite to the direction of
the pursuit control (ipsiversive), whereas at the brain stem
level both control ipsilateral movement. Clinical evidence
demonstrates that pathways that control saccadic move-
ments decussate caudal to the diencephalon but rostral to
the pons, whereas the pursuit pathways either do not cross
or cross and recross. Patient studies suggest that hemi-
sphere bidirectionality is preserved as far caudal as the tha-
lamus and that the pursuit and saccade pathways both
operate via the ipsilateral FEF outflow through the thala-
mus. Alternatively, the pursuit system may have pathways
in the corona radiata separate from the saccade system out-
flow but funnel through the same region in the thalamus as
the frontal system. The fact that some frontal lesions are
associated with an ipsidirectional pursuit defect in conjunc-
tion with a contraversive saccade disorder supports the
concept that the pursuit system outflow occurs via a com-
mon frontal-thalamic-brain stem pathway. However, the
repeated observation of frontal lesions with isolated con-
tralateral saccade disruption and normal pursuit weighs
against a common pathway.

The Vestibulo-ocular System
The vestibulo-ocular system maintains image stability on
the fovea in the presence of head movement. The afferent
arm of this reflex is initiated by acceleration receptors in
the inner ear. The equivalent of mathematical integration
is performed on the acceleration signal by the dynamic
properties of the semicircular canal and cupula (see Chapter
12). The result of this integration is a signal proportional
to head rotational velocity in space that is supplied to the
vestibular nuclei by way of cranial nerve VIII. The infor-
mation is then relayed to brain stem gaze centers, and slow
eye movements with velocity equal to and direction oppo-
site head rotation are generated. The arrangement of vestib-
ular connections in the brain stem has been thoroughly
reviewed.36
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Because vertically acting rectus and oblique muscles
exert mixed vertical and torsional rotations, the nystagmus
resulting from vertical canal stimulation has mixed vectors
and depends on the position of the eye in the orbit (abducted
or adducted). The activation of the anterior semicircular
canals produces upward and torsional slow phases, whereas
activation of posterior canals induces downward and tor-
sional movements. Each vestibular nucleus interacts with
two motoneuron pools, one for each eye. Excitatory projec-
tions from vestibular nuclei cross the midline, but inhibi-
tory connections do not. The pathways for upward and
downward VORs differ.

Vestibular nuclei project to ocular motor neurons and to
other nuclear groups that are important in various aspects
of integrating the numerous inputs to eye movement. These
include the nucleus prepositus hypoglossi and the nucleus
of Roller, where integration of burst and step (holding) dis-
charge patterns are assembled into a final oculomotor com-
mand. Outputs of the nucleus prepositus hypoglossi to
burst cells initiate saccades and produce the fast phase of
nystagmus.
VIII

Medulla
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C

Figure 9-7. A, Semischematic diagram of the brain stem pathways and cen-
ters that serve horizontal conjugate gaze. Multisynaptic pathways from the
right frontal cortex decussate in the midbrain and form synapses in the left
pontine paramedian reticular formation (PPRF), which relays innervation
to two cell populations within the nucleus of cranial nerve VI. The large
cells in the nucleus send axons to the lateral rectus muscle to abduct the
left eye. The small cell population gives rise to the pathway that decus-
sates and ascends in the contralateral medial longitudinal fasciculus
(MLF) and makes synaptic contact with cells of the medial rectus subnu-
cleus of the cranial nerve III complex. This pathway gives rise to coordi-
nated adduction of the right eye to complete the act of conjugate leftward
gaze, as illustrated in B. A lesion in the MLF causes internuclear ophthal-
moplegia, which is characterized by a failure of adduction of the ipsilateral
eye during attempted conjugate gaze, as illustrated in C. The abducting eye
often manifests dissociated or monocular nystagmus. (From Goodwin JA:
Eye signs in neurologic diagnosis. In Weiner WJ, Goetz CG [eds]: Neurol-
ogy for the Non-neurologist, 3rd ed. Philadelphia, Lippincott, 1994,
pp 298–348.)
Internuclear Oculomotor Control: The Final Common
Pathway
Zones within the tegmental reticular formation in the brain
stem serve to combine the various eye movement com-
mands and to present an integrated set of final motor
com mands to the ocul ar motor nuclei (Fig . 9-7) . The PPRF
refers to the zone surrounding the cranial nerve VI nucleus
on either side of midline in the pontine tegmentum. This
area contains burst and pause cells that are important for
horizontal saccade generation. The rostral interstitial nucleus
of the medial longitudinal fasciculus (riMLF), the interstitial
nucleus of Cajal (iC), the nucleus of Darkschewitsch (nD),
the nucleus of the posterior commissure (nPC), and adjacent
portions of the mesencephalic reticular formation (MRF)
probably supply burst and pause commands for vertical sac-
cades and pass the final innervation pattern to the nuclei
of cranial nerves III and IV. The integration of these systems
has been reviewed extensively by Leigh and Zee.37

Commands for saccades and pursuit descend in the brain
stem via supranuclear eye movement pathways outlined
previously. In addition, the vestibular nuclei in the medulla
and the flocculi and noduli of the cerebellum provide ves-
tibular inputs to both the horizontal eye movement system
in the PPRF and the vertical eye movement zones of the
mesencephalic reticular formation, primarily the riMLF
and iC. The final command signal for saccades and pursuit
movements that descend on the ocular motor nuclei is a
composite of inputs from a direct pathway and a pathway
through the neuronal circuitry that performs a mathemati-
cal integration on the direct signal. This neural integration
is probably a distributed function with components from
the cerebellum (especially flocculus and paraflocculus), the
nucleus prepositus hypoglossi, and the medial vestibular
nucleus for horizontal gaze and the iC for vertical gaze.
The PPRF was once thought to perform this function, but
it has been established that lesions of this structure spare
gaze holding, the primary function of the integrator for
saccades.
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Normal saccade velocity depends on normal function of
burst neurons (velocity command) that provide the accel-
eration part of the movement. Without a proper burst, the
resulting saccade is slow. The neural integrator produces
a tonic step of innervation (position command) that is at
just the right firing rate to sustain eye deviation at the end-
point of the saccade. When the neural integrator is leaky
and produces a step innervation at too low a frequency of
action potentials, the eyes reach the target accurately and
with normal velocity on account of the burst. However,
they then drift back toward primary gaze because the step
or holding function is inadequate. After a certain amount
of drift, a position error signal is generated calling for
another saccade. This results in a repetitive cycle of sac-
cades and back drifts that is called gaze-evoked nystagmus
(see later in the chapter).

When a novel visual stimulus calls for a saccadic refixa-
tion or when a command to look at a new fixation target is
given, there is an obligate latent interval of between 100
and 200 milliseconds. This latent interval includes time
for the visual stimulus in the peripheral field to travel along
afferent pathways to the cerebral cortex, where the spatial
coordinates of the object to be foveated are turned into
motor commands or vectors having both direction and
amplitude specifications. This computation of vectors and
passage of the efferent commands to the brain stem re-
quires additional time. It has also been postulated that the
system works via intermittent data samples rather than con-
tinuous intake of afferent data. Thus, if a novel visual stim-
ulus occurs just after a sample is taken, it will have to
wait for the next sampling interval, perhaps 40 to 50 milli-
seconds later, before entry into the system. This could
explain much of the latency variability observed for gen-
eration of individual saccades. The generation of saccades
is a much more complex entity, however, and there is con-
siderable controversy as to whether saccade vectors are
calculated through intermittent or continuous sampling.
It is also unclear whether saccade motor commands can
be modified as the eyes are in motion during a saccade.
In ordinary circumstances, saccades behave as a ballistic
movement—as with a thrown ball, the saccade trajectory
is not modifiable after the movement begins. In special test
circumstances, however, it seems that some individuals are
capable of modifying saccade trajectory in midflight.
These special features of a few saccades in normals have
not been adequately explained by existing models of brain
stem circuitry.

Pursuit movements also depend on the combination of a
velocity and position signal. When the direct innervation is
not present, the eyes eventually attain the velocity of the
stimulus, but the beginning acceleration to that velocity is
slow. For pursuit commands, the direct pathway carries a
step command, which is the velocity signal, and the neural
integrator produces a ramp command that is the position
signal. The slow eye movements of the vestibulo-ocular
system also depend on a combined step-ramp signal for
normal trajectory.

The organization of the vertical eye movement system
is complex and incompletely understood. It appears that
the riMLF contains primarily burst neurons that generate
vertical saccades. Cells of iC, nD, nPC, and MRF carry
the fully assembled burst-step firing pattern needed to
perform saccades, pursuit, and vestibulo-ocular move-
ments, as well as to hold the eyes in eccentric positions
of gaze. Nuclei at the pontine and medullary levels are
important in control of vertical eye movements. Bilateral
lesions of the MLF, which carries complex ascending
influences from vestibular nuclei and PPRF gaze centers,
abolish vertical pursuit and VOR movements but spare
saccades. Thus, the riMLF apparently has functional con-
nections with the cerebral hemispheres independent of
supranuclear pathways that operate via the PPRF.
Although vertical saccades are spared with bilateral
lesions of the ascending pathways, the eye position signal
is abolished, and gaze paretic nystagmus occurs with
upgaze and downgaze effort.

Efferents from the PPRF on one side connect with large
motor cells in the ipsilateral cranial nerve VI nucleus for
abduction of the ipsilateral eye and with small cells in the
same nucleus, which in turn connect via the MLF with
the opposite medial rectus subnucleus of cranial nerve III
for adduction of the contralateral eye. Thus, a contraver-
sive (opposite direction) saccade command from the right
hemisphere descends to the left PPRF, then to the left
abducens nucleus for abduction of the left eye and adduc-
tion of the right eye via the right MLF. This circuitry
thereby produces conjugate gaze contralateral to the hemi-
sphere issuing the command and ipsilateral to the activated
PPRF. This network is illustrated schematically with parti-
cipating brain stem and hemispheric pathways for con-
jugate leftwar d g aze (see Fig. 9-7). Th us, the brain stem
connections for ocular motility are arranged to provide
conjugate gaze. Lesions affecting the internuclear gaze
pathways distal to the PPRF, through the MLF, produce
disconjugate gaze palsy such that only the abducting eye
ipsilateral to the activated abducens nucleus has full de-
viation, often with dissociated or monocular nystagmus.
The contralateral adducting eye moves either incomple-
tely or slowly (Video 202, Internuclear Ophthalmoplegia).
The eyes, however, remain straight with parallel visual
axes when viewing objects at a distance in the primary
position of gaze, which distinguishes INO from a cranial
nerve III lesion or a primary defect of the medial rectus
muscle, either of which causes divergence of the visual
axes (exotropia) in primary gaze.

EXAMINATION OF CRANIAL NERVES III, IV, AND VI

Directed Neurological Examination
The examination should begin during the clinical history,
when there is the opportunity to observe the patient’s head,
eyes, and eyelids over an extended interval. During this
period, it is important to notice general abnormalities of the
globe or eyelid position or asymmetries of eye movement.
Eyelid twitch and flutter may accompany eye movements
in ocular myasthenia, and myasthenic involvement of the
levator palpebrae may bring about progressive ptosis with
sustained upgaze or even during sustained fixation near pri-
mary gaze. Thyroid orbitopathy characteristically includes
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a distinctive set of changes in the general appearance of the
eyes, including lid puffiness, prominent extraocular muscle
insertions, conjunctival edema (chemosis), conjunctival injec-
tion, forward displacement of one or both eyes (proptosis),
stare, and lid lag. Each globe floats in orbital fat suspended
within the orbit by ligamentous structures and by the extrao-
cular muscles. The globe is free to rotate in all directions, but
any rotation can be adequately described by measuring vec-
tors, or components of the rotation in the vertical (X axis of
rotation), horizontal (Z axis of rotation), and torsional (Y axis
of rotation) planes. These three axes of rotation, which inter-
sect at the hypothetical center of rotation of the globe, were
defined by Fick and are depicted in Figure 9-1 in relation to
Listing’s plane. This plane is perpendicular to the visual axis
(Y) with the eye in primary gaze, and any eye movement can
be fully described by the rotation of the globe around a single
axis in this plane.

In the subsequent sections, the examination of cranial
nerves III (including the pupil—both parasympathetic and
sympathetic components), IV, and VI, as well as the supra-
nuclear control systems, are first presented. This is followed
by a detailed approach to the examination of a patient with
diplopia. In examining the function of these cranial nerves,
patients should always be asked to look forward, maintain-
ing the primary position, and then be instructed to look in
all secondary and tertiary positions.

Examination of Cranial Nerve III and the Pupil
The patient with complete cranial nerve III dysfunction
presents with abnormalities of all its extraocular muscles,
including weakness of the levator palpebrae superioris, me-
dial rectus, superior rectus, inferior rectus, and inferior obli-
que. As a result, the ipsilateral eye does not move fully into
adduction, elevation, or depression, and there is upper eyelid
ptosis. Looking forward, the patient’s eye tends to deviate
down and outward (exo) from residual tone in the superior
oblique muscle (cranial nerve IV) and the lateral rectus mus-
cle (cranial nerve VI). In attempted downgaze, there is intor-
sion of the globe produced by the normal action of the
superior oblique muscle. This can best be observed by using
conjunctival blood vessels as landmarks to visualize rotation
of the globe about its anteroposterior (Y) axis. With intorsion,
vessels nasal to the limbus move down while vessels on the
temporal side of the cornea stay stationary or move up.

Partial or incomplete cranial nerve III dysfunction can
result in weakness of one or a number of extraocular
muscles. Thus, certain eye movements may be abnormal, cor-
responding to selected extraocular muscle dysfunction. This
may occur when either the superior ramus (supplying the
superior rectus and levator) or the inferior ramus (supplying
the medial and inferior recti, the inferior oblique, and ciliary
ganglion) is affected in isolation. Dysfunction of the extraocu-
lar muscles that turn the eye as well as the levator palpebrae
are together referred to as external ophthalmoplegia.

When assessing lid position, one must be careful of illu-
sions created by asymmetrical skin folds, by altered posi-
tion of the eye in the orbit (extraocular muscle palsies
and strabismus), and even by anisocoria. The examiner
uses all of these landmarks for assessing where the lid
margin is expected to fall and whether its position is the
same in the two eyes. Eyelid position and the relation of
lid margins to landmarks such as skin folds are often asym-
metrical for a variety of non-neurological reasons.

Cranial nerve III also innervates muscles within the eye,
including the sphincter of the pupil and the ciliary muscle.
With pupillary sphincter paralysis, the involved pupil is
large and it reacts less to light stimulation of the retina than
the contralateral pupil. The ciliary muscle exerts pull on
radially oriented ligaments called zonules that attach
around the perimeter of the crystalline lens. Ciliary muscle
contraction induces slack in the zonules and allows the
crystalline lens to assume a more spherical configuration,
which shifts the focal plane of the eye to a nearer point
in space—a process called accommodation. The neurologi-
cal control of accommodation is obligatorily linked to that
of convergence of the visual axes and that of pupillary
meiosis (constriction). The three functions together serve
the process of looking at near objects—convergence fove-
ates the image in either eye, accommodation shifts the
focal plane to that object, and meiosis increases the depth
of focus for near vision. These three actions together are
referred to as the near triad. Dysfunction of pupillary con-
striction and lenticular accommodation are referred to as
internal ophthalmoplegia.

On examining the pupil, the clinician seeks evidence of
either parasympathetic or sympathetic dysfunction by mea-
suring pupil size in both bright and dim ambient illumination.

The ocular sympathetics innervate the radially oriented
dilator smooth muscles in the iris, which are most active
in dim light. The parasympathetic system via cranial nerve
III innervates the pupillary sphincter muscle and is most
active in bright light. In dim light, the pupillary sphincter
muscle is reciprocally inhibited, and in bright light, the
same is true of the dilator muscles. As a consequence, with
parasympathetic lesions the anisocoria is greater in bright
light (larger pupil abnormal), and with sympathetic lesions
the anisocoria is greater in dim light (small pupil abnormal).
For practical purposes, under clinical testing conditions, the
pupillary reaction to light remains normal with ocular sympa-
thetic dysfunction. The parasympathetic system determines
the dynamic characteristics of the pupillary light reaction.

Abnormal lid position is best determined by measuring
the distance between a central corneal light reflex and the
upper and lower lid margins, respectively, and comparing
these for symmetry between eyes. The light reflex, produced
by shining a focused source of light on the eyes, does not
move appreciably with variation in eye position. The dis-
tance from the light reflex to the upper and lower lid margins
is called the margin-reflex distance (MRD). The distance to
the upper lid is labeled MRD1 and to the lower lid MRD2.
Both the MRD1 and the MRD2 are reduced on the side of
an ocular sympathetic lesion because Mueller’s smooth
muscle retracts both the upper and lower lids. Mueller’s
muscles work in opposition to the orbicularis oculi muscle
(innervated by cranial nerve VII) (see Chapter 11) that encir-
cles both lids and is the primary muscle of eye closure. In the
setting of sympathetic dysfunction, the upper lid falls,
whereas the lower lid rises with the nonfunctioning smooth
muscle. An erroneous diagnosis of cranial nerve VII palsy



Figure 9-8. Positive para-hydroxyamphetamine test for postganglionic
Horner’s syndrome. The right (involved) pupil remains small while the
left pupil has dilated after 1% para-hydroxyamphetamine is instilled into
both eyes 30 minutes previously. There is mild right ptosis from disruption
of ocular sympathetic innervation of Mueller’s muscle.
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can be made on the basis of apparent widening of one pal-
pebral fissure (orbicularis oculi weakness) when the abnor-
mality is a narrowed fissure on the other side secondary
to an ocular sympathetic lesion. This error is more likely to
occur if the normal range of facial asymmetry produces an
apparent flattening of the nasolabial fold on the side of the
wider palpebral fissure and if the pupillary meiosis is mini-
mal or lacking in the ocular sympathetic palsy. Both the
MRD1 and the MRD2 are larger on the side of a facial nerve
palsy because the orbicularis is weak in both upper and lower
lids. Pharmacological pupil testing for ocular sympathetic
dysfunction can be a useful arbiter in this setting.

Cocaine (5% or 10% solution) can be used to diagnose
the presence of Horner’s syndrome, the clinical manifesta-
tion of ocular sympathetic dysfunction, including pregan-
glionic and postganglionic types.38 Within 40 minutes of
the instillation of one drop of cocaine into each eye, rela-
tive anisocoria will increase if Horner’s syndrome is pres-
ent. This phenomenon occurs because cocaine blocks
reuptake of the ambient norepinephrine released at the neu-
romuscular junctions of the iris sphincter. On the side of
the lesion, there is less norepinephrine normally being
released and, as a result, blocking reuptake results in less
accumulated norepinephrine compared to the normal side.
Antihypertensive medications may prevent pupillary dilata-
tion produced by cocaine and need to be considered when
interpreting the results of this test. Hydroxyamphetamine
(1% solution) can be used to distinguish between pregan-
glionic (primary and secondary ocular sympathetic neurons)
from postganglionic lesions. If this drug is used, testing
should be delayed at least 24 to 48 hours after the use of
cocaine solutions. When one drop of hydroxyamphetamine
is instilled in the eyes, the suspected pupil will not dilate
to the extent of the normal eye if a postganglionic (tertiary
neuron) lesion is present. This results because hydroxyam-
phetamine causes the release of norepinephrine stored in
the cytoplasmic vesicles in the postganglionic nerve term-
inals. If the tertiary, postganglionic neuron is intact, this
drug will dilate the abnormal pupil as well as the normal
side. If this occurs and a preganglionic lesion is thus sus-
pected, further drug testing cannot delineate whether the
neuronal abnormality is at the primary or secondary neuron
(Fig. 9-8).

Examination of Cranial Nerve IV
Cranial nerve IV innervates the superior oblique muscle,
which originates at the orbital apex and forms a tendon
anteriorly that passes through a pulley-like structure called
the trochlea. The superior oblique muscle, therefore, origi-
nates functionally from the trochlea at the superior medial
orbital rim and inserts on the top of the globe behind its equa-
tor. When the eye is in adduction, this muscle exerts a
more or less direct downward pull and depresses the eye.
When the eye is in abduction, the superior oblique muscle
pulls the 12 o’clock meridian of the iris toward the nose,
rotating the globe around an anteroposterior (Y) axis. This
movement is called incyclodeviation (intorsion). When the
eye is in the intermediate horizontal positions between
adduction and abduction, the superior oblique exerts com-
bined torsional and depressive actions. Weakness of the
superior oblique muscle causes failure of depression of
the globe that is maximal in adduction. This results in verti-
cal diplopia, with the widest separation of images occurring
in gaze away from the involved side (adduction) and down.
Isolated superior oblique muscle weakness or cranial nerve
IV palsy is more likely than cranial nerve III lesions to result
in torsional imbalance. This is because only one of the verti-
cally acting muscles is affected, leaving the other torting
vertical muscles unopposed. Superior oblique weakness
results in excyclodeviation (extorsion) of the involved eye.
To compensate for this problem, the patient automatically
tilts the head to the side opposite the palsy. Simultaneous
incyclodeviation of the normal eye establishes parallelism
and allows for torsional fusion of the images.

If the examiner tilts the head of a person with a right cra-
nial nerve IV palsy to the right, even more intorsion than
normal is required. The superior rectus is recruited in an
effort to maximize the intorsional power. This results in
further inappropriate elevation of the right eye because
the primary effect of superior rectus contraction is eye
elevation. This is the basis for Bielschowsky’s test for a
cranial nerve IV palsy. The patient is directed to gaze
straight ahead, and then the head is tilted to the right and
to the left, making sure there is no vertical or horizontal
eye rotation away from primary gaze. If the degree of ele-
vation of the eye on the side of the cranial nerve IV palsy
increases as the head is tilted toward the side of the palsied
muscle, the test is positive. In addition to compensatory
head tilt, the patient is likely to hold the head down to keep
his or her eyes in upgaze and out of the field of maximum
image separation. The compensatory triad is completed by
turning the head away from the affected side to keep the
involved eye relatively abducted.

Examination of Cranial Nerve VI
Cranial nerve VI innervates the lateral rectus muscle,
which abducts the eye. With lesions of cranial nerve VI,
the eyes are slightly crossed or convergent (esodeviated)
in primary gaze. This is caused by the unopposed tone of
the medial rectus, acting without the ipsilateral lateral rec-
tus muscle. In gaze opposite the side of the palsy, the eyes
are close to parallel, but as gaze is directed toward the side
of the palsy, there is clear-cut failure of ipsilateral eye
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abduction and an increase in esotropia (Video 1, Cranial
Nerve VI Palsy). In primary gaze, the involved eye may
be used for target fixation, but this will result in deviation
of the other eye. Which eye the patient chooses for fixation
is a matter of habit that may not be disrupted by muscle
paresis, even if the weakness is profound. The choice
may also be influenced by visual acuity, and there is a
strong tendency to fixate with the eye that has better vision.
With acquired palsy of cranial nerve VI, the degree of eso-
deviation in primary gaze is usually different depending on
the fixating eye. To observe primary versus secondary
deviation, cover and then uncover each eye, observing the
angle of the deviation just after the eye is uncovered.
Primary deviation refers to the angle that results from fixa-
tionwith the normal eye, and secondary deviation results from
fixation with the paretic eye. Secondary deviation is larger
because, in primary gaze, the eye with the weak muscle is
struggling to abduct the eye even to the midposition against
the tone of the medial rectus. For example, in the case of a
right cranial nerve VI palsy, a great deal of rightward innerva-
tion is required by the right eye. According to Hering’s law of
equal innervation, the yoked medial rectus of the opposite
(left) eye also receives this large amount of stimulation, and
it adducts to a great degree, creating a large-angle esotropia.
In contrast, when the nonparetic left eye is fixing, a standard
quantity of rightward innervation is required, and a lesser
deviation results from the failure of the right eye to abduct
completely. On the examination, this difference between pri-
mary and secondary deviation is a good clinical clue to the
presence of acquired nerve or muscle origin paretic deviation,
as opposed to deviation caused by squint or childhood strabis-
mus. In the latter disorder, the deviation remains the same
regardless of the eye that is fixating.
Examination of the Supranuclear Control of Eye
Movements

SACCADE SYSTEM. There is a growing body of litera-
ture showing that separate cortical zones are primarily
involved in the generation of saccadic movements in dif-
ferent circumstances that can be tested individually.8 Inten-
tional saccades are internally generated by voluntary
thought and the decision to act. Reflexive saccades are trig-
gered by an external stimulus that the subject is instructed
to look at when it occurs. This may be a visual or an audi-
tory stimulus presented in the dark. Goal-directed inten-
tional saccades have been further classified as predictive
when they are made toward a repetitive stimulus that is
presented at a predictable location and as interval, or mem-
ory-guided, when they are made to a remembered location
where the target is no longer present (could be auditory or
visual). Also, antisaccades occur when the eye movement is
in the direction opposite a saccade stimulus. Many of these
conditions require elaborate stimulus presentation and eye
movement recording systems, yet a bedside evaluation of
some of these functions is possible.

The examiner can observe spontaneous saccades, which
are internally triggered but not goal directed. These sac-
cades can be observed throughout the history and examina-
tion by watching the patient produce these eye movements
during speech or other motor activity.
In direct testing, the patient should first be given verbal
directions to follow, such as “look left” and “look down.”
This can be followed by visually guided saccades, which
can be tested by asking the patient first to look at the
examiner’s nose and then to look at an object approxi-
mately 30 degrees to either side of midline. Appropriately
placed objects are provided if the examiner holds his or
her arms semiextended (elbows flexed approximately 90
degrees), with hands slightly in front of his or her own
facial plane. Patients should keep their heads stationary
facing straight ahead during this type of testing to avoid
introducing vestibulo-ocular components. Patients should
be asked to refixate their gaze from the examiner’s nose
to one hand, then back to the nose. Reflexive, visually
guided saccades are elicited in a slightly different manner.
The examiner’s hands should be extended in the same
arrangement as noted previously, but patients are instructed
to refixate between the two hands, specifically when the
examiner moves the fingers of one or the other hand. In
this condition, the subject is waiting for a trigger signal that
will result in a reflex eye movement.

The antisaccade task may also be completed at the bed-
side. In this maneuver, the patient is asked to look in the
opposite direction to a novel visual target. The subject
must suppress the natural tendency to make a saccade to
a newly appearing visual stimulus. In all of these bedside
studies, the examiner should observe the latency and accu-
racy of the eye movements, as well as whether multiple
small saccades are necessary to complete the movement.
Normal refixations (saccades) are smooth and accurate to
verbally directed locations and between visual stimuli.
Abnormalities include an increased latency to the genera-
tion of the eye movement and eye movements that fall
short of the target (hypometric saccades) or overshoot the
target (hypermetric saccades). Additionally, patients with
hypometric saccades may produce multiple small saccades
in order to generate the desired movement or may be
unable to fully move their eyes to the extremes.

Optokinetic nystagmus may be useful in the evaluation
of volitional (saccadic) gaze palsies when pursuit move-
ments are normal. To obtain optokinetic responses, a
striped drum, squares on a flag, or a tailor’s tape with
stripes can be used. The patient is asked to look at the
apparatus or strip and count the lines as they pass. In nor-
mal individuals, as the stimulus passes in front of the
patient, a slow phase of eye movements in the direction
of the movement is followed by a rapid jerk in the opposite
direction that repeats as long as the stimulus is present.
In patients with a left frontal lesion, there may be an inabil-
ity to volitionally make eye movements to the right, but
slow-moving targets produce smooth pursuit to the right.
Because rightward pursuit and saccades to the left are nor-
mal, when the OKN stimulus is rotated to the right, a normal
OKN response occurs. Yet, with leftward targets, the fast
phase to the right cannot be generated and a tonic deviation
to the left occurs.

PURSUIT SYSTEM. Maintenance of a target on fovea
with motion of the target in space is the task of the pursuit
system. The goal of the pursuit system is to generate a
smooth eye velocity that matches the velocity of a visual
target. Testing this system requires that a stimulus be pres-
ent because patients cannot produce voluntary smooth
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eye movements in a stationary visual environment or in
darkness. If the viewer’s head remains stationary, the track-
ing of a moving target is achieved by matching the angular
velocity of the eyes turning in the orbits to the angular
velocity of the target moving across visual space. Smooth
pursuit can be selectively tested by having the patient hold
the head still while following the examiner’s finger with the
eyes. The finger movement must be slow and within the
patient’s visual field. The target must not be moved too
rapidly because the pursuit system in normal people falls
behind when the target velocities reach 40 to 50 degrees
per second, producing saccadic pursuit. A target excursion
that carries the patient’s eyes from extreme right to extreme
left gaze should take approximately 5 seconds. Normal pur-
suit is smooth, with no inserted saccades. Pursuit is patho-
logical if the normally smooth following eye movement
is interrupted by a series of jerky movements in the direc-
tion of pursuit. The most frequently observed abnormality
of pursuit is subnormal gain, in which the eyes fall pro-
gressively behind the target. The examiner cannot perceive
the velocity of a patient’s pursuit movements by inspection.
Fortunately, the visual system does not tolerate the retinal
position error that develops as the eyes fall behind the tar-
get, and an easily observed saccade is generated as soon
as the eye is sufficiently far behind. These inserted catch-
up saccades occur rhythmically because approximately the
same amount of time is required to generate the needed
position error throughout the course of the pursuit move-
ment. This pursuit abnormality, best referred to as low-gain
pursuit with catch-up saccades, has engendered various
descriptive names, including saccadic pursuit, and even
cogwheel pursuit in patients with Parkinson’s disease. This
movement should not, however, be linked to the pathophy-
siology of parkinsonian cogwheeling. The saccadic pursuit
of parkinsonism is simply the manifestation of low gain in
the pursuit system. This does not differ from low-gain
pursuit in other pathological conditions.

As with saccadic eye movements, optokinetic responses
can be useful tools in evaluating pursuit defects, in that
lesions affecting the deep parietal lobe cause an interrup-
tion in the descending occipitomesencephalic system for
slow (pursuit) eye movements. Such lesions produce a
homonymous hemianopia (contralateral) and an abnormal
OKN when the targets are moved in the direction of the
affected side; lesions only in the occipital or temporal
lobes, although associated with a hemianopia, do not pro-
duce an abnormal OKN response (see later in the chapter).

VESTIBULO-OCULAR SYSTEM. Zee developed a prac-
tical approach to bedside or office examination of the ves-
tibular system using simple tools.36,39 The sequence of
tests is as follows:

1. Look for static imbalance (bias) between the two ves-
tibular systems on either side of midline.

2. Look for dynamic imbalance using head movement
and head position change.

3. Estimate the VOR gain.
4. Elicit vestibular nystagmus by rotating the patient.
5. Perform caloric testing.

Static imbalance is manifest as spontaneous nystagmus,
the slow-phase velocity of which reflects the degree of
imbalance between the tonic states of the vestibular system
on the two sides. Spontaneous nystagmus may be present
in primary gaze, although it is typical for vestibular nystag-
mus to emerge when fixation is suspended. This can be
done by covering the eye or having the patient wear
Frenzel’s goggles with strong spherical convex lenses that
eliminate the patient’s ability to focus and fixate. Small-
amplitude nystagmus can be observed ophthalmoscopically
by asking the patient to fixate with one eye while viewing
the other eye’s optic disc or other ocular fundus landmark.
Slow-phase drift and rapid returns indicate the presence of
nystagmus. On covering the fixating eye, the nystagmus
typically increases in amplitude or may appear first. The
direction of fundus motion is opposite the direction of visual
axis movement. Spontaneous nystagmus should be assessed
in the primary position, and in upward, downward, right,
and left gaze, with estimation of the relative amplitude in
the various gaze positions. It should also be noted whether
the nystagmus is rhythmical and steady, as occurs in vestib-
ular dysfunction, or variable in amplitude and frequency,
changing with the degree of effort exerted while the patient
attempts to maintain the eccentric gaze angle, as occurs with
gaze-evoked nystagmus.

Dynamic imbalance is manifest as directional preponder-
ance during vestibular stimulation, in which the VOR gain is
greater in one direction than the other. This finding indicates
differential sensitivity of vestibular mechanisms to oppo-
sitely directed labyrinthine inputs. To test for this, patients
should be asked to shake their heads, first horizontally and
then vertically, for 10 to 15 seconds in each direction. After
each movement interval, the eyes are observed for nystag-
mus. After horizontal oscillation, the induced nystagmus
slow phases are toward the lesion side, and after vertical
oscillation, the induced horizontal nystagmus slow phases
are opposite to the lesion side. These phenomena depend
on the presence of a velocity-storage mechanism, which
may be disrupted with severe lesions. In such cases, the nys-
tagmus cannot be induced by head shaking. Also, other fac-
tors may lead to inverse directionality of the nystagmus.
A single rapid head movement to either side can be used
instead of prolonged shaking. The eyes should remain fixed
on a stationary visual target, but if there is dynamic imbal-
ance, the eye will be drawn off fixation and the observer will
then see a small saccadic eye movement as the patient refix-
ates. Paroxysmal positional vertigo is tested by hanging the
head with position shifts. The patient is seated on an exami-
nation surface so that when brought to supine position, the
head hangs over the end of the surface. While in a sitting
position, the head is turned to the right or left or is posi-
tioned straight ahead for each of a series of repetitions.
The patient is then brought rapidly into a supine position
with the head down 45 degrees from vertical and in one
of the three turned positions. Transient nystagmus induced
by these maneuvers is usually a sign of benign positional
vertigo (see Chapter 12) (Video 28, Nystagmus).

True assessment of VOR gain requires electronic eye
movement testing, in which slow-phase velocity can be
measured and compared with stimulus rotation velocity.
A bedside test can be used in which the abnormal feature
is reduced visual acuity during head motion. To perform
this test, the patient is asked to read a near acuity card with
the head stationary and during horizontal and then vertical
sinusoidal head oscillations at a velocity of approximately
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two cycles per secon d. If the VOR gain is no rmal, the eye
remai ns fixed on the optotypes and acuity does not change
with head motio n. With decreased g ain, however , the eyes
slip off fixation duri ng head moveme nt and acui ty is worse,
som etimes by several lines. Observing refixati onal sac-
cades during head rotation is another sign of abnor mal
gain . When VOR gain is reduced, the movement of the sac-
cades will be in the opposite dir ection from the head move-
men t, and if the gain is incr eased, the sacc ades occur in the
sam e direction as the head movement.

Rotatin g the patient at a constant velo city in a swivel
chai r induces norm al vestib ular nystagmus . This maneuver
is not practical for patient observation becau se the patient
is moving relative to the examin er. After 45 seconds of
const ant rot ation at a rate of approximately one turn every
3 seconds, the chair should be stop ped and the patient’s
eyes obser ved for postrotat ional nyst agmus. Th is is opti-
mall y perform ed through Frenz el’s goggl es so the patient
cannot suppr ess the nyst agmus with visual fix ation. Hor i-
zont al ny stagmus can be induced by rot ating the patient
with the head upri ght, and vertical nyst agmus is elicite d
by rot ating with head tilted to one shoulder or the o ther.
Rotat ion wi th the neck extended and h ead back no rmally
induc es torsional nystagm us.

Cold water caloric stimulati on is anot her way to stim-
ulate the vari ous sem icircula r canals (see Chap ter 1 ). In
this setti ng also, the test is best perf ormed with Frenz el’s
gogg les.

Approa ch to Dip lop ia ( Table 9-3)
Th e pri mary function of the extraoc ular muscle and the
ocul omotor system in g eneral is to position the globes so
that the obje ct of regard is seen as a sing le image in visu al
space regardless of the fact that it is viewed simulta neously
by two eyes. Every point in visu al space has a correspo nd-
ing retina l location in either eye. The tw o points in the eyes
that serve a single locus in visual space are called homo lo-
gous retinal locations. Norma lly, the eyes are posi tioned
such that all images fall on homologo us retina l loca tions,
and the subj ect sees a sing le fused image. Binocu lar diplo-
pia results whe n the visual axes of the two eyes are dive r-
gent . In this sta te, the image of the object of regard is
formed at nonhom ologous points on the retinas of the 
TAB LE 9-3

Extraocular Muscles: Orbit and Gaze Positions Resulting in M
on Diplopia Testing

MUSCLE DEVIATION ORBIT POSITION WIT

Right medial rectus Exotropia Adduction
Right lateral rectus Esotropia Abduction
Right superior rectus Left hypertropia Elevation in abduct
Right inferior rectus Right hypertropia Depression in abduc
Right superior oblique Right hypertropia Depression in adduc
Right inferior oblique Left hypertropia Elevation in adduct
Left medial rectus Exotropia Adduction
Left lateral rectus Esotropia Abduction
Left superior rectus Right hypertropia Elevation in abduct
Left inferior rectus Left hypertropia Depression in abduc
Left superior oblique Left hypertropia Depression in adduc
Left inferior oblique Right hypertropia Elevation in adduct
two eyes. As a resu lt, the object appears to be in two places
simul taneously. The resulting diplopia can be anal yzed b y
measur ing the direction of separat ion and the distanc e
betwee n the two images, which is a direct measure of the
angl e at which the two visu al axes diverge.

The appar ent locati on of an object in visual space
depends on where the image of that object is formed on
the retina. The retinal fovea serves the center of the visual
field or the perceptual sense of being straight ahead. Under
normal conditions, the visual axes of the eyes are slightly
convergent, and the image of the object of regard is formed
on both foveas (F1, F2) (Fig. 9-9A). Using a red Maddox
rod, the image of a point light source is turned into a red line
that can be oriented either vertical ly or horizontal ly (Fig s.
9-9B–D insets). The Maddo x rod is an optical device that
consists of a series of cylinders lying parallel to one another.
A point of light viewed through a Maddox rod appears as
a line perpendicular to the orientation of the cylinders
(Fig. 9-10). The image line can be made to appear horizon-
tal or vertical by reorienting the Maddox rod in front of the
subject’s eye. Retinal images formed on the nasal side of
the fovea appear to be off center in the temporal visual field,
whereas retinal images temporal to the fovea appear in the
nasal field. Images formed on retinal sites above the fovea
appear to be below the center, whereas images formed on
the lower retina appear to be above the center.

Although each muscle has several vectors of force, a
specific extraocular muscle turns the eye most efficiently
in a single direction. Deviation of the eyes relative to one
another is greatest when the patient attempts to look in
the direction in which the weak muscle exerts its primary
or maximal action. Using these basic principles, subjective
and objective methods have been developed to analyze
extraocular muscle imbalance. Subjective methods use the
patient’s own reported observations on the relative posi-
tions of images to measure image separation. Analysis of
diplopia is aided if it can be established which image is
being seen by which eye. The simplest method to perform
this analysis is to place a colored glass over one eye and
ask the patient where the colored image is relative to the
white one as he or she views a point light source.

The Maddox rod has two advantages in diplopia testing
compared with the simple colored-glass test. First, mixed
horizontal and vertical diplopia can be examined more
aximal Deviation and Image Separation
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Figure 9-9. The two eyes in various deviated positions under conditions of Maddox rod testing. The inset at the right of each figure illustrates the relative
positions of images of the object of regard (OR) seen with the left eye and of the line created by viewing through the Maddox rod (MR) with the right eye.
In all cases, the Maddox rod is placed over the right eye (by convention) and that makes the right eye always the deviating eye because the patient is
instructed to “look at the light” and he or she can see the light only with the left eye. A, Orthophoria—Both eyes are foveating the images and the line
(right eye image) runs through the light (left eye image). B, Esophoria—The eyes are converged, and the right eye image falls on nasal retina so the image
in that eye (line) appears to be on the temporal (right) side of the light (left eye image). This is called homonymous diplopia because both the Maddox rod
and the image from viewing through the rod are on the right (same) side. C, Exophoria—The eyes are divergent, and the image of the deviating right eye
falls on temporal retina so the line (right eye image) appears displaced nasal to the light (left eye). This is called crossed diplopia because the image
formed by the Maddox rod is on the left, with the rod over the right eye. D, Right hyperphoria—The right eye image falls on upper retina (above the
fovea), and the right eye image (line) appears displaced below the light (left eye image).
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accurately because the patient can easily judge the vertical
deviation by viewing a horizontal line and the horizontal
deviation by viewing a vertical line. Second, because two
dissimilar images (point of light and colored line) are
viewed with the two eyes, the images are more completely
dissociated and deviation is maximized. In contrast, when
the patient views two differently colored but otherwise
similar images, as with the colored-glass test, the fusion
mechanism may not be entirely suspended and a deviation
smaller than maximum might result.
Because some patients are unable or unwilling to give
accurate subjective descriptions of their diplopia during
the red glass or Maddox rod testing, the alternate cover and
cover-uncover tests were devised as more objective tests
for eye deviation (Table 9-4). Moving a cover (occluder)
quickly back and forth from one eye to the other constitutes
the alternate cover test. Because one eye remains covered
at all times, there is no opportunity for the fusion reflex to
operate. With this test, latent deviation (heterophoria) and
manifest deviation (heterotropia or strabismus) can be



Figure 9-10. Diagram of a point light
source viewed through a Maddox rod.
The cylinders of the Maddox rod are
oriented horizontally, and the image
formed by the rod on the retina is a
vertically oriented line or stripe.
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detected, but these conditions cannot be distinguished. In
the cover tests, the examiner observes the resulting eye
movements while moving the cover back and forth between
eyes. The patient is instructed to maintain fixation on the
object of regard. When the cover is shifted from one eye to
the other, if the newly uncovered eye was deviated under
cover, it will make a saccadic movement to attain fixation
on the object of regard. The direction of these refixation
movements indicates the direction in which the eye was
deviated under cover. A movement toward the nose indi-
cates that the eye was exodeviated (temporally), whereas
an outward movement toward the temple indicates esode-
viation (nasal deviation). If an eye moves upward when it
is uncovered, it was deviated downward under cover and
vice versa.

The cover-uncover test is useful in distinguishing hetero-
tropia from heterophoria (Video 230, Exotropia). Table 9-4
lists the movement of the two eyes as one eye is first cov-
ered and then uncovered in the three main conditions—
orthophoria (no tendency to deviate, straight eyes with
and without fusion), heterophoria (latent deviation, present
only when fusion is suspended by cover), and heterotropia
(manifest deviation, still present when fusion reflex is
operational with both eyes uncovered). In using this table,
one column (condition) should be considered at a time.
Note that both the heterophorias and the heterotropias are
eye deviations relative to one another. In the heterophorias,
TABLE 9-4

Movements of the Eyes during the Cover-Uncover Test

TEST
CONDITION PHORIA RE TROPIA

Cover RE RE deviates under cover; LE maintains
fixation

None: LE keeps fixati

Uncover
RE

RE monocular refixation movement;
fusion re-established

None: LE keeps fixati

Cover LE LE deviates under cover; RE maintains
fixation

RE takes up fixation: c
but only RE observ

Uncover
LE

LE monocular refixation movement;
fusion reestablished

LE resumes fixation: c
observed

LE, left eye; RE, right eye.
the eye under the cover drifts into the deviated position re-
lative to the other eye. When it is uncovered, the deviated
eye makes a monocular movement to refixate. Patients
with heterotropias commonly have a tendency for one eye
to always be deviated when neither eye is covered. For
example, if a patient has exotropia with the right eye
deviated, this occurs because the patient has chosen, usually
unconsciously, to fixate with the left eye. This does not
necessarily mean that the right eye has the weak muscle
or muscles. If the left eye is covered, the patient can move
the deviated right eye back to take up fixation, but because
the refixation was a conjugate binocular movement, the
patient’s left eye is then deviated under the cover. On
uncovering the left eye, the patient could subsequently
maintain fixation with the right eye or make a conjugate
binocular saccade to refixate with the left eye. A patient
who is strongly left eye dominant or has better acuity with
the left eye is likely to resume fixation with the left eye.
A person who has no major visual dominance pattern or
equal visual acuity with either eye may maintain fixation
with the right eye. The cover tests are useful in patients with
enough range of eye movement to make the various refixa-
tional movements. Even with nearly complete palsy of one
or more muscles, it is still useful to measure angles of
phoria in primary gaze as a measure of deviation tendency.
This measurement can be followed over time for recovery
or worsening.
LE TROPIA

on LE takes up fixation: conjugate binocular shift
but only RE observed

on RE resumes fixation: conjugate binocular shift
observed

onjugate binocular shift
ed

None: RE keeps fixation

onjugate binocular shift None: RE keeps fixation
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Associated Neurological Findings
CEREBRAL. Crani al nerve III, IV, or VI neuro pathies

may be caused by meninge al infectiou s, inflammat ory,
and infiltrative les ions that may also aff ect cere bral func-
tion with impairment of consc iousness or altered cogni tive
and language functi on. Because of its long int racranial
cours e and its proxi mity to bony structure s of the calvarium ,
isolat ed cranial nerve VI paresis can o ccur with large intra-
cran ial masses (false localizing signs of elevat ed intracran ial
pres sure), espec ially involvi ng the middl e cranial foss a.
Lesi ons in the pontine and midbrain reticula r act ivating sys-
tem can lead to impai red levels of consc iousness , togethe r
with defective conj ugate gaze and ny stagmus. Di sorders of
sacc adic or pursu it move ments may also be the dir ect resu lt
of cerebra l patholog y. Patients with pursu it abnorma lities
from pariet al lobe lesions may have hem ineglect or apraxia
(nondo minant ) and language dysfu nction or higher senso ry
dysfu nction (dominant hemisphere ) (Video 229, Wer nicke’s
Encephalopathy). Abnormalities of saccades related to frontal
lobe dysfunction may be accompanied by abulia, disinhibi-
tion, memory abnormalities, or apraxia. Patients with Wer-
n ic k e ’ s d is ea se ( s ee C h ap te r 4 0) m a y h a v e o cu la r s ig ns i n
the setting of disturbances in consciousness or mentation,
including hallucinations, confusion, agitation, and anterograde
amnesia. Abnormalities of saccadic or pursuit movements
may also be accompanied by a homonymous hemianopia or
quadrantanopia.

CRANIAL NERVES. Lesions in the cavernous sinu s
often involve the first two divisi ons of the trigemi nal nerve
as well as the ocul omotor cranial nerves. Crani al nerve VI
palsy wi th ipsil ateral facial pain from trigeminal nerve dys-
functi on constitut es Gradeni go’s syndr ome of the petrous
tip. It was common ly cause d by spread of inflamm ation
from adjacent mastoid air cells but has become inf requent
in the antibi otic era. Tumor s and even aneurysm s in the
same site can cause a simi lar present ation, so com plete
neuro radiol ogical workup is in order. Optic neuritis may
also coincide with disorder s of cran ial nerve III, IV, or
VI in the set ting of mul tiple scleros is.

MOTOR/REFLEXES/CEREBELLAR/GAIT. Midbrain
lesions involving the intramed ullary fascicula r portion of
cran ial nerve III can be associa ted wi th invol vement of
the cere bral pedunc le with cont ralatera l hemipa resis
(We ber’s syndrome ), the red nucleus with ipsil ateral tre-
mor and chorea (Cla ude’s syndr ome), or ipsilate ral cere-
bellar ataxia (Nothn agel’s syndrome ) (see Chapter 22).
Raymo nd’s syndr ome of the pons consist s of an ipsilate ral
cran ial nerve VI paresis and cont ralatera l hem iparesis, and
whe n cran ial nerve VII is also affected, the condition is
terme d Millard- Gubler syndrome . Becaus e the cerebel lum
cont ributes to conj ugate gaze mechani sms, les ions of the
cereb ellar pathways often cause abnorma l conjugat e gaze
assoc iated wi th unilat eral or bilat eral ataxia and tremo r
(Video 14, Tremor with Ataxia).

Parkinson ism or involun tary move ments (chor ea) in the
settin g of Parkinson ’s disease , Parkinson ’s plus syndrome s,
or Hunti ngton’s disease may be assoc iated with abnor mal-
itie s of sacc adic eye moveme nts (hypometri a) or pursu it
move ments (cogwhe el pursu it). Pyram idal sign s may
accompa ny INO with multiple sclerosis , and atax ia may
be observed in patients with Wer nicke’s dise ase who often
have n ystagmus or cran ial nerve VI palsy in addition.
Finall y, absen t reflex es may be appre ciated in conj unction
with pupillary abnor malities in Adie’ s syndrome .

SENSORY. An evaluat ion of the senso ry system outside
of that related to other cranial nerve s is rar ely helpful in
the diagnosi s of diso rders of cran ial nerves III, IV, and VI
and their supra nuclear control. Lesi ons in the brain stem
tegmen tum may cause syndr omes involvi ng cranial nerves
III or VI with contralat eral hemihyp esthesia, oft en in con-
juncti on with lateral ized cerebel lar or pyrami dal tract
finding s.

AUTONOMIC NERVOUS SYSTEM. Beyond testing the
symp athetic and para sympathet ic innervat ion related to
the pupil, addi tional evaluat ion of the auto nomic nervous
system is rarely necessar y.

NEUROVASCULAR. Th e neck and orbit shoul d be aus-
cultated for brui ts. Carot id artery atheromas , partic ularly
when com plicated by hemorr hage or ulcerati on, as well
as carotid artery dissection may be associated with ocular
sympathetic dysfunction (Horner’s syndrome).
Associated Medical Findings
Because one of the most common causes of orbital infiltra-
tion is thyroid disease, patients with orbital signs such as
proptosis, chemosis, and conjunctival injection together
with abnormal ocular motility should be examined for goi-
ter, pretibial myxedema, smooth moist skin, and loss of
lateral eyebrows.40 In thyroid disease, the extraocular mus-
cles can develop edema, lymphocytic infiltration, and fibro-
sis, resulting in loss of elasticity more than loss of contractile
strength. The diplopia that results from this restrictive fea-
ture is due to the tethering of the eye in an abnormal position
by one or more shortened inelastic extraocular muscles.
EVALUATION GUIDELINES (Table 9-5)

NEUROIMAGING. Lesions of cranial nerves III, IV,
and VI may occur anywhere along the course of the nerves,
from the nuclei in the brain stem to the orbits. The possibility
of focal neoplastic or inflammatory lesions requires eval-
uation with neuroimaging. Magnetic resonance imaging
(MRI) is more reliable than computed tomography (CT)
for detecting brain stem, subarachnoid space, or cavernous
sinus lesions. Proton density imaging best shows the MLF
lesions in multiple sclerosis patients with internuclear
ophthalmoplegia.41

MRI is also the best procedure for imaging the orbits
when fat suppression (saturation) pulse sequences and
gadolinium enhancement are used. Fat suppression renders
the orbital fat dark so that any gadolinium enhancement
(white) within the fat, muscles, or optic nerve can be reli-
ably observed. Thin-section CT is still a potent imaging
technique for supratentorial brain lesions and orbital study.
It is also a cost-effective means to measure the extraocular
muscle diameter and is a sensitive indicator of thyroid
orbitopathy.

Saccular aneurysms remain a frequent and important
cause of cranial nerve III palsy, and cerebral angiography
should be used in evaluating cranial nerve III dysfunction



TABLE 9-5

Useful Studies in the Evaluation of Syndromes Involving Cranial Nerves III, IV, and VI

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY FLUID AND TISSUE ANALYSIS
NEUROPSYCHOLOGICAL
TESTS OTHER TESTS

Anisocoria MRI/CT brain and cervical spine;
MRI: orbits with fat suppression
and gadolinium

N/A CSF analysis N/A Testing with pilocarpine,
cocaine,
hydroxyamphetamine;
chest x-ray study

Adie’s pupil MRI: brain; orbits with fat
suppression and gadolinium;
CT: orbits

N/A N/A N/A Testing with pilocarpine,
cocaine,
hydroxyamphetamine;
chest x-ray study

Light-near dissociation MRI brain: midbrain EMG/NCV: peripheral
neuropathy, Miller-Fisher
variant of Guillain-Barré
syndrome

CSF analysis, RPR, VDRL, fasting glucose N/A Testing with pilocarpine,
cocaine,
hydroxyamphetamine;
chest x-ray study

Bilateral unreactive pupils MRI brain: midbrain CSF analysis N/A Testing with pilocarpine,
cocaine,
hydroxyamphetamine;
chest x-ray study

Impaired smooth pursuit MRI brain: parieto-occipital lobe,
brain stem

N/A HIV, drug screen, genetic studies (HD) N/A N/A

Impaired saccadic
movements

MRI brain: frontal lobe, brain stem N/A TFTs, genetic studies (HD), HIV,
immunoglobulins (AT), enzyme studies:
Tay-Sachs’ and Gaucher’s diseases

N/A Jejunal biopsy: Whipple’s
disease; bone marrow
biopsy: Niemann-Pick

Gaze palsies MRI brain: brain stem N/A CSF analysis N/A N/A
Skew deviation MRI brain: brain stem N/A N/A N/A N/A
Ocular misalignment MRI brain: brain stem, orbits EMG/NCV: MG, botulism CSF, muscle biopsy, fasting glucose N/A N/A
Nystagmus, central MRI brain: brain stem N/A CSF analysis, drug screen, electrolytes N/A N/A
Ocular flutter/opsoclonus MRI brain: brain stem N/A CSF analysis, drug screen, anti-neuronal

antibodies
N/A Chest/abdominal/pelvic CT

Monocular diplopia MRI brain: occupital lobe
(binocular)

N/A N/A N/A Ophthalmological
examination

Binocular diplopia MRI brain: brain stem, orbits EMG/NCV: MG, botulism CSF analysis, drug screen, fasting glucose,
muscle biopsy

N/A N/A

Cavernous sinus syndrome MRI brain (cavernous sinus,
parasellar); MRA; cerebral
angiography; orbital
venography

N/A CSF analysis N/A N/A

Orbital syndromes MRI: orbits with fat suppression
and gadolinium; CT: orbits

N/A CSF analysis N/A N/A

AT, ataxia-telangiectasia; CSF, cerebrospinal fluid; CT, computed tomography; EMG, electromyography; HD, Huntington’s disease; HIV, human immunodeficiency virus; MG, myasthenia gravis; MRA, magnetic resonance angiography;
MRI, magnetic resonance imaging; N/A, not applicable; NCV, nerve conduction velocity; TFTs, thyroid function tests.

1
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becau se it is the only reliable way of finding such lesions .
Becaus e false-n egative and false- positive resu lts continue
to be problemat ic, 1.5 Tesl a magnet ic reson ance angi og-
raphy (MRA) cannot yet be used in place of standard
angi ography. MRA u sing a 3-Tes la magnet may provi de
suffic ient reso lution to rule out post erior commun icating
artery aneur ysm causi ng cranial nerve III palsy. False-
posi tive MRA studies can lea d the physi cian to interp ret
vascu lar loops as aneurysm s, resulting in unnecessa ry surgi-
cal intervent ion. In a study of 142 patient s comparing digital
subt raction angiogra phy (the gold standar d for identifyi ng
aneur ysms) with CT angi ography and three- dimens ional
time of flight MRA, the sensi tivity for detection o f aneu-
rysms 5 mm or larger was 0.94 for CT angiogra phy and
0.86 for MR A.42 Particula rly prom ising is multiplanar spiral
CT angiog raphy. 43

ELECTROPHYSIOLOGY. Brain stem audi tory evoked
resp onses, som atosenso ry evoked responses , and patter n-
reve rsal visually evoked resp onses are com monly used as
indicat ors of demyelina ting lesions, which can affect the
conj ugate gaze mechani sms and the indivi dual cran ial
nerve s as they course through the brain stem. There is no
widel y available elect rophysiologi cal method to examin e
the peripheral portion s of cran ial n erves III, IV, and VI.

BODY FLUID AND TISSUE ANALYSIS. Th yroid func-
tion testing is important to identi fy patients with thyroid
orbitop athy , but it must be rememb ered that near ly h alf
of patients have normal thyr oid funct ion at the time they
pres ent with orbita l man ifestations . Pa tients with lead and
othe r heavy metal poisonin g can present with ele vated intra-
cran ial pres sure and false-loc alizing cranial nerve VI pals y.
Urine screen for heavy metals is an important adju nct to the
worku p of these patients.

CEREBROSPINAL FLUID. Cerebrospi nal fluid (CS F)
exam ination is often a critica l part of inve stigation for dys-
functi on of cran ial nerve s III , IV , and VI becau se thes e
nerve s are often affect ed selective ly in men ingeal infec-
tions, as well as in inf lammatory and neoplast ic inf iltrating
diso rders. In addi tion, patients with multipl e scl erosis (see
Chap ter 48) may pres ent a typical profile of CSF abnor mal-
itie s, and patients with this disease often present with ocular
motili ty distur bance from central lesions (gaz e pals y and
INO) and less frequently with ophthalmoplegia from plaques
affecting the intramedullary portion of cranial nerves III, IV,
or VI.

NEUROPSYCHOLOGICAL TESTING. There are no
common specific indications for neuropsychological test-
ing in patients with ocular motility disturbances, although
altered pursuit or saccade dynamics may result from cerebral
pathology that also affects higher cortical mental functions.
CLINICAL SYNDROMES (Table 9-6)

Pupillary Syndromes
Anisocoria
It is commonly written that 20% of the population has ani-
socoria of at least 0.4 mm in dim light, although published
series cite highly variable percentages from 2% to 60%.
The most common sort of variable anisocoria among
healthy people has been called see saw anisocoria or sim-
ple central anisocoria. The mechanism is indeterminate;
this benign condition may vary from one examination to
the next or even reverse sides. Light stimulation of one or
both eyes decreases the anisocoria, and the pupillary reac-
tions to light, near, and psychosensory stimulation are all
normal. A different sort of anisocoria among seemingly
healthy normal people results when the consensual response
is weaker than the direct response. This type of anisocoria
is present only when either eye is stimulated individually
with light and alternates sides because the illuminated pupil
is always the smaller one. This characteristic may result
from the selective dysfunction of the intercalated neuron that
connects the midbrain pretectal nuclei and the Edinger-
Westphal subnucleus of cranial nerve III. These and other
normal pupillary phenomena, such as hippus (pupillary
unrest) and early release after maximum light response,
may confound detection of a relative afferent pupillary
defect (Video 200, Afferent Pupillary Defect). Finally, it is
important to note that with age, the pupils normally become
smaller, and the average diameter of the pupils in darkness
decreases at approximately 0.5 mm per decade after the sec-
ond decade of life. Neurologically significant anisocoria
occurs with lesions affecting parasympathetic components in
cranial nerve III and with disorders of the ocular sympathetic
system.

OCULAR PARASYMPATHETIC SYNDROME, PRE-

GANGLIONIC. Lesions affecting cranial nerve III often
cause anisocoria, in which the pupil is larger in the affected
eye and the degree of anisocoria (difference in size) is greater
in bright than in dim light. The important causes of cranial
nerve III lesions in this setting include intracranial aneu-
rysms (typically those of the posterior communicating artery
at its junction with the internal carotid artery)44 and small
vessel disease with resulting ischemic nerve lesions, such
as that associated with diabetes. The pupillary sphincter is
usually involved in the setting of an aneurysm or other
extra-axial compression, such as temporal lobe herniation,
because the pupillomotor fibers are arranged on the outside
of the nerve. In contrast, pupillary function is most often
spared when ischemic lesions of cranial nerve III are pres-
ent.45,46 As a rule, the pupil is not solely affected in cranial
nerve III lesions because the autonomic component fibers
are intimately associated with axons carrying motor innerva-
tion to the other muscles innervated by that nerve.

OCULAR PARASYMPATHETIC SYNDROME, POST-

GANGLIONIC (ADIE’S PUPIL). Damage to the postgan-
glionic parasympathetic pathways in the short posterior
ciliary nerves produces the condition known as tonic
pupil.47,48 This type of pupil is large and reacts very little
to light when the stimulus is presented briefly but may con-
tract slowly if the light stimulus is maintained for up to 30 to
40 seconds. Redilatation after the light is turned off is also
very slow on the involved side. There is a greater pupillary
constriction when the patient looks at a near object, and this
difference is referred to as light-near dissociation. Tonic
pupils are associated with patchy or generalized loss of deep
tendon reflexes in Adie’s syndrome.49 This disorder is more
common in women and is pathologically characterized by an
idiopathic degeneration of spinal root and ciliary ganglia. It
does not result in any clinically important sensory or motor
defect apart from the areflexia. In Adie’s tonic pupil, the



TABLE 9-6

Selected Etiologies Associated with Disorders of Cranial Nerves III, IV, and VI

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental structural disorders Arnold-Chiari malformation, cerebellar ectopias, basilar invagination 28

Hereditodegenerative Disorders

Storage diseases: lipidoses, glycogen disorders, and
leukoencephalopathies

Tay-Sachs’, Gaucher’s, Nieman-Pick C, and Pelizaeus-Merzbacher
diseases

30

Amino/organic acidopathies, mitochondrial enzyme defects,
and other metabolic errors

Maple syrup urine disease, nonketotic hyperglycinemia; Leigh’s
disease; mitochondrial myopathies

31

Chromosomal abnormalities and neurocutaneous disorders Ataxia-telangiectasia 32
The degenerative dementias Alzheimer’s disease 33
Movement disorders Parkinson’s disease, progressive supranuclear palsy, Wilson’s disease,

Shy-Drager syndrome
34

Ataxias Friedreich’s ataxia, autosomal dominant cerebellar degeneration 35
Degenerative motor, sensory, and autonomic disorders Parasympathetic dysautonomia, Shy-Drager syndrome, acute

pandysautonomia
36

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Diabetes, hypomagnesemia 38
Exogenous acquired metabolic disorders of the nervous system:
toxins and illicit drugs

Botulism 39

Nutritional deficiencies and syndromes associated with
alcoholism

Wernicke-Korsakoff syndrome, vitamin E deficiency 40

Infectious Disorders

Viral infections Brain stem encephalitis 41
Nonviral infections Mucormycosis (diabetics), fungal meningitis 42

Neurovascular Disorders Small vessel arteriosclerosis, berry aneurysm, artery dissection 45

Neoplastic Disorders

Primary neurological tumors Brain stem glioma, medial sphenoid ridge and parasellar meningioma;
Pancoast’s carcinoma (lung), lymph node metastases (cervical)

46

Metastatic neoplasms and paraneoplastic syndromes Paraneoplastic brain stem encephalitis; meningeal carcinomatosis,
neuroblastoma, ovarian carcinoma

47

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis 48

Autoimmune and Inflammatory Disorders Systemic lupus erythematosus, periarteritis nodosa, vasculitis,
myasthenia gravis

50

Traumatic Disorders Blunt, penetrating head trauma
51

Epilepsy Seizures (nystagmoid movements) 52

Headache and Facial Pain Migraine, cluster headaches 53

Drug-Induced and Iatrogenic Neurological Disorders Anticholinergics, phenytoin, carbamazepine, aminoglycosides 55
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axons of the postganglionic nerve degenerate one by one,
producing paralysis of progressively more segments of the
iris sphincter muscle.50 Examination of the iris under magni-
fication allows the examiner to perceive the segmental loss
of constriction around the margin of the pupil in the early
and intermediate stages of the disease. When a tonic pupil
has been present for a period of time, all sectors become
involved and, in general, the pupil becomes fixed at a small
diameter.

OCULAR SYMPATHETIC SYNDROMES. With ocular
sympathetic lesions (Horner’s or Claude Bernard’s syn-
drome) (Video 17, Horner’s Syndrome), the pathological
pupil is the smaller one, and the anisocoria is greater in
dim than in bright light. The light reflex is usually not per-
ceptibly altered. This anisocoria is usually asymptomatic.
Another finding in Horner’s syndrome is mild ptosis of
the upper eyelid from weakness of Mueller’s smooth mus-
cle in the lids. Less well recognized, however, is that weak-
ness of Mueller’s muscle in the lower lid also causes the
lower lid to elevate. Upper lid ptosis and elevation of the
lower lid together cause narrowing of the palpebral fissure.
This contributes to an illusion that the involved eye is dis-
placed backward in the orbit, which is the so-called appar-
ent enophthalmos described with Horner’s syndrome. A
third component of Horner’s syndrome involves sympa-
thetic fibers serving the skin of the forehead just above
the brow that travel with the nasociliary branch of the first
(ophthalmic) division of the trigeminal nerve. With intra-
cranial postganglionic sympathetic lesions, altered vaso-
motor tone and decreased sweating may be limited to a
triangular patch of skin just above the brow extending to
the midline. The sudomotor and vasomotor fibers to the
skin of the lower face travel with branches of the external
carotid artery after leaving the sympathetic paravertebral
chain near the skull base and are spared with lesions rostral
to this point of divergence.

The most important disorder that produces Horner’s syn-
drome is malignancy involving the preganglionic sympa-
thetic pathways in the neck or next to the apex of the lung.
A minority of these preganglionic Horner’s syndrome cases



156 Neuroanatomical Localization and Syndromes / 9
are secondary to trauma, usually resulting from penetrating
neck wounds and root involvement in spinal injuries, and
they should be obvious from the history and physical
findings. In stellate ganglia anesthetic blocks, a transient
Horner’s syndrome predictably occurs because the pregan-
glionic ocular sympathetic fibers go through this area.
Inflammation, caused by suppurative infections and granu-
lomatous diseases such as sarcoidosis or tuberculosis in
cervical lymph nodes, is an occasional nonmalignant cause
for preganglionic ocular sympathetic palsy. This etiology
has become more prevalent in the AIDS era. Another impor-
tant cause is carotid artery dissection, which presents with
pain in the neck along with signs of ipsilateral cerebral
hemisphere ischemia.

Postganglionic ocular sympathetic palsy is commonly
associated with pain in the ipsilateral orbit and eye. In the
early 20th century, a Norwegian ophthalmologist named
Raeder reported this combination of pain, meiosis, and pto-
sis as a paratrigeminal syndrome with localizing value for
mass lesions in the middle cranial fossa.51 It is important to
note that all four of his patients had, in addition to ocular
sympathetic palsy, findings referable to the ipsilateral cra-
nial nerves III through VI, either singly or in combination.
During the past two decades, there has been growing aware-
ness of patients with painful ocular sympathetic palsy with-
out demonstrable middle fossa mass lesions. These patients
often have histories of episodic retrobulbar and orbital pain
that, in many cases, is typical of cluster or histamine head-
ache (see Chapter 53).52 The ocular sympathetic lesion
occurs during a cluster of headaches and sometimes resolves
spontaneously after the cluster has ended, although occa-
sionally it remains as a permanent sequel. This benign con-
dition, considered a migraine variant, has been referred to
as Raeder’s paratrigeminal syndrome, type II, and to qualify
for this diagnosis, patients must have no objective neurologi-
cal deficits of cranial nerves III through VI. It has been
speculated that in type II Raeder’s syndrome, the postgan-
glionic ocular sympathetic fibers are affected by edema in
the wall of the carotid artery.

CNS (hypothalamus, brain, or spinal cord) lesions are an
uncommon cause of Horner’s syndrome and are almost
always recognizable by the associated cranial nerve, cere-
bellar, motor, or sensory findings. A classic example is
Wallenberg’s lateral medullary syndrome, which is usually
caused by occlusion of one vertebral artery with infarction
in the distribution of the posterior inferior cerebellar
artery (see Chapters 22 and 45). The attendant dorsolateral
medullary lesion produces a syndrome that includes ocular
sympathetic palsy along with facial numbness ipsilateral to
the lesion, pain and temperature loss in the contralateral
extremities, vertigo, dysphagia, and dysarthria.

Light-Near Dissociation
Light-near dissociation became a clinical sign relevant to
etiological diagnosis when Argyll Robertson described it
as a sign of neurosyphilis.53,54 The features of the Argyll
Rob ertson pupil include (1) meiosis, ( 2) a normal aff erent
visual system (retina, optic nerve, chiasm, and optic tract),
and ( 3) failure of pupill ary meiosi s to light stimu lation but
normal pupillary constriction in response to accommoda-
tion and convergence with near viewing. In the original
description, patients with this phenomenon had tabes dor-
salis as well, and the pupil became an invaluable aid to
the diagnosis of neurosyphilis. Light-near dissociation is
not specific for neurosyphilis, however, and merely refers
to the phenomenon in which the pupillary constriction in
response to looking at near objects is greater than that
in response to a bright light stimulus. The definition is im-
precise because there is no way to quantify the degree of
near effort that determines the amount of pupillary con-
strictor tone produced by the near stimulus. Many individ-
uals make a poor effort when looking close up, and this
may mask the presence of light-near dissociation.

Light-near dissociation may be due to input or output
failure. Input failure occurs in bilateral prechiasmal lesions
of the optic nerve or retina, chiasmal lesions, and bilateral
optic tract lesions. As such, the examiner should establish
whether the afferent visual system is functioning normally.
If these conditions are present, the light reaction may be
reduced and the near reaction left unaffected, creating a
false light-near dissociation. Output failure can be the
cause of Argyll Robertson pupil and occurs in the setting
of diabetes mellitus, peripheral neuropathies, Adie’s pupil,
and the Miller-Fisher variant of acute idiopathic demyeli-
nating polyradiculopathy (see Chapter 49). Patients with
midbrain compressive and ischemic lesions generally
demonstrate large light-near dissociated pupils, in contrast
to the classic description of Argyll Robertson, in which
the pupils are small.55 The mechanism of neurosyphilis-
related Argyll Robertson pupil remains unknown.
Bilateral Unreactive Pupils
Failure of both pupils to react to both light and near stimuli
has been described in cases of dorsal or rostral midbrain
lesions, sometimes before the development of vertical gaze
palsy or other ocular motility impairment.55–59 An isolated
unilateral (or bilateral) dilated, fixed pupil should also raise
suspicion of pharmacological mydriasis. Patients or medical
personnel may deliberately or inadvertently instill medica-
tions with parasympatholytic or anticholinergic activity into
the eye. Pupils in this state will fail to constrict in the
presence of pilocarpine (1–4%), whereas all fixed pupils
from CNS or peripheral nervous system lesions become
extremely meiotic in response to these concentrations of
the drug.
Ocular Misalignment Syndromes
Cranial Nerve III Palsy
Lesions of the oculomotor nerve can involve the nucleus in
the midbrain or nerve fascicles within the ventral midbrain,
subarachnoid space, cavernous sinus, superior orbital fis-
sure, or orbit. For example, in the setting of an isolated
right nuclear cranial nerve III lesion (see Fig. 9-7), there
is complete disruption of the outflow of that nerve. Addi-
tionally, fibers from the left subnuclei for the superior rec-
tus (contralateral outflow) and levator palpebrae (bilateral
outflow) are also affected as they pass through the right-
sided lesion. The combination of nuclear and fascicular
damage results in partial bilateral ptosis and failure of ele-
vation of both eyes. The ptosis contralateral to the lesion is
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usually incomplete because the levator receives some non-
decussating neuronal fibers from the normal side of the
caudal central nucleus. More ventral lesions in the brain
stem only cause disruption of the fibers emerging from
the ipsilateral cranial nerve III nucleus. The clinical char-
acteristics of these fascicular cranial nerve III lesions are
the same as those of any lesion distal to the nucleus, and
only the functions of that ipsilateral nerve are affected.
Localizing the lesion along the fascicular portion of the
nerve depends on the presence of associated neurological
features. Nuclear lesions are caused primarily by small
infarcts secondary to occlusion of the medial penetrat-
ing vessels from the basilar artery (see Chapter 22)60 or,
rarely, by small hemorrhages. Other intramedullary les-
ions associated with cranial nerve III dysfunction include
masses with neoplastic (lymphoma, metastatic), inflam-
matory (sarcoidosis), and infectious (tuberculosis, fungal)
etiologies.

Cranial nerve III palsy with concomitant involvement of
other CNS structures leads to a constellation of findings
that have been given various eponyms and usually are seen
as stroke syndromes (see Chapter 22). Aneurysms of the
posterior communicating artery are an important cause of
cranial nerve III lesions from compression of the nerve out-
side the CNS. Compression can occur as the nerve passes
near the vessel, at its junction with the supraclinoid portion
of the internal carotid artery near the cavernous sinus.44

Cranial nerve III palsy from an enlarging or bleeding sac-
cular aneurysm of the posterior communicating artery is a
neurological emergency because the aneurysm is unstable
and a fatal subarachnoid hemorrhage may occur. Clinical
findings generally include cranial nerve III-innervated extra-
ocular muscle dysfunction with pupillary sphincter paraly-
sis. The latter dysfunction results from the compression of
superficial parts of the nerve where the parasympathetic
fibers are located.

In contrast, cranial nerve III lesions from diabetes or
hypertension45,46 typically spare pupillary function (Video
32, Cranial Nerve III Palsy). These disorders are associated
with small vessel arteriosclerosis and affect deeper parts of
the nerve. Involvement of the pupillary sphincter is more
variable in inflammatory and neoplastic compressive disor-
ders, but typically there is some degree of dysfunction.
When attempting to determine whether a pupil-sparing cra-
nial nerve III palsy is due to a medical or nonaneurysmal
cause, knowledge of the degree of extraocular muscle dys-
function relative to the degree of internal ophthalmoplegia
can be helpful.44 A medical or ischemic cranial nerve III
palsy is most likely when there is a total or near-total exter-
nal ophthalmoplegia and complete or near-complete spar-
ing of the pupillary sphincter. With incomplete external
involvement, pupillary function is much less reliable as
an indicator of whether the problem is caused by aneurysm
or intrinsic ischemia.

Aberrant regeneration of fibers causes anomalous inner-
vation of various muscles within the group that receives
input from cranial nerve III when there has been axonal
disruption and loss of continuity in the stromal channels
that carry the axons within the nerve. Budding axons from
the proximal segment of the damaged nerve gain access
to the wrong stromal channels and grow into a muscle or
muscles other than the one originally intended for that axon.
Typical clinical features of aberrant regeneration include
elevation of the upper eyelid on depression (downward
deviation) or adduction of the involved eye or segmental
pupillary constriction with eye elevation, depression, or
adduction.

This process of regrowth typically takes several months,
and the clinical signs of aberrant regeneration are therefore
not present in the early stages of the cranial nerve palsy.
Cranial nerve III palsy from aneurysmal bleeding involves
dissection of blood into the nerve with disruption of the axon
channels, and this frequently sets the stage for late aberrant
regeneration. On the other hand, ischemic cranial nerve III
palsy less frequently leads to loss of continuity of the axon
channels, and aberrant regeneration is an infrequent sequel.

Despite these general rules, aberrant regeneration has
also been described following cranial nerve III palsy from
trauma, compressive tumors, ophthalmoplegic migraine,
basilar meningitis, ventral midbrain infection involving
fascicles of cranial nerve III, and even following cranial
nerve III palsy complicating diabetes.61

Cranial Nerve IV Palsy
In the setting of major head trauma, the dorsal midbrain
and both fourth nerves are impacted in the notch of the ten-
torium cerebelli, and both nerves tend to be contused
together. Because of bilateral injury to the ascending reti-
cular formation, the patient is usually unconscious for a
protracted period of time after the injury, following which
there are complaints of vertical double vision. On examina-
tion, a relative elevation of the right eye (right hypertropia)
in left gaze and relative elevation of the left eye (left
hypertropia) in right gaze can be found. This reversal of
vertical deviation indicates bilateral cranial nerve IV
palsies. Unilateral cranial nerve IV palsy sometimes fol-
lows minor head trauma, and there is reason to believe that
many of these cases represent decompensation of long-
standing or congenital cranial nerve IV palsy that was not
symptomatic. The mechanism of this occurrence is unclear,
but it is important to ask patients with this disorder to bring
in childhood photographs to search for head tilt that would
indicate a congenital condition.

Cranial nerve IV palsies can also occur secondary to
intraneuronal microvascular disease in elderly patients
and are often associated with diabetes or long-standing
hypertension, just as with ischemic cranial nerve III or VI
palsies. The diplopia with ischemic cranial nerve IV invol-
vement tends to improve over a period of several weeks or
months following onset. Other causes of cranial nerve IV
dysfunction include tumors in the region of the midbrain
tectum and cavernous sinus, superior orbital fissure, and
orbital disorders (see Cavernous Sinus Syndrome).

Cranial Nerve VI Palsy
The abducens nucleus can be the site of a destructive
lesion, particularly small vessel infarction or small focal
hemorrhages. In these settings, ipsilateral paralysis of con-
jugate horizontal gaze results. In addition, peripheral cra-
nial nerve VII palsy also occurs because the fascicles of
nerve VII wrap over the superior aspect of the cranial nerve
VI nucleus, forming a small bulge in the adjacent floor of
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the fourth ventricle (see Chapter 11). Nuclear cranial nerve
VI lesions are also associated with more severely affected
abduction of the ipsilateral eye than adduction of the con-
tralateral eye, resulting in an esotropia and asymmetrical
duction deficits. This phenomenon may be difficult to dis-
tinguish from a combined nuclear and fascicular lesion
or separate lesions at the different sites. As with cranial
nerves III and IV palsies, fascicular abducens nerve palsies
can occur secondary to microvascular lesions in hyperten-
sive and diabetic patients, in which case the abduction
deficit tends to improve over a 3- to 6-month period. Con-
ditions that can cause cranial nerve VI dysfunction include
demyelination, neoplasia, inflammatory and infiltrating
lesions of the cavernous sinuses, and leptomeninges (carci-
nomatous meningitis and chronic or acute infectious
meningitis). Cranial nerve VI can be compressed by the
basilar or vertebral artery at its point of emergence from
the pontomedullary junction (Video 1, Cranial Nerve VI
Palsy).62 Because of its long intracranial course along the
bony ridges of the calvarium, cranial nerve VI is also more
susceptible to stretching and distortion than are other cra-
nial nerves. This phenomenon is characterized by failure
of abduction in one or both eyes accompanying lesions
remote from cranial nerve VI or the lateral rectus. This fal-
sely localizing cranial nerve VI paresis occurs most com-
monly in the setting of raised intracranial pressure and as a
transient phenomenon following lumbar puncture. This has
been postulated to occur as a result of a transient shift of
the brain stem secondary to changes in CSF pressure gradi-
ents. This unique susceptibility to small brain stem displace-
ment is thought to result from the nerve’s being fixed on one
end at its emergence from the pons and at the other end at
Dorello’s canal in the petrous tip. There is not universal
agreement about the role played by abducens nerve length
in its susceptibility to dysfunction. In an anatomic study of
26 cadavers, Hanson and coworkers found that the abdu-
cens nerve was approximately one-third the length of the
trochlear nerve in all age groups studied.63 These authors
suggest that the unique vulnerability of cranial nerve VI lies
in its long vertical course next to the clivus and the tether-
ing that occurs as the nerve turns forward into Dorello’s
canal.
Internuclear Ophthalmoplegia and the Medial
Longitudinal Fasciculus Syndromes
Lesions affecting the MLF cause failure of the adducting
eye to move, whereas the abducting eye deviates laterally
to its full extent but has accompanying nystagmus during
conjugate deviation. The medial rectus adducts without dif-
ficulty during convergence, distinguishing the paresis from
a cranial nerve III or muscle lesion.

This striking pattern of disconjugate eye movements is
referred to as INO because the lesion disconnects the
nuclei of cranial nerves III and VI by causing failure of
neural conduction in the internuclear pathway, the MLF.
The peculiar monocular nystagmus can be either transitory
(one or two beats) or sustained. When the degree of dysfunc-
tion in the MLF is mild, the adducting eye may deviate fully
but cannot attain the proper velocity during a saccadic refixa-
tion. In this case, there is a noticeable dissociation between
the two eyes during the saccade because the abducting eye
completes the movement earlier than the adducting eye. To
observe this phenomenon, it is necessary for the examiner
to watch both of the patient’s eyes simultaneously. This is
best accomplished by looking at the bridge of the patient’s
nose from a distance of approximately 2 m, so both of the
patient’s eyes can be clearly seen and differences can be
appreciated in trajectory as the patient makes saccades to
the right and left (Video 202, Internuclear Ophthalmoplegia).

The clinical importance of diagnosing the MLF syndrome
is its exquisite localizing value for lesions deep in the sub-
stance of the brain stem tegmentum. This general area in
the brain stem contains the ascending reticular activating
system, which is necessary for consciousness, along with
several adjacent cranial nerve nuclei, and various ascending
and descending sensory and cerebellar pathways. Therefore,
the isolated occurrence of a MLF syndrome in an alert indi-
vidual without other brain stem signs or symptoms suggests
the presence of a highly discrete lesion. In the adult, this is
caused by small demyelinating plaques of multiple sclerosis,
by small infarctions due to small vessel disease, and occa-
sionally can be encountered in the setting of head trauma.
In children, the MLF syndrome can be the first sign of a
brain stem glioma.

Differentiating between multiple sclerosis (see Chapter
48) and small vessel infarctions (see Chapters 22 and
Chapter 45) can be problematic because both tend to
evolve acutely or subacutely and resolve over a period of
days or weeks. Patients with multiple sclerosis are typically
younger than age 40 years, whereas most individuals with
infarctions are older than 60 years. Bilateral MLF lesions
indicate multiple sclerosis because a plaque may occur in
the midline, whereas vascular lesions are often limited to
one side by the margins of the vascular territory.

Patients with myasthenia gravis (see Chapter 50) can
present with failure of adduction in one eye with dissociated
nystagmus of the other eye. The dissociation between
medical rectus function on lateral gaze compared with near
convergence, however, is not typical of myasthenia gravis.
Nonetheless, any patient presenting with the motility pattern
that characterizes a pure MLF lesion, either unilateral or
bilateral, without other signs suggestive of demyelinating
or ischemic brain stem diseases should have an edropho-
nium chloride (Tensilon) test as part of the workup (see
Chapter 15).

In 1921, Lutz described a prenuclear (supranuclear)
lesion causing failure of the ipsilateral eye to abduct, and
he called this “posterior internuclear ophthalmoplegia” to
distinguish it from the type of INO just described, which
he called “anterior internuclear ophthalmoplegia.” This
can be distinguished clinically from a cranial nerve VI
palsy by the lack of esotropia in the primary position of
gaze just as in anterior internuclear ophthalmoplegia there
is usually no exotropia in primary gaze. Involvement of
the lower motor neurons in lesions of cranial nerves III or
VI leads to reduced tone in the innervated muscle and
deviation of the eye in primary gaze because of unopposed
tone in the antagonist muscle. In these cases of internuclear
or supranuclear lesions, the cranial nerve nucleus and its
fascicles are normal. As a result, the resting tone of the
innervated muscles remains normal, and the tonic imbal-
ance between agonist and antagonist muscles that causes
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the deviation in primary gaze when the cranial nerve is
involved is not present.

The existence of prenuclear abduction paresis has been
controversial, but a series of 33 cases was published in
which the lesion was localized rostral to the abducens
nucleus using electrophysiological abnormalities in blink
and masseter reflexes.64 MRI and CT failed to identify
these lesions in most cases, but the majority were thought
to represent ischemic infarction and a few were thought
to be multiple sclerosis plaques. The electrophysiological
abnormalities were considered valid because they were
ipsilateral to the symptoms and improved along with clini-
cal improvement. All the cases had partial abduction palsy,
and the patients did not have exotropia in primary gaze,
consistent with the prenuclear location of the lesions.
A suggested explanation of the observed findings was in-
creased tone in the antagonistic medial rectus muscle,
either from abnormal convergence or from impaired medial
rectus inhibition.

Monocular Diplopia
Monocular diplopia is generally a non-neurological condi-
tion in which images are split within the eye and fall on
two places on the retina of that eye. This is commonly
caused by irregularities in the refractive media of the eye,
mostly in the crystalline lens (early cataract) or cornea.
Deformity of the retina in or near the macula and fovea
may also result in monocular diplopia. In these cases, two
or more sets of photo receptors are activated simulta-
neously when the image should stimulate only one set. This
type of diplopia persists when the opposite eye is covered.
There is a cerebral form of mononuclear diplopia, usually
resulting from lesions in the occipital-parietal lobes. It is
usually present in both eyes together and singly (binocular
monocular diplopia).

Cavernous Sinus Syndrome
Cranial nerves are often involved in lesions of the caver-
nous sinuses, including the third, the fourth, the sixth,
and the first two divisions of the fifth. The most commonly
encountered lesions in this area are inflammatory diseases
of unknown etiology, aneurysms of the subclinoid internal
carotid artery (siphon),65 carotid artery and dural branch-
cavernous sinus fistula,66 and tumors. Meningiomas of
the medial sphenoid ridge and pituitary tumors expanding
laterally from the sella can also involve the cranial nerves
within the cavernous sinuses.67 A mucocele of the sphe-
noid and ethmoid sinuses can, on rare occasions, present
this way as well.68

Granulomatous or primarily lymphocytic inflammation
in the cavernous sinus and superior orbital fissure is known
as the Tolosa-Hunt syndrome.69,70 It is manifest primarily
by painful ophthalmoplegia and nearly always improves
with steroid treatment. This relatively benign inflammatory
disease must be distinguished, however, from other infiltrat-
ing lesions such as lymphomas, which may also respond
transiently to steroid administration. An analysis of 108
patients with either benign lymphoid hyperplasia or malig-
nant lymphoma revealed that there were no presenting or
early clinical, laboratory, or tissue morphological features
that reliably predicted the benign or malignant behavior of
the lesion over the entire course of the illness.71

Conjugate Gaze Palsy Syndromes
Gaze palsies can be divided into disorders of vertical or
horizontal gaze and further into nuclear or supranuclear
lesions. Horizontal gaze palsies can be divided into
impaired saccadic and pursuit eye movements.

Impaired Conjugate Saccadic Eye Movements
The saccade system generates very high velocity ballistic
movements called saccades used primarily to examine the
elements of a stationary but large or extended visual scene.
An adult scans a scene in a highly organized way, extract-
ing data from the highest informational areas but directing
relatively few saccades to nonspecific or uninformative
areas in the display. This efficient ocular scanning behavior
develops progressively during infancy and can often be
degraded in the presence of cerebral lesions, particularly
those associated with dementia. This type of saccadic
eye movement abnormality can be observed at the
bedside examination, although quantitative characteriza-
tion of saccadic behavior requires elaborate laboratory
equipment. Where such facilities are available, saccadic
eye movement latency, velocity, metrics, and accuracy
can be measured. The average normal human takes
approximately 200 milliseconds to generate a refixation
eye movement or saccade to a new target presented in the
visual periphery. A wide variation in the time required
for each saccade exists, but the majority occur between
180 and 250 milliseconds.

Saccades have characteristic peak velocities that in nor-
mal people bear a direct relationship to the size of the
eye movement. Larger saccades are faster than smaller
ones, but it is virtually impossible to perceive these subtle
velocity variations by direct observation of the eyes in
flight. Fortunately for diagnosis, pathology in the saccade
system often slows refixational eye movements sufficiently
that the movements are easily perceived as slow by direct
inspection. Major reduction in saccade velocity generally
indicates cerebellar or brain stem disorders, although minor
slowing that usually requires electronic eye movement
measurement to document can accompany cerebral hemi-
sphere pathology, particularly if it involves the frontal
lobes.

Another aspect of saccade abnormality is dysmetria, in
which there is altered excursion amplitude—the eyes either
fall short of their goal (hypometric saccades) or overshoot
the target (hypermetric saccades). When saccades are
hypometric, the eyes achieve the target by a series of small
saccades, usually three or more. This gives the movement a
jerky or ratchet-like quality that is easily observed. When
counting the number of saccades necessary for the eyes
to achieve a target 25 or 30 degrees to either side of center
(primary gaze) in the examination, a normal patient often
requires two or, occasionally, three saccades. A patient
who consistently uses three or more saccades to make a
30-degree refixation can be considered abnormal. It is
easier to be sure that saccade hypometria is significant if
the number of saccades used for refixation to one side of
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primary gaze differs markedly from the number required to
make an excursion of an equal distance to the other side.
Overshoot, or hypermetric, saccades are also easily
observed. Here, the eyes overshoot and attain the target
via a series of decreasing amplitude reversals, each of
which overshoots to a smaller degree than the preceding
one. Each corrective saccade is separated from the last by
the normal obligatory intersaccadic interval—approxi-
mately 200 milliseconds. This gives the movement a dis-
continuous quality as opposed to a smooth to-and-fro
pendular appearance (Video 228, Saccadic Dysmetria).

In the acute stages of vascular lesions—infarctions or
hemorrhages—of one frontal lobe, the eyes are usually
deviated tonically to the side of the lesion because of the
suddenly unopposed tonic influence of the normal hemi-
sphere. It can be deduced from this that the normal tone
of a given hemisphere, and perhaps of the FEF specifically,
brings about contralateral eye movements. This contraver-
sive functional orientation is observed also in the disor-
dered saccadic behavior that accompanies chronic frontal
lobe lesions. In these cases, after the tonic eye deviation
of the acute stage wears off and the patient is able to devi-
ate the eyes fully in both directions, there remains a subtle
disorder in which saccades directed away from the side of
the lesion are hypometric. For example, a patient with a
right frontal lobe infarction has trouble looking volitionally
to the left. During the first 4 or 5 days after the acute event,
the patient’s eyes may be strongly deviated to the right,
sometimes along with forceful head and even torso devia-
tion in the same direction. Gradually, the patient will be
able to direct the gaze further to the left, and finally, full
deviation is possible. An abnormally long latency period
before initiating leftward eye movements during the acute
stages may also be observed. This directional latency effect
must be distinguished from bidirectional increased latency,
which may represent altered mental function rather than a
specific disorder of the saccade system.

In the chronic stages of this right hemispheric vascular
lesion, leftward refixations may continue to evoke numerous
hypometric saccades, whereas normometric single saccades
are generated for rightward refixations. This contraversive
organization is peculiar to the saccade system. The pursuit
system operates in an ipsiversive mode, controlling eye
movements toward the hemisphere that is active. This
opposing functional orientation in the saccade and pursuit
systems greatly enhances the diagnostic usefulness of eye
signs related to these subsystems.

Impaired Smooth Pursuit Eye Movements
The pursuit system is highly susceptible to degraded func-
tion, and bidirectional low-gain pursuit may be a nonspeci-
fic abnormality in a variety of clinical settings in which the
finding has no localizing value. Fatigue and the effects of
many drugs bring about bidirectional symmetrical low-gain
pursuit. Bidirectional low-gain pursuit is relatively com-
mon in the elderly and has little prognostic or localizing
value. Unidirectional low-gain pursuit, however, is highly
specific for a lesion of the horizontal gaze pathway on
one side. Pursuit function in the cerebral hemisphere is
ipsiversive, and unidirectional defective pursuit suggests a
lesion of the parieto-occipital convexity on the side toward
which pursuit demonstrates low gain. For example, a right-
sided posterior hemispheric lesion will cause low-gain pur-
suit with catch-up saccades rightward but will leave left-
ward pursuit unaffected. Large hemispheric lesions may
involve both saccade and pursuit functions, in which case
there are hypometric saccades in one direction (opposite
the lesion) and low-gain pursuit in the other (toward the
lesion). Low-gain pursuit can also be observed as part of
the supranuclear conjugate gaze disorder that accompanies
lesions of the rostral pons and midbrain, usually in conjunc-
tion with altered saccade parameters, but here the saccades
and pursuit are defective in the same direction.

Vertical Gaze Palsy
Vertical gaze palsy refers to the condition in which neither
eye moves fully upward or downward. In contrast to hori-
zontal gaze, there are no clinical disorders in which vertical
gaze palsy is caused by cerebral hemisphere disease. Brain
stem structures are thought to mediate vertical gaze
through midbrain tectum and pretectal areas, and lesions
in these regions commonly cause upward and downward
gaze palsies in conjunction with other features. Aside from
vertical gaze palsies, the common features include pupil-
lary paralysis with unequal pupils (large or small), light-
near dissociated pupils, convergence-retraction nystagmus,
and variable degrees of ptosis or pathological lid retraction
(Collier’s sign). Retractory nystagmus is characterized by
rhythmical backward movements of the globes into the
orbits in a nystagmus-like cycle. In conjunction with globe
retraction, there may be convergence movements of the
two eyes with respect to one another. This constellation of
symptoms constitute the midbrain pretectal syndrome, also
referred to as the periaqueductal gray matter syndrome or
Parinaud’s syndrome (Video 109, Parinaud’s Syndrome).

This syndrome can result from mass lesions such as
pinealomas compressing the midbrain pretectum as well
as from intrinsic midbrain infarctions and/or hemorrhages.
The syndrome is of localizing value but does not provide
evidence for a specific etiology.
Skew Deviation
Skew deviation refers to any acquired vertical binocular
deviation that is caused by lesions affecting supranuclear
input to the nuclei of cranial nerves III, IV, and VI rather
than lesions affecting the cranial nerves themselves. These
lesions are limited to the brain stem, but the location is
highly variable and may occur at any level from midbrain
to medulla. The vertical deviation may be comitant, such
as with strabismus, or incomitant, sometimes mimicking
cranial nerve IV lesions (deviation greater in downgaze
and in adduction). Skew deviation is not specific for any
etiology.
Nystagmus Syndromes
Nystagmus is defined as a repetitive or cyclical ocular move-
ment in which the slow phase of the motion is abnormal.
Nystagmus can be further delineated by the specific move-
ment of the eyes. Nystagmus characterized by repetitive
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cycl ical bidire ctional slow phases is termed p endular nys-
tagm us, whereas jer k nystagmus has alter nating slow and
fast phases in which the fast phase is a norm al sacc ade
returni ng the visu al axis to its original posi tion. A featur e
com mon to all forms of n ystagmus is that the eyes repeatedly
return to the starting position of the cycle. There are three
basi c functi onal type s of nystagm us: (1) unfet tered, cyclic al
eye moveme nt comma nd generat ors; ( 2) toni c bias; and ( 3)
inadequate holding power in eccentric gaze. The first and
second types are characterized by abnormal positive influ-
ences on the conjugate gaze mechanisms. The third type
results from a deficit of function in the gaze-holding mech-
anism and was originally termed gaze paretic nystagmus,
but now gaze-evoked nystagmus is the preferred term.

The most frequent clinical example of the first type of
mechanism is congenital nystagmus, in which the eyes
are pulled off the object of regard by cyclical abnormal sig-
nals that enter the conjugate gaze-generating systems from
an unknown site or sites. The return fast phase is a normal
saccade bringing about refoveation whence the cycle
resumes. It has been proposed that the variation of slow-
phase trajectory from one patient to the next with congeni-
tal nystagmus reflects various strategies employed by the
CNS as a whole to maintain fixation or foveation. The vari-
able visual acuity in these patients attests to the varied suc-
cess of these strategies. Patients who keep foveation longer
can achieve better levels of visual acuity.

The second mechanism, bias nystagmus, is most fre-
quently encountered with vestibular system disorders and
with lesions causing asymmetry of smooth pursuit conju-
gate gaze systems. The factor in common is that both the
pursuit mechanism and the vestibular system are organized
into two bilaterally symmetrical, tonically active systems
in which the right and left sides oppose each other. Each
system feeds commands into the horizontal and vertical
gaze-generating systems, and in health, each side is equally
active so there is no net driving force in any direction away
from primary gaze. When disease affects one side more
than the other, a net tonic drive or bias develops. The func-
tion of the vestibular system is to keep the visual axis on a
fixed point in external visual space despite movement of
the head in all planes (see Chapter 12). For instance, as
the head rotates rightward at 10 degrees per second, an
induced leftward eye movement at 10 degrees per second
occurs so that the external world remains fixed on the fovea.
The VOR, however, does not supply the entire eye move-
ment drive and works together with the pursuit system to
optimize function.

Tonic vestibular system imbalance passes a tonic direc-
tional bias to the brain stem gaze centers, which causes
the eyes to drift toward the side with less activity. The
tonic influence of each side is contraversive, and a lesion
creates underactivity of the ipsilateral system, with relative
overactivity of the opposite system. The unopposed contra-
versive tone of the system opposite the lesion imposes eye
drift toward the lesion side. This drift is checked by rhyth-
mically occurring saccades in the opposite direction. The
ensemble effect is rhythmical jerk-type nystagmus with
slow-phase movements toward the side with the lesion and
fast phases away from the lesion. This nystagmus is rhyth-
mical because the slow-phase drift is constant velocity,
determined by the degree of bias or imbalance between the
two lateral vestibular subsystems, and the corrective sac-
cades occur whenever a certain fixed amount of retinal
position error between object of regard and fovea occurs.

The third mechanism, or gaze-evoked nystagmus, occurs
when the patient is unable to maintain eye deviation away
from primary gaze (Video 8, Gaze-Evoked Nystagmus).
When neural integration in the brain stem circuits is faulty,
an inadequate step or position command results, and sac-
cades made to eccentric gaze positions are followed by a
backward drift of the eyes toward primary position. When
a sufficiently large retinal error signal is generated (the
object of regard is now on a peripheral retinal point),
another saccade is generated to refixate the eccentric point.
This results in a series of saccades and back drifts that con-
stitute gaze-evoked nystagmus. This third type of nystag-
mus differs from vestibular and other bias forms of
nystagmus in several ways. First, in gaze-evoked nystag-
mus, the velocity of the slow phase is determined by the
difference between the oculomotor force being generated
and the resisting forces that are tending to bring the eye
back to primary position. These forces are largely contrib-
uted by elastic elements in the extraocular muscles and ten-
dons and are greater when the eye is in a more eccentric
position than when it is near primary gaze. This means that
as the eyes drift back, the pulling force lessens as the elas-
tic elements are less stretched, and the velocity of the slow
phase declines exponentially. In vestibular nystagmus, on
the other hand, the slow phase has constant velocity based
on a fixed imbalance between the tonic forces of the two
opposing vestibular systems. Second, gaze-evoked nystag-
mus depends on the continued effort of the subject to look
in the direction of deficient holding power. As the urge to
maintain the eccentric position wanes, the nystagmus slows
down and may even stop with the eyes in a position close
to primary gaze. Then if the subject is exhorted to look at
the stimulus target, the nystagmus resumes. In general, ves-
tibular nystagmus is faster than gaze-evoked nystagmus
and keeps a fixed rate and rhythm. Third, gaze-evoked nys-
tagmus is by definition not present in the primary position
of gaze because it requires activation of a gaze shift. Ves-
tibular nystagmus may be present in primary gaze if the
intensity of the imbalance is great enough. Vestibular nys-
tagmus is classified as first degree when it is present only
with gaze in the direction of fast phase, second degree
when it is present in primary gaze, and third degree when
it is present in all positions of gaze.

Ocular Flutter and Opsoclonus
Abnormal repetitive eye movements in which the fast
phase or saccades are abnormal include ocular flutter and
opsoclonus. Opsoclonus is a continuous succession of mul-
tidirectional conjugate saccadic eye movements with no
intersaccadic interval. In the acute stage, it is usually asso-
ciated with violent ataxia and high-amplitude tremor of all
limbs. As recovery occurs, some patients go through a
phase in which there are spontaneous bursts of horizontal
back-to-back saccades, again without an intersaccadic inter-
val. In adults, opsoclonus usually results from brain stem
encephalitis, either sporadic or as a remote effect of carci-
noma (Video 209, Paraneoplastic Opsoclonus). In infants
and children, opsoclonus can be a remote manifestation of
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neuroblastoma. van Toorn et al.72 report the case of a 21-
month-old child with AIDS who developed opsoclonus-
myoclonus and ataxia after beginning treatment with highly
active antiretrovial therapy. The authors argue that the
disease was induced as part of an immune reconstitution syn-
drome in which recovered T cells were recruited. Single-
photon emission computed tomography in this child showed
intense hypermetabolism in the cerebellar vermis, which
had been demonstrated previously in a patient with opsoclo-
nus-myoclonus syndrome.73

Ocular flutter comprises bursts of saccades in one plane,
typically horizontal, during forward fixation. There are no
intervals between saccades. Patients can manifest ocular
flutter when developing or recovering from opsoclonus,
and both disorders probably share pathophysiological mech-
anisms. Multiple sclerosis, hydrocephalus, head trauma,
midbrain glioblastoma, thalamic hemorrhage, and sialido-
sis (cherry-red spot-myoclonus syndrome) have all been
reported in association with ocular flutter.74

Superior Oblique Myokymia
Superior oblique myokymia refers to an aberration of
superior oblique muscle innervation that causes episodic
torsional oscillation of the involved eye. The patient
experiences bursts of vertical and torsional oscillopsia
and sometimes an increasing angle of vertical diplopia
during a burst. Most cases are considered to be idiopathic,
although occasional cases caused by a tumor involving cra-
nial nerve IV have been reported. One report documented
probable cranial nerve IV compression by a small vascular
branch causing superior oblique myokymia. Routine MRI
was normal in this case, but the vascular structure in con-
tact with cranial nerve IV ipsilateral to the symptoms was
demonstrated using thin-slice (1.6-mm-thick) MRI and
“spoiled gradient recalled acquisition in the steady state”
imaging. The authors suggested that vascular compression
may bring about spontaneous discharges in trochlear axons
similar to the mechanism thought to underlie hemifacial
spasm when the facial nerve is compressed.75 Mikami
et al.76 subsequently reported a patient who had immediate
resolution of superior oblique myokymia after neurosurgi-
cal decompression of the root exit zone of the nerve by
shifting a compressing microvascular loop.

Orbital Syndromes
In the orbit, cranial nerves III, IV, and VI and the extraocu-
lar muscles can be involved by a nonspecific inflammatory
disease with pathology identical to that in Tolosa-Hunt
syndrome. Such orbital disease, called orbital inflamma-
tory pseudotumor when the collagenous tissues and fat
are primarily involved and orbital myositis when the
extraocular muscles are primarily involved, frequently
involves both the orbit and the anterior cavernous sinus
through the superior orbital fissure (Video 227, Orbital
Pseudotumor).77–79 The eye is painful and highly restricted
in movement, usually in multiple directions. A condition
with painful ophthalmoplegia reported as superior orbital
fissure syndrome has no accompanying proptosis and has
been most often ascribed to an inflammatory pachymenin-
gitis from tuberculosis or syphilis, even when laboratory or
pathological confirmation has been lacking.80 Some cases
have been thought to represent a sterile inflammatory
reaction adjacent to infection in the paranasal sinuses.81
GENERAL MANAGEMENT GOALS

Many of the disorders affecting cranial nerves III, IV, and VI
are remitting, so management issues involve patient com-
fort. The most troublesome symptom in disorders of these
cranial nerves is binocular diplopia, which can be simply
managed by having the patient patch one eye. Occluding
one eye restricts the patient’s visual field and results in a loss
of depth perception. For this reason, driving is not recom-
mended. Prism correction can be placed in the spectacle of
one or both eyes to eliminate diplopia, at least for a range
of eye positions near the primary position of gaze. Prisms
bend light rays without altering the vergence of the rays.
Corrective prisms are oriented to shift the image of the
object of regard to the fovea of the deviating eye. An inex-
pensive plastic form of a prism can be applied to the patient’s
own glasses for short-term treatment. If the diplopia is going
to be permanent or long lasting, then it is desirable to have
the prism ground into the spectacle because this is optically
superior to the paste-on prism.
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HISTORY AND DEFINITIONS

The trigeminal nerve, or cranial nerve V, contains both sen-
sory and motor components and thus subserves and controls
ipsilateral facial sensation and masticatory movements.
Pain, thermal, tactile, and kinesthetic sensory stimuli are
received from the facial skin, oropharynx, nasal mucous
membranes, sinuses, teeth, palate, dura, and masticatory
muscles. Motor fibers extend to the muscles of mastication
as well as the tensor tympani and tensor veli palatini. The tri-
geminal brain stem nuclei are the spinal trigeminal nucleus
and tract, themain (or principal) sensory nucleus, themesen-
cephalic nucleus, and the motor trigeminal nucleus. The
nerve splits into three divisions: V1 (the ophthalmic branch),
V2 (the maxillary branch), and V3 (the mandibular branch).
The neurons of these branches have their cell bodies in the
gasserian (or semilunar) ganglion (with the exception of
jaw proprioceptive fibers). The gasserian ganglion resides
in Meckel’s cave in the temporal bone.

The first adequate clinical description of the condition
trigeminal neuralgiawas made by Fothergill in 1773. There-
after, Charles Bell (1829) demonstrated that the trigeminal
nerve subserved sensation to the face. The trigeminal gang-
lion was excised in the late 19th century by Rose (1890),
and the celebrated surgeon Horsley first sectioned cranial
nerve V through an intradural middle fossa approach in
1891. Early 20th-century studies focused primarily on
physiology, and more modern research has integrated neuro-
chemistry, neuropharmacology, and microsurgical interven-
tions in the treatment of trigeminal lesions. In 1962, Blom
first reported the successful treatment of trigeminal neuralgia
with carbamazepine, a new antiepileptic agent at that time.1
CLINICAL HISTORY

When interviewing a patient with complaints referable
to the trigeminal system, there are several key considera-
tions to address. First is the nature of the patient’s com-
plaint (i.e., pain, sensory changes, sensory loss, or motor
difficulty) because the characteristic clinical features are
critical to making an appropriate neurological diagnosis.
For example, a description of excruciating and lancinating
pain, or else tolerable yet disturbing paresthesias, may sug-
gest distinct clinical syndromes. Determination of whether
the symptoms are intermittent, paroxysmal, or chronic and
the temporal profile of symptom development (i.e.,
whether symptoms began in an acute, subacute, or indolent
fashion) also provides diagnostic clues. Thus, sudden com-
plaints of sensory loss, paresthesias, or motor dysfunction
in the face are consistent with vascular or traumatic pro-
cesses, whereas similar complaints developing over weeks
more often reflect neoplastic or inflammatory etiologies.
Inquiries regarding a family history of neurological disor-
ders that may have a possible genetic link, such as multiple
sclerosis, stroke, brain tumor, or aneurysm, should be
made. Possible precipitating elements, such as recent
trauma, toxic exposures, illicit drug abuse, and medication
usage, should be identified. It is also important to elicit
other neurological symptoms, such as autonomic, visual,
ocular, or facial motor dysfunction, which may help to
localize the lesion. Specifically, patients should be ques-
tioned regarding changes in facial sweating; recurrent
corneal irritation or abrasions; and difficulty blinking,
swallowing, or speaking. Specific trigger points of facial
pain, or associated oropharyngeal or jaw pain, may be use-
ful historical details. It is imperative to identify past or con-
current medical or neurological disorders that may be
related etiologically to a patient’s complaints of trigeminal
dysfunction. Specifically, a history of collagen vascular
diseases, prior strokes, diabetes, neoplasms, granuloma-
tous diseases, bleeding disorders, or recent and recurrent
infections may prove helpful.
ANATOMY OF CRANIAL NERVE V (Table 10-1)

Overview
The trigeminal nerve is a mixed cranial nerve, and the affer-
ent and efferent projections of cranial nerve V provide sen-
sorimotor inputs and outputs to the face (see Table 10-1).2



TABLE 10-1

Parasympathetic (Visceromotor) Cranial Nerve Innervation, with Associated Trigeminal Nerve Branches

CRANIAL NERVE SOURCE DESTINATION SYNAPSE VIA DESTINATION

III Edinger-Westphal nucleus Ciliary ganglion — Sphincter pupillae
Ciliary body

VII Superior salivatory nucleus Pterygopalatine ganglion V1
V2

Lacrimal gland
Submandibular glandSubmandibular ganglion
Sublingual gland

IX Inferior salivatory nucleus Otic ganglion V3 Parotid gland
Chest and abdomenX Dorsal motor nucleus of X Body organs —

Nucleus ambiguus
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The multimodal sensory components (pain, temperature,
position, and light touch) of the trigeminal system send pro-
jections via the thalamus to primary sensory cortices (Brod-
mann areas 3, 1, and 2). The three primary sensory nerves of
the trigeminal system are named for the facial regions they
innervate (e.g., ophthalmic [V1], maxillary [V2], and man-
dibular [V3]) (Fig. 10-1A). The unilateral cutaneous sensory
distributions of these nerves overlap slightly in the facial
midline. First-order motor efferents originate in primary
motor cortex (area 4) and project bilaterally to the pontine
trigeminal motor nucleus. Axon collaterals extend to the tha-
lamus and cerebellum. The motor projections innervate the
muscles of mastication, including the masseter, medial and
lateral pterygoid, temporalis, mylohyoid, and anterior belly
of the digastric muscles, as well as the tensors tympani and
vela palatini. The motor portion of the trigeminal nerve runs
with the mandibular sensory branch (V3) in the face.

Sensory Portion
Receptors
Cutaneous receptors for the trigeminal nerve are primarily
mechano-, thermo-, and nociceptive endings. These include
pacinian corpuscles, free nerve endings, Merkel’s discs, and
Ruffini’s endings. Although these are often associated with
facial hairs, areas of particularly dense innervation include
the lips, buccal and gingival surfaces, and the cornea. Some
sensory nociceptive afferents are not myelinated, whereas
others, and tactile and mechanical afferents, are heavily so.
In addition, muscle spindles and Golgi tendon organs exist
within facial muscles and extend via type Ia and Ib fibers to
the pons.

First-Order Neurons
Primary sensory neuron cell bodies for the afferent trigem-
inal fibers (V1-V3) are within the trigeminal (gasserian or
semilunar) ganglion, which is embedded in the petrous por-
tion of the temporal bone.3,4 In this area is Meckel’s cave,
a dural-lined cavity in the middle cranial fossa adjacent to
the petrous apex, which houses the gasserian ganglion and
its branches as they exit into the petrous temporal bone. A
single large trigeminal sensorimotor root passes into the
gasserian ganglion and then emits the three trigeminal divi-
sions that exit the skull base via distinct foramina: V1 exits
via the superior orbital fissure, V2 via the foramen rotun-
dum, and V3 via the foramen ovale.
The ophthalmic division of the trigeminal nerve (V1) is
entirely sensory (all modalities) and innervates the eye,
orbit, and nose. V1 passes within the cavernous sinus, where
it lies inferolateral to the oculomotor, trochlear, and abdu-
cens nerves. From the cavernous sinus, V1 extends through
the superior orbital fissure, still in association with cranial
nerves III, IV, and VI, before dividing into the lacrimal,
frontal, and nasociliary nerves. The lacrimal branches inner-
vate the orbit and eye, the frontal branches innervate the
upper eyelid and forehead, and the nasociliary branches
innervate the nasal cavity and nasal sinuses. Cutaneous
fibers reach the skin via the supraorbital foramen along the
ridge of the brow. Smaller tentorial and dural branches
innervate the tentorium cerebelli and dura mater.5 Vasomo-
tor fibers from the trigeminal system (trigeminovascular
innervation) provide autonomic inputs to intracranial blood
vessels, modulating increases in blood flow. Finally, auto-
nomic fibers from the facial nerve (CN VII) “piggyback” on
V1, providing parasympathetic innervation to the lacrimal
gland (Table 10-2).

The maxillary division (V2) is also completely sensory;
it innervates the skin of the cheek, nose, lower eyelid,
upper lip, nasopharynx, soft and hard palate, maxillary
sinus, and upper teeth. A small meningeal branch follows
the middle meningeal artery and supplies the dura.5

V2 fibers leave the gasserian ganglion, exit the foramen
rotundum, and run inferiorly within the cavernous sinus.
V2 axons pass through the pterygopalatine fossa to exit
the infraorbital foramen. These cutaneous branches include
the zygomaticotemporal, zygomaticofacial, and infraorbital
nerves, whereas branches innervating the nasopharynx
and maxillary sinuses include the greater and lesser pala-
tine nerves, nasopalatine nerve, and pharyngeal nerve.
V2 innervation of the upper teeth, maxillary sinuses, and
palate is via the anterior, middle, and posterior superior
alveolar nerves, respectively. Autonomic fibers that origi-
nate from the superior salivatory nuclei of the facial nerve
(CN VII) accompany V2 branches and comprise the super-
ficial petrosal nerve (see Table 10-2). These fibers synapse
within the pterygopalatine ganglion, and the postganglionic
fibers provide parasympathetic input to the lacrimal, nasal,
and palatine glands.

The mandibular division (V3) carries both sensory and
motor fibers to the lower face. In addition, it mediates pain
and touch sensation (but not taste) from the anterior two-
thirds of the tongue. V3 axons leave the gasserian ganglion
to exit the skull base via the foramen ovale. The fibers
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Figure 10-1. Top, Cutaneous distribution and facial innervation of V1-V3. Bottom, Anatomical relationship between cutaneous trigeminal fibers, the gas-
serian ganglion, and brain stem trigeminal nuclei and pathways. Note termination of afferent fibers via the descending (spinal) trigeminal tract into the
spinal (descending) nucleus. The anterior innervation of the nose and mouth blends laterally with maxillary and preauricular innervation in a characteristic
onion skin pattern. (From Patten JP: Neurological Differential Diagnosis: An Illustrated Approach, 2nd ed. Copyright 1995 Springer-Verlag, Berlin,
Heidelberg. Used by permission of the publisher.)
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ramify through the deep face lateral to the medial pterygoid
muscles and then divide into branches that provide sensation
to the skin around the mandible, chin, and ear (lingual,
auriculotemporal, and mental branches) and mucosa around
the inner cheek (buccal branch), lower teeth (inferior alveo-
lar nerves), and dura (meningeal branch). Parasympathetic
fibers from CN VII and CN IX synapse within the sub-
mandibular and otic ganglia and project via V3 branches
to the submandibular and parotid glands, respectively (see
Table 10-2).

Sensory axons from V1- to V3-innervated regions of the
face reach the trigeminal ganglion, where cell bodies of
these peripheral axons send central axons in a solitary sen-
sory root into the midpons. Within the brain stem, these
axon bundles bifurcate into fascicles that terminate ros-
trally or caudally.6 Synapses occur in the brain stem in
three sensory subnuclei that extend from the upper cervical
spine to the pontomesencephalic junction. These include
the spinal (descending) trigeminal tract and nucleus, the
principal sensory nucleus, and the mesencephalic nucleus,
each of which subserves a distinct trigeminal function.

Fibers entering the spinal trigeminal tract pass caudally
to the spinal nucleus in an inverted somatotopic organiza-
tion (V1 ventrally, V2 medially, and V3 dorsally) and con-
vey most of the nociceptive and cutaneous inputs mediated
by the trigeminal system. The spinal trigeminal tract
extends into the upper cervical spinal cord, and afferents
synapse on the immediately adjacent spinal nucleus. The
spinal trigeminal nucleus may be divided cytoarchitectu-
rally into a pars oralis, which receives sensory inputs from
the oral and nasal regions, and the pars interpolaris and
pars caudalis, which receive afferents from cutaneous por-
tions of the face. Within the pars caudalis, four somatotopi-
cally organized laminae (I-IV) similar to the central gray
area of the spinal cord parcel sensory inputs into pain
and tactile stimuli. Two somatotopic homunculi for facial



TABLE 10-2

Clinico-anatomical Correlation of Localization of Lesions of CN V

ANATOMICAL SITE OF
DAMAGE CN V FINDING OTHER NEUROLOGICAL AND MEDICAL FINDINGS COMMON ETIOLOGIES

Supranuclear
Sensory cortex Facial numbness, paresthesias Neglect, apraxia, aphasia Stroke, tumor, hemorrhage
Internal capsule Hemifacial sensory loss Hemiparesis of arm Stroke, tumor, hemorrhage, MS
Corona radiata Central 7th paresis
VPM thalamus Facial numbness, paresthesias, pain,

cheiro-oral syndrome
Anornia, hemisensory deficit Stroke, tumor, hemorrhage

Midbrain Facial numbness, paresthesias, pain Ophthalmoparesis Stroke, MS, tumor, aneurysm
Nuclear

Pons Facial numbness, paresthesias, pain,
trigeminal neuralgia, facial
weakness

Ophthalmoparesis, CN VI, VII, VIII,
Horner’s syndrome

Stroke, tumor, hemorrhage, MS,
syringobulbia, abscess, trauma

Medulla Facial numbness, paresthesias, pain,
trigeminal neuralgia

Ataxia, CN X, ophthalmoparesis, nystagmus,
Horner’s syndrome, Wallenberg’s
syndrome

Stroke, MS, tumor, aneurysm,
abscess, vasculopathy

Preganglionic
Cerebellopontine

angle
Facial numbness CN VII, VIII, headache, cerebellar dysergia Neuroma, meningioma, meningitis

(bacterial, TB, cancer), aneurysm,
trauma

Middle cranial fossa
Gasserian

ganglion
Facial numbness, facial weakness Gradenigo’s syndrome, CN VI, VII Tumor, infection, trauma

Skull base Facial numbness, facial weakness Headache, meningismus Meningitis (bacterial, TB, cancer,
sarcoid)

Trigeminal nerve
branches V1
Cavernous sinus Facial numbness, pain Headache, ophthalmoparesis, Horner’s

syndrome
Tumor, thrombosis, infection, trauma

Carotid–cavernous
fistula

Facial numbness Proptosis, bruit, ophthalmoparesis Trauma

V2:Maxillary region Facial numbness, numb cheek
syndrome

Tumor, infarct, vasculopathy, trauma

V3:Mandibular
region

Weakness of mastication, numb chin
syndrome

Tumor, trauma, infarct

CN, cranial nerve; MS, multiple sclerosis; TB, tuberculosis; VPM, ventroposteromedial.
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representation of pain are proposed within the spinal trigem-
inal nucleus. First, there is a rostrocaudal representation of
facial innervation such that mandibular regions terminate
more rostrally, followed bymaxillary and ophthalmic regions
more caudally extending into the cervical cord. This facial
representation is distinct from a second homuncular pattern,
the so-called “onion skin” pattern, in which the mouth and
nose (central regions) are represented rostrally in the brain
stem, whereas the cheeks, eyes, and ears (more peripheral
facial areas) are represented more caudally (Fig. 10-1B).

The second brain stem nucleus, the principal sensory
nucleus, receives tactile and pressure sense fibers that have
entered the midpons and extended rostrally. These inputs
are somatotopically organized similar to the spinal trigem-
inal tract. Cells within the principal sensory nucleus have
large receptive fields; they respond to various tactile and
pressure stimuli applied to the skin, mucous membranes,
palate, orbit, and teeth.

The third nucleus, the mesencephalic nucleus, is located
dorsolaterally above the middle cerebellar peduncle near
the pontomesencephalic junction and adjacent to the fourth
ventricle. Afferent fibers to the mesencephalic nucleus tra-
vel within the motor root of the trigeminal nerve and
convey primarily kinesthetic sensation from the teeth, oro-
pharynx, and jaws from stretch receptors in masticatory
muscles and function as the afferent portion of the jaw jerk
reflex. The cell bodies of these neurons are within the
mesencephalic nucleus.

Second- and Third-Order Sensory Neurons
The second-order sensory neurons located within the spinal
trigeminal, main sensory, and mesencephalic nuclei send
projections rostrally via the trigeminothalamic tract and tri-
geminal lemniscus.7,8 Neurons within the pars oralis and
caudalis of the spinal trigeminal nucleus and cell bodies from
the mesencephalic and principal nuclei project medially into
the pontine reticular formation, cross within themedian raphe,
and ascend contralaterally within the trigeminothalamic tract
closely adjacent to the medial lemniscus.

Axons from the second-order neurons terminate somato-
topically within the venteroposteromedial nucleus (VPM)
of the thalamus contralateral to their nucleus.2,7,8 A smaller
proportion of fibers terminate within the intralaminar
nuclei. In contrast, a small fascicle of ipsilateral projections
extend rostrally via the dorsal trigeminal tract to terminate
in the VPM. Trigeminocerebellar fibers project bilaterally
from the mesencephalic and motor trigeminal nuclei.
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Third-order thalamocortical projections from the VPM
travel in the anterior limb of the internal capsule and termi-
nate primarily in sensory cortex, Brodmann areas 3, 1, and
2.7 Less dense projections reach the parietal lobule and the
precentral gyrus. The presence of some sensory afferents in
the cortical motor region explains why sensory abnormal-
ities may be reported by patients with lesions affecting
only the precentral gyrus.

Motor Portion
Supranuclear Control and Upper Motor Neurons
Corticobulbar projections to the trigeminal motor nucleus
(upper motor neurons) extend from facial regions of the
precentral gyrus (first-order neurons in primary and supple-
mentary motor cortices, areas 4 and 6) via the corticobul-
bar tract to terminate directly on neurons within the
pontine trigeminal motor nucleus or on adjacent pontine
reticular interneurons, which project to motor nuclear cells.
The pattern of bilateral innervation makes contralateral
weakness unlikely following a supranuclear lesion; how-
ever, a second supranuclear event contralateral to the first
may eliminate all input to the pontine trigeminal motor
nuclei and present as a “pseudobulbar palsy.”9

Pontine Nucleus and Lower Motor Nucleus
The motor nucleus of cranial nerve V is located in the ros-
tral pons medial to the principal sensory nucleus. The
motor nucleus also receives fibers from the mesencephalic
nucleus, which receives jaw proprioceptive information, to
mediate the efferent portion of the jaw jerk reflex. Motor
axons extend from the motor trigeminal nucleus in the pons
and travel along the petrous portion of the temporal bone
through Meckel’s cave. Motor efferents pass through the
gasserian ganglion, join sensory V3 fibers, and exit the
skull base via the foramen ovale. Motor efferents in the
face travel in association with sensory V3 fibers and reach
the masticatory muscles via the medial and lateral ptery-
goid, deep temporal, masseteric, and mylohyoid nerves.
These muscles serve to open (lateral pterygoids, digastric,
and mylohyoid) and close (masseter, temporalis, and med-
ial pterygoids) the jaw and provide medial and lateral jaw
movements necessary for effective mastication. Small
motor branches also extend to the tensor veli palatini and
tensor tympani muscles. The tensor veli palatini in the pos-
terior pharynx is active during swallowing and tenses the
soft palate against the tongue. The tensor tympani is a
small muscle in the middle ear recruited during continuous
loud sound; it serves to draw the malleus and tympanic
membrane toward the medial wall of the middle ear to
dampen the vibrations of the tympanic membrane.
EXAMINATION OF THE TRIGEMINAL NERVE

Directed Neurological Examination
Sensory Function of Cranial Nerve V
When assessing the trigeminal system, it is important to
perform a directed and assiduous neurological examination
because subtle alterations in function may provide clues to
detect potentially serious neurological disease. Sensory and
motor components should be tested separately, comparing
right and left sides, and light touch, pinprick, and tempera-
ture sensation should be tested individually in V1 to V3.
The cornea and sclera should be inspected for evidence
of keratitis, which may be suggestive of diminished corneal
(trigeminal) sensation or lacrimation, as well as the facial
skin, oropharynx, teeth, gums, and nares for evidence of
inflammatory, infectious, or neoplastic disorders. When
considering trigeminal neuralgia or, less often, post-herpe-
tic neuralgia, trigger points that elicit pain should be iden-
tified. Localizing signs from involvement of the neuraxis in
close proximity to the affected trigeminal region may be
helpful. For example, associated cranial neuropathies such
as ocular motor dysfunction or facial weakness and Hor-
ner’s syndrome may provide clues as to the lesion locus.
In general, lesions that affect branches of V1 to V3 distal
to the gasserian ganglion result in highly focal, circum-
scribed sensory loss within one division or subdivision of
the trigeminal nerve. In contrast, pathological processes
affecting the ganglion typically cause hemifacial sensory
dysfunction. Lesions within the brain stem that affect
the individual trigeminal nuclei may give a distinct picture
of dissociated sensory loss in which pinprick, temperature,
and light touch sensory modalities are differentially
affected.

Sensory examination should assess pain, temperature,
light touch, and vibration as well as checking the corneal
and jaw jerk reflexes. Painful stimuli can reliably be deliv-
ered with a nonreusable pin applied evenly and gently to
the skin (Fig. 10-2). Two-point discrimination testing,
especially on the lips, can be useful. Although temperature
discrimination can best be assessed with glass tubes of hot
or cold water, in clinical practice, touching the face with a
tuning fork and asking if it feels cold is effective. Light
touch can be tested with a cotton wisp or tissue paper
stroked gently against the skin. Vibration may be assessed
with a 125-Hz tuning fork held against the frontal bones,
maxilla, and mandible. It is especially important to pay
attention to upper cervical dermatomal distributions when
assessing sensation along the angle of the jaw because
there may be overlap between the sensory loss from a
lesion affecting V3 and the cervical spinal nerves of C2
to C3. Typically, the sensation along the angle of the jaw
is in the C2 to C3 distribution and not the V3 distribution.

When performing a sensory examination, one should
avoid suggesting or directing the patient into desired
responses and be vigilant for the malingering or hysterical
patient. Thus, a conservative way to test sensation is to ask
the patient to respond “yes” if present or “no” if not and
then to determine a more subjective difference between
the two responses. The sensory fibers of V1 to V3 cross
the midline to a small degree on each side; therefore, in
patients complaining of a subtle gradation of loss across
the midline, organic causes must be carefully considered.
However, if hemifacial sensory loss begins abruptly at the
midline, nonorganic causes should be suspected. In addi-
tion, because the sensory fibers to the upper face and the
scalp merge near the vertex with fibers of the greater occi-
pital nerve, innervating the posterior scalp, loss of sensa-
tion on the forehead that ends abruptly at the hairline
may suggest a nonorganic etiology. Facial sensory loss



Figure 10-2. Sensory examination of the trigeminal nerve. Testing pain sensation in the cutaneous distribution of V1 (A), V2 (B), and V3 (C) by lightly
touching the skin with a pin. Light touch and temperature modalities should also be assessed in the same distributions.
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from leprosy, however, affects facial cutaneous regions,
which have a cooler temperature, but spares fibers at the
hairline where the skin is warmer. Finally, by testing vibra-
tory sensation on the frontal bone, malingering or hysteri-
cal patients can often be identified as those who report a
difference in sensation despite the physiological impossi-
bility of detecting differences in vibratory sensation when
applying the tuning fork to the same albeit “right” or “left”
frontal bone.

Motor Function of Cranial Nerve V
Proper evaluation of the trigeminal nerve includes assess-
ment of the integrity of its motor function. Evidence of tri-
geminal motor involvement may be present, such as
muscle atrophy, spasm, or fasciculations; jaw deviation;
difficulty chewing; and hyperacusis. Atrophy of the tem-
poralis is often easy to observe. To assess muscle bulk,
the masseter may be pinched between the fingertips and
the temporalis muscle should be palpated as the patient
opens and closes the mouth (Fig. 10-3A). The strength of
jaw opening (Fig. 10-3B), closure, and lateral deviation
should be assessed because jaw closure is very strong and
difficult to evaluate clinically, and subtle changes may
not be easily detected.

If it is difficult for the patient to open the mouth against
resistance, some degree of motor weakness is likely to be
present. Weakness of the pterygoids resulting from nuclear
or nerve lesions may produce ipsilateral jaw deviation
(see Fig. 10-3). Lower motor neuron processes involving
the trigeminal motor nucleus such as motor neuron disease
may produce fasciculations in association with muscle
weakness and atrophy. Masseteric spasm and contracture,
in association with ipsilateral hearing loss, facial numb-
ness, diminished corneal reflex, and paretic facial muscles,
is a useful sign in the diagnosis of tumors infiltrating the
dorsal pontine tegmentum.10,11

Trigeminal Reflexes
The corneal reflex is a reliable measure of afferent trigem-
inal V1 and efferent facial nerve VII fibers (a V-VII reflex)
and is present at infancy. Lightly touching the cornea with
a tissue or cotton swab induces a rapid bilateral blink reflex
(Fig. 10-4A). Touching the sclera or eyelashes, tapping the
glabellar regions (glabellar blink reflex), presenting a light
flash, or stimulating the supraorbital nerve induce a less
rapid but still reliable response. Anatomically, afferent cor-
neal V1 fibers may synapse within the spinal trigeminal
nucleus as well as the main sensory nucleus. Neurons pro-
ject bilaterally to the facial nuclear neurons, which in turn pro-
vide input to the orbicularis oculi muscles (see Fig. 10-1B).
The corneal reflex may be slowed in various disorders affect-
ing the trigeminal nerve, ganglion, or brain stem nuclei; these
include posterior fossa and cerebellopontine angle tumors,
multiple sclerosis, and brain stem strokes (especially Wallen-
berg’s syndrome).12 Rarely, a delay in the corneal reflex has
been reported ipsilateral to a hemispheric lesion.13

A pathologic jaw jerk reflex may indicate dysfunction of
afferent sensory or efferent motor V3 fibers. Afferent axons
for the jaw jerk reflex are from stretch receptors (muscle
spindles) within the masseter, temporalis, and medial ptery-
goid muscles, which project centrally to the mesencephalic
nucleus and induce a rapid, single jaw closure (jerk)



Figure 10-3. Motor examination of the trigeminal nerve. A, Palpation of the masseter muscles to assess muscle bulk, which may be diminished in lesions
affecting the trigeminal motor nucleus or trigeminal nerve. B, Assessing strength of jaw opening is clinically easier than jaw closure.

Figure 10-4. Trigeminal reflexes. A, The corneal reflex is elicited by lightly touching the cornea with a tissue or cotton swab. B, The jaw jerk reflex may be
elicited by gently tapping a finger placed on the chin. Both of these reflexes may be brisk in supranuclear processes but diminished in nuclear or peripheral
lesions.
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mediated via motor trigeminal neurons that project back to
these muscles. The jaw jerk is elicited by tapping the chin
when the mouth is closed and the jaw relaxed (Fig. 10-4B).
Other variations include tapping the thumb placed on the chin
or a tongue blade placed on the lower teeth. Peripheral or
brain stem nuclear processes that affect V3 neurons attenuate
the jaw jerk reflex, whereas lesions involving supranuclear
trigeminal motor projections may exaggerate the reflex.

There are several other reflexes that include the participa-
tion of trigeminal nerve divisions. The oculocardiac reflex is
bradycardia associated with ocular compression and can
complicate ophthalmalogic surgery. The corneomandibular
reflex is a pathologic reflex seen after a corticobulbar lesion
in which corneal stimulation causes contralateral deviation
of the mandible due to contraction of the inferior head of
the lateral pterygoid.14 Other reflexes include the snout and
trigemino-abducens reflexes.15

Associated Neurological Findings
CEREBRAL. The presence of apraxia, hemispacial

neglect, aphasia, or Gerstmann’s syndrome in association
with facial numbness is very helpful in identifying parietal
lobe dysfunction in affected patients. Other important mani-
festations of parietal lobe dysfunction include a homonymous
hemianopia (especially within the inferior quadrant); a corti-
cal sensory syndrome in which astereognosis, diminished
two-point discrimination, and agraphesthesia are features;
and abolition of optokinetic nystagmus toward the side of
the lesion.

CRANIAL NERVES. Ophthalmoparesis involving cranial
nerves III, IV, or VI with trigeminal symptoms suggests
cavernous sinus or superior orbital fissure pathology. Optic
neuropathy, in addition to deficits of cranial nerves III, IV, or
VI, with V1 sensory loss, localizes to the orbital apex.
If cranial nerves VI, VII, and/or VIII are involved (ophthal-
moparesis, nystagmus, and hearing changes), a petrous apex
process such as Gradenigo’s syndrome or lesion such as
tumor within the lateral pons or cerebellopontine angle should
be suspected (Video 201, Cranial Nerve VII Anatomy). Simi-
larly, detection of Horner’s syndrome may indicate lateral
brain stem or upper cervical spinal cord pathology (Video
17, Horner’s Syndrome).

MOTOR/REFLEXES/CEREBELLAR/GAIT. Hemiparesis
can result from lesions within the precentral gyrus and can
overlap with sensory loss. Cerebellar abnormalities such as
gait ataxia or nystagmus in association with facial numb-
ness may point to a process within the cerebellopontine
angle (Video 26, Lower Extremity Dysmetria). Detection
of Horner’s syndrome alone or in combination with dys-
phagia and ataxia is consistent with a lesion in the lateral
medullary region.

SENSORY. Although the distribution of sensation on the
lower face is via V3, the angle of the jaw is innervated by
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the C2 and C3 spinal nerves. Numbness or paresthesias in
this region may reflect an intramedullary cervical cord pro-
cess, but a psychogenic etiology should also be considered.
“Crossed sensory” syndrome, wherein facial hypesthesia is
central to body hypesthesia, indicates a brain stem lesion.
Face and body hypesthesia on one side suggest a cortical,
subcortical, or midbrain lesion.

NEUROVASCULAR. The detection of a bruit over the
orbit is suggestive of a carotid-cavernous sinus fistula,
especially in the setting of recent head trauma, and may
be helpful in discerning trigeminal dysfunction from a
cavernous sinus process. Other signs suggestive of carotid
or systemic vascular disease increase the suspicion of
stroke syndromes.
EVALUATION GUIDELINES

In virtually every patient who presents with overt or subtle
manifestations of trigeminal nerve dysfunction, some form
of additional laboratory evaluation is indicated (Table 10-3).
Careful and directed neurological examination dictates the
most important tests to obtain.

NEUROIMAGING. Once a lesion has been reasonably
localized to the cortex, white matter pathways, thalamus,
or brain stem, neuroimaging is essential to support a defini-
tive clinical diagnosis.16 Although computed tomography
(CT) scanning can provide useful information regarding
bony change or intracranial hemorrhage, magnetic reso-
nance imaging (MRI) renders high-resolution models of
regions not readily visible by CT, such as the brain stem.
In addition, subtle abnormalities, such as early multiple
sclerosis plaques, small tumors, or infarcts, can often be
visualized with gadolinium-enhanced MR images. MRI
with gadolinium is a very useful way to visualize Meckel’s
cave17 and to detect enhancement within the trigeminal
nerve roots or gasserian ganglion. MRI or CT with fine sec-
tions through the orbits is useful in assessing an orbital mass
lesion and pain referable to V1. MR or CT angiography may
TABLE 10-3

Useful studies in the Evaluation of the Trigeminal Nerve

SYNDROME NEUROIMAGING ELECTROPHYSIOLO

Supranuclear MRI with gadolinium for stroke,
tumor, MS

EEG focal slowi
sharp waves

Nuclear
lesions

MRI with gadolinium for stroke,
tumor, MS

Abnormal BAEP
slowed blink r
(V1)

Preganglionic
C-P angle

MRI with gadolinium for stroke, tumor,
MS, meningitis, brain stem
compression

Slowed blink re
(V1)

Gasserian
ganglion

MRI with gadolinium for infection,
tumor

Slowed blink re
(V1)

Cavernous
sinus

MRI with gadolinium for infection,
thrombosis, aneurysm

Slowed blink re
(V1)

Peripheral CN
V branches

Neuropathies Slowed blink re
(V1)

Trigeminal
neuralgia

CN V root compression on MRI No change

BAEP, brain stem auditory evoked potentials; C-P, cerebellopontine; MRI, magnetic reso
be utilized to identify compression of the trigeminal
nerve by the superior cerebellar artery.18 CT is the method
of choice to evaluate the petrous apex bone, especially in
disorders such as Gradenigo’s syndrome.

ELECTROPHYSIOLOGY. If symptoms described are
paroxysmal or intermittent, focal seizures must be consid-
ered in the differential diagnosis, and electroencephalogra-
phy (EEG) can be diagnostic. In addition, EEG may reveal
focal slowing or epileptiform abnormalities such as sharp
waves or spikes in patients with significant cortical or
hemispheric lesions. Because tumors, infarctions, and
hemorrhages may also cause seizures in addition to sensor-
imotor trigeminal dysfunction, EEG may be very useful in
these settings. Brain stem auditory evoked potentials
(BAEPs) may be useful in assessing the possibility of an
intrinsic brain stem process as well as lesions within the
adjacent cerebellopontine angle. For example, BAEPs
may assist in identifying people with occult multiple
sclerosis or small vessel brain stem strokes that may have
subclinically affected pontine or medullary regions adja-
cent to the trigeminal nuclei.

Electrophysiological assessment of the corneal (blink)
reflex latency can be reliably measured in an attempt to
further localize a supranuclear, nuclear, or peripheral nerve
process.11,19 This electrically elicited response allows mea-
surement of the response latency after stimulating either
the afferent trigeminal or the efferent facial nerve compo-
nents. The facial nerve can be stimulated directly at its exit
near the mastoids, and the direct response latency (contrac-
tion of the ipsilateral orbicularis oculi muscles) in normal
adults is typically measured to be between 3.0 and 5.0
msec. In contrast, the afferent and efferent limbs of the tri-
geminofacial blink reflex can be tested by stimulating the
supraorbital nerve or tapping the glabellar regions and
measuring response time to bilateral orbicularis contrac-
tion. Separate components of the electrophysiologic muscle
response correspond to peripheral nerve conduction or to
brain stem interneural synaptic processing.20 Therefore,
prolongation of the blink latency may identify extra-axial
GY FLUID AND TISSUE ANALYSIS
NEUROPSYCHOLOGICAL
TESTS

ng or Increased protein, mild pleocytosis Acalculia, neglect

,
eflex

Increased or normal protein,
pleocytosis

NA

flex Increased protein, pleocytosis,
decreased glucose, abnormal
cytology, positive CSF culture

NA

flex Increased or normal protein, abnormal
cytology, positive CSF culture

NA

flex CSF pleocytosis, low CSF glucose NA

flex Increased or normal protein NA

No change NA

nance imaging; NA, not applicable.
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processes such as Guillain-Barré syndrome, hereditary
motor and sensory neuropathy type I, and diabetes, as well
as intrinsic brain stem lesions (Fig. 10-5). In contrast, the
clinical utility of trigeminal somatosensory evoked poten-
tials is limited by technical problems of reliability and
reproducibility.20

BODY FLUID AND TISSUE ANALYSIS. Laboratory
studies may reveal evidence of vasculopathies such as
systemic lupus erythematosus or Sjögren’s syndrome.
White blood count elevations may suggest infections, and
eosinophilia may indicate fungal disease. Altered glucose
tolerance is seen with diabetes mellitus. Vitamin levels
may indicate deficiencies of thiamine, folate, vitamin B12,
pyridoxine, or vitamin A.

CEREBROSPINAL FLUID EVALUATION. If infectious,
neoplastic (especially meningeal carcinomatosis), or
inflammatory (sarcoidosis) etiologies are suspected, cere-
brospinal fluid (CSF) evaluation is warranted. CSF glucose
level, protein level, differential white and red blood cell
counts, and cytology tests are compulsory, whereas other
studies to isolate mycobacterial, fungal, rickettsial, parasi-
tic, and viral pathogens should be addressed on an indivi-
dual basis. In the immunocompromised person (e.g., one
with cancer, acquired immunodeficiency syndrome, or
organ transplant), opportunistic pathogens causing infec-
tions such as cryptococcosis, candidiasis, mucormycosis,
toxoplasmosis, and cytomegalovirus need to be seriously
considered in the setting of any acute or subacute neurolo-
gical presentation.
CLINICAL SYNDROMES

The trigeminal nerve may be involved in various neurolo-
gical conditions, and in most instances, the patient com-
plains of sensory loss, paresthesias, pain, or difficulty
eating (Table 10-4).15 Particular details in the history and
physical examination will aid in the proper localization of
the pathologic process.

Supranuclear Syndromes
Facial sensory loss may occur in the setting of lesions
involving the trigeminothalamic pathways, corona radiata
or internal capsule white matter projections from the
VPM nucleus of the thalamus to primary sensory cortex,
or within sensory cortex. Specific pathological processes
affecting these pathways include ischemia, hemorrhage,
neoplasm, and demyelinating diseases. All result in con-
tralateral hemifacial and hemibody numbness. In the
cheiro-oral syndrome, ipsilateral numbness in the hand
and at the corner of the mouth reflects an insult, typically
vascular, at adjoining portions of the ventroposterolateral
and ventroposteromedial nuclei of the thalamus, where
the anatomical distributions of these regions are directly
adjacent to one another (Fig. 10-6). In seizures, facial tin-
gling may also occur in association with hand numbness,
suggesting a focus in the postcentral gyrus, given the proxi-
mity of the cortical regions representing these areas.
Patients with thalamic lesions affecting the VPM nucleus,
including tumors, infarctions, and multiple sclerosis, may
have persistent deep, aching, poorly localized facial pain.
This syndrome, named after Dejerine and Roussy, is often
associated with small vessel infarctions of the thalamogen-
iculate artery.21 The syndrome begins with transient facial
hemisensory loss but then evolves into painful facial dys-
esthesias. Migraine headache can include facial pain, but
the duration of pain often allows straightforward distinc-
tion from disorders such as trigeminal neuralgia. Another
supranuclear trigeminal disorder is Whipple’s disease, an
infection with Tropheryma whippelii, which has pathogno-
monic contractions of the masticatory muscles concurrent
with pendular nystagmus.22

Nuclear (Brain Stem) Syndromes
Ischemic injury within the brain stem commonly affects
the trigeminal system. Brain stem syndromes may be char-
acterized by sensory paresthesias, numbness, or pain in the
distribution of V1 to V3, along with combinations of cra-
nial nerve palsies and distinct motor, sensory, and cerebel-
lar system signs. Reflecting the lateral circumferential
arterial supply to the lateral pons, ischemic lesions of the
pontine tegmentum are often associated with dissociation
of sensory modalities such that pain and temperature per-
ception are dramatically diminished, whereas midline fiber
tracts carrying light touch and deep pressure are spared.
Pain similar to that of trigeminal neuralgia is rare.

The lateral medullary or Wallenberg’s syndrome23 typi-
cally results from interruption of either the vertebral or
posterior inferior cerebellar arteries, which provide vascu-
lar supply to the lateral medulla. The syndrome may
include an ipsilateral Horner’s syndrome, skew deviation,
ataxia, and difficulty swallowing, but the hallmark of Wal-
lenberg’s syndrome is crossed hemifacial and hemibody
sensory loss. Lesions affecting the spinothalamic and
spinal trigeminal tracts in the lateral medulla are responsi-
ble for this crossed loss of pain and temperature sensation.
The pattern of facial analgesia in patients with lateral
medullary syndrome typically adheres to the cutaneous dis-
tribution of V1 to V3, although an onion skin or radicular
pattern of sensory loss may occur (see Fig. 10-1). The
initial sensory deficit is usually in the ipsilateral face (with
descending trigeminal tract involvement) but may be in the
contralateral face (with ascending secondary trigeminal
tract involvement) or the bilateral face (with involvement
of both tracts). Persistent ipsilateral “burning” or “cold”
paresthesias are a form of nonthalamic central poststroke
pain and are an important sequlae in up to 50% of patients
with a lateral medullary syndrome.23,24 The pain is typically
in a V1 or V2 distribution, can occur after a delayed onset,
and may persist for months to years. On the other hand,
lesions involving more medial medullary regions, which
tend to cause contralateral body weakness and tongue devia-
tion, may cause strictly contralateral face and body sensory
deficits. The sensory deficits in a medial medullary syn-
drome are presumably due to lesions of the spinothalamic
and the crossed ventral trigeminothalamic tracts.

Other pathological processes within the brain stem
can produce trigeminal dysfunction. Tumors, hemorr-
hage (hypertensive, ruptured arteriovenous malformation),
infarctions, demyelinating disease such as multiple sclero-
sis (Fig. 10-7), infections such as brain stem abscesses
and brain stem encephalitis, and inflammatory conditions
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Figure 10-5. Top, schematic representation of various brain stem lesions affecting the blink reflex response. Bottom, consequent blink reflex response
abnormalities after stimulation (#) of the supraorbital nerves, in the right (R) and left (L) orbicularis oculi muscles. If the lesion is incomplete, blink reflex
responses are delayed (left column); if the lesion is complete, they are absent (right column). Characteristically perturbed patterns of the first (R1) or sec-
ond (R2) electrophysiologic response localize the pathologic process. VII, facial nucleus; VI, abducens nucleus; Vpr, principal trigeminal nucleus; Vmot,
trigeminal motor nucleus. (Modified from Aramideh M, Ongerboer de Visser BW: Brain stem reflexes: Electrodiagnostic techniques, physiology, norma-
tive data, and clinical applications. Muscle Nerve 2002;26:14–30. Copyright 2002 Wiley Periodicals, Inc. Used by permission of the publisher.)
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TABLE 10-4

Selected Etiologies Associated with Trigeminal Nerve Disorders

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Brain stem vascular loop, syringobulbia 28
Degenerative and compressive Paget’s disease 29

Hereditary and Degenerative Disorders

Chromosomal abnormalities and
neurocutaneous disorders

Hereditary sensorimotor neuropathy 1
Neurofibromatosis (schwannoma)

32

Degenerative motor, sensory, and
autonomic disorders

Amyotrophic lateral sclerosis 36

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Diabetes 38
Exogenous disorders: Toxins and illicit drugs Trichloroethylene, trichloroacetic acid 39
Nutritional deficiencies and syndromes

associated with alcoholism
Thiamine, folate, B12, pyridoxine, pantothenic acid, vitamin A deficiency 40

Infectious Disorders

Viral infections Herpes zoster, unknown 41
Nonviral infections Bacterial, tuberculous meningitis, brain abscess, Gradenigo’s syndrome,

leprosy, cavernous sinus thrombosis
43

HIV and AIDS Opportunistic infections, abscesses, herpes zoster 44

Neurovascular Disorders Stroke, hemorrhage, aneurysm 45

Neoplastic Disorders

Primary neurological tumors Glial tumors, meningioma, schwannoma 46
Metastatic neoplasms and paraneoplastic syndromes Lung, breast, lymphoma, carcinomatous meningitis 47

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis, acute demyelinating encephalomyelitis 48
Demyelinating disorders of the peripheral nervous system Guillain-Barré syndrome, chronic inflammatory demyelinating

polyneuropathy
49

Autoimmune and Inflammatory Disorders Tolosa-Hunt syndrome, sarcoidosis, lupus, orbital pseudotumor 50

Traumatic Disorders Carotid–cavernous fistula, cavernous sinus thrombosis, maxillary/
mandibular injury

51

Epilepsy Focal seizures 52

Headache and Facial Pain Raeder’s neuralgia, cluster headache 53

Drug-Induced and Iatrogenic Neurological Disorders Orbital, facial, dental surgery 55

Figure 10-6. The cheiro-oral syndrome. T2-weighted and diffusion-weighted MRI demonstrate an acute thalamic stroke that manifested with contralateral
peri-oral and finger numbness.
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Figure 10-7. Axial MRI image from a patient with multiple sclerosis. Left, High signal abnormality along left trigeminal nerve course (arrow). Right,
The nerve enhances after gadolinium injection (arrow).
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such as tuberculosis or sarcoidosis may affect the lateral
pons or midbrain. Facial sensory loss is ipsilateral in pon-
tine involvement and contralateral in midbrain involve-
ment. These disorders may also cause severe paroxysmal
hemifacial pain. Facial weakness, muscle atrophy, dif-
ficulty chewing, and diminished jaw jerk reflex may be
identified in amyotrophic lateral sclerosis as well as other
motor neuron disorders damaging the motor trigeminal
nuclei. Traumatic or congenital syringobulbia can affect
the sensory and motor portions of the trigeminal system
within the midbrain, pons, or medulla.
Preganglionic Syndromes
Trigeminal nerve compression can occur in the area between
the brain stem nuclei and the gasserian ganglion, specifically
within the brain stem or in the cerebellopontine angle.
Patients can present with reduced facial sensation in associa-
tion with poor hearing, nystagmus, limb ataxia, facial weak-
ness, and a diminished corneal reflex. Common lesions
in this area include tumors25 such as acoustic or trigeminal
neuromas, meningiomas, metastatic cancers, carcinomatous
meningitis, and invasive nasopharyngeal carcinomas; in-
flammatory disorders such as sarcoidosis; or infectious pro-
cesses such as mycobacterial (especially tuberculosis),
fungal (candidal and histoplasmotic), parasitic, and bacterial
organisms. Traumatic injury to this region may also result in
sensory loss or motor deficits. Trigeminal neuralgia (dis-
cussed later) is commonly due to preganglionic compression
of the trigeminal nerve.
Gasserian Ganglion Syndromes
Numerous pathological processes occurring within the
middle cranial fossa can result in trigeminal dysfunction
by affecting the gasserian ganglion. Gradenigo’s syndrome
is seen in the setting of osteitis of the petrous apex follow-
ing suppurative otitis media or mastoiditis, leading to
inflammation and infection of the trigeminal ganglion.
The syndrome is characterized by headache, trigeminal
facial pain or sensory loss, a CN VI palsy, a CN VII facial
palsy, and deafness (due to CN VIII involvement). The
pain is described as boring or throbbing, worse at night,
and aggravated by jaw or ear movement. Gradenigo’s syn-
drome has become increasingly rare with appropriate anti-
biotic use, but it may still be seen in immunosuppressed
patients.26 Patients with Bell’s palsy often have dysesthetic
sensations before or during episodes, which are hypothe-
sized to reflect involvement of the trigeminal ganglion or
nuclei in the brain stem.27 A benign, self-limited trigeminal
sensory neuropathy has been reported in children 1 to 3
weeks following a nonspecific febrile illness or upper
respiratory infection.28 Like other postinfectious cranial
neuropathies, laboratory evaluations are normal or show
only a mild CSF pleocytosis. Symptoms resolve usually
within 1 or 2 months. It is unknown whether these postinfec-
tious neuropathies result from peripheral nerve, ganglion, or
brain stem pathology. Trigeminal sensory neuropathy may
occur in association with connective tissue disorders such
as mixed connective tissue disease, systemic sclerosis,
Sjögren’s syndrome, and systemic lupus erythematosus.29,30

Symptoms may include facial dysesthesias, numbness, and



Figure 10-8. Left-sided trigeminal nerve involvement from sarcoid invol-
ving the skull base and meninges. Weakness of the pterygoids and mass-
eters manifested as ipsilateral (leftward) jaw deviation and weakness of
jaw opening.
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loss of taste.31 Such cases will likely have radiographical
and electrophysiological evidence of gasserian ganglion
involvement. In these autoimmune disorders, there is pre-
sumably an antigen-mediated immunological attack on the
gasserian ganglion because of incomplete protection by the
blood-brain barrier. In disorders of widespread autoim-
mune-related sensory dysfunction due to involvement of
the gasserian and dorsal root ganglia, all deep tendon
reflexes may be lost except the jaw jerk because the afferent
neuronal cell bodies for jaw proprioception are housed
within the central nervous system in the mesencephalic
nucleus and protected from circulating antibodies.20 Various
infectious processes within the middle cranial fossa, includ-
ing syphilis, tuberculosis, and bacterial meningitis, can also
affect the gasserian ganglion by inflammation, ischemia, or
direct compression. Similarly, neoplasms in this region
(meningiomas and schwannomas) can compress the ganglion
within Meckel’s cave.

Syndromes of Lesions Involving Peripheral
Branches of Cranial Nerve V
Several processes are capable of disrupting one or more
peripheral branches of the trigeminal nerve. The skull base
and exit points of V1 to V3 (i.e., at the superior orbital fis-
sure, foramen rotundum, or foramen ovale) can be diseased
and can result in focal sensory or sensorimotor trigeminal
dysfunction. For example, acute or resolved bacterial,
tuberculous, carcinomatous, or granulomatous (sarcoid)
meningitis can result in inflammation, infiltration, or con-
gestion of the basal meninges through which V1 to V3
nerve roots exit the skull (Fig. 10-8). In Paget’s disease,
narrowing of the skull foramina can also lead to cranial
neuropathies, including trigeminal dysfunction.

Various pathological processes, including tumors, aneur-
ysms, infarctions, trauma, and infections, can damage the
ophthalmic division of the trigeminal nerve.32 Superior
orbital fissure involvement is characterized by numbness,
paresthesias, or pain in the distribution of V1 and within
the orbit; Horner’s syndrome; and ophthalmoparesis. Invol-
vement of the optic nerve is an important localizing dis-
tinction and suggests extension into the orbital apex. If
there is evidence of venous congestion on funduscopic
examination, cavernous sinus thrombosis, a carotid-caver-
nous sinus fistula, or a mass lesion should be considered.
Cavernous sinus thrombosis is almost always caused by
spread of an infection from the face, nose, or mouth.
Patients may initially complain of fever, malaise, and fron-
tal headache, but they subsequently develop proptosis, pto-
sis, ophthalmoparesis, and vasocongestion. Initially, the
CSF test result may be normal, but findings characteristic
of meningitis may occur if treatment is delayed. Mortality
is linked to spread of bacteria to the meninges, which war-
rants early and intensive antibiotic therapy. Pulsating prop-
tosis, conjunctival erythema, ophthalmoparesis, and a bruit
over the globe suggest a carotid-cavernous sinus arteriove-
nous fistula. These may be congenital in children, but in
adults they are more commonly the result of trauma. Caro-
tid-cavernous sinus arteriovenous fistulae also occur in
women during pregnancy or at childbirth. Diagnosis by
MR or conventional angiography is usual, and treatment
with neurosurgical or invasive radiological approaches is
warranted.

Cluster headache is considered a trigeminal autonomic
cephalgia because it is likely due to disruption of nor-
mal autoregulatory trigeminovascular innervation.33 The
strictly unilateral headaches in this syndrome appear as
multiple short attacks of severe head or facial pain, and
they may be confused with trigeminal neuralgia.33,34 Clus-
ter headaches, however, have a striking cicannual and cir-
cadian periodicity, and they tend to cluster into a period
of weeks to months.34 They typically occur in middle-aged
men, are more prominent at night, and may be triggered by
alcohol consumption. Unlike trigeminal neuralgia, trigger
points are not a characteristic feature. The associated auto-
nomic symptoms, such as lacrimation, conjunctival injection,
sweating, ipsilateral nasal blockage, miosis, and ptosis, are
quite distinct from symptoms of trigeminal neuralgia. These
last only for the duration of the attack, except for a partial Hor-
ner’s syndrome, which may occasionally persist.34 High-flow
100% oxygen, or a subcutaneous or intranasal triptan, can be
rapidly effective to abort a cluster headache. A steroid taper
can be useful for short-term prevention, and calcium channel
blocking agents (e.g., verapamil) are used for long-term
prevention.34 Paroxysmal hemicrania is a similar disorder,
but the headaches are more frequent, of shorter duration, with
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faster onset and offset, and have the distinguishing feature of
being remarkably sensitive to treatment with indomethacin.34

Crescendo orbital pain or frontal headache can herald
impending internal carotid artery occlusion presumably
from irritation or ischemia to peripheral trigeminal
branches. Similarly, a cluster of symptoms including facial,
orbital, or neck pain or facial paresthesias in association
with an ipsilateral Horner’s syndrome may reflect dissec-
tion of the cervical portion of the internal carotid artery.35

These symptoms may also be prodromal. Excruciating
supraorbital headache in association with a pupil-involving
CN III palsy is almost pathognomonic for an intracranial
(especially posterior communicating artery) aneurysm.
Ipsilateral orbital or ocular pain has also been reported in
association with posterior cerebral artery occlusion, which
may reflect ischemic damage to regions of the tentorium
adjacent to the occipital lobes that are innervated by V1.

Circumscribed facial paresthesias in V1 to V3 distribu-
tions have been identified in patients with diabetes melli-
tus, Guillain-Barré syndrome, hereditary sensory motor
neuropathy I,36 chronic inflammatory demyelinating poly-
neuropathy, nutritional deficiencies, and other peripheral
neuropathological disorders. Vascular infarction of the
nerve branches, such as in vasculitis, can also result in sen-
sory loss. Compressive or infiltrative processes affecting
any of the peripheral trigeminal branches result in focal,
well-circumscribed sensory loss or paresthesias (see numb
chin syndrome, later in the chapter). Dental trauma and
exposure to various toxic substances, such as trichloroethy-
lene and trichloroacetic acid, can also result in circum-
scribed facial sensory loss or paresthesias in the trigeminal
distribution.

The temporomandibular joint (TMJ) syndrome refers to
recurrent pain in the region of the jaw, ear, occiput, and
supraorbital regions, which is believed to result from
degeneration or malocclusion of the TMJ. Erosion of the
bony surfaces within the glenoid fossa may cause irritation
of several adjacent nerves, including the auriculotemporal
and chorda tympani trigeminal nerves. Patients may report
an increase in pain in the evening and pain referred to the
oropharynx. Rarely, a sensation of hearing dullness or auri-
cular congestion may be noted. The TMJ syndrome may
result from local trauma, neoplastic invasion, ankylosis,
or inflammation, although some cases reflect nonorganic
or ill-defined joint pain syndromes. On examination, the
TMJ may appear lax and may be painful to passive motion
or palpation. Correction of an underlying malocclusion
may be curative, but other measures include analgesics,
jaw exercises, soft diet, and tricyclic antidepressants.37

The numb chin syndrome (mental neuropathy) often
reflects a bony lesion affecting the mental foramen through
which V3 passes to innervate the chin and mandible.38,39

Patients often report numbness or pain on one or both sides
of the chin, which may extend to the lip or submandibular
region. Frequent causes include granulomatous diseases
such as histiocytosis X; primary bony malignancies such
as osteosarcoma, fibrosarcoma, and plasmacytoma; and
metastatic lesions from lung, breast, and prostate carci-
noma40 as well as lymphoma (especially Burkitt’s lym-
phoma). Development of a numb chin in a patient with
cancer in remission may indicate relapse. Nonmalignant
etiologies include collagen vascular disorders, trauma,
periodontal disease, benign bony cyst, focal idiopathic
osteolysis (Gorham’s disease),41 and sickle cell disease. A
variant of the numb chin syndrome is the numb cheek syn-
drome, which results from a bony lesion affecting the infra-
orbital foramen or the maxillary sinus and trigeminal
branch V2.42 Rarely, focal motor weakness affecting the
masticatory muscles results from damage to motor
branches of V3.

Evaluation of sensory loss over the chin or malar region
begins with determining whether there is a distal or proxi-
mal trigeminal lesion. Specifically, mental neuropathy
causes focal sensory loss over the lower lip and chin,
whereas proximal V3 dysfunction results in more wide-
spread sensory disturbance and may be associated with
dysfunction of other cranial nerves. Motor involvement is
characterized by ipsilateral jaw deviation, flaccidity of the
floor of the mouth, and wasting of the ipsilateral temporalis
muscle. Weakness of the tensor tympani results in diffi-
culty detecting low-pitched sounds. Careful examination
should detect erythema and edema over a focal bony
lesion. Plain radiographs of the mandible may be very use-
ful, and if abnormal, bone scan and biopsy of the lesion
may be indicated. A search for occult malignancy may be
necessary. If radiographs are normal, evaluation of the
brain and cranial nerves by MRI (with contrast) and lumbar
puncture for cytology is indicated because a brain stem
lesion or carcinomatous meningitis may cause focal
trigeminal dysfunction.

Corneal hypesthesia and orbital pain may result from
local corneal dystrophies or reflect damage to branches of
V1, which innervate these structures. Clinically, a dimin-
ished corneal reflex may be detected. Viral (herpetic)
infections, diabetes, leprosy, and vitamin A deficiency
can result in unilateral or bilateral corneal hypesthesia. In
addition, the pain associated with anterior uveitis, acute
angle-closure glaucoma, and optic neuritis is mediated
through V1 orbital sensory fibers. In the orbit, inflamma-
tory conditions such as cellulitis, pseudotumor, or neo-
plasms (lymphoma and metastatic tumors) may present as
orbital pain in association with ophthalmoparesis. Trigem-
inal involvement in orbital pseudotumor is uncommon.
Infections within the orbit, including those from bacterial
and fungal pathogens such as Streptococcus and Mucor,
respectively, can also result in a painful ophthalmoplegia.
The Tolosa-Hunt syndrome (painful ophthalmoplegia) is
characterized by steady, unremitting retro- and supraorbital
pain (in the cutaneous V1 distribution) in association with
paresis of cranial nerves III, IV, and VI and a diminished
corneal reflex.43 Sensory loss and pain in V2 distribution
may also occur. Less frequently, the optic nerve and oculo-
sympathetic fibers may be affected as well. Symptoms may
persist for weeks to months. Pathologically, a low-grade,
noninfectious, granulomatous process adjacent to the
cavernous sinus or within the superior orbital fissure has
been identified consisting of lymphocytes and plasma cells.
The Tolosa-Hunt syndrome typically responds dramatically
to systemic corticosteroids, although symptoms may recur
over months to years. Spontaneous remissions have also
been reported.

Other causes of decreased sensation within the globe and
conjunctiva are orbital surgery or orbital trauma, which
affect nasociliary and frontal branches of V1. In herpes



Figure 10-9. Acute (A) and resolving (B) herpes zoster (arrows). In A, there is selective involvement of the nasociliary branch of the trigeminal nerve.
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zoster ophthalmicus (Fig. 10-9), inflammation and vesicu-
lar eruption involving all branches of V1 as well as small
arterioles within the gasserian ganglion may result in
excruciating, lancinating pain in the periorbital region
(Video 107, Herpes Ophthalmacus).44 Symptoms of herpes
zoster ophthalmicus typically begin 2 or 3 days before the
appearance of vesicles and may diminish after 2 or 3
weeks. Hypalgesia and paresthesias may be noted during
the outbreak of the syndrome and after lesions heal. Pain
may persist after the rash is gone only to evolve into
post-herpetic neuralgia. This syndrome consists of burning,
lancinating, aching pain in the V1 territory often in associa-
tion with paresthesias and hyperpathia. As in trigeminal
neuralgia, trigger points can evoke pain in response to cuta-
neous stimuli.45,46 A randomized, double-blind, placebo-
controlled trial suggests that a zoster vaccine effectively
reduces the incidence of postherpetic neuralgia.47

Atypical facial pain can also reflect trigeminal branch
disorders.44,48 Some patients experience persistent facial
pain that is not confined to the distribution of V1 to V3
and that differs in character from classic trigeminal neu-
ralgia. Many of these atypical facial pain syndromes,
including Charlin’s nasociliary neuralgia, Sluder’s pterygo-
palatine ganglion syndrome, and Vail’s vidian neuralgia,
involve portions of the trigeminal nerve. They are also
characterized by numerous autonomic symptoms, such as
lacrimation, conjunctival injection, altered sweating, sali-
vation, facial flushing, and nasal congestion, which are
believed to result from involvement of the autonomic
ganglia (ciliary and pterygopalatine) in the face. These
atypical facial neuralgias are additionally characterized by
nondermatomal localization of pain; bilateral symptoms;
continual instead of paroxysmal pain; lack of clear trigger
zones; and deep, poorly localized pain.48 Appropriate therapy
for these debilitating and often refractory disorders is
often unsatisfactory and has consisted of surgical ablation
of peripheral pain fibers, peripheral or sympathetic nerve
blockade, transcutaneous electrical stimulation, tricyclic
antidepressants, and narcotic and non-narcotic analgesics.

Trigeminal Neuralgia (Tic Douloureux)
Trigeminal neuralgia, or tic douloureux, is a paroxysmal
disorder that presents with excruciating, lancinating painful
spasms affecting one or more divisions of CN V (Video
106, Trigeminal Neuralgia).49 Trigeminal neuralgia is uni-
lateral and usually affects the second or third division of
CN V. In less than 5% of cases, V1 is affected, whereas
V3 is affected in more than 70% of cases.50 Rarely, pain
may occur bilaterally, although simultaneous bilateral
spasms are quite atypical. The pain occurs spontaneously
as brief lightning-like spasms lasting seconds to minutes,
or pain may be precipitated by cutaneous or auditory sti-
muli. It is reported as lancinating, stabbing, searing, burn-
ing, or electrical, and the intensity is such that the patient
often winces or grimaces in a ticlike fashion. In many
instances, there is a demonstrable trigger point that can
reproduce pain, and some patients may be unable to chew,
eat, drink, shave, or brush their teeth for fear of triggering a
spasm.51 Paroxysms recur throughout the day and night.
Between attacks, there are no symptoms, but the patient
is usually anxious about having another attack. Objective
sensory or motor deficits are not a feature, although a sub-
jective report of hypesthesias over the face may be
reported. Often, there is a temporal summation of stimuli
necessary to invoke a response. Trigeminal neuralgia
affects approximately 4 people per 100,000 population,
has a slight female predominance (3:2), and has a peak
incidence in middle age.52 The age of onset is important
because the appearance of trigeminal neuralgia in a young
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patient should raise the suspicion of demyelinating disease
such as multiple sclerosis53,54 or another structural brain
stem disorder.55–57

Trigeminal neuralgia is caused by demyelination of tri-
geminal sensory fibers within the proximal nerve root
(within the central nervous system) or, less commonly,
within the brain stem. In most cases (80–90%) the demye-
lination is due to compression by an overlying blood ves-
sel, most commonly the superior cerebellar artery or the
anterior inferior cerebellar artery (Fig. 10-10).18,58–60

Because of the anatomic distribution of fibers within the
nerve root, cranial compression tends to cause V1 symp-
toms, medial compression tends to cause V2 symptoms,
and lateral or caudal compression may cause V3 symptoms
(Fig. 10-11).

Pathologic examination of trigeminal biopsy specimens
taken during vascular decompression shows focal demyeli-
nation only in the immediate vicinity of the point of vascular
indentation, with close apposition of demyelinated axons
and fewer intervening glial processes (Fig. 10-12).61 These
cytoarchitectural changes lead to increased ectopic gen-
eration of spontaneous nerve impulses and abnormal nonsy-
naptic ephatic conduction to adjacent fibers. It is in the
region of the trigeminal nerve root that the fibers subserving
light touch and those involved in generating pain are closest
in proximity, creating the physiological substrate for the par-
oxysmal pain characteristically provoked by cutaneous
stimuli.58

Trigeminal neuralgia is also a well-recognized complica-
tion, and can even be a presenting symptom, of primary
demyelinating diseases such as multiple sclerosis. This
occurs when a demyelinating lesion extends along the
proximal part of the nerve root, in some cases to the junc-
tion of the peripheral nervous system (Fig. 10-13).58 Even
in cases of multiple sclerosis, however, vascular compres-
sion can be the cause of trigeminal neuralgia, and some
patients could potentially benefit from surgical interven-
tion.58,62 In some cases of MS, gadolinium enhancement
of the trigeminal nerve and root entry zone can be seen
by MRI, even in the absence of trigeminal symptoms.63
Figure 10-10. Compression of the medial aspect of the trigeminal root entry zon
magnetic resonance angiography (MRA); axial, coronal, and sagittal views. (Fr
tion of neuralgic manifestation and site of neurovascular compression with 3D
Copyright 2003 RSNA. Used by permission of the publisher.)
The exact mechanisms of central versus peripheral demye-
lination (i.e., oligodendrocyte vs Schwann cell pathology)
remain unclear in cases of trigeminal neuralgia associated
with multiple sclerosis.

On physical examination, objective neurological deficits
are not present in the typical patient with trigeminal neur-
algia. The patient, however, may appear emaciated if, for
example, a trigger point is initiated during chewing, or
males may appear disheveled if shaving induces a spasm.
Laboratory study results are normal. Careful inspection
and palpation of the teeth, gums, nares, nasal sinuses, pal-
ate, and pharynx should be performed because disease
processes such as infections or inflammatory disorders
in these regions can cause significant facial pain. MRI
of patients with trigeminal neuralgia may be helpful in iden-
tifying other etiologies or associated disorders.

The diagnosis of tic douloureux can usually be made by
history alone, but the disorder must be distinguished from
other causes of facial pain syndromes such as glossopha-
ryngeal neuralgia, which can be confused with tic doulour-
eux that involves the third division of cranial nerve V.
Herpes zoster or post-herpetic neuralgia may also cause
some diagnostic confusion. Tumors or vascular lesions of
the cerebellopontine angle25 or within the trigeminal gang-
lion may induce pain similar to that of trigeminal neural-
gia, although the pain in these cases is often continuous
and unremitting rather than episodic.58 Furthermore, these
disorders can be distinguished by findings of trigeminal
sensory loss, atrophy of facial masticatory muscles, dimin-
ished corneal reflexes, and involvement of other adjacent
brain stem structures that are not characteristic of trigeminal
neuralgia.

Prompt relief of the severe pain associated with this dis-
order must not be neglected. Both medical and surgical
approaches should be considered when appropriate. Over
the short term, nonsteroidal anti-inflammatory agents and
narcotics may provide symptomatic relief. In patients with
refractory neuropathic pain, carbamazepine or gabapentin
are considered the first-line treatments.64 Tricyclic com-
pounds such as amitriptyline and nortriptyline may also
e (long arrow) by the superior cerebellar artery (short arrow), identified by
om Yoshino N, Akimoto H, Yamada I, et al: Trigeminal neuralgia: Evalua-
CISS MR imaging and MR angiography. Radiology 2003;228(2):539–545.
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Figure 10-13. Trigeminal neuralgia due to multiple sclerosis. A, Electron
micrograph illustrating a focus of chronic nerve root demyelination in a
patient with multiple sclerosis (scale bar ¼ 10 mm). B, Higer magnification
shows areas of apposition (some indicated by arrows) between several nerve
axons (scale bar¼ 2 mm). (From Love S, Coakham HB: Trigeminal neural-
gia: Pathology and pathogenesis. Brain 2001;124:2347–2360. Copyright
2001 Oxford University Press. Used by permission of the publisher.)
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Figure 10-12. Trigeminal neuralgia due to vascular compression of nerve
root. A, Posterolateral surgical approach, and retraction of a vein (arrow-
heads), reveals an area of indentation (arrow) on the trigeminal nerve by
an anteriorly placed artery. B, The offending artery has been mobilized
and repositioned behind the nerve root. C, Pathologic specimen of tolui-
dine blue-stained semithin sections from the region of nerve root compres-
sion demonstrates demyelination within the proximal nerve root. (From
Love S, Coakham HB: Trigeminal neuralgia: Pathology and pathogenesis.
Brain 2001;124:2347–2360. Copyright 2001 Oxford University Press.
Used by permission of the publisher.)
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Figure 10-11. Anatomic distribution of fibers to V1, V2, and V3 in the tri-
geminal root entry zone, and typical medial compression by an offending
blood vessel. (From Yoshino N, Akimoto H, Yamada I, et al: Trigeminal
neuralgia: Evaluation of neuralgic manifestation and site of neurovascular
compression with 3D CISS MR imaging and MR angiography. Radiology
2003;228(2):539–545. Copyright 2003 RSNA. Used by permission of the
publisher.)
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be used alone or in combination with an anticonvulsant.
Alternate options are muscle relaxants, such as baclofen
or tizanidine, or an antiarrhythmic such as tocainide.64

Pregabalin is a new compound that has been proven effec-
tive in other painful neuropathies, and it may be useful in
treating trigeminal neuralgia as well.65 In patients with
medically intractable facial pain, more invasive therapeutic
approaches have been attempted. These strategies include
radiofrequency thermocoagulation, peripheral glycerol injec-
tions,66 stereotactic gamma knife radiosurgery,67 percuta-
neous balloon compression of the trigeminal ganglion,68 and
even repetitive transcranial magnetic stimulation.69 There
are no randomized controlled trials comparing these various
interventions, but a review of observational studies sug-
gests that radiofrequency thermocoagulation may offer
greater pain relief, at the expense of more frequent permanent
facial sensory loss, than glycerol rhizolysis or stereotactic
radiosurgery.70
GENERAL MANAGEMENT GOALS

In approaching any patient with symptoms referable to the
trigeminal system, it is necessary to localize the pathological
process; identify associated symptoms; determine prog-
nosis; and provide relief from pain, discomfort, and func-
tional disability. Regardless of etiology, a detailed and
directed neurological examination most often yields the
correct anatomical localization.

Once it is determined that the likely etiology is, for exam-
ple, within the brain, brain stem, or cranial vault, a rational
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first step is MRI of the brain with and without gadolinium
contrast. Fine cuts may be obtained through the orbits,
using fat saturation sequences to diminish intraorbital fat
artifact. Similarly, dedicated coronal images may be taken
to focus on the cavernous sinus. Once appropriate neuroi-
maging has been performed, other diagnostic studies such as
lumbar puncture may be indicated, especially if infectious or
carcinomatous processes are suspected. Electrophysiological
studies such as somatosensory evoked potentials may be
somewhat helpful in peripheral trigeminal neuropathies. For
either central or peripheral causes, neurosurgical consultation
may be warranted, especially when there is compression of
the trigeminal nerve roots or branches.

Pain management may be straightforward in patients
with trigeminal pain, but occasionally a sequential
approach, including surgical options, is required. In addi-
tion to analgesics, antiepileptics play an important role in
disease management and pain control. Newer pharmacolo-
gical and nonpharmacological options provide the clinician
with an enhanced array of therapeutic options for the
patient with intractable trigeminal pain.
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HISTORY AND DEFINITIONS

The first significant contribution to facial nerve anatomy
was the description of its course through the temporal bone
by Gabriel Fallopius in 1550. The British neurologist Sir
Charles Bell made the next important discovery in 1829,
when he described that the sensory innervation to the face
was provided by cranial nerve V (CN V), whereas the
motor function was supplied by cranial nerve VII (CN
VII).1 Throughout the years, much more has been learned
about the anatomy and function of the facial nerve.

The facial nerve has a mixed function, primarily motor,
but also sensory and parasympathetic. Consisting of
approximately 10,000 fibers, CN VII has two segments, a
skeletal motor root (contributing approximately 70% of the
axons) and the nervus intermedius, which carries the sensory
and autonomic fibers (the remaining 30%).2 A lesion may
involve the facial nerve anywhere along its course, and
based on specific signs and symptoms, the location of the
pathology can be deduced. A distinction can be made
between central and peripheral facial weakness. Because of
bilateral supranuclear innervation of the upper facial muscu-
lature, a central palsy spares forehead and brow motion. A
peripheral palsy, however, involves both upper and lower
facial muscles. In addition, with a central palsy, there may
be preservation of emotional or involuntary facial motion,
which is not seen with a peripheral paralysis.3,4

The most common cause of facial nerve dysfunction is
Bell’s palsy, an idiopathic peripheral facial weakness.
Named after Sir Charles Bell, Bell’s palsy is a diagnosis
of exclusion, applied only after other causes of facial
paralysis are ruled out.
CLINICAL HISTORY

Many aspects of the patient’s history help the clinician deter-
mine the anatomical site of lesion for a facial nerve disorder,
as well as lead to the proper diagnosis. Some basic historical
information to gather includes the following:
TEMPORAL PRESENTATION. Sudden onset suggests
an inflammatory or vascular etiology (e.g., Bell’s palsy or
stroke), whereas a slowly progressive palsy suggests a neo-
plastic process, especially if there are episodes of facial
twitching (e.g., facial nerve neuroma). The length of time
with the paralysis and any spontaneous improvement
should be noted because Bell’s palsy should improve
within 6 months, whereas palsy caused by a tumor does
not. In patients with a history of trauma or surgery, a palsy
occurring immediately afterward suggests transection of
the nerve (which requires prompt surgical evaluation),
whereas a delayed onset usually implies edema of the
nerve (which usually improves with time). If there are
recurrent episodes of palsy on the same side, one should
consider tumor as the etiology; however, if the recurrence
is contralateral, one should consider Bell’s palsy.

EXTENT OF INVOLVEMENT. It is important to assess
the amount of facial palsy present initially so that changes
over time can be documented. The exact areas of weakness
should be noted because sparing of forehead motion or
emotional facial expression suggests a central etiology,
whereas palsy of both the upper and the lower face sug-
gests a peripheral lesion. If only one or two distal branches
of the facial nerve are affected, possible etiologies include
parotid gland tumors, facial surgery, or facial trauma.
Bilateral involvement, called facial diplegia, can be found
in Lyme disease, Möbius’ syndrome, Bell’s palsy, and
Guillain-Barré syndrome (Table 11-1).5,6

PRECIPITATING ELEMENTS. Alcoholism, diabetes
mellitus, autoimmune diseases, malignancy, hypertension,
sarcoidosis, acute porphyria, hyperthyroidism, and preg-
nancy have been associated with facial palsy. In addition,
many infectious diseases can cause CN VII palsy, such as
tuberculosis, mononucleosis, poliomyelitis, syphilis, and
human immunodeficiency virus. A recent ear infection,
with or without otorrhea, is suspicious for an otological
infection or cholesteatoma as the possible etiology. An
upper respiratory infection commonly precedes Bell’s
palsy. Facial palsy has been seen after immunizations
for polio and rabies and after exposure to toxins such as



TABLE 11-1

Known Causes of Facial Diplegia

CATEGORY SPECIFIC DISEASE

Congenital Möbius’ syndrome
Thalidomide
Absence of facial musculature

Infectious Lyme disease
Poliomyelitis
Otitis media, acute or chronic
(including cholesteatoma)

Meningitis
Encephalitis
Syphilis
Leprosy
Malaria
Tetanus
Mononucleosis
Herpes zoster
Acquired immunodeficiency syndrome
Botulism

Postinfectious Guillain-Barré syndrome
Idiopathic Bell’s palsy

Heerfordt’s syndrome (sarcoidosis)
Amyloidosis
Melkersson-Rosenthal syndrome
Stevens-Johnson syndrome

Hereditary Osteopetrosis (Albers-Schonberg disease)
Hyperostosis corticalis generalisata
(Van Buchem’s disease)

Sclerostenosis
Dystrophia myotonica
Facioscapulohumeral dystrophy

Neoplastic Meningeal tumors (leukemia, lymphoma)
Extra-axial tumors (epidermoid cancer,
ependymoma)

Pontine glioma
Neurofibromatosis 2

Metabolic Diabetes mellitus
Porphyria

Collagen
diseases

Polyarteritis nodosa
Temporal arteritis
Systemic lupus erythematosus
Sjögren’s syndrome

Toxic Ethylene glycol
Wernicke-Korsakoff syndrome

Traumatic Temporal bone fracture
Facial lacerations
Birth trauma

Iatrogenic Arterial embolization
Bilateral acoustic neuroma excision

Miscellaneous Multiple sclerosis
Parkinson’s disease
Pseudobulbar palsy
Cerebrovascular accident
Benign intracranial hypertension
Miller Fisher syndrome
Idiopathic cranial polyneuropathy
Facial apraxia
Myasthenia gravis

From Keane JR: Bilateral seventh nerve palsy: Analysis of 43 cases and review of
the literature. Neurology 1994;44:1198–1202; Gevers G, Lemkens P: Bilateral
simultaneous facial paralysis—Differential diagnosis and treatment options. A case
report and review of literature. Acta Otorhinolaryngol Belg 2003;57(2):139–146.
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arsenic, carbon monoxide, and ethylene glycol. A family
history of facial nerve palsy is seen with Melkersson-
Rosenthal syndrome and occasionally with Bell’s palsy.
Maternal infections (e.g., rubella), drugs used during preg-
nancy (e.g., thalidomide), and a difficult delivery, especially
if forceps were used, have been associated with facial palsy
at birth.3

ASSOCIATED FEATURES. A history of other neurologi-
cal disorders or any evidence of neurological symptoms
(e.g., headache, hemiplegia, loss of sensation, cranial nerve
dysfunction, changes in balance, or tendency to veer toward
the same side) should be elicited while seeking evidence of
central pathology. In addition, it is imperative to check
for signs and symptoms referable to the ear (e.g., otalgia,
otorrhea, hypersensitivity to sound, hearing loss, tinnitus,
or vertigo). To help localize the site of lesion, one should
note whether other functions of CN VII are involved in
patients with facial weakness (e.g., change in tearing,
change in taste, and reduced salivation). A history of vesi-
cles in the ear, especially if there are CN VIII symptoms,
suggests Ramsay Hunt syndrome. A history of tick bites
and rash (erythema chronicum migrans) suggests Lyme
disease. Facial swelling and fissuring of the tongue is seen
with Melkersson-Rosenthal syndrome.7
ANATOMY OF CRANIAL NERVE VII ( Table 11-2)

Motor Division
The motor root contains myelinated special visceral efferent
fibers for the muscles of facial expression (including the
buccinator and the platysma), muscles of the external ear,
stapedius, stylohyoid, and posterior belly of the digastric.

Upper Motor Neuron: Supranuclear Control
The cortical projections (corona radiata) originate from
pyramidal neurons located in the lower third of the precen-
tral gyrus of the frontal motor cortex. The cortical represen-
tation of the face, from uppermost cortex to lower, begins
with the forehead, followed by the periorbital muscles, mid-
face, and perioral muscles. Motor cortex for the tongue is
next in line. These fibers join the corticobulbar tract and pass
caudally within the posterior aspect of the internal capsule
near its genu. When the fibers reach the midbrain, they join
the medial third of the cerebral peduncle. Continuing
through the basal portion of the pons with the pyramidal
tract, most fibers cross in the caudal pons to reach the con-
tralateral facial motor nucleus. Some fibers descend lower
than the nucleus, cross to the other side, and then ascend to
that side’s nucleus (recurrent bundle of Dejerine). Other
fibers, however, never decussate and synapse in the ipsilat-
eral facial nucleus. The cortical fibers for the upper face
(i.e., the frontalis, upper portion of the orbicularis oculi,
and the corrugator superciliae) project to both the ipsilateral
and the contralateral facial nucleus. The supranuclear fibers
for the lower facial muscles, however, travel only to the con-
tralateral facial nucleus. This anatomical fact explains how
unilateral supranuclear lesions characteristically spare the
function of the upper face.

Emotional control of facial motion is provided by extra-
pyramidal input, which travels within the reticular formation
from the frontal areas, thalamus, and globus pallidus to the
facial motor nucleus. If a supranuclear lesion spares this
input, emotional facial expressions (e.g., surprise or pain)
are generally preserved despite facial palsy. Conversely,



TABLE 11-2

Clinico-anatomical Correlation of Disorders of Cranial Nerve VII

ANATOMICAL SITE
OF DAMAGE CN VII FINDING

OTHER NEUROLOGICAL AND
MEDICAL FINDINGS COMMON ETIOLOGIES COMMENTS

Motor cortex Palsy of lower face
(upper face spared);
tone and emotional
movements intact;
tearing, salivation,
taste intact

Hemiparesis (ipsilateral) Vascular lesion of motor
cortex or internal capsule
on the side contralateral to
the weakness

Facial weakness rarely seen as
sole finding. Spasticity and
hyper-reflexia are found

Tongue weakness (ipsilateral)
Frontal lobe signs

Pontine nucleus Facial palsy on same side
as the lesion (upper
and lower); tearing,
salivation, taste intact

Hemiparesis (contralateral) Infarction (Millard-Gubler
and Foville’s syndromes),
pontine glioma, multiple
sclerosis, thalidomide
toxicity, Möbius’ syndrome

The lesion is below the facial
decussation and above the
corticospinal decussation. If
congenital, may see anomalies
of the ear or jaw

Abducens palsy (ipsilateral)

Cerebellopontine
angle

Facial palsy on same side
as the lesion (upper
and lower); tearing,
salivation, taste may
be abnormal

Decreased hearing, increased
tinnitus, vestibular
impairment (CN VIII);
facial numbness (CN V);
ataxia, incoordination
(cerebellum)

Acoustic neuroma,
meningioma, facial nerve
neuroma, cholesteatoma

CN VIII is usually involved, and
its symptoms are usually the
chief complaint, especially
unilateral hearing loss. As
lesions enlarge, other structures
are involved

Internal auditory
meatus (meatal
segment)

Facial palsy on same side
as the lesion (upper
and lower); tearing,
salivation, taste
probably involved

Decreased hearing, increased
tinnitus, vestibular
impairment (CN VII)

Intracanalicular neuroma
(acoustic or facial)

Signs and symptoms from CN VII
and CN VIII only

Facial canal:
labyrinthine
segment

Facial palsy on same side
as the lesion (upper
and lower); tearing,
salivation, taste
probably involved

Decreased hearing, increased
tinnitus, vestibular
impairment (cochlea or
vestibule involvement)

Bell’s palsy, Ramsay Hunt
syndrome, temporal bone
fracture, hemangioma

When the facial canal is involved,
the cochlea and/or the
vestibular organs may be
involved. Hearing loss can be
conductive or sensorineural

Facial canal:
tympanic
segment

Facial palsy on same side
as the lesion (upper
and lower); salivation,
taste probably
involved (tearing
spared)

Decreased hearing, increased
tinnitus, vestibular
impairment

Bell’s palsy, otitis media,
cholesteatoma, temporal
bone fracture

If there was trauma, check for
CSF otorrhea, blood in ear
canal, Battle’s sign, impaired
consciousness

Facial canal:
mastoid
segment

Facial palsy on same side
as the lesion (upper
and lower); salivation,
taste may be involved
(tearing spared)

Decreased hearing, increased
tinnitus, vestibular
impairment

Bell’s palsy, otitis media,
cholesteatoma, glomus
tumor

Lesions before the chorda
tympani have impaired
salivation and taste

Stylomastoid
foramen

Facial palsy on same side
as the lesion (upper
and lower); tearing,
salivation, taste not
involved

Evidence of facial trauma,
parotid or pharyngeal mass,
uveitis

Facial laceration, fracture, or
surgery; parotid tumors;
sarcoidosis

Sparing of peripheral branches
may be seen

CSF, cerebrospinal fluid.
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lesions of the midbrain or thalamus can cause contralateral
palsy of emotional facial expressions with intact voluntary
motion. In addition, lesions of the globus pallidus or its pro-
jections to the facial nucleus can cause facial bradykinesia.
Despite the resulting masklike facies, some facial motion
is detectable, originating from the cortical volitional and
other extrapyramidal emotional pathways.1,4

Pontine Nucleus
The motor nucleus of the facial nerve lies within the reticu-
lar formation of the lower third of the pons, bordered dor-
sally by the trigeminal nucleus and ventromedially by the
superior olivary nucleus. Within the motor nucleus, four
cell groups have been described that innervate specific
muscles. The dorsomedial cell group sends fibers to the
auricular and occipital muscles via the posterior auricular
nerve. The ventromedial cell group gives rise to the cervical
branch, which innervates the platysma. Fibers for the stape-
dius muscle and the temporal and zygomatic branches origi-
nate from the intermediate cell group. The lateral cell group
contributes to the buccal and possibly to the mandibular
branches. The exact cell group innervating the stylohyoid
and posterior belly of the digastric is uncertain, but some
believe that the origin may be the dorsal or accessory facial
nucleus.8,9

The special visceral efferent fibers emerge from the dor-
sal side of the facial motor nucleus and travel dorso-
medially under the floor of the fourth ventricle. In this
location, the fibers are called the funiculus teres, and the
elevation of this bundle within the upper half of the floor
of the ventricle creates the eminentia teres. The motor root
fibers extend medially and cephalad toward the abducens
nucleus. When the fibers reach the area below the medial
part of the abducens nucleus, they turn laterally to cross
the front of the abducens nucleus and continue to curve
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Figure 11-1. Facial nerve projections within the pons. (From LaRouere MJ, Lundy LB: Anatomy and physiology of the facial nerve. In Jackler RK,
Brackmann DE [eds]: Neurotology. St. Louis, Mosby-Year Book, 1994, pp 1271–1281.)
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around its lateral border. After looping around the abducens
nucleus, the fibers travel caudally between the medial border
of the trigeminal nucleus and the lateral edge of the facialmotor
nucleus. The motor fibers exit the caudolateral border of the
pons in the cerebellopontine angle medial to CN VIII. The
medial-to-lateral loop around the abducens nucleus is called
the internal genu of the facial nerve (Fig. 11-1). This anatomi-
cal relationship explains how certain disorders of facial nerve
motor function can be associated with abducens palsy.10,11

Nervus Intermedius
Also called the nerve of Wrisberg, the nervus intermedius
contains general visceral afferent, special visceral afferent,
and general visceral efferent fibers that convey sensation
from the posterior region of the external auditory canal and
concha; taste from the anterior two-thirds of the tongue;
and secretomotor function for the lacrimal glands, subman-
dibular and sublingual glands, and minor salivary glands in
the nasal cavity, paranasal sinuses, and palate (Fig. 11-2).
In the cerebellopontine angle, the nervus intermedius travels
from the pons to the internal auditory meatus between the
motor root and CN VIII. The geniculate ganglion, found
within the temporal bone along the course of the facial
nerve, contains the primary cell bodies of the special visceral
afferent taste fibers and general somatic afferent sensory
fibers. The preganglionic general visceral efferent fibers
and special visceral efferent fibers pass through the geni-
culate ganglion without synapsing. The chorda tympani
and the greater superficial petrosal nerve are subdivisions
of this nerve.

Sensory Nucleus
The general somatic afferent fibers from the posterior aspect
of the external auditory canal, lateral pinna, and mastoid
region (carried within the posterior auricular nerve) travel
centrally in the nervus intermedius to the dorsal part of the pri-
mary sensory nucleus of CNVwithin the pons. Hypesthesia of
the posterior external auditory canal has been found to be an
early sign of tumors within the internal auditory canal (e.g.,
acoustic neuroma). It is speculated that sensory fibers are more
susceptible to the effects of pressure than motor axons.12,13

Parasympathetic Nucleus
The general visceral efferent fibers originate from the
superior salivatory nucleus and the lacrimal nucleus in
the dorsal pons and are carried distally within the nervus
intermedius. After joining the motor root of the facial
nerve, two main branches carry the parasympathetic fibers
to their destination. At the geniculate ganglion, the greater
superficial petrosal nerve branches at the hiatus of the
facial canal and travels anteromedially through the middle
fossa within the pterygoid canal. Contained within this
nerve are preganglionic fibers destined for the lacrimal
gland and the minor salivary glands of the nasal cavity,
paranasal sinuses, and palate. The deep petrosal nerve, car-
rying postganglionic sympathetic fibers, joins the greater
superficial petrosal nerve to form the nerve of the ptery-
goid canal (vidian nerve). At the pterygopalatine ganglion
(found within the pterygopalatine fossa), the parasympa-
thetic fibers synapse with postganglionic neurons, which
continue toward their target organs.

The preganglionic fibers for the submandibular and sub-
lingual salivary glands pass through the geniculate ganglion
and then leave themastoid segment of the facial nerve within
the chorda tympani. The chorda tympani travels through the
temporal bone within the canal of Huguier and enters the
infratemporal fossa via the petrotympanic fissure, where it
joins the lingual nerve (CN V). Within the submandibular
ganglion, the parasympathetic fibers synapse with the post-
ganglionic cells that innervate the submandibular and
sublingual salivary glands.
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Gustatory Nucleus
The special visceral afferent fibers from the taste buds of
the anterior two-thirds of the tongue (i.e., tongue anterior
to the sulcus terminalis) also travel within the chorda tym-
pani. As stated previously, the cell bodies for taste fibers
are located within the geniculate ganglion. The gustatory
afferent fibers are carried centrally by the nervus interme-
dius to cells in the rostral part of the nucleus of tractus soli-
tarius in the medulla. Also synapsing within this nucleus
are the taste fibers from other areas of the oral cavity, phar-
ynx, and larynx carried by CN IX and CN X. Intermingling
of these three cranial nerves occurs here.10
Brain stem

F

C

vc

Figure 11-3. Relationship of the facial nerve to the cochlear and vestibular
nerves from the cerebellopontine angle through the internal auditory canal.
(From LaRouere MJ, Lundy LB: Anatomy and physiology of the facial
nerve. In Jackler RK, Brackmann DE [eds]: Neurotology. St. Louis,
Mosby-Year Book, 1994, pp 1271–1281.)
Lower Motor Neuron: Peripheral Route of CN VII
Cerebellopontine Angle
The intracranial segment (within the angle) measures ap-
proximately 23 or 24 mm long and 1 or 2 mm wide and runs
obliquely (anteriorly and laterally) from the pontomedullary
sulcus to the internal auditory canal.14,15 Both the motor root
and the nervus intermedius emerge from the brain stem ven-
trolaterally near the posterior aspect of the pons, 9.5 to 14.5
mm from the midline and 0.5 to 2.0 mm medial to where
CNVIII enters the brain stem. At times, the facial nerve axons
pass through the transverse fibers of the middle cerebellar
peduncle.14 Within the subarachnoid space of the cerebello-
pontine angle, CN VII is joined by CN VIII, which travels
lateral and slightly inferior to the facial nerve (Fig. 11-3).
The nervus intermedius runs between CN VIII and the motor
root of CN VII (hence its name). While in the cerebello-
pontine angle, the facial nerve has no epineurium and is cov-
ered only with pia mater. The trigeminal nerve is located
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anteriorly. The anterior inferior cerebellar artery is associated
with the nerves and usually is found ventrally, between the
nerves and the pons.9

Internal Auditory Meatus of Temporal Bone
The meatal segment (within the internal auditory canal) is
approximately 7 or 8 mm long. The nervus intermedius
joins the motor root to form a common trunk that occupies
the area nervi facialis, which lies within the anterosuperior
segment of the meatus. The motor fibers are more anterior,
whereas the nervus intermedius fibers remain posteriorly.
At the lateral end of the meatus, a horizontal partition,
the transverse or falciform crest, separates the facial from
the cochlear nerve inferiorly. In addition, a vertical crest
(Bill’s bar) separates the facial from the superior vestibular
nerve located posteriorly. The blood supply to this region
is the labyrinthine artery, a branch of the anterior inferior
cerebellar artery.

Facial Canal
Beginning at Bill’s bar and ending at the stylomastoid fora-
men, this portion is composed of three segments: laby-
rinthi ne (3 or 4 mm long), ( 2) tympani c (12 or 13 mm
long), and mastoid (15–20 mm long). The labyrinthine seg-
ment, which lies within the narrowest portion of the bony
facial canal, extends from the anterosuperior region of the
fundus to the geniculate ganglion. To reach the geniculate
fossa, it passes between the ampulla of the superior semi-
circular canal and the cochlea and travels forward and
downward. At the geniculate ganglion, the nerve turns 75
degrees posteriorly, thus creating the external genu. This
marks the beginning of the tympanic segment. Exiting 90
degrees anteriorly from the geniculate is the first branch
of CN VII, the greater superficial petrosal nerve.

The tympanic segment continues along the medial wall
of the tympanic cavity, a few millimeters medial to the
incus. It courses superior and posterior to the cochleariform
process, along the upper edge of the oval window, and
inferior to the lateral semicircular canal. At the origin of
the stapedius tendon from the pyramidal process, the nerve
turns 120 degrees, continuing inferiorly as the mastoid seg-
ment. The mastoid segment has two branches—the nerve
to the stapedius and the chorda tympani. During its course
through the mastoid along the posterior aspect of the exter-
nal auditory canal, the nerve travels slightly posteriorly and
usually passes lateral to the inferior aspect of the tympanic
annulus. At times, however, the facial nerve may be lateral
to the annulus during its entire descent, which puts the
nerve at risk during mastoid surgery.16,17 The major blood
supply for the facial nerve within the facial canal is the
superficial petrosal branch of the middle meningeal artery
(proximally) and the stylomastoid artery (distally).18

Stylomastoid Foramen
CN VII exits the temporal bone via the stylomastoid fora-
men, which is between the mastoid and styloid processes
and deep to the posterior belly of the digastric. Almost
immediately, the nerve enters the parotid gland. After
traveling anteriorly approximately 2 cm within the parotid,
the nerve divides at the posterior border of the ramus of the
mandible into an upper temporofacial and a lower (and
smaller) cervicofacial nerve. Classically, these divide again
at the pes anserinus into the temporal, zygomatic, buccal,
mandibular, and cervical branches. Many anastomoses
exist between these branches, and many variations in the
branching patterns have been described.19 After emerging
from the superior, anterior, and inferior margins of the par-
otid gland, these branches enter the deep surface of their
target muscle. Ultimately, all the facial muscles are inner-
vated by CN VII, except for the levator palpebrae super-
ioris (CN III). The extratemporal portion of the facial
nerve derives its blood supply from the stylomastoid, pos-
terior auricular, superficial temporal, and transverse facial
arteries.18
EXAMINATION OF CN VII

Directed Neurological Examination
Motor Evaluation
First, the clinician should observe the patient at rest for
symmetry and the presence of any involuntary movements
(e.g., fasciculations and tics). Signs of facial weakness
include flattening of the nasolabial groove, slower blink-
ing, and loss of facial wrinkles. Next, clinicians should
check the amount of voluntary motion in each of the five
peripheral branches by having the patient perform the fol-
lowin g: ( 1) tempor al—raise the eyebrow s, wrinkle the
brow; ( 2) zygomatic —close the eyes gent ly, and with max -
imal effort try to keep the eyes closed while the examiner
attempt s to open them; (3 ) bu ccal—smi le, show teeth, puff
out the cheek s; ( 4) man dibular— pout, purse the lips; and
( 5) cervical— sneer. Th e clinici an should dete rmine if the
patient exhibits Bell’s phenomenon, which is an upward
and outward rolling of the globe when eyelid closure is
attempted. When there is incomplete closure, this phenom-
enon protects the cornea by placing it under the upper eye-
lid and moving it laterally. While testing the facial
expressions, synkinesis should be sought, which is uninten-
tional motion of a group of muscles when another group is
voluntarily contracted (e.g., contraction of the eyelid dur-
ing smiling). To differentiate a central palsy, clinicians
should look for sparing of upper facial motion and for pres-
ervation of emotional facial expressions (e.g., surprise and
pain). Both sides of the face should be examined closely to
rule out bilateral involvement. A change in loudness per-
ception suggests involvement of the nerve branch to the
stapedius muscle. This hyperacusis can be confirmed
subjectively by checking auditory function with finger
rub or tuning forks and can be documented objectively by
acoustic reflex testing during an audiometric evaluation.

Examiners must be careful not to confuse transferred
contralateral motion with weak motion of the involved
side. For example, the contralateral frontalis can create
some wrinkles in the forehead of the involved side, and
contralateral midfacial muscles can cause motion of the
involved side. To prevent confusion, the examiner should
cover the contralateral side to focus solely on the involved
side before comparing the two sides. In addition, by holding
the skin of the uninvolved side against the facial skeleton,
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midfacial motion from the contralateral side can be mini-
mized. Likewise, examiners should not confuse active eye
closure with the normal, gravity-assisted passive closure
of the eyelids, which occurs after the levator palpebrae
superioris is relaxed.20

Sensory Evaluation
The response to solutions of the four fundamental tastes
(sweet—sucrose, sour—citric acid, salty—sodium chlor-
ide, and bitter—quinine sulfate) should be evaluated in
the anterior two-thirds of the tongue. The patient should
be instructed not to eat or smoke for several hours before
testing. Before test solutions are applied, the mouth is
rinsed with distilled water. Then, using cotton swabs, a test
solution is placed on the lateral, anterior tongue. The
patient should be instructed to state whether the solution
is sweet, sour, salty, bitter, unknown, or without taste.
Between test solutions, the mouth should be swished with
distilled water. Each side should be tested separately. To
eliminate olfaction, patients should pinch their nose or hold
their breath during the testing (Video 25, Taste Testing).

The somatic sensation of the posterolateral external ear
canal and concha should be tested in the usual fashion (cot-
ton wisp, pinprick, and other) and the results compared
with the sensation of the surrounding areas and with the
contralateral side.

Reflexes
Several reflexes related to facial nerve function can be
tes ted, includi ng the followi ng: (1) corne al ref lex—tactil e
stimulation of the cornea normally causes both eyes to
blink simultaneously. The afferent limb is from CN V
(ophthalmic division), whereas the efferent limb is from
CN VII (motor root). Depending on the reflex patterns eli-
cited, one can differentiate between a CN V and a CN VII
lesion. For example, if right-sided corneal stimulation does
not cause both right and left eyelid closure, but left-sided
stimulation does, there is a right CN V deficit. Similarly,
if both right- and left-sided corneal stimulation cause the
left eye to blink, but not the right, there is a right CN VII
les ion. ( 2) Orbicu laris oculi reflex —the examin er pulls
the skin lateral to the lateral canthus with the thumb and
index finger and then taps the thumb lightly with a reflex
hammer, resulting in orbicularis oculi contraction. This
stretch reflex shows hyporeflexia in peripheral palsy and
hyper -reflexi a with central palsy. ( 3) Blink reflex—nor -
mally every 2 to 15 seconds there is spontaneous bilateral
blink ing. (4) Audit ory palp ebrae reflex —sudde n, unex-
pected loud sound causes a single bilateral eyelid closure.
Su dden bright lights als o cause ref lex eyel id clos ure. ( 5)
Palmomental reflex—tapping or stroking of the palm
causes contraction of the ipsilateral mentalis muscle. This
pathological reflex is seen with pyramidal tract disease
and helps diagnose a central palsy. Another reflex seen
with central lesions is the snout reflex, in which tapping
of the lips cause s pursing of the lips. ( 6) Other ref lexes
associated with CN VII include the glabellar (tapping of
the glabella causes both eyes to blink), supraorbital (tap-
ping of the supraorbital ridge causes the ipsilateral eye to
blink), nasolacrimal (irritative or painful nasal stimulation
causes tearing), nasal (ipsilateral facial contraction after
tickling of the nasal mucosa), and oculogyric-auricular
(contraction of the auricular muscles after lateral gaze).21

Parasympathetic Evaluation
Infranuclear lesions can cause a reduction in ipsilateral tear
production if they occur at, or proximal to, the geniculate
ganglion. The Schirmer test provides a quantitative evalua-
tion of tear production (Video 24, Schirmer’s Test). Sterile
strips of filter paper are folded into the shape of a hook and
placed into each lower conjunctival fornix. After 5 min-
utes, the degree of wetting is measured and compared
between sides. A unilateral reduction of more than 30%
of the total amount of lacrimation of both eyes or bilateral
tearing of less than 25 mm is considered significant. This
test consists of an afferent limb (CN V) and an efferent
limb (CN VII); however, unilateral corneal stimulation
from the filter paper should cause bilateral, equal lacrima-
tion. Therefore, because both eyes are tested simulta-
neously, a unilateral CN V lesion does not result in
decreased tearing.22,23

A lesion distal to the geniculate ganglion may result in
excessive tear production. If there is corneal irritation
resulting from poor eye closure, lacrimation may be
increased. In addition, ectropion resulting from orbicularis
oculi weakness and loss of facial tone disrupts the normal
flow of tears. Instead of being circulated by blinking and
cleared by the canaliculi (aided by the pumping action of
the periorbital muscles), tears pool in the lower conjunctival
sac and spill over the lower lid margin.24

Associated Neurological Findings
CEREBRAL. Cognitive function and abilities with lan-

guage should be examined, as the clinician seeks impaired
attention or concentration, slurred speech, dysarthria, or
aphasia. Affect and emotions should be noted, looking for
personality changes, apathy, inappropriate crying, or emo-
tional outbursts. Memory should be assessed for deficits.
Subfluent aphasia occurs in the context of a right central
CN VII lesion, whereas cerebellar speech deficits may be
found with peripheral disorders of CN VII, especially if
the cerebellopontine angle is involved.

CRANIAL NERVES. The optic discs should be visua-
lized for signs of increased intracranial pressure or stig-
mata of systemic conditions such as hypertension or
diabetes. Direct and consensual pupillary reflexes and
extraocular movements, especially abduction of the globe
(CN VI), should be evaluated. Facial sensation in the three
divisions, as well as motor function of the muscles of mas-
tication, should be checked to assess if CN V is also
involved, as in a cerebellopontine lesion. Audition should
be evaluated with tuning forks, looking for ipsilateral sen-
sorineural or conductive hearing loss. If nystagmus is pres-
ent, its direction and other characteristics should be
documented. Unilateral vestibular weakness should be
tested with the Mittelmeyer test (the patient marches in
place with eyes closed and hands outstretched; there is a
tendency to turn toward the side of vestibular weakness).
Palatal sensation and movement, vocal cord motion, trape-
zial strength, and tongue function should be evaluated.
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MOTOR/REFLEXES/CEREBELLAR/GAIT. Hemiparesis
ipsilateral to the facial paralysis suggests a cortical or sub-
cortical lesion, whereas contralateral hemiparesis suggests
a pontine lesion near the facial motor nucleus. Reflexes
should be checked for increased function, as is seen with
a central nervous system lesion, or decreased function, as
is seen in various neuropathies (Video 4, Pronator Drift).
The existence of flaccidity, atrophy, and fasciculations
should be noted; these are indicative of a neuropathic pro-
cess. Involuntary movements of the face in the form of
synkinesis may suggest an old lesion with reinnervation.
In patients with facial diplegia, ascending diffuse distal
weakness with loss of reflexes suggests Guillain-Barré syn-
drome, whereas facial diplegia with diffuse proximal mus-
cle weakness is seen more often in myopathies (Video 23,
Cranial Nerve VII, Facial Diplegia). When associated with
facial weakness, the complex of ataxia, incoordination, and
other signs of cerebellar disease suggest a brain stem or
cerebellopontine angle lesion.

SENSORY. A loss of sensation to pinprick, temperature,
light touch, or vibration of the face or body (contralateral
or ipsilateral) suggests lateral brain stem involvement or a
cerebellopontine angle lesion. With ischemic damage from
midpons to lower medulla, there is a loss of pain, tempera-
ture, and corneal reflex from the ipsilateral side of the face
(descending tract of CN V), combined with pain and tem-
perature loss from the contralateral side of the body (spi-
nothalamic tract). Patients with lower brain stem lesions
usually have intact proprioception and other signs of lateral
medullary damage (Wallenberg’s syndrome), whereas those
with upper brain stem injury have impaired proprioception.
In addition, those with upper pontine lesions have sensory
loss from the contralateral side of the face and body.

NEUROVASCULAR. Because it is both a risk factor for
and cause of intracranial vascular disorders, the presence
of hypertension should be evaluated by both blood pressure
determination and systemic examination (e.g., retinal ves-
sel evaluation). Bruits and other evidence of carotid artery
disease may point to thromboembolic disease as an etiol-
ogy. A tender and enlarged temporal artery, especially
with an elevated erythrocyte sedimentation rate, suggests
temporal arteritis.
Associated Medical Findings
The skin should be checked for rashes, lesions, or evidence
of insect bites. The head and neck should be examined for
masses, signs of trauma, or postoperative scars. The auricle
and ear canal should be examined thoroughly for vesicles,
ulcers, or other lesions. The tympanic membrane should
be checked for perforation, drainage, or cholesteatoma.
Infections, neoplasms, and evidence of prior otological sur-
gery should be sought while examining the middle ear. The
oral cavity and pharynx should be checked for masses,
ulcerations, fissuring of the tongue, and other lesions. The
parotid should always be palpated for tumors and inspected
for inflammation. If nonsuppurative parotitis, uveitis, and
mild fever are found, Heerfordt’s disease, a variant of sar-
coidosis, may be present. Endocrinological function should
be evaluated because diabetes insipidus or other evidence of
pituitary dysfunction can signify neurosarcoidosis. If there
is incomplete eyelid closure, the cornea should always be
checked for ulceration or infection because loss of vision
from exposure keratitis can occur.

EVALUATION GUIDELINES

NEUROIMAGING. Radiographical studies are helpful in
determining the site of lesion and should be obtained
whenever the etiology is unclear; when the paralysis is
recurrent, progressive, or atypical; or if there was trauma
(Table 11-3). If there is evidence of cerebellopontine angle
or internal auditory canal pathology (e.g., facial weakness
with ipsilateral sensorineural hearing loss, tinnitus, and/or
vestibular abnormalities), magnetic resonance imaging
(MRI) with gadolinium enhancement should be obtained.
MRI can also demonstrate intracranial, temporal bone, base
of skull, and facial soft tissue lesions. High-resolution com-
puted tomography (CT) is useful for defining the bony
anatomy of the facial canal. CT readily demonstrates frac-
tures (face, mandible, and temporal bone) and bony
abnormalities (congenital anomalies and osteopetrosis). It
helps differentiate between intratemporal facial nerve neu-
romas (smooth upward displacement of bone overlying the
geniculate with expansion of the tympanic segment) and
hemangiomas (irregular bony erosion around the geniculate).
In addition, CT can show the extent of bone erosion with
lesions such as cholesteatoma, glomus tumors, carcinoma,
and skull base osteomyelitis.25

ELECTROPHYSIOLOGY. Electroencephalography may
help distinguish supranuclear causes of facial nerve dysfunc-
tion, especially in the instances of suspected epilepsy with a
postseizure paresis, called Todd’s paresis. Nerve conduction
studies should be performed in patients with a unilateral
complete paralysis. In testing the involved side, if the thresh-
old is 3.5 mA greater than the contralateral (“normal”) side,
there is a poor prognosis for spontaneous recovery. This test,
however, is not absolutely reliable, and even when there is
complete transection of the facial nerve, it conducts
impulses distal to the injury for up to 72 hours (until wal-
lerian degeneration occurs).23 Electroneurography can be
used to determine the peak-to-peak amplitude of the
evoked compound action potential of the involved side
compared with the other side. Because the amplitude is
considered proportional to the number of functioning motor
fibers, if there is a 90% or greater reduction in the ampli-
tude of the affected side (which represents more than
90% degeneration of the nerve), the prognosis is poor.

Muscle action potentials generated by voluntary and
spontaneous activity can be measured through electromy-
ography. By placing needles within the facial musculature,
electrical silence can be seen in acute paralysis, severe
muscle wasting, hypoplasia of the nerve or muscle, or nor-
mally innervated muscle in a resting state. Voluntary
potentials are present with voluntary contraction. Polypha-
sic potentials appear during nerve regeneration from 4 to 6
weeks after onset of the paralysis. Fibrillation potentials
represent degeneration of the motor nerve; they are usually
seen 10 to 14 days after nerve injury. Electromyography is
helpful in patients with long-standing facial paralysis and
in infants with congenital facial paralysis, but it is not very
useful with acute paralysis.



TABLE 11-3

Useful Tests in the Evaluation of Disorders of Cranial Nerve VII

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY
FLUID AND TISSUE
ANALYSIS

NEUROPSYCHOLOGICAL
TESTS OTHER TESTS

Supranuclear facial
paresis

MRI, CT for
infarction, tumor

EEG: abnormal
wave patterns in
seizures

CSF: increased
RBC

Mental status
impairment

N/A

Nuclear lesions:
Millard-Gubler and
Foville’s syndromes

MRI for infarction,
tumor

CSF: increased
RBC

N/A N/A

Cerebellopontine
angle lesion

MRI for tumor ABR: delay in wave
V or increased
interaural
difference

N/A N/A Audiogram: sensorineural
hearing loss

ENG: vestibular weakness

Facial canal lesion MRI, CT for tumor,
fractures,
inflammation

N/A N/A Audiogram: sensorineural
or conductive hearing
loss; acoustic reflex:
absent;
electrogustometry:
reduced; salivary flow:
reduced; Schirmer’s test:
reducedStylomastoid foramen

syndrome
MRI for tumor,

fracture
N/A N/A

Hemifacial spasm MRI for vascular loop
compression

N/A N/A

Postparalytic
movements and
synkinesis

N/A N/A N/A N/A

Myokymia MRI for pontine
tumor, MS plaques

EMG: spontaneous
activity at 30–70
per second

CSF: elevated IgG
and gamma
globulin

N/A N/A

ABR, auditory brain stem response; CSF, cerebrospinal fluid; CT, computed tomography; EEG, electroencephalogram; EMG, electromyography; ENG, electronystagmography;
IgG, immunoglobulin G; MRI, magnetic resonance imaging; MS, multiple sclerosis; N/A, not applicable; RBC, red blood cell.
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By using electrodes to record the blink reflex after per-
cutaneous stimulation of the supraorbital nerve, a tri-
geminofacial reflex can be tested. Measuring conduction
of the reflex arc between CN V (afferent) and CN VII
(efferent) tests both central and peripheral segments of
the facial nerve. Currently, the trigeminofacial reflex is
the only direct test able to measure intracranial pathology
of the facial nerve.26

Auditory brain stem response can be further used to evalu-
ate brain stem anatomy when a retrocochlear or nuclear cause
of facial nerve dysfunction is considered. Delay in the abso-
lute latency of ipsilateral wave V or an interaural difference
in wave V of more than 0.2 msec suggests retrocochlear in-
volvement of CN VIII. This observation helps localize the
etiology of facial palsy as within or proximal to the internal
auditory canal (e.g., acoustic or facial nerve neuroma).

BODY FLUID AND TISSUE ANALYSIS. Basic tests to
obtain include complete blood count with differential (for
infectious mononucleosis, leukemia, and inflammation),
chemistry panel (for systemic diseases), fluorescent trepo-
nemal antibody titer (for syphilis), and erythrocyte sedi-
mentation rate/antinuclear antibody test/rheumatoid factor
(for collagen vascular disease). Depending on the clinical
presentation, other tests may be helpful, including thyroid
function tests, glucose tolerance test, angiotensin-convert-
ing enzyme levels (sarcoidosis), antibody titers (Lyme
disease, Epstein-Barr virus, herpes zoster virus, and human
immunodeficiency virus), monospot test/heterophile anti-
body titers (mononucleosis), serum heavy metal/toxin levels
(lead, arsenic, mercury, and carbon monoxide), urine analy-
sis (porphyria, diabetes, and sarcoidosis), and stool analysis
(Clostridium botulinum toxin). In patients with congeni-
tal facial nerve paralysis, one should consider testing for
chromosomal abnormalities.27

Muscle biopsies are helpful in determining the existence
of a mitochondrial myopathy (Video 38, Facial Myopathy
and Ophthalmoplegia). In addition, if a facial reanimation
procedure is considered in patients with long-standing
facial paralysis or in infants with congenital facial paraly-
sis, facial muscle biopsy should be performed to determine
whether viable muscle fibers are present. If the muscula-
ture has degenerated and has been replaced by fibrosis,
any procedure attempting to bring only neural input to
the area will fail.23 In patients requiring a tissue diagnosis,
biopsies of skin lesions, subcutaneous nodules, enlarged
lymph nodes, or salivary gland tissue may reveal disorders
such as sarcoidosis, parotid gland tumor, or vasculitis (e.g.,
temporal arteritis or periarteritis nodosa).

CEREBROSPINAL FLUID. If the possibility of central
nervous system infection or malignancy exists, a lumbar
puncture should be performed. After noting the opening
pressure and qualities of the fluid, samples should be sent
for cell count, chemistry levels, microbiological staining
and culture, antigen titers, and cytology testing. Intracranial
hypertension, meningitis (bacterial, fungal, mycobacterial,
viral, carcinomatous, and aseptic), and malignant processes
such as metastasis (lung, breast, and melanoma), leukemia,
lymphoma, and other primary intracranial neoplastic
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processes can be detected. In addition, the diagnosis of other
etiologies can be supported, such as Guillain-Barré syn-
drome (increased protein level), multiple sclerosis (elevated
IgG and gamma globulin levels), syphilis (positive serology
result), and subarachnoid or intracerebral hemorrhage (red
blood cells).

OTHER TESTS. Audiometry should be performed in all
patients with facial palsy. Because CN VII is intimately
related to CN VIII in the cerebellopontine angle and internal
auditory canal and because the facial canal courses by the
cochlea and through the middle ear, many causes of palsy
have an associated hearing loss. The type of loss (sensori-
neural vs conductive) as well as the extent (mild to pro-
found) are essential factors for localization and planning of
treatment. Another useful audiometrical test is the acoustic
reflex test, which measures the contraction of the stapedius
muscle in response to auditory stimuli. The result can loca-
lize the site of lesion as proximal or distal to the branch to
the stapedius (mastoid segment of the facial nerve). Tests
of vestibular function, such as electronystagmography,
may be helpful in differentiating central from peripheral
lesions in patients who have accompanying vertigo.

By evaluating taste or salivation, the status of the chorda
tympani nerve can be determined. Based on impairment,
lesions can be localized as proximal or distal to this branch
of the mastoid segment. For example, electrogustometry
can measure the taste threshold in response to a small elec-
tric current applied to the anterior tongue. The current elicits
a metallic or bitter taste, and by controlling the amount of
current, the threshold for gustation can be obtained. An
elevated threshold suggests involvement of the chorda
tympani. Salivary flow can be analyzed by cannulating
Wharton’s duct. The salivary production is measured for 5
minutes, and a reduction of 25% between sides signifies
chorda tympani involvement. In addition, salivary flow can
be evaluated indirectly by checking the pH of the saliva
because the pH rises with increased salivation. A pH of 6.1
or less is considered to be significant for reduced flow.2

When certain systemic disorders are suspected to be the
etiology of the facial palsy, chest radiography should be
obtained. Based on characteristic radiographic findings, the
diagnosis of sarcoidosis, tuberculosis, lymphoma, or lung
cancer can be supported.
CLINICAL SYNDROMES (Table 11-4)

Syndromes of Paresis
Supranuclear Facial Paresis—Central Facial Palsy
In a central facial palsy, only the lower face is paralyzed,
especially perioral musculature. Facial tone is intact (no
atrophy), and there are no fasciculations (Video 2, Central
CN VII Paresis). Despite loss of voluntary motion,
emotional expression is preserved. With cortical lesions,
hemiplegia of the same side as the facial palsy can be
found, with upper extremity involvement more than lower.
Lesions of the cortex or internal capsule on the side oppo-
site the facial palsy cause the aforementioned symptom
complex. If the dominant hemisphere is involved, aphasia
may be present (Video 205, Cranial Nerve VII Palsy). With
corticobulbar involvement of other cranial nerves, impair-
ment of speech or swallowing may result. If the lesion is
deeper (e.g., basal ganglia), volitional motion may be
intact; however, the facial motor response to emotional
stimuli is impaired. In acute supranuclear lesions, initially
there may be hyporeflexia, which over time is replaced
with hyper-reflexia.
Nuclear or Pontine Lesions
If the lesion is near the facial nucleus, an ipsilateral facial
palsy is seen with a contralateral hemiplegia (corticospinal
tract has not crossed yet). A concomitant deficit of CN VI
may be seen because of the internal genu’s relationship
with the abducens nucleus. Two syndromes involving this
region have been described.4

Millard-Gubler syndrome yields ipsilateral paralysis of CN
VII, with contralateral hemiplegia of the extremities. The syn-
drome is usually caused by interruption of blood supply to the
pons, with involvement of CN VII after its decussation and
the corticospinal tract before its decussation.

Foville’s syndrome is similar to Millard-Gubler syn-
drome in that there is ipsilateral facial paralysis with
contralateral hemiplegia; however, in addition, there is
ipsilateral abducens palsy and paralysis of conjugate gaze
due to concurrent involvement of the abducens nucleus.
Peripheral Nerve Lesions
CEREBELLOPONTINE ANGLE SYNDROME. Pathology

involving CN VII in this region often involves CN VIII
(sensorineural hearing loss, tinnitus, and vestibular weak-
ness). Depending on the size and exact location of the
lesion, other structures in this region can be affected, such
as the cerebellum (ataxia and incoordination) and CN V
(reduced facial sensation and impaired corneal reflex).
Common etiologies include acoustic neuromas and menin-
giomas (Video 201, Cranial Nerve VII Anatomy).

FACIAL CANAL SYNDROME. The location of the
lesion determines the actual deficit. In the labyrinthine
segment, facial palsy is seen with ipsilateral hearing loss
and vestibular weakness. In addition, hyperacusis and
a decrease in tearing and in salivation with loss of taste
can be detected. With lesions of the tympanic segment that
are distal to the greater superficial petrosal nerve, all of the
previously mentioned findings may be seen, except that
lacrimation is intact. If the mastoid segment is involved,
as with tympanic lesions, hearing and balance may be
affected, and lacrimation is preserved. Whether the lesion
is proximal to the nerve branch for the stapedius or to the
chorda tympani determines whether there is hyperacusis,
decreased salivation, or loss of gustation. Hemangiomas,
neuromas, cholesteatomas, temporal bone fractures, and
the inflammation causing Bell’s palsy are some disorders
of the facial canal that can cause facial palsy (Fig. 11-4).

STYLOMASTOID FORAMEN SYNDROME. A lesion
after the nerve leaves the temporal bone results in only a lower
motor neuron deficit of the mimetic muscles. Atrophy and
fasciculations are found. Pathology of individual nerve



TABLE 11-4

Selected Etiologies Associated with Disorders of Cranial Nerve VII

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Möbius’ syndrome, absence of facial musculature 28
Degenerative and compressive Osteopetrosis, sclerosteosis, hyperostosis corticalis generalisata, benign

intracranial hypertension
29

Hereditary and Degenerative Disorders

Amino/organic acidopathies, mitochondrial enzyme
defects and other metabolic errors

Acute porphyria 31

Movement disorders Hemifacial spasm, Parkinson’s disease, Gilles de la Tourette’s syndrome, facial
dystonia

34

Meige’s disease or Brueghel’s syndrome, facial contortion, bilateral
Degenerative motor, sensory, and autonomic

disorders
Amyotrophic lateral sclerosis 36

Hereditary nondegenerative neuromuscular disease Dystrophia myotonica 37

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Diabetes mellitus, hyperthyroidism 38
Exogenous acquired metabolic disorders of

the nervous system
Toxins and illicit drugs Thalidomide, carbon monoxide, ethylene glycol, arsenic 39
Nutritional deficiencies and syndromes associated

with alcoholism
Wernicke-Korsakoff syndrome 40

Infectious Disorders

Viral infections Herpes zoster, herpes simplex, influenza, coxsackie, enterovirus, polio, mumps,
mononucleosis

41

Nonviral infections Otitis externa, otitis media, mastoiditis, syphilis, tuberculosis, leprosy, Lyme
disease, cat scratch disease, mucormycosis, botulism, malaria

42

Neurovascular Disorders Stroke, internal carotid artery aneurysm
45

Neoplastic Disorders

Primary neurological tumors Pontine glioma, neuroma (acoustic, facial), meningioma, hemangioma,
cholesteatoma, glomus tumor

46

Metastatic neoplasms and paraneoplastic
syndromes

Leukemia, lymphoma, myeloma, from salivary gland (adenoid cystic), skin
(melanoma), breast, lung, kidney, head/neck

47

Demyelinating Disorders

Demyelinating disorders of the central nervous
system

Multiple sclerosis 48

Demyelinating disorders of the peripheral
nervous system

Guillain-Barré syndrome 94

Autoimmune and Inflammatory Disorders Bell’s palsy, sarcoidosis, myasthenia gravis, Sjögren’s syndrome, temporal
arteritis, systemic lupus erythematosus, periarteritis nodosa

50

Traumatic Disorders Facial laceration, face/mandible/temporal bone fracture, birth trauma, barotrauma,
lightning

51

Epilepsy Focal epilepsy, Ramsay Hunt syndrome 52

Headache and Facial Pain Cerebellopontine angle lesion 53

Drug-Induced and Iatrogenic Neurological

Disorders

Parotid or facial cosmetic surgery, otological or neurotological surgery, local
anesthesia, arterial embolization

55

Figure 11-4. MRI of brain in a 52-year-old male with right facial twitching, right hearing loss, and headaches. A right-sided tumor of the facial nerve
extending from the cerebellopontine angle to mastoid segment is shown. Facial nerve neuroma was suspected, and this was confirmed histologically after
removal of the tumor via middle fossa craniotomy.
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branches can be seen with parotid tumors (e.g., adenoid cystic
carcinoma), with facial or mandibular trauma, and after facial
surgery (e.g., parotidectomy, face lift, and submandibular
gland excision).

IDIOPATHIC FACIAL PALSY. Despite a thorough
workup, 60% to 75% of all cases of facial paralysis are
of unknown etiology and are called Bell’s palsy.28 The
annual incidence of Bell’s palsy is approximately 20 per
100,000, with an increasing incidence seen with increasing
age. The male-to-female and left-to-right ratio is approxi-
mately equal. Seven percent to 9% have a history of prior
facial palsy, and 4% to 9% have a positive family history
for Bell’s. High-risk patients include pregnant women and
patients with diabetes mellitus or multiple sclerosis. With-
out treatment, improvement is noted within 3 weeks in
85% of patients, with the remainder showing improvement
by 3 to 6 months. In addition, approximately 70% regain
normal function, approximately 15% have some residual
weakness, and the remainder have poor return of function.
By 6 months, therefore, all patients with Bell’s palsy
should show some improvement, and thus none should
have a persistent total facial paralysis.29,30

Clinical characteristics of typical Bell’s palsy include the
following: peripheral CN VII dysfunction involving all dis-
tal branches; sudden onset with maximal facial weakness
usually reached within several days; impaired result on
acoustic reflex test in 90%; viral prodrome in 60%; numb-
ness or pain of the ear, tongue, or face in 50%; chorda tym-
pani nerve appears red in 40%; reduction in ipsilateral tearing
or salivary flow in 10%; and spontaneous improvement
within 6 months.3

Based on accumulated clinical and experimental evi-
dence, the most commonly accepted cause of Bell’s palsy
is herpes simplex infection. Therefore, treatment consists
of acyclovir and steroids, which have been shown to hasten
the recovery and to lessen the ultimate degree of dysfunc-
tion.28,31,32 Adour and colleagues32 have shown that 92%
of patients regain normal facial motion when given a 10-
day course of acyclovir (400 mg by mouth five times daily)
and prednisone (60 mg/day orally for 5 days, then tapered
down by 10 mg/day for 5 days). In addition to the specific
treatment, all patients with weak eyelid closure should take
general precautions to avoid ocular complications. Patients
should use artificial tears throughout the day, ophthalmic
ointment at night, and either an eye moisture chamber or
taping closed of the affected eyelid during sleep.

Despite using acyclovir and prednisone, some patients
never regain good facial function. This subset of patients
with poor prognosis may benefit from surgical decompres-
sion of the entire infratemporal facial nerve. To determine
which patients will have a poor return of function, electro-
neurography is used, and those showing more than 90%
degeneration within 21 days have been found to benefit
from surgical decompression.33,34 However, decompres-
sion in this setting is controversial.31,33 If surgery is offered,
both a middle cranial fossa and a transmastoid approach are
required. Because the presumed site of entrapment is the
meatal foramen (beginning of the labyrinthine segment),
middle fossa access is needed to decompress this region.
The remainder of the infratemporal facial nerve can then
be decompressed via the transmastoid approach.33,34
Syndromes of Overactivation
Hemifacial Spasm
This movement disorder is characterized by unilateral,
involuntary, episodic tonic and clonic contraction of mus-
cles innervated by CN VII (Video 224, Hemifacial Spasm).
It usually begins as twitches around the eye and progresses
to involve the remaining ipsilateral facial muscles, even
during sleep. The spasms are painless, can be provoked
by voluntary facial motion and emotional stress, and occur
most often in middle-aged women. The exact etiology is
unknown, but many believe that compression of the motor
nerve root at the brain stem by a vascular loop causes focal
demyelination and focal ectopic excitation. Impulses
resulting from the chronic stimulation conduct centrifu-
gally to the facial nerve nucleus, which causes hyperactivity
of the nucleus with resultant bursts of hemifacial spasm.35

The condition also has been seen after recovery from Bell’s
palsy and in certain patients with tumors adjacent to CN
VII (e.g., parotid gland tumor, cerebellopontine angle
meningioma, and acoustic schwannoma).36 Hemifacial
spasm must be differentiated from blepharospasm, which
is an involuntary spasm involving both orbicularis oculi
muscles.
Myokymia
This is a progressive, irregular fibrillation of individual
facial muscle fibers. Usually, it begins in the frontalis and
extends to involve all the ipsilateral facial muscles (Video
110, Facial Myokymia). Electromyographic findings
include spontaneous activity of motor units at a rate of 30
to 70 per second. Common causes include pontine gliomas
and multiple sclerosis.4
Reinnervation Syndromes
Postparalytic Movements and Synkinesis
Synkinesis is unintentional motion of a group of muscles
when another group is voluntarily contracted. It results
from postparalytic reinnervation of different muscles by
axons from the same motor neuron. An example is eyelid
closure when the patient smiles.
Crocodile Tears
Also called Bogorad’s syndrome, it is characterized by uni-
lateral lacrimation during meals in patients with a history
of facial palsy. After paralysis with neural degeneration,
regenerating axons from the superior salivatory nucleus
intended for the chorda tympani instead enter the greater
superficial petrosal nerve. Rather than synapsing in the
submandibular ganglion to regulate the sublingual and sub-
mandibular glands, these preganglionic parasympathetic
fibers end up in the pterygopalatine ganglion. Therefore,
during meals, the stimulus for increased salivation results
in stimulation of the lacrimal gland, with a resultant in-
crease in tearing. If the regenerated axons stimulate the
glands in the nose, then gustatory rhinorrhea will occur.37
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Gustatory Sweating
Also known as Frey’s syndrome, this results from anoma-
lous reinnervation of sweat glands by axons intended for
the parotid gland. Normally, sweat glands are innervated
by postganglionic sympathetic fibers, which are unique in
that they use acetylcholine as the transmitter (rather than
norepinephrine). The parotid gland is innervated by post-
ganglionic parasympathetic fibers also using acetylcholine
as their transmitter to regulate salivary flow. After paroti-
dectomy, the cholinergic fibers originally intended for the
parotid gland end up innervating the sweat glands. While
eating, stimuli that should cause an increase in salivation
instead lead to facial sweating. Parotidectomy is the most
common cause.
GENERAL MANAGEMENT GOALS

General treatment for patients with facial palsy is con-
cerned mainly with protection of the eye from exposure
keratitis, especially when an ipsilateral CN V deficit
exists. During the day, artificial tears should be used
frequently to keep the eye moist. Sunglasses are worn out-
side. Areas with air contaminated by excessive particulate
matter or noxious fumes (e.g., construction sites and tex-
tile factories) should be avoided. To protect the cornea
while asleep, ophthalmic ointment is instilled. Then, either
the eyelid is carefully taped shut or a moisture chamber is
used. Other measures to protect the eye are room humidi-
fiers, tape for lid support, and soft contact lenses. Any cor-
neal abrasion or infection should be treated immediately to
avoid possible visual complications. If there is deterior-
ation in visual function, ophthalmology consultation is
needed.38

Specific treatments for facial palsy are aimed at the
underlying etiology. Consultation with the appropriate spe-
cialist is necessary for facial palsy caused by tumors,
cholesteatoma, skull base osteomyelitis, or middle ear
infection. Infectious, metabolic, collagen vascular, or toxic
causes should be corrected as required by the particular
disease. Prompt surgical consultation is needed for patients
with facial nerve paralysis after either blunt or penetrating
trauma.39

For the patient with a permanent facial paralysis despite
medical and surgical treatment, many surgical options are
available to improve facial function and appearance.
These include static sling procedures with fascia lata or
alloplastic strips, dynamic procedures with temporalis or
masseter transposition, hypoglossal-facial nerve anasto-
mosis, cross-facial nerve grafting, free muscle grafts,
and microvascular free nerve-muscle grafts.40 In addition,
the placement of gold weights or springs within the upper
eyelid, canthoplasty, and lower lid shortening can help
with eye closure. Associated procedures include brow or
face lift, entropion or ectropion repair, and lip transposi-
tion.41 In patients who are not surgical candidates or
who refuse operative intervention, facial neuromuscular
retraining utilizing biofeedback is an alternative therapy
that may help patients improve their recovery and inhibit
their synkinesis.42,43
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HISTORY AND DEFINITIONS

Sound consists of sinusoidal waves of air pressure, and
hearing is the perception of sound. The understanding
of speech depends on the perception of complex, time-
varying multifrequency sound. Hearing is possible when
the pitch or frequency range of sound is between 20 and
20,000 cycles/sec (Hz) and when the sound is appropriately
loud. The loudness of sound is measured in decibels. Clini-
cally, such as during audiometry, decibels are expressed
as units of hearing level and are computed by the formula
DB ¼ 20 log Ptest/Pref, where Ptest is the sound pressure
level in question and Pref is the sound pressure just barely
audible by a group of young adults. Tinnitus is the false per-
ception of a sound, or the perception of a sound that is not
normally perceived, such as the pulse. A single sinusoidal
tone corresponds to a ringing noise. Complex multifrequency
soundsmay be perceived as hissing, buzzing, roaring, or even
as speech or music.

Hearing loss consists of a reduction, relative to normal
standards, of the ability to perceive sound. Three subtypes
are recognized: conductive, sensorineural, and central. In
conductive hearing loss, mechanical transmission of sound
into the sensory receptors in the cochlea is impaired. In
sensorineural hearing loss, there is a loss of function in
the sensory receptors in either the cochlea or the auditory
nerve. In central hearing loss, there is a lesion in the brain
stem or auditory cortex.

Vertigo is a false sensation of movement that is usually
caused by disorders of the vestibular system, including
the inner ear and/or parts of the central nervous system
involved in processing of vestibular signals. Vertigo is
often accompanied by imbalance as well as secondary
symptoms such as nausea and fatigue. Dizziness is a less
specific term often used by patients to indicate vertigo as
well as a host of other symptoms, such as giddiness or
lightheadedness, confusion, and imbalance. The vestibular
system senses movement by detecting angular velocity
and linear acceleration. The semicircular canals are excel-
lent detectors of angular (rotational) velocity. The otolith
organs are detectors of linear acceleration that may be related
to either movement of the head or changes in orientation to
the earth’s gravitational field.

The history of the vestibulocochlear system can be traced
from the times of the ancient Greeks.1 Plato theorized that
“hearing is motion initiated by sound in the ears and ending
in the region of the liver.” Aristotle (384–322 BC) outlined
the concept of “inner ear” in the occiput of the skull as form-
ing the basis of hearing. In 97 AD, Rufus of Ephesus des-
cribed the auricular anatomy of the inner ear using the
words helix, antihelix, and tragus, which are terms that are
still in use today. Galen (130–200 AD) introduced the term
labyrinth to describe the inner structure of the inner ear in
temporal bone.

Vesalius (1564) named two of the ossicles, the malleus
(drumstick or hammer) and incus (anvil). Eustachio
(1510–1571) discovered the eustachian tube, which main-
tains equal pressure on both sides of the tympanic mem-
brane. In 1850, Corti described the sensory epithelium of
the cochlea, and the organ of Corti is his namesake. Rinne,
in 1855, developed the use of tuning fork tests in the diag-
nosis of middle ear disease. Ménière, in 1861, described a
disorder of increased pressure in the inner ear, a disease
that now bears his name. In 1901, Barr described the use
of a ticking watch to quantify hearing loss. Barany
received the Nobel Prize in 1909 for his work describing
the caloric test. In 1923, Fletcher described the electric
audiometer. Bekesy received the Nobel Prize in the 1950s
for his discovery of the traveling wave mechanism for the
stimulation of the cochlea. In more recent years, the surgi-
cal specialty of neurotology has emerged, driven by avail-
ability of the operative microscope and the need for
advanced training and subspecialization to surgically treat
otosclerosis and acoustic neuromas.

CLINICAL HISTORY

Disorders of the vestibulocochlear system, namely dizziness
and hearing disturbances, are common and have diverse
causes. Accordingly, the history must be unusually thorough.



TABLE 12-2

Ototoxic Medications

Antibiotics

Mainly vestibulotoxic
Gentamicin
Streptomycin
Tobramycin

Mainly cochleotoxic
Vancomycin
Kanamycin
Neomycin
Amikacin

Diuretics (Mainly Cochleotoxic)

Furosemide
Bumetanide
Ethacrynic acid

Quinine (Cochleotoxic)

Aspirin and Sodium Salicylate (Cochleotoxic, Reversible)

Chemotherapy (Mainly Mixed Toxicity)

Cis-platinum (mainly cochleotoxic)
Nitrogen mustard
Actinomycin
Bleomycin
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To be adequate, the history should be all-encompassing or
should follow a heuristic approach in which questions are
dynamically selected as the interview progresses. In the
all-encompassing approach, the examiner should first
obtain a definition of symptoms. Does the patient com-
plain of vertigo, a secondary symptom (e.g., nausea), a
nonspecific symptom (giddiness or lightheadedness), or
something unlikely to be caused by dysfunction of cranial
nerve VIII (e.g., confusion or syncope)? With respect to
hearing complaints, the clinician should ascertain whether
one or both sides are affected, what types of sounds are
poorly perceived (low-pitched, high-pitched, speech only,
or speech with background noise), whether there is an
accompanying tinnitus (ringing, pulsatile, multifrequency
sound such as roaring, auditory hallucinations), and
whether there is otalgia or an abnormal sensation in the
ear such as fullness. It is particularly important to inquire
about coincident headaches because migraine is a frequent
source of vertigo.

Next, the physician should inquire about timing. Are symp-
toms constant or episodic? If episodic, how long do they last?
Vertigo caused by benign paroxysmal positional vertigo
(BPPV) usually lasts 10 seconds. Vertigo from attacks of
Ménière’s disease typically lasts 2 hours. Vestibular neuritis
persists for weeks, and central vertigo may persist for years.
The clinician should establish whether the various symptoms
are related in time. This finding is particularly important for
certain disorders that present as symptom complexes, such
as the headache and dizziness of vertebrobasilar migraine or
the typical quadrad of tinnitus, vertigo, aural fullness, and
fluctuating hearing that typifies Ménière’s disease.

All patients with vertigo should be queried regarding
triggering or exacerbating factors (Table 12-1). In ver-
tiginous patients, it is particularly important to inquire
about positional triggers because approximately 20% of
all vertigo is caused by BPPV.

A medication history should be taken because numerous
medications can induce vertigo or impair hearing. Anticon-
vulsants, antihypertensives, and sedatives are common
sources of dizziness and vertigo, and ototoxic medications
(Table 12-2) may additionally be the source of hearing
disturbances or ataxia. All current medications as well as
previous exposure to ototoxins should be noted. In people
TABLE 12-1

Triggering or Exacerbating Factors for Vertigo

Changes in position of the head or body
Standing up
Rapid head movements
Walking in a dark room
Loud noises
Coughing, blowing the nose, sneezing,

straining, or laughing
Underwater diving, elevators, airplane travel
Exercise
Shopping malls, narrow or wide open spaces, grocery stores, escalators

(visual sensitivity complex)
Foods, not eating, salt, monosodium glutamate
Alcohol
Menstrual periods or hormonal manipulations
Boat or car travel
Anxiety or stress
with hearing complaints, a history of noise exposure should
also be obtained.

The family history is important to obtain because there may
be other family members who have migraine, seizures,
Ménière’s disease, otosclerosis, or early-onset hearing loss.
The review of systems should explore psychiatric problems
(especially anxiety and panic), vascular risk factors, cancer,
autoimmune disease, neurological problems (especially mi-
graine, stroke, transient ischemic attack, seizures, andmultiple
sclerosis), otological surgery, and general medical history
(especially thyroid dysfunction, diabetes, and syphilis).

ANATOMY OF THE VESTIBULOCOCHLEAR SYSTEM
(Tables 12-3 and 12-4)

Auditory System
Sound impinging on the ear is transmitted through a mechan-
ical system including the tympanic membrane and ossicular
chain, ending at the stapes. Sound energy is then converted
into changes in neural firing, which is passed more centrally
through a complex cross-connected network of neurons. This
neural network can be considered as a series of four orders of
neurons. First-order neurons are derived from the auditory
(spiral) ganglion; second-order neurons are those in the
neighborhood of the cochlear nuclei in the brain stem.
Third-order neurons are found at the level of the inferior col-
liculus, and fourth-order neurons travel from the medial gen-
iculate body in the thalamus to the auditory cortex.
Considerably more detail about these pathways can be found
in the book by Webster and colleagues.2

First-Order Neuron
The vestibular and cochlear divisions of the inner ear are
depicted in Figure 12-1A. Longitudinally (Fig. 12-1B), the
labyrinth is composed of an outer compartment containing



TABLE 12-4

Clinico-anatomical Correlations of Disorders of Cranial
Nerve VIII—Vestibular System

ANATOMICAL LOCATION
SIGNS/
SYMPTOMS

ASSOCIATED NEUROLOGICAL
FINDINGS

Cerebral cortex (epileptic
vertigo)

Quick spins Confusion

Brain stem Vertigo Nystagmus
Ataxia Weakness

Numbness
Dysarthria
Diplopia

Cerebellopontine angle Vertigo Nystagmus
Ataxia Hearing loss

Facial weakness
Facial numbness

Vestibular nerve Quick spins Nystagmus
Vertigo
Ataxia

Labyrinth Vertigo Hearing symptoms
Ataxia Oscillopsia

Pressure sensitivity

TABLE 12-3

Clinico-anatomical Correlations of Disorders of Cranial
Nerve VIII—Auditory System

ANATOMICAL
LOCATION SIGNS/SYMPTOMS

ASSOCIATED NEUROLOGICAL
FINDINGS

Cerebral cortex Aphasia Normal hearing
Auditory

hallucinations
Brain stem Unilateral hearing

loss
Vestibular disorder

Tinnitus
Poor word

recognition
Cerebellopontine
angle

Unilateral hearing
loss

Vestibular disorder

Tinnitus
Poor word

discrimination
Facial weakness
Facial numbness

Cochlear nerve Unilateral hearing
loss

Vestibular disorder
Facial weakness

Tinnitus
Cochlea Hearing loss

Tinnitus Aural fullness
Hyperacusis

Middle ear Conductive hearing
loss

—

Tinnitus
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perilymph (similar to extracellular fluid) and an inner com-
partment containing endolymph (similar to intracellular
fluid). The hair cells are embedded in the floor of the inner
compartment, the basilar membrane. Two types of hair cells
are in the cochlea, inner and outer. When sound is trans-
mitted to the cochlea, oscillations are set up in the basilar
membrane, and this stimulates the inner hair cells. Place-
code mapping occurs between frequency of sounds to areas
of the cochlea called a tonotopic distribution, which results
in registration of higher frequencies at the base of the
cochlea and lower frequencies at the apex.
The more numerous outer hair cells are motile and may
help to dynamically tune the system. Appreciation of the
motile nature of outer hair cells has led to a new test of
hearing called otacoustical emissions (OAEs). Reissner’s
membrane roofs the compartment containing the hair cells.
In certain conditions in which endolymph pressure is
increased (e.g., Ménière’s disease), Reissner’s membrane
may bow out or rupture. The spiral ganglion of the cochlea
is wrapped around the cochlea and receives output from the
hair cells to create the auditory nerve, which runs with the
vestibular nerve and facial nerve in the internal auditory
canal. In addition to the afferent fibers in the vestibulo-
cochlear nerve, there are also efferent fibers, which supply
the outer hair cells.

Second-Order Neuron
The cochlear nerve enters the brain stem at the pontome-
dullary junction, where it bifurcates and terminates in the
two major subdivisions of the cochlear nucleus—the dorsal
and ventral cochlear nuclei (Fig. 12-2). The most important
outflow is to the trapezoid body, which contains fibers des-
tined for the bilateral superior olivary nuclei in the brain
stem. The superior olive is concerned with sound localiza-
tion, based in interaural differences in sound timing and
intensity. The superior olive is also an essential part of
the stapedius reflex, which is a protective reflex in the mid-
dle ear. The simplest stapedius reflex arc involves
the spiral ganglion neurons, the cochlear nucleus, superior
olive, and facial nerve nucleus. Output from the superior
olive joins crossed and uncrossed axons from the cochlear
nucleus to form the lateral lemniscus. This pathway ascends
to the inferior colliculus. Because the lateral lemniscus
contains second-order neurons from the cochlear nucleus
and third- and fourth-order neurons from the superior olive,
it contributes to three waves of the auditory brain stem
response (described later). The tonotopic arrangement of
the cochlea is maintained in the cochlear nucleus, lateral
lemniscus, and reticular formation. Because of the extensive
crossing that occurs early in the central auditory circuitry,
central auditory lesions usually do not cause monaural
hearing loss.

Third-Order Neuron
The inferior colliculus is a major integrating center for the
auditory system and serves as a center for feedback path-
ways to the lower auditory system. Output from the inferior
colliculus ascends to the medial geniculate body of the
thalamus.

Fourth-Order Neuron
The medial geniculate body is the major auditory nuc-
leus of the thalamus. Parts of the medial geniculate are
hypothesized to function in directing auditory attention.
The medial geniculate body sends output to the primary
auditory cortex, also known as the transverse temporal gyri
of Heschl (Brodmann areas 41 and 42), and auditory asso-
ciation cortex (areas 22 and 52) (Fig. 12-3). The medial
geniculate also sends output to the auditory motor cortex,
which controls body responses to sound. The auditory
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Figure 12-1. The cochlea (A) and vestibular labyrinth
(B). (Reprinted with permission from Kandel ER, Schwartz
JH, Jessell TM [eds]: Principles of Neural Science, 3rd ed. East
Norwalk, CT, Appleton & Lange, 1991.)
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cortex is divided into three areas: a primary area (AI), a
secondary area (AII), and a remote projection region
(Ep). Investigators have varied in assigning area 42 to the
primary or secondary auditory cortex. The ventral medial
geniculate projects almost entirely to AI, whereas the sur-
rounding auditory areas receive projections from the rest
of the geniculate body. As with the lower auditory systems,
tonotopic relationships are maintained.

Vestibular System
The peripheral vestibular system consists of a set of three-
dimensional angular velocity transducers, the semicircular
canals, and a set of three-dimensional linear acceleration trans-
ducers, the otoliths (utricle and saccule) (see Fig. 12-1).3

These transducers are suspended by an assembly of
membranes and connective tissue, the membranous laby-
rinth, within channels in the temporal bone, the bony
labyrinth. Three important spatial arrangements character-
ize the semicircular canals. First, each canal within each
labyrinth is perpendicular to the other canals, which is
analogous to the spatial relationship between two walls
and the floor of a rectangular room. Second, the planes
of the semicircular canals, between the labyrinths, con-
form very closely to each other. The six individual semi-
circular canals become three coplanar pairs: (1) right and
left lateral, (2) left anterior and right posterior, and (3)
left posterior and right anterior. Third, the planes of the
canals are close to the planes of the extraocular muscles.
This relationship allows relatively simple connections
between sensory neurons related to individual canals and
motor output neurons, which are related to individual
ocular muscles. The otoliths register linear acceleration,
and they respond both to linear head motion and to static
tilt with respect to the gravitational axis. The otolithic
membranes contain calcium carbonate crystals called oto-
conia, and, therefore, they have substantially more mass
than the surrounding structures. The increased mass of
the otolithic membrane causes the maculae to be sensitive
to gravity. In contrast, the cupulae of the semicircular canals
have the same density as the surrounding endolymphatic
fluid and are insensitive to gravity. Like the canals, the
otoliths are arranged in a manner to enable them to respond
to motion in all three dimensions. In an upright person, the
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saccule is vertical (parasagittal), whereas the utricle is hori-
zontally oriented (near the plane of the lateral semicircular
canals). In this posture, the saccule can sense linear accel-
eration in its plane, which includes the acceleration oriented
along the occipitocaudal axis and linear motion along the
anteroposterior axis. The saccule also responds to loud
sounds. The utricle senses acceleration in its plane, which
includes lateral accelerations along the interaural axis, as
well as anteroposterior motion.

Vestibular Ganglion and Nerve
Vestibular nerve fibers are the afferent projections from the
bipolar neurons of Scarpa’s ganglion. The vestibular nerve
transmits afferent signals from the labyrinths through the
internal auditory canal (IAC). In addition to the vestibular
nerve, the IAC also contains the cochlear nerve (hearing),
the facial nerve, the nervus intermedius (a branch of the
facial nerve), and the labyrinthine artery. The IAC travels
through the petrous portion of the temporal bone to open
into the posterior fossa at the level of the pons. The vestib-
ular nerve enters the brain stem at the pontomedullary
junction and contains two divisions, the superior and in-
ferior vestibular nerves. The superior vestibular nerve
innervates the utricle, as well as the superior and lateral
canals. The inferior vestibular nerve innervates the pos-
terior canal and the saccule. Because a common disorder
of the vestibular nerve, vestibular neuritis, often spares
the inferior division, clinical situations can arise in which
there is a partial injury to the vestibular nerve.4

Vestibular Nuclei
The primary vestibular afferents transmit information
mainly to the vestibular nuclear complex and the cerebel-
lum. There are two types of afferents—“regular” and “ir-
regular.” The irregular afferents are more sensitive to
acceleration than the regular afferents, and they drive the
vestibulospinal system to a greater extent than the regular
afferents. The vestibular nuclear complex is the primary
processor of vestibular input, and it implements direct, fast
connections between incoming afferent information and
motor output neurons. The cerebellum monitors vestibular
performance and keeps it “calibrated.” In both locations,
vestibular sensory input is processed in association with
somatosensory and visual sensory input.

The vestibular nuclear complex consists of four “major”
nuclei (superior, medial, lateral, and descending) and at
least seven “minor” nuclei (Fig. 12-4). It is a large struc-
ture, located primarily within the pons but also extending
caudally into the medulla. The superior and medial ves-
tibular nuclei are relays for the vestibulo-ocular reflex
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(VOR). The medial vestibular nucleus is also involved in
vestibulospinal reflexes (VSRs), and it coordinates head
and eye movements that occur together. The lateral vestibu-
lar nucleus is the principal nucleus for the VSRs. The de-
scending nucleus is connected to all of the other nuclei and
the cerebellum, but it has no primary outflow of its own.
The vestibular nuclei are linked together via a system of
commissures, which for the most part are mutually inhibi-
tory. The commissures allow information to be shared
between the two sides of the brain stem, and they implement
the pairing of canals (discussed earlier in the chapter).

In the vestibular nuclear complex, processing of the vestib-
ular sensory input occurs concurrently with the processing of
extravestibular sensory information (proprioceptive, visual,
tactile, and auditory). Extensive connections between the
vestibular nuclear complex, cerebellum, ocular motor nuclei,
and brain stem reticular activating systems are required to for-
mulate appropriate efferent signals to the VOR and VSR
effector organs, the extraocular and skeletalmuscles. The ves-
tibular nucleus sends outflow to the oculomotor nuclei, spinal
cord, cerebellum, and vestibular cortex (Brodmann’s areas
40, 21, and 22).

Three major white matter pathways connect the vesti-
bular nucleus to the anterior horn cells of the spinal cord.
The lateral vestibulospinal tract originates from the ipsilat-
eral lateral vestibular nucleus, which receives the majority
of its input from the otoliths and the cerebellum. This path-
way generates antigravity postural motor activity, primarily
in the lower extremities, in response to the head position
changes that occur with respect to gravity. The medial ves-
tibulospinal tract originates from the contralateral medial,
superior, and descending vestibular nuclei; it mediates
ongoing postural changes in response to semicircular canal
sensory input (angular head motion). The medial vestibu-
lospinal tract descends only through the cervical spinal
cord in the medial longitudinal fasciculus; it activates cer-
vical axial musculature.

The reticulospinal tract receives sensory input from all
of the vestibular nuclei, as well as all of the other sensory
and motor systems involved with maintaining balance.
This projection has both crossed and uncrossed compo-
nents, and it is very highly collateralized. As a result, its
pathway through the entire extent of the spinal cord is
poorly defined. The reticulospinal tract is probably
involved in most balance reflex motor actions, including
postural adjustments made to extravestibular sensory input
(auditory, visual, and tactile stimuli).

The cerebellum is a major recipient of outflow from the
vestibular nucleus complex, and it is also a major source of
input to the vestibular nucleus. Most of the signal traffic is
routed through the inferior cerebellar peduncle. The cere-
bellum is not required for vestibular reflexes, but when
removed, vestibular reflexes become uncalibrated and inef-
fective. Originally, the vestibulocerebellum was defined as
the portions of the cerebellum that received direct input
from the primary vestibular afferents. It is now appreciated
that most parts of the cerebellar vermis (midline) respond
to vestibular stimulation. The cerebellar projections to the
vestibular nuclear complex have an inhibitory influence on
the vestibular nuclear complex. The cerebellar flocculus
adjusts and maintains the gain of the VOR.5 Lesions of the
flocculus reduce the ability of experimental animals to adapt
to disorders that reduce or increase the gain of the VOR. The
cerebellar nodulus adjusts the duration of VOR responses; it
is also involved with processing of otolith input.

Vascular Anatomy
The arterial circulation of the inner ear (Fig. 12-5) is com-
pletely supplied by the labyrinthine artery. The labyrinthine
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artery has a variable origin. Most often, it is a branch
of the anterior inferior cerebellar artery (AICA), but occa-
sionally it is a direct branch of the basilar artery. As it
enters the inner ear, it divides into the anterior vestibular
artery and the common cochlear artery. The anterior
vestibular artery supplies the vestibular nerve, most of
the utricle, and the ampullae of the lateral and anterior
semicircular canals. The common cochlear artery divides
into a main branch, the main cochlear artery, and the ves-
tibulocochlear artery. The main cochlear artery supplies
the cochlea. The vestibulocochlear artery supplies part
of the cochlea, ampulla of the posterior semicircular
canal, and inferior part of the saccule. The labyrinth has
no collateral anastomotic network and is highly sus-
ceptible to ischemia. Only 15 seconds of selective blood
flow cessation is needed to abolish auditory nerve excit-
ability.6

The vertebral-basilar arterial system provides the vas-
cular supply for both the peripheral and the central auditory
vestibular system. The posterior inferior cerebellar arteries
branch off the vertebral arteries. They supply the surface
of the inferior portions of the cerebellar hemispheres,
as well as the dorsolateral medulla, which includes the
inferior aspects of the vestibular nuclear complex. The
basilar artery is the principal artery of the pons. The basilar
artery supplies central vestibular structures via perforator
branches, which penetrate the medial pons; short cir-
cumferential branches, which supply the anterolateral
aspect of the pons; and long circumferential branches,
which supply the dorsolateral pons. The AICA supplies
both the peripheral vestibular system, via the labyrinthine
artery, and the ventrolateral cerebellum and the lateral
tegmentum of the lower two-thirds of the pons. Central
auditory cortex is mainly supplied by the middle cerebral
artery.
EXAMINATION OF THE VESTIBULOCOCHLEAR
SYSTEM

Directed Neurological Examination
The “directed” or focused neurological examination for the
assessment of cranial nerve VIII includes an evaluation of
the external ear, hearing, and vestibular responses. The
examination begins with an assessment of gait and balance.

Gait can often be observed as the patient walks into the
examination room. The most useful test to quantify balance
is the eyes-closed tandem Romberg’s test (Video 98,
Romberg Sign). Low-normal performance consists of
the ability to stand for 6 seconds, heel to toe, with eyes
closed. Young adults should be able to perform this test
for 30 seconds, but performance declines with age. It is
helpful to develop a judgment as to how much ataxia is
appropriate for a given degree of vestibular injury. Patients
with bilateral vestibular loss are moderately ataxic—they
make heavy use of vision and (with a narrow base) are
unsteady when their eyes are closed. No patient with bi-
lateral vestibular loss can stand in eyes-closed tandem
Romberg’s test position for 6 seconds. Patients with an
additional superimposed posterior column position sense
deficit, as well as patients with cerebellar dysfunction, are
unsteady even with their eyes open. Patients with chronic
unilateral vestibular loss show very little ataxia, and they
can usually perform the eyes-closed tandem Romberg’s
test. It is not necessary to quantify ataxia in patients with
recent unilateral vestibular imbalance because these patients
have a prominent nystagmus. Although numerous vestib-
ulospinal tests have been described throughout the years,
such as the Unterberger and Fukuda stepping test, the test
results are not clinically useful because of variable per-
formance in the normal population. In patients with head
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injury or in those in whom there are other reasons to sus-
pect a central nervous system (CNS) origin of imbalance,
basal ganglia function (pulsion/retropulsion tests) should
also be performed.

The examination proceeds with an inspection of the
external ear and ear canal looking for infections, masses,
or asymmetry. Next, the tympanic membranes should be
inspected for wax, perforation, otitis, or mass lesions. It
is usually prudent to remove wax before embarking on
more sophisticated diagnostic procedures. The tympanic
membranes contribute approximately 20 dB to the hearing
level. Disorders such as perforation, scarring, fluid accu-
mulation, or wax impaction can cause a conductive hearing
loss. A normal tympanic membrane is translucent. Serous
fluid behind the tympanic membrane imparts a straw color.

For bedside hearing assessment, Rinne’s and Weber’s
tests can be used. In Weber’s test, a vibrating 512-Hz tuning
fork is placed on the patient’s forehead. If the sound predo-
minates in one ear, the patient may have either a conductive
hearing loss in that ear or a contralateral sensorineural
hearing loss. In Rinne’s test, the base of a vibrating tuning
fork is placed on the mastoid and then placed approximately
1 inch away from the ear. Sound is normally appreciated
better through air than through bone. If sound is heard better
through bone, it is likely that there is a conductive hearing
loss. Other tuning fork tests include Bing’s and Schwabach’s
tests. In Bing’s test, the fork is struck and placed on the
mastoid tip. The examiner alternately occludes the patient’s
ipsilateral external meatus. If the patient has normal hearing
or a sensorineural loss, he or she notices a change in inten-
sity with occlusion. If the patient has a conductive hearing
loss, he or she notices no change. Schwabach’s test is con-
tingent on the examiner having normal hearing; the patient’s
hearing is compared with the examiner’s. For bone conduc-
tion testing, if the patient stops hearing the sound before the
examiner, this finding is consistent with a sensorineural loss.
If the patient hears the sound longer than the examiner, it
suggests a conductive hearing loss.

In current clinical practice, the wide availability
of excellent audiometric testing allows a much briefer
screening maneuver to be used with excellent results. The
examiner’s thumb and second finger are rubbed together
at an arm’s length from one of the patient’s ears. People
with normal hearing can perceive this sound at this dis-
tance. If the sound is not perceptible, this noise is brought
increasingly closer until it is heard, and the distance is
recorded. This simple test identifies high-tone hearing loss,
and an unexpected loss or asymmetrical findings may war-
rant formal audiogram studies or further investigations
with the tuning fork maneuvers described previously.

Spontaneous nystagmus is next assessed using Frenzel’s
goggles, which are illuminated, magnifying goggles worn
by the patient. A recently developed, far superior version
of the optical Frenzel’s goggles is the video Frenzel gog-
gles, in which a camera and infrared illumination replaces
the optics of the older version. The goggles are placed on
the patient, and over the next 10 to 15 seconds, the eyes
are observed for the presence of spontaneous nystagmus.
The typical nystagmus produced by inner ear dysfunction
is a “jerk” nystagmus—the eyes slowly deviate off center
and then there is a rapid jerk, which brings them back
to the center position. Most other patterns of nystagmus
(e.g., pendular and gaze-evoked) are predominantly of cen-
tral origin (Video 8, Gaze-Evoked Nystagmus). If Frenzel’s
goggles are not available, clinicians can obtain similar
information about nystagmus from the ophthalmoscopic
examination by monitoring the movement of the back of
the eye. Because the back of the eye moves in the opposite
direction to the front of the eye, for horizontal and vertical
movements, the examiner must remember to invert the
direction of the nystagmus when noting the direction of
the fast phase. Furthermore, an attempt should be made to
determine the effect of fixation on nystagmus. Nystagmus
derived from the inner ear is increased by removal of fixa-
tion, whereas nystagmus of central origin is variably
affected by fixation. Some types of central nystagmus, such
as congenital nystagmus, typically increase with fixation.
Most forms of central nystagmus, however, decrease with
fixation. Frenzel’s goggles are an excellent means of
removing fixation. In the ophthalmoscope test, fixation
can also be removed by covering the opposite eye.

If there is little or no spontaneous nystagmus and if
Frenzel’s goggles are available, the head-shake test may be
performed in an attempt to provoke a nystagmus. In this
maneuver, the patient’s eyes are closed and the head is
moved in the horizontal plane, back and forth, for 20 cycles.
A 45-degree excursion of the head to either side and a
2-cycle/second frequency should be used. Nystagmus last-
ing 5 seconds or more is indicative of an organic disorder
of the ear or CNS and supports further detailed investigation.
The vibration test is superior to the head-shake test, but
it requires the video version of the Frenzel goggles. In this
test, in people with unialteral vestibular loss, a brief low-
frequency vibration of the sternocleidomastoid muscle with
a massager reliably provokes unidirectional nystagmus.

All patients with vertigo should receive a Dix-Hallpike
positional test (Fig. 12-6). The patient is first positioned
on the examination table so that when lying flat the head
will extend over the end of the table. If Frenzel’s goggles
are available, they are used; however, the test may be ade-
quately performed without them. The patient is moved
backward rapidly to lie on the table in the head-hanging-
down position. The eyes are observed for the development
of nystagmus. If no dizziness or nystagmus is appreciated
after 20 seconds, the patient is returned to the sitting posi-
tion. The head is then repositioned 45 degrees to the right,
and the patient is again brought down to the head-right
supine position. After another 20 seconds, the patient is
returned to the sitting position, and the procedure is
repeated to the left (head-left). A burst of nystagmus, pro-
voked by either the head-right or head-left position, should
be sought. The nystagmus of classic BPPV beats upward
and also has a rotatory component, such that the top part
of the eye beats toward the down ear. The nystagmus typi-
cally has a latency of 2 to 5 seconds, lasts 5 to 60 seconds,
and is followed by a downbeating nystagmus when the
patient is placed upright in the sitting position. A lateral-canal
variant of BPPV occurs in which the eyes beat horizontally,
with the direction depending on head position. The “geo-
trophic” form beats toward the down ear. The “ageotrophic”
form beats away from the down ear. Nystagmus that is
sustained longer than 1 minute is unlikely to be BPPV.

Although other positional tests can be used, they are of
considerably less utility than the Dix-Hallpike test because



Figure 12-6. Dix-Hallpike maneuver. (From Baloh RW, Halmagyi GH
[eds]: Disorders of the Vestibular System. New York, Oxford University
Press, 1996, p 331.)
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of the relatively low incidence of causes of positional nys-
tagmus other than BPPV. Central positional nystagmus
such as a persistent downbeat or lateral beating nystagmus
may be registered best by simple positional maneuvers
wherein the head is supine rather than hyperextended, as in
the Dix-Hallpike maneuver. Rarely, patients may develop
nystagmus related to the position of their head on neck rather
than with respect to gravity, and in these instances, maneu-
vers should be done wherein the trunk is rotated with respect
to a stable head. This is most easily done with the video
Frenzel goggles through positional testing.

Maneuvers used in the assessment of VOR gain are
aimed at documenting bilateral vestibular loss. They need
not be done unless the patient has failed the eyes-closed
tandem Romberg’s test. The dynamic illegible E test is
the easiest and most sensitive of these tests. Using an eye
chart located at least 10 feet away from the patient, visual
acuity is recorded with the head still. Then, the examiner
moves the patient’s head horizontally at approximately
1 Hz, �30 degrees, and visual acuity is again recorded.
Normal individuals lose zero to two lines of acuity with
head movement. Patients with partial to complete loss of
vestibular function have a reduction of three to seven lines
of acuity. The ophthalmoscope test is done when the
dynamic illegible E test result is positive. The examiner
focuses on the optic disc and then gently moves the head
as described previously. If the disc moves with the head,
it confirms that the VOR gain is abnormal. This test is less
sensitive than the illegible E test but is objective in nature.
The rapid doll’s head test can also be used when the illegi-
ble E test result is positive. The examiner stands in front of
the patient, and the patient focuses on the examiner’s nose.
The examiner slowly rotates the patient’s head to one side,
approximately 30 degrees. Then, while asking the patient
to continue to fixate, the head is rapidly rotated to the
opposite mirror image position. In a normal subject, the
eyes remain fixated on the examiner’s nose throughout
the entire procedure, moving equal and opposite to the
head. In a patient with a poor VOR, such as in bilateral
vestibular loss, a refixational eye movement is necessary
after the head has stopped moving. This test can also some-
times detect unilateral vestibular lesions because there may
be a refixation saccade only when the head is rotated
toward the bad side.

The hyperventilation test is most useful in patients with
normal examinations up to this point. In this test, the
patient breathes deeply and forcefully for 30 breaths at a
rate of approximately one breath per second. Immediately
after hyperventilation, the eyes are inspected for nystagmus
with Frenzel’s goggles, and the patient is asked if the pro-
cedure reproduced symptoms. A subjectively positive test
result without nystagmus suggests the diagnosis of hyper-
ventilation syndrome and is thought to be a sign of an anxi-
ety disorder. Nystagmus induced by hyperventilation can
occur in patients with tumors or irritation of cranial nerve
VIII or in the setting of multiple sclerosis.

There are several additional tests performed in people
in whom a perilymph fistula or superior canal dehiscence7

is suspected. These patients complain of pressure sensi-
tivity or sound-induced vertigo. A loud noise, such as the
Barany noise box, can be combined with Frenzel’s goggles
to document sound-induced vertigo (Video 104, Sound-
Induced Vertigo). The Valsalva maneuver may also
provoke nystagmus.

Associated Neurological Findings
CEREBRAL. Assessment of cognitive function does

not often contribute to diagnosis of syndromes involving
cranial nerve VIII. Unless there are specific issues sug-
gested by history, this portion of the neurological examina-
tion can usually be omitted. The examination for aphasia
should be undertaken if it appears that there is a discre-
pancy between the ability to detect sound and the patient’s
ability to interpret sound. For example, an individual with
cortical deafness may startle to a handclap but otherwise
appears deaf.

CRANIAL NERVES. A careful oculomotor examination
is crucial for detecting many central vertigo syndromes.
One should assess smooth pursuit, saccades, and ocular
range. Other cranial nerves are rarely involved in processes
that affect cranial nerve VIII. Corneal reflexes should be
assessed when there are sensory complaints involving the
face. Rarely, tumors of cranial nerve VIII grow larger than
3 cm and may compress cranial nerve V. Because cranial
nerve VII travels with VIII in the IAC, the examiner should
evaluate facial movement. However, facial weakness is
unusual even with large acoustical neuromas. In the brain
stem, the nuclei of cranial nerves IX, X, and XI are close
to that of VIII, and an assessment of the voice, palatal
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function, and gag may reveal unilateral weakness in certain
patients.

MOTOR/REFLEXES/CEREBELLAR/GAIT. The motor
examination should include assessment of power in the
upper and lower extremities. The cerebellar examination
should particularly focus on the assessment of upper extre-
mity coordination. Reflexes should be checked because
asymmetry or a positive Babinski’s sign may be a valuable
clue to a brain stem disorder.

SENSORY. When the history suggests a sensory distur-
bance, examination should be made of pinprick in the face
and extremities. Position sense should be checked in all
ataxic patients.

AUTONOMIC NERVOUS SYSTEM. The pupils should
also be checked for Horner’s syndrome (miosis, ptosis,
and, rarely, anhydrosis) because the sympathetic system in
the brain stem is occasionally affected by cranial nerve VIII
dysfunction, particularly with vascular lesions (Wallenberg’s
syndrome) (Video 17, Horner’s Syndrome). Blood pressure
and pulse are taken with the patient standing, and if the
blood pressure is low (110/70 or lower), it should be
repeated with the patient lying flat. These procedures are
intended to exclude orthostatic hypotension and positional
orthostatic tachycardia, which needs to be considered in
patients with symptoms suggestive of postural vertigo or
ataxia.

NEUROVASCULAR. The carotid and subclavian arteries
are examined by auscultation in all patients with symptoms
that suggest cranial nerve VIII dysfunction.

Associated Medical Findings
The heart and the carotid and subclavian arteries should be
auscultated. In patients with pulsatile tinnitus, the head
should be auscultated for bruits. In patients with potential
syncope who are younger than 70 years of age and have
no carotid bruit, 10 seconds of carotid sinus massage may
be undertaken. This is done with the patient in the sitting
position, first on one side and then on the other, in an
attempt to reproduce symptoms.
EVALUATION GUIDELINES (Tables 12-5 and 12-6)

Numerous laboratory procedures are commonly used for
evaluation of patients with vertigo and dizziness. For effi-
ciency and cost, procedures should be selected according
to specific symptom complexes present in the patient.

NEUROIMAGING. Skull films, cervical spine films,
computed tomography (CT) scans of the head, and CT
scans of the sinuses are not routinely recommended in the
evaluation of vertigo or hearing disturbances. Magnetic
resonance imaging (MRI) of the head can be used to eval-
uate the structural integrity of the brain stem, cerebellum,
periventricular white matter, cranial nerve VIII complexes,
and sinuses. The T1 MRI with gadolinium contrast is the
most useful study. MRI is not routinely needed to evaluate
vertigo or hearing disturbance without accompanying
neurological findings. Although the MRI may show
enhancement of the vestibular nerve in vestibular neuritis,
the expense of this study should be considered when
attempting to document the existence of this self-limited
condition. MRI with contrast is preferred to brain stem
auditory evoked responses (BAER) testing when acoustic
neuroma is suspected because it detects tumors at an earlier
stage. CT of the temporal bone provides higher resolution
than MRI and is preferred in the evaluation of lesions
involving bone, particularly when otosclerosis or choles-
teatoma is suspected. CT of the temporal bone is also
crucial in detecting bony dehiscence of the superior semi-
circular canal, which is a cause of sound-induced vertigo.7

CT angiography may be helpful in evaluating pulsatile
tinnitus and vertebral artery syndromes.

ELECTROPHYSIOLOGY. Electroencephalography has
a low yield in most disorders related to cranial nerve VIII
but is indicated when there is unexplained vertigo after
head trauma or for the “quick spin” symptom complex.
The BAER test, also known as the auditory brain stem
response test, assesses the auditory nerve and brain stem
pathways. This test is usually ordered to rule out an acous-
tic neuroma, and this study has approximately 90% sensi-
tivity. Because BAER results may be inaccurate in
patients who have no high-frequency hearing, audiometry
is recommended before BAER testing. The presence of
abnormal BAER results is an indication for an MRI evalua-
tion of the posterior fossa (T1-weighted image with con-
trast). For cost efficiency, BAERs need not be obtained if
an MRI is planned, and the MRI is generally the preferred
test in most instances. Electrocochleography (ECOG) is a
variant of the BAER in which electrodes are placed on
the eardrum to obtain better definition of the cochlear
potential. ECOG is sometimes helpful to confirm a diagno-
sis of Ménière’s disease, but because of technical diffi-
culty, the lack of response in people with significant
hearing loss, and a lack of specificity for Ménière’s dis-
ease, it is not done routinely.

Vestibular evoked myogenic potential (VEMP) is a
rapidly emerging test in the vestibular test battery. VEMP
is an evoked potential that averages surface EMG evoked
by loud clicks. It is a robust response that can be obtained
in as few as 200 stimuli presented at a rate of 5 per sec-
ond. It assesses the saccule, inferior vestibular nerve, the
vestibular nucleus, and descending vestibulospinal path-
ways. VEMP is approximately 75% sensitive to acoustic
neuroma.

BODY FLUID AND TISSUE ANALYSIS. Blood tests are
triggered by specific symptom complexes, and there is
no routine set of values obtained in every patient. Whereas
thyroid dysfunction and vitamin B12 deficiency can be
detected by appropriate diagnostic assays, chemistry
panels, complete blood counts, glucose tolerance tests,
and allergy tests need not be routinely ordered. Similarly,
urine testing is rarely productive in disorders of cranial
nerve VIII.

CEREBROSPINAL FLUID. Lumbar puncture has limited
usefulness in disorders of cranial nerve VIII. Occasionally,
it may be indicated in pursuit of the diagnosis of neuro-
syphilis, Lyme disease, multiple sclerosis, and meningeal
carcinomatosis.

NEUROPSYCHOLOGICAL TESTS. Neuropsychological
testing of speech and language may be helpful in patients
in whom the diagnosis of a central hearing disturbance is
being considered. Otherwise, these procedures have limited
usefulness in the evaluation of disorders of cranial nerve



TABLE 12-5

Useful Studies in the Evaluation of Disorders of Cranial Nerve VIII

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY
FLUID AND TISSUE
ANALYSIS

NEUROPSYCHOLOGICAL
TESTS OTHER TESTS

Central hearing
disorders

Temporal cortex lesion: MRI,
CT

N/A N/A Abnormal Poor word recognition
on audiometry

Peripheral
hearing loss

Usually normal BAER N/A N/A Audiogram, OAE
abnormalMRI, CT

ECOG
CPA syndrome Lesion in CPA: MRI, CT BAER VEMP CSF N/A Audiogram, abnormal
Central vertigo Brain stem or cerebellum lesion:

MRI, CT
BAER CSF N/A ENG

Blood Rotatory chair test

Peripheral
vertigo:

Normal Normal N/A N/A ENG

BPPV
Ménière’s
disease

Normal BAER N/A N/A Audiogram

ECOG ENG

Vestibular
neuritis

MRI may show enhancement of
vestibular nerve

N/A N/A N/A ENG

Bilateral
vestibular loss

Normal N/A N/A N/A ENG
Rotatory chair
Audiogram

Malingering Normal BAER Normal Abnormal Audiogram
VEMP ENG

Rotatory chair
Posturography

BAER, brain stem auditory evoked responses; CT, computed tomography; ECOG, electrocochleography; ENG, electronystagmography; MLR, middle latency response; MRI,
magnetic resonance imaging; N/A, not applicable; OAE, otoacoustic emissions; VEMP, vestibular evoked myogenic potential.
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VIII. The Minnesota Multiphasic Personality Inventory has
some usefulness when the diagnosis of malingering is
being considered. Neuropsychological testing may also be
useful in determining how much anxiety is associated with
the patient’s symptom complex.

OTHER TESTS. The audiogram is the single most useful
test in the patient with a hearing disorder and/or vertigo. In
hearing disorders, the audiogram is crucial in defining the
degree and type of loss. In patients with vertigo, unilateral
abnormalities in the audiogram usually narrow the differen-
tial diagnosis down to otological vertigo. Accompanying the
audiogram is a battery of related measures. The tym-
panogram measures middle ear pressure, and tympanometry
is helpful in identifying a perforated eardrum or middle ear
infection. Acoustic reflexes measure the stapedius and ten-
sor tympani reflex–generated eardrum movement in
response to intense sound, and they can be helpful in cor-
roborating particular types of hearing loss. Reflexes that
are present at abnormally low levels suggest recruitment
with a cochlear site of lesion. Reflexes that decay rapidly
suggest a retrocochlear lesion.

The word recognition score (also called speech discrimi-
nation) measures the ability to repeat words presented at a
comfortable loudness. Word recognition can be impaired
by both auditory distortion and central abnormalities such
as a nonfluent aphasia. The speech reception threshold
measures the auditory threshold of hearing for words. It
should be consistent with pure-tone hearing. When they
are not consistent, a central or functional hearing distur-
bance is more likely.

Audiometry is particularly useful in the diagnosis
of Ménière’s disease. A fluctuating low-tone sensorineural
hearing loss is typical of this condition (Fig. 12-7). The
short-increment sensitivity index, alternate binaural loud-
ness balance, and Bekesey’s tests are no longer used in
most clinical practices.

Otoacoustic emissions (OAEs) have become a com-
monly added option to the hearing evaluation. A pair of
tones is usually used to generate the response. The outer
hair cells generate a sound in response to the stimulus,
and this sound is captured by a microphone in the ear
canal. The test was initially mainly used for infant hearing
screening, but it also has considerable utility as a rapid
objective measure of cochlear function. It can be extremely
helpful in people who are malingering.

Four types of vestibular tests are selected according
to the clinical situation. Electronystagmography (ENG)
is the most useful, and it consists of a battery of procedures
that can identify vestibular asymmetry (such as that caused
by vestibular neuritis) and that document spontaneous
or positional nystagmus (such as that caused by BPPV).
Because of anatomical variability and technical difficulty,
the ENG result can be misleading, most commonly sug-
gesting an abnormality when none exists. An abnormal
result that does not fit the clinical picture should be con-
firmed with rotatory chair testing. Rotatory chair testing
measures vestibular function of both inner ears together
and is also highly sensitive and specific for bilateral loss
of vestibular function. Although rotatory chair testing does
not establish the side of a unilateral vestibular lesion, there
is a characteristic pattern of unilateral loss. For this reason,
it can also be helpful in corroborating an abnormal ENG.
Fistula testing involves the recording of nystagmus induced
by pressure in the external ear canal. Its sensitivity to a



TABLE 12-6

Laboratory Procedures for Disorders Related to Cranial
Nerve VIII

TEST INDICATION

Neuroimaging Central vertigo or hearing loss, abnormal
BAERMRI of head

MRA TIA or CVA
CT scan of

temporal bone
Suspect fistula, cholesteatoma, mastoiditis,
congenital abnormality, superior canal
dehiscence, abnormal VEMP

CT angiography Pulsatile tinnitus

Electrophysiology

EEG Post-traumatic vertigo
Vertigo with disturbed consciousness

BAER Asymmetrical sensorineural hearing loss
MLR Central hearing disturbance
VEMP Vertigo, Tullio’s phenomenon

Fluid and Tissue Analysis

FTA Hearing symptoms
Lyme titers Tick bite with hearing symptoms or vertigo
Glycosylated

hemoglobin
Ménière’s symptom complex

ANA Ménière’s symptom complex
TSH Ménière’s symptom complex

Neuropsychological

Testing

Central hearing disturbance
Secondary gain

Audiological Testing

Audiogram Vertigo, hearing symptoms
ECOG Secondary test for Ménière’s and

perilymphatic fistula
Otoacoustic

emissions
Infant hearing screening
Secondary gain from hearing loss

Vestibular Testing

ENG Vertigo
Rotatory chair Bilateral vestibular loss

Ototoxin exposure
Secondary test to confirm abnormal ENG

Fistula test Pressure sensitivity
Posturography Malingering

Other Tests

Ambulatory event
monitoring

Syncope

Holter monitoring Syncope
Tilt-table testing Syncope

ANA, antinuclear antibody; BAER, brain stem auditory evoked responses; CVA,
cerebrovascular accident; CT, computed tomography; ECOG, electrocochleography;
EEG, electroencephalogram; ENG, electronystagmography; FTA, fluorescent trepo-
nemal antibody; MRI, magnetic resonance imaging; MRA, magnetic resonance
angiography; MLR, middle latency response; TIA, transient ischemic attack; TSH,
thyroid-stimulating hormone; VEMP, vestibular evoked myogenic potential.
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Figure 12-7. Audiogram depicting the low-tone sensorineural loss typical of
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perilymph fistula is only 50%, but it is the only objective
procedure that is available to substantiate a clinical suspi-
cion of fistula. Posturography is an instrumented variant
of the Romberg’s test. Posturography can be helpful in
quantifying imbalance. Additionally, it will sometimes
detect malingering when the test demonstrates inconsistent
patterns of balance.

Syncope is a common differential diagnosis in the eva-
luation of disorders of cranial nerve VIII; it is sometimes
useful to check patients for arrhythmia or abnormal control
of blood pressure. Ambulatory event monitoring or Holter
monitoring is used to detect arrhythmia or sinus arrest.
Tilt-table testing is sometimes advocated for the diagnosis
of syncope. However, there is a lack of data establishing
a link between tilt-table test abnormalities and successful
treatment outcomes, and the role of the tilt-table test in
the evaluation of dizzy patients is unclear.
CLINICAL SYNDROMES (Table 12-7)

Syndromes Primarily Involving Hearing
Hearing loss is highly prevalent, especially in the older
population, and three types are commonly encountered:
conductive, sensorineural, and central hearing loss. In con-
ductive hearing loss, sound is not transmitted into the inner
ear. Diagnosis is ordinarily made via observation of an
“air-bone gap” on audiometry, meaning that hearing is
superior when sound is transmitted in such a way that it
bypasses the middle ear ossicular chain. OAEs and VEMP
are generally absent. Causes include a buildup of ear
wax, foreign body in the ear canal, otosclerosis, external
or middle ear infections, allergy with serous otitis, and per-
foration of the tympanic membrane. Characteristically,
hearing aids work well for conductive hearing loss.

Sensorineural hearing loss is the most common type of
hearing loss, occurring in 23% of the population older than
65 years of age. The term sensorineural is used to indicate
that there is either a cochlear or a cranial nerve VIII lesion.
The diagnosis of a sensorineural pattern hearing loss is
made through audiometry, which shows a significant hear-
ing loss without the air-bone gap characteristic of conduc-
tive hearing disturbances. OAEs are also generally absent.
Common causes include old age (when the hearing
pattern is often somewhat confusingly called presbycusis),
Ménière’s disease, toxin exposures (such as to high-dose
aspirin), and noise. Treatments are mainly aimed at prevent-
ing further damage. If the loss is minor, avoidance of noise
and of ototoxic medications are appropriate “treatments.” If



TABLE 12-7

Selected Etiologies Associated with Disorders of Cranial Nerve VIII

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental structural disorders Arnold-Chiari malformation 28
Degenerative and compressive structural disorders Mondini malformation

Paget’s disease

Hereditodegenerative Disorders

Storage diseases: Lipidoses, glycogen disorders, and leukoencephalopathies Hurler’s, Hunter’s, Sanfilippo’s, Morquio’s syndromes 29
Krabbe’s disease

Chromosomal anomalies and the neurocutaneous disorders Waardenburg’s, Usher’s, Down’s, Pendred’s syndromes 32

Acquired Metabolic Disorders and Nutritional Disorders

Endogenous metabolic disorders Kernicterus 38
Nutritional deficiencies and syndromes associated with alcoholism Wernicke’s (central vertigo)

Infectious Disorders

Viral infections Vestibular neuritis 41
Herpes zoster oticus
Cytomegalovirus (infants)

Nonviral infections Chronic, acute otitis media (bacterial) 42
Meningitis (bacterial, fungal)
Syphilis

Neurovascular Disorders AICA, PICA syndromes
45

Subarachnoid hemorrhage

Neoplastic Disorders

Primary neurological tumors Acoustic neuroma 46

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis 48

Traumatic Disorders Blunt head trauma 51
Superior canal dehiscence

Epilepsy Central vertigo 52

Headache and Facial Pain Central vertigo (vertebrobasilar migraine) 53

Drug-Induced and Iatrogenic Neurological Disorders Vestibular ototoxicity: aminoglycosides 55

AICA, anterior inferior cerebellar artery; PICA, posterior inferior cerebellar artery.
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the loss is significant, a hearing aid should be tried. Occa-
sionally, people with acquired deafness can be treated with
a surgically implanted prosthesis, a cochlear implant, that
directly stimulates the spiral ganglion.

Central hearing loss is extremely rare compared with the
sensorineural or conductive types. The diagnosis is usually
not made by the pure-tone audiogram, which often yields a
normal result. OAEs and VEMP are also typically normal.
Rather, patients usually have an aphasia, which may be
associated with disproportionally poor scores on the speech
reception threshold tests or word recognition portions of
the audiogram.

Pure word deafness is a rare subtype of central deafness.
This disorder is defined as disturbed auditory comprehen-
sion without difficulties with visual comprehension.
Patients characteristically have fluent verbal output, severe
disturbance of spoken language comprehension and repeti-
tion, and no problems with reading or writing.8 Nonverbal
sounds are correctly identified. The lesion is classically
postulated to be a disruption in connections between the
dominant Heschl’s transverse gyrus and the medial genicu-
late as well as callosal fibers from the opposite superior tem-
poral region. Initially, it appears commonly as Wernicke’s
aphasia. With recovery, difficulties in auditory compre-
hension persist. Although usually caused by a stroke, pure
word deafness can arise from other causes of focal cortical
lesions such as tumors.

Auditory agnosia, another rare subset of central deaf-
ness, is typified by relatively normal pure-tone hearing on
audiometry but inability to interpret (recognize) nonverbal
sounds such as the ringing of a telephone. Inability to inter-
pret nonverbal sounds but preserved ability to interpret
speech may be a result of a right hemisphere lesion alone.8

Amusia is a particular type of auditory agnosia in which
only the perception of music is impaired. Again, right-
sided temporal lesions are thought to be the cause.

Cortical deafness is essentially the combination of word
deafness and auditory agnosia. It is characterized by an
inability to interpret either verbal or nonverbal sounds with
preserved awareness of the occurrence of sound (e.g., by a
startle reaction to a clap). In most instances, the cause is
bilateral embolic strokes in the area of Heschl’s gyri.
Patients present with sudden deafness evolving later so that
they can hear sounds but are unable to recognize their
meaning. Relatively few cases of this disorder have been
studied, and it is possible that bilateral lesions of the cen-
tral auditory pathways, other than the speech cortex, can
also result in these deficits.
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Auditory hallucinations consist of an illusion of a com-
plex sound such as music or speech. These hallucinations
most commonly occur as a result of an injury to the super-
ior temporal auditory association areas. Penfield dis-
covered that stimulating this area induced an auditory
sensation that seemed real to patients. Auditory hallucina-
tions can also occur as a result of temporal lobe seizure.

Syndromes Primarily Involving Vestibular Function
Conditions that involve vestibular function can be classi-
fied into peripheral (otological vertigo) and central sub-
groups. Patients with these syndromes present clinically
with a combination of vertigo and ataxia. Practically, there
are far more cases of otological vertigo than central ver-
tigo, and for this reason, in clinical practice, a detailed
understanding of otological vertigo is essential.

Benign Paroxysmal Positional Vertigo
Benign paroxysmal positional vertigo BPPV is the cause
of half of all cases of otological vertigo; it accounts for
approximately 20% of all patients with vertigo (Video 28,
Nystagmus). BPPV is diagnosed by the history of posi-
tional vertigo with a typical nystagmus pattern (a burst of
upbeating/torsional nystagmus) on Dix-Hallpike positional
testing. Symptoms are precipitated by movement or a posi-
tion change of the head or body. Getting out of bed and
rolling over in bed are the most common “problem”
motions. A burst of nystagmus can often be provoked by
placing the head in positions wherein the posterior canal
is made vertical in space, and ENG testing may be helpful
in documenting this condition. BPPV is usually a straight-
forward clinical diagnosis. Ordinarily, there is no need
to obtain neuroradiological tests, audiometric testing, or
posturography.

It is currently thought that BPPV is caused by the pres-
ence of free debris, possibly otoconia, within the semicir-
cular canals, which is dislodged from the otolith organs
by trauma, infection, or degeneration (Fig. 12-8). The oto-
conial debris can move about after changes in head posi-
tion, causing vertigo and nystagmus when the debris
tumbles through the semicircular canals. The duration of
symptoms is brief because dizziness occurs only while
Utricle

Posterior
semicircular

canal

Vestibule

Vestibulithiasis,
debris in vestibule

Cupulolithiasis, debris
attached to cupula

Canalithiasis, debris
in posterior canal

Figure 12-8. Debris hypothesis of benign paroxysmal positional vertigo.
Otoconia displaced from the utricle gravitate to the most dependent parts
of the inner ear.
the debris shifts position. Physical treatments based on
the manipulation of the head are the most effective reme-
dies for BPPV. These maneuvers reposition the otolithic
debris to an insensitive location within the inner ear.9
Vestibular Neuritis and Other Unilateral
Vestibulopathies
Vestibular neuritis is a self-limited otological condition.
Patients present with vertigo, nausea, ataxia, and nystag-
mus. Most cases of vestibular neuritis are monophasic.
Hearing is not impaired, and when there are similar symp-
toms with abnormal hearing, the syndrome is termed laby-
rinthitis. A strong nystagmus is seen acutely, and Frenzel’s
goggles are particularly useful in seeing these eye move-
ments. Vestibular neuritis is thought to be caused by viral
infections of the vestibular ganglion.

Similar symptoms may be seen with other etiologies.
Ménière’s disease is usually recognized by the episodic
pattern. Herpes simplex virus infection of the vestibular
nerve is recognized by a combination of ear pain and the
presence of vesicles on the external canal. Acoustic neu-
roma (discussed later) is recognized by a slower course
and the occurrence of hearing loss. Vascular disorders such
as a labyrinthine artery infarction are generally impossible
to exclude, and their diagnosis is suggested by an identical
symptom complex combined with vascular risk factors.

No laboratory testing is needed in straightforward cases.
When a central disorder is suspected in the setting of multi-
ple cerebrovascular risk factors or neurological diseases,
however, further laboratory testing may be helpful to con-
firm the anatomical diagnosis. Electronystagmography test-
ing often reveals a significantly decreased caloric response
on one side as well as spontaneous nystagmus. Rotational
testing is not necessary, but when obtained, it typically
shows reduced gain and increased phase lead. Posturography
is also not necessary, but results are typically abnormal,
indicating that balance is impaired. OAE testing is normal,
whereas VEMP is frequently reduced on one side.

In vestibular neuritis, severe distress associated with
constant vertigo, nausea, and malaise usually lasts 2 or 3
days, and less intense symptoms ordinarily persist for
1 or 2 weeks. The treatment strategy involves the use of
vestibular suppressants and antiemetics (Tables 12-8 and
12-9). Systemic steroids may also be used in selected
patients because they have been reported to improve prog-
nosis at 1 year.10 In approximately 10% of patients, it may
take as long as 2 months for the condition to improve sub-
stantially. These patients usually have a significant fixed
vestibular paresis combined with central dysfunction that
slows their compensation. For example, patients with alco-
holic cerebellar degeneration or people of advanced age
may recover much more slowly. Such patients often benefit
from vestibular exercises.

Vestibular exercise instructions may be given to patients
in the form of a handout.11 These exercises are done three
times daily, moving from the easier procedures to more
difficult ones, as recovery ensues. Specialized physical
therapy programs are also available in which individua-
lized therapy can be offered and supervision provided,
when appropriate. It should also be noted that numerous



TABLE 12-8

Vestibular Suppressants*

DRUG DOSE ADVERSE REACTIONS

PHARMACOLOGICAL
CLASS AND PRECAU-
TIONS

Meclizine
(Antivert,
Bonine)

12.5–50 mg every 4–6 hours Sedating, precautions in prostatic enlargement,
glaucoma

Antihistamine
Anticholinergic

Lorazepam
(Ativan)

0.5 mg twice daily Mildly sedating Benzodiazepine
Drug dependency

Clonazepam
(Klonopin)

0.5 mg twice daily Mildly sedating Benzodiazepine
Drug dependency

Scopolamine
(Transderm-
Scop)

1.5 mg patch every 3 days Topical allergy with chronic use. Precautions in glaucoma,
tachyarrhythmias, prostatic enlargement

Anticholinergic

Dimenhydrinate
(Dramamine)

50 mg every 4–6 hours Same as meclizine Antihistamine
Anticholinergic

Diazepam
(Valium)

2–10 mg (1 dose) given acutely orally,
intramuscularly, or intravenously

Sedating Benzodiazepine
Respiratory depressant
Drug dependency
Precaution in glaucoma

*Doses listed are used in adults. Drugs are arranged in order of preference.

TABLE 12-9

Antiemetics

DRUG USUAL DOSE* ADVERSE REACTIONS
PHARMACOLOGICAL
CLASS

Meclizine (Antivert,
Bonine)

12.5–50 mg every 4–6 hours orally Sedating Antihistamine and
anticholinergicPrecautions in glaucoma,

prostate enlargement
Metoclopramide
(Reglan)

10 mg orally three times daily or 10mg intramuscularly Restlessness or drowsiness Dopamine antagonist
Extrapyramidal

Ondansetron
(Zofran)

4–8 mg orally single dose Headache 5-HT3 antagonist

Prochlorperazine
(Compazine)

5 mg or 10 mg intramuscularly or orally every 6–12 hours or 25
mg rectal every 12 hours

Sedating Phenothiazine
Extrapyramidal

Promethazine
(Phenergan)

12.5–25 mg orally every 6–8 hours or 12.5–25 mg rectal every 12
hours

Sedating Phenothiazine

12.5 mg intramuscularly every 6–8 hours
Extrapyramidal

Trimethobenzamide
(Tigan)

250 mg orally three times daily or 200 mg intramuscularly three
times daily

Sedating Similar to
phenothiazineExtrapyramidal

Thiethylperazine
(Torecan)

10 mg orally, up to three times daily or 2 mL intramuscularly, up
to three times daily

Sedating Phenothiazine

*Doses listed are used in adults.
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avocational activities serve well to promote vestibular
compensation, and depending on the abilities and interests
of patients, clinicians may prescribe golf, bowling, racquet-
ball, bicycling, or even T’ai Chi.
Cerebellopontine Angle Syndrome
Acoustic neuromas and other tumors such as meningiomas,
which can appear at the cerebellopontine angle, usually
display asymmetrical sensorineural hearing loss. Usually,
patients in the fifth or greater decade present with mild ver-
tigo or ataxia, accompanied by a significant asymmetrical
hearing loss. Generally, there are no other physical exami-
nation abnormalities, and facial and sixth nerve functions
are ordinarily normal.

If the hearing loss is minor, an audiogram may be
performed within 6 months. If hearing loss progressively
worsens, an MRI scan with gadolinium should be pursued.
If a tumor is identified and is small, or the patient is reluc-
tant to have surgery, the tumor may be followed with per-
iodic evaluations. MRI should be repeated every year or
more frequently if there is a substantial change in hearing.
In many instances, lesions remain stable over many years
and surgery can be avoided. Gamma knife treatment is an
emerging modality and may also be used when surgery is
refused or when the patient is a poor surgical risk (Video
201, Cranial Nerve VII Anatomy).

Ménière’s Disease
Classic Ménière’s disease presents as a quadrad of paroxys-
mal symptoms, including tinnitus, monaural fullness, fluctu-
ating hearing, and episodic vertigo (Video 29, Spontaneous
Nystagmus). This clinical picture is sometimes called the
“hydrops” symptom complex, inferring that the mechanism
is related to dilation and rupture of the endolymphatic com-
partment of the inner ear. The tinnitus is characteristically



TABLE 12-10

Common Causes of Central Vertigo

Stroke and TIA
Cerebellum
AICA distribution
PICA distribution

Vertebrobasilar migraine
Adult form
Childhood variant (benign paroxysmal vertigo of childhood)

Seizure (temporal lobe)
Multiple sclerosis, postinfectious demyelination
Arnold-Chiari malformation
Tumors of cranial nerve VIII, brain stem, or cerebellum
Paraneoplastic cerebellar degeneration
Wernicke’s syndrome

AICA, anterior inferior cerebellar artery; PICA, posterior inferior cerebellar artery;
TIA, transient ischemic attack.
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of two types. Between attacks, the tinnitus is characteristi-
cally a ringing noise (approximately 75% of the population
has ringing tinnitus from time to time). During an attack,
the tinnitus becomes a multifrequency noise such as a roar,
hiss, or buzz. Patients also generally complain of monaural
fullness, a sensation as if the ear were full of water, begin-
ning a day or two before an attack. Hearing is normal at
the onset of the condition, but with each attack a low-
frequency sensorineural reduction in hearing appears (see
Fig. 12-6), and then it usually resolves a day or two later.
After many attacks, hearing begins to decline and involves
the high frequencies. Ultimately, many individuals with
Ménière’s disease develop permanent sensorineural pattern
deafness.

The clinical picture of Ménière’s disease varies widely,
with some patients developing deafness with their first
attack and others retaining normal hearing after several
decades of repeated attacks. Variants of Ménière’s disease
include a form that follows head injury (labyrinthine con-
cussion or delayed endolymphatic hydrops) and a bilateral
form attributed to autoantibodies or genetic predisposition.

The diagnosis of classic Ménière’s disease can be made
purely by history, but most commonly it is made by com-
bining a history of episodic vertigo and hearing symptoms
with audiometric documentation of a fluctuating low-tone
sensorineural hearing loss. Electrocochleography may be
useful in cases in which the history is not classic. It is
conventional practice to obtain several blood tests, includ-
ing fluorescent treponemal antibody, antinuclear antibody,
complete blood count, and fasting blood glucose, after
diagnosing Ménière’s disease to identify specific treatable
causes.

In the treatment of Ménière’s disease, vestibular sup-
pressants and antiemetics are used in a way similar to that
described for vestibular neuritis (see Tables 12-8 and 12-9).
Because bouts generally last only 2 hours, acute treatment
is usually episodic. Often, patients can anticipate an attack
and can start taking an antiemetic and/or vestibular sup-
pressant before their full-blown symptoms occur. It is
generally accepted that reduction of salt intake with a
no-added-salt diet and daily use of a salt-wasting diuretic
are helpful in reducing the number and intensity of spells
over the long term.

Effective surgical treatment of Ménière’s disease is
based on procedures that destroy vestibular function. Three
procedures are commonly used today: labyrinthectomy,
selective vestibular nerve section, and transtympanic genta-
micin treatment. Gentamicin treatment is increasing
rapidly in popularity.

Central Vertigo
In neurological practice, central vertigo typically com-
prises only approximately 25% of diagnoses of patients
presenting with vertigo because otological vertigo and
vertigo of unknown cause are much more frequent (Table
12-10). Stroke and transient ischemic attacks account for
one-third of cases of central vertigo. Vertigo attributed to
vertebrobasilar migraine accounts for another 15% of
cases. A large number of individual miscellaneous neuro-
logical disorders, such as seizures, multiple sclerosis, and
the Arnold-Chiari malformation, make up the remainder.
GENERAL MANAGEMENT GOALS

General pharmacological management of conditions affect-
ing hearing is nearly nonexistent, despite many attempts
throughout the years using vasoactive agents, steroids, and
agents for allergy.12 When a specific etiology is known, such
as Ménière’s disease, treatment directed at the cause may be
used, but there is no effective pharmacological management
of tinnitus or hearing loss.

Hearing aids are indicated when hearing loss is significant
and “aidable,” meaning that usable improvement in word
recognition scores is obtained with amplification. Hearing
aids are expensive. They are often not covered by standard
insurance policies, and there are considerable performance
differences between basic and “deluxe” models. For these
reasons, hearing aids should ideally be fit by an experienced
audiologist who offers at least a 1-month tryout period.

For tinnitus, an assortment of medications may be
empirically tried, including antidepressants, minor tran-
quilizers, and anticonvulsants. Hearing aids or “maskers”
(devices that generate white noise) are helpful in a few
patients. Tinnitus retraining therapy is thought to be the
best approach to severe tinnitus.

With respect to symptomatic management of peripheral
vestibular disorders (see Tables 12-4 and 12-5), vestibular
suppressants and antiemetics are generally used.13 In patients
with static and significant structural vestibular lesions,
vestibular rehabilitation approaches, including vestibular
exercises, are substituted. In patients with central vestibular
disorders, treatment approaches are generally eclectic.
Agents used in peripheral disorders are usually tried,
followed by empirical trials of other medication groups,
including benzodiazepines and anticonvulsants. Vestibular
rehabilitation again may be quite useful in this group.

Certain medications should be used with caution in
patients with disorders of cranial nerve VIII. A surprisingly
large number of frankly ototoxic medications are in com-
mon clinical use (see Table 12-2). It is usually prudent to
eliminate as many of these medications as possible in such
patients. In addition, it is common practice to use poten-
tially addictive medications, such as benzodiazepines, in
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the management of patients with vertigo or imbalance
when other medications fail. Although these agents are
indispensable in these settings, the doses should be kept
low and patient use should be monitored.

Hearing protection is often indicated in patients with
damage to cranial nerve VIII, and patients need to be expli-
citly warned to avoid loud noises and use hearing protec-
tion devices in excessively noisy environments.
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disease: Torok revisited. Laryngoscope 1991;101:211–218.

13. Hain TC, Yacovino D: Pharmacological treatment of persons with
dizziness. Neurol Clin North Am 2005;23(3):831–853.

Interactive study questions and referenced videos for
this chapter are available on the DVD-ROM.



CHAPTER 13
Cranial Nerves IX (Glossopharyngeal)
and X (Vagus)
Neal Hermanowicz
HISTORY AND DEFINITIONS

CLINICAL HISTORY

ANATOMY OF CRANIAL NERVE IX

Motor Fibers

Sensory Fibers

Autonomic Fibers

ANATOMY OF CRANIAL NERVE X

Motor Fibers

Sensory Fibers

Autonomic Fibers

EXAMINATION OF CRANIAL

NERVES IX AND X

Directed Neurological Examination

Associated Neurological Findings

EVALUATION GUIDELINES

CLINICAL SYNDROMES

Supranuclear Lesions

Nuclear Lesions

Proximal Peripheral Lesions

Middle Peripheral Lesions

Far Distal Peripheral Lesions

Glossopharyngeal Neuralgia

GENERAL MANAGEMENT GOALS
HISTORY AND DEFINITIONS

The glossopharyngeal and vagus nerves have been
described since antiquity. Galen of Pergamus (131–201 AD)
included them in his descriptions of neuroanatomy, group-
ing together cranial nerves IX, X, and XI as a single
nerve.1 Centuries later, the anatomy of the glossopharyn-
geal and vagus nerves was elucidated in greater detail by
the Prussian anatomist Samuel Thomas von Soemmering
(1755–1830) in his treatise on the 12 cranial nerves.
Although study of the glossopharyngeal nerve in isolation
is impractical, the vagus nerve, with its numerous thoracic
and abdominal visceral innervations, has long held the
attention of physiologists, including the Russian Nobel
Laureate Ivan Petrovich Pavlov (1849–1936), who, with
E. O. Schumov-Simanovskaja, published in 1895 their
prominent paper describing vagus nerve innervation for
gastric secretion in dogs. The clinical consequences of
pathology, particularly trauma and tumors, on the glosso-
pharyngeal or vagus nerves have been described by a num-
ber of authors who have attached their names to syndromes
of the lower cranial nerves, beginning with John Hughlings
Jackson in 1883.

Cranial nerves IX and X, the glossopharyngeal and
vagus nerves, respectively, have their nuclei in the
medulla, and they serve motor, sensory, and autonomic
functions. Both nerves are formed by the joining of rootlets
that emerge from the lateral medulla in a groove formed
between the olive and the inferior cerebellar peduncle.
The two nerves travel closely in their proximal courses,
both exiting the skull at the jugular foramen, and conse-
quently they are typically affected together by intracranial
pathology. The name of the glossopharyngeal nerve refers
in Latin to its targets of function, glosso referring to tongue
and pharyngeal to the beginning of the alimentary canal.
The vagus nerve is aptly named as well, with its numerous
afferent and efferent functions in the head, neck, chest, and
abdomen; vagus is a Latin adjective meaning wandering or
roving.

Both nerves have components of branchial motor fibers
(special visceral efferent) providing innervation of striated
muscle, visceral motor fibers (general visceral efferent) to
secretory glands, and both visceral and general sensory
functions (general visceral and general somatic afferent).
Additionally, the glossopharyngeal nerve has special affer-
ent fibers receiving taste sensation from the posterior third
of the tongue. Together, cranial nerves IX and X provide
sensory and motor innervation of the larynx and pharynx,
including the afferent and efferent limbs of the gag reflex,
and exteroceptive information for these structures: the
tongue, the auditory meatus and tympanic membrane, and
parts of the ear. The glossopharyngeal nerve also provides
afferent input from the baroreceptors of the carotid sinus
and the chemoreceptors of the carotid body. The vagus
nerve subserves esophageal peristalsis, heart rate and blood
pressure modulation, gastric secretion, and bowel motility.
CLINICAL HISTORY

The primary clinical symptom of cranial nerve IX dys-
function is dysphagia or choking, and the most readily
identified sign of vagal nerve damage is hoarseness. The
clinical histories of patients with symptoms referable to
the glossopharyngeal and vagus nerves necessarily reflect
the location of the nerve dysfunction and the process pro-
ducing it. Dependent on these two factors, the temporal
appearance of symptoms may vary widely, ranging, for
example, from the acute onset of hoarseness and dysphagia
due to brain stem infarction involving the vagus nerve
nuclei to the insidious appearance of hoarseness without
dysphagia produced by the encroachment of a pulmonary
neoplasm on the intrathoracic recurrent laryngeal branch
of the vagus nerve.
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Intraparenchymal brain lesions of the medulla at the
level of the glossopharyngeal and vagus nerves typically
affect the nuclei of both, and possibly also of cranial nerve
VIII, resulting in symptoms of vertigo, hoarseness of
speech, and dysphagia. Because cranial nerves IX, X, and
XI pass together through the jugular foramen at the base
of the skull, a lesion at this location can cause added neck
muscle weakness.2 Rarely, throat pain occurs, specifically
in the syndrome of idiopathic glossopharyngeal neuralgia,
in which fleeting pain at the base of the tongue is some-
times triggered by chewing or swallowing. An intramedul-
lary lesion of the vagal motor nucleus producing vocal
cord weakness and hoarseness of speech likely also affects
adjacent structures, such as the spinal tract and nucleus
of cranial nerve V, the spinothalamic tract, and cerebellar
fibers. Hence, associated symptoms include a crossed sen-
sory disturbance (ipsilateral face and contralateral limbs)
and ataxia. An ipsilateral Horner’s syndrome may be pre-
sent from involvement of descending sympathetic fibers,
although the patient is unlikely to describe accompanying
symptoms because an intracranial but extramedullary
lesion of the vagus nerve also involves cranial nerves
IX and XI. The presence or absence of dysphagia, with
hoarseness of speech, is an important clue to the locali-
zation of the lesion of the vagus nerve. Hoarse speech
without dysphagia occurs when the lesion site of the vagus
nerve is below the upper cervical levels where the pharyn-
geal branches exit. This lesion most commonly occurs at
the level of the recurrent laryngeal nerve branch. Possible
mechanisms include an expanding aneurysm or dissection
of the thoracic aorta, mediastinal adenopathy, and pulmonary
neoplasms.3,4

Head, neck, or oral trauma and surgery of these structures
may result in damage to cranial nerves IX and X. Head and
neck injury may compromise both nerves distal to the jugu-
lar foramen.5 Vocal cord paralysis is a recognized com-
plication of neck surgery, including thyroidectomy and
carotid endarterectomy.6,7 Both procedures may injure
laryngeal branches of the vagus nerve by manipulation or
transection. The recurrent laryngeal nerve is injured by
thyroidectomy at a rate of approximately 7%, producing
ipsilateral paralysis of all the laryngeal muscles except for
the cricothyroid. This injury, often unrecognized at the time
of surgery, may result in breathiness of speech and risk
for aspiration. The prognosis for recovery is favorable.6,8

Underlying medical conditions or their treatment may
cause injury to the glossopharyngeal and vagus nerves.
Patients with neoplasms that involve the head or neck,
either primary tumors or metastases, may experience
impaired swallowing as a consequence of nerve compres-
sion at the jugular foramen or other sites.9 Infectious or
inflammatory processes involving the central nervous sys-
tem (CNS) at the level of the brain stem can produce
cranial neuropathies. Although cranial nerves IX and X
may be involved, they generally do not produce prominent
symptoms or signs. Neurological manifestations of sar-
coidosis typically involve cranial nerves, particularly the
facial nerve, yet involvement of cranial nerves IX and X
can occur in conjunction with facial weakness, and their
function should be assessed.10 Cranial nerves IX and X
may also be damaged as a consequence of diabetes, syphilis,
or alcoholism.11,12
Patients may have respiratory complaints because
abnormalities of ventilatory drive by hypoxic stimulation
can occur with involvement of carotid body chemoreceptor
afferent fibers from the glossopharyngeal nerve.13 Patients
may also have symptoms of lightheadedness and ortho-
static dizziness from involvement of baroreceptor afferent
fibers from the carotid sinus.14 The Guillain-Barré syn-
drome may have associated autonomic dysfunction result-
ing from demyelination of glossopharyngeal afferents
from the carotid sinus and vagal fibers, producing instabil-
ity of blood pressure and heart rhythm, and bowel motility
disturbance such as ileus.15,16 A history of all medications
and toxin exposures is important because cranial nerve
neuropathy due to exposure to known neurotoxins may
involve the glossopharyngeal and vagus nerves. Patients
undergoing cancer treatment with the chemotherapeutic
agent vincristine may rapidly develop jaw pain due to
peripheral injury of the glossopharyngeal nerve.17
ANATOMY OF CRANIAL NERVE IX (Table 13-1)

Motor Fibers
Nucleus
The nucleus ambiguus runs in a rostral to caudal direction
in the medulla and is located in the ventrolateral reti-
cular formation, posterior to the inferior olivary nuclear
complex and anteromedial to the spinal trigeminal nucleus
(Fig. 13-1).18,19 The rostral portion of the nucleus ambi-
guus gives rise to special visceral efferent fibers of the
glossopharyngeal nerve, which innervate the stylopharyn-
geus muscle. This muscle originates from the styloid pro-
cess and descends between the internal and external
carotid arteries to the upper wall of the pharynx. Contrac-
tion of the stylopharyngeus muscle aids in raising the lar-
ynx and elevating and expanding the pharynx during
swallowing. The nucleus ambiguus is also the source of
special visceral efferent fibers of cranial nerves X and XI,
which together with cranial nerve IX innervate the muscles
of the pharynx and larynx.

Upper Motor Neuron, Supranuclear Control
The nucleus ambiguus receives bilateral input primarily
from the precentral gyrus of the cerebral cortex. These cor-
ticobulbar fibers travel through the internal capsule and
brain stem in association with the corticospinal tract and
terminate on reticular formation neurons, which transmit
signals to the nucleus ambiguus.

Lower Motor Neuron, Peripheral Pathways
The motor fibers emerge from the medulla in a groove
between the inferior cerebellar peduncle and the olive as
part of the rootlets comprising the glossopharyngeal
nerve. The nerve travels laterally through the posterior
fossa and exits the skull through the jugular foramen
together with cranial nerves X and XI. The fibers to the
stylopharyngeus muscle travel downward in the neck
deep to the styloid process and reach the muscle around
its posterior margin.
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Figure 13-1. Cross section of the medulla. The ninth and tenth cranial nerve
nuclei lie in the lateral portion of the medulla, in close juxtaposition with
the eighth cranial nerve nucleus, the spinal nucleus of cranial nerve V, and
the inferior cerebellar peduncles.

TABLE 13-1

Clinico-anatomical Correlation of Disorders of Cranial Nerves IX and X

ANATOMICAL SITE
OF DAMAGE CN IX OR X FINDING

OTHER NEUROLOGICAL AND MEDICAL
FINDINGS COMMON ETIOLOGIES COMMENTS

Intracranial, intra- or
extramedullary at the
level of the medulla,
involving CN X, XI,
and XII

Ipsilateral paralysis of the soft
palate, pharynx, and larynx
producing hoarseness and
dysphagia

Ipsilateral weakness of the
sternocleidomastoid and trapezius
muscles, and atrophy and
weakness of the ipsilateral tongue

Infarction, neoplasm Jackson’s
syndrome

Nucleus ambiguus, CN
XI nuclei and
extramedullary fibers

Ipsilateral paralysis of the soft
palate, pharynx, and larynx
producing hoarseness and
dysphagia

Ipsilateral weakness of the
sternocleidomastoid and trapezius
muscles

Infarction, neoplasm,
idiopathic neuropathy

Schmidt’s
syndrome

Extramedullary fibers of
CN X and XII

Ipsilateral paralysis of the soft
palate, pharynx, and larynx
producing hoarseness and
dysphagia

Atrophy and weakness of the
ipsilateral tongue

Trauma, neurofibroma of
the CN X and XII
nerves, parotid tumor

Tapia’s
syndrome

Jugular foramen
involving CN IX,
X, and XI

Ipsilateral paralysis of the soft
palate, pharynx, and larynx
producing hoarseness and
dysphagia

Ipsilateral paralysis of the
sternocleidomastoid and trapezius
muscles

Trauma, neoplasm, jugular
bulb thrombosis, internal
carotid artery aneurysm

Vernet’s
syndrome

Retropharyngeal space,
involving CN IX
to XII

Ipsilateral paralysis of the soft
palate, pharynx, and larynx
producing hoarseness and
dysphagia

Ipsilateral weakness of the
sternocleidomastoid and trapezius
muscles, and atrophy and
weakness of the ipsilateral tongue

Neoplasm, trauma, internal
carotid artery dissection,
coiling of the internal
carotid artery

Collet-Sicard
syndrome

Retropharyngeal space,
involving CN IX to
XII, and cervical
sympathetic fibers

Ipsilateral paralysis of the soft
palate, pharynx, and larynx
producing hoarseness and
dysphagia

Ipsilateral weakness of the
sternocleidomastoid and trapezius
muscles, atrophy and weakness of
the ipsilateral tongue, and
ipsilateral Horner’s syndrome

Cervical internal carotid
artery dissection, lung
apex neoplasm

Villaret’s
syndrome

Vagus nerve below
higher cervical levels
where branches to the
pharynx exit

Ipsilateral paralysis of the larynx
producing hoarseness without
dysphagia

Neoplasm, trauma

Lateral medulla Ipsilateral vocal cord paralysis
producing hoarseness,
ipsilateral weakness of the
palate and pharynx; the uvula
will be drawn to the intact
side, dysphagia

Ipsilateral pain around the eye, face,
or ear, vertigo; nausea and
vomiting; impaired pain and
temperature sensation of the
ipsilateral face and contralateral
limbs; unsteady gait and ataxia of
ipsilateral limbs

Thrombosis or dissection of
the vertebral artery
occluding the opening to
the posterior inferior
cerebellar artery

Wallenberg’s
syndrome
(lateral
medullary
syndrome)

CN, cranial nerve.
Data from Barbash GI, Keren G, Korczyn AD, et al: Mechanisms of syncope in glossopharyngeal neuralgia. Electroencephalogr Clin Neurophysiol 1986;63:231–235;
Ferrante L, Artico M, Nardacci B, et al: Glossopharyngeal neuralgia with cardiac syncope [review]. Neurosurgery 1995;36:58–63; Roger J, Bille J, Vigouroux RA: Multiple
cranial nerve palsies. In Vinken PJ, Bruyn GW (eds): Handbook of Clinical Neurology, Vol. 2. New York, Wiley, 1969, p 99.
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Sensory Fibers
Sensory Organs and First-Order Neurons
First-order neurons for sensory functions of the glosso-
pharyngeal nerve have their cell bodies located in either
the superior or the inferior glossopharyngeal ganglia,
which are found at the jugular foramen. Taste from the
posterior third of the tongue is detected by chemical stimu-
lation of cells within taste buds and then is conveyed by the
special afferent fibers. The first-order neuron for taste has
its cell body located in the inferior glossopharyngeal gang-
lion. The central processes of these neurons project to the
rostral nucleus solitarius. The specific means for detection
of pain, temperature, and tactile sensation in areas served
by the glossopharyngeal nerve are presumably similar to
those elsewhere in the body. Pain, temperature, and tactile
sensation from the posterior third of the tongue, upper
pharynx, tonsils, skin behind the external ear, inner aspect
of the tympanic membrane, and eustachian tube are con-
veyed by general somatic afferent fibers of the glossopha-
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ryngeal nerve. Cell bodies for these first-order neuronslie in
both the superior and the inferior glossopharyngeal ganglia.
The central processes of these neurons enter the medulla
and descend in the spinal trigeminal tract and synapse
within the caudal part of the spinal trigeminal nucleus.

Nuclear and Supranuclear Control
The axons of cells in the nucleus solitarius conveying
taste from the posterior third of the tongue ascend and
terminate at the ventral posterior nuclei of the thalamus.
These neurons in turn project to the inferior third of the
postcentral gyrus for taste perception. The secondary neu-
ron cell bodies for pain, temperature, and tactile sensation
are located in the spinal trigeminal nucleus. Their pro-
cesses cross the midline in the medulla and ascend to ter-
minate at the contralateral ventral posterior nucleus of the
thalamus. From this point, the third-order neurons project
to the postcentral, sensory cortex region.

Autonomic Fibers
Nucleus
The inferior salivatory nucleus gives rise to general vis-
ceral efferent fibers that provide input for parotid gland
secretion. The afferent limb for autonomic reflexive con-
trol of respiration and cardiac output is provided by general
visceral afferent fibers of the glossopharyngeal nerve.
These fibers convey impulses to the nucleus solitarius from
chemoreceptors of the carotid body and baroreceptors from
the carotid sinus regarding blood oxygen tension and blood
pressure, respectively.

Supranuclear Control
The salivatory nucleus receives input from the hypothala-
mus. The output influencing parotid gland secretion may
be modulated by emotional stimuli, such as fear causing dry-
ness of mouth, or by sensory input, such as pleasant odors
of food producing increased secretion (mouth watering).

Peripheral Pathways
The glossopharyngeal general visceral efferent fibers reach
the otic ganglion, which lies below the foramen ovale.
Postganglionic fibers from the otic ganglion then provide
input to the parotid gland.
ANATOMY OF CRANIAL NERVE X

Motor Fibers
Nucleus
The nucleus ambiguus is the origin of special visceral effer-
ent fibers of the vagus nerve, which supply striated muscles
of the tongue and larynx and all of the striated muscles of
the soft palate and the pharynx except for the tensor veli
palatini and the stylopharyngeus (which are innervated by
branches of cranial nerves V and IX, respectively) (see
Table 13-1). The palatoglossus is the only tongue muscle
supplied by the vagus nerve; the remaining muscles are
supplied by cranial nerve XII. The palatoglossus muscle
originates in the soft palate and passes through the tongue
in a transverse fashion. Together with the styloglossus mus-
cle, it acts to elevate the posterior tongue.

Upper Motor Neuron, Supranuclear Control
The nucleus ambiguus receives input from motor areas
of the cerebral cortex, particularly the precentral gyrus.
The cortical input is bilateral and indirect. The corticobul-
bar fibers terminate first on adjacent reticular formation
fibers, which in turn transmit signals to the nucleus ambi-
guus. The nucleus also receives sensory input from the lar-
ynx, pharynx, and airways, which mediate reflexive actions
such as coughing, swallowing, and vomiting.

Lower Motor Neuron, Peripheral Pathways
The special visceral efferent fibers exit the skull through
the jugular foramen with the vagus nerve and then divide
into three major branches: the pharyngeal nerve, superior
laryngeal nerve, and recurrent laryngeal nerve. The pharyn-
geal and superior laryngeal nerves branch from the vagus
high in the neck. The recurrent laryngeal nerve branches
at the base of the neck on the right and in the thorax on
the left (Fig. 13-2). The pharyngeal nerve enters the phar-
ynx and divides into the pharyngeal plexus to supply the
muscles noted previously. The superior laryngeal nerve
descends and divides to reach the cricothyroid and the
inferior constrictor muscles. The right and left recurrent
laryngeal nerves take different paths to reach their destina-
tion, supplying all of the intrinsic muscles of the larynx
except the cricothyroid. On the right, the recurrent laryn-
geal nerve descends anterior to the subclavian artery, loops
posteriorly beneath it, and then turns upward again, run-
ning along the right side of the trachea to the larynx. The
left recurrent laryngeal nerve passes under the aortic arch
and travels upward in a groove between the left trachea
and esophagus to the larynx.

Sensory Fibers
Sensory Organs and First-Order Neurons
General somatic efferent fibers of the vagus nerve convey
sensations of pain, temperature, and touch from the
meninges of the posterior fossa, the back of the ear, the
external auditory canal, the external tympanic membrane,
the larynx, and the pharynx. Sensation from the vocal
cords and the larynx below this level is carried by sen-
sory fibers of the recurrent laryngeal nerve. Sensation
above the vocal folds is conveyed by the internal laryn-
geal nerve, which is a branch of the superior laryngeal
nerve. The cell bodies for sensation of the ear, external
auditory meatus, and tympanic membrane are in the
superior vagal ganglion (jugular ganglion); the remaining
fibers have their cell bodies in the inferior vagal ganglion
(nodose ganglion). Both the superior and the inferior
vagal ganglia are located on the proximal vagus nerve
intracranially at the jugular fossa near the jugular fora-
men. The central processes of both ganglia enter the
medulla and descend in the spinal trigeminal tract to the
trigeminal nucleus.
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Visceral afferent fibers of the vagus nerve carry visceral
sensation from the intestines, stomach, esophagus, tongue,
part of the pharynx, lungs, bronchi, trachea, and larynx.
These fibers also convey signals from chemoreceptors
detecting blood oxygen tension located in the aortic body
and baroreceptors for blood pressure in the aortic arch.
Cell bodies for all visceral afferent fibers are in the inferior
vagal ganglion. Their central processes descend in the trac-
tus solitarius in the medulla to reach the nucleus of the
tractus solitarius.

Nuclear and Supranuclear Control
After reaching the spinal trigeminal nucleus, impulses for
pain, temperature, and tactile sensation are carried by sec-
ond-order neuron fibers, crossing in the medulla, to the
contralateral ventral posterior nucleus of the thalamus.
The third-order neurons in the thalamus project to the sen-
sory cortex via the internal capsule. The nucleus of the
tractus solitarius, along with the reticular formation and
hypothalamus, has connections to the dorsal vagal motor
nucleus for reflexive control of cardiac, respiratory, and
gastrointestinal functions.
Autonomic Fibers
Nucleus
The dorsal vagal motor nucleus is the origin of the pregan-
glionic, parasympathetic fibers (general visceral efferent)
of the vagus nerve. This nucleus is a column of cells located
in the floor of the fourth ventricle medial to the nucleus
ambiguus. These parasympathetic fibers of the vagus con-
trol secretion of glands in the mucosa of the larynx, phar-
ynx, gut from the esophagus to the colon at the splenic
flexure, pancreas, liver, and lungs. Fibers to the stomach
are responsible for acid secretion. Activation of the
parasympathetic fibers to the heart results in slowing of
the heart rate; such activation also produces a negative
inotropic effect on heart muscle contraction. The vagus
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parasympathetic fibers also innervate smooth muscle
of the airway and gut. These fibers carry signals to open
he airway during breathing, to produce bronchoconstric-
tion, and also to coordinate peristalsis of the esophagus
and intestine.

Supranuc lear Control
The dorsal motor nucleus of the vagus receives input from
the hypothalamus, the nucleus of the tractus solitarius, the
reticular formation, and the olfactory system.

Peripheral Pathways
The parasympathetic fibers affect numerous body functions
in structures within the neck, thorax, and abdomen. They
leave the cranium with the vagus nerve through the jugular
foramen. These preganglionic fibers terminate near their
target sites on ganglia associated with plexuses at several
locations, including the esophagus, pharynx, lungs, heart,
and intestines. The parasympathetic functions of the vagus
nerve are addressed in the Chapter 21.
EXAMINATION OF CRANIAL NERVES IX AND X

Directed Neurological Examination
Cranial Nerve IX
The functions of the glossopharyngeal nerve overlap with
those of other cranial nerves, making it difficult to test in
isolation.

MOTOR. The sole skeletal muscle innervation of cranial
nerve IX is the stylopharyngeus, which aids in elevation of
the pharynx. The oral cavity should be inspected visually at
rest to ascertain whether asymmetrical lowering of the
pharynx is present. The pharynx is elevated also by the
palatopharyngeus and salpingopharyngeus muscles, both
of which derive their nerve supply from the vagus nerve.
Lesions of the glossopharyngeal nerve therefore may not
produce any noticeable clinical motor effect.

AUTONOMIC. The activity of parotid gland salivary
secretion through Stensen’s duct reflects autonomic func-
tioning of the glossopharyngeal nerve. The duct is located
on the inside of the cheek opposite the crown of the second
upper molar tooth. Secretion from the parotid glands
should be symmetrical, although the amount of saliva
normally produced may vary. This quantity may be tested
by having the patient suck on a lemon wedge, or by inject-
ing pilocarpine intravenously, and then assessing saliva
volume from the duct. Reduced volume of one side sug-
gests glossopharyngeal autonomic dysfunction on that
side. Saliva volume measurements for this purpose are
impractical and are virtually never done.

SENSORY. The sensory function of the glossopharyngeal
nerve most accessible to testing is general visceral sen-
sation (tactile, pain, and temperature) of the posterior and
lateral aspects of the pharynx, and the posterior third of
the tongue and the tonsils. Testing is done by touching
the soft tip of a cotton applicator to either side of these
areas and asking the patient about asymmetry of sensation.
Tactile sensation in these areas also serves to trigger the
gag, or pharyngeal, reflex. Testing taste sensation of the
posterior third of the tongue cannot be done reliably in
the clinic. Testing may be accomplished in a laboratory
setting by stimulating this area of the tongue with an
electrical current.

REFLEXES. The gag, or pharyngeal, reflex is centered
in the medulla and consists of the reflexive motor response
of pharyngeal elevation and constriction with tongue
retraction in response to sensory stimulation of the pharyn-
geal wall, posterior tongue, tonsils, or faucial pillars. This
reflex is examined by touching the posterior pharynx with
the soft tip of a cotton applicator and visually inspecting
for elevation of the pharynx. Both sides of the pharynx
should be examined for both the afferent and the efferent
limbs of the reflex by touching one side first and then the
other, while watching for symmetry of pharyngeal move-
ment. The normal reflex response varies, and it may be
reduced in the elderly or in smokers. Asymmetry of the
reflex is the feature most indicative of pathology.

Cranial Nerve X
Motor innervations of the vagus nerve to the soft palate,
larynx, and pharynx are readily available for testing.

MOTOR. Inspection of the palate on phonation shows
deviation of the uvula to the intact side with a unilateral
vagus nerve lesion. The unaffected muscles contract nor-
mally, drawing the uvula upward and pulling it laterally
away from the side of the lesion. A lesion involving the
branches of the vagus nerve to the larynx produces vocal
cord paresis on that side. The affected cord lies between
abduction and adduction. The patient may demonstrate a
mild hoarseness, or speech may be unaffected because of
compensatory movement of the intact vocal cord. A lesion
affecting innervation to the palate produces speech with a
nasal quality. This quality is due to inability to close the
nasal passage by palate elevation during phonation, allow-
ing air to escape into and resonate within the nasal cavity.
The patient may also have dysphagia due to involvement of
pharyngeal muscles, with liquids escaping into the nasal
cavity during swallow. Vocal cord function can be assessed
by listening to the patient’s speech to detect a hoarse or
breathy voice with reduced volume (Video 44, Dysphonia).
Cord function is best examined by visualization using
indirect or direct laryngoscopy. Videostroboscopy record-
ing using the fiber-optic direct laryngoscope may also be
helpful to assess vocal cord movement.

SENSORY. Sensory testing of the vagus nerve cannot be
reliably accomplished in the routine neurological examina-
tion. Regions of the body that have vagus sensory innerva-
tion are either inaccessible or also have sensory input from
cranial nerves V and IX.

AUTONOMIC. The carotid sinus baroreceptors are inner-
vated by the carotid sinus nerve branch of the glossopharyn-
geal nerve. Their stimulation results in heart rate reduction
mediated by the vagus nerve. Testing the integrity of these
fibers by carotid artery massage is not only impractical and
unreliable but also potentially dangerous. This maneuver
may produce asystole or ventricular arrhythmia and should
be done only where resuscitative means are immediately
available, and not as part of a neurological examination.
The vagus nerve is the efferent limb also of the oculocardiac
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reflex, where heart rate is decreased by pressure on the eye-
ball. The afferent impulses for this reflex are conveyed by
the trigeminal nerve. The heart rate may slow slightly when
the reflex is intact. Heart rate is influenced by numerous fac-
tors, however, and this reflex is not a reliable test for vagus
nerve integrity. Testing of autonomic functions related to
the vagus nerve is addressed in Chapter 21.

REFLEXES. The vagus nerve participates in several
reflexes, including coughing, swallowing, sneezing, yawn-
ing, and hiccups, but only the gag reflex lends itself to rou-
tine testing in the neurological examination. The gag reflex
involves afferent fibers provided by the glossopharyngeal
nerve (and, in some people, also the vagus nerve) and
motor efferents to the pharynx, soft palate, and tongue
from the vagus. The reflex is elicited by tactile stimulation
of the walls of the pharynx or the posterior tongue. The
reflex consists of symmetrical contraction and elevation
of the pharynx and retraction of the tongue. This process
was described previously in the section on reflex testing
of the glossopharyngeal nerve.

Associated Neurological Findings
CEREBRAL. Dysphagia and changes in speech similar

to that which is produced by a lesion of the cranial nerves
or their nuclei may occur with interruption of the cortico-
bulbar fibers, which provide the brain stem nuclei with
innervation from the frontal cerebral cortex. This condition
is referred to as pseudobulbar palsy (Video 10, Dysarthria).
The brain stem nuclei receive bilateral input; consequently,
a unilateral lesion does not result in bulbar symptoms.
Speech and swallowing disorders are due to bilateral injury
of these pathways. The interruption may occur at any point
from the cortex to the brain stem, but most commonly the
interruption is due to ischemic injury.20 Clinical findings
indicative of cerebral lesions producing these pseudobulbar
symptoms may include aphasia, sensory changes, or corti-
cospinal tract findings such as limb spasticity, increased
tendon and jaw jerk reflexes, and an extensor plantar
response (Video 80, Hyper-reflexia; Video 204, Babinski
Sign). Patients with pseudobulbar palsy also may have
impaired emotional control with unprovoked laughter or
crying and emergence of primitive reflexes such as suck
and snout (Video 21, Disinhibition).

CRANIAL NERVES. Lesions of the nuclei of cranial
nerves IX or X usually affect adjacent brain stem struc-
tures, producing ipsilateral sensory disturbance of the face
from involvement of the fibers of the descending tract
and nucleus of cranial nerve V, vertigo from vestibular
nuclei, contralateral limb sensory changes from the lateral
spinothalamic, and ipsilateral limb ataxia caused by in-
volvement of the inferior cerebellar peduncle. Cranial
nerves IX and X travel closely together between the brain
stem and the jugular foramen and consequently are rarely
affected independently of one another in their intracranial
locations. More peripherally, a lesion at the jugular fora-
men also affects the spinal accessory nerve, which passes
through this opening with the glossopharyngeal and vagus
nerves. In addition to disturbance of speech, swallow, and
gag, the patient demonstrates weakness of the sternoclei-
domastoid and trapezius muscles. Cranial nerve XII may
be involved together with cranial nerves IX, X, and XI by
trauma, infection, or neoplasm at the retroparotid space.
A lesion of cranial nerve XII produces deviation of the
tongue to the side of the lesion when the tongue is protruded.

MOTOR/REFLEXES/CEREBELLAR/GAIT. Changes in
muscle tone can be indicative of neurological disease
involving cranial nerves IX and X. Cerebral lesions caus-
ing pseudobulbar palsy with alteration of speech and
dysphagia may be associated with limb spasticity due
to corticospinal tract injury (Video 11, Hemiplegic Gait).
Parkinsonism caused by various etiologies is frequently
associated with difficulties in speech and swallowing
(Video 49, Hypophonia). No specific lesions exist of the
cranial nerves but, rather, the subcortical control is affected
bilaterally. Patients with progressive supranuclear palsy
particularly have prominent difficulty with speech and dys-
phagia (Video 206, Postural Instability). In patients with
suspected cranial nerve IX or X lesions, the presence of
abnormal reflexes, such as an extensor plantar response,
or the emergence of rudimentary reflexes such as the suck
or snout are indicators of CNS pathology. Disorders of
the neuromuscular junction also produce dysarthria and
dysphagia. Repetitive testing of ocular or limb muscle
power may produce an inordinate amount of fatigue and
weakness pointing to a diagnosis of myasthenia (Video
225, Myasthenia Gravis).

A brain stem lesion producing impairment of speech and
swallow may also include ataxia of ipsilateral limbs and
gait by injury to the inferior cerebellar peduncle that lies
adjacent to the nuclei of nerves IX and X (Video 95, Brain
Stem Infarction).

SENSORY. Alteration of pain and temperature sensation
of the ipsilateral face with sensory changes of contralateral
limbs in association with dysphagia and dysarthric or hoarse
speech indicate a brain stem lesion. Sensory changes of
the limbs and face on the same side may be produced by a
cerebral lesion that contributes to a pseudobulbar state.

AUTONOMIC NERVOUS SYSTEM. Disorders of vagal
nerve autonomic function may result in symptoms relating
to cardiopulmonary and gastrointestinal functions, none of
which are testable in the neurological examination. These
may be assessed by specialized tests such as the tilt-table
cardiac examination or studies of gastrointestinal motility.

NEUROVASCULAR. The precise mechanism of neurally
mediated syncope (vasovagal vasomotor syncope) remains
undetermined. These fainting spells are often provoked
by unpleasant sensory stimuli and are accompanied by
bradycardia, peripheral vasodilation, and hypotension.
Blockage of the vagally mediated bradycardia with atro-
pine does not eliminate the vasodilation and hypotension
or the syncope. Vascular function is not a means of assess-
ing glossopharyngeal or vagal status in a setting other than
a research environment.
EVALUATION GUIDELINES (Table 13-2)

NEUROIMAGING.Lesions of the medulla such as infarc-
tion or neoplasm, or extramedullary, intracranial lesions,
are better visualized by magnetic resonance imaging
(MRI) than by computed tomography (CT). Some lesions
that involve bone, especially the skull base, may be
detected by CT or radiographs, the latter usually requiring



TABLE 13-2

Useful Tests in the Evaluation of Disorders of Cranial Nerves IX and X*

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY
FLUID AND TISSUE
ANALYSIS

NEUROPSYCHOLOGICAL
TESTS

OTHER
TESTS

Supranuclear lesions
unilateral or
bilateral

CT or MRI evidence of structural
lesion, most commonly
ischemic infarction of the
frontal lobe

EEG may
demonstrate
nonspecific
abnormalities

Not applicable Evidence of cognitive
impairment

None

Nuclear lesions:
lateral medulla

MRI evidence of ischemic
infarction CT is not optimal
imaging modality in this
region. Angiographic evidence
of impaired flow in the
vertebral or basilar arteries

No findings Not applicable No abnormal findings None

Proximal peripheral
nerves:
Cerebellopontine
angle lesion

MRI or CT evidence of contrast
enhancing mass lesion

Abnormal interwave
separation (waves
I–III, I–V) on brain
stem auditory
evoked potential

Not applicable None None

Middle peripheral
nerve lesion at
base of skull or
nasopharynx

MRI or CT evidence of neoplasm
or trauma

None Not applicable None None

Far distal peripheral
nerve lesions

MRI or CT evidence of neoplasm
or trauma

Not applicable Not applicable None None

*With cross-references to chapters on neuroimaging, electrodiagnostics, tissue analyses, neuropsychological testing, and other tests. CT, computed tomography; EEG, electro-
encephalogram; MRI, magnetic resonance imaging.
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the neurologist to request special views of the base of the
skull. Imaging should be employed to assist in defining
lesion type when the clinical examination indicates an
intracranial process.

ELECTROPHYSIOLOGY. Disorders of speech and
swallow suspected to be due to neuromuscular disorders
such as motor neuron disease or myasthenia gravis may
be evident on electrophysiological testing. Repetitive
stimulation on nerve conduction studies and single fiber
assessment of jitter may aid in the diagnosis of myasthenia.
Electromyography (EMG) of the tongue or limb muscles
may demonstrate denervation indicative of motor neuron
disease. The location of a nerve lesion producing vocal
cord paralysis may be established by EMG testing of
the thyroarytenoid and cricothyroid laryngeal muscles.21

Evidence of denervation restricted to the cricothyroid or
thyroarytenoid muscle alone indicates neuropathy of the
superior laryngeal or recurrent laryngeal nerves, respec-
tively. Denervation of both muscles places the lesion proxi-
mally in the laryngeal nerve or the vagus. Laryngeal EMG
has also been useful in discriminating laryngeal dystonia
(spasmodic dysphonia) from voice tremor and other dis-
orders producing speech problems.22

BODY FLUID AND TISSUE ANALYSIS. Occasionally,
biopsy of tissue outside the CNS may be productive in
establishing a diagnosis involving cranial nerves IX and X.
Amyloid neuropathy involving the cranial nerves may be
demonstrated on peripheral nerve biopsy. Sarcoidosis with
basilar meningitis and cranial neuropathies may be evident
on lung or lymph node biopsy.

CEREBROSPINAL FLUID AND INTRACRANIAL

PRESSURE. Lumbar puncture should be accomplished
in cases of suspected CNS infectious or inflammatory
disorders.
NEUROPSYCHOLOGICAL TESTING. Patients with
pseudobulbar palsy may have findings of cognitive impair-
ment on formal neuropsychological testing.

OTHER TESTS. Patients with voice disorders should
undergo careful otolaryngological evaluation of the neck
and pharynx and visualization of the vocal cords by either
indirect or direct laryngoscopy. Paresis of the left vocal
cord may result from disease processes in the chest involv-
ing the recurrent laryngeal nerve, such as an expanding
aortic aneurysm, mediastinal adenopathy, or lung neoplasm.
Chest radiographs, and possibly CT, should be employed to
evaluate patients with suspected thoracic disease. Intrave-
nous administration of edrophonium (Tensilon test) may
be helpful in the diagnosis of suspected myasthenia gravis.
CLINICAL SYNDROMES (Table 13-3)

Supranuclear Lesions
Interruption of the corticobulbar tracts providing inner-
vation of cranial nerve motor nuclei from the cerebral pre-
central motor cortex produces disturbances of speech,
swallowing, chewing, and occasionally breathing known
as pseudobulbar palsy. Patients with this disorder may also
have emotional lability with exaggerated crying or laughter
in response to minimal provocation. Because the nuclei
of cranial nerve IX and X receive bilateral innervation, a
unilateral lesion may be silent or may produce only mild
symptoms. Supranuclear lesions are responsible for weak-
ness of speech, chewing, and swallowing; the muscles
do not develop prominent atrophy because the lower
motor neuron and its trophic effect on the muscle remain
intact. Palate and gag reflexes remain intact, even



TABLE 13-3

Etiologies of Lesions of Cranial Nerves IX and X

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Immaturity of cervical vagus nerve fibers 28
Degenerative compressive Paget’s disease 29

Hereditary and Degenerative Disorders

The degenerative dementias Bifrontal pathology, especially Alzheimer’s, Pick’s disease 33
Movement disorders Adductor spasmodic dysphonia 34

Abductor spasmodic dysphonia
Parkinsonism

Degenerative motor, sensory, and autonomic
disorders

Amyotrophic lateral sclerosis 36

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Neuropathy of glossopharyngeal afferent and vagus efferent fibers of circulatory
reflexes, especially diabetes

38

Nutritional deficiencies and syndromes
associated with alcoholism

Neuropathy of glossopharyngeal afferent and vagus efferent fibers of circulatory
reflexes, poor nutrition, alcoholism

40

Infectious Disorders

Nonviral infections Syphilis 42

Neurovascular Disorders Strokes with bifrontal pathology (pseudobulbar paresis) 45
Lateral medullary syndrome, posterior fossa, arteriovenous malformation

Neoplastic Disorders

Primary neurological tumors Schwannoma 46
Metastatic neoplasms and paraneoplastic
syndromes

Tumor to base of skull, nasopharynx, chest 47

Demyelinating Disorders of the Peripheral Guillain-Barré syndrome 49
Nervous System

Autoimmune and Inflammatory Disorders Sarcoidosis 50
Myasthenia gravis

Traumatic Disorders Compromise of jugular foramen contents by basilar skull fracture 51

Epilepsy Intractable epilepsy 52

Headache and Facial Pain Glossopharyngeal neuralgia 53

Drug-Induced and Iatrogenic Neurological Vincristine 55
Disorders Injury of the recurrent laryngeal nerve by thyroidectomy

Hermanowicz / Cranial Nerves IX (Glossopharyngeal) and X (Vagus) 225
heightened, and abnormal reflexes such as the snout and
suck may be present, along with an increased jaw jerk
reflex. Patients with pseudobulbar palsy may have demen-
tia due to cerebral pathology involving bilateral frontal
areas.

Acute onset of pseudobulbar palsy in one series of 13
patients was associated with infarction in the operculum,
the internal capsule, or corona radiata or hemorrhage in
lenticular nuclei.23 Six of these patients had no prior his-
tory of stroke. Only 1 of these patients was described as
having neuropsychological deficits, and all improved or
recovered from the pseudobulbar symptoms within a few
weeks.

Supranuclear innervation of speech is also derived from
extrapyramidal pathways. Basal ganglia dysfunction is
believed to be the source of focal dystonias involving the
larynx causing adductor and abductor spasmodic dysphonia
(Video 48, Spasmodic Dysphonia).24 The former type is
the far more common of the two. Involuntary adduction
of the cords during phonation produces speech that has
an interrupted, strangulated quality that is often effortful
for the patient. In the less common abductor type of spas-
modic dysphonia, the patient has a breathy voice. As in
other forms of focal dystonia, the patient may employ
certain “tricks” to briefly overcome the dystonia, presum-
ably by using other motor pathways to accomplish the
desired movement. Some patients with spasmodic dyspho-
nia may find their voice nearly normal when singing or
shouting. These fluctuations of symptoms and ability to
speak have in the past resulted in psychiatric diagnoses,
leading to inappropriate and unproductive therapies and,
when the correct diagnosis is established, a lingering
resentment and hostility on the part of the patients toward
physicians.

Symptomatic treatment of adductor dysphonia has
been quite successful by injection of small amounts of
botulinum toxin into the thyroarytenoid muscle of the
larynx.25–27 This technique is regarded by many as the
treatment of choice for this disorder. Treatment of the
abductor type of spasmodic dysphonia by botulinum toxin
injection has been technically more difficult and has pro-
duced less satisfactory results, although some investigators
have reported success targeting the posterior cricoarytenoid
or the cricothyroid muscles.28,29

Unilateral stimulation of the vagal nerve has been estab-
lished as an effective means to treat medically refractory
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epilepsy.30 Electrodes from an implantable pacemaker
device are attached to the left vagus nerve in the neck
and provide intermittent stimulation. The mechanism of
reducing seizures is believed to involve activation of corti-
cal and subcortical connections to the vagal nuclei. Patients
receiving vagal nerve stimulation for treatment of epilepsy
have been reported to experience improvement in daytime
drowsiness and altered REM sleep patterns.31 Furthermore,
vagal nerve stimulation (VNS) has been investigated as a
means to treat depression that has been inadequately
responsive to medical management.32 Approval of VNS
as an adjunct therapy for major depression refractory to
four or more adequate trials of antidepressant medication
was granted by the U.S. Food and Drug Administration in
2005.

Nuclear Lesions
The lateral medullary syndrome, also known as Wallen-
berg’s syndrome, is the prototype lesion involving the
nuclei of cranial nerves IX and X. The syndrome results
from infarction of the medulla by vertebral artery thrombo-
sis or dissection that may also produce occlusion of the
opening to the posterior inferior cerebellar artery.33

Presenting symptoms often include a stabbing pain in
the eye, face, or ear ipsilateral to the side of infarction,
presumably as a result of involvement of the nucleus of
the descending tract of cranial nerve V. Vertigo or a sense
of dysequilibrium occurs commonly because of injury of
the vestibular nuclei. Nausea and vomiting are often
accompanying symptoms, and they may also arise from
vestibular nuclei involvement. Intractable hiccups are
rarely caused by lesions of the medulla but may be present
in lateral medullary infarction.34,35 Involvement of the
nucleus ambiguus causes ipsilateral vocal cord paralysis
and a hoarse voice, as well as ipsilateral weakness of
the palate and pharynx. Palate elevation on phonation is
asymmetrical, with the uvula drawn to the intact side,
and the patient experiences dysphagia. Impaired sensation
to pain and temperature occurs in a crossed fashion involv-
ing the ipsilateral face and contralateral limbs caused
by involvement, respectively, of the descending tract of
cranial nerve V and the spinothalamic tract. Injury of
spinocerebellar fibers and of the inferior cerebellar pedun-
cle results in an unsteady gait and ataxia of the ipsilateral
limbs. An ipsilateral Horner’s syndrome (Video 17, Hor-
ner’s Syndrome) occurs from involvement of the descend-
ing sympathetic fibers from the hypothalamus. Limb
weakness, tendon reflex changes, and extensor plantar
responses do not occur because the corticospinal fibers
are ventrally located at this level of the medulla and
are outside of the area of injury. Ipsilateral facial weak-
ness may be present even though the infarction does
not extend beyond the lateral medulla. The triad of Hor-
ner’s syndrome, ipsilateral limb ataxia (Video 14, Tremor
with Ataxia), and contralateral limb numbness reliably
indicates lateral medullary infarction (Video 212, Heel-
to-Shin Testing).36

Unless cerebellar infarction is also present, cranial CT
often does not identify the infarction.36,37 Imaging by
MRI is clearly superior to CT to visualize lesions in the
medulla. The prognosis for recovery from a lateral medul-
lary cerebrovascular accident is generally good, although
in some cases, the infarction may potentially be fatal
because of secondary edema and herniation or obstructive
hydrocephalus and increased pressure in the posterior
fossa. In this circumstance, emergency surgical interven-
tion with ventricular drainage or decompressive crani-
otomy may be lifesaving.38 The area of infarction may
also be extended by propagation of clot into the basilar
artery or by vessel-to-vessel embolism from the vertebral
artery to the basilar artery.39

In Parkinson’s disease, selective degeneration of neurons
located in the dorsal IX/X nuclear complex may antedate
the appearance of Lewy bodies in the substantia nigra, con-
tributing to cardiac sympathetic denervation and symptoms
associated with autonomic dysfunction.40,41

Proximal Peripheral Lesions
The glossopharyngeal and vagus nerves pass through the
area of the cerebellopontine angle, formed by the junction
of the pons, medulla, and cerebellum, before exiting the
skull through the jugular foramen. In this area, both nerves
may be compromised by an expanding mass lesion, most
commonly a schwannoma originating from the vestibular
portion of cranial nerve VIII within the internal auditory
canal. The syndrome of a cerebellopontine angle tumor
generally begins as tinnitus with hearing loss and dys-
equilibrium or frank vertigo, which may be episodic. As
the tumor expands, cranial nerve V becomes involved,
resulting in ipsilateral facial pain and numbness and loss
of the corneal reflex. The cerebellum or cerebellar pedun-
cles may become compressed, producing ataxia. Unilateral
impingement on the vagus nerve causes mild hoarseness
and asymmetrical elevation of the soft palate. Schwannomas
at the jugular foramen are uncommon and arise from the
vagus, glossopharyngeal, and spinal accessory nerves.
The presenting symptoms of patients with this tumor
include dizziness, hearing loss, dysphagia, diplopia, tongue
weakness, and hoarseness.42

Middle Peripheral Lesions
Lesions at the jugular foramen, retropharyngeal space, or
other peripheral locations produce syndromes involving
cranial nerves IX and X, and sometimes also cranial nerves
XI and XII. The lesions may be due to various potential
etiologies, including neoplasm, infection, and trauma. The
syndromes are associated with the names of authors
describing them and are listed in Table 13-1. The jugular
foramen syndrome, also known as Vernet’s syndrome,
involves cranial nerves IX, X, and XI. The syndrome is
composed of weakness of the ipsilateral vocal cord, palate,
and pharynx and the trapezius and sternocleidomastoid
muscles. A lesion in the retropharyngeal space is responsi-
ble for Villaret’s syndrome, which involves cranial nerves
IX, X, XI, and XII and produces anesthesia of the palate,
larynx, and pharynx; weakness of the trapezius and ster-
nocleidomastoid muscles; atrophy and weakness of the
tongue; and Horner’s syndrome. This last feature is due
to involvement of cervical sympathetic fibers.



Hermanowicz / Cranial Nerves IX (Glossopharyngeal) and X (Vagus) 227
Far Distal Peripheral Lesions
Isolated lesions of either the glossopharyngeal or vagus
nerves are unusual. As noted previously, glossopharyngeal
nerve abnormalities may be clinically undetectable unless
adjacent structures are also involved. Perhaps the most
common vagus nerve lesion is that involving the recurrent
laryngeal nerve, resulting in ipsilateral vocal cord paresis
and hoarseness of voice. The left nerve has a longer course,
with its looped recurrence in the chest rather than in the
neck, as on the right. The nerve passes around the aorta
before returning rostrally to the larynx. The left recurrent
laryngeal nerve may be compromised by an expanding
aortic arch aneurysm or other intrathoracic processes, such
as enlargement of the left atrium of the heart, pulmonary
neoplasm, or mediastinal adenopathy. Both right and left
superior or recurrent laryngeal nerves may be injured
during the course of neck surgery such as thyroidectomy.
Vocal cord paralysis has been described with vagal neu-
ropathy attributed to diabetes or alcohol consumption and
with vagal neuritis in association with herpes simplex
and herpes zoster.43,44 Superior laryngeal branch neuralgia
produces pain in the area of the thyroid cartilage radiating
to the ear, and it is triggered by talking or swallowing. This
is a rare disorder; treatment is with carbamazepine.
Glossopharyngeal Neuralgia
This is an uncommon disorder, occurring with an annual
crude incidence of 0.7 per 100,000 population.45 The pain
of glossopharyngeal neuralgia is located at the base of the
tongue, tonsils, ear, or angle of the jaw and is triggered by
talking, swallowing, and coughing. Glossopharyngeal neu-
ralgia produces symptoms similar in character to those of
trigeminal neuralgia: brief, recurrent, stabbing pains lasting
seconds to a couple of minutes. Of these two cranial nerve
disorders, glossopharyngeal neuralgia is less common; the
ratio of trigeminal to glossopharyngeal neuralgia is 5.9:1.46

The attacks of glossopharyngeal neuralgia are comparatively
more mild, and in contrast to trigeminal neuralgia, bilat-
eral symptoms frequently occur.45 The course tends to be
relapsing and remitting.

Epidemiological data from a population in Minnesota
found men and women equally affected, with rates of
incidence highest in the sixth through eighth decades.45

Syncope is an unusual accompaniment of glossopharyngeal
neuralgia.47 Spontaneous discharges of the glossopharyn-
geal nerve to the medulla may cause bradycardia or even
asystole by reflexive vagal nerve cardiac inhibitory out-
put.48 The syncopal episode is produced by this bradycardia
together with hypotension caused by reduced sympathetic
output. Clonic jerking mimicking seizure may accompany
the syncopal spells, although electroencephalographic
recording during spells has demonstrated slowing and
suppression of activity rather than seizure activity.49

Glossopharyngeal neuralgia is divided into idiopathic
and symptomatic forms, with the latter due to identifiable
pathology such as oropharyngeal or neck carcinoma, a
posterior fossa arteriovenous malformation, or multiple
sclerosis.50–53 Although results of the neurological exami-
nation are normal in idiopathic glossopharyngeal neuralgia,
patients with symptoms of this disorder should have careful
examination of the oral cavity and neck and brain imaging
with attention to the posterior fossa to exclude underlying
pathology. Treatment for the symptoms of glossopharyn-
geal neuralgia includes the medications used for trigeminal
neuralgia, including carbamazepine, baclofen, phenytoin,
or combinations of these.

Surgical treatment is an option for patients with symp-
toms refractory to medical therapy. Sectioning of the root-
lets of the glossopharyngeal nerve effectively terminates
symptoms but obviously sacrifices the nerve. Alternatively,
microvascular decompression has also been successful in
treating this disorder and spares the function of the glosso-
pharyngeal nerve. This technique is based on the idea that
the neuralgia is due, at least partly, to an adjacent blood
vessel producing mechanical irritation to the glossopharyn-
geal nerve. In one series of 40 patients, the most common
offending blood vessel was the posterior inferior cerebellar
artery, followed by an artery and vein combination.54 In
this surgery, the glossopharyngeal nerve is identified along
with the offending vessels and they are separated. A piece
of Teflon felt may be placed between the nerve and an
artery. Successful treatment of the neuralgia, by medical
or surgical means, should also eliminate any associated
syncopal episodes.
GENERAL MANAGEMENT GOALS

During the initial evaluation of a patient with disorders
attributable to cranial nerves IX and X, few specific pre-
cautions for management are indicated. Bilateral vagus
nerve lesions, regardless of the pathological process,
occlude the airway by opposition of the vocal cords in
the midline. This condition is an emergency and requires
endotracheal intubation to maintain airway patency.
Patients with bradycardia or asystole due to increased
vagal output are treated initially with atropine or cardiac
pacing until the causative process is addressed. It should
be kept in mind that the condition of patients with lateral
medullary syndrome by infarction may be unstable. Clini-
cal status may decline rapidly with life-threatening conse-
quences by pressure effects in the posterior fossa or by
extension of the area of infarction by propagation of clot
or embolization from the vertebral artery into the basilar
artery. Emergency neurosurgical intervention may be
required to alleviate brain stem compression.

REVIEWS AND SELECTED UPDATES

Berthoud HR, Neuhuber WL: Functional and chemical anatomy of the
afferent vagal system. Auton Neurosci 2000;85:1–17.

Campbell WF: DeJong’s The Neurologic Examination, 6th ed. Philadel-
phia, Lippincott Williams & Wilkins, 2005, pp 251–262.

Canning BJ: Reflex regulation of airway smooth muscle tone. J Appl
Physiol 2006;101:971–985.

Cooper E: Nicotinic acetylcholine receptors on vagal afferent neurons.
Ann N Y Acad Sci 2001;940:110–118.

Cunningham EJ, Bond R, Mayberg MR, et al: Risk of persistent cranial
nerve injury after carotid endarterectomy. J Neurosurg 2004;101(3):
445–448.

Fallen EL, Kamath MV, Tougas G, Upton A: Afferent vagal modulation.
Clinical studies of visceral sensory input. Auton Neurosci 2001;90:35–40.

Harati Y: Spinal cord and peripheral nervous system. In Low PA (ed):
Clinical Autonomic Disorders, 2nd ed. Philadelphia, Lippincott-Raven,
1997, pp 25–46.



228 Neuroanatomical Localization and Syndromes / 13
Thayer JF, Brosschot JF: Psychosomatics and psychopathology: Looking
up and down from the brain. Psychoneuroendocrinology 2005;30:
1050–1058.

Thomas PK, Mathias CJ: Diseases of the ninth, tenth, eleventh, and
twelfth cranial nerves. In Dyck PJ, Thomas PK, Griffen JW, et al
(eds): Peripheral Neuropathy, 4th ed, Vol 2. Philadelphia, Saunders,
2005, pp 1273–1293.

Wilson-Pauwels L, Akesson EJ, Stewart PA: Cranial Nerves. In Health
and Disease, 2nd ed. London, Decker, 2002, pp 163–202.

REFERENCES

1. McHenry LC: Garrison’s History of Neurology. Springfield, IL,
Charles C Thomas, 1969, pp 19, 93.

2. Roger J, Bille J, Vigouroux RA: Multiple cranial nerve palsies.
In Vinken PJ, Bruyn GW (eds): Handbook of Clinical Neurology,
Vol 2. New York, Wiley, 1969, p 99.

3. Chen HC, Lin CJ, Tzeng YS, et al: Hoarseness as an unusual initial
presentation of aortic dissection. Eur Arch Otorhinolaryngol
2005;262(3):189–191.

4. Rafay MA: Tuberculous lymphadenopathy of superior mediastinum
causing vocal cord paralysis. Ann Thorac Surg 2000;70:2142–2143.

5. Hsu HP, Chen ST, Chen CJ, Ro LS: A case of Collet-Sicard syndrome
associated with traumatic atlas fractures and congenital basilar invagi-
nation. J Neurol Neurosurg Psychiatr 2004;75:782–784.

6. Lo CY, Kwok KF, Yuen PW: A prospective evaluation of recurrent
laryngeal nerve paralysis during thyroidectomy. Arch Surg
2000;135:204–207.

7. Maroulis J, Karkanevatos A, Papakostas K: Cranial nerve dysfunction
following carotid endarterectomy. Int Angiol 2000;19:237–241.

8. Crumley RL: Laryngeal synkinesis revisited. Ann Otol Rhinol Laryn-
gol 2000;109:365–371.

9. Laigle-Donadey F, Taillibert S, Martin-Duverneuil N, et al: Skull-
base metastases. J Neurooncol 2005;75:63–69.

10. Castroagudin JF, Gonzalez-Quintela A, Moldes J, et al: Acute reversi-
ble dysphagia and dysphonia as initial manifestations of sarcoidosis.
Hepatogastroenterology 1999;46:2414–2418.

11. Berry H, Blair RL: Isolated vagus nerve palsy and vagal mononeuri-
tis. Otolaryngology 1980;106:333–338.

12. Novak DJ, Victor M: The vagus and sympathetic nerves in alcoholic
polyneuropathy. Arch Neurol 1974;30(4):273–284.

13. Evans RJC, Benson MK, Hughes DTD: Abnormal chemoreceptor
response to hypoxia in patients with tabes dorsalis. Br Med J
1971;1:530–531.

14. Sharpey-Schafer EP, Taylor PJ: Absent circulatory reflexes in diabetic
neuritis. Lancet 1960;1:559–561.

15. Fagius J, Wallin GB: Microneurographic evidence of excessive sym-
pathetic outflow in the Guillain-Barré syndrome. Brain 1983;106(3):
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HISTORY AND DEFINITIONS

The assignment of numbers to the cranial nerves may be
traced back to Galen (circa 130–201 AD) and perhaps even
to Marinus of Tyre (circa 100 AD).1 Galen recognized 11 of
the 12 structures that we now designate as cranial nerves,
lumping several of these together such that there were
seven paired cranial nerves. Galen combined what we now
know as cranial nerves IX through XI, calling these struc-
tures the sixth cranial nerve. In his system, the hypoglossal
nerve was the seventh and final cranial nerve. The Galenic
system for numbering the cranial nerves persisted for one
and a half millennia.1 It was still used by Andreas Vesalius,
the Italian anatomist, in his text De Fabrica in 1543.2,3

Thomas Willis, the English physician and anatomist, num-
bered the cranial nerves at eight rather than seven. In his
celebrated text of 1664, Cerebri Anatome,4 he provided
the first thorough description of the spinal accessory nerve.
It is said that he used the word “accessory” because the
nerve was accessory to the vagus nerve.1,2,5 Samuel von
Soemmering, the Prussian artist, inventor, paleontologist,
and clinical investigator, has been credited with the first
modern enumeration of the 12 cranial nerves in 1778.1

The spinal accessory nerve (cranial nerve [CN] XI) and
hypoglossal nerve (CN XII) share a number of features.
These nerves, along with cranial nerves IV and VI, are clas-
sically viewed as pure motor nerves, meaning that they sub-
serve only motor functions, and they do not carry sensory or
autonomic fibers.6 A study of spinal accessory nerve samples,
however, suggested that this nerve may carry sensory fibers
as well.7 Nuclei of the spinal accessory and hypoglossal
nerves lie in the medulla, along with the nuclei of the glos-
sopharyngeal (CN IX) and vagus nerves (CN X).8

This chapter focuses on those disturbances of the spinal
accessory and hypoglossal nerves that result in weakness
rather than overactivity of innervated muscles because the
latter is discussed in other chapters on involuntary move-
ments (see Chapters 16 and 34).
is a modified and updated version of the chapter origin-
lan D. Louis.
CLINICAL HISTORY
Patients with dysfunction of structures innervated by CN
XI or XII or their supranuclear input may present to the
physician with various complaints. The more common
complaints when CN XI is involved are shoulder pain,
inability to raise the arm up past shoulder level, or com-
plaints that the shoulders seem asymmetrical or misshapen.
The more common complaints when CN XII is involved
are slurred speech, garbled speech, speaking with “marbles
in my mouth,” difficulty chewing, complaints that “my
tongue gets in the way,” or difficulty swallowing. Occa-
sionally, a patient notices that the tongue is asymmetrical,
appearing small and wrinkled on one side with protrusion.
These complaints may be associated with neurological signs,
including weakness of the sternocleidomastoid (SCM) and
trapezius muscles (with or without atrophy), winging of
the scapula, deviation and weakness of the tongue (with or
without atrophy), dysarthria, and dysphagia.9–12

Patients may present with complaints of acute, subacute,
and chronic onset. Acute presentations, characterized by
the rapid onset of symptoms and signs, include the medial
medullary syndrome (i.e., an acute cerebrovascular event
involving the posterior circulation), basal skull fracture,
shoulder trauma, and after surgical neck exploration/
dissection. Subacute presentations include lesions due to
multiple sclerosis, brain stem abscesses, and tuberculous
meningitis. Chronic presentations are typically seen in
motor neuron disease, Parry Romberg syndrome (ipsilateral
hemifacial and tongue atrophy associated with epilepsy)
(Fig. 14-1), acoustic neuroma, meningioma, and other
tumors of the central and peripheral nervous system.11

Dysfunction of cranial nervesXI andXIImay be the result of
various precipitating events or underlying etiologies, and
several of these were alluded to previously. These include
trauma to the head, neck, or shoulder region (basal skull frac-
ture, stab wound, or gunshot wound of the neck; dislocation of
upper cervical vertebrae; and shoulder trauma); various infec-
tious etiologies, including bacterial (tuberculosis, brain
abscess, and syphilis) and viral (acute poliomyelitis); inflam-
matory or granulomatous processes (multiple sclerosis,



Figure 14-1. Parry Romberg syndrome. Left hemifacial and hemitongue
atrophy and linear scleroderma.
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Guillain-Barré syndrome, and neurosarcoidosis); metabolic
disorders (Paget’s disease); structural disorders (platybasia
and syringobulbia); exogenous toxins (botulism); acute cere-
brovascular events (medial medullary syndrome); neoplasms
(glomus cell tumor, neurofibroma, meningioma, acoustic
neuroma, and metastatic carcinoma); and iatrogenic events
(radiation therapy involving the neck and neck surgery).11,13

Dysfunction also may be idiopathic.14,15

Lesions of these cranial nerves may be accompanied by any
of a large number of associated diseases, symptoms, or signs,
including the several systemic illnesses (systemic sarcoidosis,
tuberculosis, carcinoma, and syphilis), other neurological dis-
orders (multiple sclerosis, Guillain-Barré syndrome, and
motor neuron disease), and other associated symptoms and
signs referable to involvement of regional anatomy, particu-
larly long tracts passing through the brain stem (resulting in
weakness with spasticity, dysautonomia, sensory disturbances,
gait instability, and incoordination) and other cranial nerves
(resulting in facial numbness, nystagmus, and dysphagia).11,12
ANATOMY (Table 14-1)

Cranial Nerve XI
Nucleus
The spinal accessory nerve (CN XI) is classified as a spe-
cial visceral efferent nerve because it innervates striated
muscles that arise embryologically from the branchial
arches.6 CN XI consists of two distinct portions, the cranial
(or accessory) portion and the spinal portion (Fig. 14-2).8

These are sometimes referred to as the ramus internus
and ramus externus, respectively,12 each with distinctive
embryological development.16

The cranial and spinal portions of CN XI arise from
separate nuclei. The nucleus for the cranial portion of the
nerve is the most caudal part of the nucleus ambiguus,
which is the longitudinal column of cells that is dorsal to
the inferior olivary nucleus in the medulla.17 The nucleus
ambiguus is composed of cells controlling several func-
tions outside of the domain of CN XI: (1) motor neurons
supplying the muscles of the soft palate, pharynx, and lar-
ynx; (2) preganglionic parasympathetic neurons involved
with control of heart rate; and (3) afferent input from brain
stem sensory nuclei, especially the nucleus of the spinal
tract of the trigeminal nerve and the nucleus of the tractus
solitarius. The nucleus for the spinal portion of CN XI is
the accessory nucleus, which is a longitudinal column
of cells in the anterior horn of the upper five cervical
segments of the spinal cord.8,17 As is often the case in
the biological sciences, nomenclature is somewhat mud-
dled, and it is important not to confuse (1) the accessory
nucleus in the cervical spinal cord, which gives rise to
the spinal portion of CN XI, and (2) the cranial or acces-
sory portion of CN XI, arising from the nucleus ambiguus
in the medulla.
Lower Motor Neuron, Peripheral Pathways
Cranial nerve XI fibers extend peripherally from two dis-
tinct nuclei: the caudal portion of the nucleus ambiguus
in the medulla and the accessory nucleus in the cervical
spinal cord. Fibers from the caudal portion of the nucleus
ambiguus leave the brain stem caudal to the vagus nerve
as the cranial root of CN XI.8,17 Fibers from the accessory
nucleus exit the cervical spinal cord as a series of rootlets.
These unite to form a common trunk. They then ascend as
the spinal root of CN XI, passing upward through the fora-
men magnum and uniting with the cranial root of CN XI
near the medulla. The united cranial and spinal roots of
the accessory nerve exit the cranium through the jugular
foramen together with cranial nerves IX and X.8,13,17,18

At this point, the spinal accessory nerve lies within the
same dural sheath as the vagus nerve, separated from it
by a fold of arachnoid.12

After exiting the cranium through the jugular foramen,
the spinal accessory nerve divides into two portions: (1)
The fibers from the nucleus ambiguus join the vagus nerve
to form the inferior laryngeal nerve; this nerve innervates the
intrinsic muscles of the larynx; and (2) the fibers from the
accessory nucleus first innervate the SCM muscle and then
innervate the three portions of the trapezius muscle.19 The
middle and lower portions of the trapezius muscle are inner-
vated by cervical plexus branches, but the upper portion of
the trapezius is innervated by nerve XI only.19

A number of connections exist between cranial nerveXI and
other nerves. In particular, in the neck, cranial nerve XI unites
at several points with the first through fourth cervical nerves.12

Some investigators have soundly suggested that the cra-
nial portion of CN XI is actually no more than a mislabeled
inferior branch of CN X.10 First, the cranial portion of CN
XI innervates the intrinsic muscles of the larynx rather than
the SCM or trapezeii. Second, the cranial portion of CN XI
only travels with the spinal portion for a short distance
before joining CN X.10 When the function of CN XI is
assessed in the standard neurological examination, only
the spinal portion is tested.20



TABLE 14-1

Clinico-anatomical Correlation of Disorders of Cranial Nerves XI and XII

ANATOMICAL SITE
OF DAMAGE CN XI OR XII FINDING

OTHER NEUROLOGICAL AND MEDICAL
FINDINGS COMMON ETIOLOGIES

Supranuclear (cerebral
hemisphere)

Neck weakness, tongue deviation Hemiparesis with spasticity and
extensor plantar responses,
pseudobulbar palsy, cognitive
deficits personality changes urinary
incontinence, gait apraxia, primitive
reflexes (e.g., suck, snout, glabellar),
paratonic rigidity (gegenhalten)

Stroke, brain tumor, multiple
sclerosis, brain abscess

Supranuclear (pontine) Dissociated weakness (ipsilateral SCM
and contralateral trapezius),
contralateral weakness with
spasticity, and deviation of the eyes
toward the weakness

Facial numbness (CNV), weakness of the
palate (CN X), or autonomic
dysfunction. Contralateral loss of pain
and temperature in the body and
ipsilateral loss of pain and temperature
in the face

Stroke, multiple sclerosis, brain
abscess, brain tumor

Nuclear Bilateral lesions may result in
diminished ability to rotate the neck,
inability to protrude the tongue,
slurred and indistinct speech,
impaired swallowing, and possibly
some respiratory difficulty. The
medial medullary syndrome results
in ipsilateral tongue weakness and
contralateral weakness and impaired
tactile and proprioceptive sense of
the arm and leg

With vascular lesions, bilateral
pyramidal signs and diminished
vibration and position sensation can
occur

Motor neuron disease,
poliomyelitis, brain stem
abscess, syringobulbia, strokes

Within the cranium or in
the region of the
foramen magnum

Neck and tongue weakness Cranial nerve IX and X involvement
(depressed gag,palatal paresis, and
vocal cord paralysis)

Platybasia, Paget’s disease, glomus
tumors, acoustic neuromas,
meningiomas, metastases to the
skull base, syphilis, tubercular
meningitis, sarcoidosis

Within the region of the
jugular foramen

Vernet’s syndrome (ipsilateral
weakness of the SCM and trapezius)

Vernet’s syndrome (ipsilateral loss of
taste and depressed sensation over
the posterior one-third of the tongue,
ipsilateral depressed gag reflex and
palatal weakness,ipsilateral vocal
cord paralysis,and ipsilateral
weakness of the SCM and trapezius
muscles)

Tumor, basal skull fracture

In the retroparotid or
retropharyngeal spaces,
and distal peripheral
nerve lesions

Collet-Sicard syndrome (ipsilateral
weakness of the SCM, trapezius, and
tongue)

Collet-Sicard syndrome (same as
Vernet’s syndrome, with the addition
of weakness of the ipsilateral tongue)

Surgical trauma, local infections,
neck irradiation or local tumors

CN, cranial nerve; SCM, sternocleidomastoid.

Jugular
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Foramen
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Accessory portion of the
11th nerve (ramus internus)
supplying, by way of the vagus
and recurrent laryngeal
nerves, the intrinsic muscles
of the larynx (except the
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(ramus externus)
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Figure 14-2. Schematic of the cranial and spinal portions of CN XI.
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Upper Motor Neuron, Supranuc lear Control
The nature of the supranuclear input to each of the paired
nuclei of cranial nerve XI is not well understood. It is
generally believed that these nuclei receive bilateral supra-
nuclear input, and that this input arises from the lower por-
tion of the precentral gyrus. Although the input for the
trapezius muscle is believed to be derived primarily from
the contralateral hemisphere,13 the input for the SCM is
still debated but is thought to be derived predominantly
from the ipsilateral hemisphere.21 Although a minority
have argued that the supranuclear fibers for the SCM do
not decussate, there is a body of evidence, from isolated
case reports, that there is a double decussation.13,22–25

The precise location of these decussations is not entirely
known, although the first decussation may occur in the sub-
thalamic region, midbrain, or pons, and the second may
occur in the medulla or cervical spinal cord below the level
of the first cervical root.21 Not surprisingly, the supra-
nuclear input for the trapezius muscle travels separately
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in the brain stem from the supranuclear input for the SCM
muscle, and there have been a number of reports of the
pathological dissociation of the two.26,27

The primary supranuclear input for the trapezius muscle
is located ventrally in the brain stem and crosses the brain
stem in either the midbrain or the pons. The supranuclear
input for the SCM muscle is located in the brain stem teg-
mentum, and it decussates twice. Some investigators have
suggested that the sternal head of the SCM (responsible
for rotation of the head in the contralateral direction) is
innervated by the ipsilateral hemisphere, but the clavicular
head of the SCM (responsible for tilting the head to the
ipsilateral side) is innervated by the contralateral hemi-
sphere.28 Teleologically, this may be understood as an
example of the concept that each cerebral hemisphere con-
trols movement in the contralateral hemispace rather than
just in contralateral muscle groups.28
Cranial Nerve XII
Nucleus
The hypoglossal nerve is classified as a general somatic
efferent nerve because it innervates striated muscle that
arises embryologically from the somites.6,8 The nucleus
of CN XII is located in the medulla, ventral to the floor
of the fourth ventricle. The hypoglossal triangle, or tri-
gonum hypoglossi, in the floor of the fourth ventricle
serves as an external landmark for the rostral portion of
the hypoglossal nucleus.17 As with some of the other pure
motor cranial nerves, the nucleus is situated medially in
the brain stem, which is a result of embryological anatomi-
cal relationships. The hypoglossal nucleus, formed by a
column of large cells, is approximately 1.8 cm in length.
It transverses much of the length of the medulla.8,18 Numer-
ous fibers cross the midline of the medulla to connect the
paired hypoglossal nuclei.12 Several discrete smaller nuclear
groups surround the hypoglossal nucleus in the medulla,
including the nucleus intercalatus, nucleus prepositus, and
the nucleus of Roller.8
Lower Motor Neuron, Peripheral Pathways
Upon exiting the hypoglossal nucleus, the hypoglossal
nerve travels ventrolaterally, passing through the medullary
reticular formation, just lateral to the lateral margin of the
medial longitudinal fasciculus and the medial lemniscus,
and through the medial segments of the inferior olivary
nucleus.12 The nerve exits the ventral aspect of the medulla
in the preolivary or ventrolateral sulcus, between the
medullary pyramid and the inferior olive, and medial to
cranial nerves IX, X, and XI.6,17 When the nerve exits
the medulla, it is composed of 10 to 15 separate rootlets
on each side.13 These rootlets coalesce to form two larger
bundles, and these perforate the dura mater separately,
uniting after their passage through it.18

The hypoglossal nerve exits the posterior fossa through
the hypoglossal canal.17 It descends in the neck close to
the angle of the mandible. It passes beneath the internal
carotid artery and the internal jugular vein, then travels for-
ward between these two blood vessels and crosses the
external carotid artery.12 The branches of the hypoglossal
nerve are the meningeal (sending branches to the dura
mater in the posterior cranial fossa), descending (sending
branches to the omohyoid, sternohyoid, and sternothyroid
muscles), thyrohyoid (sending branches to the thyrohyoid
muscle), and muscular (sending branches to the extrinsic
and intrinsic muscles of the tongue) (Fig. 14-3).17,18 The
extrinsic muscles of the tongue include the genioglossus,
styloglossus, hyoglossus, and chondroglossus muscles,
whereas the intrinsic muscles of the tongue include the
superior and inferior longitudinales, transversus, and verti-
calis muscles.12 The emphasis in the standard neurological
examination, with regard to hypoglossal nerve function, is
on the function of the extrinsic muscles of the tongue
(Video 45, Tongue Atrophy).10,12

Upper Motor Neuron, Supranuclear Control
The supranuclear input for the hypoglossal nerve is better
understood than that for the spinal accessory nerve.29 As
with the latter, the supranuclear input is derived from the
lowest portion of the precentral gyrus.10 The corticobulbar
afferents, which travel by way of the genu of the internal
capsule and the middle of the cerebral peduncle, are predomi-
nantly contralateral, although some are also ipsilateral.10,17

The supranuclear input for the genioglossus muscle may be
strictly contralateral.13,26
EXAMINATION OF CRANIAL NERVES XI AND XII

Directed Neurological Examination
Cranial Nerve XI
The examination of CN XI consists of two parts: observation
(at rest and during action) and palpation. Abnormal findings
include atrophy; fasciculations; neck or shoulder deviation;
and limitations in range, strength, or speed of motion.

Examiners should observe the neck and back while the
patient is standing, paying particular attention to the SCM
muscle and the upper portion of the trapezius muscle. Atro-
phy or asymmetry should be noted. Fasciculations may be
present with nuclear or lower motor neuron lesions. A uni-
lateral paralysis of the SCM muscle causes little if any
change in the position of the head while in the resting state.
Bilateral accessory nerve paralysis may cause the neck to
fall forward.

The SCM and the trapezius muscles should be palpated
for the presence of atrophy or hypertrophy. Proper pal-
pation of the sternal head of the SCM muscle is aided by
asking the patient to turn the head to the opposite side
against resistance. When activated, the right SCM turns
the chin to the left.9,20 The speed, strength, and range of
motion should be assessed. The major action of the SCM
muscle, through its sternal head, is to turn the head to
the opposite side.9,28 Additionally, through its clavicular
head, the SCM tilts the head to the ipsilateral side. To exam-
ine the right SCM muscle, the patient should turn the chin
completely toward the left shoulder, and the examiner should
attempt to overcome the movement. During this maneuver, it
is important for the examiner to press against the patient’s



Styloglossus muscle

Genioglossus muscle
To
hyoglossus
muscle

Geniohyoid muscle

Sternohyoid muscle

Sternothyroid muscle

Anterior belly of omohyoid

Posterior belly of
omohyoid muscle

Ansa hypoglossi

Descendens hypoglossi

Descendens cervicalis

Internal jugular vein

Nerves of cervical origin
Nerves of bulbar origin

Thyrohyoid muscle

Hyoid bone

Vertical muscle of tongue

Superior longitudinal
muscle of tongue

Inferior longitudinal
muscle of tongue

Transverse muscle
of tongue

C1
Meningeal

branch
(sensory)

Base of
skull

Hypoglossal nucleus

Hypoglossal canal

Communication with sympathetic ganglion

Communication with vagus nerve

Superior cervical sympathetic ganglion

Nodose ganglion of vagus

Communication with first 2 cervical nerves

Internal carotid artery

C2

C3

Figure 14-3. The origin and innervation
of CN XII.

Barboi / Cranial Nerves XI (Spinal Accessory) and XII (Hypoglossal) 235
cheek rather than themandible becausewith the lattermaneu-
ver, one is testing not only the SCM but also the lateral pter-
ygoid muscle (CN V).12 The SCMmuscle is also involved in
neck flexion, and when both SCM muscles act simulta-
neously, the result is to bring the head forward and down-
ward. This movement may be tested by asking the patient to
flex the neck while the examiner exerts firm pressure on the
forehead.12

To assess the function of the trapezius muscle, the exam-
iner has to evaluate the integrity of scapular and implicit
shoulder movement. The superior trapezius fibers do not
perform scapular elevation due to their transverse orienta-
tion and lateral clavicular insertion. Instead, they suspend
the shoulder girdle. The mid and low trapezius fibers draw
the clavicle, acromion, and scapula medial and posterior.30

The age-old maneuver of shoulder shrugging has no clinical
relevance in lower motor neuron lesions of the accessory
nerve since the levator scapulae (C3–C4) and rhomboid
muscles (dorsal scapular nerve, C5) are the main elevators
of the scapula. Therefore, weak shoulder elevation can
be seen in high cervical lesions or more commonly as
part of upper motor neuron weakness affecting the whole
limb. The more common appearance of the shoulder in
accessory nerve lesions is that of shoulder drooping at
rest (Fig. 14-4). The main contribution of the trapezius to
scapular motion comes from its superior fibers, which
rotate the scapula upward in a retracted position (away
from the thoracic wall) to follow the humerus. Prominence
of the vertebral scapular border represents winging of the
scapula. If there is trapezius weakness, there is winging
of the scapula in a protracted position as seen with arm
abduction. This is always accompanied by weakness of
shoulder abduction past 90 degrees. This can be differen-
tiated clinically by winging of the scapula in weakness of
the serratus anterior (long thoracic nerve) where the patient
has difficulty rotating and protracting the scapula (bringing
it close to the thoracic wall) with anterior flexion of the
shoulder.

A unilateral hemispherical lesion does not usually cause
marked deviation of the head, although some weakness
may be present. In cortical or subcortical strokes, the head
can deviate to the side of the lesion, away from the hemi-
paretic body, making rehabilitation efforts frustrating.
Atrophy and fasciculations are not present in an upper
motor neuron lesion.12 Irritative cortical foci may result
in seizures accompanied by forced deviation of the head



Figure 14-4. Unilateral CN XI palsy with droopy shoulder and associated sternoclaidomasctoid and trapezius atrophy (anterior and posterior views).
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to the contralateral side.23 A unilateral supranuclear lesion
in the upper brain stem may produce dissociated weakness,
with ipsilateral weakness of the sternal head of the SCM
and contralateral weakness of the trapezius.12 Nuclear
lesions of CN XI are rare. These lesions result in muscle
weakness as well as atrophy and fasciculations. Unilateral
nerve lesions produce weakness of the involved muscles
as well as some deviation and possibly winging of the sca-
pula. Bilateral nerve lesions result in diminished ability to
rotate the neck, and the neck may fall either backward or
forward, depending on whether the SCMs or trapezeius
muscles are more involved. Because other cervical mus-
cles, such as the scaleni and splenii, play a major role in
neck deviation, flexion, and extension, a complete paraly-
sis of neck muscles does not occur even with bilateral
lesions of CN XI.12 In cervical dystonia, muscles inner-
vated by CN XI can be hypertrophied, often with promi-
nent bulging in the SCM (Video 52, Torticollis).

Cranial Nerve XII
The examination of CN XII consists of three parts: obser-
vation, palpation, and percussion. The examiner should
assess the tongue for atrophy; fasciculations; deviation;
limitations in the range, strength, or speed of motion; and
involuntary movements.

The tongue is observed as it rests in the mouth, with atten-
tion to atrophy, fasciculations, deviation, tremor, myoclonus,
or chorea (see Chapter 34).9 Atrophy, if present, may be parti-
cularly noticeable at the tip or borders of the tongue, resulting
in a scalloped appearancewithmultiple small folds (Video 45,
Tongue Atrophy).10,12 A fine rippling of the tongue due to
incomplete relaxation should not be confused with fascicula-
tions (Video 43, Tongue Fasciculations).20 Even while the
tongue is “resting” in the floor of the mouth, there is some
activity of the styloglossus muscles. These muscles pull the
tongue upward and backward. When there is a unilateral
hypoglossal nerve lesion, the resting tongue may deviate
slightly away from the side of the lesion because of unop-
posed action of the styloglossus muscles.12

The tongue should be observed during protrusion. The
examiner should note atrophy, tremor, chorea, or deviation.
The genioglossus muscle causes protrusion of the apex of
the tongue. When there is a unilateral lesion of the hypo-
glossal nerve, the protruding tongue deviates toward
the side of the lesion owing to the unopposed action of
the normal genioglossus muscle.9,10 When there are com-
plete bilateral nuclear or hypoglossal nerve lesions, the
patient is unable to protrude the tongue at all. In general,
when examining the protruding tongue for deviation, it is
very important to choose appropriate landmarks.9,13 For
example, if the lips are used as a landmark, in the setting
of unilateral facial weakness, the tongue may falsely
appear to deviate toward the weak side. A more appropri-
ate landmark in this and most other settings is the space
between the two upper central incisors. This space should
be aligned with the median raphe of the tongue.9,20

The tongue is observed during movements other than
protrusion. First, the speed and range of motion should be
assessed by asking the patient to wiggle the tongue rapidly
from side to side and to point the tip upward and down-
ward. Second, the strength of tongue motion should be
assessed by asking the patient to press the tip of the tongue
sideways against the inside of the cheek while the exami-
ner exerts opposing pressure by placing an index finger
on the outer aspect of the cheek.9 Third, speech, and par-
ticularly lingual sounds, should be assessed for the presence
of dysarthria.

Palpation and percussion comprise the final aspects
of the examination of the tongue. Palpation of the tongue
between the examiner’s thumb and index finger sometimes
confirms the presence of atrophy.10,20 When a diagnosis of
myotonia is being considered, the tongue should be tapped
with a percussion hammer. A myotonic response is charac-
terized by a contraction that is very slow to disappear.9

In a unilateral supranuclear lesion, the tongue may devi-
ate toward the contralateral side; however, atrophy and
fasciculations are not present. In a unilateral nuclear or
hypoglossal nerve lesion, the tongue is atrophic on the ipsi-
lateral side. On protrusion, it clearly deviates toward the
side of the nuclear or nerve lesion.10 In this setting, speech,
swallowing, and respirations should be unaffected. If there
are bilateral nuclear or nerve lesions, the tongue is diffu-
sely atrophic, and the patient is unable to protrude the
tongue at all. Additionally, articulation (especially lingual
sounds) may be impaired, with slurred and indistinct
speech. Swallowing and respiration may be impaired as
the tongue falls back into the pharynx.12 Fasciculations
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may be present either unilatera lly or bilaterally in progres-
sive disorder s that involve the nucl eus (e.g., amyotrophi c
later al scleros is or syringobu lbia). Forced devi ation of
the tongu e may be a man ifestation of a seizure , and
invol untary movements of the tongu e may be a feature of
myoc lonus or, rarely , Parki nson’s disease (tremor) , Hun-
tingto n’s disease (chor ea), or tardive dyskin esia or tardiv e
dyst onia (ora l-buccal- lingual move ments). 12

Associated Neuro logical Findings
CEREBRAL. With regard to CN XI or XII, b ihemi-

spher ical les ions may resu lt in significa nt weaknes s of the
SCM , trapeze ii, or extr insic tongue muscles. Other features
that confi rm the presence of bihemisphe rical lesions are
uri nary inco ntinenc e, gait apra xia, pseudo bulba r pals y
(Video 10, Dys arthria) (i.e., dy sarthria, dyspha gia, and
emo tional incontinenc e), cogni tive deficits , and alterations
in personal ity.

CRANIAL NERVES. Dysfunction of neck or tongue
musculature may be the result of lesions in the brain stem
affecting supranuclear, nuclear, or nerve fibers of CN XI or
XII. Other features of a brain stem lesion are facial numbness
(CN V), weakness of the palate (CN X), or autonomic dys-
function, indicating involvement of cranial nerve nuclei
or sympathetic fibers in close proximity to the nuclei of CN
XI or XII. Additionally, although supranuclear lesions may
result in both head and eye deviation (due to connections
between the accessory nucleus and the medial longitudinal
fasciculus), a peripheral lesion of the spinal accessory nerve
should not be accompanied by eye deviation.

MOTOR/REFLEXES/CEREBELLAR/GAIT. When exam-
ining a patient with a suspe cted les ion of CN XI or
XI I, it is important to perform a thor ough motor exami-
nation. Th e examiner shoul d note any primiti ve ref lexes
(e.g., suck, snout, and glabellar ) or paratonic rigidity
(gege nhalten ). These signs, along with pseudo bulba r palsy,
may be indicati ve of bilat eral fron tal lobe lesions . In addi-
tion, weaknes s in other ipsil ateral mus cles in the face ,
arm, or leg, accompa nied by hyper tonia, hyper -reflexi a,
or extensor plantar responses , is sugges tive of an upper
moto r neuro n lesion, 31 wherea s weaknes s with atrophy,
loss of reflexes, or fasc iculations are sign s of either a lower
moto r neuro n lesion or neuro nopathy. Th e supra nuclear
fib ers for the ste rnal head of the SCM mus cle probably
decus sate tw ice—once in the midbrain or pons and a
secon d time in the medulla or cervica l spinal cord. 23

Hen ce, a les ion in the righ t side of the po ns may result in
(1) left- sided wea kness (involv ement of cortic ospinal tract
fib ers before their decus sation in the medull a) and
(2) weaknes s of the left SCM muscle and devi ation of the
head to the left (i.e., the same side as the hemiparesis) because
of involvement of the supranuclear input to the left SCM
muscle after the first but before the second decussation.
In contrast, a lesion in the right cerebral hemisphere
or right internal capsule or high in the right midbrain,
before the initial decussation of the supranuclear fibers
to the SCM, may result in (1) left-sided weakness due to
involvement of the corticospinal tract fibers before their
decussation and (2) weakness of the right SCM muscle and
deviation of the head to the right (i.e., the side opposite the
hemiparesis).13
When dysfunct ion of CN XI or XII is pres ent, it is als o
import ant to perform a thoroug h examin ation o f coordina -
tion and gait. The presence of cerebel lar signs ipsilateral
to CN XI or XII deficits may be indicative of involvemen t
of the inferio r cerebel lar pedunc le, which is consist ent with
a lesion in the region of the med ulla.

SENSORY. The senso ry examin ation is espec ially impor-
tant in asse ssing brain stem dysfu nction becau se of the
disti nctive pattern of finding s seen only with dam age to
this structure . The nucleus amb iguus is situat ed just med ial
to the spin othalamic and trigemi nothala mic tracts in the
med ulla. Contr alateral loss of pain and temper ature in
the body and ipsilate ral loss of pain and temper ature in
the face confirm a lesion in the medulla in the region of the
nucleus ambiguus. The medial lemniscus is located in the
medial medulla, ventral to the hypoglossal nucleus, and
tongue weakness with simultaneous loss of position and vibra-
tory sense implies a lesion in this area (i.e., Dejerine’s syn-
drome or anterior spinal artery syndrome of the medulla).8,13

AUTONOMIC NERVOUS SYSTEM. Le sions of the brain
stem may sometimes involve autonomic pathways. An
examination of the autonomic nervous system involves
assessment of pulse rate, blood pressure in different posi-
tions (lying, seated, and standing), changes in skin color
and texture, changes in hair and nails, decreased or exces-
sive perspiration (e.g., anhidrosis in Horner’s syndrome)
(Video 17, Horner’s Syndrome), and reflexes (e.g., pupil-
lary and oculocardiac).

NEUROVASCULAR. Carotid dissection as well as brain
stem stroke are etiologies of lower cranial nerve dysfunction,
and the patency of the carotid artery may be preliminarily
assessed at the bedside. Auscultation may reveal a bruit
(i.e., partial occlusion). Palpation of the carotid pulse may
reveal unilateral or even bilateral diminished pulsation, in-
dicative of partial or complete occlusion of this blood vessel.
EVALUATION GUIDELINES (Table 14-2)

The following tests may aid in the diagnosis of problems
affecting cranial nerves XI and XII.

NEUROIMAGING. Various neuroimaging studies may
be useful.32–34 Plain films of the skull may provide diag-
nostic information in platybasia (flattening of the base
of the skull so that the angle formed by an imaginary line
connecting the anterior margin of the foramen magnum,
the tuberculum sella, and the nasion is greater than 143
degrees), Paget’s disease (areas of increased and decreased
bone density, giving the bones a cotton-wool appearance),
and basal skull fracture. Head computed tomography may
be diagnostic in meningioma (homogeneous contrast-
enhancing lesions with well-defined borders), acoustic neu-
roma (a well-defined uniformly enhancing tumor in the
cerebellopontine angle, along with widening of the internal
auditory canal), and skull fracture. Head magnetic reso-
nance imaging is useful in the diagnosis of a multitude of
lesions, including syringobulbia (a syringobulbar cavity),
multiple sclerosis (plaques), tuberculous or carcinomatous
meningitis (meningeal enhancement), brain abscess (a thin
rim of contrast enhancement that surrounds a central zone
of low attenuation), medial medullary syndrome (infarction
in the medial medulla), and metastatic cancer. Doppler



TABLE 14-2

Useful Studies in Evaluating Lesions of Cranial Nerves XI and XII

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY
FLUID AND TISSUE
ANALYSIS OTHER TESTS

Supranuclear lesions, unilateral or bilateral Head MRI, CT Evoked potentials CSF N/A

Supranuclear lesion in pons Head MRI Evoked potentials CSF N/A

Head CT

Nuclear lesions Head MRI EMG/NCV CSF CBC, throat washings, stool or
blood cultures (abscess, polio)

Serum alkaline phosphatase

Chest radiograph, PPD

Serum angiotensin-converting
enzyme, chest radiograph

Serum VDRL

Lesion within the cranium or in the region
of the foramen magnum

Plain skull film
Head MRI

BAER, audiometry CSF, lymph
node biopsy

N/A

Head CT

Lesions in the region of the jugular foramen Head MRI N/A CSF N/A

Plain films of head,
head CT

Lesions in the retroparotid or retropharyngeal
spaces, and far distal peripheral nerve
lesions

Neck MRI N/A N/A N/A

BAER, brain stem auditory evoked response; CBC, complete blood count; CSF, cerebrospinal fluid; CT, computed tomography; EMG/NCV, electromyogram/nerve conduction
velocity; MRI, magnetic resonance imagery; N/A, not applicable; PPD, purified protein derivative; VDRL, Venereal Disease Research Laboratory test.
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stud ies or an angiogra m may be useful with regard to the
worku p o f the med ial medullar y syndrome resulting from
vascu lar occlusi on in the posterior circulat ion.

ELECTROPHYSIOLOGY. A numb er of elect rophysio-
logical studies may provide valuabl e diagnost ic clues.
Elec tromyo graphy (EMG) with nerve conduc tion studies
may be usef ul to diagnose Guillai n-Barré syndrome (reduc-
tion in conduction velo city, slowing of F wave conduc tion
velo city, and nerve conduc tion block), focal accessor y
mono neuro pathy, and motor neuro n disease (w idespre ad
fibri llations and positiv e shar p wav es to include the genio-
glos sus). Evoked pote ntials (visual , brain stem auditory ,
and somatosens ory) may be usef ul in the diagnosis of mul-
tiple sclerosis .

CEREBROSPINAL FLUID. Cerebrospi nal fluid (CS F)
analy sis may aid in the diagnosi s of lesions of CN XI and
XII. Elevate d CSF protei n level is a featur e of multipl e
scleros is, neuro sarcoid osis, tube rculous meningi tis, and
poliom yelitis. A low CSF glucose leve l may be present in
tube rculous meningit is, carcino matous men ingitis, and
neuro sarcoid osis. CSF leukocyt osis may be found in neuro -
sarco idosis and tube rculous meningit is. Album inocytologi -
cal dissociat ion (elevated CSF protei n level in the relative
absen ce of CSF leukocyt osis) is a featur e of Guillai n-Barré
syndr ome. CSF oligocl onal b ands are a featur e of multipl e
scleros is. Cytol ogical examin ation of cellular mater ial in
the CSF may be diag nostic in carc inomatous men ingitis.
CSF cultur es alon g with anal ysis of g enetic mater ial b y
polymer ase chain reaction may be diagnostic in infection s
of the CSF. CSF pressure may be elevated in a numb er
of proce sses, includi ng absce sses, neurosar coidosis, and
tube rculous meningit is.

BODY FLUID AND TISSUE ANALYSIS. Blood wor k
may also be of diagnost ic valu e (e.g., alka line phospha tase
levels in Paget’s disease , angioten sin-conv erting enzym e
levels in sarc oidosis, Venere al Disease Re search Labora -
tory test in syphi lis, viral cultur es in poliom yelitis, and
genetic testing in neuro fibromat osis). Purifi ed protein de-
rivative is help ful in diagn osing tuberculosi s, as is lymph
node biopsy in sarcoid osis.

NEUROPSYCHOLOGICAL TESTS. Th is techniq ue has
limit ed value in diagnosi s of proce sses involvi ng CN XI
and XII.

OTHER TESTS. Plain films of the chest are of diag nostic
value in eval uating pulmona ry disorder s that extend
beyond the pleura to involve CN XI, includi ng tubercul o-
sis, lung carcino ma, and pulmona ry sarcoid osis.

CLINICAL SYNDROMES

Supranuclear Hemispherical Lesions ( Table 14-3)
The supra nuclear input to CN XI and XII is not ful ly under-
stood. Although input is thought to be bihemispherical in
general, some muscles probably receive predominantly ipsi-
lateral input (SCM), whereas others receive predominantly
contral ateral input (trape zius and genioglo ssus). A de-
struct ive unilat eral supranuclear lesion (e.g., infarction,
hemo rrhage, tumor, multiple sclerosis , and brain absce ss)
may result in some weakness of neck and tongue muscu-
lature so that the chin deviates toward the lesion. Atrophy
and fasciculations are not present in an upper motor neuron
lesion.11,12 An irritative unilateral supranuclear lesion (e.g.,
a seizure focus) may result in forced deviation of the head
or tongue away from the lesion.12

Pontine Lesions
A unilateral lesion in the brain stem (e.g., stroke, multiple
sclerosis, abscess, and tumor) may produce dissociated
weakness, with ipsilateral weakness of the SCM and con-
tralateral weakness of the trapezius.12 In addition, the



TABLE 14-3

Selected Etiologies Associated with Disorders of Cranial Nerve XI and Cranial Nerve XII

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Platybasia (CN XII) 28
Syringobulbia (CN XI, XII)

Degenerative and compressive Paget’s disease 29

Hereditary and Degenerative Disorders

Chromosomal abnormalities and neurocutaneous disorders Neurofibromatosis (CN XII) 32
Movement disorders Dystonia (CN XI, XII) 34

Huntington’s disease (CN XI)
Myoclonus (CN XII)

Degenerative motor, sensory, and autonomic disorders Amyotrophic lateral sclerosis (CN XI, XII) 36

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Paget’s disease (CN XII) 38
Exogenous acquired metabolic disorders of the nervous system:
Toxins and illicit drugs

Botulism (CN XII) 39

Infectious Disorders

Viral infections Acute poliomyelitis (CN XI, XII) 41
Nonviral infections Tubercular meningitis (CN XII) 42

Neurosyphilis (CN XII)
Brain stem abscess (CN XII)

Neurovascular Disorders Medial medullary syndrome (CN XII)
45

Dissecting carotid aneurysm (CN XII)
Cortical and subcortical vascular lesion (CN XI)
Lateral pontine lesion (CN XI)

Neoplastic Disorders

Primary neurological tumors Glomus cell tumor (CN XII) 46
Acoustic neuroma (CN XII)
Meningioma (posterior fossa) (CN XII)

Metastatic neoplasms and paraneoplastic syndromes Metastatic carcinoma (CN XII) 47

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis (CN XII) 48
Demyelinating disorders of the peripheral nervous system Guillain-Barré syndrome (CN XII) 49

Autoimmune and Inflammatory Disorders Neurosarcoidosis (CN XI, XII) 50

Traumatic Disorders Basal skull fracture (CN XI, XII) 51
Shoulder trauma (CN XI)
Gunshot wound (CN XII)
Stab wound (CN XII)
Dislocation of upper cervical vertebrae (CN XI, XII)

Epilepsy Focal epilepsy (CN XI) 52

Drug-Induced and Iatrogenic Disorders Neck irradiation (CN XI, XII) 55
Neck surgery (CN XI, XII)
Medications (neuroleptics) (CN XI, XII)
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supranuclear fibers for the SCM muscle probably decussate
twice. A lesion in the right side of the pons may result in
left-sided weakness (i.e., involvement of the corticospinal
tract fibers before their decussation in the medulla) and
possible deviation of the head to the left (i.e., involvement
of supranuclear input to the left SCM muscle after the first
but before the second decussation). Involvement of the
paramedian pontine reticular formation may also result in
deviation of the eyes toward the weakness.

Nuclear Lesions at the Level of the Medulla
(CN XI and XII) and Cervical Cord (CN XI)
The nuclei of CN XI or XII may be involved in a number
of disease processes, including motor neuron disease,
poliomyelitis, brain stem abscess, and syringobulbia.35

In addition to muscle weakness, these lesions may result
in atrophy and fasciculations. Bilateral involvement of
these nuclei may result in diminished ability to rotate the
neck, inability to protrude the tongue, slurred and indistinct
speech, impaired swallowing, and possibly some respira-
tory difficulty. The medial medullary syndrome, which is
caused by occlusion of the vertebral artery, results in
paralysis and atrophy of the tongue on the side of the lesion
(due to involvement of cranial nerve XII or its nucleus),
weakness of the arm and leg on the side opposite the lesion
(due to involvement of the pyramidal tracts before their
decussation), and impaired vibratory and proprioceptive
sense of the side of the body opposite to the lesion (due
to involvement of the medial lemniscus).13,36
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Lesions within the Cranium or in the Region
of the Foramen Magnum
A large number of different pathological processes in this
region may impinge on either CN XI or CN XII. Addition-
ally, other cranial nerves in the posterior fossa may be
involved (CN IX and X). Platybasia and Paget’s disease,
indirectly through their effects on the bony structures in this
region, may impinge on these cranial nerves. Tumors, includ-
ing glomus tumors, acoustic neuromas, meningiomas, and
metastases to the skull base, may impinge on CN XI or XII.
A number of infectious processes, including syphilis and
tuberculosis,37 may result in dysfunction of CN XI and XII.
Associated upper motor neuron signs due to medullary or
spinal cord compression may co-exist.
Lesions within the Region of the Jugular Formamen
These lesions may affect CN IX, X, and XI, which exit
the skull through this foramen. The resultant syndrome,
Vernet’s syndrome, is characterized by the following
features: ipsilateral loss of taste and depressed sensation
over the posterior one-third of the tongue, ipsilateral
depressed gag reflex and palatal weakness, ipsilateral vocal
cord paralysis, and ipsilateral weakness of the SCM and
trapezius muscles.11,13,38
Lesions in the Retroparotid or Retropharyngeal
Spaces and Distal Peripheral Nerve Lesions
CN XI and XII may be affected by a number of distal periph-
eral nerve lesions resulting from surgical trauma,39–45 local
infections, stretch,46,47 neck irradiation,48 or local tumors.49–53

A dissecting carotid aneurysm may result in hypoglossal
nerve palsy.54 A self-limited idiopathic hypoglossal nerve
palsy also has been reported.55,56 Isolated, transient hypo-
glossal mononeuropathy following submandibular com-
pression as a manifestation of hereditary neuropathy with
liability to pressure palsies was also reported.57 The resul-
tant findings (i.e., weakness and atrophy) in peripheral
nerve lesions have been described previously. Occasionally,
a lesion may affect CN IX through XII, with a resultant
Collet-Sicard syndrome, characterized by the same features
as Vernet’s syndrome described previously, with the addi-
tion of weakness of the ipsilateral tongue.11,13 If in addition
to involvement of the last four cranial nerves there is ipsilat-
eral Horner’s syndrome due to cervical sympathetic involve-
ment in the retropharyngeal space, the lesion location is
always outside of the skull and constitutes the syndrome of
Villaret.
GENERAL MANAGEMENT GOALS

Patients with dysfunction of either CN XI or CN XII may
exhibit a number of problems with communication and swal-
lowing, as well as difficulty resulting from weakness of the
neck or shoulder girdle.58 Difficulty with swallowing may
be amenable to swallowing therapy, including oral exercises
and methods of postural facilitation. A soft mechanical
diet with thickened liquids may decrease the likelihood of
tracheal aspiration; however, a nasogastric tube or even a
percutaneous gastrostomy device may be required.

Difficulty with articulation and communication may be
amenable to speech therapy; however, augmentive and alter-
native communication devices may be required. Devices vary
from the simple (e.g., boards with letters, words, or symbols)
to the more complex (e.g., electronic communicators).

Weakness of the neck may be aided by a cervical or-
thotic device, and that, as well as weakness of the trape-
zius, may be aided by conventional physical therapy
techniques such as range of motion and strengthening exer-
cises, compensatory techniques, EMG feedback, and func-
tional electrical stimulation.57
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HISTORY AND DEFINITIONS

Recognition that paralysis resulted from injuries to the
nervous system was described in the Hippocratic writings,
but it was the work of three men—Galen of Pergamon
(130–200 AD), Andreas Vesalius (1514–1564), and Thomas
Willis (1621–1675)—that established the foundation of our
current knowledge of the functional anatomy of weakness.1

Galen, who was also physician to the Roman emperor
Marcus Aurelius, was the first experimental physiologist.
His vivisection studies on the brain established that cutting
into the brain produced paralysis, but he gave undue atten-
tion to the ventricles as the source of the weakness rather
than the substance of the hemispheres. Galen’s experi-
ments on the spinal cord were more definitive; he showed
different levels of paralysis by sectioning different regions
of the cord, including hemisections that caused paralysis
on the same side of the body. Little more was added to
our knowledge of the nervous system until the Renaissance
anatomist Vesalius refined Galen’s anatomical observa-
tions of the central nervous system and corrected Galen’s
misconceptions about the function of muscles and the anat-
omy of nerves. Galen thought that muscles were mere pro-
tective flesh for the tendons, which produced movement
when excited by the animal spirits flowing from the ven-
tricle through hollow nerves. Vesalius recognized that
Galen’s “flesh” was the “particular organ of motion and
not merely the stuffing and support of the fibers.” He also
recognized that nerves were solid, not hollow, and when
ligated, produced paralysis according to which nerve was
divided.

The English physician Thomas Willis recognized that
weakness could result from lesions at all levels of the nervous
system and that the distribution of the paralysis was deter-
mined by the site of the lesion. Charles Bell (1774–1842)
and Brown-Séquard (1817–1894) further refined our under-
standing of the functional anatomy of paralysis, and Robert
Bentley Todd (1809–1860) described epileptic hemiplegia.
In more modern times, John Hughlings Jackson contributed
the concept of the hierarchical nature of the motor system,
and Wilder Penfield refined the localization of motor func-
tion in the motor cortex by defining the now familiar motor
homunculus by direct stimulation of the cortex in patients
undergoing surgery for epilepsy.

Willis and Descartes introduced the notion of reflexes
and reflex action, but until the latter half of the 19th
century, tendon jerks and cutaneous reflexes were not
appreciated as valuable aids in localizing lesions and diag-
nosing diseases of the nervous system. In his paper of
1875, Erb was the first to describe systematically the ten-
don reflexes and their exaggeration in patients with hemi-
plegia and paraplegia, although he acknowledged that his
observations were not new to his neurological colleagues.
Erb also described ankle clonus. A few years later, William
Gowers noted that knee jerks were diminished or lost in
diseases of the nerve roots or the muscle itself. Although
the cutaneous flexor withdrawal reflex had already been
described, Babinski pointed out in 1876 the diagnostic
importance of the extensor response of the great toe when
the sole of the foot is scratched. A few years later, the bril-
liant English experimental neurophysiologist, Sir Charles
Sherrington, defined the nature of reflex arcs and the
importance of reciprocal inhibition in his landmark book,
The Integrative Action of the Nervous System.2 Other late
19th-century neurologists also contributed important obser-
vations to help localize and diagnose diseases causing
weakness. Charcot described the atrophy and fasciculations
of muscle in amyotrophic lateral sclerosis, and Duchenne
described the features of muscular dystrophy, including
pseudohypertrophy.

Degrees and location of muscular weakness and changes
in muscle tone are described by more or less precise terms.
Paralysis refers to a complete loss of voluntary movement,
whereas paresis is a reduced but not complete abolition
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of voluntary movement. Palsy is an older term that has
been used interchangeably with either paralysis or paresis;
currently, its use is confined to historical diagnoses that
have been retained in conventional use, such as Bell’s
palsy and cerebral palsy. The distribution of the paralysis
or paresis is modified by the prefixes mono (for involve-
ment of one limb), para (for involvement of both legs),
hemi (for the limbs on one side of the body), and quadra
or tetra (for all four limbs). A brachial paresis (or paraly-
sis) refers to a monoparesis of an arm, and crural refers
to involvement of one leg.

Changes in muscle tone that are elicited by passive
movements of the limbs are described by the several terms.
Flaccidity is the absence of normal muscle tone, whereas
spasticity and rigidity are abnormal increases in muscle
tone. Spasticity differs from rigidity in that it selectively
increases the tone in the flexor muscles of the arm and
the extensors of the leg, whereas rigidity affects flexors
and extensors equally. The gegenhalten (German for “hold
against”) phenomenon is felt as an increase in tone but is
the result of resistance with an equal and opposite force
by the patient to the examiner’s attempt to move the limb
passively.

The terms lower motor neuron and upper motor neuron
are often used to differentiate two basic types of weakness:
the first due to a lesion of the motor neuron in the anterior
spinal gray matter and its axon coursing to the muscle
through the spinal roots and peripheral nerves and the sec-
ond due to a lesion that interrupts the descending motor
pathways from supraspinal neurons that converge on the
lower motor neuron pool. These very useful terms in clin-
ical neurology derive from the concept that pools of upper
motor neurons exist in a hierarchical order in the brain
stem and motor cortex and converge via several different
pathways on the lower motor neuron pool consisting of
alpha and gamma motor neurons.

The neuromuscular junction is the specialized anatomi-
cal connection between the motor nerve endings and the
skeletal muscle. The muscle that convert the electrical
impulse into the force that produces movement is striated
muscle, which is often referred to as skeletal muscle; this
muscle type contrasts with smooth muscle, which responds
to activation of the autonomic nervous system.

The term fatigability is used in a general sense to
describe the feeling of being tired and not being able to
put out full effort. It is also used more precisely to define
a change in force-generating capacity of the neuromuscular
apparatus brought about by muscular activity. Normal fa-
tigue results from intense muscular contraction. When one
or more muscles used in a specific task become increas-
ingly weaker with repetitive but normal use, the phenom-
enon is referred to as fatigability and implies dysfunction
at the neuromuscular junction.

Finally, weakness should be differentiated from dys-
praxia (see Chapter 4). Weakness is an inability to carry
out a desired movement with normal force because of a
reduction in strength of the muscles necessary to carry
out the movement. In dyspraxia, strength is normal, and
the inability to perform a movement results from a failure
in the motor centers in the cortex that plan and provide
the proper commands to execute the movement.
CLINICAL HISTORY

For disorders of strength, as for other disorders of the
nervous system, the clinical history is primarily important
in defining the location and cause of the disorder. The
onset (sudden or insidious), rate of progression (gradual
or rapid), and temporal profile (intermittent, stepwise, or
stable and chronic) help narrow the diagnostic possibilities.
Precipitating elements associated with onset of the dis-
order, such as trauma, exposure to toxins, recent infections,
or travel, provide important clues. Because the molecular
and genetic natures of increasingly more neurological dis-
orders are being defined, it is most important to take a
careful family history. Other medical illnesses and the
medications taken for them may be important determinants
of the cause. Lifestyle and habits, and drugs, both pre-
scribed and illicit, including alcohol, vitamins, and special
diets, are potential causes of weakness. Other neurological
illnesses or features may also help in localizing the lesion
and defining the cause of the weakness. For example,
dementia or a speech and language disorder may localize
the problem to the cortex; the distribution of numbness,
pain, and other sensory symptoms helps to localize the
lesion causing weakness. The phenomenon of fatigability
typifies a lesion of the neuromuscular junction.
ANATOMY OF STRENGTH AND REFLEXES

Overview of Voluntary Motor Function
The motor systems are responsible for initiating and coor-
dinating all movements that are part of the normal and
abnormal behavioral repertoires. The motor systems gener-
ate three general types of movements. Reflex responses are
rapid, stereotyped involuntary movements elicited by a sti-
mulus that requires a quick reaction at an involuntary
level—for example, withdrawal of a bare foot that has
touched a sharp or hot object. Rhythmical movements such
as walking and running require a stereotyped sequence of
muscle activation (see Chapter 18). Voluntary movements
are the most complex. They are goal-directed and initially
require conscious direction. Through practice, skilled
movements such as playing a piano become more auto-
matic and require less conscious direction.

The three types of movements correlate with the overall
organization of the motor system, which is hierarchical
and contains three major components: local reflex networks
in the spinal cord, motor integration areas of the brain stem,
and motor integration areas of the cerebral cortex. The
spinal cord contains the circuitry for the reflex responses
and some rhythmical motor patterns, whereas the brain stem
system contains circuits for more complex patterns of motor
movements including rhythm generators. The cortex is the
command center that plans and initiates movements and
uses the reflex and patterned responses of the brain stem
and spinal cord to generate the details of the movement.3

The motor systems do not function in isolation and
require a constant flow of sensory information to produce
the appropriate movement. The sensory system is also
organized in a hierarchical fashion and provides appropriate
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sensory information to each level of the motor system. In
addition to these three hierarchical levels, two other parts
of the motor system regulate movement—the cerebellum
(see Chapter 17) and the basal ganglia (see Chapter 16)
(Fig. 15-1). The cerebellum improves the coordination and
accuracy of movement by comparing sensory feedback
from the periphery with the descending motor commands,
and the basal ganglia receive inputs from both motor and
sensory cortical regions and project principally to areas of
the frontal cortex that are involved in motor planning.

In addition to this hierarchical organization, many path-
ways operate in parallel and can act independently to con-
trol motor output. Thus, higher centers can adjust the
operation of different spinal circuits independently to pro-
duce combinations of movements required for complex
tasks. For example, postural reflexes residing in the brain
stem maintain the ballet dancer’s body position and bal-
ance while the cortex initiates a reaching movement of
the arms.

Ultimately, all of these descending hierarchical and
parallel pathways converge on a set of motor neurons
in the spinal cord that give rise to the motor nerves that
innervate skeletal muscle and produce movement. These
are the lower motor neurons of the ventral gray matter of
the spinal cord. Sometimes they are referred to as the final
common pathway. In contrast, the motor neurons that gen-
erate voluntary, rhythmical, and reflex responses are the
upper motor neurons. Most of the control signals coming
from the upper motor neuron do not act directly on the
lower motor neuron but use networks of interposed neurons
known as interneurons, or the internuncial pool of neurons.
These neurons are very important in integrating the reflex
and rhythmical patterns of movement. The final effector of
movement, skeletal muscle, responds in two modes—tonic
and phasic contractions. For example, muscles involved
in posture contract tonically, whereas those involved in
voluntary limb movements contract in a phasic pull and
push of joints. Phasic movements require coordinated con-
tractions of agonists and antagonists. In the sections that
follow, these elements of the motor system are discussed
in more detail, starting with the muscle and the neuro-
muscular junction and then proceeding with the lowest
level of hierarchical organization, the spinal cord, and pro-
gressing through the brain stem to the cortex. The parallel
processing of motor control is discussed for each of these
levels.

Muscle
Skeletal muscle is the effector of all motor commands from
the central nervous system. The degree of movement, or
force, depends on the magnitude of neural excitation of
skeletal muscle. Striated muscle is composed of bundles
of myofibers, which are the multinucleated cells of muscle.
Muscles are composed of two types of myofibers that are
distinguished by their energy metabolism. Type I fibers
correspond to the slow-contracting fibers that rely primar-
ily on aerobic oxidative metabolism and are involved
in more sustained contractions such as maintenance of
posture. Type IIA fibers are fast contracting but are also
capable of sustained activity. These fibers are both aerobic
and anaerobic; although oxidative enzymes are present,
their activity is slightly less than that of type I fibers. Type
IIB fibers are characterized by anaerobic or glycolytic
metabolism and correspond to the fast-contracting fibers
that are recruited for short periods of vigorous exercise.4

The differences in the predominant metabolic enzymes
used by these two types of muscle fibers can be readily
seen by histochemical stains specific for the enzymes of
either type.

Each myofiber contains many bundles of slender fila-
ments called myofibrils (Fig. 15-2). Under the electron
microscope, myofibrils are seen to contain dark bands
alternating with light bands bisected by a narrow dark line
called the Z line, which gives a regular striated appearance
to the muscle. The segment from one Z line to another is
called a sarcomere; this is the unit of contraction because
it contains the contractile proteins responsible for trans-
forming chemical energy into mechanical force. Each
sarcomere consists of thick filaments, primarily composed
of the protein myosin, and thin filaments, which contain
actin. Actin interacts with myosin to produce contraction
of the muscle. The thin filaments also contain regulatory
proteins, including tropomyosin and troponin.5

Two other ultrastructural elements are important in the
process of contraction4 (Fig. 15-3). The transverse tubule
(T-tubule) is a specialized invagination of the plasma
membrane of the myofiber, the sarcolemma. The T-tubule
is responsible for propagation of the action potential into
the interior of the myofiber in response to depolarization
of the sarcolemma. The other important structure involved
in contraction is the sarcoplasmic reticulum, which is a set
of tubules and cisterns surrounding the myofibrils. The
sarcoplasmic reticulum stores calcium, which is released
or taken up again in the process of excitation-contraction
coupling and relaxation. In response to neurally initiated
depolarization of the sarcolemma, calcium is released from
the sarcoplasmic reticulum. The sudden increase in calcium



Muscle fasciculus

SKELETAL MUSCLE

Muscle fiber
H

band
A

band

SarcomereZ- -Z

z z

I
band

Z
disc

Myofibril

Myofilaments

F-actin filament

Myosin filament

Myosin molecule

Light
meromyosin

Heavy
meromyosin

G-actin molecules

Muscle

A

B

C

D

E J

K

L

M

N

H

F G H I

Figure 15-2. Histological and molecular structure of skeletal mus-
cle. E represents a longitudinal section of a sarcomere showing
the arrangement of the myofilaments actin (thin filaments) and
myosin with projecting bridges (thick filaments). F, G, H, and I
are cross sections through the sarcomere showing the arrange-
ments of the thin and thick filaments at the sites indicated. (From
Bloom W, Fawcett DW: A Textbook of Histology. Philadelphia,
Saunders, 1968.)

246 Neuroanatomical Localization and Syndromes / 15
concentration changes the conformation of the regulatory
proteins on the thin filament, allowing interaction between
myosin and actin to form cross-bridges and contraction.
Contraction is terminated by the reuptake of calcium into
the sarcoplasmic reticulum. This active transport of cal-
cium requires energy. If energy is not available to reduce
the calcium accumulation in sarcoplasm, the actin and
myosin cross-bridges persist and relaxation does not occur.
When this occurs after death, it is known as rigor mortis.

A variety of metabolic disorders of muscle are possi-
ble if defects occur at any step in this orderly sequence of
excitation-contraction coupling and relaxation. Distur-
bances in sodium channels in the sarcolemma membrane
result in episodic weakness, giving rise to the disorder
known as periodic paralysis (see Chapter 37). Muscle
weakness can result from a shortage of fuel when defec-
tive glycolytic enzymes cannot convert glycogen to glu-
cose (glycogen storage diseases) or when the machinery
that converts glucose to energy is defective (mitochon-
drial disorders) (see Chapter 31). Defects in the uptake
of calcium into the sarcoplasmic reticulum disrupt relaxa-
tion and also result in weakness (myotonia and myotonic
dystrophy) (see Chapters 36 and 37).

All of these defects in the contraction and relaxation of
muscle are genetic in origin. Work in molecular genetics
has shown that the muscular dystrophies, particularly
Duchenne’s and Becker’s dystrophies, result from a de-
fective gene that codes for a major structural protein in
the sarcolemmal membrane known as dystrophin (see
Chapter 36).6 Immunohistochemical studies show that
dystrophin is completely absent in Duchenne’s dystrophy,
whereas in Becker’s dystrophy the dystrophin protein is
either smaller than normal or present in low levels.

Neuromuscular Junction
The transfer of information from the axon potentials of
motor nerves to the muscle occurs at a specialized synapse,
the neuromuscular junction. After entering muscle, the
axon of a motor neuron divides into many thin branches
or twigs. Each of these twigs makes contact with only
one myofiber, approximately midway between its ends.
At this motor endplate, the axonal twig divides further
and forms a complex of approximately 50 boutons, each
making synaptic contact with the muscle cell. The lower
motor neuron uses acetylcholine as its chemical transmit-
ter. When an action potential from the lower motor neuron
reaches the neuromuscular junction, normally enough acet-
ylcholine is released to produce a suprathreshold excita-
tory endplate potential, which produces a propagated
muscle action potential and a twitch in the fiber innervated
by that alpha motor neuron. This involves two major
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events—presynaptic release of the acetylcholine and inter-
action with the postsynaptic receptor.

In the presynaptic terminal, acetylcholine is synthesized
from acetyl CoA and choline and is catalyzed by choline
acetyltransferase. The acetylcholine is packaged in synap-
tic vesicles and is released into the synaptic cleft after
a nerve action potential arrives by a process that requires
calcium and is called stimulus-secretion coupling. The entry
of calcium in the presynaptic terminal through voltage-
gated channels triggers the fusion of the synaptic vesicles
with the presynaptic cell membrane.7 This fusion of the
vesicular and plasma membrane opens the vesicle to the
synaptic cleft, releasing its contents in a process known
as exocytosis. Synapsin I, a phosphoprotein localized in
vesicles, may mediate translocation of vesicles to the mem-
brane. The subsequent steps involve a complex of proteins
collectively referred to as SNARE proteins.8 The clostrid-
ial neurotoxins, botulinum toxin and tetanus toxin, inhibit
exocytosis by acting as proteases to cleave specific SNARE
proteins at different sites, depending on the toxin and its
serotype. There are seven botulinum toxin serotypes, two
of which, types A and B, are used clinically to take
advantage of their ability to inhibit release of acetylcholine
at the neuromuscular junction to relieve muscle spasms in
dystonia, spasticity, and related disorders. After acetylcho-
line has been released, the presynaptic membrane is pinocy-
totically recaptured, and the vesicles are remade and
repleted with acetylcholine.9 The acetylcholine binds to a
receptor on the postsynaptic membrane. If sufficient acetyl-
choline is released, the postsynaptic membrane is depolar-
ized, resulting in the endplate potential. The probability
that an interaction will occur between the released acetyl-
choline and its receptor on the postsynaptic membrane is
increased by concentration of the cholinergic receptors along
postjunctional folds at the neuromuscular junction. The cho-
linergic receptor is of the nicotinic type. The action of acet-
ylcholine is terminated by acetylcholine esterase, which
catabolizes it into its two constituents, and the choline is
recaptured for reuse by low-affinity transport in the nerve
terminal.

Lower Motor Neuron Pool
Contraction of skeletal muscle can occur only when a ner-
vous impulse is conducted down the axons of the motor
neuron. The motor neurons lie in the ventral horn of the
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spinal cord and are known as lower motor neurons. There
are two types of motor neurons that provide a parallel
system of innervation of the muscle. The larger alpha
motor neurons innervate the extrafusal muscle fibers, and
the smaller gamma motor neurons innervate the intrafusal
muscle fibers of the muscle spindle (Fig. 15-4). The axons
of the motor neurons leave the spinal cord through the ven-
tral roots and continue into the ventral and dorsal branches
(rami) of the spinal nerves. The dorsal rami innervate the
paravertebral muscles of the neck and trunk, and the ven-
tral rami innervate the rest of the trunk and the extremities.
In the brain stem, the motor neurons in the cranial nerve
motor nuclei send axons to innervate the muscles of the
tongue, pharynx, larynx, palate, face, and extraocular mus-
cles. Because signals to skeletal muscle from any part of
the motor system rely on activation of the lower motor
neuron pool, Sir Charles Sherrington coined the term final
common pathway to describe the function of the lower
motor neurons. The activation of different numbers and
combinations of alpha motor neurons by other motor
centers determines the force and speed of the resulting
movement. The accuracy of a movement depends on sen-
sory feedback. The parallel gamma motor neuron system
provides a way for the motor system to ensure the accuracy
of the sensory information it is receiving.

Alpha Motor Neuron
Nerve impulses generated by the alpha motor neuron cause
contraction of extrafusal muscle fibers, resulting in the
generation of force and movement. The axon of the alpha
motor neuron divides into numerous branches when it
enters the muscle, and each terminal branch makes synap-
tic contact with one muscle cell. The number of terminal
branches and muscle cells innervated by an individual
alpha motor neuron may vary greatly but generally corre-
sponds to the size of the motor neuron. An alpha motor
neuron and all the muscle cells innervated by it are called
a motor unit, another term introduced by Sherrington.
Therefore, all muscle cells innervated by that alpha motor
neuron contract simultaneously when an action potential
is generated by that motor neuron. The size of a motor unit
may range from as few as 10 muscle cells innervated by
one motor neuron to more than 1000. The smallest motor
units are found in muscles that are used for delicate precise
movements, such as the extraocular muscles, the larynx,
and the intrinsic muscles of the hand. The largest motor
units are found in large powerful muscles involved in more
forceful movements that require less precise control, such
as the back and thigh muscles.3

The myofibers belonging to the same motor unit may be
scattered throughout the muscle, but they are all of the
same fiber type. Therefore, all of the myofibers in a given
motor unit have the same characteristics with regard to
maximal force, velocity of contraction, and endurance.
Also, there is a correlation between the size of the motor
units and the fiber type. The smallest motor units consist
of type I fibers, whereas the largest ones consist of type
IIB fibers.

The difference in fiber types amplifies the difference in
the maximal force that can be generated by the large and
small motor units. Therefore, in the largest motor units,
in which type II fibers predominate, not only are there
more myofibers but also each one can generate more force.
Smaller motor units made up of type I fibers are found in
muscles used for finely graded changes of force needed
for more precise control.

The force of a muscle contraction can be increased in a
graded manner by two means. One is a gradual increase
in the number of alpha motor neurons activated, which
results in the recruitment of increasingly more motor units
and thus more myofibers. When a muscle contraction is
initiated, the smallest, most fatigue-resistant, and slowest
motor units are recruited first; as the force is increased,
larger and faster-contracting motor units that are more sus-
ceptible to fatigue are recruited successively. This concept
was demonstrated by Henneman and colleagues,10 who
referred to it as the “size” principle. They also described
the relationship between the size of a motor unit (i.e., the
number of myofibers innervated) and the size of its motor
neuron. The smallest motor neurons are more excitable
and thus are activated first. The largest motor neurons
are not as easily excited but have the highest maximum fir-
ing frequencies and can generate the quickest forceful
movements. Therefore, the size principle ensures selection
of the motor units that are best suited for a particular kind
of movement.

The other method of increasing the force of muscle con-
traction and movement is to increase the firing frequency
of the alpha motor neurons already recruited, thereby
increasing the force developed by each motor unit. A sin-
gle action potential from a motor neuron produces only a
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very brief contraction of the myofiber, or twitch. If no
other action potentials arrive within a 10th of a second,
no movement is produced. However, if action potentials
arrive at increasingly closer intervals, the individual twitches
become a sustained contraction. As the firing frequency
of the motor neuron increases, the tension and force gener-
ated also increase; this is referred to as summation. The
maximum muscle contraction at the maximum firing fre-
quency is known as fused tetanus. Unfused tetanus occurs
at submaximum firing frequencies.

Motor neurons are somatotopically organized in the ven-
tral gray matter of the spinal cord. Within the ventral gray,
the motor neurons are grouped in longitudinally oriented
columns (Fig. 15-5). Each column contains the alpha and
gamma motor neurons to one or a few functionally similar
muscles. Generally, each column extends through more
than one segment of the cord. Therefore, each muscle
receives motor fibers through more than one ventral root
and spinal nerve. This explains why destruction of one
root or spinal nerve by a lumbar disc protrusion, for exam-
ple, produces weakness but not complete paralysis of a
muscle.

Another level of organization is seen in the distribution
of the neurons supplying the axial muscles versus those
supplying the extremities. The motor neurons innervating
the paravertebral muscles are located most medially in the
ventral gray, whereas those supplying the muscles of the
extremities are located more laterally. This arrangement
can be seen most dramatically on cross sections of segments
of the cord that send fibers to the extremities; the ventral
horn is much larger and extends more laterally in the cervi-
cal and lumbar enlargements. There is also a dorsal-ventral
organization in which the motor neurons supplying the
proximal muscles of the extremities lie more ventrally in
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the ventral gray than those supplying the distal muscles of
the hand and foot.

The spinal cord is divided into segments, each giving
rise to a dorsal and ventral root, which combine to form a
spinal nerve. The axons of all the motor neurons located
in one spinal segment leave the spinal cord through one
ventral root and continue into the spinal nerves.

These spinal nerves conform to the embryological myo-
tomes. This myotomal organization can still be seen in the
rostral caudal distribution of innervation from the cervical
and lumbar cord segments innervating the upper and lower
extremities, respectively. The proximal muscles of the
shoulder and hip girdle are innervated by the more rostral
segments of the cervical cord (C5–C6) and the lumbar cord
(L2–L4), whereas the intrinsic muscles of the hand and
the more distal leg and foot muscles are innervated by
the lowermost segments of the cervical (C8–T1) and lum-
bar (L5–S1) segments. There are the same number of tho-
racic (12), lumbar (5), and sacral (5) spinal roots as
vertebral bodies. However, there are eight cervical spinal
roots, whereas there are only seven cervical vertebral
bodies. The first pair of cervical nerves exits from the ver-
tebral column between the atlas and the skull. Each of the
remaining cervical nerves from C2 to C7 leaves the spinal
column above the vertebra of the corresponding number.
Because there are eight pairs of cervical nerves and only
seven cervical vertebrae, the eighth cervical nerve leaves
the spinal column between C7 and T1. The first thoracic
nerve and all the remaining spinal nerves pass out from
the vertebral column below the vertebra of like number.

After leaving the spinal column, the cervical and lumbar
nerves combine to form the brachial plexus and the lumbo-
sacral plexus from which the peripheral nerves to the arm
and leg are formed. As a result, motor axons from one
spinal segment are distributed to several peripheral nerves.
Considering it from the standpoint of the muscle, each limb
muscle receives motor axons from more than one spinal seg-
ment. As noted previously, destruction of one spinal nerve
therefore produces only a weakness rather than a paralysis
of a muscle. Destruction of the peripheral nerve innervating
the muscle, however, interrupts all of the motor innervation
for that muscle, resulting in paralysis and atrophy of the mus-
cle. Knowledge of the peripheral nerves, the spinal nerves
contained in them, and the muscles innervated by them is
crucial in localizing lesions in the subdivisions of the lower
motor neuron, whether in the spinal nerve, plexus, or pe-
ripheral nerve. Diagrams of the important relationships are
contained in Figures 15-6 to 15-8.

The cervical, brachial, and lumbosacral plexuses are
formed by the anterior primary rami of the spinal nerve
roots (the posterior rami innervate the paravertebral mus-
cles). In the plexuses, the roots become reorganized into
peripheral nerves, which then contain contributions from
two or more spinal roots. Therefore, to accurately localize
a lesion to a specific part of a plexus, one has to know
the motor and sensory supply of all peripheral nerve com-
ponents supplied by that division.

The cervical plexus is formed by the anterior primary
rami of C1 through C4 behind the sternocleidomastoid
and in front of the scalenus medius and levator scapulae
muscles. The motor branches of the plexus supply the
muscles of the neck. Injuries to the cervical plexus are
infrequent, but any of its branches can be injured by pene-
trating wounds, surgery, or enlarged lymph nodes (see
Fig. 15-7A). Involvement of the cervical plexus may also
compromise the closely associated cranial nerves XI and
XII. In patients with lesions of the cervical plexus, sensory
symptoms in the form of head and neck dysesthesia and pain
may predominate over motor signs.

Injuries are more common to the brachial plexus, which
is formed from the anterior primary rami of C5 through T1.
It extends from the spinal column to the axilla and is
divided into five major components starting proximally
and proceeding distally. The first components are the roots,
which recombine to form trunks, and then divisions, cords,
and finally branches. Figure 15-7 shows a diagram of the
anatomy of the brachial plexus.

The lumbosacral plexus is derived from the anterior
primary rami of the 12th thoracic through the fourth sacral
levels and is contained within the psoas major muscle.
Although many more roots contribute to the lumbosacral
plexus, it is somewhat simpler than the brachial plexus.
Two major nerves, the femoral nerve and the sciatic nerve,
are formed from the plexus (see Fig. 15-8).

Gamma Motor Neuron
Like the alpha motor neurons, the gamma motor neurons
lie in the ventral horn of the spinal cord interspersed
among the alpha motor neurons innervating the same
muscle. Gamma motor neurons innervate the intrafusal
muscle fibers of a specialized sensory organ, the muscle
spindle.11 The muscle spindle consists of a small bag of
muscle fibers that lie in parallel with the extrafusal skeletal
muscle fibers. Therefore, when the muscle lengthens or
shortens, the intrafusal muscle spindle fibers are stretched
or relaxed correspondingly. The intrafusal fibers are sur-
rounded by sensory nerve endings that become 1a afferents
to the dorsal root ganglion. When the intrafusal fibers are
stretched as the muscle is lengthened, the sensory fibers
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are activated, providing sensory feedback about the degree
of lengthening that has occurred. When the muscle con-
tracts and shortens, the intrafusal spindle fibers also
shorten. If this were a completely passive system, the intra-
fusal fibers would relax and the sensory endings would
become silent, providing no helpful feedback information
about the state of the muscle. To prevent this inefficient cir-
cumstance, gammamotor neurons are activated, maintaining
tension in the intrafusal fibers to continue to provide precise
sensory information.

This phenomenon can be observed experimentally if
alpha motor neurons are excited in isolation. When the
muscle contracts, there is a pause in volleys from the 1a
afferent. When the gamma motor neuron is excited at the
same time, the afferent volleys do not pause. This simulta-
neous activation of alpha and gamma motor neurons during
muscle contraction is called alpha-gamma coactivation;
it is an excellent example of sensory motor integration
in the nervous system. By this means, innervation of the
muscle spindle by an independent system of gamma motor
neurons allows the central nervous system to adjust the
sensitivity of the spindle and fine-tune the information it
receives (Fig. 15-9).

Another sensory organ, the Golgi tendon organ, also
conveys information about the state of the muscle. The
Golgi tendon organs lie in the muscle tendon and, unlike
the muscle spindle, are coupled in series with the extrafusal
muscle fibers. Therefore, both passive stretch and active
contraction of the muscle increase the tension of the tendon
and activate the tendon organ receptor. In contrast to the
activity of the muscle spindle, which depends on muscle
length, the Golgi tendon organ conveys information about
muscle tension. Together they convey precise information
about the length, tension, velocity, and force of the muscle
contraction, thus allowing greater precision of movement.12

Changes in muscle tone, defined as resistance to passive
stretch of muscle, are an important feature of diseases of
the motor system. At one time, an important component
of normal resting muscle tone was thought to be the result of
low-level background alpha-gamma coactivation. However,
more recent studies in fully relaxed individuals indicate that
the viscoelastic properties of muscle and tendons account
for normal resting tone.13 Common experience indicates that
resting muscle tone can vary considerably depending on the
state of relaxation of the muscle as well as its viscoelastic
properties. Some studies have shown that the passive visco-
elastic properties of muscle may contribute to increased tone
in patients with chronic spasticity and rigidity, but the most
important determinants of pathological alterations in tone
are the result of alterations in stretch reflexes.

Alpha and Gamma Motor Neurons and Reflex Arcs
Reflex actions are the simplest form of coordinated move-
ment. A reflex action is a stereotyped response to a specific
sensory stimulus. The reflex elicited depends on the site of
the stimulus, and the strength of the stimulus determines
the amplitude of the response. Reflex responses are used by
higher motor centers to generate more complex movements
and behaviors. The neural circuitry responsible for reflex
actions is present at different levels of the motor system,
and disturbances in these reflexes are important for localiz-
ing lesions in the motor system. Some reflexes, especially
spinal and brain stem reflexes, are normally observed or eli-
cited only in the developing nervous system. As the nervous
system and higher motor centers mature, these reflexes are
suppressed, only to reemerge if damage to the higher motor
centers modulates the reflex. The unmasking of spinal
reflexes in particular is a good example of the hierarchical
organization of the motor system.

The monosynaptic stretch reflex is the simplest spinal
reflex. As the name implies, the reflex muscle contraction
is elicited by lengthening or stretching the muscle. To evoke
this reflex, the muscle must be stretched rapidly, which pro-
duces a short phasic contraction. Thus, this reflex is termed a
phasic stretch reflex.14 In the human subject, sudden stretch
is produced by tapping a tendon with a reflex hammer.

Sherrington demonstrated that this reflex could be elimi-
nated by cutting either the dorsal or the ventral root, thus
establishing that this reflex requires both sensory input
from the muscle to the spinal cord and motor output from
the motor neurons to the muscle.2 The sensory receptor
for the afferent limb of the reflex is the muscle spindle.11

Sudden lengthening of the muscle by the tap on the tendon
causes an increase in the discharge rate of type 1a nerve
fibers from the muscle spindle. The 1a afferents entering
the spinal cord excite motor neurons to both agonist and
synergist muscles, causing contractions that oppose the
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lengthening (Fig. 15-10). Branches from the 1a afferents
also excite interneurons that inhibit antagonist motor neu-
rons, causing the antagonist muscles to relax. Thus, this
reflex can be seen as a negative feedback loop that resists
changes in muscle length. Note that although contraction
of the agonist muscles results from a simple monosynaptic
connection between the 1a afferent and the alpha motor
neuron, relaxation of the antagonist muscles requires an
inhibitory interneuron and a phenomenon called reciprocal
inhibition (Fig. 15-11).

Internuncial Pool
More complex reflexes use even more of these inhibitory
interneurons, sometimes referred to as the internuncial pool.
One of these inhibitory interneurons with a special action
was described by Birdsie Renshaw and is known by his
name.15 The Renshaw cell receives a recurrent collateral—
that is, a branch of the axon of the alpha motor neuron before
it leaves the ventral horn (Fig. 15-12). The axons of the
Renshaw cell contact the alpha motor neuron. An action
potential down the axonof the alphamotor neuron also excites
the Renshaw cell through the recurrent collateral. The
Renshaw cell in turn inhibits the same alpha motor neuron
and other alpha motor neurons that innervate agonists. The
Renshaw cell also inhibits the inhibitory interneuron mediat-
ing the reciprocal inhibition. In this way, the Renshaw cell
shortens the reflex contraction of the agonist and, at the same
time, shortens the reciprocal inhibition of the antagonist.
Through this mechanism, the motor neurons can inhibit their
own activity. This seems to be important in preventing alpha
motor neurons from sending long trains of action potentials
in response to a brief stimulus. The Renshaw cell and other
internuncial neurons receive input from the higher motor cen-
ters, which can modulate the activity of these neurons and
fine-tune the reflex movements. This means that the spinal
reflexes provide the nervous system with elementary and
automatic motor patterns that can be activated either by sen-
sory stimuli or by descending signals from higher motor cen-
ters. Supraspinal input can therefore modify or suppress the
expression of the reflex through the internuncial pool of inhi-
bitory interneurons.
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Clearly, most spinal reflexes are mediated by polysynap-
tic circuits that allow the reflex to be modified and the
movement to be more finely coordinated. The most impor-
tant of the polysynaptic spinal reflexes is the flexor reflex
(Fig. 15-13). It is stimulated by a noxious cutaneous stimu-
lus to the leg. The response is a withdrawal of the leg from
the source of the painful stimulus. Teleologically, this
reflex is important in preventing injury to the foot from
stepping on a sharp or hot object. As with other reflexes,
the strength of the response corresponds to the strength of
the stimulus. In a normal individual, only a painful sti-
mulus elicits the reflex. When descending motor pathways
that suppress and modulate the reflex are damaged, a
lighter, nonpainful stimulus may elicit the reflex. This
was discovered by Babinski when he scratched the sole
of the foot of a patient with central nervous system lesions.
With the light nonpainful stimulus, the strength of the
response parallels the extent to which the upper motor neu-
ron lesion has allowed upregulation of the reflex. In a
patient with a small hemispheral lesion, only a small frag-
ment of the reflex may be elicited—that is, extension of the
great toe, known as the Babinski sign (Fig. 15-14). With
complete transection of the spinal cord, the entire withdra-
wal reflex with flexion at the hip, knee, and ankle may
occur.

The sensory limb of this reflex arc is mediated by cuta-
neous receptors of fast-conducting 1a afferents that con-
verge on the internuncial pool of inhibitory interneurons.
While the motor neurons to the flexor muscles are excited,
the extensor muscles are inhibited through reciprocal inhi-
bition. At the same time, motor neurons to the extensors
of the contralateral leg are activated and the flexors are
relaxed to compensate for the shift of weight to the contra-
lateral leg while the ipsilateral leg is withdrawn from the
painful stimulus. This crossed extensor reflex maintains
postural support during withdrawal from a painful stimulus
(Fig. 15-15).

One can readily appreciate that the spinal circuits
responsible for flexion withdrawal and crossed extension
do more than mediate protective reflexes. They also serve
to coordinate limb movements and voluntary movements.
The interneurons in these pathways receive conversion
inputs from different types of afferent fibers, not just pain
fibers, as well as from descending pathways. Therefore,
this convergence combines inputs from many different sen-
Figure 15-14. Babinski’s sign. Top, The normal adult response
to stimulation of the lateral plantar surface of the foot.
Bottom, The normal infant and abnormal adult response.
(From Gardner E: Fundamentals of Neurology. Philadelphia,
Saunders, 1968.)



Figure 15-16. The superficial abdominal reflex. The examiner strokes the
skin with a stick as diagrammed. Stroking the upper quadrant tests tho-
racic segments 7 through 9 and the lower quadrants for T10 to T12.
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sory sources, including commands for voluntary movement
through the descending pathway. This integration of sen-
sory input is necessary for the regulation of precise move-
ments because voluntary movements also produce
excitation of cutaneous and joint receptors as well as
muscle receptors.

Another cutaneous reflex of clinical significance is the
superficial abdominal reflex (Fig. 15-16). This reflex is
elicited by stroking the skin of the abdomen, which causes
a reflex contraction of the abdominal muscles beneath the
stimulus. Thus, stroking the upper abdomen causes con-
traction of the upper abdominal muscles, whereas stim-
ulation of the lower abdomen causes contraction of the
lower abdominal muscles. This relationship between the
location of the stimulus and the muscles that contract is
called a local sign. Other examples are contraction of the
cremasteric muscles of the scrotum in response to strok-
ing the skin of the inner thigh and the reflex contraction
of the external anal sphincter when the perianal skin is
stroked.

The normal function of the short-latency phasic stretch
reflex is difficult to define. In a fully relaxed individual
who can exert total voluntary control over the excitability
of the motor neurons, the stretch reflex does not appear to
contribute to muscle tone. However, when these descending
influences are interrupted, the excitability of the motor neu-
rons involved in the stretch reflex is enhanced. This can be
seen in the alteration of muscle tone called spasticity.

The pathophysiology of spasticity may involve several
mechanisms. Hyperexcitability of the alpha motor neurons
from a primary intrinsic change in membrane properties
develops over time after a lesion. These intrinsic changes
in the motor neuron result in abnormally long plateau
potentials that prolong motor neuron discharges and thus
muscle contraction.16 Other changes in lower motor neuron
function are thought to be secondary to alterations in supra-
segmental synaptic input. With regard to the 1a afferent
pool, there are several types of suprasegmental inhibition that
may be altered in spasticity. Presynaptic inhibition mediated
by axo-axonic synapses on 1a terminals is reduced by supra-
segmental disease, causing normal stimuli to 1a afferents to
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induce an exaggerated response. In addition, the 1a system on
paired flexor and extensor muscles normally functions in a
coordinated fashion to reduce the likelihood that antagonistic
muscle groups will be coactivated during a muscle contrac-
tion. In the condition of spasticity, this type of 1a inhibition
is lost, resulting in inefficient cocontractions that can compro-
mise motor function. In addition, 1a inhibitory interneurons
are also affected by descending excitatory pathways, and
when these latter paths are damaged, the interneurons from
flexors to extensors and from extensors to flexors are affected
differently. In addition to the changes in the 1a system, non-
reciprocal 1b inhibition is also reduced or even replaced
by facilitation in spastic patients, suggesting that important
physiological alterations occur in this system as well. In
fundamental contrast to all of these mechanisms, recurrent
inhibition via Renshaw cell activity is actually increased in
patients with spinal cord lesions and spastic paresis. The
specific descending pathways of influence are discussed
subsequently.

In addition to the short-latency monosynaptic stretch
reflex, a second reflex contraction of muscle occurs at a
longer latency. This long-latency stretch reflex (sometimes
referred to as the long-loop stretch reflex) is mediated by
a polysynaptic reflex pathway and has different proper-
ties from the short-latency monosynaptic stretch reflex.17

The strength of the long-latency reflex depends on whether
the muscle is relaxed or active at the time of stretching and
whether the subject is instructed to resist the stretch or to
let go. The strength of the reflex may also change during
learning of a motor task. Therefore, this reflex can adapt
quite readily to voluntary descending control from the
higher motor centers. This kind of control appears to be
mediated through the internuncial pool of interneurons,
which can regulate the excitability of the motor neurons
and therefore the degree of muscle contraction.

The function of the long-latency stretch reflex is as dif-
ficult to define as that of the short-latency reflex, but based
on the elegant experiments of Marsden and associates,18 it
appears to compensate for changes in resistance during
slow precision movements. In these experiments, while
the subject flexed the thumb with a constant speed against
a force of constant magnitude, the force was suddenly
changed at unpredictable times. The change in compen-
satory force by the subject occurred at a latency that was
faster than that of voluntary contraction and consistent with
a polysynaptic long-latency reflex. The stretch reflex
appeared to function to keep the sensitivity of the muscle
spindles at a high level so that the slightest perturbations
could be detected and the activity of the alpha motor
neurons could be adjusted appropriately.

A disturbance in the long-latency stretch reflexes may be
responsible for the characteristic increased muscle tone
seen in patients with Parkinson’s disease and known as
rigidity. In contrast to spasticity, rigidity is felt as a con-
stant resistance to stretch that occurs in both flexion and
extension of a joint; it may be felt during passive stretching
of muscles that are too slow to elicit the spastic catch.

Delwaide’s studies on spinal interneuron activity provide
the best explanation for the pathophysiology of rigidity.19

The magnitude of rigidity correlates well with a reduction
in short-latency autogenic 1b inhibition and simultaneous
1a interneuron facilitation. Activation of the descending
reticulospinal tract from the nucleus reticularis gigantocellu-
laris in experimental animals elicits this same pattern
of 1b inhibition and 1a facilitation, suggesting that this
system is involved in rigidity. Studies in monkeys that are
rigid and parkinsonian due to exposure to the toxin
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) in
fact show excessive activation of this pathway.
Upper Motor Neuron Pool
There are many neurons in the cerebral cortex and brain stem
that initiate and modify movement through their connections
with the lower motor neurons in the anterior spinal gray.
These projections also synapse on the internuncial pool of
interneurons, which in turn make contact with the alpha
and gamma motor neurons. These are known as the upper
motor neurons. These supraspinal motor neurons in the cer-
ebral cortex and brain stem are interconnected with each
other and participate to various degrees in all automatic
and voluntary movements. Descending tracts from the motor
centers in the brain stem are primarily involved with posture
and automatic movements, whereas the motor areas of the
cerebral cortex are required for voluntary movement.
Corticospinal Tract
The corticospinal tract is composed of axons of pyramidal
neurons located in lamina 5 of the cerebral cortex. Most
of the axons of the corticospinal tract come from neurons
in the precentral gyrus (Brodmann area 4),20 although sig-
nificant contributions come from many other areas of the
cortex, especially premotor area 6 and supplementary
motor area. This is the only motor tract that passes directly
from the cerebral cortex to the spinal cord without making
any intermediate synaptic connections. The cytoarchitec-
ture of the primary motor area, supplementary motor
area, and premotor cortex is distinct from that of the adja-
cent sensory and prefrontal regions. Layer 4, the major
afferent layer for the sensory cortex, is absent in the motor
areas, and hence these motor regions are often termed
agranular.

Layer 5 in the primary motor cortex contains the distinc-
tive giant pyramidal neurons known as Betz cells. The
axons of these cells become the corticospinal or pyramidal
tract and represent one of several descending influences on
the motor neurons of the brain stem and spinal cord. The
remaining cells mostly come from the supplementary
motor and premotor cortex. Most of these axons terminate
on interneurons in the internuncial pool of the ventral gray
of the spinal cord. Axons that connect monosynaptically
with the lower motor neurons are involved in control of
the distal muscles of the extremities, especially the intrin-
sic muscles of the hand that control finger movements.3

Upper motor neurons in the cerebral cortex also send axons
to the motor nuclei of the cranial nerves and form the cor-
ticobulbar tract. The motor neurons in the primary motor
area have a somatotopic organization. The homunculus
was mapped by Penfield and colleagues21 by electrically
stimulating the surface of the cortex during epilepsy
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Figure 15-17. The motor homunculus as determined by stimulation of
the motor cortex during epilepsy surgery by Penfield and Rasmussen.
(From Brodal P: The Central Nervous System, 3rd ed. New York, Oxford
University Press, 2004.)
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surgery in humans. Stimulation of most of the lateral sur-
face of the primary motor area produced movement in the
mouth, tongue, face, and hand muscles, which is consistent
with the importance of fine voluntary control of these
structures (Fig. 15-17).

The axons of the corticospinal tract gather together,
forming the corona radiata, and descend through the
posterior limb of the internal capsule into the middle two-
thirds of the cerebral peduncles of the midbrain. In this
descent, the fibers remain somatotopically organized but
shift position. In the corona radiata the fibers from the face
become located anteriorly, with the arm in the middle and
the leg posteriorly with respect to the anterior horn of the
lateral ventricle.22 This orientation persists in the posterior
limb of the internal capsule. In the cerebral peduncle, the
fibers representing the face become most medial, whereas
those of the legs become most lateral (Fig. 15-18). The
corticospinal fibers become less recognizable as a tract
as they course through the ventral two-thirds of the pons.
They form bundles interspersed with a variety of other
descending and crossing white matter tracts. The somato-
topic arm/leg distribution is abruptly broken down, but
there remains a somatotopical order for fibers controlling
proximal versus distal muscle groups, the corticospinal
fibers controlling proximal muscles located in the dorsal
basis pontis and the fibers controlling distal muscles
more ventral.23 When the fibers enter the medulla, they
form a very discrete, easily recognizable bundle on the
ventral aspect of the medulla known as the pyramids.
Because it is such an easily recognizable bundle of nerve
fibers, the corticospinal tract is often referred to as the
pyramidal tract, although the pyramids also contain fibers
other than those in the corticospinal system.24 Half to
three-fourths of the fibers of the pyramidal tract originate
in areas 4 and 6 anterior to the central sulcus, and the rest
come from areas posterior to the central sulcus in the
parietal lobe.

At the caudalmost level of the medulla, most of the
corticospinal fibers cross the midline in the decussation
of the cervical medullary junction and continue in the lat-
eral funiculus of the spinal cord as the lateral corticosp-
inal tract. A much smaller number of fibers continue
uncrossed in the ventral funiculus as the ventral corti-
cospinal tract. The lateral corticospinal axons terminate
in internuncial pools and motor neurons involved in
movement of the contralateral extremities, whereas the
ventral corticospinal axons terminate in the medial and
ventral portions of the anterior gray, in which are found
neurons innervating the paravertebral muscles involved
in posture.

Corticobulbar fibers destined for the motor nuclei of
the cranial nerves leave the corticospinal tract in the
brain stem (Video 2, Central Cranial Nerve VII Paresis).
Muscles of the head, except for the lower facial muscles,
receive both crossed and uncrossed corticobulbar fibers.
Therefore, as a rule, in a patient with a lesion of the corti-
cobulbar tract on one side, one seldom sees significant
weakness of the jaw, tongue, pharynx, or larynx. The
innervation of the facial motor nucleus by the corticobul-
bar fibers deserves special mention because of its impor-
tance in localization of lesions. Unilateral lesions above
the level of the facial nucleus will cause weakness only
of the lower face of the opposite side and spare the fore-
head muscles because the upper facial nucleus also
receives innervation from the ipsilateral motor cortex
(central facial weakness) (Fig. 15-19; Video 205, Cranial
Nerve VII Palsy). If the entire side of the face is weak,
the lesion must involve the facial nucleus in the pons or,
more commonly, the facial nerve after it leaves the brain
stem (peripheral facial or “Bell’s palsy”).

Because the corticospinal tract extends from the cere-
bral cortex to the spinal cord, its considerable length
makes it vulnerable to lesions at many different sites
along its path. One of the most common lesions is ische-
mia resulting from occlusion of an artery. Therefore, it is
helpful to know the vascular supply of the corticospinal
tract as it courses through the brain and spinal cord (see
Chapter 22).
Brain Stem Motor Tracts
Whereas the corticospinal tracts direct voluntary move-
ments of the distal extremities, the brain stem motor tracts
are responsible for the automatic reflexes involved in
posture.25 The one exception is the rubrospinal tract,
which forms a lateral pathway that terminates in the same
part of the ventral gray as the pyramidal tract and is in-
volved in distal limb movements.26 The medial pathways
include the reticulospinal, vestibulospinal, and tectospinal
tracts. The medial pathways travel in the ventral columns
of the spinal white matter and terminate in medial ventral
motor neurons innervating the axial and proximal limb
muscles.

The reticulospinal tract originates from several nuclear
groups in the reticular formation in the pons and medulla
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(Fig. 15-20). The reticulospinal system also receives input
from a variety of other sources, including the cerebral
cortex and the vestibular nuclei, and integrates this infor-
mation in maintaining posture. Crude voluntary proximal
movements of the extremities seen in monkeys with a py-
ramidal tract lesion probably result from the corticoreticu-
lar portion of the reticulospinal input.

The vestibulospinal tracts originate in the vestibular
nuclei and convey information from the vestibular laby-
rinth (Fig. 15-21). The vestibulospinal tract has two parts.
The largest is the lateral vestibulospinal tract, which origi-
nates in the lateral vestibular (Deiters’) nucleus and
reaches all levels of the spinal cord. Its input to both alpha
and gamma motor neurons is excitatory and maintains
contraction of antigravity muscles to maintain posture.
The medial vestibulospinal tract reaches only the cervical
and upper thoracic segments of the cord; it mediates reflex
head movements in response to vestibular stimuli.

The tectospinal tract arises in the superior colliculus and
is involved in coordination of head and eye movements.
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The rubrospinal tract that forms the lateral pathway
arises in the magnocellular portion of the red nucleus
(Fig. 15-22). In the cat, it is an important pathway for con-
trolling movements of the distal extremities, but in humans
it has become a vestigial pathway whose function has been
taken over by the corticospinal tract.26 Most of the red
nucleus in the human, the parvicellular portion, contains
smaller neurons whose major connections are with the
cerebellum and inferior olive.
Reflex Integration of Motor Pathways
Postural Reflexes
Because postural reflexes are difficult to study without
special techniques27 in normally functioning animals and
humans, and because the pathways involved are intermingled
with many other neural systems in the brain stem, postural
reflex abnormalities are detected primarily in animals with
large lesions of the brain stem. Experimentally, this was



Figure 15-20. The reticulospinal tracts. Note the multi-
ple inputs, including cerebral cortex and vestibular
nuclei. (From Snell RS: Clinical Neuroanatomy for
Medical Students. Boston, Little, Brown, 1987.)
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demonstrated most vividly when Sherrington transected the
brain stem below the red nucleus in a cat. By interrupting
the descending tracts from the cerebral cortex, the postural
reflexes mediated by the brain stem systems were greatly
exaggerated. This produced increased tone in the antigravity
muscles, allowing the cat to be stood on all four legs. This is
called decerebrate rigidity. Decerebrate rigidity with tonic
extension of all four limbs is also seen in humans with
lesions of the midbrain and upper pons.28 In humans with
brain stem lesions, the rigid extension of the limbs is not
persistently maintained but may be paroxysmal, often in
response to external stimuli, and is then referred to as decere-
brate posturing (Fig. 15-23).

Decorticate rigidity is a posture in which the arms are
flexed and adducted and the legs are extended due to
lesions above the midbrain in the cerebral hemispheres.
The posture is usually bilateral and is essentially the same
as a bilateral spastic hemiplegia.

Tonic Neck Reflexes
Reflex changes in muscle tone and posture, especially in
the extremities when the relationship of the head to the
body is changed, are known as neck reflexes. Neck
reflexes are not usually seen in normally functioning
humans and animals. Stimulation of the labyrinths (labyr-
inthine reflexes) produces effects on muscle tone and pos-
ture that are exactly the opposite of the neck reflexes,
thereby holding these in balance in the normal individual.
However, in decerebrate animals, human infants, and chil-
dren with cerebral palsy, the neck reflexes may be
unmasked and can be demonstrated by turning the head
from side to side. For example, when the head is rotated
to the right, an increase in extensor tone occurs in the ipsi-
lateral extremities and an increase in flexor tone is seen
in the contralateral extremities, producing the so-called
fencer’s posture.
Locomotor Reflexes
Pattern generators for locomotion reside in these brain
stem systems. Pattern generators for locomotion also exist
at a spinal level, although in humans the brain stem genera-
tors are more important. Locomotion is examined in more
detail in Chapter 18.
Pharmacology of the Motor System
The lower motor neuron uses acetylcholine as its neuro-
transmitter. The internuncial pool of neurons in the spinal
cord are all inhibitory neurons that use the amino acid neu-
rotransmitters gamma-aminobutyric acid (GABA) and gly-
cine. Whereas glutamate is the most important excitatory
neurotransmitter in the brain as well as the motor system,
GABA is the most widely distributed and major chemical
neurotransmitter used in the inhibitory systems. Some out-
put neurons in the basal ganglia and cerebellum use GABA



Figure 15-21. The vestibulospinal tract. The inputs from the lateral vestibu-
lospinal tract to the alpha and gamma motor neurons excite antigravity
axial muscles. The medial vestibulospinal tract terminates in the cervical
and upper thoracic segments to mediate reflex head movements in re-
sponse to vestibular stimuli. (From Kandel ER, Schwartz JH, Jessell TM:
Principles of Neural Science. Norwalk, CT, Appleton & Lange, 1991.)
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as their transmitter, but most GABA is contained and uti-
lized by local circuit inhibitory interneurons including the
internuncial pool in the spinal cord. GABA is synthesized
from glutamate by the enzyme glutamic acid decarbox-
ylase (GAD) and is catabolized by the enzyme GABA-
transaminase (GABA-t). Drugs that inhibit GABA-t, such
as some newly developed antiepileptic drugs, increase the
concentrations of GABA and inhibitory tone. Drugs can
also act as agonists at GABA receptors. Clinically useful
drugs, such as the benzodiazepines and baclofen, presum-
ably reduce spasticity by stimulating GABA receptors
at inhibitory synapses in the spinal cord.29 The drugs picro-
toxin and bicuculline block GABA receptors, thereby
producing excessive excitation and leading to tetanic mus-
cle spasms or convulsions. Glycine is the principal neuro-
transmitter of the Renshaw cell. Strychnine is a specific
antagonist at the glycine receptor. In small doses, strych-
nine has been used as part of herbal or homeopathic
preparations as an “energizer.” In higher concentrations it
causes convulsions by blocking normal inhibitory feedback
on the motor neurons. Tetanus toxin unleashes unrestrained
motor neuron activity by blocking the exocytic release of
glycine and GABA.

The motor neurons of the cerebral cortex use glutamate
as their transmitter. This includes all motor outputs from
the cerebral cortex, including the corticospinal and corti-
cobulbar tracts, as well as inputs to the rubrospinal and
tectospinal systems. Aspartate has also been proposed as
a neurotransmitter at some of the synapses, including those
involved in inhibitory feedback on motor neurons, but
evidence favoring it is much less compelling than that
concerning glutamate.
EXAMINATION OF STRENGTH AND REFLEXES

Directed Neurological Examination
Assessment of Muscle Bulk
The patient should be in a state of sufficient undress for the
physician to be able to appreciate his or her general bodily
habitus and especially the muscle bulk of the extremities.
Before actual testing of muscle strength begins, simple
observation may disclose asymmetries in muscle bulk of
the extremities or more focal atrophy of specific muscles
or muscle groups. The upper extremities should be inspected
in both the pronated and the supinated positions, which is
especially important to appreciate differences in the extensor
and flexor compartments of the forearm. The lower extremi-
ties should be observed from the front and the back while
the patient is standing.

If a significant asymmetry or focal atrophy is apparent, the
bulk of the muscle groups in the arm, forearm, thigh, and
leg can be measured objectively by measuring the girth and
comparing sides. The point at which the circumference is to
be measured is marked with a ballpoint pen, usually at the
point of greatest estimated girth. To find the same site on
the opposite limb, the distance to the closest bony landmark
is measured, and that measurement is used on the opposite
limb to obtain precise symmetrical measurements. Muscle
bulk is usually greater in the dominant limb; a difference of
1.0 cm is accepted as within the range of normal in the leg
and thigh, and 0.5 cm is acceptable in the forearm and arm.

In most cases, a significant difference indicates hypo-
trophy of the smaller side. However, in some cases, the
difference may be the result of an unusual hypertrophy
or pseudohypertrophy in patients with muscular dystrophy.
Pseudohypertrophy in a patient with muscular dystrophy is
generally symmetrical and most commonly involves the
calves. Therefore, any disparity in muscle bulk between
the upper and lower extremities should also be sought. Dur-
ing the inspection of muscle bulk, one should also look for
fasciculations. The ease with which fasciculations may be
seen depends on how much subcutaneous tissue is present.
In thin elderly men with suspected amyotrophic lateral



Figure 15-22. The rubrospinal tract. (From Snell RS: Clin-
ical Neuroanatomy for Medical Students. Boston, Little,
Brown, 1987.)

Figure 15-23. Decorticate (A) and de-
cerebrate (B) posturing. (From Plum F, Pos-
ner JB: Diagnosis of Stupor and Coma.
Philadelphia, Davis, 1980.)
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sclerosis, the shoulder girdle and pectoral muscles are often
a good place to look for fasciculations. In patients with more
subcutaneous adipose tissue, the first dorsal interosseous
muscle of the hand is better. Forcible contraction or per-
cussion of the muscle may increase the frequency of the
fasciculations.

Fasciculations are a feature of disorders of the anterior
horn cell or root compression. Therefore, fasciculations
are often viewed as an ominous sign. They need not be
because they are commonly experienced as a benign phe-
nomenon in the absence of any disorder of the motor neuron
or spinal nerve roots.30 Fasciculations of a benign nature can
generally be distinguished from fasciculations secondary to
lower motor neuron disease by several features. They have a
predilection for males and for certain muscle groups, espe-
cially the calves and thighs. When they occur in the arm
muscles, they tend to be seen as a repetitive twitch in the
same muscle fascicle as opposed to the random nonstereo-
typed twitches of many parts of the muscle seen in patients
with anterior horn cell disease. Benign fasciculations in the
calves are more difficult to distinguish clinically because
they may be frequent and multiple and have a more malig-
nant appearance. However, there is no associated weakness
or atrophy of the affected muscles with benign fascicula-
tions. Electrophysiologically, a benign fasciculation appears
like a normal motor unit; there are no other features of
denervation in the muscle. A malignant fasciculation in a
patient with motor neuron disease is more complex and
has a longer duration and a higher amplitude.31 The predi-
lection toward benign fasciculations in males tends to be
familial and increases progressively with age.

Assessment of Tone
Muscle tone is assessed by asking the patient to relax com-
pletely while the examiner moves each joint through the
full range of flexion and extension. Patients vary in their
ability to relax. Generally, it is easier for them to relax
the lower extremities in the sitting position, whereas the
upper limbs can be examined in either the sitting or the
lying position. Some patients, especially mildly demented
elderly people, find it difficult not to voluntarily help move
the limb in the desired direction. In a completely relaxed
patient, no resistance should be felt at the wrist and elbow
and minimal resistance at the shoulder, knee, and ankle.
It is very important to compare sides because a minimal
but pathological increase in tone may initially be consid-
ered normal until one compares it with the normal side.
The degree of relaxation varies from patient to patient,
and any change from normal is necessarily somewhat sub-
jective. In assessing tone, it is also important to recognize
that patients with nonneurological disease, specifically pain
or bone or joint abnormalities, may demonstrate resistance
to passive movement, thus confounding the examination.

Flaccidity, in particular, may be difficult to judge.32

Certain maneuvers may be helpful in showing a difference
from one side to the other. For example, flexion of the wrist
can be compared by noting the distance the thumb can be
brought to the flexor aspect of the forearm. Another maneu-
ver is to shake the forearm and observe the floppiness of the
movements of the hand at the wrist, or, with the arms raised
overhead, compare the degree of flexion or limpness of the
wrist on each side. The lower extremities can be tested by
rapidly flexing the thigh after instructing the patient to let
the leg flop. The sudden flexion of the thigh raises the knee.
In a patient with normal tone, the heel may come off the
bed slightly and transiently and then drag along the sheet
as the thigh is flexed. The heel of the flaccid leg will be
dragged across the bed from the very beginning, whereas
the spastic leg will jerk upward and the heel may never fall
back to the bed.

In assessing hypertonus, one must differentiate between
spasticity and rigidity. In spasticity, the distribution of in-
creased tone is very specific for the upper and lower extrem-
ities. The flexors of the arm (primarily the biceps) and the
extensors and adductors of the leg display a greater increase
in tone. This can be vividly seen in the classic hemiplegic
posture in which the arm is flexed at the elbow and wrist
and adducted against the chest while the leg is stiffly
extended and the foot is inverted and flexed in a plantar
direction. One can see spasticity in the adductors of the leg
in the tendency of the hemiplegic leg to “scissor” over the
good leg; this scissoring is most easily seen in a patient with
spastic paraplegia. When the patient is lying down, the
increase in tone in the adductors of the thigh can be felt
by rapidly rotating the thigh back and forth to detect the
increase in tone when the thigh is rotated externally.

The difference in tone in the flexors of the arm and the
extensors of the leg can also give rise to the spastic catch,
or the clasped knife phenomenon. This is a manifestation
of the heightened stretch reflex that occurs in patients with
lesions of the upper motor neuron pathways. By rapidly
flexing and extending the elbow or knee, a sudden stretch
is put on the muscle by lengthening it. The reflex contrac-
tion resists this lengthening and is sometimes referred to
as the lengthening reaction. It is felt as a catch or interrup-
tion in the velocity of extension at the elbow or flexion
at the knee. It is important to extend the elbow or flex the
knee rapidly because the rate of stretch is important in eli-
citing the maximum response. The muscle spindles are
maximally activated with a rapid stretch. Even with a very
rapid stretch, a free interval occurs at the start of the move-
ment, followed by the resistance. As the muscle is length-
ened further, the resistance gives way, a process that has
been compared to opening the blade of a clasped knife.

In contrast to spasticity, rigidity involves an equal
increase in tone in the flexors and extensors. The increase
in tone is felt throughout the range of movement and has
been compared to bending a lead pipe. As the rigidity
increases, it becomes more difficult to rapidly flex and
extend the joint. In fact, it may be easier to feel the rigidity
with slower movements. It is important, however, to flex
and extend the joint repetitively because the rigidity may
gradually build up in intensity with repeated motion. Often,
the rigidity is not felt as a continuous smooth change, as
implied by the terms plastic or lead pipe. Instead, a rapid
and rhythmical succession of catches and releases occurs
that has been compared to a lever jumping from one cog
to another in the turning of a cogwheel, hence the term
cogwheel rigidity. The physiological explanation for cog
wheeling and rigidity is still being debated; evidence favors
a disturbance in the long-loop stretch reflex (see previous
discussion of muscle tone in the section, Gamma Motor
Neuron). It is important to note that the phenomenon of



TABLE 15-1

The Medical Research Council Rating of Muscle Strength

From Medical Research Council: Aids to the Examination of the Peripheral Nervous
System, Memorandum No. 45. London, Crown, 1976.

TABLE 15-2

Patterns of Weakness that Aid in Localization

DISTRIBUTION OF WEAKNESS,
UMN OR LMN SIGNS LOCATION OF LESION

Limbs and lower face on same side
(spastic hemiparesis, UMN)

Contralateral cerebral
hemisphere

All four limbs (spastic tetraparesis, UMN),
speech (spastic dysarthria), swallowing
with hyperactive jaw and facial jerks
(pseudobulbar palsy, UMN)

Bilateral cerebral
hemispheres

Hemiparesis (UMN) plus cranial
nerve signs (LMN)

Brain stem

Tetraparesis (UMN) plus cranial
nerve signs (LMN)

Brain stem

All four limbs (spastic tetraparesis, UMN) Mid- or upper
cervical
cord

Lower limbs (UMN) and hands (LMN) Low cervical cord

Lower limbs (spastic paraparesis, UMN) Thoracic spinal cord
Bilateral, medial
motor cortex

All limbs, proximal > distal (LMN) Muscle (myopathy or
dystrophy)

Legs, distal > proximal (LMN) Nerve
(polyneuropathy)

Ocular muscles, eyelids, jaw, face,
pharynx, tongue (LMN)

Neuromuscular
junction

Jaw, face, pharynx, tongue; sparing ocular
muscles, eyelids (UMN and LMN)

Motor neuron disease

Specific muscle groups in one
limb (LMN)

Nerve root, plexus or
peripheral nerve

LMN, lower motor neuron; UMN, upper motor neuron.
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Scale Muscle Strength

0 No contraction

1 Flicker or trace of contraction

2 Active movement, with gravity eliminated

3 Active movement against gravity

4 Active movement against gravity and resistance

5 Normal power
cogwheeling can occur in patients with essential or familial
tremor in the presence of normal tone and may be confused
with parkinsonism. In these instances, the clinician feels
the alternate activation of the flexors and extensors that
produce the tremor but does not feel the hypertonicity.

The gegenhalten phenomenon is not a true increase in
muscle tone but a pseudovoluntary resistance by the patient
against any passive movement of the limb. Each attempt
at moving the limb by the examiner is met with an equal
and opposing force. This can give rise to the appearance
of increased tone. It is involuntary to the extent that the
patient has great difficulty in voluntarily suppressing
the urge to resist. Gegenhalten is usually associated with
diffuse cerebral disease and dementia.

Assessment of Strength
The strength of a movement can be measured according
to certain criteria; the most commonly used scale is that
devised by the Medical Research Council33 (Table 15-1).
The grade assigned to the muscle is the maximum force
generated by an effort to move the involved body area.
Judgment of the presence of mild weakness depends on
making appropriate comparisons—one arm versus the
other, or the arms versus the legs, or extension versus
flexion. The examiner should always look for patterns of
weakness and compare the weak limb or muscle against
the normal one in the same individual. Of course, if the
weakness is generalized, judgment must be based on an
estimate of the power normally generated by the age and
bulk of the muscle.

More objective measurements can be made with the use
of specially designed instruments to measure force. The
only one widely used in clinical practice measures grip
strength. An electronic strain-gauge that measures maxi-
mum isometric force has also been used in clinical research
trials for the treatment of amyotrophic lateral sclerosis.34

Some degree of objective measurement can also be
obtained through formal assessment by a specially trained
physical therapist. These semiquantitative methods (semi-
quantitative because they require the full cooperation of
the patient being examined) are not primarily used for
diagnostic purposes but, rather, for measuring changes that
occur over time in response to some disease or treatment.

The most important purpose of strength testing is to
discover whether there is a particular pattern of weakness
that can be used to localize the lesion. Is it a hemiparesis,
suggesting a hemispheric lesion; a paraparesis, which is con-
sistent with a spinal cord lesion; or a proximal pattern of
weakness compatible with a myopathic process versus a dis-
tal pattern that is consistent with neuropathy (Table 15-2)?

Even more important than tests of the strength of indivi-
dual movements are tests of the ability of the patient to per-
form functional movements that bring out more subtle
deficits escaping detection when muscle strength is tested
against resistance. For example, a very subtle weakness
of the leg may be noticed if the patient has some difficulty
in hopping in one place. Because the leg and thigh muscles
are so powerful, the patient’s ability to walk, hop on either
foot, and walk on the heels and toes is important. A mild
upper motor neuron weakness may be betrayed by a slight
circumduction or external rotation of the leg or even by
an occasional scuffing of the sole against the floor. One
may be able to differentiate an L5 from an S1 radiculopa-
thy due to a herniated disc if weakness of dorsiflexion of the
foot reduces the ability to walk on the heels (L5 lesion),
whereas a weakness of the gastrocnemius diminishes the
ability to rise on the toes (S1 lesion). Walking may demon-
strate a decrease in arm swing that is consistent with an upper
motor neuron or basal ganglia lesion of one hemisphere.

A variety of functional tests of the upper extremities can
be used to bring out subtle weakness or spasticity. Probably
the most widely used test is the one in which the patient is
asked to extend the arms in the fully supinated position
while keeping the eyes closed. A mildly paretic arm gradu-
ally becomes pronated and sometimes flexed and drifts
downward, showing the “pronator drift” (Video 4, Pronator
Drift). Other tests not as well validated by widespread
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use are the digiti quinti minimi sign (hyperabduction of the
outstretched fifth finger on the paretic side) and the fore-
arm rotator sign (the patient rotates the forearms around
each other; the paretic arm tends to stay fixed while the
good arm rotates around it). Because paretic muscles move
more slowly with reduced amplitude, some repetitive tasks,
such as finger tapping or the forearm rotator test, are used
to look for asymmetrical movements. However, interpreta-
tion of these tests may be more difficult because it may be
difficult to differentiate an abnormality from the bradyki-
nesia of Parkinson’s disease or even from problems with
coordination secondary to cerebellar disease.

Because walking requires not just strength but also the
interplay of all the motor and sensory systems that are neces-
sary for balance and the execution of motor programs, it is
one of the most important parts of the neurological examina-
tion. A normal gait excludes a wide variety of neurological
disorders (see Chapter 18). Abnormal gait patterns may pro-
vide powerful clues to the localization of a lesion. Upper
motor neuron weakness is generally accompanied by spasti-
city, which produces a gait with a stiff jerky quality (Video 3,
Spastic Gait). The classic example of a lower motor neuron
weakness is the steppage gait typical of a motor neuropathy
in which weakness of dorsiflexion of the feet requires the
patient to lift the legs higher to prevent the toes from scuffing
the pavement. This appearance is accompanied by an exces-
sive slapping of the forefoot against the floor. It may occur
unilaterally in a patient with a pressure palsy of the peroneal
nerve. The incomplete dorsiflexion of the foot combined
with the slapping of the forefoot on the ground gives rise to
the appearance of the “drop foot.” The foot may also be
inverted because of the unopposed action of the posterior
tibial muscle. However, one must be careful to differentiate
this condition from dystonia of the foot, which commonly
produces a posture of flexion and inversion of the foot. The
ability to dorsiflex the foot should be carefully examined in
such patients; in patients with dystonia it will be normal,
whereas in those with a peroneal palsy it will not.

A characteristic gait and posture are apparent in patients
with myopathic weakness, in which the proximal muscles
are much weaker than the distal ones (Video 13, Myopathic
Gait). The weakness of the lumbar paraspinal muscles
results in a hyperlordosis, and failure of the myopathic gir-
dle muscles to fix the pelvis on one side when the other leg
is being advanced gives rise to a ducklike waddling appear-
ance. When a proximal myopathic weakness is suspected,
other important functional tests include tests of the ability
to rise from a squat or out of a chair or to step up onto a
stool or chair. Another helpful test in children with sus-
pected muscular dystrophy is rising from a supine to a
standing position. They cannot simply sit up and then push
themselves to a standing position because truncal and hip
girdle weakness prevents it. Instead, they roll to a prone
position, push themselves up on all fours, and then quickly
grab their thighs and walk up the thighs to a standing posi-
tion (Gower’s sign) (Video 99, Gower’s Sign).

Fatigability
Normal fatigue associated with intense muscular contrac-
tion is accompanied by a reduction in the motor unit firing
rate, which is thought to be the result of a reduction in the
excitatory drive to the motor neurons—a central mechan-
ism.35 The phenomenon of fatigability with normal levels
of muscle activity is a specific characteristic of disorders
of the neuromuscular junction and is accompanied by a
decrement in amplitude, not frequency, of the muscle
action potential (Video 42, Fatigability). This phenomenon
is demonstrated most easily with electrophysiological tech-
niques in the clinical neurophysiology laboratory. How-
ever, there are methods for bedside testing of the ability
to produce a repetitive forceful movement or tonic muscle
contraction. Jolly devised a grip ergometer connected to a
smoke drum that could demonstrate the classic decrement
in force produced by each attempt by the patient to produce
a maximum grip. The Jolly test has subsequently been
modified, depending on the availability of material at the
bedside and the ingenuity of the examiner. One readily
available method is to inflate a blood pressure cuff, which
the patient can grip and squeeze repetitively. The height of
the excursions of the mercury manometer can be readily
monitored, and the decrement in pressure produced by each
squeeze is readily appreciated.

Such methods of quantitating fatigability are especially
important when one is assessing the patient’s response to
the acetylcholinesterase inhibitor edrophonium chloride
(Tensilon) as a test for myasthenia gravis. For example,
one may test how many squats can be performed before
and after the injection of Tensilon. The muscles or move-
ments to be tested depend to a great extent on the patient’s
symptoms, but whenever possible, a movement should be
chosen that can be quantitated as accurately as possible.
Another quantifiable method is the length of time a posture
can be held. For example, if the patient complains of ptosis
or double vision, the length of time the patient can main-
tain upward vision before ptosis or diplopia occurs can
be estimated. Another is the length of time a patient
can hold the arms out before they fall below a horizontal
90 degrees. Sometimes, the fatigability of the muscles
involved in myasthenia gravis cannot be readily quantified.
For example, weakness of the face has to be judged on a
more subjective basis. Usually, the weakness is bilateral
and symmetrical, and milder examples may escape notice
until after Tensilon clearly produces a change in facial
movements and expression. Reading a standard passage
can help in measuring the time it takes for the speech to
become mushy and dysarthric.

The Tensilon test is performed by giving incremental
intravenous injections of 10 mg (1 mL) of the drug. A test
dose of 2 mg (0.2 mL) is given first to monitor the heart
rate (preferably with electrocardiography) to avoid brady-
cardia and vasodepressor syncope, which occasionally
occur with higher doses. If this dose is tolerated and no defi-
nite improvement in strength occurs, another 3 or 4 mg is
given. If there is still no response, the final 4 or 5 mg is given.

Assessment of Reflexes
Tendon jerks are conventionally graded on a scale of 0 to
4, with 0 representing absent jerks and 4 representing
hyperactivity with clonus. A commonly used scale with
accompanying definitions is shown in Table 15-3. Superficial
cutaneous reflexes are noted as present or absent. Tendon
reflexes are elicited with a percussion hammer, of which



TABLE 15-3

Scale for Amplitude of Tendon Reflexes

SCALE TENDON REFLEX AMPLITUDE

0 Absent with reinforcement
1 Present but decreased in amplitude and velocity from the

normal range and elicited with reinforcement
2 Normal amplitude and velocity without reinforcement
3 Increased in amplitude and/or velocity with spread to

adjacent site
4 Increased in amplitude and/or velocity with spread to

adjacent site and duplication of the jerk or clonus

TABLE 15-4

Myotomal Innervation of Tendon Reflexes

REFLEX SPINAL SEGMENT PERIPHERAL NERVE

Biceps jerk C5–C6 Musculocutaneous
Brachioradialis C5–C6 Radial
Triceps jerk C6–C7 Radial
Flexor finger jerk C7–C8 Median and ulnar
Knee jerk L2–L4 Femoral
Ankle jerk L5, S1–S2 Sciatic
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many types are available. The two most commonly used
are the hammer developed at the National Hospital for
Nervous Diseases at Queen Square in London and the
tomahawk-shaped hammer used most often by American
neurologists. The “Queen Square” hammer comes in a
variety of sizes. The mallet should have sufficient weight
and the handle should be long enough to easily create
enough momentum to produce a sharp but nonpainful tap
on the desired tendon. The sites at which the tendon reflexes
are most commonly tested are listed in Table 15-4, which
notes the myotome level of innervation involved in the reflex
arc. The strength of the tendon jerk varies in the normal
individual. In some, there is no response to the usual tap
of the tendon with the hammer. To decide whether the reflex
is truly absent, indicating lower motor neuron dysfunction
versus a reduced but normal response, one can heighten
the reflex response by what is known as the Jendrassik
manuever, in which the patient is asked to clench a fist or
the jaw while tapping the patellar or Achilles tendon.

Finger flexor jerks may be obtained in two different
ways. The more common method is the one described by
Hoffman. The middle finger is held between the second
and third fingers of the examiner and the distal phalanx is
flicked downward by the examiner’s thumb. A positive
Hoffman sign is a reflex flexion of the fingers, most easily
seen in the thumb. A more reliable way of obtaining this
flexion reflex of the fingers was described by Trömner.
The examiner lays the fingers of the patient’s hand on his
own and taps his own fingers. The sudden stretch on all
of the patient’s fingers elicits a more reliable response,
which is a reflex flexion of the fingers that can be felt by
the examiner and also observed in the thumb, as in the
Hoffman sign. Like the tendon jerk, the reflex is most apt
to be obtained in patients with hyperactive reflexes. How-
ever, the reflexes need not be pathologically hyperactive
because this reflex can be seen in normal individuals.
The reflex has clinical significance when it is asymmetrical
and confirms a suspected asymmetry in the tendon jerks.
The presence of a Hoffman sign by itself is not necessarily
pathological and must be interpreted in the context of other
tendon jerks and other signs of an upper motor neuron
lesion, such as ankle clonus and a Babinski’s sign.

Reflex clonus, the repetitive contraction of a muscle or
muscle group, is also obtained by putting a sudden stretch
on a muscle. It is most commonly and easily elicited at
the ankle (Video 84, Sustained Clonus). The Achilles ten-
don is stretched by rapidly dorsiflexing the foot and hold-
ing it in the dorsiflexed position. This can be done with
the patient in either a sitting or lying position but is gener-
ally obtained most reliably in the supine position with the
examiner holding the leg flexed at the knee and rapidly
dorsiflexing the foot with an upward and outward motion.
In the sitting position, it may be more readily elicited using
a combination of a tap on the tendon with the hammer fol-
lowed by holding the foot in a dorsiflexed position. In a
patient with fully developed ankle clonus, repetitive plantar
flexion of the foot can be maintained virtually indefinitely
as long as an upward pressure is maintained on the foot.
Patellar (quadriceps) clonus can be obtained by producing
a quick forcible downward displacement of the patella,
which puts a stretch on the patellar or quadriceps tendon.
In patients with severe spasticity, one may also obtain
clonus in the fingers, elicited by the Hoffman or Trömner
maneuver, or in the jaw by tapping it with a hammer.
Occasionally, one or two beats of clonus can be obtained
at the ankle in normal individuals with naturally brisk
reflexes. Generally, however, clonus cannot be obtained
at any site in the normal individual. The severity of clonus
parallels the severity of spasticity and hyper-reflexia.

The presence of the flexor reflex in the form of exten-
sion or dorsiflexion of the great toe (i.e., the sign described
by Babinski) is referred to in many ways. Some report it
as the presence or absence of the Babinski’s sign (see
Fig. 15-14). To avoid confusion, some prefer to describe
the response of the great toe to stimulation of the plantar
surface of the outer sole. Thus, the plantar (or toe) response
is described as flexor or extensor. Another colloquial way
to refer to the presence of a Babinski sign is to describe
it as an “up going toe.” The preference of the author is to
refer to it as a flexor or extensor plantar response.

The extensor plantar response is most reliably obtained
with the method of stimulation described by Babinski.
Others have described additional methods of stimulation
that also produce the extensor toe response.36 This reflects
an expansion of the reflexogenous zone or receptive field
when the upper motor neuron lesion is more complete
and/or mature, especially in patients with spinal cord lesions.
The most commonly used alternative to the Babinski
method is the Chaddock maneuver, which consists of
rubbing the lateral surface of the foot with the edge of
a tongue blade or key from the heel to the little toe.
The Oppenheim maneuver involves applying heavy pres-
sure with the thumb and forefinger to the anterior surface
of the tibia and stroking downward from the infrapatellar
region toward the ankle. Bing obtained the extensor toe
response by pricking the dorsum of the foot or great toe
with a pin, and Gordon obtained it by squeezing the calf
muscles. These other maneuvers are mainly useful in the
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patient who is very ticklish, in whom it is difficult to dif-
ferentiate spontaneous withdrawal from reflex responses.
Another sign of upper motor neuron disease is the crossed
adductor reflex (Video 82, Cross-Adductor Reflex).

Diffuse cerebral disease can unmask reflexes normally
present only in the infant. These are generally referred to
as primitive reflexes. They are sometimes referred to as
frontal release signs because they are most commonly seen
in demented individuals with frontal lobe disease. The
snout reflex is a component of the suck reflex in which
there is a puckering movement of the lips in response to
pressure or light tapping on the lips. The facial jerks are
usually increased in this situation, and it may not be possi-
ble to differentiate between the two. The most convincing
demonstration that this is a primitive reflex occurs when
stroking the cheek elicits the same response that it would
in an infant or if visual presentation of an object moving
toward the mouth produces the response (“visual suck”).
The grasp reflex may also be unilateral or asymmetrical
and reflects unilateral or asymmetrical frontal lobe disease.
It is elicited by diverting the patient’s attention and
casually stroking the palm of the hand with two or three
fingers. If the reflex is present, the examiner’s fingers will
be grasped with increasing force; the harder the examiner
tries to extricate his fingers, the harder the patient grips.
Patients may literally be lifted off the bed and the fingers
pried open only with great difficulty after the examiner
has put the arm back in a resting position. The palmomen-
tal reflex is obtained by scratching the palm of the hand
and observing the reflex contraction of the mentalis muscle
of the chin. This reflex is seen more often in demented
individuals but may also be seen in normals and is too
unreliable to be used as a diagnostic sign of dementia.

Stretch reflexes can also be obtained by putting a sudden
stretch on muscles that lack a tendon. This is done by
directly tapping the muscle with the aid of the examiner’s
fingers and the reflex hammer. The two best examples
are the facial jerk and the jaw jerk. To obtain the facial jerk,
the examiner first stretches the skin of the patient’s nasola-
bial fold with the index and middle finger of one hand and
then taps these fingers with the reflex hammer, producing
a reflex contraction in the underlying facial muscles.
A reflex contraction in the muscles of mastication, the jaw
jerk, is more easily obtained by simply tapping the point
of the chin with the reflex hammer. Usually, the examiner’s
fingers are put on the point of the chin and interposed
between the blow of the hammer and the patient’s chin.

As in the detection of weakness, it is the pattern of
changes in the reflexes that is sought as an aid in localiza-
tion. For upper motor neuron lesions, the distribution of
hyper-reflexia is the most valuable aid (Video 80, Hyper-
reflexia). The most common pattern is one of asymmetry
between the sides because of a lesion in one cerebral hemi-
sphere. The presence of symmetrical hyper-reflexia, spastic-
ity, clonus, and Babinski’s signs indicates an interruption
of the corticospinal tracts bilaterally, which could be a
result of bilateral hemispheral disease or a brain stem or
spinal cord lesion. The differentiation between these possi-
ble sites can usually be determined by associated signs
(Table 15-5). If the disease is hemispheral, the cortico-
bulbar tracts are also interrupted, producing a pseudobul-
bar palsy with spastic dysarthria (Video 10, Dysarthria),
dysphagia, and increased facial and jaw jerks. Other signs
of diffuse cerebral dysfunction may also be present, such
as dementia. If the lesion is in the brain stem, bilateral cor-
ticospinal dysfunction is often associated with disturbances
of consciousness or cranial nerve dysfunction. A cervical
cord lesion produces hyper-reflexia and spasticity in the
limbs with normal function in the cranial muscles and a
normal jaw jerk. In the presence of diffuse hyper-reflexia
of the tendon jerks, normal cerebral function and normal
speech increase the probability that the lesion is at the level
of the cervical cord. Therefore, a normal jaw jerk is helpful
in confirming the localization. If the reflexes are normal in
the upper extremities but abnormal in the lower extremi-
ties, the lesion is at the thoracic cord level. In contrast to
exaggerated tendon reflexes in the presence of an upper
motor neuron lesion, the superficial abdominal reflexes
are absent. These reflexes also may be helpful in localizing
lesions to the midthoracic cord if they are present in the
upper quadrants and absent in the lower.

Lower motor neuron lesions are accompanied by a
reduction or loss of both the tendon jerks and the superfi-
cial cutaneous reflexes. Once again, the distribution of
the absent reflexes can define the localization of the lesion.
For example, loss of one ankle jerk indicates a lesion of
the S1 nerve root. A symmetrical absence of ankle jerks
and a reduction in knee jerks indicate a neuropathy. A mild
reduction in knee jerks with normal ankle jerks suggests a
myopathy. The absence of cremasteric and anal reflexes
reflects disease of the lumbosacral cord or roots.

Other Observations
Comparison of the contraction of the upper and lower
abdominal muscles yields another sign that is valuable in
localizing thoracic cord lesions. This comparison is made
by palpating the muscles while the patient lifts the head
off the pillow, causing contraction over the abdominal
muscles. In a patient with a mid- to lower thoracic cord
lesion, the upper abdominal muscles may contract while
the lower ones remain flaccid. This maneuver may also
result in an upward movement of the umbilicus, as noted
by Lord Beevor, for whom this sign is named.

The presence of atrophy and fasciculations is further evi-
dence of a lower motor neuron lesion. A focal or segmental
distribution suggests a root lesion. Fasciculations are sel-
dom seen with peripheral nerve lesions; therefore, atrophy
without fasciculations is more compatible with a peripheral
nerve lesion. If fasciculations are confined to the upper
extremities, it is very important to check the tongue. Atro-
phy and fasciculations of the tongue suggest the presence
of diffuse lower neuron disease (i.e., amyotrophic lateral
sclerosis), whereas atrophy and fasciculations confined
to the arms, especially the intrinsic muscles of the hands,
could indicate cervical cord pathology such as a tumor,
spondylitic myelopathy, or syringomyelia.

Myotonia, which is impaired relaxation of muscle from
its contracted state, can be demonstrated in two ways.
The first is direct percussion of the muscle. In the normal
muscle, the tap produces such a brief contraction and
relaxation to the normal resting state that it is not seen.
In a myotonic muscle, the contraction remains as a dimple
for a few seconds before the contraction subsides. In a



TABLE 15-5

Clinico-anatomical Correlations for Disorders Affecting Strength and Reflexes

ANATOMICAL SITE OF
DAMAGE STRENGTH AND REFLEX FINDINGS

OTHER NEUROLOGICAL AND
MEDICAL FINDINGS COMMON ETIOLOGIES COMMENTS

Upper Motor Neuron
Syndromes

Pyramidal lesions
Cortex and subcortex Contralateral hemiparesis,

hyper-reflexia, spasticity, Babinski’s sign
Cortex:
Left: aphasia, apraxia

Stroke, neoplasm If parietal sensory cortex is affected, primary
sensory modalities are reduced but not lost

Right: constructional apraxia
Homonymous hemianopia on
paretic side

Integration of sensory information is affected,
causing graphesthesia, extinction of sensory
stimuli, and astereognosisSubcortex:

No aphasia or sensory loss
Brain stem Large bilateral lesion: tetraparesis, bilateral

hyper-reflexia, Babinski’s sign
Coma, decerebrate posturing Stroke, trauma Basis pontis lesions cause “locked-in” syndrome:

tetraparesis with paralysis of horizontal eye
movements and jaw, face, and bulbar muscles,
but consciousness and vertical eye movements
and blinking are preserved

Small lesions: contralateral hemiparesis,
hyper-reflexia, Babinski’s sign

Ipsilateral cranial nerve palsy

Spinal cord Tetraparesis or paraparesis, bilateral hyper-
reflexia, Babinski’s sign, normal jaw jerk

Sensory level, no cranial nerve
signs

Trauma, multiple
sclerosis

See Table 15-13 for other spinal cord syndromes

Diffuse excitation of
internuncial pool

Weakness of ocular, facial, or bulbar
muscles (cephalic tetanus), diffuse hyper-
reflexia

Rigidity, tetanic seizures Tetanus, stiff-person
syndrome

Lower Motor Neuron
Syndromes

Progressive spinal
atrophy syndrome

Progressive weakness, muscular atrophy,
loss of tendon reflexes

No sensory symptoms or loss Genetic Classification based on hereditary pattern, age of
onset, rate of progression and muscles
affected—e.g., generalized infantile-onset lethal
form: Werdnig-Hoffman disease; proximal
childhood onset: Wohlfart-Kugelberg-Welander
disease

Radiculopathy Weakness of individual or combinations of
muscles in one limb, reduction or loss of
reflexes in myotomal pattern

Dermatomal sensory loss Herniated
intervertebral disc

Plexopathy Weakness and loss of tendon reflexes of
muscles supplied by more than one spinal
or peripheral nerve

Pain and sensory change in
distribution of more than one
spinal or peripheral nerve

Autoimmune,
inflammatory,
trauma, tumor

2
6
8



Peripheral neuropathy,
mononeuropathy

Weakness of muscles supplied by single
peripheral nerve

Sensory change in distribution of
single peripheral nerve

Entrapment, trauma,
diabetes mellitus

See Table 15-11 for most common examples

Polyneuropathy Symmetrical weakness and loss of tendon
reflexes, distal before proximal; legs
before arms

Symmetrical distal sensory loss;
legs before arms

Diabetes mellitus,
alcoholism, uremia

Combined Upper and Lower
Syndromes

Motor neuron disease Weakness, atrophy, and fasciculations of
jaw, facial, bulbar, and limb muscles,
hyper-reflexia

No sensory abnormalities; no
weakness of eyelids or ocular
muscles

Amyotrophic lateral
sclerosis (ALS)

Tendon reflexes are especially quick and
“snappy.” Despite hyper-reflexia, Babinski’s
signs may not be present early in the disease

Myelopathy Weakness, atrophy, fasciculations, loss of
reflex at level of lesion (cervical cord);
weakness, hyper-reflexia below level of
lesion; bilateral Babinski’s signs

Sensory loss below level of
lesion

Multiple sclerosis,
trauma

See Table 15-13 for various myelopathic
syndromes

Neuromuscular Junction
Syndromes

Neuromuscular junction Weakness of ocular, jaw, facial, and bulbar
muscles and limbs; normal reflexes

No sensory abnormalities,
fatigability (MG)

Autoimmune (MG);
exogenous toxin
(botulism)

Note that myasthenia gravis commonly affects
ocular muscles (diplopia) and eyelids (ptosis),
whereas ALS does not

Presynaptic cholinergic
cell

Limb weakness, dysphagia, loss of knee
jerks

Dry mouth, loss of taste,
impotence

Association with
neoplasia
(paraneoplastic
syndrome)

Autoantibodies against calcium channel

Myopathic Syndromes

Muscle Bilateral symmetrical, proximal weakness;
reflexes are retained until weakness is
severe

Skin rash (dermatomyositis) Autoimmune or
inflammatory
(polymyositis);
muscular dystrophy

MG, myasthenia gravis.

2
6
9
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smaller muscle such as the thenar eminence, the contrac-
tion is strong enough to produce adduction of the thumb.
Impaired relaxation can also be readily demonstrated after
a forceful grip; the patient with myotonia has marked diffi-
culty in relaxing and opening the fingers. Myotonia in the
eyelids can be demonstrated by asking the patient to look
upward and then rapidly look down; this produces a pro-
nounced lid lag. The impaired relaxation of muscle in
patients with myotonia is the result of impaired uptake of
calcium by the sarcoplasmic reticulum.

Mirror movements are most often seen in children with
cerebral palsy or as a rare inherited disorder. These move-
ments are most readily demonstrated by asking the patient
to produce a rapid alternating movement of the hand; when
he or she does so, it will be mirrored by the same move-
ment in the opposite hand. This phenomenon is also some-
times referred to as synkinesis.

Although the level of the patient’s relaxation (or ner-
vousness) can sometimes influence the state of the tendon
reflexes, both the tendon and the superficial reflexes are
the only truly objective attributes of the neurological exam-
ination since the patient cannot voluntarily alter them in
most cases. A sophisticated patient may be able to fake a
Babinski sign, but an experienced observer can usually
detect the fakery, which occurs very rarely. In contrast, esti-
mation of muscle strength depends on the patient’s coopera-
tion and effort. Therefore, it is possible for the patient
to voluntarily change the level of effort, thus producing the
impression of weakness. It is important to recognize when
the patient is not putting out a full effort or is intentionally
trying to deceive the examiner for whatever reason.

The most common pattern of feigned weakness is a sud-
den collapse of the limb after an initial, often normal effort.
It may be a phasic ratchet-like collapse as the muscle is
tested, most commonly the biceps. Another pattern is seen
when the arm is in the abducted position. When the arm is
pushed downward, the patient bends his or her trunk to
that side, giving the impression that his or her arm is being
pushed downward when in fact the relationship with the
trunk remains the same. If the adventitious nature of the
weakness is not obvious, one can usually bring it out by
testing the muscle strength rapidly and simultaneously in
the arms starting at the shoulders and proceeding distally
as rapidly as possible so the patient does not have time
to think about what his or her response should be. As a
result, the good side may collapse in unison with the
bad side after an initial symmetrical effort. This is usually
most easily demonstrated when testing abduction of the
fingers.

With the patient lying supine, one can judge the effort
put forth in the lower extremities by placing one hand
between the heel and the examining table while testing the
ability of the patient to raise the other leg off the table. With
full effort, the heel on the table is forced downward to sup-
port the raising of the opposite leg. When full effort is used
to raise the good leg, one can feel the normal downward
pressure of the “weak” leg. When the weak leg is supposed
to be raised, one may feel very little, if any, pressure under
the leg with presumably normal strength, indicating that the
patient is not trying to raise the weak leg. In fact, the pres-
sure under the heel of the good leg may decrease. When this
pattern of effort is present, it is referred to as a Hoover’s
sign.

It is important to identify psychogenic paralysis of a
limb or a paraplegia, and certain observations and tests
are helpful in revealing the true nature of such a weakness.
A paralyzed arm that is held limply at the side will flail
back and forth when the patient’s shoulders are shaken
back and forth. If, instead, the arm is observed to remain
tightly held against the body, it has normal strength and
tone. Hysterical paraplegia may be suspected by the ease
with which the patient is able to roll over and move in
bed and can be confirmed by the presence of normal
reflexes. If the patient can walk, he or she exhibits behav-
ior that indicates that he or she is markedly exaggerat-
ing the effort to take a step and in the process displays
extraordinary strength and coordination.

Associated Neurological Findings (See Table 15-5)
In addition to patterns of weakness and reflex changes,
clinical findings in other neural systems will confirm or
further help in localizing the source of the weakness.

CEREBRAL. A command center for conjugate gaze is
located in each frontal lobe. When one is damaged, the
unopposed action of the other causes deviation of the eyes
to the side of the lesion and away from the hemiplegia. The
motor cortex is very close to Broca’s area, and a nonfluent
or Broca’s aphasia often accompanies a right hemiplegia
of cortical origin. The sensory cortex is across the Rolandic
fissure, and a cortical sensory loss often accompanies
hemiplegia. Lesions in the hemispheral visual pathways
will result in a contralateral homonomous hemianopia.

CRANIAL NERVES. Cranial nerve dysfunction and the
pattern of involvement define the brain stem as the source
of the lesion causing the weakness. Since the pyramidal
tract is a midline structure in the brain stem, midline
damage causes weakness and hyper-reflexia, usually bilat-
erally, and affects cranial nerves III and IV (midbrain), VI
and VII (pons), and XII (medulla).

CEREBELLAR/GAIT. Brain stem lesions causing weak-
ness also commonly affect connections with the cerebellum,
producing ataxia and dyssynergia. These components of cer-
ebellar motor dysfunction may be difficult to see, depending
on the severity of the weakness. Proximal weakness can
produce wavering when the patient puts a finger to the
nose, which is very reminiscent of a cerebellar intention
tremor. In this situation, one must examine the patient’s
coordination in finger and hand movements. One helpful
test is repetitive tapping of the forefinger against the flexor
crease of the thumb. Pyramidal and extrapyramidal lesions
slow the rate of movement, but accuracy in hitting the
target is unaffected, whereas in patients with cerebellar dis-
ease, the rate may be normal but the accuracy is impaired
and the rhythm of tapping is erratic. Rapid alternating
movements of the hands are slow and regular in pyramidal
and extrapyramidal disease; in cerebellar disease, the rate
and rhythm are irregular and clumsy.

Walking is one of the most important tests in differen-
tiating upper from lower motor lesions causing weakness.
The spasticity caused by an upper motor neuron lesion
can be seen in the very stiff jerky movements of the legs.
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Spasticity of the adductor muscles produces scissoring (i.e.,
a tendency for the legs to cross over one another from one
step to the next). If the upper motor lesion is unilateral, the
spastic leg is often circumducted with the leg extended at
the knee while the arm is held in a flexed posture—that
is, the typical hemiplegic posture (Video 11, Hemiplegic
Gait). Distal weakness due to a lower motor neuron lesion
produces floppy feet that slap on the floor and must be
lifted high to prevent the toe from dragging and tripping
the patient. Weakness of the hip girdle, most often seen
in patients with myopathies, results in weakness of fixation
of the pelvis and a waddling ducklike walk. Often, the gait
is widened to increase stability because otherwise the gait
is made more unstable by the hip girdle weakness.

SENSORY. The presence or absence of sensory symptoms
and signs and the pattern and type of sensory change are
very helpful in confirming which level of the motor system
is involved in producing weakness. A relatively mild hemi-
sensory loss affecting touch and proprioception more than
pain and accompanied by impairment of stereognosis,
graphesthesia, and two-point discrimination is characteristic
of a lesion in the contralateral sensory cortex. A change in
touch and pain sensation in the ipsilateral face and contralat-
eral body is characteristic of a unilateral lateral medullary
lesion (Wallenberg’s syndrome). Spinal cord lesions often
affect sensation on both sides of the body; the upper level
of the sensory loss, especially in regard to pain and tem-
perature, helps to define the level of the lesion. When half
the cord is damaged, a pattern of loss of proprioception
and vibration ipsilateral to the lesion and contralateral loss
of pain and temperature sensation is characteristic of the
Brown-Séquard syndrome. Central cord lesions produce a
suspended sensory loss affecting pain and temperature sen-
sation with sparing of the sacral dermatomes, and vibration
and proprioception (see Chapters 19 and 20). Lesions of
the conus medullaris or cauda equina produce loss of sensa-
tion in the perineum. Careful mapping of a more localized
area of sensory loss in a limb can differentiate a dermatomal
pattern of loss consistent with a spinal root lesion from a pe-
ripheral nerve distribution. An absence of sensory symptoms
or signs indicates that the weakness results from disease
in the motor neurons, muscle, or neuromuscular junction.

AUTONOMIC NERVOUS SYSTEM. At the bedside,
some aspects of the autonomic nervous system can be
tested. The most easily appreciated lesion is an impairment
of sympathetic innervation to the cranial structures produc-
ing ipsilateral ptosis, miosis, and anhidrosis of the face
(Horner’s syndrome). Horner’s syndrome may result from
lesions of the descending sympathetic fibers in the brain
stem and spinal cord in which the pattern of weakness,
the presence or absence of cranial nerve signs, and sensory
changes are more important in localizing the lesion. The
presence of Horner’s syndrome is more helpful in localiza-
tion of a lesion when a spinal root or brachial plexus lesion
is suspected. The preganglionic sympathetic fibers leave
the spinal cord with the C8 and T1 spinal roots, which
become the lower trunk of the brachial plexus. Therefore,
lesions of the C8 or T1 nerve roots (e.g., herniated disc)
or lower trunk of the brachial plexus (e.g., apical lung
tumor) may be associated with Horner’s syndrome. The
postganglionic sympathetic fibers course along the carotid
arteries into the cranium. Occasionally, an occlusion of
the common carotid artery produces an ipsilateral Horner’s
syndrome along with a contralateral hemiparesis.

The parasympathetic pupillomotor fibers from the
Edinger-Westphal nucleus in the third nerve nuclear com-
plex of the midbrain are impaired with lesions of the third
nerve nucleus or nerve, which result in a paralysis of the
pupillary sphincter, producing pupillary dilatation. Atten-
tion to autonomic function, especially sweating, can be
helpful in defining the level of acute transverse spinal cord
lesions. A loss of sweating occurs below the level of the
lesion. Sometimes this can be appreciated by lightly rub-
bing the dorsal surface of the forefinger along the skin,
starting below the expected level of the lesion and stroking
upward; the finger slides easily over the smooth dry skin
below the lesion but sticks momentarily as it meets the
normal moist skin at the upper border of the lesion.

Orthostatic hypotension is sometimes described by the
patient as weakness rather than as a presyncopal light-
headed fainting sensation. Diffuse autonomic dysfunction
with orthostatic hypotension is a feature of multiple system
atrophy (olivopontocerebellar atrophy and Shy-Drager
syndrome). Orthostatic blood pressures are checked after
3 minutes in a recumbent posture and again after 3 minutes
of standing. The pulse rates are also taken in the supine and
standing positions. In patients with autonomic dysfunction,
the pulse rate does not rise to compensate for the fall
in blood pressure, whereas in those with hypovolemic
orthostasis, a significant compensatory increase in pulse
rate is seen.

NEUROVASCULAR. The neck vessels should be exam-
ined in patients in whom strokes are suspected. Evidence
of small vessel disease in the form of poor pulses or trophic
skin changes may suggest diabetes or vasculopathic causes
of weakness.

Associated Medical Findings
Examination of other organ systems is most useful in find-
ing clues that may establish the cause of the weakness.
Examination of the skeletal system can help to confirm
localization of the lesion in certain circumstances. For
example, the presence of a scoliosis may increase suspicion
of a thoracic cord lesion. An asymmetry in the length or
size of the limbs on one side suggests a deficit in growth
during development that is compatible with a congenital
hemispheral motor lesion.

Examination of the skin may disclose the café-au-lait
spots or axillary freckling of neurofibromatosis, a hairy
patch or dimple over the lumbar spine at the site of a teth-
ered cord, or inflammatory skin changes compatible with
dermatomyositis. If a stroke or transient ischemic attack
is suspected, it is especially important to examine the heart
for murmurs and arrhythmias and the carotid arteries for a
bruit or pulse deficit. Inflammation or deformities of the
joints may also limit the ability of the patient to exert full
strength and give a false sense of weakness. The optic
fundi should be examined for the presence of papilledema
and lesions of the retina and macula that may be seen in
patients with metabolic, developmental, or inflammatory
diseases.
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EVALUATION GUIDELINES (Table 15-6)

A wide variety of tests are now available to the neuro-
logical clinician. The workup must be tailored to the situa-
tion and guided by a careful analysis of the neurological
examination and history. The findings on the neurological
examination localize the lesion to the nervous system
and to the area where the attention should be focused.
They also narrow the possible causes of the disorder. The
list of possible causes is narrowed further by the history,
which gives the clinician the temporal profile of the disease
process.

NEUROIMAGING. Neuroimaging has become a power-
ful tool in confirming the localization of lesions. Magnetic
resonance imaging (MRI) is the most powerful imaging
tool available, but in some cases computed tomography
(CT) is equally effective (e.g., in some tumors) or better
(e.g., bony abnormalities and hemorrhage) in visualizing
the lesion. Because it has a much higher resolution and is
not subject to artifact from neighboring bony structures,
MRI is the test of choice for imaging the posterior fossa.
MRI is also the tool of choice for visualizing the spinal canal
except in circumstances (e.g., cervical spondylosis and vas-
cular malformations) in which myelography with CT may
be superior for identifying the extent of the root or cord
involvement. Conventional radiographs of the spinal col-
umn may be indicated when infectious, neoplastic, degen-
erative, or developmental disorders of bone are suspected.

ELECTROPHYSIOLOGY. Electromyography and mea-
surement of nerve conduction velocities can be crucial in
identifying, localizing, and determining the extent and
severity of disorders in the lowermotor neuron unit (Video 6,
Normal Motor Unit Potentials). The electromyographer
still needs guidance from the history and neurological ex-
amination to tailor his or her evaluation to the appropriate
region and choose the proper test to gain accurate and con-
firmatory observations most efficiently. With these tools, it
is possible to differentiate an anterior horn cell disorder
from a lesion of the spinal root or nerve or to differentiate
disorders of the neuromuscular junction from primary
muscle disease.

BODY FLUID AND TISSUE ANALYSIS. Examination of
the cerebrospinal fluid (CSF) via a lumbar puncture has
been one of the standbys in neurological diagnosis.
Because it is virtually identical in composition to the extra-
cellular fluid, changes in the chemical or cellular composi-
tion of CSF can reflect a variety of diseases. Analysis of
the CSF is most useful in diagnosing subarachnoid hemor-
rhages or infections and inflammatory disorders that produce
an excess of white cells or changes in immunoglobulin.

Tests for specific bacterial and fungal antigens are now
available for diagnosing the more common bacterial (e.g.,
influenza, pneumococcal, and meningococcal) or fungal
(e.g., cryptococcal) meningitides. Polymerase chain reac-
tion tests for certain viruses are now available. It is no
longer necessary to perform a brain biopsy to diagnose
herpes simplex encephalitis.

Immunohistochemical techniques have made muscle
biopsy even more useful in diagnosing any disorder affect-
ing muscle, including mitochondriopathies. Nerve biopsies
are usually less informative and are generally useful only
in patients with inflammatory disorders affecting the
nerves or their blood supply, or in those with amyloidosis
for detecting the deposition of amyloid.

Except as a tool for making a diagnosis of a tumor or
abscess, brain biopsy is used sparingly to diagnose rare
encephalitides (e.g., Creutzfeldt-Jakob disease) or vasculo-
pathies (e.g., granulomatous angiitis).

NEUROPSYCHOLOGICAL TESTS. If cerebral lesions
are suspected, neuropsychological testing may identify evi-
dence of a single, multifocal, or diffuse process. Special
tests for aphasia, apraxia, and spacial orientation identify
and lateralize cortical lesions.

OTHER TESTS. Edrophonium chloride (Tensilon),
a short-acting cholinesterase inhibitor, is used in the diag-
nosis of myasthenia gravis (Tensilon test). As explained
previously in the discussion of fatigability, a symptomatic
muscle that is most amenable to semiquantitative testing
is chosen for the measurement of fatigability before and
after the intravenous injection of edrophonium. This test
is sometimes done in conjunction with injection of a
saline placebo. However, because muscarinic as well as
nicotinic receptors are stimulated by the accumulation of
acetylcholine in the synaptic cleft, this test is difficult to
perform in a blinded fashion because intestinal cramping
and muscle fasciculations in the eyelids are generally pro-
duced by the edrophonium. The muscarinic effects may
also cause a bradycardia that is sufficiently severe to
induce fainting, and rarely asystole occurs in what appears
to be an idiosyncratic reaction. Therefore, a small test dose
of 0.2 mL is given first to assess for an idiosyncratic reac-
tion before the remaining 0.8 mL is given. The effects are
short lasting but are long enough to assess strength in the
muscles chosen for testing. A positive test (i.e., a signifi-
cant improvement in muscle strength) is consistent with
myasthenia gravis.

A forearm ischemia test is used to diagnose disorders of
energy production in muscle. This test is especially useful
in patients with deficiencies of enzymes that break down
and utilize glycogen. The prototypical disorder that can
be diagnosed by this test is McArdle’s disease, or alpha-
phosphorylase deficiency. Normally, in the presence of
ischemia, muscle can shift to anaerobic glycolysis to
satisfy its energy needs. In alpha-phosphorylase deficiency,
glycogen cannot be used, and the muscle becomes weak
and then develops an electrically silent cramp identical to
that seen in rigor mortis. More sophisticated tests of oxy-
gen utilization and energy production by muscle can be
done in a human performance laboratory. Magnetic reso-
nance spectroscopy is becoming more widely available
for analyzing the level and distribution of high-energy
phosphate compounds.

Physical therapists trained in evaluating the strength of
individual muscles can be very helpful in systematically
and semiquantitatively assessing and documenting changes
in muscle strength over time. Pulmonary function tests are
used to assess the presence and degree of weakness in the
respiratory muscles in patients with disorders of the neuro-
muscular junction or acute inflammatory demyelinating
polyneuropathy (Guillain-Barré syndrome).



TABLE 15-6

Useful Studies for the Evaluation of Disorders of Muscle Strength and Reflexes

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY FLUID AND TISSUE ANALYSIS
NEUROPSYCHOLOGICAL
TESTS

Upper Motor Neuron Syndromes

Pyramidal lesions
Cortex and
subcortex

MRI or CT of brain: lesion contralateral
to hemiparesis

N/A CSF pressure Lateralized right or left
hemisphere dysfunction

Left: tests of language,
praxis

Right: tests of
construction, spatial
orientation

Brain stem MRI: local lesion N/A N/A N/A
Spinal cord MRI or CT myelography: extrinsic

versus intrinsic lesion
Somatosensory evoked potentials (SSEP): delayed
conduction with median or tibial nerve
stimulation

CSF: protein, glucose, IgG, WBC, RBC N/A

Decerebrate and
decorticate
posturing

MRI or CT scan: lesion in midbrain
(decerebrate); bilateral hemisphere
(decorticate)

N/A N/A N/A

Diffuse excitation
of internuncial
pool

N/A EMG: continuous motor potentials Blood and CSF: GABA, GAD autoantibodies
(stiff-person syndrome)

N/A

Lower Motor Neuron Syndromes

Progressive spinal
atrophy
syndrome

MRI: atrophy of spinal cord (late stages) EMG: denervation-fibrillations, fasciculations,
positive sharp waves, giant MUAPs

Muscle biopsy: grouped atrophy N/A
Blood: DNA analysis

Radiculopathy MRI or CT myelography: compression
of nerve root by disc or bony spur

EMG: denervation potentials in muscles supplied by
affected root

Blood: FBS N/A

Plexopathy MRI: infiltrating mass EMG: denervation of muscles supplied by multiple
roots

Blood: FBS, ESR, SR, ANA, SPEP N/A

Peripheral
neuropathy
Mononeuropathy N/A EMG/NCV: abnormal nerve conduction of affected

nerve results in denervation of muscle supplied
by that nerve

Nerve biopsy: inflammation, demyelination N/A
Blood: ESR, ANA, SPEP, FBS

Polyneuropathy N/A EMG/NCV: abnormalities of all nerves; legs
affected before arms

CSF: protein N/A
Nerve biopsy: inflammation, demyelination,

amyloid
Blood: ESR, ANA, SPEP, FBS, B12, T4/TSH,
anti-nerve antibodies

Combined Upper and Lower Syndromes

Motor neuron
disease

MRI: cervical cord may be atrophic EMG: denervation with giant MUAPs, normal NCV Muscle biopsy: grouped atrophy N/A
Blood: CK normal to mildly elevated

Myelopathy MRI, CT myelography Somatosensory evoked potentials CSF: protein, IgG, oligoclonal bands,
inflammatory cells

N/A
Visual evoked potentials (if multiple sclerosis is
suspected)

Blood: VDRL, B12, long-chain fatty acids

Continued
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TABLE 15-6

Useful Studies for the Evaluation of Disorders of Muscle Strength and Reflexes—cont’d

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY FLUID AND TISSUE ANALYSIS
NEUROPSYCHOLOGICAL
TESTS

Combined Upper and Lower Syndromes—continued

Spinal shock MRI, CT myelography N/A N/A N/A

Neuromuscular Junction Syndromes

Myasthenia and
botulism

Chest CT EMG: decremental response to repetitive nerve
stimulation

Blood: acetylcholine receptor antibodies N/A
Botulinum toxin

Eaton-Lambert
syndrome

Chest x-ray, mammography, pelvic
ultrasound

EMG: incremental response to repetitive nerve
stimulation

Blood: striated muscle antibodies N/A

Myopathic Syndromes

Myopathy N/A EMG: small-amplitude polyphasic MUAPs Skin/muscle biopsy: inflammation,
mitochondrial abnormalities, necrosis and
fibrosis, histochemical analysis

N/A

Blood: CK, ESR

ANA, anti-nuclear antibodies; CK, creatine kinase; CSF, cerebrospinal fluid; CT, computed tomography; DNA, deoxyribonucleic acid; EMG, electromyography; ESR, erythrocyte sedimentation rate; FBS, fasting blood sugar; GABA,
gamma-aminobutyric acid; GAD, glutamic acid decarboxylase; IgG, immunoglobulin G; MRI, magnetic resonance imaging; MUAP, motor unit action potential; N/A, not applicable.; NCV, nerve conduction velocity; RBC, red blood count;
SPEP, serum protein electrophoresis; SR, sedimentation rate; T4/TSH, thyroxine/thyroid-stimulating hormone; VDRL, Venereal Disease Research Laboratory; WBC, white blood count.
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CLINICAL SYNDROMES ( Table 15-7)

Upper Motor Neuron Syndromes
The upper motor neuron syndrome is marked by weakness,
spasticity, hyperactivity of the tendon reflexes, and the pres-
ence of the flexor reflex (Babinski’s sign) (Video 203,
Babinski Sign). This pattern of motor disturbance occurs
when there is an interruption of the descending projections
from the motor neurons in the cerebral cortex and brain
stem that modulate excitation of the internuncial pool of
inhibitory interneurons and the alpha and gamma motor neu-
rons (Video 11, Hemiplegic Gait). The net effect is a reduc-
tion of inhibitory influences and an increase in excitatory
tone, producing exaggeration of the muscle stretch reflexes
(hyper-reflexia) (Video 80, Hyper-reflexia), increased mus-
cle tone (spasticity), weakness, and disinhibition of the
flexor reflex (Babinski’s sign) (Video 204, Babinski Sign).
Several clinical syndromes affect the upper motor neurons.

The upper motor neuron syndrome is primarily a reflec-
tion of interruption of the corticospinal (pyramidal) tract.
Because the corticospinal tract extends from the cerebral
cortex to the lumbosacral spinal cord, the pattern of weak-
ness and associated reflex abnormalities depends on the
site of the lesion along the considerable length of this path-
way. Because there are two halves to the brain and conse-
quently two corticospinal tracts, the pattern also depends
on which side is affected or whether both sides are affected.
Also, the clinical signs on the affected side depend on
whether the lesion is above or below the decussation of
the tracts in the cervical medullary junction. A unilateral
lesion of the cerebral motor cortex will affect the other side
of the body. Depending on the size of the lesion, it might
affect only one limb or even a part of one limb. For exam-
ple, a small stroke in the arm area could produce a brachial
monoplegia. Because the leg area is on the medial side of
the hemisphere at the apex of the motor strip, the leg areas
from each hemisphere face each other in the interhemi-
spheric fissure. Therefore, a parasagittal lesion in the inter-
hemispheric fissure could affect both legs and produce a
syndrome of paraparesis, simulating a spinal cord lesion.
This is most commonly produced by a parasagittal menin-
gioma (Table 15-8).

Hemiparesis most commonly results from a lesion in the
contralateral cerebral cortex. Depending on its location in
the hemisphere and the side affected, other associated signs
can further localize the lesion (Table 15-9). Because of the
considerable length of the corticospinal tract, hemiparesis
can also result from lesions anywhere along its path (see
Table 15-9). Because the axons from the motor neurons
gather together in the posterior limb of the internal capsule
(see Fig. 15-18), a lesion in this location may be very small
and still cause a complete hemiparesis (face, arm, body,
and leg) (Video 205, Cranial Nerve VII Palsy). Weakness
that affects the entire side of the body equally without
associated sensory signs (or aphasia if the lesion is in the
left hemisphere) has been referred to by Fisher, in a clever
redundancy, as a “pure motor hemiplegia.”37 Less com-
monly, small strokes (lacunar infarcts) can produce more
focal weakness depending on the region of the internal cap-
sule involved. Weakness in the face and arm can produce
the dysarthria-clumsy hand syndrome.38
Lesions of the corticospinal tract as it traverses the brain
stem also affect other structures in the brain stem, produc-
ing recognizable syndromes depending on the location
and size of the lesion. Unilateral lesions of the cortico-
spinal tract in the cerebral peduncle of the midbrain may
involve the neighboring third nerve, red nucleus, or super-
ior cerebellar peduncle (brachium conjunctivum). Lesions
in this area are generally lacunar infarcts in hypertensive
individuals that result from occlusion of small paramedian
arteries supplying these structures. As the corticospinal
tract enters the pons, the fibers become intermingled with
other ascending and descending tracts in the basis pontis.
It is still possible for lacunar infarctions to involve the cor-
ticospinal tracts primarily, producing a pure motor hemi-
paresis with or without facial involvement that is similar
to the syndrome resulting from a lacunar infarct in the pos-
terior limb of the internal capsule. The corticobulbar and
corticopontocerebellar fibers are also present, and a lacunar
infarction in the basis pontis, especially one at the junction
of the upper third and lower two-thirds, may result in a
dysarthria-clumsy hand syndrome that is similar to the
clinical presentation of a lacune in the genu of the internal
capsule. Another lacunar infarct syndrome is a homolateral
ataxia and hemiparesis, which is more severe in the lower
extremity. This also may be associated with dysarthria, nys-
tagmus, and paresthesia from a lesion in the contralateral
pons. Lesions (usually strokes) that include the pontine teg-
mentum produce a characteristic syndrome composed of an
ipsilateral cranial nerve palsy and a contralateral hemipa-
resis (see Table 15-9). These uncommon clinical syndromes
are described in more detail in Chapter 45.

Bilateral lesions of the basis pontis (infarction, hemor-
rhage, and central pontine myelinolysis) produce the
“locked-in syndrome” (Table 15-10). The patient is quadra-
paretic due to bilateral corticospinal tract involvement and
aphonic due to involvement of the corticobulbar fibers
to the lower cranial nerves, and occasionally his or her hor-
izontal eye movements are impaired owing to bilateral
involvement of the fascicle of the sixth cranial nerve as it
exits the pons. Because the patient cannot move or speak,
he or she may initially appear to be in a coma. However,
because the tegmentum of the pons is spared, the reticular
formation is intact, and the patient is awake. Vertical eye
movements and blinking are still intact, and the patient is
able to communicate via eye blinks.

Hemorrhages in the pons that produce tetraplegia owing
to destruction of the basis pontis usually also affect the dor-
sal tegmentum, producing sudden coma, pinpoint pupils,
ophthalmoplegia, hyperthermia, and progression to death.
A more restricted hemorrhage may occur in the lateral teg-
mentum of the pontomesencephalic junction, producing a
more restricted syndrome that includes small reactive pupils
with the smaller pupil ipsilateral to the lesion, ipsilateral
conjugate palsy due to involvement of the paramedian
pontine reticular formation, ipsilateral ataxia due to involve-
ment of cerebellar connections, and contralateral hemi-
paresis and hemisensory deficits. Occasionally, the ocular
motor abnormality is an ipsilateral skew deviation or inter-
nuclear ophthalmoplegia caused by involvement of the
medial longitudinal fasciculus (Video 19, Internuclear
Ophthalmoplegia).



TABLE 15-7

Selected Etiologies of Conditions that Affect Strength and Reflexes

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Hydrocephalus; neural tube defects; segmentation, cleavage, and midline defects; neuronal migration defects 28
Degenerative and compressive Degenerative disc disease; cervical spondylosis; ankylosing spondylitis; fibrous dysplasia; Paget’s disease of bone; compressive

neuropathies
29

Hereditary and Degenerative Disorders

Storage disease: Lipidoses, glycogen disorders, and
leukoencephalopathies

Gangliosidoses; sphingomyelinoses; cerebrosidoses; mucopolysaccharidoses; mucolipidoses; glycogen storage diseases;
leukodystrophies

30

Amino/organic acidopathies, mitochondrial enzyme
defects, and other metabolic errors

Maple syrup urine disease (MSUD); urea cycle disorders (UCD); propionic acidemia (Pa); methylmalonic acidemia (MMA);
deficiency of phenylalanine hydroxylase (Pah); homocystinuria; glutaricaciduria type 1; subacute necrotizing
encephalomyelopathy; Alper’s disease; myoclonic epilepsy and ragged red fibers; mitochondrial encephalopathy, lactic acidosis,
and strokelike episodes; fatty acid oxidation disorders; Hartnup’s disease; Menkes’ disease; porphyrias

31

Chromosomal abnormalities and neurocutaneous
disorders

Neurofibromatosis; tuberous sclerosis 32

The degenerative dementias Progressive aphasia; progressive frontal lobe/frontotemporal syndrome; progressive perceptual motor syndrome; ALS-dementia
complex; multiple system atrophy

33

Movement disorders Multiple system atrophy; stiff-person syndrome 34
Ataxias Friedreich’s ataxia; congenital ataxias; autosomal dominant cerebellar ataxia 35
Degenerative motor, sensory, and autonomic disorders Amyotrophic lateral sclerosis; spinal muscular atrophy; hereditary spastic paraplegias; dystrophinopathies; limb girdle muscular

dystrophies; fascioscapulohumeral muscular dystrophy; scapuloperoneal syndrome; myotonic dystrophy; oculopharyngeal muscular
dystrophy; Emery-Dreifuss muscular dystrophy; distal myopathies; hereditary sensory and motor neuropathies; hereditary sensory
and autonomic neuropathies; Shy-Drager syndrome

36

Hereditary nondegenerative neuromuscular disease Channelopathies; congenital myopathies; malignant hyperthermia; Brody’s disease; congenital myasthenias; familial amyloid
polyneuropathy; giant axonal neuropathy; Isaac’s disease

37

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Hypocalcemia; hypercalcemia; hyperthyroidism; hypothyroidism; diabetes 38
Exogenous acquired metabolic disorders of the nervous

system: Toxins and illicit drugs
Arsenic; inorganic lead; manganese; inorganic mercury; organic mercury; organophosphate insecticides; organochlorine insecticides;

snake and spider venoms; tick paralysis; chickpea (lathyrism); diphtheria; tetanus; botulism; cocaine; amphetamine analogs
39

Nutritional deficiencies and syndromes associated with
alcoholism

Thiamine; niacin/nicotinic acid; cobalamin (vitamin B12); pyridoxine (vitamin B6); Strachan’s syndrome; postgastroplasty
polyneuropathy; Marchiafava-Bignami disease; alcoholic myopathy; alcoholic neuropathy

40

Infectious Disorders

Viral infections Meningitis; encephalitis; neuritis; myelitis 41
Nonviral infections Acute bacterial meningitis; recurrent bacterial meningitis; abscess (bacterial, fungal, paracytic); intracranial thrombophlebitis;

subdural empyema (bacterial, fungal, paracytic); extradural abscess (cranial and spinal epidural); myelitis (Lyme disease); neuritis
(Lyme disease); syphilitic; dorsal root ganglion disease; cyst formation (echinococcus); myopathy (parasites); tick paralysis

42

Transmissible spongiform encephalopathies Sporadic disease; familial disease; iatrogenic disease 43
HIV and AIDS HIV-related neuropathies; HIV-related myopathy; progressive HIV-related encephalopathy; HIV-associated neoplasms; opportunistic

infections; cerebrovascular complications
44

Neurovascular Disorders Ischemic stroke; hemorrhagic stroke; subarachnoid hemorrhage; arteriovenous malformations; subdural hematomas; epidural
hematomas; spinal cord strokes

45

Neoplastic Disorders

Primary neurological tumors Parasagittal meningioma; infiltrative CNS tumor 46
Metastatic neoplasms and paraneoplastic syndromes Intraparenchymal metastasis; meningeal and ventricular metastases; spinal metastases; peripheral nerve metastases; paraneoplastic

encephalomyelopathies; paraneoplastic motor neuron diseases; paraneoplastic neuromuscular junction and muscle disorders;
paraneoplastic peripheral neuropathies

47
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Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis; neuromyelitis opica; isolated inflammatory demyelinating CNS syndromes; acute disseminated encephalomyelitis 48
Demyelinating disorders of the peripheral nervous
system

Acute inflammatory demyelinating polyradiculoneuropathy; chronic inflammatory demyelinating polyradiculoneuropathy;
monoclonal gammopathies of undetermined significance; neuropathy with multiple myeloma; neuropathy with osteosclerotic
myeloma; motor neuropathy with multifocal conduction block

49

Autoimmune and Inflammatory Disorders Inflammatory vasculopathies; rheumatoid arthritis; systemic lupus erythematosus; progressive systemic sclerosis; myasthenia gravis;
dermatomyositis/polymyositis; eosinophilic myositis; inclusion body myositis; Sjögren’s disease; Behçet’s disease; Mollaret’s
syndrome; sarcoid

50

Traumatic Disorders Acute head injury; spinal cord injury; whiplash injuries; trauma-induced brachial and lumbosacral plexopathies; mountain sickness;
decompression sickness; lightning and electrical injuries

51

Epilepsy Todd’s paresis; epilepsies related to CNS lesions 52

Headache and Facial Pain Complicated (hemiplegic) migraine 53

Sleep Disorders Narcolepsy 54

Drug-Induced and Iatrogenic Disorders Anesthetics; cholinesterase inhibitors; penicillins; aminoglycosides; sulfonamides; isoniazid; rifampin; ethambutol; amphotericin B;
chloroquine; alkylating agents; methotrexate; vinca alkaloids; cisplatin; thiamine; pyridoxine; penicillamine; clofibrate; lovastatin
and pravastatin; coronary artery bypass graft; cardiac catheterization; percutaneous transluminal coronary angioplasty; radiation
damage; vaccinations

55

AIDP, acute inflammatory demyelinating polyneuropathy; AIDS, acquired immunodeficiency syndrome; CMV, cytomegalovirus; HNP, herniated nucleus pulposis; IC/MCA, internal carotid/middle cerebral artery.
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TABLE 15-8

Anatomical Localization of Paraparesis

LOCATION OF LESION
PATTERN OF WEAKNESS, REFLEXES, AND
ASSOCIATED SIGNS

Bilateral medial hemispheres
(leg area motor cortex)

Spastic paraparesis with no sensory
level

Thoracic Paraparesis with hyper-reflexia of legs,
normal reflexes in arms; thoracic
sensory level

Lumbar Paraparesis, loss of reflexes, double
incontinence with flaccid bladder
and sphincters
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Although we often refer to the corticospinal tract as
the pyramidal tract and to weakness from a lesion as a py-
ramidal weakness, weakness resulting from lesions of the
pyramids in the medulla is very seldom seen. The medul-
lary pyramids are supplied by the paramedian arteries
branching off the vertebral artery and, more inferiorly,
from the interior spinal artery. Occlusion of these arteries
can produce infarction of the ipsilateral pyramid, medial
lemniscus, and hypoglossal nerve and nucleus, producing
a contralateral hemiplegia with sparing of the face and ipsi-
lateral paresis and atrophy of the tongue. Occasionally,
there is a contralateral loss of position of vibratory sensa-
tion due to involvement of the medial lemniscus. Because
the more dorsolateral spinothalamic tract is unaffected,
pain and temperature sensation are spared. However,
infarction of the medulla occurs much more commonly in
the vascular supply of the lateral medulla, producing the
Wallenberg or lateral medullary syndrome, which spares
the pyramids (see Chapters 13, 14, 22, and 45).

Developmental malformations of the brain stem such as
the Chiari malformations or tumors in the foramen mag-
num at the cervical medullary junction more commonly
produce weakness by involvement of the medullary pyra-
mids and the upper cervical cord at the place where they
decussate into the corticospinal tracts of the lateral and
ventral funiculi of the spinal cord. A spastic tetraparesis
(generally the legs are more involved than the arms) occurs
in varying combinations with weakness of the tongue and
pharynx, nystagmus (due to involvement of the inferior
TABLE 15-9

Anatomical Localization of Hemiparesis

LOCATION OF LESION CHARACTERISTICS OF HEMIPARESIS A

Cerebral cortex Contralateral arm is affected more
Left hemisphere: aphasia, apraxia
Right hemisphere: inattention to le
Homonymous hemianopia on wea
Decreased graphesthesia, extinctio

Internal capsule Contralateral arm equal to leg; fac
No sensory loss or aphasia

Brain stem Contralateral arm equal to leg plu
Midbrain Third nerve palsy (Weber syndrom
Pons Sixth and seventh nerve palsies (p
Medulla Twelfth nerve palsy

Cervical spinal cord (hemicord) Ipsilateral weakness of arm and le
Contralateral loss of pain and tem
cerebellar peduncle), and facial hypalgesia (due to involve-
ment of the descending tract of the trigeminal nerve) (see
Table 15-10). A syringomyelic syndrome occurs if central
cavitation of the cord is present. This characteristically pro-
duces a loss of pain and temperature sensation over the
shoulders and a lower motor neuron syndrome of the upper
extremities with weakness, atrophy, fasciculations, and loss
of reflex. The distribution of the weakness and loss of
reflex depends on which segments of the cervical spinal
cord are involved.

The characteristic pattern of weakness seen in patients
with upper motor neuron lesions of the spinal cord is weak-
ness combined with appropriate reflex changes on both
sides of the body, with no signs of cerebral, cortical, or
brain stem dysfunction. The level of the lesion is defined
by whether the arms are involved (cervical cord) or just
the legs (thoracic cord). More exact definition of the level
of the lesion is made by noting the distribution of lower
motor neuron involvement if the lesion is in the cervical
cord or by noting the sensory level resulting from involve-
ment of the ascending sensory tracts with lesions in either
the thoracic or the cervical cord. These characteristic clini-
cal syndromes are described in more detail later in section,
Combined Upper and Lower Motor Neuron Syndromes
(see Table 15-7).
Syndrome of Diffuse Excitation of Internuncial Pool
When the inhibitory tone in gamma motor neurons pro-
vided by the inhibitory interneuron in the internuncial pool
is removed, the spontaneous excitability of the lower motor
neurons is unleashed. This phenomenon of unrestrained
excitation of contraction of the skeletal muscles is known
as tetanus. In the most common generalized form of teta-
nus, all skeletal muscle, both agonists and antagonists, as
well as diaphragm, paravertebral, and respiratory muscles
contract uncontrollably in paroxysms of painful muscle
spasms (tetanic seizures) (see Table 15-5). In the absence
of any inhibitory check, any environmental stimuli increase
the intensity of the paroxysms, preventing coordinated
respiratory movements. Tetanus may remain localized to
the area of the wound (local, or cephalic, tetanus if wound
is of the face or head). Tetanus is produced by impairment
ND ASSOCIATED SIGNS

than leg or face sometimes tongue (deviates to weak side)

ft half of body, visual space; constructional apraxia
k side
n of sensory stimuli

e may be spared

s ipsilateral cranial nerve palsy
e)
eripheral); ipsilateral conjugate gaze palsy possible (Foville’s syndrome)

g, sparing face; ipsilateral loss of proprioception and vibration
perature (Brown-Séquard syndrome)



TABLE 15-10

Anatomical Localization of Tetraparesis

LOCATION OF LESION
PATTERN OF WEAKNESS, REFLEXES, AND
ASSOCIATED SIGNS

Bilateral cerebral
hemispheres

Tetraparesis, spastic dysarthria, dysphagia with
hyper-reactive jaw and facial jerks
(pseudobulbar palsy), decorticate posturing
(large acute lesions)

Midbrain Tetraparesis, coma, midsize poorly reactive
pupils, decerebrate posturing

Basis pontis “Locked-in” syndrome; tetraparesis, paralysis
of horizontal eye movements, jaw, face,
pharynx, and tongue muscles; preservation
of eye blink, vertical eye movements,
consciousness

Cervicomedullary
junction

Tetraparesis with or without weakness of
pharynx and tongue

High cervical Tetraparesis, no cranial nerve palsies, normal
jaw and facial jerks

Midcervical Tetraparesis with preservation of shoulder
movements
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of function of the neurotransmitters employed by the inhi-
bitory interneurons (i.e., GABA and glycine). Tetanus
toxin blocks glycine receptors. Antibodies against GAD,
the GABA-synthesizing enzyme, are produced by certain
cancers and diabetes mellitus, resulting in the stiff-person
syndrome39 (see Chapter 34).

Lower Motor Neuron Syndromes
Diseases of the lower motor neuron may affect the cell
body in the anterior spinal gray or its axon as it leaves
the spinal cord in the spinal root and becomes a peripheral
nerve. Signs of disease of the lower motor neuron include
muscular weakness, atrophy, fasciculations, and loss of
tendon reflexes.

Progressive Spinal Muscular Atrophy Syndromes
There may be selective degeneration of the anterior horn
cells of the spinal cord or brain stem or both. This results
in a progressive weakness and wasting of muscle and loss
of tendon reflexes. The upper motor neuron is not affected.
The spinal muscular atrophies are genetic diseases of child-
hood and adolescence and, less commonly, adulthood.
Regardless of whether they are recessive or dominant, the
defect is linked to the same region on chromosome 5. In
addition to patterns of heredity, clinical classifications are
based on age of onset, rate of progression, and the muscles
affected.40 The infantile-onset form (Werdnig-Hoffman
disease) is the most severe (lethal) form and is recessive.
The later onset, more benign forms are more likely to be
dominant. The variety that affects the proximal muscu-
lature and simulates muscular dystrophy is known as the
Wohlfart-Kugelberg-Welander syndrome. The distal muscu-
lature is preferentially affected in various combinations with
the ocular and bulbar muscles in Kennedy’s syndrome.

Lower motor neuron disorders that are restricted to cer-
tain cranial nerve nuclei or combinations are much less
common. The Möbius syndrome, which affects the sixth
and seventh cranial nerves, appears to be a failure of devel-
opment of the motor neurons and presents as a congenital
disorder. The progressive bulbar palsy of Fazio-Londe is
a rare fatal disease that affects all motor nuclei of the brain
stem.

Radiculopathy Syndromes
Lesions of the spinal nerves and roots produce weakness,
atrophy, and sometimes fasciculations in the muscles inner-
vated by the affected root or, in some cases, multiple roots.
Localization of the specific nerve root affected by the lesion
requires a knowledge of each group of muscles supplied by
a single anterior spinal root (myotome) and each cutaneous
area supplied by the posterior spinal root (dermatome).
Differentiation of these syndromes from peripheral nerve
or plexus lesions thus depends on the distribution of the
motor and sensory signs and whether the signs conform to
those produced by a particular myotome or dermatome.
Root lesions may interrupt the afferent or efferent arc of
the phasic stretch reflex and thus affect tendon jerks. Thus,
a reduction or loss of a reflex is very helpful in localizing
the root involved. Table 15-4 correlates the reflex in the
cervical or lumbosacral root subserving that reflex.

The spinal nerve roots may be injured directly by trauma
or compressed by lesions such as tumors or herniated discs.
The most common radiculopathies affect the fifth and sixth
cervical roots and the fifth lumbar and first sacral roots
since those are the roots most often compressed by her-
niated discs. Because muscles are innervated by more than
one spinal nerve root, it may be difficult to differentiate a
C5 from a C6 or a C6 from a C7 root injury. For example,
a C6 root lesion may depress either the biceps or the triceps
reflex. Differentiating a C5 from a C7 root lesion is easier
because the C5 lesion reduces the biceps jerk, whereas the
C7 reduces the triceps. The same muscles are also the
weakest. Therefore, one must also use the distribution of
pain and sensory loss as a guide to supplement the motor
signs and provide a pattern of motor and sensory change
that can be assigned to one spinal segment.

In the lower extremity, the differentiation of an L5 from
an S1 root lesion is most readily made by watching the
patient walk on the heels and toes. Weakness of dorsiflex-
ion (difficulty in walking on the heels) is usually due to an
L5 root lesion, reflecting the fact that the anterior tibial
muscle receives its major innervation from that segment.
Difficulty in walking on the toes due to weakness of the
gastrocnemius muscles reflects the fact that its major inner-
vation is provided by the S1 root. The ankle jerk may be
affected by either lesion but is more often abolished by
the S1 root lesion.

Plexopathy Syndromes
Plexopathies are more difficult to recognize and localize
than lesions of the spinal roots or peripheral nerves because
the anatomy of the plexuses is so complex (see Figs. 15-7
and 15-8). Brachial plexopathies present with a variety of
clinical syndromes that depend on the part of the plexus
involved. Trauma is the most frequent cause of damage,
which usually results from a traction, compression, or
stretch injury of the plexus. The most common syndromes



TABLE 15-11

Examples of Plexopathies Causing Weakness

PLEXOPATHY PATTERN OF WEAKNESS CAUSES

Brachial

Upper trunk (C5–C6) “Porter’s tip position”; biceps, brachioradialis jerks reduced or
absent

Pressure on shoulder (“knapsack palsy”);
brachial neuritis

Lower trunk (C8–T1) Wrist and finger flexion, intrinsic hand muscles Trauma, Pancoast’s tumor of lung

Lumbosacral

Lumbar segments
(T12–L4)

Flexion, adduction, and eversion of thigh; absent knee jerk Tumor, surgical trauma

Sacral segments (L5–S3) Hip extension, abduction and internal rotation of thigh, flexion of
leg and all movements of foot (“flail foot”); absent ankle jerk

Tumor, surgical trauma

Entire Plexus Incomplete weakness of various muscles Diabetes mellitus, idiopathic plexitis
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are summarized in Table 15-11. The brachial plexus is also
subject to injury from radiation or malignancies, compres-
sion by tumors in lymph nodes or the apex of the lung, or
immunologic attack (“brachial neuritis” or Parsonage-
Turner syndrome). The best clue to the presence of a bra-
chial plexopathy is a motor and sensory deficit that involves
more than one spinal or peripheral nerve. The motor signs
(weakness, atrophy, and loss of tendon jerk) are much more
prominent than the sensory changes, which are often patchy
and incomplete (Video 237, Foot Drop). Diffuse aching
pain, sometimes quite severe, is often present.

Lesions of the brachial plexus most commonly affect the
upper and lower trunks. The upper trunk of the plexus is
affected most commonly, giving rise to paralysis and atro-
phy in muscles supplied by the C5–C6 roots that comprise
the upper trunk (Erb-Duchenne type). This upper trunk
palsy is most often due to traumatic hyperextension of
the head and shoulder but can be due to direct pressure
caused by carrying heavy objects (knapsack palsy). The
upper trunk is the part of the plexus most commonly
affected by an idiopathic inflammatory neuritis (Parso-
nage-Turner syndrome). The lower brachial plexopathy
(Dejerine-Klumpke type) is usually the result of trauma
to the lower trunk of the plexus, which contains the eighth
cervical and first thoracic roots. It is the plexus lesion most
often associated with an infiltrating tumor from the apex of
the lung (Pancoast tumor). Because the sympathetic fibers
destined for the superior cervical ganglion exit the spinal
cord with the first thoracic root, Horner’s syndrome (ptosis,
miosis, and anhidrosis) may result; if present, it can be a
helpful confirmatory sign.

Like lesions of the brachial plexus, a lumbosacral plex-
opathy is recognized by deficits in the distribution of multi-
ple spinal and peripheral nerves in the lower extremity (see
Table 15-11). Also like the brachial plexus, the lumbo-
sacral plexus is affected by idiopathic inflammatory neu-
ritis, radiation, and infiltrating neoplasms. It is less likely
to be injured by trauma than the brachial plexus, but pelvic
hematomas in the psoas muscle resulting from anticoagula-
tion and surgical trauma are more common. Lesions of the
lumbar segments produce weakness of all movements of
the thigh with reduction or loss of the patellar tendon jerk.
Lesions of the sacral portion of the plexus result in a weak-
ness of the foot and flexion of the knee with reduction or
loss of the ankle jerk. Because most of the motor output
of the lumbar portion of the plexus is contained in the
femoral nerve and the output of the sacral portion is found
in the sciatic nerve, it may be difficult to distinguish lum-
bosacral plexus lesions from lesions of their respective
major peripheral nerves. To distinguish a lumbar plexus
lesion from a femoral neuropathy, a diligent search should
be made for weakness of the adductor muscles innervated
by the obturator nerve or of sensory loss in the inguinal
region or over the genitalia, which are outside the distribu-
tion of the femoral nerve. Weakness of abduction and
internal rotation of the thigh and of hip extension, or sen-
sory loss on the posterior thigh in the distribution of the
posterior femoral cutaneous nerve, helps to distinguish a
lesion of the sacral plexus from a sciatic palsy, which lacks
these signs.
Peripheral Neuropathy and Mononeuropathy
Syndromes
Interruption of the motor fibers in a motor or mixed nerve
leads to weakness or paralysis and atrophy of the muscles
innervated by that nerve (Video 45, Tongue Atrophy). Fas-
ciculations are less likely to occur in peripheral nerve
lesions than in root or anterior horn cell lesions (Video
43, Tongue Fasciculations). Table 15-12 lists the peripheral
nerves most often affected by lesions, the muscles they
supply, and any stretch reflex subserved by that nerve.
Because a muscle is generally served by only one peripheral
nerve, the weakness and wasting in that muscle are generally
easier to detect than in a root lesion because the same mus-
cle is generally served by two or more myotomes. The loca-
lization is confirmed by the pattern of sensory loss, which in
most cases differs from the segmental dermatomal loss sec-
ondary to a root lesion. Lesions of a single peripheral nerve
are most commonly due to entrapment, trauma, or infarction
of the nerve secondary to diabetes or an inflammatory vas-
culitis. When a single peripheral nerve is damaged, it is
termed a mononeuropathy.Mononeuropathy multiplex refers
to involvement of several major named nerves in more than
one limb. This condition most often occurs in systemic dis-
eases such as autoimmune vasculitis, especially polyarteritis
nodosa and diabetes mellitus.41

In polyneuropathy, the essential feature is impairment
of function of many peripheral nerves simultaneously,



TABLE 15-12

Examples of Common Neuropathies Causing Weakness

NEUROPATHY PATTERNS OF MUSCLE WEAKNESS AND REFLEX CHANGES COMMON CAUSES

Long thoracic nerve
(C5–C7)

Winged scapula (serratus anterior) Pressure on shoulder, weight lifting

Axillary nerve
(C5–C6)

Abduction of arm (deltoid) Dislocated shoulder, brachial neuritis

Musculocutaneous
nerve (C5–C7)

Flexion of forearm (biceps), biceps jerk Infarction due to vasculopathy (DM, PAN)

Median nerve (C5–T1) Abduction (abductor pollicis brevis, opponens pollicis) and
opposition of thumb

Entrapment—pronator or carpal tunnel syndrome

Ulnar nerve (C7–T1) Intrinsic muscles of hand except those innervated by median
nerve; “claw hand”

Pressure at elbow, entrapment in cubital tunnel

Radial nerve (C5–C8) Extensors of wrist and fingers, “wrist drop” triceps, triceps jerk
(if compressed in axilla)

Pressure in axilla (“crutch palsy”) or spiral groove of
humerus (“Saturday night palsy”)

Femoral nerve (L2–L4) Flexion of thigh, leg extension (psoas, quadriceps), knee jerk Surgical trauma, DM
Common peroneal
nerve (L4–L5)

Dorsiflexors and everters of foot Pressure palsy at fibular head

DM, diabetes mellitus; PAN, polyarteritis nodosa.
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causing symmetrical loss of function starting in the distal
extremities. The legs are almost always affected before
the arms. Hyporeflexia or areflexia often precedes any
overt motor or sensory symptoms. The ankle jerks are
affected first and then the knee jerks before any change
occurs in the reflexes of the arms.

Polyneuropathies may be mainly sensory, mixed motor
and sensory, or primarily motor. The motor component
begins as weakness and atrophy in the intrinsic muscles
of the feet; atrophy of the extensor digitorum brevis
is often the first helpful clue. If the motor impairment
progresses, the leg muscles are affected next, producing
weakness of dorsiflexion and plantar flexion of the foot.
Only then may the intrinsic muscles of the hand be affected.
Generally, the more proximal muscle groups are not
affected unless a rapidly progressive disorder is present
such as an acute inflammatory demyelinating polyneuro-
pathy (AIDP; Guillain-Barré syndrome) or another neuro-
pathy mimicking AIDP, such as porphyria and acquired
immunodeficiency syndrome (Video 221, Miller Fisher
Syndrome). The common distal symmetrical and slowly
progressive polyneuropathies are most often due to sys-
temic disorders, especially diabetes mellitus, alcoholism,
and uremia.
Combined Upper and Lower Motor Neuron
Syndromes
Motor Neuron Syndromes
Motor neuron disease refers to a group of disorders in
which selective degeneration of both upper and lower
motor neurons occurs.42 Amyotrophic lateral sclerosis
(ALS; Lou Gehrig’s disease) is the prototypical motor neu-
ron disease. Several varieties or subtypes are recognized
based on the sites at which the motor neurons are first
and most prominently involved. The spinal form most com-
monly affects the lumbosacral segments first, producing
weakness, atrophy, and fasciculations in one leg as the initial
manifestations. At the same time, the upper motor neurons
are generally affected, so instead of loss of reflexes to
accompany the atrophy and fasciculations, hyper-reflexia
occurs, producing the characteristic combination of upper
and lower motor neuron involvement. Onset of disease
in the brain stem affects the lower cranial nerve nuclei,
producing a progressive bulbar palsy. Lower motor neuron
degeneration becomes evident by weakness, atrophy, and
fasciculations of the tongue and weakness of voluntary
palatal movement, whereas upper motor neuron involvement
is shown by the very brisk gag reflex and jaw jerk. The oto-
laryngologist is often the first consultant asked to see the
patient because a nasal voice and dysphagia are present. Occa-
sionally, the upper motor neurons are selectively affected at
the onset, producing a slowly progressive spastic tetraparesis
and pseudobulbar palsy (primary lateral sclerosis) (Video
10, Dysarthria). Often, an electromyogram can record the
fibrillations, positive sharp waves, and giant action potentials
typical of lower motor neuron involvement before the signs
become clinically manifest. Regardless of the mode of onset,
the disorder eventually involves the motor neurons of the
entire neuraxis.

From a diagnostic standpoint, it is most important to
differentiate ALS from potentially treatable lesions in the
cervical canal that compress the nerve roots and spinal
cord, producing a characteristic syndrome of lower motor
neuron signs in the hands and upper motor neuron signs
in the legs. Imaging of the cervical spine is important
to rule out cervical spondylosis or tumor. ALS is confirmed
by electromyographic demonstration of denervation in
a combination of facial or bulbar muscles and lower extre-
mities.

Paralytic poliomyelitis is now rare in the vaccinated
Western world (Video 100, Poliomyelitis). The neuro-
trophic polio virus attacks nerve cells in the hypothalamus,
thalamus, brain stem, reticular formation, vestibular nuclei,
and nuclei of the cerebellum, but the major hallmark of
the disease is destruction of the lower motor neurons in
the motor nuclei of the brain stem and anterior horn of the
spinal cord. The severity and distribution of the bulbar
and spinal paralysis is quite variable. The most common
bulbar symptoms are weakness of the face, larynx, and
pharynx. Spinal paralysis is more common than bulbar
paralysis. Weakness develops rapidly, usually attaining its
maximum severity in 48 hours, and is accompanied by



TABLE 15-13

Myelopathies or Spinal Cord Syndromes

LOCATION OF LESION CHARACTERISTIC SIGNS

Complete transection
(transverse)

Complete loss of motor and sensory function below level of lesion (tetraplegia or paraplegia)
Acute: flaccid, areflexia (spinal shock)
Chronic: spasticity, hyper-reflexia, Babinski’s signs, spastic bladder

Hemisection (Brown-Séquard
syndrome)

Ipsilateral hemiplegia or monoplegia, ipsilateral loss of vibration, proprioception
Contralateral loss of pain and temperature below level of lesion

Central “Suspended” sensory loss: “cape” sensory loss over shoulders from cervical lesion most common
Loss of pain and temperature, sparing of vibration and proprioception (“dissociated” sensory loss)
Weakness, atrophy, fasciculations, loss of reflex in extremity of affected segment (usually arm or cervical)

Anterior (anterior spinal artery
syndrome)

Loss of motor function below level of lesion, flaccid tetraplegia or paraplegia. Loss of pain and temperature
sensation below level of lesion with preservation of vibration, proprioception. Loss of bladder and bowel control

Caudal (conus medullaris) Hypotonic bladder and rectal sphincters. Pain and loss of sensation in saddle distribution in perineum
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coarse fasciculations. The tendon jerks may be hyperactive
during the acute phase but then diminish and eventually are
lost as the weakness of the limb muscles progresses. Limb
weakness is often asymmetrical and patchy. Muscle atro-
phy is generally appreciated within 3 or 4 weeks of the
paralysis and is permanent. In addition to the disability
produced by the weakness and atrophy, progression of
muscle weakness may occur many years after the acute
paralytic illness (postpolio syndrome).

Myelopathic Syndromes
The transverse myelopathy syndrome interrupts the ascend-
ing tracts from below the level of the lesion and all de-
scending tracts from above this level. Therefore, all motor
and sensory function below the level of the spinal cord
injury is lost. Trauma is the most frequent cause of com-
plete loss of function at the site of the injury. In practice,
many lesions are incomplete, although there is evidence
of involvement of the entire cross-sectional extent of the
cord. Demyelinating and inflammatory processes account
for most examples of incomplete lesions and are often
referred to as transverse myelitis. All sensory modalities
are lost below the level of the lesion. There is often a zone
of disagreeable dysesthesia at the uppermost border of the
sensory loss. Radicular pain is common at the level of the
lesion. If an infectious or neoplastic process is present
in the epidural space (epidural abscess) or in the vertebrae
(metastatic cancer), localized vertebral pain may be
elicited by percussion of the spinous processes.

The pathological processes that produce transverse my-
elopathy are often acute and initially produce a flaccid are-
flexic paralysis known as spinal shock (Table 15-13).
Within days, the motor syndrome becomes characteristic
of an upper motor neuron paralysis with hyper-reflexia
and bilateral extensor plantar responses. At the level of
the lesion, segmental lower motor neuron signs may persist
owing to injury to the anterior horns or the ventral roots.
The lower motor neuron signs are a reliable indicator of
the level of the spinal cord injury. They may be quite
obvious in the cervical level but can be subtle and difficult
to detect at the thoracic cord level.

Marked disturbances in autonomic function can occur
below the level of the lesion. Loss of sweating and trophic
skin changes occur, as well as loss of temperature control
and vasomotor instability, which can result in sudden
changes in body temperature and blood pressure, including
hypertensive crises. Initially, after an acute lesion, the blad-
der is atonic, and the anal sphincter is flaccid. Later, they
become spastic, leading to involuntary evacuation of the
bladder and bowels.

The Brown-Séquard syndrome produces a characteristic
combination of motor and sensory signs below the level of
the lesion. Interruption of the descending corticospinal tract
produces an ipsilateral spastic weakness. Also, ipsilateral
loss of proprioception below the level of the lesion results
from interruption of the ascending fibers in the posterior
columns. Loss of pain and temperature sensation occurs
contralateral to the hemisection because the crossed spi-
nothalamic tract is interrupted. The sensory level that is
responsive to pain and temperature is usually located one
or two segments below the level of the lesion. When the
Brown-Séquard syndrome results from an extramedullary
lesion, there may be segmental lower motor neuron and
sensory signs at the level of the lesion due to damage to
the roots and anterior horn cells, and these signs are the
most reliable indication of the level of the lesion. This syn-
drome is most apparent in patients with traumatic hemisec-
tions of the spinal cord (e.g., due to a stab wound). Other
causes are extramedullary tumors or abscesses and, less
commonly, intrinsic lesions, especially vasculitis (as in
systemic lupus erythematosus). The full-blown hemisection
syndrome is not commonly encountered (see Table 15-13).

The central cord syndrome is most often caused by
syringomyelia and intramedullary cord tumors. The patho-
logical process starts centrally and proceeds centrifugally,
producing motor and sensory signs that evolve characteris-
tically for this syndrome. Characteristically, the syndrome
presents as a combination of segmental loss of pain and
temperature sensation and lower motor neuron signs. This
pattern occurs because the crossing fibers of the spinotha-
lamic tract conveying pain and temperature sensation are
initially compromised but posterior column sensation is
preserved (disassociated sensory loss). Because only the
decussating spinothalamic tract fibers are affected, the loss
of pain and temperature is bilateral but affects only those
segments of the spinal cord involved in the pathological
cavitation or by the tumor, thus producing a suspended
sensory loss with normal sensation above and below the
lesion. In patients with syringomyelia, this pattern
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characteristically begins in the upper cervical segments,
producing a loss of pain and temperature over the
shoulders in a cape distribution. The syringomyelia or
tumor usually invades the anterior horns early, producing
the segmental lower motor neuron syndrome with weak-
ness, wasting, and loss of reflex. As the lesion expands
centrifugally, it may compromise the lateral corticospinal
tracts, producing an upper motor neuron syndrome below
the level of the lesion and loss of proprioception and vibra-
tory sensation below the level of the lesion as it extends
into the posterior columns (see Table 15-13).

When the anterior horns are affected in the cervical cord,
wasting occurs first in one hand and then in the other. At
the thoracic level, the disease affects the lower motor neu-
rons innervating the paraspinal musculature, resulting in a
scoliosis. Finally, if the lesion extends into the spinothala-
mic tracts, pain and temperature sensation below the level
of the lesion may be lost. Because the spinothalamic tracts
are arranged in a laminated pattern with the sacral seg-
ments in the most lateral and ventral position, the sacral
dermatomes are often preserved (sacral sparing).

The anterior spinal artery syndrome produces a distinc-
tive combination of motor and sensory signs. Circulation
to approximately the ventral two-thirds of the spinal cord
is supplied by the anterior spinal artery. Occlusion of the
anterior spinal artery thus produces infarction in the ventral
and most of the lateral funiculi, which include the anterior
horns and the lateral corticospinal and spinothalamic tracts.
Infarction leads to a subacute onset of a flaccid paralysis
below the level of the lesion, with loss of pain and tem-
perature sensation below the level of the lesion. Position
sense, vibration, and light touch are spared because the
dorsal column supplied by the posterior spinal arteries is
preserved. Infarction of the spinal cord usually occurs at
borderzones between the major arterial systems supplying
the spinal cord. These watersheds are at the T1–T4 and
L1 spinal cord levels.
Neuromuscular Junction Syndromes
Myasthenia Gravis
The defect in neuromuscular transmission in myasthenia
gravis (see Chapter 50) produces a pure muscular weakness
without the atrophy, fasciculations, or reflex changes seen
in motor neuron disease.43 Myasthenia gravis also causes
a pattern of weakness in the ocular and cranial muscles that
is different from that seen in amyotrophic lateral sclerosis.
A weakness of the extraocular muscles and eyelids pro-
ducing diplopia and ptosis is common in patients with
myasthenia gravis but rare in those with amyotrophic lateral
sclerosis (see Table 15-2). Facial weakness is also common
in myasthenia gravis, and the combination of ptosis and
weakness of eye closure may be duplicated only by an acute
inflammatory demyelinating polyneuropathy (Guillain-Barré
syndrome), which has a very different temporal profile.

The other characteristic feature of myasthenia gravis is
fatigability (Video 42, Fatigability). The myasthenic mus-
cle rapidly weakens with continued or repetitive use. The
physiological counterpart is the decremental response to
repetitive stimulation of a peripheral nerve. Rest can tem-
porarily restore the muscle to almost normal strength, but
diplopia and ptosis return as the patient uses the eyes. The
nasal voice and mushy dysarthric speech resume as the
patient speaks, and difficulty with chewing and swallowing
occurs as the patient eats. Limb and postural muscles are
generally less affected.44
Myasthenic Syndrome (Lambert-Eaton Myasthenic
Syndrome)
Although weakness reminiscent of myasthenia gravis is the
presenting complaint in most people with Eaton-Lambert
syndrome45 (now commonly referred to as the Lambert-
Eaton myasthenic syndrome), the phenomenon of fatiga-
bility is less prominent, and the distribution of weakness,
which affects the limbs and spares the extraocular muscles
and eyelids, is also different. Pharyngeal weakness with
dysphagia is the only weakness of the cranial musculature
regularly encountered. Also in contrast to myasthenia
gravis, autonomic dysfunction and reflex changes develop.
Dry mouth and perversion of taste are common. Knee jerks
are often reduced or absent.

Occasionally, patients with the Eaton-Lambert myasthe-
nic syndrome describe a warming-up phenomenon, which
is the opposite of fatigability; as a muscle is used repeti-
tively, it may gain in strength, although with continued
use fatigability returns. The clinical warming-up phenom-
enon correlates with an incremental increase in the
amplitude of the muscle action potential with repetitive sti-
mulation. The initial low amplitude of the muscle action
potential occurs because an antibody blocks a calcium
channel, slowing the entry of calcium into the presynaptic
terminal to initiate vesicular release of acetylcholine.
Because it is only a partial blockade, however, enough cal-
cium eventually enters with repetitive depolarizations to
allow the amplitude of response to increase and strength
to improve, at least temporarily. In many but not all cases,
the antibody against the calcium channel is generated by a
cancer; thus, the Eaton-Lambert myasthenic syndrome is
often a paraneoplastic disorder.46
Other Disorders of the Neuromuscular Junction
Botulism produces a rapidly developing paralysis. Because
it usually affects the ocular and cranial musculature first,
and the weakness develops so rapidly, botulism can be con-
fused with a brain stem stroke or encephalitis. It rapidly
becomes generalized to include all skeletal musculature
and then may be mistaken for AIDP (Table 15-14). In typi-
cal cases, these conditions can be distinguished from each
other by the fact that botulism starts in the ocular and cranial
musculature and produces a descending paralysis, whereas
AIDP starts as a weakness in the legs and produces an
ascending paralysis that eventually includes the cranial
musculature. This rule applies very well to botulism, which
almost invariably begins in the ocular and cranial muscula-
ture, but may be violated by AIDP, which sometimes begins
in the cranial musculature and descends. However, the early
loss of pupillary reflexes in botulism and the predilection
of AIDP for the facial and lower cranial nerves can clearly
distinguish the two disorders. Weakness resulting from
botulism is prolonged, lasting months, because the toxin



TABLE 15-14

“Acute” Generalized Weakness

LOCATION OF
LESION DIFFERENTIATING FEATURES CAUSES

Midbrain Coma, midsize poorly reactive pupils, decorticate/decerebrate posturing,
hyper-reflexia, bilateral Babinski’s signs

Stroke, trauma, tentorial herniation
secondary to mass lesion

Basis pontis Conscious; paralysis of horizontal eye movements and of jaw, face, pharynx, and
tongue with preservation of vertical eye movements, eye blink; UMN spastic
tetraparesis (“locked-in” syndrome)

Stroke

Spinal cord
(spinal
shock)

Flaccid paraplegia (tetraplegia), sensory loss below level of lesion with absent tendon
reflexes but with extensor plantar responses; hypotonic bladder and sphincters

Trauma, infarction, metastatic tumor,
transverse myelitis

Polyradicular
neuropathy

Limb weakness (legs before arms), areflexia, absent or flexor toe response, minimal
distal sensory loss without a sensory level

Acute inflammatory demyelinating
polyneuropathy, tick paralysis,
poliomyelitis

Neuromuscular
junction

Ocular (including loss of pupillary light reflex) and pharyngeal weakness followed by
generalized weakness without sensory loss and preservation of consciousness

Botulism, organophosphates

284 Neuroanatomical Localization and Syndromes / 15
permanently impairs the presynaptic release of acetylcho-
line from the terminals to which the toxin is bound. Neuro-
muscular transmission and strength return only after the
nerve terminals sprout new endings.

Myopathic Syndromes
In general, diseases of muscle (myopathies) are recognized
by the characteristic pattern of proximal shoulder and hip
girdle weakness with relative preservation of distal strength
(see Table 15-2; Video 13, Myopathic Gait). Myopathic
syndromes also differ from symmetrical polyneuropathies
in their effect on reflexes. In contrast to polyneuropathies,
in which the distal reflexes are lost early, in myopathies,
the reflexes are reduced in proportion to the degree of
weakness; only with severe weakness in the end stages of
a myopathy are the reflexes lost (see Table 15-5). Myopa-
thies can be further differentiated from neuropathies by the
lack of any sensory abnormalities. Atrophy of muscle may
occur in myopathies but develops very slowly over the
course of several years, whereas in motor neuron disease
it develops much more rapidly. Also, no fasciculations
are seen in myopathies. In certain muscular dystrophies,
especially Duchenne’s muscular dystrophy (Video 99,
Gower’s Sign), pseudohypertrophy of the calf and deltoid
muscles may occur owing to infiltration of the muscle by
fat. The patient with myopathy often has a typical facial
expression with ptosis, open mouth, and facial immobility.

As is often the case in medicine, there are exceptions to
these general rules. The distal muscles may be weaker than
the proximal muscles (e.g., myotonic dystrophy, inclusion
body myositis), or a motor neuron disorder may affect the
proximal musculature more than the distal, mimicking a
myopathy (Kugelberg-Welander syndrome). Some myopa-
thies affect the cranial and ocular muscles rather than limb
muscles, as in the chronic progressive external ophthalmo-
plegia (CPEO) syndrome. The abnormal eye movements
can be differentiated from those in myasthenia gravis; in
CPEO, eye movements are restricted symmetrically and
diplopia is not a complaint, whereas in myasthenia gravis
double vision is a common symptom.

If special attention is given to the distribution of muscle
weakness, the age and sex of the patient, and the family
history, the likely diagnosis can often be determined. Some
myopathies are congenital and have a different prognosis
from rapidly progressive myopathies of childhood onset
in boys that are usually dystrophinopathies. Dominantly
inherited dystrophies have a later onset and a more benign
course and have a rather uniform pattern of involvement
(e.g., fascioscapulohumeral dystrophy). Mitochondrial
myopathies preferentially affect the ocular and cranial
musculature and are often accompanied by dysfunction in
other organ systems. Inflammatory and infectious myopa-
thies generally affect older individuals. The exception is
dermatomyositis, which may occur at any age but is
accompanied by characteristic skin changes.

Syndrome of “Acute” Generalized Weakness
Occasionally, the pace of a disease is so rapid that by the
time the patient is seen in the hospital, the weakness has
become generalized. The history of the mode of onset
and the early course of the disease may not be available
or may be confused by inaccurate observations. Therefore,
accurate formulation of the problem depends on the exam-
ination and on localization of the level of the motor system
that is damaged and is producing the weakness (see
Table 15-14). The first step in the differentiation is to
determine whether the patient is in a coma. The “locked-
in” patient with a basis pontis lesion may initially appear
comatose because he or she cannot move or speak and
has lost the ability to make horizontal eye movements.
However, the ability to blink and make vertical eye move-
ments is preserved, and one should attempt to establish a
communication code using eye blinks. In severe cases of
botulism and AIDP, even ocular movements may be totally
paralyzed, but no decorticate or decerebrate posturing is
present nor any hyper-reflexia, and there are no Babinski’s
signs to indicate the presence of an intrinsic brain stem
lesion.

Another potential source of confusion is the differentia-
tion of AIDP without cranial neuropathy from an acute
transferase myelopathy with spinal shock. Interruption of
the descending motor tracts due to an acute transection
of the spinal cord not only produces a paralysis below
the level of the lesion but also causes a loss of all reflex
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activity. Tendon reflexes are lost, and initially there is no
Babinski’s sign. However, Babinski’s signs generally appear
within a matter of hours to a few days at most, helping to
differentiate between the two. Also, in patients with acute
transverse myelopathy, there is a well-defined sensory level,
whereas in those with AIDP there is minimal if any sensory
loss, which is generally distal with no sensory level.

Episodic Weakness Syndrome
There are a number of unusual syndromes in which weak-
ness is intermittent or fleeting. These are listed in Table
15-15. Because of the phenomenon of fatigability and re-
covery after rest, the patient with myasthenia gravis may
complain of episodic weakness. Myasthenia gravis is sel-
dom confused with these other disorders because of the
features mentioned previously and the predilection of the
weakness for the ocular and cranial muscles. An episodic
hemiparesis is more apt to lead to confusion. The most
common cause of this is transient ischemic attack, but the
potential for confusion is greater with partial motor sei-
zures or hemiplegic migraine. These entities can be differ-
entiated clinically by paying careful attention to the mode
of onset and the course of the weakness. Transient is-
chemic attack produces an abrupt and simultaneous onset
of weakness in all the muscles that will be affected during
the attack. A partial motor seizure may become manifest as
an inhibition of motor function, producing a stepwise pro-
gression of weakness from one body part to the next
(“march”) over many seconds to a few minutes as the wave
of excitation or inhibition spreads along the cortical motor
strip. The more common clonic jerking of the limbs may
be followed by a postictal weakness (Todd’s paresis) that
lasts minutes to hours. The weakness of hemiplegic
migraine takes even longer to develop than the inhibitory
seizure, usually requiring several minutes to reach its
completion.
TABLE 15-15

Episodic Weakness—Differential Diagnosis

DISORDERS KEY FEATURES

Common

Transient ischemic attack All symptoms begin at once

Less Common

Partial motor seizure
with Todd’s paresis

Gradual “march” of symptoms in seve
to a few minutes

Hemiplegic migraine Gradual development over several min
Myasthenia gravis Fatigability, recovery with rest; predile

cranial muscles
Hysteria Normal reflexes
Cataplexy Triggered by emotion; association with

narcolepsy; episodes very brief
Sleep paralysis Narcolepsy; terminated by touch
Drop attacks Sudden loss of postural tone without lo

Rare

Periodic paralysis Familial
Hypokalemic Nocturnal occurrence; lasts hours to
Hyperkalemic with myotonia Myotonia induced by exposure to co
Hyperkalemic without myotonia More frequent; provoked by rest aft
Normokalemic More severe and prolonged than hyp
Psychogenic paralysis can usually be readily diagnosed
by the normal state of the reflexes and the nonanatomical
distribution of sensory loss. When they are distracted or
think they are unobserved, patients with this form of
paralysis can usually be observed to move or use the
affected body part in a way that should not be possible.
The cataleptic attack is sudden and brief and is usually trig-
gered by emotion. The history reveals other features of the
narcolepsy syndrome. Another feature of narcolepsy is
sleep paralysis. The attack generally occurs when the
patient is beginning to arouse and awaken early in the
morning. As the patient becomes aware of his or her sur-
roundings, it is apparent that he or she is paralyzed and
cannot move or talk, although respiration is unaffected.
This attack can be aborted by an external stimulus, usually
touch; sometimes the patient can abort the paralysis by
imagining a touch. This phenomenon differentiates the
attack of sleep paralysis from periodic paralysis (see later
discussion). An attack of sleep paralysis may also be
accompanied by frightening hallucinations (hypnogogic
hallucinations).

The term drop attack refers to sudden falling spells with-
out warning, loss of consciousness, or postictal symptoms.
These attacks are very brief and are presumed to result
from a sudden loss of muscular strength due to dysfunction
of the corticospinal tracts at the level of the pyramidal
tracts in the medulla or the high cervical cord. The attacks
may result from brief ischemia to this region as in a verte-
brobasilar ischemic attack or transient compression by
excessive movement of the odontoid in a patient with an
unstable atlantoaxial articulation. The ligament holding
the odontoid in place may be destroyed by rheumatoid
arthritis or trauma, and certain movements of the head,
especially extension, can cause the odontoid to transiently
compress the cervicomedullary junction. Similar attacks
of tetraparesis can also occur in the chronic cerebellar ton-
sillar herniation characteristic of the Chiari malformation
DIAGNOSTIC TESTS

Carotid ultrasound

ral seconds EEG

utes; family history
ction for ocular and Tensilon test, repetitive stimulation test

other features of Sleep study

Sleep study
ss of consciousness MRI, magnetic resonance angiography, x-ray of

cervical spine with flexion-extension, EEG

Serum Kþ
days Carbohydrate load after exercise
ld KCl load
er exercise
erkalemic KCl load
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or in patients with severe congenital cervical spinal steno-
sis during Valsalva maneuvers or after falls. In the latter
examples of mechanical compression, the weakness is gen-
erally more prolonged than it is in the classic drop attack,
in which the person is immediately able to get to his or
her feet after hitting the ground. There is also a syndrome
of idiopathic drop attacks in elderly women that has a
benign prognosis.

By definition, drop attacks occur without loss of con-
sciousness, but in practice it may be difficult to differenti-
ate these from akinetic seizures or certain varieties of
syncope in which the loss of consciousness is so brief
that it is difficult for the patient to decide whether he or
she lost consciousness or not. One must probe very care-
fully to elicit a history of a brief warning to identify syn-
cope or obtain an electroencephalogram to rule out an
akinetic seizure.

The most interesting and rare disorders causing episo-
dic weakness are the periodic paralyses, which are asso-
ciated with genetic disorders of the potassium and
sodium channels. In the large majority of cases, these
disorders are familial and autosomal dominant. Currently,
they are classified according to the level of serum pot-
assium during the attack (see Table 15-15). During an
attack, variable weakness of the limbs occurs, and
usually the legs are affected before the arms. Then the
weakness may progress to affect the trunk muscles, but
the diaphragm, sphincters, and cranial and ocular muscu-
lature are generally spared. The attack usually evolves
over minutes to several hours and may last a few hours
if the attack is mild or several days if it is severe. These
forms of paralysis can also be distinguished from each
other by the factors that provoke an attack of weakness,
the duration and severity of the attacks, and the presence
of myotonia.
GENERAL MANAGEMENT GOALS

Treatment of Weakness
The occupational therapist and physical therapist can offer
help that is of paramount importance in the rehabilitation
of the patient with weakness. Strengthening and stretching
exercises maintain the weak muscles in maximum tone
and keep the joints from developing contractures, which
further limit movement. The patient can be trained to use
adaptive movements to facilitate function and to use canes
and walkers, assessing which ones produce the maximum
benefit. Splints and braces can be used to stabilize the
joints.

Treatment of Spasticity
A number of options are available for the treatment of
spasticity that interferes with gait or produces uncomforta-
ble spasms, such as the flexor spasms typical of spinal cord
lesions. It must be emphasized, however, that spasticity
may be helpful in compensating for weakness, especially
in gait. Overzealous treatment of spasticity may in fact
cause a decrement in function, particularly gait, especially
when drugs with systemic effects are used. The deve-
lopment of botulinum toxin injections offers the option of
targeting muscles to avoid the deleterious effects of drugs
on helpful spasticity.

Drugs with systemic effects are now used primarily in
patients who are confined to a wheelchair or bed. These
drugs are used to facilitate relaxation of muscles, allowing
easier transfers from bed to chair and facilitating hygiene
as well as alleviating painful flexor spasms; however, the
effects may be of marginal benefit to some patients when
one considers the rather high frequency of side effects.47

The drugs used are baclofen, diazepam, tizanidine, and
dantrolene.

Injections of botulinum toxin into spastic leg adductors
can facilitate nursing care48; injections into the arm mus-
cles can relieve painful spasms.49 Injections of botulinum
toxin into specific muscles can also be used in ambulatory
patients to facilitate normal gait patterns while preserving
spasticity in muscles that are necessary for walking. Injec-
tions into the gastrocnemius-soleus muscle can facilitate a
conversion from toe walking to plantigrade foot placement.
Botulinum toxin injections are useful when a dynamic
spasticity is present but very little, if any, permanent con-
tracture. If a fixed contracture has developed, it may be
necessary to release the contracted tendons surgically.
These procedures are most commonly done to release the
Achilles, adductor, and hamstring tendons. Implantation
of pumps for the continuous infusion of intrathecal bac-
lofen for severe spasticity not amenable to targeted injec-
tions of botulinum toxin has shown promise in properly
selected cases.50
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HISTORY AND DEFINITIONS

In an attempt to distinguish the class of motor disturbances
resulting from lesions of the basal ganglia, Kinnier Wilson
coined the term extrapyramidal in his famous 1912 article1

describing hepatolenticular degeneration, now known as
Wilson’s disease. This term was widely adopted thereafter
and continues to be used today. The extrapyramidal system
refers to the basal ganglia with their anatomical connections,
and extrapyramidal disorders are hypokinetic and hyper-
kinetic states that ensue from lesions in these anatomical
sites. Unfortunately, these terminologies are not absolutely
accurate, and extrapyramidal is more a functional concept
than a purely anatomical one. There are many other motor
pathways that are anatomically extrapyramidal and yet not
necessarily related to the basal ganglia, including cerebellar,
reticulospinal, vestibulospinal, and rubrospinal pathways.
Furthermore, most outflow from the basal ganglia goes to
the cerebral cortex via the thalamus and eventually influ-
ences the pyramidal system. In fact, a lesion of the pyramidal
system that results in paralysis will eliminate the abnormal
movements that originate from a basal gangliar disturbance.
Another problem with the term extrapyramidal is the differ-
ent ways it is used, creating ambiguity and possible mis-
understanding. Although Wilson conceived of the term to
refer to all types of hypokinetic and hyperkinetic disorders,
psychiatrists today usually use the term extrapyramidal side
effects to represent only drug-induced parkinsonism.

The term movement disorder largely replaces the older
term extrapyramidal disease because it is more descriptive
and accurate. Almost all movement disorders stem from dis-
turbances in the basal ganglia or their connections, but there
are important exceptions. Myoclonus is one major example
of a movement disorder of brain stem, cortical, or spinal cord
origin, and conditions such as painful legs/moving toes and
the so-called jumpy stump syndrome emerge from injuries
to the peripheral nervous system.

Movement disorders are clinically characterized by hypo-
kinesia or hyperkinesia, and sometimes both. Hypokinesia
technically means decreased amplitude of movement, but
it is used also to represent bradykinesia (decreased speed
of movement) and akinesia (absence of movement). The
important element in hypokinesias is paucity of move-
ment in the absence of weakness or paralysis. Hypokinesia
is the hallmark of parkinsonism, a term that broadens
hypokinesia when it is associated with tremor, rigidity,
or balance problems. Hyperkinesia means excessive move-
ment and generally refers to a wide variety of abnor-
mal involuntary movements or dyskinesias. Occasionally,
some syndromes have a combination of hypokinetic and
hyperkinetic components, such as the rare syndrome of
rapid-onset dystonia-parkinsonism.2 Hyperkinetic volun-
tary movements, which are common in attention deficit
disorders and some psychiatric disorders such as mania,
are not generally considered as hyperkinesias in this con-
text. The listing of the various hypokinesias and hyperki-
nesias along with definitions of each are presented in
Table 16-1.

Important characteristics used to describe and classify
hyperkinesias include regularity, velocity and duration of
the movements, and their anatomical distribution on the
body. In terms of regularity, tremors are generally rhythmi-
cal to-and-fro movements; likewise, tics and stereotypies
are repetitive movements that are highly predictable in qual-
ity, although intermittent in frequency. In contrast, chorea
is best characterized by rapid movements flowing irregu-
larly from one body part to another without a predictable
pattern. In terms of velocity and duration, rapid movements
include myoclonus, chorea, ballismus, clonic tics, and some
tremors. Slowmovements are dystonic or athetotic, showing
a sustained contraction of muscles, often with a twisting
component. Finally, several hyperkinesias have a propen-
sity to involve certain body regions; for example, tardive
dyskinesia movements almost always affect the lower face
and tongue, and tics tend to be most prominent in the face,
eyes, and neck. Dystonic movements occur in all body
regions but are particularly common in the neck muscles
(torticollis).



TABLE 16-1

List of Movement Disorders

Hypokinesia (Parkinsonism) Poverty of movement in speed or amplitude, synonymous with akinesia and bradykinesia
Pure parkinsonism Akinesia or rest tremor associated with rigidity and/or postural reflex deficits
Parkinsonism-plus Parkinsonism occurring in association with other signs, such as vertical gaze paresis, hypotension

and dysautonomia, apraxias

Hyperkinesias Involuntary movements that occur spontaneously or during activity, synonymous with dyskinesias
Akathitic movements Stereotypic movements (usually legs) that occur in response to internal restless feelings
Athetosis Twisting contorsion, a form of dystonia, usually associated with birth injury or cerebrovascular accidents
Ballismus Violent chorea, involving large muscle groups
Chorea Involuntary rapid and irregular movements
Dystonia Twisting, sustained posture
Hemifacial spasm Unilateral facial contractions
Hyperekplexia response Enhanced and pathological startle
Myoclonus Shocklike jerks, focal or generalized
Stereotypy Repetitive movement, simple or complex
Tics Stereotypy that typically involves face, neck, and vocal apparatus more than other body parts
Tremor To-and-fro oscillation around a joint
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CLINICAL HISTORY

There are several symptoms that are suggestive of hypokine-
sia. Patients report difficulty getting out of chairs, especially
car seats and sofas; trouble turning over in bed; and an over-
all reduced speed of activities of daily living. Patients and
families might interpret slowness as a sign of old age or
early arthritis and not suspect a neurological disorder. Some
patients may misinterpret hypokinesia as weakness. Slow-
ness and fatigue, although they are particularly prominent
in hypokinesia, can be features of depression, catatonia, or
hypothyroidism.

Trouble starting and stopping can also be seen with
hypokinesia. Parkinsonian patients may complain of start-
hesitation or freezing of their feet3 during turning, when
they are trying to reach a target, or when they are passing
through a doorway. Difficulty stopping is the complaint of
patients who have festination as part of hypokinesia, and
these patients have a tendency to build up speed as they
walk, even to the point of running. They cannot stop until
coming to a barrier, such as a wall. The mechanism is con-
sidered to be a combination of the loss of postural reflexes
and the flexed posture, which brings the center of gravity
in front of the feet.

Falling is an important historical feature of movement
disorders, and all adults who fall without ready explanation
should be evaluated neurologically. In parkinsonian disor-
ders, patients eventually develop loss of postural reflexes,
which can lead to poor balance and falling. This problem is
particularly apparent to patients with freezing of gait. Falling
occurs in other movement disorders as well, especially in
patients with Huntington’s disease, in whom loss of postural
reflexes occurs in association with a stuttering, dancing gait.
Truncal ataxia due to cerebellar or proprioceptive impair-
ment may cause a wide-based staggering stance and gait,
which patients interpret as “walking like a drunk.”

Falling is also a common feature of hyperekplexia or
excessive startle syndrome. In this disorder, often inherited
with a defect in the gene for the glycine receptor or trans-
porter,4 a sudden noise or threat can trigger the patient to
either stiffen or to lose muscle tone and then fall. In this
disorder, the patient has an exaggerated startle reflex,5

which can be measured electrophysiologically. If patients
have a delayed reaction to sudden noise or threat, a psycho-
genic problem should be considered.6,7

Another cause of falling is positive and negative myo-
clonus. The positive myoclonic jerk can result in a patient
being thrown off balance. Negative myoclonus, especially
of the thigh muscles when the patient is standing or walk-
ing, produces a bouncing stance, and the sudden inhibitions
of the muscles lead to a fall. Posthypoxic myoclonus is the
most common cause of this type of negative myoclonus,8

and in these cases, patients complain of sudden body jerks
that cause them to lose balance control without warning.

Not knowing what to call the various forms of hyper-
kinesias, patients may use terms such as muscle jerks and
shaking movements to describe their disorder. Only the
examination can definitively differentiate the type of dyski-
nesia, but the history can suggest the most likely categories.
Sudden muscle jerks are usually myoclonus or tics. Rhyth-
mical movements are usually tremors, rhythmical (segmen-
tal) myoclonus, or the repetitive movements of tardive
dyskinesia, such as oral-lingual-buccal dyskinesias, body
rocking, and marching in place. In dystonia, movements
may occur or increase with volitional activity such as writ-
ing, pouring liquids, buttoning, and walking. The timing of
abnormal movements is important to document, especially
with tremors. Parkinsonian tremor occurs while the affected
body part is at rest, such as the hands lying quietly in the
patient’s lap. Postural tremor, associated with many noradre-
nergic drugs, hyperthyroidism, or essential tremor, is seen
when the limb is maintained against gravity and is usually
made worse during activity; it typically worsens with hand-
writing, and the patient often complains of large, sloppy
handwriting. Cerebellar endpoint kinetic tremor is seen
when the patient’s limb attempts to reach a target; this type
of tremor causes extreme sloppiness, spilling, and soiling
of clothes.

In most movement disorders, the onset of symptoms is
insidious, although occasionally patients date them to an
incident such as a frightening event or trauma. An excep-
tion to this rule is hemiballismus, which often is sudden
in onset and related to a cerebrovascular accident involving
the subthalamic nucleus.

Sudden voluntary movement induces some special forms
of dyskinesia. A history of intermittent attacks of dyskinesias
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Figure 16-1. Transverse section of a human brain with basal ganglia
identified. CN, caudate nucleus; GP, globus pallidus; ICa, internal cap-
sule anterior limb; ICp, internal capsule posterior limb; P, putamen;
T, thalamus.
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that arise just as a person stands up or starts to run immedi-
ately raises the suspicion of a paroxysmal dyskinesia,9 such
as paroxysmal kinesigenic dyskinesia. In addition to sudden
movement, startle or hyperventilation can also be the preci-
pitating factor.9 Prolonged exercise can induce attacks of
hyperkinesia as well and leads to the diagnosis of parox-
ysmal exertional dyskinesia.10 Other types of paroxysmal
dyskinesias are more commonly induced by fatigue, stress,
or ingestion of caffeine and alcohol. Paroxysmal nonki-
nesigenic dyskinesias, however, especially those without a
family history, are often psychogenic in etiology.11 Most
psychogenic movement disorders are continual rather than
intermittent and can present as any type of hyperkinesia6

and even hypokinesia12 and gait disorders. There are many
historical clues to suspect the psychogenic etiology of a
movement disorder,6 including their frequent distractabil-
ity, inconsistency of signs, and abrupt, strokelike onset of
the first symptom.13

Medication exposure requires a special place in the clin-
ical history of a movement disorder. The most important
drugs that induce movement disorders are those that are
dopamine D2-receptor antagonists, the so-called dopamine
receptor blocking agents. These drugs can cause acute
dystonic reactions, acute akathisia, drug-induced parkin-
sonism, neuroleptic malignant syndrome, and the tardive
dyskinesia syndromes. The last entity presents a wide variety
of dyskinesias,14 which are characterized by their frequent
persistence even after drug withdrawal. Drugs, and certain
endocrine compounds such as thyroxine, epinephrine, and
insulin that alter noradrenergic tone, can exaggerate phy-
siological tremor. Anticonvulsants can induce chorea, and
valproate may even induce hypokinesia. Cocaine can induce
chorea,15 tics,16 and opsoclonus-myoclonus.17 Levodopa,
the precursor of dopamine, and used to treat Parkinson’s dis-
ease, can induce choreic and dystonic movements (Video
250, Levodopa-Induced Dyskinesias).

Although movement disorders are primary motor condi-
tions, a number of sensory phenomena can occur. Painful
muscle cramps are most often due to neuromuscular dis-
ease18 but can occur with severe rigidity or stiff-person
syndrome.19 Dystonia can sometimes be painful, particu-
larly drug-induced forms. Painful foot cramping due to
dystonic spasms can be an early sign of parkinsonism.20

Also in parkinsonism,21 as well as in tardive syndromes,22

pain may be focal in the oral and genital areas and have a
burning quality or numbness and itching. In patients with
akathisia, a movement disorder associated with a primary
subjective restlessness, patients frequently describe a vague
but intense discomfort in their body with an urge to move
about, and which is relieved by movement. Restless legs
syndrome is characterized by uncomfortable crawling sen-
sations in the legs at the end of the day, with a need to
move to get relief; there is often periodic movement of
the legs during the night while sleeping, often awakening
the patient.

In addition to these historical elements, a careful medical
and family history is important in evaluating hypokinesia
and hyperkinesia. The medical history should include an
evaluation of all body systems, including the brain, because
dementia, psychosis, depression, and various personality
traits such as attention deficit disorder and hyperactivity,
and obsessive-compulsive disorder, can help in diagnosis
and comorbidity analyses. Several primary movement dis-
orders are hereditary, and therefore the creation of a family
tree, focusing on the type of movement disorder the patient
has along with other neurological and psychiatric disorders,
may prove pivotal to the final neurological diagnosis.
ANATOMY OF THE BASAL GANGLIA

The basal ganglia are a group of subcortical nuclei, most of
which are located in proximity to the thalamus and hypo-
thalamus. These regions and their white matter pathways
connect to the cortex and indirectly to descending pyrami-
dal and other spinal cord pathways that modulate motor
and cognitive programs (Figs. 16-1 and 16-2). There is no
dedicated basal ganglia-spinal tract, and the so-called final
common pathway for basal gangliar motor function invol-
ves the corticospinal pyramidal tract and the lower motor
neuron (see Chapter 15). Although they are highly com-
plex, these anatomical connections have been schematized
in block diagrams in order to test specific hypotheses
related to hypokinesia and hyperkinesia (Fig. 16-3). The
specific nuclei of primary focus are the caudate nucleus
and putamen, collectively known as the striatum; the glo-
bus pallidus (both internal and external segments, termed
GPi and GPe); the subthalamic nucleus; and the substantia
nigra (pars compacta and pars reticulata).



Figure 16-2. Cross section of a human midbrain with the black band of dark
melanin-rich substantia nigra and the pyramidal tract that lies anteriorly.
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Figure 16-3. Schema of anatomical nuclei and pathways involving the basal
ganglia. Black arrows represent excitation, and shaded arrows represent
inhibition. Note the two primary pathways that leave the striatum—the
“direct” pathway that flows monosynaptically to the GPi and the “indirect”
pathway that has intermediate synapses in the GPe and the subthalamic
nucleus. GPe, globus pallidus external segment; GPi, globus pallidus inter-
nal segment; SNc, pars compacta of the substantia nigra; SNr, pars reticu-
laris of the substantia nigra; STN, subthalamic nucleus; thal, thalamus.
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Basal Gangliar Connections
Anatomical discussions of the basal ganglia usually con-
sider structures in afferent and efferent relationship with
the striatum. The caudate and putamen complex contains
several different neuronal types, the most abundant popula-
tion being the medium spiny neuron, which uses gamma-
aminobutyric acid (GABA) as its neurotransmitter. This
neuron sends its axonal projection out of the striatum and
also has several recurrent axon collaterals that are distri-
buted primarily within its own intrastriatal dendritic field.
In addition, the striatum contains numerous large choliner-
gic interneurons, known as large aspiny neurons, as well as
somatostatin-rich cells that contain nitric oxide synthase
for production of the neuromodulator nitric oxide.23

Cortical and thalamic afferents to the caudate and puta-
men are somatotopically organized and excitatory, using
glutamate as their neurotransmitter.24 The brain stem input
is primarily from the pars compacta substantia nigra (SNc),
a dopaminergic pathway. The SNc is a neuromelanin-rich
structure located dorsal to the pyramidal tracts (crus cere-
bri) in the midbrain. The dopaminergic nigrostriatal fibers
have both an excitatory and an inhibitory effect on target
(GABA-containing) neurons in the striatum. There are two
distinct efferent pathways from the striatum that ultimately
reach the internal segment of the globus pallidus (GPi)
and the pars reticulata of the substantia nigra (SNr). They
are conveniently named the direct and the indirect path-
ways. The effect of the D1 dopamine receptors on medium
spiny neurons in the direct pathway is excitatory. Because
the direct pathway’s monosynaptic GABA efferents from
the striatum to the GPi and SNr are inhibitory, the net effect
of dopamine (and D1 receptors) via the direct pathway is
to inhibit the GPi and SNr. The indirect pathway from
the striatum reaches the same destination but sends GABA
efferents first to the GPe, which then sends GABA efferents
to the subthalamic nucleus. The effect of the D2 dopamine
receptors on medium spiny neurons in the indirect pathway
is inhibitory. The glutaminergic efferents from the subtha-
lamus to the GPi and SNr are excitatory. The net effect of
the indirect pathway on the GPi and SNr is also inhibitory.
It has three inhibitory fibers followed by an excitatory
one. However, the final excitatory pathway from subthala-
mic nucleus to GPi in the indirect pathway is inhibited
because of the three sequential inhibitory pathways reaching
the subthalamic nucleus (see Fig. 16-3). Thus, the ultimate
effect of dopamine from the SNc, whether via the direct or
indirect pathways, is to inhibit GPi and SNr neurons.25

Efferent pathways leaving the basal ganglia from the GPi
and SNr are directed to the thalamus (and subsequently the
cerebral cortex) and to the pedunculopontine nucleus in the
pons (to other subcortical and spinal destinations). The
effect is a tonic inhibitory one via GABAergic cells that
project to the ventral anterior and ventral lateral thalamic
nuclei and, to a lesser extent, to other thalamic regions, as
well as the brain stem. The various influences on GPi pro-
vide phasic modulation of the tonic inhibition on the thala-
mus. The final part of the cortical-basal ganglia-cortical
loop involves the thalamocortical projections, which are
excitatory, probably using glutamate as the neurotransmitter,
and synapse in the motor, supplementary motor, and premo-
tor cortices.26

Intrastriatal Structure
Within the striatum, there is a large neuronal matrix com-
partment, comprising approximately 80% of the striatum,
and a smaller compartment interdigitated with the matrix,
known as striosomes or patches. Both the matrix and the
striasomal neurons receive inputs from dopamine cells
coming from the pars compacta of the substantia nigra.
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Both striatal structures send efferent projections to the GPe,
and these cells all contain enkephalin. In contrast, the matrix
population also sends efferents to the substantia nigra pars
reticulata and the GPi, whereas the striosomal cells project
in large part back to the pars compacta. These projection
cells contain substance P and dynorphin.27

Additional Brain Stem-Cortical Loops
A series of anatomical loops have been identified that are
involved in the genesis of myoclonus, presumably through
transmission of aberrant electrical discharges. A cortical
loop has been proposed involving diffuse areas of the cor-
tex, but predominantly the sensorimotor area, the pyramidal
tract, medial lemniscus, and thalamus, with return fibers to
the cortex. Complementing and interacting with the cortical
loop is the spino-bulbar-spinal reflex, which primarily invol-
ves the brain stem reticular formation. Sensory impulses
entering the spinal cord ascend bilaterally within the spino-
reticular pathway, project to the nucleus reticularis gigan-
tocellularis of the medial medullary reticular formation,
descend within the reticulospinal tract, and eventually
terminate on interneurons at various spinal cord levels,
influencing alpha motor neurons. In several instances of
myoclonus, involvement of nuclei and pathways involving
the cerebellum has also been identified. Specifically, the
network connecting the red nucleus, dentate nucleus, and
the inferior olivary nucleus (triangle of Guillain and Mol-
laret) has been directly implicated as playing a role in
rhythmical palatal myoclonus. In other clinical settings,
myoclonus can be associated with damage to the dentate
nucleus, superior cerebellar peduncles, and the spinocere-
bellar pathways, with preservation of the red nucleus and
olives. Finally, a spino-spinal loop with involvement of
the flexor reflex afferents has been implicated in the gene-
ration of rhythmical myoclonus that occurs in a spinal seg-
mental distribution. In contrast, repetitive, nonrhythmical
jerks resulting in flexion at the trunk, hips, knees, and neck
may be produced by abnormal electrical activity gener-
ated within the cord and transmitted via the propriospinal
system, so-called propriospinal myoclonus.

Neurotransmitters
Although neurotransmitters relate to all neuroanatomical
discussions, they are of particular interest in relation to the
basal ganglia and their function. Much of the basic under-
standing of neurotransmitters in clinical medicine came
from studies of human basal gangliar disorders, and most
medical specialists in this area of neurology have a sound
foundation in neurochemistry and neuropharmacology. Addi-
tional material related to neurotransmitters was reviewed in
the discussion of mood, emotion, and thought (see Chapter 3).
A neurotransmitter is an endogenous chemical that relays
information from one neuron to another through synaptic
release and receptor activation. To qualify as a neurotransmit-
ter, five classic criteria must be demonstrated: (1) presence
within neurons, (2) synthetic pathways with identified en-
zymes, (3) release mechanisms from the neuron into the
synapse, (4) metabolic pathways to effect the removal of the
chemical, and (5) mimicry of neuronal activity by iatrogenic
application of the neurochemical. Few chemicals accepted as
neurotransmitters actually fulfill all criteria within the central
nervous system.

Dopamine
This simple catecholamine is synthesized in four major
central nervous system pathways, and the most important
and most widely understood involves the nigrostriatal
pathway of the basal ganglia. The synthetic pathway for
dopamine is tyrosine—1!dopa—2!dopamine. The rate-
limiting enzyme is tyrosine hydroxylase (enzyme 1), and
the second synthesizing step involves aromatic amino acid
decarboxylase (enzyme 2). Once dopamine is produced in
the nigral cell, it is transported along the axon to the striatal
terminals, where it is released from vesicles into the synaptic
cleft. Dopamine can also be synthesized directly in the nigro-
striated nerve terminal. There are receptors for dopamine on
the striatal cells (postsynaptic receptors) as well as presynap-
tic or autoreceptors on the nigral axon. Depolarization of the
autoreceptor raises the resting potential of the presynaptic
neuron andmakes the neuron easier to depolarize; on the other
hand, the gradient between resting potential and action poten-
tial has been reduced so that the end result is a decreased
release of dopamine. This important mechanism provides
for self-regulation of dopamine function. Activation of the
postsynaptic receptors by dopamine can lead to depolarization
or hyperpolarization, depending on the receptor site. An im-
portant concept for all neurotransmitters, including dopamine,
is that the final result, hyperpolarization or depolarization, is
dependent on both the transmitter and its receptor. The con-
cept of an inhibitory transmitter should be abandoned for the
more accurate concept of an inhibitory interaction between
neurotransmitter and receptor.

Dopamine activity can be increased by four mechanisms:
(1) increased synthesis, (2) increased release, (3) prolon-
gation of neurotransmitter activity, and (4) direct receptor
stimulation. Synthesis of the neurotransmitter can be in-
creased by giving dopa because it is the product beyond
the rate-limiting enzyme and there is ordinarily an abundant
amount of aromatic amino acid decarboxylase in the central
nervous system. When dopa is combined with a peripherally
active decarboxylase inhibitor, more dopa is delivered
across the blood-brain barrier and can be used to synthesize
central dopamine. Increased release or activity of dopamine
can be effected by drugs such as cocaine, amphetamine,
methylphenidate, amantadine, and possibly some tricyclic
antidepressant medications, all forcing release of presynap-
tic catecholamines or inhibiting the dopamine transporter
enzyme that is utilized to reuptake dopamine from the
synaptic cleft. Inhibiting the dopamine transporter prolongs
the activity of dopamine. The reuptake of dopamine into
the presynaptic cell is the normal route for terminating dopa-
mine’s action. Dopamine is metabolized by two enzymes,
monoamine oxidase (MAO) and catechol-O-methyltransferase
(COMT). The degradation product of dopamine by the
action of these two enzymes is homovanillic acid. Prolonga-
tion of dopamine activity can also be effected by blocking
the activities of these enzymes. Finally, direct activation of
the dopamine receptors on the striatal cell can be induced
by agonists such as bromocriptine, pergolide, and other
drugs. Importantly, orally administered dopamine has no
place in altering the central nervous system dopamine levels
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because, being a positively charged molecule, it cannot cross
the blood-brain barrier.

Dopamine function can be antagonized by three basic
mechanisms: (1) decreased synthesis, (2) decreased release,
and (3) blockade of dopamine receptors. Alpha-methyl
para-tyrosine inhibits the synthesis of dopamine by block-
ing the rate-limiting enzyme tyrosine hydroxylase. Because
this is also the rate-limiting enzyme for the synthesis of
norepinephrine, the use of this drug has widespread effects
on the autonomic nervous system. Vesicular packaging of
dopamine for proper release is blocked by reserpine and
tetrabenazine, which inhibit the vesicular monamine trans-
porter. Such blockade exposes cytoplasmic dopamine to
monoamine oxidase, which catabolizes dopamine, thereby
depleting it. These drugs are nonspecific and also inhibit
vesicular storage of norepinephrine and serotonin. Finally,
receptor blockade occurs with phenothiazines or haloperi-
dol. These drugs are relatively specific for the dopaminer-
gic system but are not specific to any one dopaminergic
pathway. Hence, when one tries to block dopamine function
in one region, one may also block dopaminergic function in
other basal gangliar and nonbasal gangliar systems. Dopa-
minergic pathways include the nigrostriatal, mesolimbic,
mesocortical, and hypothalamic circuit involving prolac-
tin. Many of the side effects of these potent drugs can be
explained by these overlap effects.

Dopamine receptors fall into two major categories, those
associated with (D1 group) or independent of (D2 group)
adenyl cyclase. The D1 group includes receptor types D1

and D5, and the D2 group includes D2, D3, and D4. In rela-
tionship to the striatum and its double dopaminergic input
from the substantia nigra, the direct pathway involves the
D1 receptors and the indirect pathway involves D2 systems.

Acetylcholine
Acetylcholine is synthesized from dietary choline, and
acetyl coenzyme A by the enzyme choline acetyltransfer-
ase (CAT). There are two types of cholinergic receptors
in basal gangliar structures, nicotinic and muscarinic. The
cholinergic interneurons within the striatum are primarily
muscarinic, but nicotinic receptors also populate the stria-
tum as well as other basal gangliar nuclei. Because CAT
is the rate-limiting enzyme, its function cannot easily be
increased. Hence, augmentation of presynaptic acetylcho-
line has remained largely an unrealized dream for neuro-
pharmacologists. The normal metabolism of acetylcholine
takes place within the cholinergic synapse by the extra-
cellular enzyme acetylcholinesterase. The centrally active
acetylcholinesterase inhibitor physostigmine increases the
available acetylcholine at central cholinergic receptors and
increases cholinergic activity transiently. Its use in clin-
ical medicine is limited by its short duration of action, its
usual parenteral use, and its peripheral side effects. Newer
centrally acting cholinesterase inhibitors that can be
administered orally have been developed. These include
donepezil, rivastigmine, and galantamine, all of which are
marketed for impaired memory. Cholinergic receptor anta-
gonists have been available for the muscarinic population
since the 19th century. Originally called belladonna alka-
loids, they block the muscarinic receptors of the pupil as
well as the central nervous system and hence were used in
the past by women who wanted large pupils as a sign of
beauty. Antimuscarinic drugs are used to treat parkinsonism
and dystonia. These agents can impair short-term memory.
Gamma-Aminobutyric Acid
Unlike acetylcholine and dopamine, GABA is a tiny amino
acid that serves both as a neurotransmitter and as an inter-
mediate metabolite in the normal function of cells. GABA
is synthesized from glutamate, another amino acid neuro-
transmitter, by way of the vitamin B6-dependent enzyme,
glutamate decarboxylase. The presence of this enzyme has
helped investigators in deducing whether GABA is present
in a cell as a neurotransmitter or as a metabolite in other cell
functions. The metabolism of GABA can proceed by two
paths, via GABA transaminase or via the Krebs cycle.

GABAergic cells have a dense representation within the
basal ganglia. Striatal GABAergic cells coexist with either
substance P or enkephalins and send axons to the substantia
nigra pars compacta and reticulata and to the external and
internal globus pallidi. The pathways from the external
globus pallidus to the subthalamic nucleus and from the
internal globus pallidus to the thalamus also use GABA. In
all known systems, GABA appears to interact with its
receptor systems to inhibit or hyperpolarize.
Glutamate
This amino acid has high depolarization potential in many
neuronal populations. Like GABA, it is an intermediate in
cellular metabolism, so the presence of glutamate in a cell
does not necessarily suggest neurological activity. As a neu-
rotransmitter, however, glutamate functions with its re-
ceptors in an excitatory or depolarizing system at primary
afferent nerve endings, the granule cells of the cerebellum,
the dentate gyrus, and the corticostriatal and subthalamopal-
lidal pathways important to basal gangliar function. The
differentiation between glutamate-containing and aspar-
tate-containing neurons is difficult with current technology.
Glutamate activates receptors sensitive to N-methyl-
D-aspartate (NMDA), kainate, or quisqualate (non-NMDA).
Norepinephrine
This catecholamine neurotransmitter has its main cell
populations in the hypothalamus, the lateral tegmentum,
and the locus ceruleus. It is synthesized from dopamine,
and therefore it shares the same enzymes, including the
rate-limiting tyrosine hydroxylase. Norepinephrine, how-
ever, has a unique enzyme associated with its synthesis
called dopamine b-hydroxylase that transforms dopamine
into norepinephrine. The presence of this unique enzyme
is the primary way that noradrenergic cells are identified
in the central nervous system. Norepinephrine is released
from vesicles and activates two primary receptor systems,
a and b. Like dopamine, norepinephrine is removed from
the synapse by active reuptake into the presynaptic cell
and then is metabolized by two enzymes, MAO and COMT.
The final metabolic product of norepinephrine is 3-methoxy-
4-hydroxymandelic acid (vanillylmandelic acid), although
another metabolite, 3-methoxy-4-hydroxyphenyleneglycol,
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is often followed as the preferred marker of central nervous
system norepinephrine metabolism. The noradrenergic
system is more fully discussed in Chapter 3.
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Figure 16-4. Schema of hypokinesia, with reduced input from SNc,
enhanced activation of the excitatory subthalamopallidal fibers in the
indirect pathway, and reduced function of the direct pathway. Output from
the GPi is enhanced with more inhibition at the level of the thalamus and less
activation of the cortex. For abbreviations, see the legend to Figure 16-3.

Cerebral cortex
Serotonin
This indolamine neurotransmitter has its main cell bodies in
the dorsal raphe nucleus of the brain stem as well as the
spinal cord, hippocampus, and cerebellum. In parallel to
dopamine, it is synthesized by a two-step process, first
with a rate-limiting enzyme and then a general enzyme.
The first step takes tryptophan to 5-hydroxytryptophan
(5-HTP) with the rate-limiting enzyme, tryptophan hydroxy-
lase. The second step takes this intermediate to serotonin
(5-hydroxytryptamine [5-HT]) by aromatic amino acid
decarboxylase, which is the same enzyme involved in dopa-
mine synthesis. There are several types of serotonin recep-
tors spread throughout the brain, and they are classified
by their location, enzymatic linkage, and propensity for var-
ious ligands. Serotonin is metabolized like the catechola-
mines, by active reuptake into the presynaptic cell and then
metabolism by MAO (see also Chapter 3).

Basal Gangliar Interactions with the Cerebellum
Besides the basal ganglia, the cerebellum also has profound
influences on motor function. Major cerebellar outflow
paths converge on the ventral anterior and ventral lateral
nuclei of the thalamus, and hence, these nuclei serve as a
coordination center for the basal ganglia and cerebellar
inputs to the cortex. Similar to the basal ganglia, the cere-
bellum influences the pyramidal system primarily through
thalamocortical projections, and when cerebellar lesions
occur, patients are poorly coordinated but are not weak.
The cerebellar system, however, functions differently from
the basal ganglia in that it has its own direct afferent paths
from the entire cortex as well as the spinal cord. The cere-
bellum appears to be important for rapid corrections of gross
motor movements, whereas the basal ganglia affect auto-
matic movements and more complex motor controls. As
such, the prototype of a cerebellar lesion is sloppy execu-
tion (dyssernergia) of simple motor tasks and terminal
tremor, but without the superimposition of other abnormal
involuntary movements (see Chapter 17).
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Figure 16-5. Schema of hyperkinesia, diminished activation of the excita-
tory subthalamopallidal fibers in the indirect pathway, and enhanced func-
tion of the direct pathway. Output from the GPi is decreased, with less
inhibition at the level of the thalamus and more motor activation of the
cortex. For abbreviations, see the legend to Figure 16-3.
Anatomical and Physiological Hypotheses for
Hypokinesia and Hyperkinesia
Based on these data, models of hypokinetic and hyper-
kinetic disorders have been proposed and examined in
animals as well as in humans. In monkeys treated with the
toxinN-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP),
dopamine neurons are selectively damaged and profound
hypokinesia develops, and pathologically there is highly
focused damage of the pars compacta substantia nigra
(Fig. 16-4). Physiologically, as predicted by a resultant
enhancement of the indirect pathway and a diminished
influence of the direct pathway, the degenerated pars com-
pacta and the associated loss of striatal dopamine lead to
increases in the neuronal discharge of the subthalamic
nucleus and tonic discharges from the GPi. The resultant
enhanced inhibition of the thalamus reduces cortical activation
and correlates with reduced volitional movement in these
experimental animals. In concert, there appears to be an
altered phasic responsiveness by the GPi to proprioceptive
stimuli. Numbers of responding cells increase, and the
receptive field becomes less specific, with loss of direc-
tional effects and responses from multiple joints. It has been
suggested that such changes account for rigidity and for
altered timing and coordination of volitional movements in
hypokinesia. Direct lesioning or high-frequency stimulation
of the subthalamic nucleus, GPi, and thalamus can relieve
hypokinesia (see Chapter 34).

The same anatomophysiopharmacological model has
been applied to hyperkinesia as well, with the disorder
Huntington’s disease serving as the prototype (Fig. 16-5).
In this case, the primary driving aberration involves the
indirect striatal pathway with selective loss of the GABA-
enkephalin-containing cells projecting from the striatum
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to the GPe. Resultant overactivation of GPe excessively
inhibits the subthalamic nucleus; the thalamus is no longer
inhibited, with resultant overexcitation of cortical signals
and hyperkinesia. Evidence that this model is sound for
at least some forms of hyperkinesia includes the known
pathological changes in Huntington’s disease, the cessation
of hyperkinetic drug-induced dyskinesias in Parkinson’s
disease patients after lesions of the GPi, and the well-
documented induction of ballistic hyperkinesias after
destruction of the subthalamic nucleus. However, the large
variety of dyskinesias is not explained by this model.
EXAMINATION OF HYPOKINESIA AND
HYPERKINESIA (Table 16-2)

Directed Neurological Examination
In assessing hypokinesia or hyperkinesia, the directed
neurological examination aims to categorize the disorder
phenomenologically and to detect the activities that maxi-
mize abnormal movements. With this information and
support from appropriate diagnostic tests (see Part Two,
Neurodiagnostic Tools), the diagnosis of a movement dis-
TABLE 16-2

Clinico-anatomical Correlation of Disorders Associated with

HYPOKINETIC OR
HYPERKINETIC
FINDING

COMMON ANATOMICAL OR
NEUROCHEMICAL LESION OTHER NEURO

Hypokinesia

Parkinsonism—pure Degeneration of substantia nigra None
Blockade of striatal dopamine

receptors
If drug induc

dystonia in
Parkinsonism-plus Multifocal or diffuse neuronal

degeneration with or without
degeneration of substantia nigra

Progressive s
gaze paresi

Multiple syste
dysautonom

Hyperkinesias

Tremors Postural and action tremor:
heightened activity of central
noradrenergic systems

If hyperthyro
sweating; p

Cerebellar kinetic tremor: white
matter lesions in cerebellum or
brain stem

May have oth
nervous sy
optic atrop

Chorea Striatal degeneration Dementia
Striatal dopaminergic

hypersensitivity
Psychotic beh

Ballism Subthalamic nucleus lesions Weakness
Tics and sterotypies Dopaminergic hypersensitivity—site

unknown
Attention def

compulsive
Mental retard

Dystonia Putamen lesions, pallidal lesions, or
no specific lesion

Usually no ot
Tremor and c

Athetosis Globus pallidal lesion Weakness
Thalamic lesion

Myoclonus Cortex, brain stem, or spinal cord Epilepsy
Palatal myocl

Hemifacial spasm Cranial nerve VII or no specific
lesion

Mild weaknes
order by specific name and etiology can be determined
(see Chapter 34). In assessing hypokinesia or hyperkinesia,
three primary testing paradigms are used: (1) rest, (2) main-
tenance of a static posture, and (3) volitional activity.
Muscle tone is determined at rest, with attention to changes
with posture or activity. A final task that is requisite to any
evaluation of hypokinesia or hyperkinesia is walking
because this activity integrates several functions, and specific
patterns of gait dysfunction are particularly helpful in
characterizing a movement disorder.

Patient at Rest
The patient needs to be observed sitting quietly in a com-
fortable position; occasionally, it is necessary to observe
the patient lying supine. In assessing the rest position, be
certain that the extremities are fully relaxed and supported
so that the patient is not holding a posture. When engaged
in conversation, most individuals have spontaneous ges-
tures of their hands, often cross one leg over the other,
and smile when chatting. In hypokinetic disorders, there
is a paucity of movement, including lack of normal gestur-
ing and spontaneous movements. The face is hypomimetic,
with lack of expression, and there is reduced rate of blinking.
Hypokinesia and Hyperkinesia

LOGICAL AND MEDICAL FINDINGS SELECTED COMMON ETIOLOGIES

Parkinson’s disease
ed, may have chorea or
addition to parkinsonism

Drugs: usually neuroleptics

upranuclear palsy: vertical
s

Primary neurodegenerative condition

m atrophy: hypotension,
ia, and impotency

id, will have anxiety, increased
roptosis

Hyperthyroidism
Prescription drugs
Illicit drugs
Essential tremor

er signs of white matter central
stem illness, Lhermitte’s sign,
hy, pyramidal signs

Multiple sclerosis
Vascular disease

Huntington’s disease
avior or depression Tardive dyskinesia

Vascular disease
icit disorder, obsessive-
behaviors

Gilles de la Tourette syndrome

ation Rett syndrome, Angelman’s syndrome
Down syndrome

her signs Idiopathic torsion dystonia
horea Neuroleptic tardive dyskinesia

Cerebrovascular accident

Cortical myoclonus
onus Reticular myoclonus

Segmental myoclonus
s of facial muscles Usually idiopathic, can have

compressive lesions
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Rest tremor, if present, is elicited when the hands and feet
are completely relaxed (Video 59, Rest Tremor).

In hyperkinesias, key information is obtained by obser-
ving the patient at rest in complete repose without talking.
Relaxing these patients and finding the best rest position
can be a challenge. It is important to recognize that a sit-
ting position is one of rest for the extremities but one of
activation for the neck and trunk. In dystonia, in which
movements are often absent during rest and activate with
a maintained posture, the examiner must be particularly
vigilant to correctly identify postures that are resting and
active. As such, in truncal dystonia, a kyphotic posture
may be present when the patient is sitting erect or standing
in seeming repose because the trunk muscles are activated
in these positions. To test for resolution or diminution in
the rest posture, these patients must lie supine or prone.
Likewise, neck hyperkinesias must be studied with great
care to achieve a rest position. Cervical dystonia may be
prominent with the patient quietly sitting, but in fact, the
neck muscles are very active in the sitting posture and
the rest position for the neck requires head support, such
as the patient resting the back of the head against a wall
or high-backed chair (Video 52, Torticollis).

Many other hyperkinesias are present at rest, such as
athetosis (Video 257, Post-Hemiplegic Athetosis), ballism,
chorea (Video 18, Limb Chorea), moving digits, myokymia,
and tics (Video 36, Simple Tics). Patients with akathisia
resist sitting quietly because the urge to move increases,
and even when instructed to remain still, they persist with
movements such as caressing the scalp, crossing and uncros-
sing the legs, spontaneously standing up, and even moaning.
Involuntary vocalizations that occur in tic disorders or gasp-
ing choreic sounds may be audible when the patient is sitting
comfortably, and voluntary phonic sensory tricks, used by
dystonic patients to break sustained contractions of the
eyelids, jaw, or pharynx, occur frequently when the patient
is sitting quietly.

Importantly, tics are highly influenced by environment,
and patients are usually able to suppress their tics at least
partially in the presence of the observer. Encouraging them
to sit in a restful position in a quiet room, especially in iso-
lation with a video camera running, may permit an obser-
ver to appreciate a wide variety of tics, both motor and
phonic, that otherwise would not be documented in the
neurological examination.

If myoclonus or a heightened startle reflex is suspected,
the investigator should suddenly clap the hands or drop a
book on the floor to surprise the patient. Such a maneuver
should be performed with the patient sitting and not stand-
ing because patients can have both positive jerks and nega-
tive myoclonus, the latter associated with loss of postural
tone and falling.

Maintenance of a Posture
Postural tremor is maximized when the patient assumes
and attempts to maintain a posture (Video 60, Marked Pos-
tural Tremor). In the case of a patient with hand tremor,
there may be no tremor at rest, but when the hands are out-
stretched, a fine or coarse tremor develops. Patients with
myoclonus may extend their arms well and maintain them
for several seconds, when suddenly a lightning-like jerk
displaces their shoulder or upper arm (Video 57, Myoclo-
nus). These myoclonic jerks may be so brisk as to cause the
patient to drop objects or fling them. With postural tremors,
during the finger-to-nose test, finger oscillations will be seen
as the patient moves from the finger to the nose, but at
each endpoint, the tremor abates and the subject effectively
hits the target without dyssynergia. During handwriting,
as the hand assumes the writing posture, tremor occurs and
a large, shaky signature develops. Dystonic patients also
develop tremor often when they are forced to maintain a
posture that activates their dystonia. This dystonic tremor
is believed to be the patient’s own compensatory movement
to overcome the dystonia. Therefore, the tremor can usually
be maximized in the position that opposes the natural dys-
tonic contraction and minimized or even aborted completely
in the position of natural dystonic deformity. One of the clin-
ical hallmarks of chorea is termed motor impersistence, and
patients are unable to maintain a posture without the super-
imposition of random inhibitory pauses in the sustained
voluntary contraction. The tongue darts involuntarily back
into the mouth when the subject tries to maintain it pro-
truded, and when the subject tries to grip the examiner’s
hand or finger with steady pressure, there is uncontrolled
squeezing and release (milk-maid grip).

Execution of Tasks
Many tasks are interrupted by hypokinesia and hyperkine-
sia, and the structured neurological examination of the
motor system usually includes a series of simple maneu-
vers of high yield (Video 51, Parkinsonism in Alzheimer’s
Disease). Finger tapping is slow and cramped in hypokine-
sia, and it is sloppy and overridden with additional move-
ments in chorea or cerebellar dyssynergia. The same task
may precipitate a spasm of contorted hand posture in a dys-
tonic. Likewise, foot tapping brings out the same features
in the lower extremities. Handwriting is useful to evaluate
because bradykinesia causes a slow, small and cramped
parkinsonian script (micrographia); action tremor causes a
large, tremulous signature; and dystonia induces irregular
script and often the patient will need to adjust the pen several
times because of painful spasms or involuntary dystonic
movements. The finger-to-nose task helps distinguish pos-
tural tremor from kinetic or endpoint tremor, which is
usually associated with cerebellar ataxia (see Chapter 17).
In postural tremor, the tremor is seen through the trajectory
movement but the patient’s finger stabilizes at the endpoint
(either the examiner’s finger or the patient’s nose).
The kinetic tremor actually augments at the endpoint.

Speech is another particularly valuable task to evaluate
because it allows the examiner to detect dysarthria, hypo-
phonia, and language disorders and also presents an opportu-
nity as a window of intelligence. Talking is a commonmotor
act that can induce overflow dystonic or choreic movements
elsewhere in the body and can bring out action dystonia of
the tongue, face, or jaw muscles. In many patients with
blepharospasm as a form of dystonia, the forced eyelid
closure may be relieved by talking or humming.

Movement disorders of all types can affect the production
and clarity of speech. In the hypokinetic disorders, decreased
amplitude of speech (hypophonia) and lack of inflection
(aprosody) are most common (Video 49, Hypophonia).
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Hypophonia can become so severe that the voice may be
restricted to a bare whisper. Other speech abnormalities can
also occur in parkinsonism, such as palilalia. In parkinson-
ism, palilalia is the repetition of the first syllables of words;
in patients with Gilles de la Tourette syndrome, palilalia is
manifested by a repetition of phrases (also called palilogia).
Patients with Parkinson’s disease can also have transient
speech arrests in the middle of talking due to the freezing
phenomenon. They can also have tachyphemia, which is
very rapid speech with no pausing between syllables; the
words run together and the listener cannot easily distinguish
them. Myoclonus can interrupt speech. Lingual dystonia
results in impaired, indistinct speech because the tongue
does not move normally. Some patients with oromandibular
dystonia or blepharospasm may make sounds to break the
dystonic contractions; these are basically sensory tricks.

In addition to palilalia, patients with Gilles de la Tourette
syndrome may have echolalia (repeating phrases of others)
or coprolalia (uttering obscenities or fragments of obscene
words), as well as a variety of vocal tics representing words,
sounds, coughs, sniffs, or throat clearing (Video 35, Copro-
lalia). In addition, they may make sudden increased ampli-
tude of their speech, and they can have speech blocks,
which are interruptions of the patient’s conversation that
occur during a sequence of motor tics.

Voice tremor is usually a manifestation of vocal cord
tremor and sometimes vocal cord adductor dystonia. Occa-
sionally, voice tremor is the result of pronounced neck tre-
mor. Tardive dyskinesia of respiratory muscles can also
produce a lack of smoothness of speech.

Speech apraxia can be seen in apractic syndromes, inclu-
ding corticobasal degeneration. Speech is often hesitant
with extra silence between words in this disorder, as it is
in progressive supranuclear palsy.

Movement disorders by themselves do not regularly
cause language difficulties unless some other neurologic
disorder is present, such as dementia. Importantly, although
speech is a relevant aspect of disability in hypokinesia and
hyperkinesia, the clinician must also consider upper motor
neuron, lower motor neuron, and cerebellar disorders in
evaluating speech (see Chapter 6).

Tone
Muscle tone represents the resistance to passive movement
of a joint. Unlike spasticity, which is characteristic of upper
motor neuron disease (see Chapter 15), rigidity, the hallmark
of hypokinesia, is increased tone of both flexor and extensor
muscles. Often, in parkinsonism, there is a cogwheeling
character to the hypertonicity (cogwheel rigidity). Dystonic
patients also have increased tone when the dystonia is active,
although the tone in uninvolved groups is generally normal.
In chorea, the tone is often reduced (hypotonia) and the
excess movements take on a puppet-like quality as they
flow from one body part to another. In patients with tics,
the tone is normal.

Walking
As discussed in greater detail in Chapter 18, gait integrates
numerous neuroanatomical systems, including pyramidal,
extrapyramidal, cerebellar, visual, vestibular, and cognitive
(Video 62, Parkinsonian Gait). In hypokinesia, the patient
has a hunched, flexed posture, and the arms do not swing
well during walking. The steps are small and the patient
tends to walk on the toes (marche petits pas) with a less
forceful heel strike. If the body is flexed forward, there
may be a propulsive running gait (festination) as the patient
attempts to avoid falling forward. Alternatively, the patient
may fall backward or sideways, especially when pivoting
Video 68, Postural Reflex Impairment). In hyperkinesias,
a variety of abnormalities are seen. In chorea, there is a lilt-
ing, stuttering, dancelike quality of walking, often accom-
panied by hypotonic limbs that move too freely with
superimposed random choreic hand or arm movements. In
leg dystonia, walking brings out the spasms, so the patient
may begin normally but, after several seconds or minutes,
develop inversion of the foot, hyperextension of the large
toe, and cramps (Video 65, Dystonic Gait). Tics may abate
during walking or occur during pauses. After assessing
walking, the clinician must test for postural reflexes by
standing behind the patient and giving a brisk pull on the
shoulders (pull test). Patients should be warned and
instructed to resist this postural threat, but in several move-
ment disorders, they will take several steps backward or even
fall. The examiner must be prepared to catch the patient.
Associated Neurological Findings
CEREBRUM. Because the basal ganglia circuits include

the cortex and because the caudate nucleus is particularly
involved with cognition, the cerebral examination can have
important contributory findings in patients with hypokinesia
or hyperkinesia. Bedside screening tests of dementia and
depression are very useful, and an assessment of aphasia,
apraxia, reflex myoclonu, and gnostic sensory loss indicates
likely cortical lesions.

CRANIAL NERVES. Most cranial nerve functions are
retained in hypokinesia and hyperkinesia. Ocular saccades
can be slowed in Huntington’s disease, and vertical conju-
gate gaze paresis should specifically suggest hypokinetic
disorders such as progressive supranuclear palsy. The pres-
ence of square wave jerks of the eyes and decreased optico-
kinetic nystagmus are common findings in progressive
supranuclear palsy. The facial nerve (cranial nerve VII) is
affected in patients with hemifacial spasm, with unilateral
intermittent facial twitching. Tongue protrusion and move-
ments can reveal bradykinesia as a sign of parkinsonism,
tremor as a sign of parkinsonism or other cause of tremor,
and macroglossia as a sign of tardive dyskinesia. Indepen-
dent of speech assessment (see earlier), the palate should
be examined for the possibility of palatal myoclonus.

MOTOR/REFLEXES/CEREBELLAR/GAIT. Most of the
pertinent motor findings in hypokinesia and hyperkinesia
are discussed in the section titled Directed Neurological
Examination. In almost all instances, strength is preserved
and deep tendon reflexes are normal.

SENSORY SYSTEM. Although patients may complain of
pain or altered sensations in hypokinesia and hyperkinesia,
the systematic sensory examination of pain or temperature
and position or vibration senses is generally normal. In cases
of the hypokinetic disorder corticobasal degeneration,
cortical sensory loss and graphanesthesia may occur. In
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the condition painful legs/moving toes, which often is pre-
ceded by peripheral nervous system damage, the sensory
examination shows signs suggestive of neuropathy or radi-
culopathy (see Chapters 19 and 20) (Video 246, Painful
Legs, Moving Toes).

AUTONOMIC NERVOUS SYSTEM. Several movement
disorders are accompanied by dysautonomia, and further-
more, many of the drug treatments for hypokinetic and
hyperkinetic disorders affect autonomic nervous function.
Orthostatic hypotension in the face of hypokinesia, rigidity,
and gait abnormalities suggests multiple system atrophy. In
patients with this condition, the normal tachycardia that
develops on standing does not regularly occur and patients
may actually lose consciousness in the first few minutes on
standing (see Chapters 21 and 34).

NEUROVASCULAR. Most cases of movement disorders
do not have a vascular etiology, but abnormal vascular find-
ings on examination can suggest very specific syndromes.
Small vessel disease in the brain can be a cause of a lower
body parkinsonism with a shuffling gait, so-called vascular
parkinsonism (Video 233, Vascular Parkinsonism). Chorea
can result from systemic lupus erythematosus; flushed skin
and vascular evidence of hyperviscosity suggest polycy-
themia, associated with chorea and ballism; and vascu-
lar neck disease or evidence of cardiac embolic sources
raises the possibility of multifocal strokes that can lead to
parkinsonism or hyperkinesias.

Directed General Examination
The general medical examination provides useful diagnos-
tic information in patients with hypokinesia and hyperki-
nesia. The skin examination in patients with Parkinson’s
disease shows oily facial skin, seborrhea, scaly skin, and
often patches of excessive dryness. Increased salivation
and drooling are typical. The eyes should be examined in
patients with movement disorders to detect the presence of
Kayser-Fleischer rings from copper deposits in the cornea
(Wilson’s disease) (Video 58, High-Amplitude Tremor),
and proptosis and lid-lag suggests hyperthyroidism, which
can be associated with chorea or postural tremors.
EVALUATION GUIDELINES (Table 16-3)

NEUROIMAGING. Many of the primary neurodegenera-
tive movement disorders, whether hypokinetic or hyperkine-
tic, show no abnormalities on magnetic resonance imaging
(MRI) or computed tomography (CT) scans other than mild
to moderate cerebral atrophy. However, in Huntington’s
disease and in neuroacanthocytosis, two conditions asso-
ciated with chorea, there may be focal atrophy of the cau-
date nucleus, leading to the appearance of enlarged lateral
ventricles, without a comparable increase in size of the
temporal horns. Similarly, in multiple system atrophy of
the olivopontocerebellar type, localized atrophy of the pons
and cerebellum may be prominent. In cases of hypokinesia,
the MRI scan shows increased signal intensity in the outer
rim of the putamen on T2-weighted images in multiple sys-
tem atrophy. There is decreased T2 signal from excessive
iron deposition in the globus pallidus in Hallervorden-Spatz
syndrome and in a new entity, neuroferritinopathy, in which
dystonia is a clinical feature.28 MRI and CT scans are parti-
cularly useful in disclosing secondary causes of movement
disorders. Increased T2 signal in the middle cerebellar ped-
uncle occurs in the fragile X associated tremor/ataxia syn-
drome.29 Cerebrovascular accidents, abscesses, and tumors
can be identified, as well as calcium deposition, that may
suggest parathyroid disease, old hemorrhage, or infections.
Hypokinesia caused by carbon monoxide intoxication like-
wise has a characteristic pattern of cystic degeneration of
the globus pallidus. Other neuroimaging techniques may
prove useful in particular situations, such as single photon
emission computed tomography scanning in corticobasal
degeneration, in which focal parietal lobe hypoactivity can
sometimes be detected. Positron emission tomography scan-
ning with the use of selective ligands is used extensively in
research centers to monitor patients with hypokinesia and
hyperkinesia, but it is not used in a regular clinical setting
(see Chapters 23 and 34).

ELECTROPHYSIOLOGY. Electroencephalography (EEG)
is useful in studying any intermittent movement disorder,
but the recording obtained must include episodes of the
patient’s movements in order to determine if there is a corti-
cal event that occurs simultaneously. Cases of paroxysmal
dyskinesias can sometimes be associated with epileptiform
discharges in the contralateral frontal cortical region, and
although they may not be detected in a standard EEG, dou-
ble-density electrodes may provide the phase reversal in-
dicative of a seizure. In myoclonic disorders, the EEG is
important for documentation of a possible associated corti-
cal event at the time of the myoclonic jerk detected by
electromyography (EMG). Sensory evoked potentials and
specialized computerized back-averaging techniques can be
used with simultaneous EMG to clarify the brain stem or
cortical origins. Tremors can be characterized with acceler-
ometer recordings applied over agonist and antagonist muscle
groups. In the evaluation of dystonic patients whowill receive
injections of botulinum toxin (see Chapter 34), the muscles
maximally involved in the spasms can be identified with
EMG needle recordings at the time of the injection. A variety
of research electrophysiological tests are used for the study of
movement disorders and their quantification, but these tests
are largely restricted to specialty centers.

FLUID AND TISSUE ANALYSIS. Few blood and urine
tests are of primary interest in the characterization of move-
ment disorders. Basic electrolytes, complete blood count,
liver function tests, and thyroid function tests are standard
tests that can be helpful screens. In cases of dystonia, tre-
mor, or juvenile parkinsonism in which the specific con-
dition known as Wilson’s disease is considered, 24-hour
urine levels of copper excretion and serum ceruloplasmin
levels are useful. In specific cases, blood ammonia levels,
coagulation profiles, or blood viscosity can be analyzed. In
cases of chorea, unusual tics, or dystonic movement, fresh
blood smear analysis for acanthocytes can be diagnostic.
Childhood aminoacidopathies or other metabolic disorders
with hypokinesia or hyperkinesias are diagnosed with spec-
ialized tests for enzyme levels or storage compounds found
in blood, urine, or various biopsy tissues (see Chapters 30
and 31). For a growing number of genetic illnesses with
movement disorders that include Huntington’s disease,
generalized torsion dystonia, spinocerebellar degenerations,
and dentatorubral-pallidoluysian atrophy, genetic tests can



TABLE 16-3

Useful Studies in the Evaluation of Hypokinesia and Hyperkinesia Syndromes

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY FLUID AND TISSUE ANALYSIS NEUROPSYCHOLOGICAL TESTS

Hypokinesia

Pure parkinsonism In Parkinson’s disease, MRI and
CT are normal; PET scans of
F-dopa can show decreased
uptake

Usually not used. Can study
tremor with accelerometer

Copper, ceruloplasmin, and
thyroid

Can detect depression,
dementia

Parkinsonism-plus
syndromes

In multiple system atrophy,
putamen can have
hyperdensity in T2-weighted
images; SPECT scans can
show decreased activity in
frontal parietal lobe

Rectal EMG may be useful in
multiple system atrophy

In multiple system atrophy
catecholamines can be
studied

Can detect evidence of
dyspraxia, aphasia,
cortical or subcortical
dementia patterns

Hyperkinesia

Postural tremor Normal Tremor can be studied with
accelerometer

Thyroid, drug levels
especially lithium,
amphetamines, and
tricyclic antidepressants

Not usually useful

Action-endpoint
tremor

May show cerebellar white
matter lesions

Evoked potentials may show
evidence of widespread
white matter disease as in
multiple sclerosis

Lithium level; CSF can be
studied for multiple
sclerosis

Not usually useful.
Pseudobulbar affect can
be seen with multiple
sclerosis

Chorea,
choreoathetosis,
and ballism

In Huntington’s disease, there is
reduced volume of caudate
nucleus

Not usually useful Acanthocytes by fresh red
blood smear, thyroid, drug
levels of anticonvulsants

Dementia can be detected,
along with impulsive
behavior and depression

Generalized cerebral atrophy Genetic testing for
Huntington’s disease

Tics and
stereotypies

Normal Not usually useful None used Attention deficit disorder
and obsessive-
compulsive behaviors are
frequent problems in tic
patients

Dystonia Normal, can have lesion in
putamen in some forms of
secondary dystonia

Not usually useful except
EMG is often used to
guide botulinum toxin
injections for therapy

Blood test now can identify
gene in idiopathic torsion
dystonia

Depression and pain can be
important contributors to
disability

Akathisia Normal Not useful Not useful Patients can be psychotic,
depressed, and anxious

Myoclonus Usually normal; in postanoxic
mycolonus, there may be
diffuse cortical and subcortical
damage

EEG helps detect seizures;
also can show diffuse slow
wave activity in
encephalopathies; in
research centers, back-
averaging techniques can
study origin of myoclonus

Electrolytes, calcium,
magnesium, thyroid
function for metabolic
causes of myoclonus

Dementia, difficulties
concentrating

CSF, cerebrospinal fluid; CT, computed tomography; EEG, electroencephalography; EMG, electromyography; F-dopa, fluorodopa; MRI, magnetic resonance imaging; PET,
positronemission tomography; SPECT, single-photonemission computed tomography.
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be diagnostic. In cases of acute onset of disorders, a tox icolog y
screen is essential.

CEREBROSPINAL FLUID. Wher eas alterat ions in var-
ious neuro chemical metabo lites such as homovani llic aci d
(dopa mine) and 5-hydro xyindola cetic aci d (serot onin) are
of research interest in various move ment disorders, their
levels are neither diagnost ic nor usef ul specifica lly in deal-
ing with disease progr ession. Ce rebrospinal flu id drainage
over several days may have diag nostic valu e in normal
pres sure hydrocepha lus, and a benef icial result may have
predict ive valu e in a subse quent vent riculoperit oneal shunt .

NEUROPSYCHOLOGICAL TESTS. These tests help
document cognitive and affective dysfunction that can be
useful in determining diagnoses such as Huntington’s dis-
ease, Alzheimer’s disease, and diffuse Lewy body disease
and also in guiding potential decisions regarding medical
therapy. For example, when movement disorders are asso-
ciated with depression or dementia, drugs that are associated
with side effects such as depression, confusion, or psychosis
need to be avoided or used in reduced doses. Some movement
disorders commonly coexist with specific types of behavioral
patterns, for example, Gilles de la Tourette syndrome and
attention deficit disorder or obsessive-compulsive disorder,
and neuropsychological evaluations complement the neuro-
logical examination in identifying such combinations.

CLINICAL SYNDROMES

Hypokinesia Syndromes ( Table 16-4)
The term hypokinetic syndrome is synonymous with par-
kinsonism. In addition to slowness, parkinsonism, as a
clinical syndrome of multiple etiologies, is manifested by
combinations of several cardinal symptoms and signs



TABLE 16-4

Selected Etiologies Associated with Hypokinesia and Hyperkinesia Syndromes

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Hemiatrophy-hemiparkinsonism 28
Hydrocephalus causing gait dysfunction that resembles parkinsonism
Pseudodystonia can occur in syringomyelia and Arnold-Chiari malformations

Degenerative and compressive Pseudodystonia from atlantoaxial subluxation 29

Hereditary and Degenerative Disorders

Storage diseases: Lipidoses, glycogenoses, and
leukodystrophies

Neuronal ceroid-lipofuscinosis especially type 1, 4, 6, GM1-gangliosidosis type III,
GM2 gangliosidosis, sphingomyelinosis type C

30

Amino/organic acidopathies, mitochondrial
enzyme defects, and other metabolic errors

Mitochondrial disorders, Leigh’s disease, glutaricacidemia, methylmalonicacidemia,
homocystinuria, Hartnup’s disease, Lesch-Nyhan syndrome

31

Chromosomal abnormalities and neurocutaneous
disorders

Fragile-X syndrome, Rett syndrome, Down syndrome, tuberous sclerosis 32

Degenerative dementias Huntington’s disease, Alzheimer’s disease, Pick’s disease 33
Movement disorders Parkinson’s disease, progressive supranuclear palsy, multiple system atrophy,

Huntington’s disease, Gilles de la Tourette syndrome, essential myoclonus,
dystonia, hemifacial spasms

34

Ataxias Spinocerebellar ataxias 35
Degenerative motor, sensory, and autonomic

disorders
ALS-Parkinson-dementia complex of Guam 36
Tremors in Charcot-Marie-Tooth and Roussy-Levy diseases

Hereditary nondegenerative neuromuscular disease Neuromyotonias can appear as pseudodystonias 37

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Hyperthyroidism, hypothyroidism, hypoparathyroidism, hyperparathyroidism,
diabetes, hypoglycemia, hyperglycemia, hyperestrogen states including pregnancy

38

Exogenous acquired metabolic disorders of the
nervous system: Toxins and illicit drugs

Lead, mercury, manganese, methyl alcohol, toluene, trichlorethane, carbon
tetrachloride, carbon monoxide, MPTP, cocaine, amphetamine derivatives

39

Nutritional deficiencies and syndromes associated
with alcoholism

Alcohol, thiamine deficiency, vitamin B12 deficiency 40

Infectious Disorders

Viral infections Influenza (encephalitis lethargica) 41
Nonviral infections Abscess, encephalitis, vasculitis (Sydenham’s chorea) 42
Transmissible spongiform encephalopathies Creutzfeldt-Jakob disease, kuru 43
HIV and AIDS AIDS encephalopathy, opportunistic infections and abscesses 44

Neurovascular Disorders

Cerebrovascular accidents, AVMs 45

Neoplastic Disorders

Primary neurological tumors Primary tumors affecting basal ganglia or white matter connecting pathways 46
Metastatic neoplasms and paraneoplastic

syndromes
Metastatic tumors affecting basal ganglia or white matter connecting pathways;
stiff-person syndrome as perineoplastic syndrome

47

Demyelinating Disorders

Demyelinating disorders of the central nervous
system

Multiple sclerosis (especially paroxysmal dyskinesias and cerebellar tremor) 48

Demyelinating disorders of the peripheral nervous
system

Distal chorea can develop in patients with peripheral neuropathy 49

Autoimmune and Inflammatory Disorders Sydenham’s chorea, systemic lupus erythematosus, chorea, stiff-person syndrome 50

Traumatic Disorders Dystonia, pugilist encephalopathy causing parkinsonism-plus, stump dyskinesia,
painful legs/moving toes

51

Epilepsy Epilepsia-related paroxysmal dyskinesias. Tremor can be a sign of epilepsia
partialis continua. Myoclonus can be part of the myoclonic epilepsies

52

Sleep Disorders REM-behavioral disorder, restless legs 54

Drug-Induced and Iatrogenic Neurological Anticonvulsants, lithium, tricyclic antidepressants, phenothiazine antipsychotics,
narcotics, methotrexate, metoclopramide, oral contraceptive

55
Disorders

AIDS, acquired immunodeficiency syndrome; ALS, amyotrophic lateral sclerosis; AVM, arteriovenous malformation; HIV, human immunodeficiency virus; MPTP, 1-methyl-
4-phenyl-1,2,3,6 tetrahydropyridine.
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(Table 16-5). At least two of the cardinal features should
be present before the syndromic diagnosis of parkinsonism
is made, with one of them being hypokinesia or tremor at
rest. Parkinsonism can occur in isolation without other neu-
rological signs, or it can occur as part of a larger neurological
syndrome, termed descriptively Parkinson-plus syndromes.
The specific diagnosis depends on details of the clinical
history, physical examination, and laboratory findings (see
Chapter 34).

Parkinsonism
Primary parkinsonism, or Parkinson’s disease, is the most
common type of parkinsonism encountered by the neurologist,



TABLE 16-5

Cardinal Features of Parkinsonism

Tremor at rest
Rigidity
Bradykinesia/hypokinesia
Flexed posture of neck, trunk, and limbs
Loss of postural reflexes
Freezing
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but drug-ind uced parkinso nism is proba bly far more pre-
valen t. Dopamine recepto r antagoni sts, which are usually
pres cribed for psycho tic behavi or but occas ionally for
gastroi ntestinal distur bance s, are the likely causa tive agents.
In these forms of primary and secon dary parkinso nism, the
syndr ome usually occurs in isolat ion, without othe r neurolo-
gical signs. Hypokine sia is manifested craniall y by mas ked
facies (hypomi mia), decreased blinking, soft speec h with
loss of inflection (aprosody ), and d rooling of saliva due to
decr eased spontaneo us swallow ing (Vid eo 49, Hypop honia).
In the arms, there is slowne ss in shrugging the shoul der and
raisi ng the arm, loss of spontaneo us moveme nt such as ges-
turing, small ness and slowne ss of handwri ting (microgr a-
phia ), and difficul ty with hand dext erity for shavin g,
brush ing teeth, and puttin g on make-up . In the legs, there is
a short-s tepped, shuffli ng gait with slowed foot move ments.
In the trunk, there is diffi culty arisi ng from a chai r, getting
out of auto mobiles, and turning in bed. Bradykines ia thus
encom passes a loss of auto matic move ments as well as slow-
ness in initiatin g move ment on comma nd and reduc tion in
amp litude of the volun tary move ment (Video 61, Bradykine-
sia). The latt er can be obser ved as decr ementing amp litude
with repetitive finger tapp ing or foot tapp ing. Th e abili ty to
carryi ng out two activit ies simul taneousl y is affected, 30 and
this diffi culty may represe nt brady kinesia as well .31

Rigidity is another cardina l featur e of parki nsonism.
Rigi dity is u sually manif ested by a ratchet-li ke tens ion in
the range of motion, so-called cogw heel rigidi ty. As the
disease advanc es, the patient begins to assume a fle xed
post ure, partic ularly of the elbows , knees, thorax, and neck.
Event ually, the flexio n can become extreme. The patient
begi ns to walk with the arms flexed at the elbows and the
forearm s placed in fron t of the body and with decrease d
arm swing. With the knees slight ly flexed, the p atient tend s
to shuffle the feet, which sta y close to the ground and are
not lifted up as high as in normal s; there is loss of heel
strike , which would normally occur when the foot movi ng
forwar d is placed onto the ground .

Loss of po stural ref lexes occur s later in the disease
(Video 68, Postural Re flex Impairm ent). The patient has
diffi culty rig hting him self or herself after bein g pull ed off
balan ce. A simple test for the righting reflex is for the
exam iner to sta nd behind the patient and give a firm tug
on the patient ’s shoul ders tow ard the examin er, warning
the patient in advanc e that he or she should try to maintai n
balan ce by taking a ste p backwar d. Normally, a pers on can
reco ver in one step. A mild loss of postural reflexes can be
detect ed if the patient require s several steps to recover bal-
ance. A moderat e loss is manif ested by a greater degre e of
retropu lsion. With a mor e severe loss, the patient woul d
fall if not caught by the examin er, who mus t always be pre-
pare d for such a possibility. With a marked loss of post ural
reflex es, a patient cannot withs tand a gent le tug on the
shoul ders or cannot sta nd unassisted without falling. In
order to avoid having the p atient fall to the ground , it is
wise to h ave a wall behi nd the exam iner, partic ularly if
the patient is a large, bulky individual .

A combina tion of loss of postural ref lexes with stoo ped
postu re can lead to festinat ion, whereby the patient walks
increas ingly faster , trying to catch up with his or her center
of gravit y to preven t fallin g (Video 62, Parki nsonian Gait ).

The freezing phenom enon 32 usual ly begins with sta rt-
hesita tion; that is, the feet take short, sticking, shuffling ste ps
before the patient can begin walkin g. With progress ion, the
feet seem to become glued to the ground whe n the patient
needs to walk through a crowded space (e.g., a revolving
door) or whe n trying to move a fixed distanc e in a short
period of time (e.g., cros sing the street at the gree n light or
enteri ng an elevator before the door closes). Often , patient s
develop destination- freezi ng—that is, stop ping befor e reach-
ing the final dest ination. For exam ple, the patient may stop
too soon whe n reachin g a chair in which to sit down . With
further progr ession, sudden transient freezing can occur
when the patient is walki ng in an open space or whe n he or
she perceiv es an obst acle in his or her walking path .

When faced with a patient with parkinso nism, the major
differ ential diagnoses include p rimary Parkinson ’s d isease
and drug exposu re to agents such as dopam ine recepto r
block ers (antip sychoti cs, some antinau sea medicatio ns,
and metoclopr amide) , dopamin e-deple ting drugs (alpha-
methyl dopa, reserpine, and tetrabenaz ine), and som e illicit
drugs. Cerebrovascular accidents, infections, toxins, and
other neurodegenerative diseases usually cause parkinsonism
in the context of additional neurological signs.
Parkinsonism-Plus Syndromes
The same constel lation of featur es can occur in patients who
have addi tional signs of neurod egenerativ e lesions , and
these syndr omes are termed Pa rkinson-plu s. This hetero-
geneou s group o f diso rders has a large variet y of suppl e-
mentar y sign s, but som e diag noses have partic ularly
typical ones: Supranuclear vertical gaze paresis is typical
of progressive supranuclear palsy; apraxias and cortical sen-
sory loss are typical of corticobasal degeneration; and dys-
autonomia, ataxia, and endpoint kinetic tremors are typical
of multiple system atrophy. There is considerable overlap
among these syndromes and, in early stages, with primary
parkinsonism. In defining a patient with a hypokinetic syn-
drome, these additional signs must be systematically evalu-
ated in order to differentiate to the maximal degree possible
Parkinson’s disease from parkinsonism-plus syndromes (see
Chapter 34). Secondary causes of parkinsonism, such as
trauma, cerebrovascular accidents, and infection, can also
cause parkinsonism plus other neurological features, but
usually these patients lack the particular constellation of
signs distinctive of the neurodegenerative disorders.
Hyperkinesia Syndromes (See Table 16-4)
Tremors
Tremor is an oscillating movement affecting one or more
body parts, such as the limbs, neck, tongue, chin, or vocal
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cords. It is usually rhythmical and regular. Tremor can be
due to alternating or simultaneous contractions of agonists
and antagonists. The rate, location, amplitude, and con-
stancy vary, depending on the specific type of tremor and
its severity. It is helpful to determine whether or not the
tremor is present at rest (with the patient sitting or lying
in repose), with posture-holding (with the arms extending
in front of the body), with action (e.g., writing), or with
intention maneuvers (e.g., bringing the finger to touch the
nose). Etiologies and treatment differ according to these
types. Postural tremors are seen in familial tremor, in
hyperthyroidism, and with some prescribed medications,
including lithium carbonate, tricyclic antidepressants, and
theophylline (Video 60, Marked Postural Tremor). Action
and intention tremors are discussed in Chapter 35, and
other tremors are examined in Chapter 34.

Chorea, Choreoathetosis, and Ballismus
Chorea refers to involuntary, irregular, purposeless, non-
rhythmical, abrupt, rapid, unsustained movements that flow
from one body part to another. Although many neurologists
erroneously label almost all nonrhythmical, rapid involun-
tary movements as choreic, many in fact are not. Noncho-
reic rapid movements can be tics, myoclonus, and dystonia.
The prototypical choreic movements are those seen in
Huntington’s disease, in which the brief and rapid move-
ments are irregular and occur randomly as a function of
time.

When choreic movements are infrequent, they appear as
isolated, small amplitude, brief movements, somewhat
slower than myoclonus but sometimes difficult to distin-
guish from it (Video 18, Limb Chorea). When chorea is
more pronounced, the movements occur almost continu-
ally, presenting as a pattern of involuntary movements
flowing from one site to another on the body.

Random choreic movements can be partially suppressed,
and the patient with this type of chorea can often hide some of
the movements by incorporating them into semipurposeful
movements, known as parakinesia. Random chorea is usually
accompanied by the inability to maintain a sustained contrac-
tion, often medically termedmotor impersistence. A common
symptom of motor impersistence is the dropping of objects.
Motor impersistence is detected by examining for an inability
to keep the tongue protruded and by the presence of milk-
maid grips due to an inability to keep the fist in a sustained
tight grip.

Athetosis refers to slow, writhing, continuous move-
ments (Video 257, Post-Hemiplegic Athetosis). These
movements are more commonly appendicular but can also
involve axial musculature, including the neck, face, and
tongue. When athetosis is not present in certain body parts
at rest, it can often be brought out by having the patient
carry out voluntary motor activity elsewhere on the body.
This phenomenon is known as overflow. For example,
speaking can induce increased athetosis in the limbs, neck,
trunk, face, and tongue. The speed of these involuntary
movements can sometimes be faster and blend with those
of chorea, and the term choreoathetosis is used. Some-
times, athetosis is associated with sustained contractions,
producing abnormal posturing. In this regard, athetosis
blends with dystonia.
Athetosis most commonly occurs as a result of injury to
the basal ganglia in the neonatal period or during infancy.
When athetosis occurs in infants, the movements are slow
and twisting; it should be considered a form of dystonia.
In adults, athetosis is usually unaccompanied by posturing
and its speed approaches that of chorea. This form of
choreoathetosis can be considered a form of chorea.

Ballism refers to very large amplitude choreic move-
ments. Because of the speed of choreic movements, these
large amplitude excursions of the limbs are expressed by
flinging and flailing movements when they involve proxi-
mal musculature. Ballism is most frequently unilateral,
and this form is referred to as hemiballism. This disorder
is usually the result of a lesion of the contralateral subtha-
lamic nucleus or multiple small infarcts (lacunes) in the
contralateral striatum. In rare instances, ballism occurs
bilaterally (biballism) due to bilateral lacunes in the basal
ganglia. Like chorea, ballism sometimes occurs as a result
of overdosage of levodopa.

Tics and Stereotypies
Tics can be divided into abnormal movements (motor tics),
abnormal sounds (vocal tics), and combinations of the two.
When motor and vocal tics are present and are of child-
hood onset and chronic duration, the designation of Gilles
de la Tourette syndrome is commonly applied. Motor and
vocal tics can be simple or complex and burst forth for
brief moments from a background of normal motor activ-
ity.33 Thus, they are paroxysmal in occurrence unless they
are so severe as to be continual. Simple motor tics may be
impossible to distinguish from a myoclonic or choreic jerk;
basically, they are abrupt, sudden, single, isolated move-
ments (Video 36, Simple Tics). Examples include a shoulder
shrug, head jerk, dart of the eyes, and twitch of the nose.
Most often, simple tics are repetitive, such as a run of eye
blinking. When multiple simple tics occur in a sequence that
is repeated over and over, the tics change from simple to
complex. It is reasonable to view simple tics as formes
frustes of complex tics. Even when tics are simple jerks,
more complex forms of tics may also be present, allowing
one to establish the diagnosis by associated tics. Tics
frequently vary in severity over time and can have remis-
sions and exacerbations.

Complex motor tics are very distinct, consisting of coor-
dinated patterns of sequential movements that can appear
in different parts of the body and are not necessarily iden-
tical from occurrence to occurrence in the same body part.
Examples of complex tics include such acts as touching the
nose, touching other people, head shaking with shoulder
shrugging, kicking of legs, and jumping. Obscene gesturing
(copropraxia) is another example.

Tics are usually preceded by an uncomfortable feeling
that is relieved by carrying out the movement. Unless they
are very severe, tics can be suppressed voluntarily for var-
ious periods of time. However, when they are suppressed,
inner tension builds up and is only relieved by an increased
burst of more tics.

In addition to being as rapid as myoclonic jerks, tics can
also be sustained contractions, resembling dystonic move-
ments. The complex sequential pattern of muscular con-
tractions in dystonic tics makes the diagnosis obvious in
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most cases. Moreover, torsion dystonia is a continual hyper-
kinesia, whereas tics are paroxysmal bursts of varying
duration.

Involuntary ocular movements can be an important fea-
ture for differentiation of tics from other dyskinesias.
Whether a brief jerk of the eyes or more sustained eye
deviation, ocular movements can occur as a manifestation
of tics. Very few other dyskinesias involve ocular move-
ments. The exceptions are (1) opsoclonus (dancing eyes),
which is a form of myoclonus; (2) ocular myoclonus (rhyth-
mical vertical oscillations at a rate of 2 Hz) that often
accompanies palatal myoclonus; and (3) oculogyric spasms
(a sustained deviation of the eyes, thus a dystonia) associated
with dopamine receptor blocking drugs or as a consequence
of encephalitis lethargica.

Vocal tics can range from simple throat-clearing sounds
or grunts to verbalizations and the utterance of obsceni-
ties (coprolalia) (Video 35, Coprolalia). Sniffing can also
be a phonic tic, involving nasal passages rather than the
vocal apparatus. Like motor tics, phonic tics can also be
divided into simple and complex tics. Throat-clearing and
sniffing represent simple phonic tics, whereas barking and
verbalizations are considered complex phonic tics.

Involuntary phonations occur in only a few other neuro-
logical disorders besides tics. These include the moaning in
akathisia and in parkinsonism from levodopa toxicity, the
brief sounds in oromandibular dystonia and Huntington’s
disease, and the sniffing and spitting occasionally encoun-
tered in Huntington’s disease.

Stereotypy refers to simple or complex movements that
repeat themselves continually and identically. There may
be long periods of minutes between movements,34 or they
may be very frequent. When they occur at irregular inter-
vals, stereotypies may not always be easily distinguished
from motor tics, compulsions (Video 112, Obsessive Move-
ments), gestures, and mannerisms. In their classic mono-
graph on tics, Meige and Feindel35 distinguished between
motor tics and stereotypies by describing tics as acts that
are impelling but not impossible to resist, whereas stereo-
typies, although illogical, are without an irresistible urge.
The odd, complex movements seen in patients with schizo-
phrenia, mental retardation, and autism are considered to be
those of stereotypy. Involuntary movements that are contin-
uous (uninterrupted) and repeat themselves over and over
again unceasingly are a continuous stereotypy. This pattern
is the hallmark of abnormal movements in patients with
classic tardive dyskinesia due to neuroleptic drugs (see
Chapter 55).

Dystonia
Dystonia refers to twisting movements that are sustained
at their peak, are frequently repetitive, and often progress
to prolonged abnormal postures (Video 64, Generalized
Dystonia). Agonist and antagonist muscles contract simul-
taneously to cause dystonic movements. The speed of the
movement varies widely from slow (athetotic dystonia) to
shocklike (myoclonic dystonia) (Video 249, Myoclonic
Dystonia). When the contractions are very brief (i.e., less
than a second), they are referred to as dystonic spasms or
myoclonic dystonia. When they are sustained for several
seconds, they are called dystonic movements. When they
last minutes to hours, they are known as dystonic postures.
When they are present for weeks or longer, the postures
could lead to permanent fixed contractures.

In primary dystonia, the movements typically occur
when the affected body part is carrying out a voluntary
action (action dystonia) and are not present when that body
part is at rest. With progression of the disorder, dystonic
movements can appear at distal sites when other parts of
the body are voluntarily moving (overflow), such as occurs
also in athetosis (Video 56, Generalized Dystonia); with
further progression, dystonic movements become present
when the body is at rest. Even at this stage, dystonic move-
ments are usually made more severe with voluntary activity.
Whereas idiopathic dystonia often begins as action dystonia
and may persist as the kinetic (clonic) form, symptomatic
dystonia often begins as fixed postures (tonic form).

When a single body part is affected, the condition is
referred to as focal dystonia. Common forms of focal dys-
tonia are spasmodic torticollis (cervical dystonia) (Video
52, Torticollis), blepharospasm (upper facial dystonia),
and writer’s cramp (hand dystonia). Involvement of two
or more contiguous regions of the body is referred to as
segmental dystonia. Generalized dystonia indicates invol-
vement of one or both legs (Video 65, Dystonic Gait), the
trunk, and some other part of the body.

Although classic torsion dystonia may appear in the
beginning stages only as an action dystonia, it usually pro-
gresses to manifest as continual contractions. In contrast to
this continual type of classic torsion dystonia, a variant of
dystonia also exists in which the movements are sudden
in onset and transient, known as paroxysmal dyskinesias.
Besides occurring in hereditary forms, dystonia is a com-
ponent of a number of other neurodegenerative disorders
(e.g., Wilson’s disease and Hallervorden-Spatz disease)
(Video 56, Generalized Dystonia) and several metabolic
disorders. Additionally, perinatal cerebral injury, encepha-
litis, strokes, tumors, and trauma have been implicated as
causes of dystonia (see Chapter 34). Among other disorders
to be differentiated from dystonia are tonic tics (also called
dystonic tics), which also appear as sustained contractions.

Akathisia
Akathisia (from Greek, meaning unable to sit still) refers to
a feeling of inner restlessness, which is relieved by moving
about. The typical akathitic patient, when sitting, may
stroke the scalp, cross and uncross the legs, rock the trunk,
squirm in the chair, and get out of the chair often to pace
back and forth, and even make noises such as moaning.
The characteristic feature is that akathitic movements are
complex movements and usually stereotypic; the other
major disorders showing complex movements are tics,
compulsions, and mannerisms. Carrying out these motor
acts brings relief from akathisia. If a specific body part is
affected, it may give a sensation of burning or pain, which,
again, is relieved by moving that body part. A somewhat
common expression of akathisia is the vocalization of con-
tinual moaning or groaning. Akathitic movements and
vocalizations can be transiently suppressed by the patient
if he or she is asked to do so.

The most common cause of akathisia is iatrogenic. It is
a frequent complication of drugs that block dopamine
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receptors, such as antipsychotic drugs. It can occur when
drug therapy is initiated (acute akathisia) or after chronic
treatment (tardive akathisia). Acute akathisia is eliminated
on withdrawal of the medication. Tardive akathisia is asso-
ciated with the syndrome of tardive dyskinesia and is
usually made worse on sudden discontinuation of the med-
ication. The exact mechanism of akathisia is not known,
but heightened dopaminergic activity or supersensitive
dopaminergic receptors, possibly in the limbic system,
may be involved.

Tardive akathisia commonly accompanies tardive dyski-
nesia and, like tardive dyskinesia, is aggravated by discon-
tinuing the neuroleptic agent; it is usually relieved by
increasing the dose of the offending drug, which masks
the movement disorder. When they are associated with
tardive dyskinesia, the akathitic movements can be rhyth-
mical, such as body rocking or marching in place. In this
situation, it is difficult to be certain whether such rhythmic
movements are due to akathisia or tardive dyskinesia.

Myoclonus
Myoclonus refers to motor jerks that are sudden, brief,
shocklike involuntary movements caused by muscular con-
tractions (positive myoclonus) or inhibitions (negative myo-
clonus) (Video 57, Myoclonus). The most common form
of negative myoclonus is asterixis, which is commonly seen
accompanying various metabolic encephalopathies. In
asterixis, the brief flapping of the limbs is due to transient
inhibition of the muscles that maintain posture of those
extremities.

Myoclonus can appear as irregular jerks, rhythmical jerks
(e.g., palatal myoclonus and ocular myoclonus, with a rate
of approximately 2 Hz), or oscillatory jerks that occur in a
burst and then fade. Rhythmical myoclonus is typically
due to a structural lesion of the brain stem or spinal cord
(segmental myoclonus), but not all cases of segmental myo-
clonus are rhythmical. Myoclonic jerks occurring in dif-
ferent body parts are often synchronized, a feature that
may be specific for myoclonus. The jerks can often be trig-
gered by sudden stimuli such as sound, light, visual threat,
or movement. Myoclonus has a relationship to seizures in
that both seem to be the result of hyperexcitable neurons.

Cortical reflex myoclonus usually presents as a focal
myoclonus and is triggered by active or passive muscle
movements of the affected body part. It is associated with
high-amplitude somatosensory evoked potentials and with
cortical spikes observed by computerized back-averaging,
which is time locked to the stimulus. Reticular reflex myo-
clonus is more often generalized or spreads along the body
away from the source in a timed-related sequential fashion.

The fact that rhythmical myoclonic jerks of one body
part are synchronized with contractions elsewhere is a strong
argument for categorizing such movements as myoclonus
and not as tremor. Furthermore, oculopalatal myoclonus per-
sists during sleep. As a general rule, all movement disorders
except myoclonus disappear during sleep.

Often, myoclonic jerks appear with the body at rest, but
action myoclonus, in which myoclonic jerks appear when
the affected body part is in voluntary activity, also occurs.
Action or intention myoclonus is more often encoun-
tered after cerebral hypoxia and with certain degenerative
disorders, such as the Ramsay Hunt syndrome. Usually,
action myoclonus is more disabling than rest myoclonus.

Hemifacial Spasms
Hemifacial spasm, as the name indicates, refers to unilat-
eral facial muscle contractions. Generally, these spasms
are continual, although there are periods of quiescence.
Often, the movements can be brought out by having the
patient forcefully contract the facial muscles; then when
the patient relaxes, the involuntary movements often
appear. The disorder is believed to involve the facial nerve,
and sometimes it is due to compression of the nerve by a
blood vessel.36 As the name implies, hemifacial spasm
involves only one side of the face. It usually affects both
upper and lower parts of the face, but patients are com-
monly more concerned about closure of the eyelid than of
the contractions of the cheek or at the corner of the mouth.
It can be easily distinguished from blepharospasm because
blepharospasm involves the face bilaterally and often the
dystonic contractions spread to contiguous structures, such
as oromandibular and nuchal muscles. Blepharospasm is
rarely due to unilateral dystonia. In such a circumstance,
it would be difficult clinically to distinguish it from hemi-
facial spasm. EMG may be of assistance because hemifa-
cial spasm may be associated with some facial nerve
denervation and ephaptic transmission may be detected.
The contractions in both hemifacial spasm and blepharos-
pasm are intermittent but tend to be sustained when they
appear.
GENERAL MANAGEMENT GOALS

Management of hypokinesia and immobility includes med-
ical and physical therapies. Whereas the specific drug or
surgical intervention depends on the etiology and the type
of hypokinesia, all forms may benefit from careful atten-
tion to proper support tools in the home and walking aids.
Sometimes, a visit to the home by a physical or occupa-
tional therapist is useful for an assessment of needs.
Because freezing episodes can be precipitated by low-lying
objects and crowded conditions, many families remove all
unnecessary furnishings from the patient’s walking area.
Visual cues such as striped lines on the floor may also help
patients with prominent freezing to overcome the motor
blockage and encourage the initiation of movement. The
patient who falls may need to wear knee, elbow, and hip
padding. If the patient is highly immobilized, venous status
and pulmonary emboli are risks, especially if the patient
remains in bed.

The hyperkinetic patient likewise may need protective
clothing if he bumps himself from flinging movements.
Braces and splints should generally be avoided because
the movements persist and the braced extremity or trunk
will be injured. Attention to weight and nutrition is impor-
tant in hyperkinetic patients because these patients may be
hypermetabolic and use unexpectedly high calories and
fluids. If swallowing is affected by either hypokinesia or
hyperkinesia, attention must be directed to proper nutrition,
and some patients with advanced diseases require feeding
tubes.
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HISTORY AND DEFINITIONS

The work of the French/Polish neurologist, Babinski, and
that of the English neurologist, Holmes, have been most
influential on the development of concepts and terminol-
ogy of cerebellar disease utilized by modern clinical neu-
rologists.1–3

The cardinal sign of cerebellar disease is ataxia [Greek,
a (negative article) þ taxi (order)]. The term ataxia is used
to denote disturbances of coordinated muscle activity
(¼ incoordination). Cerebellar ataxia is defined as lack of
accuracy or coordination of movement that is not due to
paresis, alteration in tone, sensory loss, or the presence of
involuntary movements. Note that the term ataxia is also
used to describe degenerative diseases of the cerebellum,
most of them hereditary (see Chapter 35).

Cerebellar ataxia relates to motor dysfunctions of the
limbs, trunk, eyes, and bulbar musculature. Ataxia of gait
refers to incoordination of walking that might be so severe
that the patient cannot walk (abasia). Postural ataxia refers
to ataxia of stance and sitting, and it includes truncal
ataxia. The patient may be unable to sit or stand without
support (astasia). Limb ataxia refers to incoordination
of limb movements and ataxia of speech to cerebellar
dysarthria.

Cerebellar ataxia embraces all abnormal motor phenom-
ena related to cerebellar dysfunction. Different terms are
commonly used to describe different aspects of ataxia.
Dysmetria refers to disturbance of the trajectory or place-
ment of a body part during active movement, both in range
and direction. Hypometria refers to a movement under-
shooting its target, and hypermetria indicates a movement
in which the limb overshoots its goal. Bradyteleokinesia
describes terminal slowing before reaching the target.
Asynergia and dyssynergia refer to errors in the sequence
and speed of the component parts of a movement. Move-
ments previously fluid and accurate become erratic and
jerky. Multijoint movements disintegrate in their con-
stituent parts (decomposition of movement) probably to
compensate asynergia.4 Asynergia, dyssynergia, and de-
composition of movement, however, are often used as
synonyms. Dysdiadochokinesis refers to decomposition of
alternating or fine repetitive movements. Deficits appear
in the rate of alternation as well as the completeness of
the sequence.

Cerebellar disease results in postural and limb tremor.
There may be a rhythmic tremor of the body that can
evolve into a severe titubation. Limb tremor occurs as a
kinetic and, to a lesser extent, static tremor. Kinetic tremor
occurs as an oscillatory movement when the subject ini-
tiates a movement of the limb or during the course of
moving the limb. The tremor becomes more prominent as
the moving limb approaches a target. It has commonly
been described as intention tremor, but the term kinetic
tremor better describes the clinical appearance. Static tre-
mor develops if the patient attempts to maintain a limb
in a fixed position. Usually, the position can be sustained
steadily for several seconds, but then the limb develops
a rhythmical oscillation generated at the proximal limb
muscles.

A variety of eye movement abnormalities are seen in
cerebellar disease. Gaze-evoked nystagmus is a common
finding. Other frequent abnormalities are impairment
of smooth pursuit and saccadic (ocular dysmetria) eye
movements, inability to suppress the vestibulo-ocular
reflex (VOR) by fixation, and abnormalities of optokinetic
nystagmus.

Hypotonia, hyporeflexia, and asthenia were described as
typical symptoms of acute cerebellar lesions by Holmes.3

Hypotonia refers to a decrease in the resistance to passive
movements of the limbs, associated with pendular tendon
reflexes, typified by the lower leg swinging back and forth
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several times after the knee tendon is tapped with the reflex
hammer.
CLINICAL HISTORY

The following aspects of the clinical history should be
considered: mode of inheritance, age at disease onset, pro-
gression rate, accompanying symptoms, and exposure to
toxins.

A positive family history suggests a form of inherited
ataxia. Different ataxic disorders start in infancy, child-
hood, or adulthood. Patients and relatives should be asked
about delayed motor milestones or poor athletic perfor-
mance at school. The course of the disease might be of
acute (over minutes or hours) or subacute (over days or
weeks) onset, nonprogressive from birth, and episodic or
slowly progressive (over months or years). Congenital
ataxias are frequently nonprogressive after birth. The acute
onset of severe headache in association with ataxia sug-
gests a diagnosis of cerebellar hematoma or ischemia.
A recent history of trauma, such as a fall on the back of
the head, suggests hematoma or craniocerebral injury.
Subacute onset is found in viral cerebellitis, multiple
sclerosis, paraneoplastic cerebellar syndromes, posterior
fossa tumors or abscesses, spongiform encephalopathies,
and alcoholic cerebellar degeneration. Episodic ataxia in
adults might be caused by drug ingestions, multiple sclero-
sis, transient vertebrobasilar ischemic attacks, foramen
magnum compression, intermittent obstruction of the ven-
tricular system, and dominantly inherited episodic ataxia.
In children and young adults, a metabolic disorder should
be expected. Chronic progressive ataxia suggests an inherited
or sporadic degenerative ataxia.

Patients should be asked if symptoms are worse in the
dark. Ataxia largely due to sensory loss is typically
enhanced by lack of visual feedback. Facial droop, vertigo,
hearing loss, numbness, or diplopia associated with ataxia
suggest a disorder in the brain stem. The history of pre-
vious subacute monocular visual loss suggests a diagnosis
of multiple sclerosis. Some degenerative ataxias are asso-
ciated with gradual visual loss. Occipital headache and pro-
jectile vomiting in conjunction with ataxia are associated
with raised intracranial pressure in the presence of a poste-
rior fossa lesion. Headache and vomiting are commonly
worse on coughing, bending, and walking and in the morn-
ing. Incontinence associated with dementia and gait distur-
bance suggests normal pressure hydrocephalus. Postural
hypotension, bladder dysfunction, and extrapyramidal
signs are associated with multiple system atrophy. Skeletal
abnormalities such as scoliosis and pes cavus, as well as
diabetes and cardiac symptoms, are associated with Frie-
dreich’s ataxia. Repeated infections are associated with
ataxia telangiectasia.

Patients should be asked whether they are receiving anti-
epileptic agents (phenytoin), cytotoxic drugs (fluorouracil
and cytarabine), or lithium. They should be questioned on
excessive or frequent alcohol consumption and whether
they have been exposed to any toxins (heavy metals or sol-
vents). Ataxia can be associated with intestinal disease
(vitamin E deficiency), metabolic disorders (hypothy-
roidism), or physical stress (heat stroke).
ANATOMY AND PHYSIOLOGY OF COORDINATION
(Tables 17-1 and 17-2)

Overview
Several classifications are used to subdivide the cerebellum
based on anatomical, phylogenetic, and functional (i.e.,
termination of cerebellar afferents and efferents) findings.5

Anatomically, both sagittal and horizontal subdivisions
can be distinguished. The cerebellum consists of two large
lateral parts, called the hemispheres, and a midline struc-
ture, the vermis. Gross subdivision in the lateral hemi-
spheres and medial vermis gives a first idea of functional
localization within the cerebellum. The vermis is involved
in the control of balance and eye movements, and the
hemispheres are involved in motor execution and planning.
Lesions of the vermis result in disturbances of stance, gait,
and ocular movements, whereas lesions of the cerebellar
hemispheres primarily affect limb movements.6

The cerebellum is further subdivided into three major
horizontal components—the flocculonodular, anterior, and
posterior lobes—with the latter two forming the corpus cere-
belli. The anterior lobe is separated from the posterior
lobe by the primary fissure, and the flocculonodular lobe
is separated from the posterior lobe by the posterolateral fis-
sure. The three lobes are subdivided into several lobules.
The terminology used to identify the lobules is not uniform.
Several nomenclature systems use individual names. For
example, the cerebellar tonsil is the most caudal lobule of
the hemispherical part of the posterior lobe (Fig. 17-1).
Larsell has introduced a numbering system that consists of
Roman numerals in the vermis and the prefix H in the hemi-
spheres. Currently, a modified version of the Larsell termi-
nology that was proposed by Schmahmann and co-workers7

is frequently used.
The cerebellum is connected with the brain stem by affer-

ent and efferent fibers passing through three pairs of tracts
called the inferior, middle, and superior cerebellar peduncle
(or restiform body, brachium pontis, and brachium conjunc-
tivum). The middle cerebellar peduncle contains only affer-
ent fibers. In the inferior peduncle, most fibers are afferent,
whereas in the superior cerebellar peduncle, most fibers are
efferent. In unilateral cerebellar lesions, symptoms of limb
ataxia occur ipsilaterally because the major parts of both
the cerebellar efferents and their target motor tracts (corti-
cospinal and rubrospinal tracts) cross within the brain stem
(double-crossing).

Clinical signs of ataxia are a consequence of cerebellar
incoordination of movement. Disordered timing and con-
trol of forces or torques at and across joints likely play a
role.8,9 The cerebellum is of particular importance when
movements must take place in several joints at the same
time. It has been suggested that a major role of the cere-
bellum is in generating muscle torques at a joint that will
predict the interaction torques being generated by other
moving joints and compensate for them as they occur.4 Part
of the clinical picture of cerebellar ataxia is likely
explained also by disorders in motor learning, particularly
in adaptation and lack of automatization of movement.10

Anatomical data and findings in human lesion and brain
imaging studies suggest a possible additional role of the
cerebellum in nonmotor functions (i.e., cognition).11 Based



TABLE 17-1

Cerebellar Systems: Anatomy and Clinical Correlations

ORIGIN OF AFFERENT
INPUT

AFFERENT CEREBELLAR
PEDUNCLE

PROJECTION AREA OF
CEREBELLAR CORTEX (WHERE
AFFERENTS SYNPASE ON
PURKINJE CELLS)

CEREBELLAR NUCLEUS
(WHERE PURKINJE CELL
AXONS TERMINATE)

EFFERENT CEREBELLAR
PEDUNCLE EFFERENT DESTINATION FUNCTION

SYNDROME* (WHICH
RESULTS WHEN SYSTEM IS
DISEASED)

Vestibular nerve and
nuclei

Inferior Flocculonodular lobe;
adjoining caudal vermis

Fastigial; direct
projections to
vestibular nuclei

Inferior Vestibular nuclei Balance and eye
movements

Truncal ataxia: cannot sit
up without falling over;
oculomotor signs

Restiform body

Vestibulocerebellum Archicerebellum Medial Zone

Dorsal
spinocerebellar
tract

Inferior Anterior lobe (rostral
vermis; intermediate
cerebellum); caudal
vermis

Fastigial; interposed
(emboliform and
globose)

Inferior, superior;
superior (to
opposite red
nucleus and
thalamus)

Fastigial: vestibulo-
reticulospinal tract;
interposed: rubrospinal
and thalamic tract

Stance; gait;
ongoing
execution of
movement

Anterior lobe syndrome:
difficulty walking with
little incoordination of
other tasks

Restiform body

Poor limb coordination
Ventral

spinocerebellar
tract

Superior
Brachium

conjunctivum
Spinocerebellum Paleocerebellum Medial, Intermediate

Zone
Contralateral

hemisphere
Middle Cerebellar hemispheres and

middle part of vermis
Dentate Superior (to opposite

red nucleus and
thalamus)

Rubral-thalamic tract
(going back up to cortex
where the afferents
originated)

Motor planning Poor limb coordination
Brachium pontis

Corticoponto-

cerebellum

Neocerebellum Lateral Zone

*Unialteral lesions in the cerebellum cause ipsilateral limb ataxia because the major output pathway of the cerebellum is crossed and disturbs the action of the corticospinal and rubrospinal tracts, which are also crossed.

3
0
9



TABLE 17-2

Clinco-anatomical Correlation of Coordination Disorders

ANATOMICAL LOCATION CEREBELLAR SIGNS/SYMPTOMS ASSOCIATED NEUROLOGICAL FINDINGS

Rostral Vermis (So-called Anterior Lobe) Ataxia of stance and gait Alcoholic cerebellar degeneration: Peripheral neuropathy
Anteroposterior body sway (3 Hz)
Romberg positive
Infrequent: dysarthria, nystagmus

Caudal Vermis (Including
Flocculonodular Lobe)

Truncal, postural and gait ataxia Acute, focal lesions
Omnidirectional body sway (1 Hz) Headache
Romberg negative Vomiting
Tendency to fall Change in consciousness
Saccadic slow pursuit, nystagmus
Inability to suppress
Vestibulo-ocular reflex

Cerebellar Hemisphere Ipsilateral limb ataxia Acute, focal lesions
Hypotonia Headache
Decomposition of movement Vomiting
Dysdiadochokinesis Change in consciousness
Kinetic tremor
Dysmetria, past-pointing
Deviation of gait
Dysarthria

Pancerebellum Truncal and bilateral limb ataxia Heredoataxias
Ataxia of gait and stance Pyramidal signs
Dysarthria Extrapyramidal signs
Oculomotor disturbances Peripheral neuropathy

Cranial neuropathy
Dementia

Posterior Inferior Cerebellar Artery Ipsilateral limb ataxia Vertigo, headache
Nystagmus Nausea, vomiting

Ipsilateral Horner’s syndrome, V, IX, X nerve palsy
Contralateral impaired body pain and temperature sensation

Anterior Inferior Cerebellar Artery Ipsilateral limb ataxia Nausea, vomiting
Nystagmus (Dysarthria) Vertigo

Tinnitus
Ipsilateral Horner’s syndrome, deafness, facial paralysis,

impaired facial pain and temperature sensation
Contralateral impaired body pain and temperature sensation

Superior Cerebellar Artery Ipsilateral limb ataxia Nausea, vomiting
Dysarthria Headache
Nystagmus Ipsilateral Horner’s syndrome
Gait ataxia Contralateral loss of facial and body pain and temperature

sensation
Contralateral IV nerve palsy
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on the existence of cerebellar projections to the contralat-
eral cerebral cortex, the right posterolateral cerebellar
hemisphere is thought to be involved in language and the
left posterolateral hemisphere in visuospatial tasks. Based
on cerebellar projections to limbic areas, the vermis is
thought to be involved in affect and behavior. It is unclear
whether cognitive dysfunction should be considered part of
the clinical picture of cerebellar disease. Cerebellar dis-
orders, in any case, do not present with prominent cognitive
dysfunction.

Cerebellar Afferents
The structure of the cortex is the same all over the cerebel-
lum. Various parts of the cerebellum differ in function
because of differences in fiber connections. The cerebellar
cortex receives afferent input from many parts of the pe-
ripheral (proprioceptive, cutaneous, vestibular, visual, and
possibly olfactory) and central nervous system. In most
instances, this sensory information appears to be related
to different aspects of movement. One current theory of
cerebellar function proposes that the cerebellum supports
the brain by monitoring incoming sensory data and making
continuous, very fine adjustments in how that information
is acquired.12

The flocculonodular lobe and adjoining parts of the cau-
dal vermis have been named vestibulocerebellum because
of heavily projecting vestibular afferents; the anterior and
posterior parts of the vermis and paravermal parts of the
cerebellar hemispheres were called spinocerebellum
because of their spinal afferents; and the cerebellar hemi-
spheres were called cerebrocerebellum or pontocerebellum
based on their main input from the cerebellar cortex,
synaptically interrupted in the pontine nuclei (Fig. 17-2).

These subdivisions match well with the subdivisions
based on phylogenetic and embryological studies. The
neocerebellum refers to the youngest and the archicerebel-
lum to the oldest parts of the cerebellum. The neocerebellum
corresponds to the cerebellar hemispheres and the middle
part of the vermis (pontocerebellum). The paleocerebellum
consists of anterior and posterior parts of the vermis (except
the nodulus; spinocerebellum), and the archicerebellum
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Figure 17-1. The cerebellar cortex, unfolded into one plane, showing the
fields of termination of cerebellar afferent projections (¼ mossy fiber
system): pontocerebellar fibers (light orange), spinocerebellar fibers
(orange), and vestibulocerebellar fibers (dark orange). Ce, central lobe;
Cu, culmen; De, declive; Fiss I, primary fissure; Fiss postlat, posterolateral
fissure; Fo, folium vermis; Li, lingula; Lob ant, anterior lobe; Lob post,
posterior lobe; Lobl bivent, biventer lobule; Lobl grac, gracile lobule;
Lobl semilun inf, inferior semilunar lobule; Lobl semilun sup, superior
semilunar lobule; Lobl simplex, lobulus simplex; No, nodulus; Py, pyra-
mis; Tons cbl, cerebellar tonsil; Tu, tuber vermis; Uv, uvula. (Reproduced
with permission from Nieuwenhuys R, Voogd J, van Huijzen C: The
Human Central Nervous System. A Synopsis and Atlas. Berlin, Springer,
1988, p 162.)

Figure 17-2. The cerebellum has three functional components based on different
ebellum or pontocerebellum—and based on different outputs—a medial zone (�
parts of hemispheres) zone projecting to the interposed nucleus, and a lateral
main efferents from the flocculonodular lobe project directly to the vestibular n
TM [eds]: Principles of Neural Science, 3rd ed. Norwalk, CT, Appleton & La
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corresponds to the flocculonodular lobe (vestibulocerebel-
lum).

Besides the vestibular system, the spinocerebellar tracts
send fibers directly to the cerebellum. The spinocerebellar
tracts provide the cerebellum with information about the
commands issued to the motoneurons and the movements
they produce. Many afferent pathways have additional
relay stations (pontine nuclei and inferior olives) before
they enter the cerebellum. The pontine nuclei convey affer-
ents mainly from cerebral motor areas, including the pri-
mary motor cortex, somatosensory cortex, supplementary
motor and premotor areas, the posterior parietal lobes, as
well as prefrontal and limbic areas. Information is coming
primarily from areas treating information about movements
or involved in planning and initiation of movements.
In response, the cerebellum likely modulates the activity
of the motor cortex so that movements are performed
smoothly and accurately. The inferior olives receive affer-
ents mainly from the spinal cord and also from several
other cortical and brain stem areas. Several theories of
cerebellar function postulate that afferents from the inferior
olive (i.e., climbing fibers) inform the cerebellum about
errors in the execution of a movement. Furthermore, the
inferior olive and the climbing fibers may have a crucial
role in timing functions of the cerebellum.

Two inverted somatotopic maps have been charted for
the cerebellar cortex. Early animal studies have been con-
firmed in humans using functional brain imaging.13 The
leg is represented anteriorly within the anterior lobe, with
the arm and face represented successively more poster-
iorly. In the posterior lobe, the arrangement is the reverse,
with the face represented anteriorly (Fig. 17-3). Later
animal studies have described a second, fractured somato-
topy—that is, the receptive fields of adjacent cerebellar
inputs—the vestibulocerebellum, the spinocerebellum, and the cerebrocer-
vermis) projecting to the fastigial nucleus, an intermediate (� paravermal

zone (� lateral part of hemisphere) projecting to the dentate nucleus. The
uclei. (From Ghez C: The cerebellum. In Kandel ER, Schwartz JH, Jessell
nge, 1991, Fig. 41–7, p 633.)



Figure 17-3. Somatotopic localization of the cerebellar cortex. Display of
the cerebellar homunculi based on animal experiments by Snider and
Eldred (J Neurophysiol 1951;15:27–40); superimposed are areas of fMRI
activations as revealed by a human sensorimotor mapping study.13 (Adapted
from Grodd et al: Sensorimotor mapping of the human cerebellum: fMRI
evidence of somatotopic organization. Human Brain Mapping
2001;13:55–73; Fig. 7c, p 68. Copyright John Wiley & Sons. This material
is used by permission of Wiley-Liss, Inc., a subsidiary of John Wiley &
Sons, Inc.)

Figure 17-4. The efferent connections of the cerebellum. 1, Premotor cor-
tex; 2, motor cortex; 3, pyramidal tract; 4, ventral lateral thalamic nucleus;
5, ventral anterior thalamic nucleus; 6, griseum centralis mesencephali;
7, red nucleus (parvocellular part); 8, red nucleus (magnocellular part);
9, uncinate cerebellar fasciculus (ascending ramus); 10, central tegmental
tract; 11, rubrospinal tract; 12, superior cerebellar peduncle; 13, vermis;
14, intermediate part of cerebellar hemisphere; 15, cerebellar hemisphere;
16, uncinate cerebellar fasciculus; 17, fastigial nucleus; 18, interposed
nucleus; 19, dentate nucleus; 20, nodulus (flocculonodular lobe); 21, floc-
culus (flocculonodular lobe); 22, vestibular nuclei; 23, reticular formation;
24, medial longitudinal fasciculus. (From Nieuwenhuys R, Voogd J, van
Huijzen C: The Human Central Nervous System. A Synopsis and Atlas.
Berlin, Springer, 1988, p 166.)
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cortical patches do not present adjacent skin areas, and
multiple patches exist for the same skin area.

Internal Structure
The primary destination of afferent fibers is the cerebellar
cortex. In addition, collaterals are sent to the central
(“deep”) cerebellar nuclei. The cerebellar cortex processes
the vast amount of information provided by all of the affer-
ents. The Purkinje cells form the principal projections from
the cerebellar cortex to the cerebellar nuclei.14 The Purkinje
cells of the vestibulocerebellum project directly to the
vestibular nuclei in the brain stem and indirectly via effer-
ents from the fastigial nuclei. The cerebellar nuclei transmit
the main output of the cerebellum. Efferent cerebellar path-
ways descend to the brain stem and spinal cord or ascend to
the several parts of the cerebral cortex (Fig. 17-4).

The fastigial nucleus is located most medially, followed
by the globose and emboliform nucleus and, most laterally,
the dentate nucleus. The emboliform and globose nuclei in
humans resemble the anterior and posterior interposed
nuclei in animals.

The cerebellar cortex is divided into three layers—the
molecular layer, the Purkinje cell layer, and the granular
layer. The cerebellar cortex contains five types of neurons:
( 1) the Purki nje, (2) granule, ( 3) Golgi , (4) stellate, and
( 5) baske t cel l. The molecu lar layer is the outermo st layer
and contains primarily the axons of the granule cells, as
well as dendrites of the Purkinje and Golgi cells, climbing
fibers, and two types of interneurons (stellate and basket
cells). The large Purkinje cells are aligned side by side in
a single layer, known as the Purkinje cell layer. The exten-
sive dendritic tree of the Purkinje cell extends into the
molecular layer in a single sagittal plane. The granular
layer is the innermost layer and contains primarily densely
packed, small granule cells as well as a few larger inter-
neurons (Golgi cells).

The afferent fibers consist of mossy fibers, climbing
fibers, and monoaminergic fibers. Mossy fibers form the
major cerebellar input. They originate from different brain
stem nuclei (e.g., pontine, vestibular, trigeminal, and retic-
ular nuclei) and neurons in the spinal cord. Each mossy
fiber terminates on numerous granular cells, and each of
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these contacts many Purkinje cells. The mossy fibers alter
the activity of the Purkinje cell via the parallel fibers,
which are the axons of the granule cells. Climbing fibers
originate solely from the inferior olive in the brain stem.
Climbing fibers directly contact Purkinje cells, with each
Purkinje cell receiving branches from only one climbing
fiber.

Mossy fibers presumably provide the cerebellum with
precisely graded information about ongoing movements,
motor commands issued from the cerebral cortex, and other
sensory information. Climbing fibers may inform about
errors in the execution of a movement (giving an “error
signal”). Furthermore, climbing fibers likely play a role
in motor learning. The climbing fiber input is thought to
alter for a long time the responsiveness of the Purkinje cell
to mossy fiber input (“long-term depression”).

The Purkinje cell is the only output neuron of the cere-
bellar cortex. Purkinje cells have an inhibitory action on
the cerebellar nuclear neurons. They use the inhibitory
amino acid gamma-aminobutyric acid (GABA) as their
neurotransmitter.15 Both mossy and climbing fiber affer-
ents have an excitatory action on the Purkinje cell and
use the excitatory amino acid glutamate as their neuro-
transmitter. The excitatory input is modulated by inhibitory
interneurons (stellate and basket cells in the molecular
layer, and Golgi cells in the granular layer) using GABA
as their neurotransmitter. The efferent fibers from the
cerebellar nuclei are generally thought to be excitatory,
and glutamate is a likely candidate.

Monoaminergic fibers originate in different afferent sys-
tems and are distributed equally throughout the cerebellum.
The origin of most noradrenergic fibers lies within the
locus coeruleus, that of serotoninergic afferents within
many dorsal raphe nuclei, and that of histaminergic fibers
within the hypothalamus.

The cerebellar cortex has the same structure all over the
cerebellum. The afferent fibers end in segregated regions
of the cerebellar cortex and the efferents are also largely
segregated. There are no association and commissural con-
nections. This suggests that the cerebellum consists of
many functional units or modules, each performing a spe-
cific task. Oscarsson16 proposed that the cerebellar cortex
consists of numerous structural-functional units with dis-
tinct efferent and climbing fiber afferent connections,
known as microzones. Ito15 introduced the concept of cor-
ticonuclear microcomplexes. He defined a microcomplex
as a cortical microzone and an associated group of nuclear
cells that regulates a single function of motor control.

Cerebellar Efferents
On the basis of the efferent projections from the cerebellar
cortex to the cerebellar nuclei, Jansen and Brodal17 sug-
gested a subdivision into three longitudinal (sagittal) zones:
a medial, an intermediate, and a lateral zone (see Fig. 17-2).
Voogd showed that the longitudinal subdivision was more
detailed by using a special method to stain myelin. He found
seven longitudinal zones termed A and B (medial zone), C1-
C3 (intermediate zone), and D1 and D2 (lateral zone).
Hawkes and colleagues described at least 32 parasagittal
cerebellar compartments as defined by using molecular
markers, so-called zebrins.5 There is considerable evidence
that a division of the cerebellum into sagittal zones may be
of greatest physiological significance.

The vermis projects to the fastigial nucleus (medial
zone). Efferents from the fastigial nuclei project to the
vestibular nuclei and the reticular formation via the infe-
rior and superior cerebellar peduncle. Brain stem and
spinal cord motor neurons can be influenced through the
vestibulospinal and reticulospinal tracts. The medial zone
is involved in control of posture, locomotion, and eye
movements.

Interposed nucleus (i.e., globose and emboliform
nuclei) and paravermal cerebellar cortex make up the
intermediate zone. Efferents from the globose and emboli-
form nuclei project both to the contralateral thalamus and
to the red nucleus and leave the cerebellum primarily in
the superior cerebellar peduncle. In addition, adjacent
regions of the dentate nucleus (i.e., the phylogenetically
older dorsomedial division) are thought to be part of the
intermediate zone.18 Animal findings show that the inter-
mediate zone is involved in compensatory or corrective
movements initiated via feedback from the movement,
particularly in the control of the independent use of the
limb in reaching and grasping. The intermediate zone
may generate corrective signals by comparing copies of
the motor commands sent from the cerebral cortex (effer-
ence copy) with signals from the periphery about the
actual movement produced by the command (afference
copy). Likewise, studies have shown that the degree of
upper limb ataxia is related to lesions of the interposed
and neighboring dentate nucleus in humans with focal
cerebellar lesions.19,20

Most of the dentate nucleus (i.e., the phylogenetically
newer ventrolateral division) and the cerebellar hemisphere
make up the lateral zone. Output fibers from the dentate
nuclei end in the contralateral thalamus (primarily in the
ventral lateral thalamic nucleus) and some in the contralat-
eral red nucleus. The main efferent output from the red
nucleus goes to the spinal cord (rubrospinal tract). The main
projection from the thalamus goes to the primary motor
cortex (M1). In addition, projections are sent to premotor
(PMv), parietal, and prefrontal areas of the contralateral
frontal cortex.21

The lateral zone is thought to be involved in higher
motor and possibly cognitive functions. Current theories
suggest that the lateral cerebellum contains an internal
model or models of the motor apparatus.22,23 Internal mod-
els are neural representations of how, for instance, the arm
would respond to a neural command, given its current posi-
tion and velocity. Previous studies have shown that the cer-
ebellar cortex can acquire internal models through motor
learning.

Dum and Strick24 distinguish between a “motor” and a
“nonmotor” domain of the dentate nucleus. According to
their anatomical findings, projections to PMv and to M1
in the dorsal portion of the dentate map resemble the motor
domain of the dentate. The nonmotor domain in the ventral
portion of the nucleus contains output channels that project
to prefrontal and parietal areas concerned with executive
(areas 46d and 9L) and visuospatial functions (area 7b).
It has to be kept in mind, however, that connections to non-
motor cortical areas are very modest compared to those
reaching motor areas.
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Vascular Anatomy of the Cerebellum
The blood supply of the cerebellum is provided by the ver-
tebrobasilar arterial system. The three major branches are
the posterior inferior cerebellar artery (PICA), the anterior
inferior cerebellar artery (AICA), and the superior cerebel-
lar artery (SCA). The PICA usually arises from the verte-
bral artery, the AICA from the basilar artery, and the
SCA from the basilar artery before its bifurcation into the
posterior cerebral arteries. Variations in the size and distri-
bution of these vessels are frequent, and all major branches
are highly anastomotic. All cerebellar arteries supply cere-
bellar as well as brain stem structures. Therefore, vascular
disorders frequently damage the cerebellum and brain stem
together.

Branches of the PICA supply the inferior aspect of the
cerebellar hemispheres and inferior vermis extending up
to the horizontal fissure. The horizontal fissure separates
the superior and inferior semilunar lobules shown in Fig-
ure 17-1. The PICA occasionally supplies posterior inferior
parts of the dentate nucleus, and it probably supplies the
fastigial nucleus as well. The PICA sometimes supplies
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Figure 17-5. Vascular anatomy of the cerebellum (top, lateral view; bottom,
ventral view). 1, Posterior cerebral artery; 2, superior cerebellar artery; 3,
basilar artery; 4, posterior inferior cerebellar artery; 5, anterior spinal
artery, vertebral artery; 6, anterior inferior cerebellar artery; 7, posterior
spinal artery. (Adapted from Gänshirt H: Zerebrale Zirkulationsstörungen.
In Hopf HC, Poeck K, Schliack H [eds] Neurologie in Klinik und Praxis.
Stuttgart, Germany, Thieme, 1983; Figs. 9b and 9c, p 2.9.)
the lateral medullary area and usually part of the dorsal
medullary area. Branches of the AICA supply the floccu-
lus, adjacent lobules of the inferior and anterior cerebel-
lum, and the middle cerebellar peduncles. The AICA
supplies the lower third of the lateral pontine territory in
most cases, its middle third frequently, and in a few individ-
uals the superior part of the lateral region of the medulla.
The labyrinthine artery, which supplies the inner ear, arises
frequently from the AICA. The SCA supplies the superior
parts of the cerebellum down to the horizontal fissure.
It supplies all cerebellar nuclei and most of the cerebellar
white matter. The SCA supplies the dorsolaterotegmental
area of the upper pons (Fig. 17-5).25,26
EXAMINATION OF COORDINATION AND ATAXIA

Directed Neurological Examination
Clinical signs and symptoms were comprehensively
described and summarized by Holmes3 and later by Dow
and Moruzzi,27 Gilman and associates,28 and Harding.29

Different rating scales have been proposed to score the
severity of cerebellar ataxia.30–32
Posture and Gait
Evaluation of posture and gait is critical in cerebellar dis-
orders. Ataxia of gait might be the only abnormal sign in
certain cases of cerebellar degeneration. Walking capaci-
ties are observed during a 10-m test including a half turn.
Patients with cerebellar disorders walk with a wide-based,
staggering gait and consequently take a zigzag course,
making it seem as if they were intoxicated by alcohol
(Video 91, Cerebellar Ataxia; Video 211, Gait Ataxia).
Steps are short, unequal in length, and irregular. The legs
often are lifted too high and brought down with undue
force. The arms do not swing synchronously with the
movement of the opposite leg. Velocity of gait is reduced.
Gait ataxia might be visible only when the patient walks on
tandem, backwards, or without visual feedback. However,
cerebellar ataxia may be so severe that the patient cannot
walk (abasia). Supporting a severely ataxic patient, the
examination of gait reveals decomposition of truncal and
leg movements, with the legs preceding while the trunk
remains behind. Symptoms are more prominent during sud-
den changes of direction, for example, turning or stopping
suddenly, or rising quickly from a chair. A tendency to fall
or deviate to one side suggests a unilateral cerebellar lesion
on the same side. Patients may compensate by shortening
their steps and shuffling (i.e., keeping both feet on the
ground simultaneously).

Standing and sitting capacities are observed. The stance
usually is on a broad base, with the feet several inches
apart (Video 214, Stance Ataxia). In the mildest form,
patients have difficulties standing with their feet together,
in tandem position, or on one foot. However, the patient
may be unable to sit or stand without support (astasia),
with a tendency to fall backward or toward the side of
the lesion. There may be a rhythmical tremor of the body,
appearing usually as a rocking of the trunk forward and
backward, from side to side, or in a rotatory movement that
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Figure 17-6. Typical defects in upper limb ataxia. A, Initiation of move-
ment is delayed. B, Dysmetria (inaccuracy in range and direction) and
kinetic tremor. C, Dysdiadochokinesis, an irregular pattern of alternating
movements, can be seen in the abnormal position trace. (From Ghez C:
The cerebellum. In Kandel ER, Schwartz JH, Jessell TM [eds] Principles
of Neural Science, 3rd ed. Norwalk, CT, Appleton & Lange, 1991;
Fig. 41–16, p 643. Adapted from Thach WT, Montgomery EB: Motor sys-
tem. In Pearlman AL, Collins RC [eds] Neurobiology of Disease, 3rd ed.
New York, Oxford University Press, 1990, pp 168–196.)
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can evolve into a severe titubation. Romberg’s sign might
be present or absent in cerebellar disorders, depending on
the site of the lesion. Lesions of the anterior lobe lead to
anteroposterior body sway, which is provoked by eye clo-
sure (presence of Romberg’s sign). Lesions of the lower
vermis cause omnidirectional postural tremor that is not
enhanced by eye closure (Romberg’s sign is not present).33

Voluntary Motor Acts
UPPER LIMB ATAXIA. Limb ataxia is generally more

marked in upper limbs than in lower limbs, in complex
movements than in simple movements, and in fast move-
ments than in slow movements. Several aspects of upper
limb ataxia might be observed using the finger-nose test.
Patients are asked to move an arm from an outstretched
horizontal position to touch the tip of the nose or to alter-
natively touch the examiner’s finger and the patient’s
own nose. Visual control is required. Initiation of move-
ment is delayed (Fig. 17-6A). The arm often first flexes
and then swings about until the finger reaches the nose.
Thus, the arm movement is decomposed in time into its
constituent parts (decomposition of movement).4 Defective
postural stabilization of the limb and trunk might be pre-
sent during the arm movement, with increased sway of
proximal arm muscles and movement of the trunk in the
opposite direction. The movement path of the finger is
erratic and jerky, and the nose is rarely touched at once
(dysmetria; Fig. 17-6B). Subjects more frequently over-
shoot the target (hypermetria) and rarely stop the move-
ment too soon (hypometria) (Video 213, Hypermetria).
Errors in initiation, direction, and range become more pro-
minent when a change of direction is required. The patient
is instructed to follow with the finger the abruptly initiated
horizontal arm movements of the examiner as fast as possi-
ble (finger-chase test). Kinetic cerebellar tremor occurs
as an oscillatory movement that becomes more prominent
as the moving limb approaches a target (see Fig. 17-6B).
Tremor on action is a prominent symptom in diseases
involving the dentate nucleus or superior cerebellar pe-
duncle. Kinetic tremor is greatest when patients use visual
cues to guide the movement. Past-pointing is examined
in Barany’s pointing test. The patient is asked to hold
both arms extended horizontally in front. The examiner’s
forefinger touches the patient’s extended forefinger. The
patient is asked to bring the arm downward and up again
(or upward and down again) to reach the examiner’s finger.
After a few practice trials with preserved vision, the patient
is asked to close the eyes. In addition to overshooting its
target (dysmetria), the forefinger of the affected limb devi-
ates almost constantly outward, away from the examiner’s
finger position.

The ability to execute rapidly alternating movements is
tested by raising the forearm vertically and making alter-
nating movements of the hand or by patting with one hand,
rapidly alternating between palm up and palm down. In
cerebellar subjects, movements are irregular (dysdiadocho-
kinesis) (Video 12, Dysdiadochokinesis) and slow (brady-
diadochokinesis) (Video 210, Bradydiadochokinesia; see
also Fig. 17-6C). Slowness at the turning points could
result from delays in movement initiation or dysmetria, or
both, at the end of the movement.
Impaired execution of fine finger movements is tested by
bringing each finger of one hand separately in succession
to the tip of the thumb. All fingers tend to flex simulta-
neously, and the ability of the thumb to keep a correct pos-
ture is impaired. Investigating a variety of more complex
tasks, such as buttoning or handling objects, may demon-
strate disturbance of activities of everyday life. Prehension
involves moving the hand to an object, a coincident shap-
ing of the hand in anticipation of the object, and a final
closing of the fingers to formulate the grasp. Cerebellar
subjects open their fingers excessively wide in anticipation
of the object and close their fingers with undue force to
grasp the object (signe de la préhension). Writing is often
affected. Maintaining a low isometric force between thumb
and index finger, for example, when holding a pen while
writing, is impaired. The pencil is held incorrectly and is
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pressed too firmly on the paper. Writing becomes labored
and slow. The letters are irregular in size and enlarged
(megalographia).

LOWER LIMB ATAXIA. Several aspects of lower limb
ataxia might be observed using the heel-to-shin test (Video
212, Heel-to-Shin Testing). The test is performed in the
supine position, and the head is tilted so that visual control
is possible. The patient is asked to raise one leg, place that
heel on the knee, and then slide the heel down the anterior
surface of the leg toward the ankle. On reaching the ankle
joint, the leg is again raised in the air to a height of
approximately 40 cm, and the action is repeated. Similar
to upper limb ataxia, initiation of movement is delayed.
The thigh might be bent on the trunk before the knee is
adequately flexed, or the knee might flex first (decomposi-
tion of movement). The movement path of the heel is erra-
tic and jerky, and the knee is rarely touched at once
(dysmetria) (Video 26, Lower Extremity Dysmetria).
Kinetic tremor is specifically observed when the patient
holds the heel on the knee for a few seconds before sliding
down the anterior tibial surface. Another example of
decomposition of trunk and leg movements has been
described by Babinski:1 In attempting to sit up from the
supine position by flexion of the trunk, the heel of the
affected side often rises from the bed. Note that the distur-
bances of lower limb ataxia are not necessarily in agree-
ment with the severity of disturbances of gait.

Speech
Fluency and clarity of speech are tested by asking the
patient to repeat several times a standard phrase, for
instance, “A mischievous spectacle in Czechoslovakia,”
and by syllable repetition tasks.

Articulation, phonation, and respiration are disturbed.
Subsequently, the melodic aspects of the speech become
abnormal (dysprosody). Comprehension and expression of
meanings via words remain intact. Patients show reduced
articulatory precision resulting in slurred pronunciation
of consonants (“imprecise consonants”) and vowels (“dis-
turbed vowels”). Articulatory deficits frequently are pre-
sent inconsistently, giving rise to the perception of
“irregular articulatory breakdowns.” The speech tempo is
slowed either in connected speech or in syllable repetition
tasks. There may be increased separation of syllables with
excess and equal stress (“scanning speech”). Phonation
may be monotonous with rough (hoarse) voice quality.
Fluctuation of pitch and loudness and voice tremor may
be present. Cerebellar speech often becomes more elabo-
rated.34,35

Oculomotor System
A variety of eye movement abnormalities are seen in cere-
bellar disease, particularly in midline cerebellar lesions
(Video 8, Gaze-Evoked Nystagmus). Gaze-evoked nystag-
mus is a common finding, with the slow phase of the nys-
tagmus being toward the primary eye position. The subject
is asked to look laterally at the finger of the examiner. The
movements assessed are mainly horizontal, but they may
be oblique, rotatory, or vertical. It may be associated with
slow- and fast-phase reversal on return to the primary posi-
tion (rebound nystagmus). Rebound nystagmus appears
to be specific for cerebellar lesions. Downbeat or upbeat
nystagmus and sustained horizontal nystagmus may also
be present.

Another frequent abnormality is impairment of smooth
pursuit eye movements, which are slower than normal
and cause the patient to make catch-up saccades in an
attempt to keep the moving target near the fovea (saccadic
pursuit or jerkiness of smooth pursuit). The subject is asked
to follow the slow lateral finger movement of the exam-
iner. Dysmetria of saccades are examined using the follow-
ing procedure: The two index fingers of the examiner are
placed in each temporal visual field of the patient, whose
eyes are in the primary position. The patient is then asked
to look laterally at the finger on the right and on the left,
and the average overshoot or undershoot is estimated. On
attempted fixation, the eyes may overshoot the target and
then may oscillate through several cycles until precise fixa-
tion is attained (ocular dysmetria). Square wave jerks
(Gegenrucken) refer to inappropriate saccades disrupting
fixation, which are immediately followed by a corrective
saccade (Video 27, Hypermetric Saccades).

An inability to suppress the VOR and abnormalities of
optokinetic nystagmus are frequently found. The ability
to suppress VOR is tested by asking the patient to elevate
the arms in front of him or her and fixate one thumb while
slowly rotating the upper body. Normal subjects can main-
tain fixation.

Cerebellar and brain stem disorders, particularly those
associated with paraneoplastic etiologies, have been asso-
ciated with ocular flutter and opsoclonus. Ocular flutter
refers to brief bursts of spontaneously and conjugated oscil-
lations of the eyes in the horizontal direction. Opsoclonus is
the term of description given when the eyes oscillate in a
variety of directions (syn. “dancing eye movements” and
“ataxic conjugate eye movements”).

Other Cerebellar Motor Signs
Patients with chronic cerebellar lesions usually have nor-
mal muscle tone and normal tendon reflexes. Hypotonia
refers to a decrease in the resistance to passive movements
of the limbs in acute cerebellar damage, which usually dis-
appears within a few days or weeks. As a result of hypo-
tonia, Holmes3 described an increased swinging of the
affected limbs in rapid passive movements. Furthermore,
when the forearms are held vertically in a patient with a
unilateral lesion, the affected wrist flexes more than the
unaffected one. Also, if the arms are held outstretched
and gently tapped, the affected arm moves in wider excur-
sions. In patients with acute cerebellar lesions due to hypo-
tonia, tendon reflexes have been described as being less
brisk, with the involved limb continuing to swing inertly
like a pendulum (pendular reflexes).

The rebound phenomenon can be used to examine the
inability to stop an ongoing movement. Excessive rebound
is tested by pulling forcefully on the patient’s forearm
while the patient flexes the elbow. When the forearm is
unexpectedly released, the hand of the affected side flies
unchecked to the patient’s shoulder (Stewart-Holmes sign).
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Cognitive Functions
Cerebellar involvement in a wide range of cognitive tasks
as well as affect and behavior has been proposed almost
20 years ago. An increasing number of human lesion and
functional brain imaging studies appear to support the
hypothesis that the cerebellum contributes to nonmotor
functions. Likewise, cognitive and behavioral changes in
psychiatric disorders, such as autism and schizophrenia,
have been linked to structural cerebellar abnormalities.11,36

Studies suggest that the cerebellum may play a role in
selected aspects of cognition, including temporal proces-
sing, frontal lobe function, higher-order speech, and
visuospatial processing. In patients with cerebellar lesions,
detailed neuropsychological testing may reveal deficits in
cognitive planning (e.g., tower of Hanoi), verbal working
memory, and word generation tasks. Agrammatism and
mutism have been reported as well.

The role of the cerebellum in cognition, however, is still
a matter of controversial discussion. Frequently cited early
findings—for example, disability of cerebellar patients in
attention and verb generation tasks—have not been repli-
cated in later studies or have been explained by motor
components of the task.37 In addition to impaired motor
function, it is unclear to what extent deficits in neuropsy-
chological tests are caused by unspecific effects, such as
hydrocephalus, depression, or global effects on brain meta-
bolism, particularly following focal cerebellar lesions.
Effects of extracerebellar lesions must also be considered.

Despite these controversies, a role of the cerebellum in
specific aspects of nonmotor functions is difficult to refute.
For example, studies suggest an involvement of the cere-
bellum in perception and discrimination of visual motion,
movement, and speech. Timing operations may play a role.

Although the cerebellum may be involved in specific
operations in certain nonmotor tasks, presenting symptoms
are almost always motor. Unless more extensive damage or
degeneration occurs beyond the cerebellum, cerebellar disor-
ders are not associated with general intellectual impairment,
such as dementia.

Associated Neurological Findings
Pure cerebellar syndromes are rare. Cerebellar symptoms
are frequently associated with brain stem dysfunction
because of the cerebellum’s close proximity to the brain
stem. Vascular disorders frequently damage the cerebellum
and brain stem together because all cerebellar arteries sup-
ply cerebellar as well as brain stem structures. Degenera-
tive cerebellar disorders are frequently accompanied by
pyramidal and extrapyramidal symptoms. Cerebellar symp-
toms might be mimicked by frontal lobe lesions.

CEREBRAL. Frontal signs include motor abnormalities,
impairment of cognitive function, and changes in person-
ality. There are important anatomical connections
between the contralateral frontal lobe and ipsilateral cere-
bellum. Therefore, frontal lobe disorders might cause
cerebellar-like symptoms with walking difficulties and
clumsiness. However, frontal lobe tumors commonly start
with mental symptoms. Cognitive dysfunction accom-
panies some degenerative ataxic disorders. Incontinence
associated with dementia and gait disturbance suggests
normal pressure hydrocephalus (Video 54, Normal Pres-
sure Hydrocephalus).

CRANIAL NERVES. The history of previous subacute
monocular visual loss suggests a diagnosis of multiple
sclerosis. Some degenerative ataxias are associatedwith grad-
ual visual loss due to retinitis pigmentosa. Diplopia, facial
numbness, facial droop, vertigo, or hearing loss resulting
from associated cranial neuropathies (cranial nerves III,
IV, V, VI, VII, and VIII) associated with ataxia suggests a
disorder in the brain stem. Tumors of the cerebellopontine
angle, such as acoustical neurinomas, are frequently asso-
ciated with nerve palsies of cranial nerves V, VII, and VIII.
Ataxia accompanied by bilateral deafness suggests superfi-
cial siderosis of the central nervous system (CNS). Oculo-
motor apraxia (i.e., difficulty in the initiation of voluntary
eye movements and compensatory head turns) suggest a form
of autosomal recessive ataxia (ataxia-teleangiectasia; ataxia
with oculomotor apraxia type 1 and 2, AOA1 and -2).

MOTOR/REFLEXES/GAIT. A slight loss of muscular
power and increased fatigability of muscles may occur with
acute cerebellar disorders. However, paresis associated with
increased muscular tone, hyperreflexia, and extensor plantar
reflexes (Babinski’s sign) suggest an additional involvement
of upper motor neurons (corticospinal or pyramidal syn-
drome). Paresis accompanied by atrophy, hypotonia, and
loss of tendon reflexes (areflexia) suggests the involvement
of the lower motor neuron and is usually associated with
polyneuropathy (e.g., in Friedreich’s ataxia). Several demye-
linating neuropathies may give rise to prominent tremor and
sensory ataxia, which might be confused with cerebellar
ataxia, such as the demyelinating type of hereditary motor
and sensory neuropathy, chronic inflammatory and parapro-
teinemic neuropathies, and Refsum’s disease. In these cases,
ataxia is improved by visual feedback. The Miller-Fisher var-
iant of Guillain-Barré syndrome may present with cerebellar
ataxia of subacute onset, usually associated with areflexia,
ophthalmoplegia, and facial weakness.

Rigidity, akinesia, and static tremor suggest parkinson-
ism and are associated with multiple system atrophy.
Abnormal involuntary movements might occur in cerebel-
lar disorders. Powerful but brief involuntary movements
at the beginning of the movement are due to intention my-
oclonus, not tremor, and occur in diseases involving the
dentate nucleus or the superior cerebellar peduncle. Palatal
tremor occurs in lesions of the inferior olive in the brain
stem or dentato-olivary pathway. Hemiballismus and
chorea are associated with basal ganglia disorders.

SENSORY. Pure cerebellar lesions do not cause distur-
bances in sensation. Hemianesthesia involving one side of
the body suggests an additional lesion of the contralateral
parietal lobe. Crossed sensory disturbances with a loss of
pain on one side of the face and on the opposite side of
the body are common in patients with a brain stem lesion.
Symmetrical sensory impairment over the feet, legs, and
hands associated with reflex loss and various degrees of
paresis suggests peripheral neuropathy. Peripheral neuropa-
thies are frequently associated with degenerative cerebellar
disorders.

AUTONOMIC NERVOUS SYSTEM. Horner’s syndrome
(miosis, ptosis, and retraction of the eyeball) and ipsilateral
dysautonomia (increased skin temperature due to vasomo-
tor paralysis and anhidrosis due to impaired sudomotor
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function) associated with cerebellar ataxia suggest an addi-
tional brain stem lesion. Postural hypotension, bladder dys-
function, and erectile dysfunction are associated with
multiple system atrophy. Urgency of micturition is com-
mon in multiple sclerosis and might be present in degen-
erative ataxic disorders.

NEUROVASCULAR. Fundal examination may disclose
diabetic, hypertensive, or atherosclerotic retinal changes.
Auscultation of the mastoid may reveal a bruit in a patient
with stenosis of a vertebrobasilar artery or vascular malfor-
mation. A carotid or subclavian bruit might be heard in a
patient with symptomatic artherosclerotic disease of the ver-
tebrobasilar arteries. A reduced radial pulse and blood pres-
sure suggests subclavian stenosis and might be associated
with subclavian steal syndrome.

Associated Medical Findings
Skeletal abnormalities such as kyphoscoliosis and pes
cavus, as well as diabetes and cardiac symptoms, are
associated with Friedreich’s ataxia. Cold intolerance, dry
skin, and hair loss indicate hypothyroidism. Pulmonary
and gynecological examination might show signs of
bronchial or ovarian carcinoma, respectively. Cervical
adenopathy might reveal Hodgkin’s disease. Subacute,
reversible ataxia associated with pyrexia suggests viral
cerebellitis. Repeated bronchopulmonary infections sug-
gest ataxia-telangiectasia. Examination of the cardiovas-
cular system might disclose a structural cardiac lesion or
rhythm disturbances, which indicate a possible cardiac
cause of emboli.
EVALUATION GUIDELINES (Table 17-3)

The first step in the diagnosis of ataxia is to distinguish
between focal cerebellar disease (most commonly multiple
sclerosis, ischemia, hemorrhage, or neoplasms) and non-
focal lesions. This distinction is achieved by the use of
imaging methods. Further diagnostic testing should be
guided by considering the mode of inheritance, age at dis-
ease onset, progression rate, and accompanying symptoms.
Some disorders have a highly characteristic clinical pheno-
type, and the expected diagnosis can be confirmed by a
specific laboratory test (see Chapter 35).

NEUROIMAGING. Immediate computed tomography
(CT) scanning or magnetic resonance imaging (MRI) has
to be performed in the setting of acute and subacute cere-
bellar ataxia. Posterior fossa lesions carry the risk of
increased intracranial pressure and death because of the
cerebellar tonsils moving downward and compressing the
brain stem within the foramen magnum.38 Angiography
of the vertebrobasilar vascular system should be performed
if the diagnosis of an aneurysm, vascular malformation, or
basilar artery thrombosis is suspected based on the findings
of the CT or MRI scan.

Compared with CT scanning, MRI offers an increased
capacity for demonstrating cerebellar (and brain stem)
lesions because of a lack of bone artifact, high resolution,
and the capability of imaging different planes. MRI
demonstrates cerebellar atrophy as well as spinal and brain
stem involvement in degenerative cerebellar disorders. In
addition, MRI is much more sensitive to white matter
lesions, particularly demyelination. Therefore, MRI should
be performed when multiple sclerosis is suspected. Super-
ficial siderosis of the CNS is frequently missed using CT
scanning but obvious using MRI.

ELECTROPHYSIOLOGY. Electrophysiological tests are
applied to confirm extracerebellar lesions. Nerve conduc-
tion studies are performed when lesions of the peripheral
nervous system are expected. Evoked potentials show
lesions of the visual (visual evoked potentials), auditory
(auditory evoked potentials), and somatosensory (somato-
sensory evoked potentials) systems. Involvement of the
corticospinal tract is demonstrated using magnetic evoked
potentials. Demonstration of prolonged latencies of multi-
modal evoked potentials is helpful in the diagnosis of
multiple sclerosis.

Electronystagmography is a useful laboratory tool to con-
firm and quantify cerebellar oculomotor disorders. Posturo-
graphy is applied to quantify ataxia of stance and may
distinguish spinocerebellar, vestibulocerebellar, and spinal
ataxias. Electroencephalography should be performed in
cases with associated epilepsy.

BODY FLUID AND TISSUE ANALYSIS. Genetic testing
will confirm a suspected diagnosis of Friedreich’s ataxia
(early disease onset, areflexia, dysarthria, and posterior
column signs). Diabetes mellitus should be excluded in
Friedreich’s ataxia. Alpha-fetoprotein is increased and
immunoglobulins are decreased in ataxia telangiectasia.
Alpha-fetoprotein is increased also in AOA2. For AOA1
and -2, genetic testing is available. In the presence
of xanthomas, cholestanol should be analyzed to confirm
cerebrotendinous xanthomatosis.

Genetic testing is available for an increasing number of
inherited ataxias, particularly for autosomal dominant cere-
bellar ataxias after the age of 20 years.39 To date, direct
DNA testing is available for the most common types of spi-
nocerebellar ataxia (SCA1, -2, -3, and -6) and some of the
rare types (SCA5, -7, -8, -10, -12, -13, -14, and -17 and
dentatorubral-pallidoluysian atrophy). Dominant ataxia
and retinal degeneration is always associated with the
SCA7 mutation (see Chapter 35).

In patients with sporadic late-onset ataxia associated
with MRI abnormality, fragile X-associated tremor/ataxia
syndrome should be expected and genetic testing per-
formed.

In early onset (<25 years) recessive and sporadic dise-
ase and in adult-onset sporadic ataxia, metabolic disor-
ders should be excluded. Lipids (abetalipoproteinemia),
vitamin E (abetalipoproteinemia and ataxia with isolated
vitamin E deficiency), very long-chain fatty acids, adreno-
corticotropic hormone (adrenoleukodystrophy and X-chro-
mosomal inheritance), creatine kinase, lactate and
pyruvate (mitochondriopathies), phytanic acid (Refsum’s
disease), ceruloplasmin (Wilson’s disease), thyroxine
(hypothyroidism), cholesterol, and albumin (AOA1) should
be analyzed. A muscle biopsy should be performed in cases
of suspected mitochondrial myopathy. Inflammatory (viral
infections) and immune-mediated disorders (anti-gliadin
and anti-endomysium antibodies [sprue]; thyreoglobulin
antibodies [Hashimoto’s thyroiditis]) should be excluded.
Antibodies against glutamic acid decarboxylase disorders
can also be assayed.



TABLE 17-3

Useful Studies in the Evaluation of Coordination Disorders

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY FLUID AND TISSUE ANALYSIS
NEUROPSYCHOLOGICAL
TESTS OTHER TESTS

Truncal, gait, and
stance ataxia
(absence of
Romberg’s sign)

CT or MRI:
brain

Posturography, ENG CSF N/A N/A

Stance and gait
ataxia (presence
of Romberg’s
sign)

CT or MRI:
brain

Posturography Blood count, liver enzymes, thiamine,
transketolase, carbohydrate deficient transferrin

N/A N/A

Unilateral limb
ataxia

CT or MRI:
brain
cerebral
angiography

N/A CSF N/A Carotid echogram

Truncal, stance,
gait, and bilateral
limb ataxia

CT or MRI:
brain

Posturography, ENG;
Extracerebellar
involvement: VEP, SSEP,
AEP, MEP, NCVs, EEG

CSF, genetic testing, cholestanol, alpha-fetoprotein, albumin,
immunoglobulins, lipids, vitamin E, VLCFA, ACTH
(in males), lactate, pyruvate, muscle biopsy, ceruloplasmin,
thyroxine, thyreoglobulin antibodies, anti-gliadin, anti-endomysium,
anti-GAD, phytanic acid. To exclude malignancy: urinary
catecholamine levels, anti-Purkinje cell antibodies, bone marrow
biopsy. Associated with mental retardation: hexosaminidase,
arylsulfatase A, galactocerebrosidase, isoelectric focusing of
transferrin

Executive functions Friedreich’s ataxia:
electrocardiogram,
echocardiogram. To exclude
malignancy: chest and pelvic
imaging, mammogram, PET/
CT

Cerebellar speech CT or MRI:
brain

N/A CSF N/A Carotid echogram

Paroxysmal ataxia CT or MRI:
brain

ENG, EEG Infancy and early childhood: blood ammonia,
pyruvate, lactate, amino acids, urinary amino
acids. Adult onset: CSF, genetic testing

N/A N/A

Cerebellar
oculomotor signs

CT or MRI:
brain

ENG CSF, genetic testing (SCA6) N/A N/A

ACTH, adrenocorticotropic hormone; AEP, auditory evoked potentials; anti-GAD, glutamate decarboxylase antibodies; CSF, cerebrospinal fluid; CT, computed tomography; ENG, electronystagmography; MEP, magnetic evoked potentials;
MRI, magnetic resonance imaging; N/A, not applicable; NCVs, nerve conduction velocity studies; PET/CT, positron emission tomography/CT; SSEP, somatosensory evoked potentials; VEP, visual evoked potentials; VLCFA, very long-
chain fatty acids.
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Poisoning or drug intoxication has to be excluded. Ane-
mia, macrocytosis, and raised gamma-glutamyltranspepti-
dase suggest alcoholic cerebellar degeneration. Vitamin B1,
transketolase, and carbohydrate-deficient transferrin levels
are helpful for confirmation. Serum anti-Purkinje cell
antibodies (e.g., anti-Yo, anti-Hu, and anti-Ri) are useful
in the diagnosis of paraneoplastic cerebellar degenera-
tion. In children, neuroblastoma may be associated with
paraneoplastic cerebellar degeneration leading to opso-
clonus. Urinary catecholamine levels are increased (see
Chapter 47).

Investigations of early onset, chronic progressive ataxia
commonly associated with multiple system involvement
should include arylsulfatase A (metachromatic leukody-
strophy), galactocerebrosidase (globose cell leukodystrophy
[Krabbe’s disease]), hexosaminidase (GM2-gangliosidosis),
and isoelectric focusing of transferrin (congenital disorders
of glycolysation). Intermittent ataxia associated with mental
retardation and onset in infancy or early childhood suggest a
metabolic disorder (e.g., urea cycle deficiencies, amino-
acidurias, and disorders of lactate metabolism). Screening
investigations include blood ammonia, amino acids, urinary
amino acids, pyruvate, and lactate (see Chapter 31).

In the presence of myoclonus, tissue biopsies can be
helpful: skin, muscle, and liver for Lafora disease; muscle
for myoclonic epilepsy with ragged red fibers; and lym-
phocytes or skin for neuronal ceroid lipofuscinosis. In sus-
pected sialidosis type 1, sialo-oligosaccharides in urine
and neuraminidase activity in white blood cells should be
analyzed.

In the presence of retinal degeneration, vitamin E (abeta-
lipoproteinemia and ataxia with isolated vitamin E defi-
ciency), lipid electrophoresis (abetalipoproteinemia), and
phytanic acid (Refsum’s disease) should be analyzed.
Analysis of skin and lymphocytes may reveal neuronal cer-
oid lipofuscinosis. Retinal-macular cherry-red spot is asso-
ciated with sialidosis type 1 and macular degeneration with
SCA7.

CEREBROSPINAL FLUID. Lumbar puncture and exam-
ination of the cerebrospinal fluid (CSF) are applied when
inflammatory or infectious disorders are expected. Pleocy-
tosis, increased total protein content, and oligoclonal bands
are found in patients with multiple sclerosis, viral cerebel-
litis, and paraneoplastic cerebellar disorders. In addition,
CSF anti-Purkinje cell antibodies are useful in the diagno-
sis of paraneoplastic cerebellar degeneration. Lactate in
CSF is increased in mitochondrial disease.

NEUROPSYCHOLOGICAL TESTS. Degenerative forms
of ataxia, which are frequently associated with extracere-
bellar lesions, might present with dementia. Neuropsycho-
logical testing is useful to confirm and quantify existing
cognitive deficits.

OTHER TESTS. In subacute-onset ataxia, a thoracic
x-ray study and pelvic imaging are required to exclude
malignancies (small cell lung cancer, ovarian or breast
cancer, or Hodgkin’s disease) causing paraneoplastic cere-
bellar degeneration. Abdominal and thoracic CT scan as
well as bronchoscopy might be required. Positron emission
tomography (PET)/CT is a further option. An electro-
cardiogram and echocardiogram should be performed in
Friedreich’s ataxia because of frequent associated heart
disease.
Schellong test and urodynamic testing are performed
to confirm autonomic dysfunction suggestive of multiple
system atrophy.
CLINICAL SYNDROMES (Table 17-4; see also
Table 17-2)

Three syndromes of cerebellar dysfunction are commonly
distinguished on purely clinical grounds. Symptoms that
are the result of disease of the flocculonodular lobe and
caudal vermis induce the archicerebellar or flocculonodular
syndrome. Lesions of the flocculonodular lobe and caudal
vermis are followed by truncal ataxia and oculomotor
signs. Damage to the anterior lobe of the corpus cerebelli
causes the paleocerebellar or anterior lobe syndrome. The
clinical description of the paleocerebellar syndrome results
chiefly from dysfunction of the rostral and medial parts of
the anterior lobe (i.e., rostral vermis). Lesions of the anterior
lobe are followed by ataxia of stance and gait. Lesions of the
cerebellar hemispheres induce the neocerebellar syndrome.
The clinical description of the neocerebellar syndrome may
result from damage to the intermediate and lateral parts
of both the anterior and the posterior lobe. Lesions of
the cerebellar hemisphere are followed by ipsilateral limb
ataxia. Lesions of the superior paravermal cerebellum are
accompanied by dysarthria.

Despite the three prototypic descriptions, cerebellar
syndromes in practice often reflect more than one of the
functionally different subdivisions of the cerebellum.
Furthermore, there is no difference between the symptoms
of ataxia that results from lesions of afferent and efferent
cerebellar pathways (e.g., of cerebellar peduncles or within
the brain stem) and those that result from the cerebellum.

In addition, pure cerebellar syndromes are rare. Cerebel-
lar symptoms are frequently accompanied by brain stem
symptoms. Cerebellar disorders involve the medulla and
pons early either directly or indirectly by pressure or oblit-
eration of vessels. Pressure effects are common in the
posterior fossa, where expansion is anatomically limited.

A remarkable degree of compensation occurs in le-
sions of the cerebellum, which is most prominent in lesions
restricted to the cerebellar cortex. A comparison of patients
with acute and chronic focal cerebellar lesions revealed
that lesions of the cerebellar nuclei but not the cerebellar cor-
tex were followed by remaining motor signs regardless of
the age at injury and pathology (Fig. 17-7).19,20 The common
assumption that compensation is better in children compared
to adults is debated. Slowly progressive disorders likely
allow for better compensation.
Truncal, Gait, and Stance Ataxia (Absence of
Romberg’s Sign)
Lesions of the flocculonodular lobe and adjoining parts of
the caudal vermis (so-called archicerebellar or flocculo-
nodular syndrome) mainly due to tumors or hemorrhage
cause postural ataxia of head and trunk during sitting,
standing, and walking. Patients frequently fall while sit-
ting. The classic example is medulloblastoma, which
occurs most often in the cerebellum in children between
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5 and 10 years of age. Cerebellar symptoms are first limi-
ted to unsteadiness of gait and stance. In patients with such
lesions, visual stabilization of posture, as evaluated by
comparing sway with eyes closed and sway with eyes
open, is impaired (absence of Romberg’s sign). Severe pos-
tural sway is present with eyes open and is essentially
unchanged with eyes closed. Lesions of the lower vermis
cause omnidirectional postural tremor of head and trunk,
with frequency components below 1 Hz. Coordinated
movements of the upper and lower limbs (tested when
the patient is lying in bed) are relatively preserved. Sac-
cadic slow pursuit, nystagmus, and an inability to suppress
the VOR are frequently present.

Stance and Gait Ataxia (Presence of Romberg’s
Sign)
Damage to the spino- or paleocerebellar parts of the ante-
rior lobe (so-called anterior lobe or paleocerebellar syn-
drome) is characterized by an ataxia of stance and gait,
with varying degrees of instability of the trunk and ataxia
of legs (Video 108, Cerebellar Ataxia; Video 214, Stance
Ataxia). The arms are affected to a much lesser extent, and
nystagmus and dysarthria are infrequent signs. The classic
example is alcoholic cerebellar degeneration. Lesions
of the anterior lobe lead to anteroposterior body sway with
a frequency of approximately 3 Hz. Visual stabilization of
posture is relatively preserved and the tremor is provoked
by eye closure (presence of Romberg’s sign). Patients rarely
fall because the body tremor is opposite in phase in head,
trunk, and legs, resulting in a minimal shift of the center
of gravity.
Unilateral Limb Ataxia
Holmes fully described symptoms of the cerebellar hemi-
spheres in his classic studies of injuries of the cerebellum
(Video 14, Tremor with Ataxia).3 In unilateral lesions,
the symptoms occur on the side of the lesion. Diseases
of the cerebellar hemisphere (so-called neocerebellar or
pontocerebellar syndrome) due to hemorrhage, infarction,
or neoplasms are associated with severe disturbances of
limb movements, including hypotonia in acute lesions,
dysmetria, decomposition of movement (asynergia), dys-
diadochokinesis, and, if the dentate nucleus is involved,
kinetic tremor. Past-pointing and deviation of gait to the
affected side are associated symptoms. Note that limb
ataxia is primarily a consequence of a lesion of the inter-
mediate zone (paravermal cortex projecting to the interposed
nucleus).
Truncal, Gait, Stance, and Bilateral Limb Ataxia
Symmetrical involvement of both hemispheres and vermis
produces bilateral limb ataxia and ataxia of stance and gait,
as happens in most forms of cerebellar degeneration. Dys-
arthria and oculomotor disturbances are also frequently
present. Extracerebellar signs are often associated, such
as pyramidal and extrapyramidal signs, ophthalmoplegia,
and peripheral neuropathy.
Paroxysmal Ataxia
Paroxysmal ataxia with onset in infancy or early childhood
is usually associated with mental retardation. A metabolic
disorder should be expected. Episodic ataxia in adults
might be caused by drug ingestion, multiple sclerosis, tran-
sient vertebrobasilar ischemic attack, foramen magnum
compression, intermittent obstruction of the ventricular
system, and dominantly inherited periodic ataxia.

Autosomal dominant forms of paroxysmal cerebellar
ataxia are characterized by ataxia attacks of gait and
stance, dysarthria, vertigo, and nystagmus. In episodic
ataxia type 1, attacks last for a few seconds or minutes,
and patients present with interictal facial myokymia.
In episodic ataxia type 2, attacks last for a few hours to
several weeks. In most patients, there are mild neurological
signs between attacks, such as gaze-evoked down-and-out
nystagmus and mild gait ataxia. Rarely, episodic cerebellar
ataxia type 2 is associated with progressing and disabling
permanent cerebellar deficits. Migraine and epilepsy are
accompanying features (see Chapter 35).40

Cerebellar Speech
Hemispherical disorders are associated with cerebellar dys-
arthria more frequently than are vermal lesions. The para-
median regions of the superior cerebellar hemispheres are
most relevant for the development of cerebellar dysar-
thria.41,42 Early findings that left hemispherical cerebellar
lesions appear to be more frequently associated with cere-
bellar dysarthria than right hemispherical lesions have not
been replicated by later studies. Cerebellar dysarthria
is frequently present in degenerative forms of cerebellar
ataxias and multiple sclerosis. Cerebellar hemorrhage,
infarcts (particularly of the SCA), tumors, and trauma
may all cause cerebellar speech.

Cerebellar Oculomotor Signs
Three principal syndromes of cerebellar oculomotor disor-
ders can be identified: (1) the syndr ome of the d orsal ver-
mis and un derlying fastigia l nucleus, ( 2) the syndr ome of
the flocculus and parafl occulus, and ( 3) the syndrome of
the nodulus.43 Lesions of the dorsal vermis and fastigial
nucleus cause saccadic dysmetria and mild deficits of
smooth pursuit. Lesions of the nodulus are accompanied
by prolongation of vestibular responses, positional nystag-
mus, and periodic alternating nystagmus, which is a spon-
taneous horizontal nystagmus that changes direction every
few minutes. Lesions of the flocculus and paraflocculus
cause impaired smooth pursuit; gaze-evoked, rebound,
and downbeat nystagmus; impaired optokinetic nystagmus;
impaired VOR suppression; and disability to adjust the
gain of the VOR (Video 8, Gaze-Evoked Nystagmus).
Other cerebellar oculomotor signs cannot be localized to
specific cerebellar regions, such as square-wave jerks,
upbeat nystagmus, and pendular oscillations. These three
syndromes are frequently found in patients with degenera-
tive forms of cerebellar ataxia. Cerebellar hemorrhage,
tumors, and infarcts may all cause cerebellar eye signs
by direct involvement of midline cerebellar structures.



TABLE 17-4

Selected Etiologies Associated with Disorders of Coordination

ETIOLOGICAL CATEGORY SELECTED ETIOLOGIES CHAPTER

Structural Disorders

Developmental structural disorders Pontocerebellar and granule cell hypoplasia 28
Joubert’s syndrome, Gillespie’s syndrome, Dandy-Walker malformation, Chiari malformations

Hereditary and Degenerative Disorders

Storage diseases: Lipidoses, glycogen
disorders, and leukoencephalopathies

Abetalipoproteinemia, hypobetalipoproteinemia (Bassen-Kornzweig disease),
Refsum’s disease, cerebrotendinous xanthomatosis, GM2 gangliosidoses (Tay-Sachs disease),
Niemann-Pick disease, cholestanolosis, metachromatic leukodystrophy, ceroid
lipofuscinosis, sialidosis, arylsulfatase C deficiency

30

Amino/organic acidopathies, mitochondrial
enzyme defects, and other metabolic errors

Ornithine-transcarbamylase deficiency, arginosuccinase deficiency, arginase deficiency,
hyperornithinemia, Hartnup’s disease, maple syrup urine disease, isovalericacidemia, gamma-glutamylcysteine synthetase deficiency, Leigh’s
syndrome, multiple biotin-dependent carboxylase deficiencies, pyruvate dehydrogenase deficiency, mitochondrial myopathy, congenital
disorders of glycolysation

31

Chromosomal abnormalities and
neurocutaneous disorders

Von Hippel-Lindau disease 32
Ataxia-telangiectasia

Movement disorders Multiple system atrophy: MSA-P, MSA-C 34
Sporadic adult-onset ataxia (SAOA)
Wilson’s disease

Ataxias Autosomal recessive 35
Friedreich’s ataxia (most common)
Ataxia with oculomotor apraxia type 1 and 2 (AOA1, AOA2)
Infantile-onset spinocerebellar ataxia (IOSCA)
Autosomal recessive spastic ataxia (Charlevoix-Saguenay; ARSACS)
Ataxia with isolated vitamin E deficiency (AVED)
Autosomal recessive ataxia linked to chromosome 9q
Autosomal recessive ataxia with hearing impairment and optic atrophy
Spinocerebellar arxia with neuropathy type 1 (SCAN1)
Early-onset cerebellar ataxia (EOCA):

with retained reflexes (most common)
with hypogonadism (Holmes’ ataxia)
with cataract and mental retardation (Marinesco-Sjögren syndrome)
with myoclonus (Ramsay-Hunt syndrome)

Autosomal dominant
(SCA1- SCA28; shown are forms with known gene defect)
ADCA type I: SCA1*, SCA2*, SCA3* (Machado-Joseph disease), SCA8, SCA12,

SCA13, SCA17, SCA27 (FGF14)
ADCA type II: SCA7
ADCA type III: SCA5, SCA6*, SCA10, SCA14,

Dentatorubral-pallidoluysian atrophy (DRPLA)
Episodic ataxia type 1
Episodic ataxia type 2
Fragile X-associated tremor/ataxia syndrome (FXTAS)
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Acquired Metabolic and Nutritional Disorders

Exogenous acquired metabolic disorders of
the nervous system:

Toxins and illicit drugs

Heavy metals (mercury, thallium), solvents (toluene) 39

Nutritional deficiencies and syndromes
associated with alcoholism

Alcoholic cerebellar degeneration (thiamine deficiency), vitamin E deficiency 40

Infectious Disorders

Viral infections Chronic panencephalitis of congenital rubella, subacute sclerosing panencephalitis, varicella,
measles, rubella, echo, coxsackie A/B, polio, Epstein-Barr, herpes simplex, postinfectious
disseminated encephalomyelitis, mumps, cytomegalie virus

41

Nonviral infections Legionella pneumoniae, mycoplasma pneumoniae, toxoplasmosis, Lyme disease,
Plasmodium falciparum, cysticercosis, tuberculosis

42

Transmissible spongiform encephalopathy Creutzfeldt-Jakob disease, Gerstmann-Sträussler disease 43

Neurovascular Disorders Hemorrhage, ischemia 45
Superficial siderosis of the CNS 35

Neoplastic Disorders

Primary neurological tumors Astrocytoma, medulloblastoma, cerebellopontine angle tumors (acoustic neurinoma, mengioma) 46
Metastatic neoplasms and paraneoplastic

syndromes
Metastases: lung > melanoma > breast > gynecological > gastrointestinal > lymphoma 47
Paraneoplastic:
In adults: lung, ovary, breast, lymphoma
In children: neuroblastoma

Demyelinating Disorders

Demyelinating disorders of the central
nervous system

Multiple sclerosis 48

Demyelinating disorders of the peripheral
nervous system

Miller-Fisher variant of GBS 49

Traumatic Disorders Gunshot injuries, falls, traffic accidents, heat stroke 51

Epilepsy Minor epileptic status 52
Lafora disease
SCA10, SCA17, episodic ataxia
Mitochondriopathies

Headache and Facial Pain Migraine (e.g., SCA6) 53

Drug-Induced and Iatrogenic Phenytoin, lithium, 5-fluorouracil, cytosine arabinoside 55
Neurological Disorders

*Most common.
ADCA, autosomal dominant cerebellar ataxia; CNS, central nervous system; GBS, Guillaine-Barré syndrome; SCA, spinocerebellar ataxia.
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Figure 17-7. Effects of fastigii lesions on postural sway. Postural sway is increased in patient SS but not in patient CD compared to the control subject DR.
In both patients, astrocytoma had been surgically removed. The sagittal MRIs reveal that the area above the fourth ventricle (i.e., the location of the fas-
tigial nuclei) was affected in SS but not in CD. Shown are the center of gravity sway paths over 20 seconds in a condition that is dependent on vestibular
function (i.e., eyes closed and sway referenced). (Adapted with permission from Konczak J, Schoch B, Dimitrova A, et al: Functional recovery of children
and adolescents after cerebellar tumour resection. Brain 2005;128:1428–1441, Fig. 5.)
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Medulloblastomas involving the nodulus and uvula are fre-
quently associated with positional nystagmus. Positional
nystagmus is a prominent sign in SCA6.44 Downbeat nys-
tagmus is frequently associated with paraneoplastic cere-
bellar ataxia.

The intermediate (interposed nucleus) and lateral cere-
bellum (dentate nucleus) appear to be involved also in ocu-
lomotor control. Their exact role, however, is unknown.

Cerebellum and Cognition
Schmahmann and Sherman have proposed the “cerebellar
cognitive affective syndrome” as a newly defined clinical
entity.36 According to their findings, patients with lesions
involving the posterior lobe of the cerebellum including
the vermis, but not the anterior lobe, present with behavorial
changes. These changes were characterized by impairment
of executive functions such as planning, set-shifting, verbal
fluency, abstract reasoning, and working memory; difficul-
ties with spatial cognition, including visual-spatial organ-
ization and memory; personality change, with blunting of
affect or disinhibited and inappropriate behavior; and
language deficits, including agrammatism and dysprosodia.
However, it is a matter of ongoing discussion whether or
not cognitive dysfunction contributes to the clinical picture
of cerebellar disease.
GENERAL MANAGEMENT GOALS

Acquired ataxias need to be treated according to the pri-
mary disorder. However, ataxia is often associated with
progressive degenerative disease, and it is rarely possible
to influence the underlying cause. Only a few forms of
inherited ataxias can be treated effectively, such as episo-
dic ataxias using acetazolamide. In most cases, no pharma-
cological treatment is known. There is no known anti-
ataxic drug. The pharmacological trials using various
drugs—GABA agonists (baclofen and sodium valproate),
choline chloride, lecithin, physostigmine, gamma-vinyl
gamma-aminobutyric acid, thyrotropin-releasing hormone,
5-hydroxytryptophan, buspirone, amantadine, a combina-
tion of sulfamethoxazole and trimethoprim, and creatin—
have been disappointing. Recent studies have investigated
vitamin E, idebenone, coenzyme Q10, and carnitin in
Friedreich’s ataxia. Although there may be benefits of
idebenone and vitamin E/coenzyme Q10 on cardiomyopa-
thy and of carnitin on muscle metabolism, so far improve-
ment of neurological symptoms has not been shown.
Physical, occupational, and speech therapy are the most
important treatments of disorders of coordination and ataxia.
Dyssynergia might be reduced by placing additional weight
on an ataxic limb to increase inertia. Genetic testing is avail-
able for an increasing number of hereditary cerebellar atax-
ias.39 However, genetic counseling has to be approached
carefully because hereditary cerebellar ataxias are not treata-
ble. Genetic counseling should follow the guidelines for pre-
dictive and prenatal DNA analysis published by the
International Huntington’s Association and the World Fed-
eration of Neurologists. Drugs such as lithium and phenytoin,
which are associated with cerebellar dysfunction, should be
avoided. Additional neurological symptoms, such as spasti-
city, and physical signs, such as diabetes, heart disease, and
skeletal deformity, are treated in a common fashion.
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HISTORY AND DEFINITIONS

Walking is a product of three interrelated nervous system
functions: locomotion, balance, and adaptation. Locomo-
tion comprises the stereotyped patterns of muscle activa-
tion (synergies) of limbs and trunk that produce repetitive
stepping. The nervous system must be able both to initiate
and arrest stepping and to alter stepping patterns for turns,
different speeds, and different support surfaces. Balance
or equilibrium synergies include a number of postural
responses that enable an individual to arise and remain
erect during standing and locomotion. Standing is an active
process (static postural response) in which the sway of
the body is kept within the limits of the base of support
provided by the feet. Anticipatory postural responses are
changes in postural muscle groups that precede voluntary
movements made to offset disturbances in balance that
would result from the voluntary movement. For example,
paraspinal and leg muscle activation precedes voluntary
movements of the arm in a standing person to protect the
person’s upright stability. Anticipatory postural responses
are feed-forward responses. They anticipate the perturba-
tion of balance caused by the voluntary action. Reactive
postural responses are feedback responses. They protect
against unexpected external perturbations and are triggered
by sensory cues indicating that the body is outside the
limits of stability.

Adaptation refers to the adjustment of locomotor and
balance synergies to the constraints produced by the envi-
ronment, the body, and the ongoing voluntary activities.
The gait pattern of normal individuals at any point in time
depends on the person’s perception of the environment, the
condition of the body (clothes, shoes, and disease), and the
individual’s personal goals. In addition to locomotor and
balance synergies, a secure gait depends on the following:
(1) information about the environment and the position of
the body in the environment as relayed by proprioceptive,
vestibular, and visual pathways; (2) ability to interpret and
integrate the afferent information; (3) ability to produce force
through the bones, joints, and muscles; (4) ability to modu-
late force for optimum performance; and (5) ability to select
and adapt locomotor and balance synergies to the environ-
mental requirements and the individual’s capabilities.
CLINICAL HISTORY

Gait and balance difficulties generally present as com-
plaints of slow or unsteady walking and of falls. Questions
about the speed of walking, the length of the steps taken,
the width between the feet, and any difficulties experienced
with initiating walking provide clues to the gait disorder.
Additionally, the ability to turn and a tendency to trip or
bump into things or appear drunk are important clues.
The environment or conditions in which the person finds
it difficult to walk also offer clues to the gait pattern and
guide the physical examination. The clinician should speci-
fically inquire about difficulties in turning over in bed, get-
ting in or out of a car, and arising from a chair because
these can be indicators of imbalance.

Falls require a detailed history because they are unlikely
to be observed during the examination. Several recent falls
that are clearly remembered by the patient or a family mem-
ber should be explored in detail. Details of the exact location
and activity of the patient when the fall occurred may indi-
cate environmental or patient-related precipitants. Had the
patient just arisen from a lying or sitting position, suggesting
orthostatic hypotension? Or did the feet “get tangled” while
turning around, suggesting incoordination? Did the patient
trip, suggesting weakness of the dorsiflexors of the ankle,
increased tone characteristic of spasticity, or the shuffling
of parkinsonism? Was there lightheadedness, vertigo, or
loss of consciousness, suggesting orthostatic hypotension,
a labyrinthine disorder, or syncope? How exactly did the
patient fall? Crumpling (breaking at the knees) suggests a
loss of consciousness (syncope and seizure) or of strength
(transient ischemic attack). Falling backward like a log
is particularly common in patients with extrapyramidal



TABLE 18-1

Clinico-anatomical Correlation of Disorders of Gait
and Balance

ANATOMICAL
LOCATION

GAIT
ABNORMALITIES

ASSOCIATED
FINDINGS

Cerebral cortex Freezing Dementia
Disequilibrium Grasp reflex
Falls Hyper-reflexia

Urinary urgency and
incontinence

Brain stem Disequilibrium Eye movement and
pupillary abnormalities

Astasia Hyper-reflexia
Basal ganglia Freezing Rigidity, tremor

Hypokinetic gait Bradykinesia
Hyperkinetic gait Chorea and dystonia
Astasia

Cerebellum Ataxia Dysmetric limbs
Dysmetric eye movements

Vestibular system Ataxia Nystagmus
Difficulty with tandem walk

Spinal cord Spastic gait Sensory level/loss
Increased tone (may be

posturally dependent)
Sensory ataxia Increased DTRs

Babinski’s sign
Peripheral nerve Foot drop Reduced or absent DTRs

Sensory ataxia Peripheral weakness
Peripheral sensory loss

Muscle/
neuromuscular
junction

Waddle Hip and shoulder girdle
weakness

DTRs, deep tendon reflexes.
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disorders. Was falling related in any way to meals, suggest-
ing postprandial hypotension, or to drug intake, suggesting
drug-induced hypotension or impairment of attention and
coordination?

In other aspects of the history, the physician should
probe for evidence of proprioceptive, vestibular, and visual
disturbances and for signs of pain or deformity of the bones
and joints that could affect gait. The relationship of falls to
the environment may give clues to neurologic impairment.
For example, increased instability under poor lighting con-
ditions or uneven surfaces may suggest impairment of sen-
sory input or processing. Weakness sufficient to disturb
balance and gait is generally recognized by the patient.
Proximal weakness may be qualified by asking if the patient
has difficulty reaching for items above his or her head level,
rising from a chair, or going up stairs. Slowness and clumsi-
ness in other motor activities and dysarthria may offer clues
to cerebellar and extrapyramidal disorders. Urinary urgency
and incontinence are common in multi-infarct states and
normal pressure hydrocephalus. The history may suggest
that the patient exhibits impaired judgment or attention span
that might contribute to falls. If cognitive impairment is sus-
pected, an informant other than the patient should be inter-
viewed for elaboration of the circumstances surrounding
falls and to assess for the presence of cognitive or functional
impairment.

The mode of onset of gait difficulties gives clues to the
disease process producing them. Sudden onset suggests
vascular disease; gradual onset suggests a degenerative dis-
order. The medication history is also very important
because some drugs can affect the sensorimotor systems,
thereby causing balance and gait disturbances. Examples
of such drugs include the benzodiazepines, which affect
the vestibular system; phenytoin, which affects the cerebel-
lum; and neuroleptics, which involve the basal ganglia.
Falls are associated with sedative-hypnotics, which may
affect attention and judgment, and with drugs that produce
orthostatic hypotension.
ANATOMY OF GAIT AND BALANCE ( Table 18-1)

Normal gait and posture depend on the normal function of
various structures along the entire neuroaxis. This includes
the cortical, subcortical, and spinal cord regions as well as
the final common pathway of motor neurons, the neuro-
muscular junctions and the muscles they innervate. The
anatomy and neurological examination of the motor, sen-
sory, cerebellar, and basal gangliar components of normal
gait and posture are addressed in specific chapters. This
chapter integrates the function of those regions with the
important spinal, subcortical, and cortical structures
involved in gait and posture.

Spinal Cord
Locomotor synergies are present in the spinal cord. Spin-
ally transected vertebrates, including humans, can produce
coordinated stepping movements without any input from
supraspinal neural structures. The spinal networks that pro-
duce patterned muscle activation, termed central pattern
generators, are distributed throughout the spinal cord. The
rhythmical muscle activation that is a part of coordinated
stepping can be generated from even a few isolated seg-
ments of the hemitransected spinal cord. The central pat-
tern generator has been deduced to consist of excitatory
and inhibitory interneurons using glycine, glutamate, and
acetylcholine as neurotransmitters. Interneurons and collat-
erals connect the ipsilateral and contralateral central pat-
tern generators to produce reciprocal movements of the
limbs. Propriospinal neurons connect different levels to
produce coordination between the hind limbs and axial mus-
cles and the arms or front legs. The pattern of central pattern
generator activation can determine the speed of locomotion
and the direction of locomotion (forward or backward).
The output of the central pattern generator is the moto-
neuron. Coordinated, sequential activation of the limbs
and axial muscles involved in stepping is produced by the
rhythmical excitation and inhibition of the motoneurons of
various muscles.

Input to central pattern generators includes local sensory
input and descending input from the brain stem via the retic-
ulospinal pathways. Locomotion in spinal animals or fic-
tive locomotion (rhythmical firing of motor neurons
innervating limbs in the isolated spinal cord in vitro) can
be induced by brain stem stimulation, sensory input, treat-
ment with monoamine precursors or agonists (e.g., L-dopa,
clonidine) in vivo, and treatment with excitatory amino
acids in vitro. Spinal locomotion can be modified by sen-
sory input and level of electrical or chemical stimulation.
For example, progression from a slow walk to a trot to a



Camicioli and Nutt / Gait and Balance 329
gallop can be induced by increasing the speed of the tread-
mill on which the animal stands or by increasing the
amount of electrical excitation of brain stem locomotor
regions. In the isolated spinal cord, central pattern genera-
tors are adaptable to a limited degree based on peripheral
sensory input. The limb that encounters an obstacle is
reflexively lifted higher to clear the obstacle. However,
the locomotor pattern is stereotyped and does not anticipate
environmental constraints on locomotion or the needs of
the animal. Nor does the spinal cord have the balance
synergies that are essential for successful locomotion. The
important point is that the actual programming of the mus-
cle activation required for gait is present at the spinal level.
Higher centers initiate gait and adapt it to individual needs.
For straightforward walking, the higher centers need not
specify the individual muscle activations necessary to pro-
duce locomotion but instead activate the central pattern
generators.1,2 This arrangement does not preclude supra-
spinal control of individual muscles during locomotion
when precise foot placement is necessary.3
Brain Stem
The brain stem has three important functions in balance
and locomotion: (1) setting the activity of the spinal central
pattern generators to determine the initiation and speed of
locomotion, (2) setting postural tone, and (3) modulating
the force generated by the muscles activated by the central
pattern generators.

Control of the spinal cord central pattern generators is
exerted by the subthalamic and midbrain locomotor regions
and relayed to the spinal cord by the reticulospinal tracts.
The subthalamic locomotor region is defined physiologi-
cally as an area in the posterior lateral hypothalamus from
which locomotion can be evoked by stimulation in the
decerebrate animal (an animal whose brain stem has been
transected just below the thalamus). The subthalamic loco-
motor region is not in the subthalamic nucleus but is med-
ial and dorsal to it. This region is not associated with any
particular cell group, and stimulation of it may excite
axons passing through the area. A cat with an intact thala-
mus and basal ganglia but with the cortex removed walks
continuously in a nondirected manner, termed obstinate pro-
gression. This behavior has been interpreted as disinhibition
of the subthalamic locomotor region or of the influences
that pass through the area. Stimulation of the subthalamic
locomotor region in an intact cat induces locomotion and
searching behavior.4

The midbrain locomotor region is also defined physiolog-
ically but appears to overlap at least partially the pedun-
culopontine nucleus. This fact is important because the
pedunculopontine nucleus receives a major input from the
basal ganglia and from the sensorimotor and limbic cortex.5

This area may represent one way in which the cortex and
basal ganglia affect the initiation of locomotion.6 Progres-
sive increases in electrical stimulation of the midbrain
locomotor region of decerebrate monkeys induce stepping
first in the contralateral limb, then in both limbs, and
finally in a gallop. The midbrain locomotor region can also
be stimulated by injections of gamma-aminobutyric acid
(GABA) antagonists that are thought to disinhibit the
midbrain locomotor region from tonic GABAergic input
from the basal ganglia. Stimulation of the midbrain loco-
motor region in the neurologically intact cat induces
locomotion that appears to be initiated to avoid a painful
or frightening stimulus.4,6,7

Output of the locomotor regions descends by way of the
medullary reticulospinal tract, which arises from the ven-
tral medial reticularis gigantocellularis and magnocellularis
nuclei. This tract traverses the ventral medial spinal cord,
and lesions of the tract prevent locomotion and impair
balance.7,8

The role of the brain stem in postural control is evident
by the postural responses that can be elicited in decerebrate
animals. Vestibular, neck, and righting reflexes are present
in decerebrate animals that have an intact brain stem.9

Stimulation in the dorsal tegmental fields of the pons causes
an intact cat to cease walking and reduces postural tone so
that the cat sits and then lies down. Conversely, more infe-
rior stimulation in the ventral tegmental fields of the pons
increases postural tone and induces locomotion so that a
supine cat rises and then begins to walk. These stimulation
sites indicate that postural and locomotor responses may be
mediated, at least partially, by the same brain stem struc-
tures.4 In humans, lesions in the medial tegmental region
of the rostral pons cause unstable walking with truncal
ataxia, whereas lesions in the base (anterior portion) of the
pons lead to limb ataxia and hemiparesis without truncal
ataxia.10

Brain stem systems do not simply turn on the spinal cen-
tral pattern generators, as is done experimentally by electri-
cal stimulation of the locomotor regions. Recordings from
brain stem reticulospinal neurons that activate the spinal
central pattern generators as well as from vestibulospinal
and rubrospinal neurons demonstrate that activity in these
pathways is phase-locked to the step cycle. This phasic
activity is largely abolished if the cerebellum is ablated.
The phasic activity in these descending tracts does not
determine the frequency of stepping but enhances its force
and rhythmicity.3,11 The tectospinal tract influences the
posture of the head and neck and its orientation to visual
targets. This tract arises from the superior colliculus, a
structure that receives a major input from the substantia
nigra pars reticulata, hence providing another connection
between the basal ganglia and the postural and locomotor
systems.
Cerebellum
The cerebellum is not considered to be the origin of postural
or locomotor responses because total ablation of the cerebel-
lum does not abolish these responses. However, the cere-
bellum refines the force and timing of locomotor and
postural responses. Thus, the execution of these responses
in an animal with cerebellar ablation is uncoordinated and
dysmetric.12 The cerebellum receives information about
each step cycle through the spinocerebellar pathways (see
Chapter 17). Many Purkinje cells fire in synchrony with
various parts of the step cycle. The cerebellum partially
exerts its influence on locomotion by affecting the activity
of the reticulospinal, vestibulospinal, and rubrospinal path-
ways, which are phasically active during stepping and
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contribute to coordinated rhythmic stepping. Rhythmical
firing in these descending bulbospinal pathways is largely
abolished by cerebellar ablation.3 The cerebellar projections
to the thalamus and thence to the frontal cortex may also
affect gait and balance, although this possibility has not
been explored. Stimulation of the Hook bundle in the
cerebellum in decerebrate cats has been shown to induce
locomotion, suggesting that a cerebellar locomotor region
exists.13

Basal Ganglia
The basal ganglia may have direct input to the brain stem
nuclei controlling posture and balance via the pedunculo-
pontine nucleus (midbrain locomotor region) and the supe-
rior colliculus (tectospinal tract).6 These outputs may
further act via effects on descending motor pathways. The
majority of the basal ganglia output is directed back to the
frontal cortex, and this influence is presumably responsible
for the hallmarks of disease of the basal ganglia, hypokinesia
and hyperkinesia (see Chapter 16). The execution of loco-
motor and postural responses, like other movements, may
also be hypokinetic (parkinsonian) or hyperkinetic (choreic
and dystonic).

Cortex
The cortex is completely unnecessary for routine walking
in the cat, as evidenced by the performance of decorticate
cats (animals in which the cortex has been removed but
the basal ganglia and thalamus are left intact). However,
the cat with frontal cortex or medullary pyramid lesions
cannot perform stepping that requires precise placement of
the feet, for example, walking on the rungs of a horizontal
ladder. This indicates that “skilled walking” requires input
from the motor cortex. The motor cortex has neurons that
fire in phase with stepping and, therefore, like the reticulo-
spinal, vestibulospinal, and rubrospinal systems, probably
facilitates precise stepping. Stimulation of the medullary
pyramid can reset the step cycle. This indicates that the cor-
ticospinal tract can affect the central pattern generators and
may have a role in initiating and modifying the locomotor
pattern produced by the central pattern generators.3 The
sensorimotor cortex also has connections to the midbrain
locomotor region and may affect the central pattern genera-
tors through this link. Stimulation of the motor cortex
can induce discrete movements of a limb, preceded by the
appropriate anticipatory postural responses, indicating that
the cortex has a role in anticipatory postural responses.
Lesions of the frontal cortex may also affect anticipatory
reflexes.14

Other anatomical areas are undoubtedly important in
balance and locomotion. The areas reviewed here are
responsible for the proper mechanical execution of balance
and locomotion in a relatively stereotyped fashion. They do
not explain the adaptation of gait to the individual’s goals,
the perception of the environmental dangers to balance and
upright position, and the development of appropriate strate-
gies to cope with environmental hazards. It is important to
realize that the posture and gait observed in an individual
are a product of the more or less hard-wired locomotor
and postural responses modified by the individual at
conscious and subconscious levels to adapt these responses
to his or her needs. Posture and gait patterns are not fixed
and stereotyped neurological signs as are deep tendon
reflexes.
EXAMINATION OF GAIT AND POSTURE

Directed Neurological Examination
In examining a patient with complaints regarding gait and
balance, sitting balance is first evaluated. If an inability
to sit upright is found, profound imbalance or weakness
is suggested. The examiner should check to see whether
titubation (rhythmical tremor or shaking of the trunk and
head) is present, suggesting cerebellar disease, or whether
there is a tendency to lean progressively in one direction,
suggesting hemiparesis or basal ganglia disease. To make
sitting balance more challenging and to bring out subtle
abnormalities, the clinician should ask the subject to sit
on the examining table with the arms and legs not touching
any support surface.

Next, the ability to arise from a chair should be tested.
This maneuver tests the patient’s strength and anticipatory
postural responses. The physician should check to see
whether the patient can arise and if he or she can organize
rising appropriately (brings the feet under the body, leans
forward, and uses the arms to push). If the patient is unable
to rise without pushing himself or herself off the chair,
proximal muscle weakness or impaired central recruitment
of force is suggested, as in Parkinson’s disease or pyrami-
dal tract lesions (e.g., myelopathy).

Standing unaided, which tests static balance, should then
be evaluated. The examiner should determine whether the
patient can stand without assistance or whether titubation
or excessive sway is present, indicating cerebellar disease.
The distance between the feet should be noted because feet
placed wide apart suggest problems with lateral stability
(seen in patients with cerebellar disease, multi-infarct state,
or proprioceptive loss). Furthermore, the presence of any
discrepancy between standing with the eyes open and with
the eyes closed (Romberg’s sign) should be determined
because this finding may indicate defective proprioception.
Balancing on one foot is a more stringent test of static bal-
ance. Healthy individuals, younger than age 80 years,
should generally be able to manage this task for 10 seconds
with their eyes open or closed. Individuals older than
80 years of age may not be able to stand on one foot for
10 seconds with their eyes closed, reflecting impaired
proprioception or central processing of sensory input.15

Finally, the gait should be examined. Gait initiation
reveals the integrity of locomotor synergies. Abnormalities
that should be sought include delays of seconds (freezing)
and delays with a series of small steps (start hesitation)
on the initiation of gait. These are common signs of frontal
lobe, subcortical white matter, and basal ganglia lesions.
Once gait has started, the examiner should check to see
whether the maintenance of stepping is disturbed by pas-
sage through narrow spaces, distractions, or turns. Reduc-
tion of gait speed and stride length are nonspecific
indicators of gait and balance disturbances. Speed slows
and steps shorten in most disorders of gait and balance in
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which patients perceive postural insecurity.16 Healthy peo-
ple adopt the same gait pattern on slippery surfaces. Occa-
sionally, gait is not slowed in proportion to postural
instability, for example, in those with progressive supra-
nuclear palsy, indicating difficulties with perception, atten-
tion, or judgment (Video 206, Postural Instability). The
distance between the feet while walking (gait base) is an
indicator of lateral stability. Typically, the base narrows
as a patient changes from standing to walking. As with
the standing base, a widened base during walking generally
indicates sensory, cerebellar, or frontal lobe dysfunction.
Head movements during walking may offer a clue to ves-
tibular function. Patients with diminished or absent vestib-
ular function often try to minimize head movements while
walking, giving them a stiff appearance. Asking the patient
with a vestibular disorder to rotate the head while walking
causes the gait to become ataxic.

The cadence of gait is important because it is an indica-
tor of motor coordination. Steps should be regular and
symmetrical. In certain disorders, they may be dysmetric,
choreic, dystonic, parkinsonian, hemiparetic, or spastic,
thereby disturbing the normal free movements of stepping
and altering gait cadence. Both cerebellar ataxia and sub-
cortical white matter disease lead to increased variability
in step length and timing.17 Observation of arm swing
can identify a variety of motor function problems. Involun-
tary movements often appear in the arms during walking,
particularly dystonia, chorea, and rest tremor. Unilaterally
decreased arm swing is common in early parkinsonism
and mild hemiparesis. Decreased arm swing does not
always have a neurological explanation because musculo-
skeletal disorders can induce changes as well.

Turning or pivoting while walking is more posturally
demanding than walking straight ahead, and abnormalities
may emerge during turning that are inapparent during
straight walking. Widening of the base only during turns
or taking an extra one or two short steps during turning
to maintain balance may be the earliest signs of cerebellar
ataxia. “En bloc” turns (in which the head, torso, and legs
turn together as a rigid unit rather than in sequence begin-
ning with rotation of the head and followed in turn by the
shoulders and then the hips and legs) suggest parkinsonism
or caution. With more severe imbalance, en bloc turns are
associated with slow, small steps, and the patient may
freeze during turning in the so-called turn hesitation that
is very typical of patients with parkinsonism and frontal
lobe gaits. Gait velocity and step length may be improved
in patients with Parkinson’s disease when “off” (after with-
drawal of medications) by having them walk with the assis-
tance of visual cues, such as horizontal stripes placed on
the ground, suggesting that external cueing may activate
alternative cortical pathways to initiate andmaintain locomo-
tion. This improvement is not evident in normal pressure
hydrocephalus.18

Tandem walking tests lateral stability and should be
observed because it is a sensitive indicator of cerebellar
and vestibular dysfunction. Finally, the process of pushing
the patient to the side and pulling him or her backward
(with the examiner maintaining a position to keep the
patient from falling) tests reactive postural responses.
These responses may be deficient in patients with basal
ganglia disease or frontal or subcortical lesions.
Associated Neurological Findings
CEREBRAL. In the mental status examination, the physi-

cian may detect abnormalities of cognition and attention
that may cause falls owing to a lack of insight, inability
to interpret and adapt to the environment, or inattention
to environmental dangers. Dementia is common in patients
with multi-infarct state and normal pressure hydrocephalus,
which may be associated with gait disturbances.

CRANIAL NERVES. The cranial nerve examination may
reveal signs of sensory or motor dysfunction that could
affect gait. Decreased visual acuity, visual field deficits, or
visual neglect may cause a patient to adopt a cautious gait
pattern and may contribute to falls. Likewise, extraocular
muscle dysfunction causing diplopia and gaze palsies may
distort and reduce visual information, thereby causing falls.
Selective paresis of voluntary downgaze is a common sign
in patients with progressive supranuclear palsy, a disorder
that often presents with unexplained falls. Nystagmus is a
marker of vestibular, cerebellar, and brain stem pathology
that may disturb balance synergies. Dysarthria is a sensitive
indicator of cerebellar, basal ganglia, and corticobulbar
dysfunction.

MOTOR/REFLEXES/CEREBELLAR/GAIT. In the motor
examination, the clinician should search for weakness,
particularly in the legs and hips, that may affect walking.
Changes in tone may indicate corticospinal tract involve-
ment (spasticity), parkinsonism (rigidity), and diffuse
cortical dysfunction with dementia (gegenhalten or parato-
noia). Involuntary movements may suggest basal ganglia
disease (chorea, dystonia, and rest tremor) or other cortical
disease (myoclonus).

Coordination. Coordination is often abnormal in patients
with gait and balance problems. Finger-to-nose and heel-to-
shin testing examines cerebellar function. Rapid alternating
movements may be rapid but sloppy or dysmetric, indicating
cerebellar dysfunction. It is important to recognize that gait
ataxia need not be associated with limb ataxia. This dissocia-
tion may be seen in midline cerebellar diseases or brain stem
lesions. Rapid alternating movements may also be slow and
hypometric, indicating parkinsonism, or slow and clumsy,
indicating corticospinal tract disturbances. Finally, disorga-
nized alternating movements may suggest apraxia and along
with motor perseveration may indicate parietal, subcortical,
or frontal dysfunction. Abnormalities of repetitive finger
tapping and handwriting are common in disorders that affect
the cerebellum, basal ganglia, and cortical sensorimotor
areas.

Reflexes. Deep tendon reflexes are important in differen-
tiating various causes of weakness and altered tone that
might influence posture and gait. Hyper-reflexia is common
in patients with corticospinal tract disorders; hyporeflexia is
common in those with peripheral nerve diseases that produce
weakness and proprioceptive sensory loss. The presence of
Babinski’s sign indicates corticospinal tract dysfunction.

SENSORY. Sensory testing that emphasizes propriocep-
tion in the toes, ankles, and knees is particularly important
for balance and walking but may be insensitive to periph-
eral nerve dysfunction. Evidence of abnormal pin-prick,
light touch, or vibration sense are more sensitive indicators
of peripheral neuropathy and may offer clues to sensory
dysfunction that might contribute to impaired balance.
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AUTONOMIC NERVOUS SYSTEM. Orthostatic hypo-
tension may cause falls. It is important to recognize that
the presence of orthostatic hypotension may vary during
the day; it is most prominent after meals and after taking
some medications. Therefore, the absence of orthostatic
changes in blood pressure in the clinic does not exclude
orthostatic hypotension as a cause of falls. Older people
with syncope do not always recall losing consciousness
during provocative testing, such as carotid sinus massage,
and may not recall losing consciousness in association with
falls.

NEUROVASCULAR. Auscultation and palpation of the
carotid and other superficial cranial vessels may suggest a
vascular cause of gait dysfunction. Poor distal pulses are
associated with atherosclerotic vascular disease and embolic
disease. Retinal vessels also offer clues to the presence of
systemic vascular disease.
Associated Medical Findings
If falls cannot be explained by neurological abnormalities,
cardiac syncope must be considered, and the cardiac exam-
ination may be informative. The spine, joints, and limbs
should be inspected for abnormalities or pain that might
affect walking.
EVALUATION GUIDELINES (Table 18-2)

Laboratory evaluation of patients with gait and balance
abnormalities is largely determined by the findings derived
from the history and physical examination that point to
dysfunction in specific neural structures, and these tests
are discussed in other chapters. For example, a gait distur-
bance associated with proprioceptive sensory loss should
trigger a workup for peripheral neuropathy or spinal cord
(posterior column) disease depending on the accompanying
signs. General guidelines pertaining specifically to gait and
balance disturbances are indicated here.

NEUROIMAGING. Magnetic resonance imaging (MRI)
of the head is indicated for patients in whom the cause of
a gait disturbance is not apparent from the history and neu-
rological examination or in whom start hesitation or dis-
equilibrium is evident. Hydrocephalus, frontal lesions,
subcortical gray and white matter lesions, and brain stem
lesions may be found that were not suspected from the his-
tory or physical examination (Fig. 18-1). Computed tomog-
raphy of the head reveals less information about white
matter and subcortical structures but excludes hydrocepha-
lus, frontal lesions, and large subcortical abnormalities. It
does not exclude lesions or malformations of the foramen
magnum, which are best assessed by MRI. Incident high
signal changes on MRI are associated with the develop-
ment of gait impairment in the elderly.19 The presence of
spasticity and posterior column signs will direct imaging
toward the spine, particularly the cervical region, if no
explanation is apparent from brain imaging.

ELECTROPHYSIOLOGY. Nerve conduction velocities
and electromyography are useful in differentiating muscle,
nerve, and motoneuron causes of weakness. Brain stem and
visual evoked responses may help in assessing pathology in
the brain stem and visual pathways. Electroencephalogra-
phy may help in detecting encephalopathy as a cause of
inattention and falls and, combined with a Holter monitor,
may be useful in patients with unexplained crumpling falls
(collapsing) to exclude seizures or cardiogenic syncope.

BODY FLUID AND TISSUE ANALYSIS. Pernicious ane-
mia sometimes causes gait disorders that are out of propor-
tion to the peripheral neuropathy or myelopathy that is
present. Testing for vitamin B12 is indicated for patients
with no obvious cause of their gait and balance difficulties;
borderline cases might reveal an elevated methylmalonic
acid or homocysteine level. Analysis for autoantibodies
may be indicated in patients with neuropathy. A urine drug
screening test may reveal drug use that explains ataxia or
inattention and falls. Although some hereditary spinocere-
bellar ataxias can be diagnosed by genetic testing, it is
important to bear in mind that many cases that are familial
have negative genetic testing, and some gene-positive
cases have a negative family history.

CEREBROSPINAL FLUID. Large-volume lumbar spinal
taps (30 to 50 mL of cerebrospinal fluid removed) some-
times cause a transient improvement in gait, cognitive
functioning, and urinary continence in patients with normal
pressure hydrocephalus.20 The sensitivity and accuracy of
this test are not known.

OTHER TESTS. Electronystagmography and rotational
tests are used to examine peripheral labyrinthine and cen-
tral vestibular function. Posturography is used to examine
a standing patient’s ability to maintain balance as proprio-
ceptive and visual sensory information is reduced or dis-
torted. Posturography can also be used to differentiate the
contributions of the visual, vestibular, and proprioceptive
systems to a patient’s balance. Gait analysis, which mea-
sures gait speed, cadence, foot clearance, single support
time (when one foot is in the swing phase of stepping)
and double support time (when both feet are in contact
with the ground), and the trajectories of limbs, is rarely
indicated for the diagnosis of gait disturbances. It generally
quantifies the observations of an astute clinician. For inter-
mittent gait abnormalities, videotapes made by the family
of the patient during times of difficulty may be very infor-
mative. Pulse and blood pressure recordings obtained at
home in relation to falls may also yield helpful clues.
Finally, a visit by an experienced physical therapist or
occupational therapist to the home of a patient with unex-
plained falls may reveal environmental causes of falls.
CLINICAL SYNDROMES (Table 18-3)

Because gait and balance disturbances are common mani-
festations of functional disturbances of many parts of the
nervous system, alterations in gait are important physical
signs in diagnosing dysfunction of these structures. Dis-
eases affecting the proprioceptive, vestibular, or visual sen-
sory systems commonly produce an unsteady or ataxic gait.
Weakness produced by muscle and motor nerve diseases
alters locomotion in characteristic patterns. Upper motor
neuron disorders cause weakness and spasticity, which
typically become evident during locomotion. Basal ganglia
disorders produce distinctive hypokinetic and hyperkinetic
gaits. Cerebellar dysfunction causes ataxia. However, many



TABLE 18-2

Useful Studies in the Evaluation of Disorders of Gait and Balance

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY FLUID AND TISSUE ANALYSIS NEUROPSYCHOLOGICAL TESTS OTHER TESTS

Synergies

Freezing CT or MRI: Frontal or subcortical
white matter lesions; multiple
lacunes; hydrocephalus

N/A Large volume CSF tap Cognitive impairment N/A

Frontal disequilibrium CT or MRI: Frontal or subcortical
white matter lesions; multiple
lacunes; hydrocephalus

N/A Large volume CSF tap Cognitive impairment N/A

Frontal gait CT or MRI: Frontal or subcortical
white matter lesions; multiple
lacunes; hydrocephalus

N/A Large volume CSF tap Cognitive impairment N/A

Sensory Abnormalities

Proprioceptive MRI: Spinal cord
posterior column lesion

Slowed NCV VDRL, FTA-ABS, HIV, vitamin
B12, methylmalonic acid,
homocysteine, SSEP, UPEP,
ENA (e.g., anti-Ro, La)

Decreased sensory action
potential

CSF: protein, glucose, IgG index,
oligoclonal bands

Vestibular MRI: Brain stem or labyrinth and
cranial nerve VIII lesions

Abnormal ENG BAER Glucose, thyroid studies, FTA-
ABS, CBC, vasculitic workup

Vascular studies

Visual CT or MRI: Visual pathways or VER Glucose, thyroid studies Slit-lamp examination
orbital lesions Repetitive stimulation Acetyloline receptor antibodies Perimetry

Tensilon test

Perception/Orientation

Thalamic/putaminal and
midbrain astasia

MRI: Lesions in thalamus,
putamen, midbrain

N/A N/A N/A N/A

Progressive supranuclear
palsy

MRI: Atrophy of midbrain N/A N/A Cognitive impairment N/A

Force

Bones, joints, ligaments N/A N/A RA factor, ESR, ANA N/A N/A
Waddling N/A EMG: Myopathic changes CK, ESR, thyroid studies, muscle

biopsy
N/A N/A

Foot drop MRI: Stenosis of lumbosacral canal
and foramina

NCV: Slowed conduction Glucose, nerve biopsy N/A N/A
EMG: Denervation

Continued

3
3
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TABLE 18-2

Useful Studies in the Evaluation of Disorders of Gait and Balance—cont’d

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY FLUID AND TISSUE ANALYSIS NEUROPSYCHOLOGICAL TESTS OTHER TESTS

Force Scaling

Hemiplegic or paraplegic gait CT or MRI: Brain or spinal cord
lesions

SSEP Vitamin B12, methylmalonic acid,
homocysteine, ACE

N/A N/A

CSF: IgG, WBC
Cerebellar ataxia MRI: Brain stem and cerebellar

lesions
N/A Thyroid studies N/A N/A

Toxicology screen
CSF: IgG, cells, Anti-Purkinje
cell Ab, vitamin E, genetic
tests for SCA, acanthocytes,
anti-gliadin antibody,
transglutaminase antibody

Parkinsonian gait CT or MRI: Hypointense putamen
in MSA

N/A N/A N/A N/A

Choreic gait MRI: Putaminal lesions; atrophy of
striatum

N/A Copper, ceruloplasmin Cognitive impairment N/A
HD gene test
Acanthocytes
Anti-cardiolipin Ab, ASO

Dystonic gait CT or MRI: Putaminal or thalamic
lesions

N/A
Copper, ceruloplasmin, liver
biopsy N/A Slit-lamp examination

Adaptation

Cautious N/A N/A N/A N/A N/A
Dementia CT or MRI: Cortical atrophy; other

cortical lesions
N/A Thyroid studies, CBC,

electrolytes, vitamin B12,
glucose

Memory, distractibility,
cognitive impairment

N/A

Attention and balance CT or MRI: Cortical atrophy EEG: Slowing Metabolic screen, drug screen Inattention N/A
Post-fall N/A N/A N/A Anxiety N/A
Psychogenic N/A N/A N/A Hysterical traits,

suggestibility, depression
N/A

Ab, antibody; ACE, angiotensin converting enzyme; ANA, anti-nuclear antibody; ASO, anti-streptolysin-O antibody; BAER, brain stem auditory evoked response; CBC, complete blood count; CK, creatine kinase; CSF, cerebrospinal fluid;
CT, computed tomography; EEG, electroencephalography; EMG, electromyography; ENA, extractable nuclear antigen; ENG, electronystagmography; ESR, erythrocyte sedimentation rate; HD, Huntington’s disease; HIV, human immuno-
deficiency virus; MRI, magnetic resonance imaging; MSA, multiple system atropy; N/A, not applicable; NCV, nerve conduction velocity; SSEP, somatosensory evoked potentials; VDRL, Venereal Disease Research Laboratories;
VER, visual evoked responses; WBC, white blood cells.
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Figure 18-1. Medial frontal lesion in the supplementary motor region. The
patient was undergoing rehabilitation for stroke when he acutely lost his
ability to walk and developed difficulty turning in bed. These new diffi-
culties were temporally associated with the appearance of the supplemen-
tary motor lesion.
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gait and balance disorders seen in the clinic are not readily
explained by disturbances of a single neural structure.

As described in the section on anatomy, some of the
basic circuitry governing locomotion and balance is
known. However, many clinical abnormalities of gait and
posture are not due to disturbances of this basic circuitry
but to the individual’s adaptation (or failure of adaptation)
of normal or slightly abnormal balance and gait synergies
to day-to-day living. The neuroanatomical basis of this
higher level of control and adaptation of balance and gait
is less well understood. For this reason, gait and balance
syndromes are arranged by systems rather than anatomi-
cally; they include disorders of (1) locomotor and balance
synergies, (2) primary sensory function, (3) perception/
orientation, (4) force production, (5) force scaling, and
(6) adaptation/cognition/attention.

Dyssynergy/Synergy Syndromes
Although locomotor synergies, the basic patterns of muscle
contraction and relaxation that produce coordinated rhyth-
mic stepping, exist in the spinal cord, dyssynergies result-
ing from discrete spinal lesions are not commonly
recognized clinically. This is partly because spinal lesions
that would disrupt the central pattern generators would
probably affect the motor neurons, producing weakness or
paralysis, and would also disrupt the ascending and des-
cending tracts, producing other neurological dysfunctions.
However, release of locomotor synergies can be seen in
patients with damage to the central nervous system. Auto-
matic or spinal stepping can be elicited in humans with
clinically complete cervical or thoracic cord transection
by having the patients partially supported on a moving
treadmill.21 Automatic stepping, probably due to stimula-
tion of the brain stem locomotor regions, also occasionally
occurs in patients with brain stem lesions and with coma,
such as occurs with central herniation.22

Freezing gait, or difficulty initiating and maintaining
locomotion, may represent an interruption of automatic
access to the brain stem locomotor regions or spinal central
pattern generators. The feet of a patient with freezing seem
to stick to the floor, and the patient may be at a loss as to
how to start walking. This gait pattern has been given the
graphic term gait ignition failure. Its milder form is termed
start hesitation because a hesitation of several seconds
ensues before the patient can begin to walk. When gait is
finally initiated, it may begin with small steps that increase
in length, sometimes to normal length, a phenomenon
termed slipping clutch gait. Turns are accomplished with
slow, small steps and sometimes freezing, termed turn hes-
itation. Any distraction that interrupts the patient’s concen-
tration on walking, such as being asked a question or
passing through a narrow opening, may precipitate freez-
ing. Freezing may be overcome by tricks that convert
walking from an automatic act of moving from one place
to another to a cortically directed process of voluntary
movements of the legs and feet. Thus, patients may initiate
gait by focusing on stepping on a particular spot on the
floor, pretending to kick something, or stepping over an
object. A plausible but unproved interpretation of these
clinical observations is that locomotion in patients with
freezing is achieved by cortically directing the individual
movements of the limbs until stepping is initiated; then
the more automatic stepping generated from the brain stem
locomotor regions and spinal central pattern generators can
function, but always under the constant surveillance of the
cortex. Distraction in these patients brings locomotion to a
halt by interfering with the necessary cortical supervision
of walking.

Freezing is most commonly seen in patients with Parkin-
son’s disease as the disease advances (see Chapters 16 and
34).23 However, frontal cortex and deep white matter
lesions sometimes produce freezing with little or no imbal-
ance and with no other parkinsonian signs. Further locali-
zation to specific frontal regions or to specific cortical
bulbar tracts has not been possible to date. Patients with
these frontal and subcortical lesions may have marked
freezing, but once under way they have an almost normal
or completely normal stride. Arm swing is frequently pre-
served, which helps to differentiate isolated gait ignition
failure from the freezing characteristic of parkinsonism.
The base may be normal, as in parkinsonism, but often is
widened, which is atypical of parkinsonism. There may
be an exaggerated side-to-side sway of the trunk in an
attempt to raise the feet off the floor, another feature
not found in parkinsonism. Nevertheless, this freezing
gait resembles the more common parkinsonian freezing gait
pattern so closely that it is often referred to as lower half
parkinsonism.24,25

Balance or equilibrium synergies organized in the brain
stem are highly stereotyped and are not context sensitive.
In day-to-day living, balance synergies are adapted to the
environment, body position in space, previous experience,
and expectation by the higher centers. Decerebrate and



TABLE 18-3

Selected Etiologies Associated with Disorders of Gait and Balance

ETIOLOGICAL CATEGORY SELECTED ETIOLOGIES CHAPTER

Structural Disorders

Developmental structural disorders Chiari malformation with hydrocephalus
Normal pressure hydrocephalus

28

Degenerative and compressive structural disorders Degenerative disc disease 29

Hereditary and Degenerative Disorders

Storage diseases: Lipidoses, glycogen disorders, and
leukoencephalopathies

Adrenoleukodystrophy

Metachromatic leukodystrophy
Krabbe’s disease
Pelizaeus-Merzbacher disease 30

Amino/organic acidopathies, mitochondrial enzyme
defects, and other metabolic errors

GTP cyclohydrolase mutations (dopa-responsive dystonia) 31

Chromosomal abnormalities and neurocutaneous disorders Neurofibromatosis type II
Ataxia-telangiectasia 32

Degenerative dementias Alzheimer’s disease
Frontotemporal dementia 33

Movement disorders Huntington’s disease
Parkinson’s disease
Progressive supranuclear palsy
Multiple system atrophy
Corticobasal degeneration 34

Ataxias Autosomal dominant spinocerebellar ataxias
Friedrich’s ataxia (Ar)
Refsum’s disease (Ar)
Episodic ataxias 35
Vitamin E deficiency

Degenerative motor, sensory, and autonomic disorders Amyotrophic lateral sclerosis
Duchenne muscular dystrophy
Hereditary sensory motor neuropathies
Hereditary spastic paraparesis 36

Hereditary nondegenerative neuromuscular disease Congenital myopathies 37
Myelopathies

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Thyroid myopathy
Diabetic neuropathy 38

Exogenous acquired metabolic disorders of the nervous
system: toxins and illicit drugs

Lathyrism 39

Nutritional deficiencies and syndromes associated with
alcoholism

Thiamine deficiency

Vitamin B12 deficiency 40

Infectious Disorders

Viral infections HTLV-I infection, labyrinthitis 41
Nonviral infections Syphilis

Lyme disease
Chronic meningitis 42

Transmissible spongiform encephalopathy Creutzfeldt-Jakob disease 43
HIV and AIDS Vacuolar myelopathy 44

Neurovascular Disorders Binswanger’s disease, infarction, hemorrhage, vascular
malformation (brain, spinal)

45

Neoplastic Disorders

Primary neurological tumors Butterfly glioma, midsaggital mengioma 46
Metastatic neoplasms and paraneoplastic syndromes Any metastasis to brain, brain stem, spinal cord

Paraneoplastic cerebellar degeneration 47

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis 48
Demyelinating disorders of the peripheral nervous system Guillian-Barré syndrome

Chronic inflammatory demyelinating polyneuropathy 49

Autoimmune and Inflammatory Disorders Myasthenia gravis, systemic lupus erythematosis, sarcoidosis,
vasculitis, Sjörgen’s syndrome, anti-phospholipid antibody
syndrome

50

Traumatic Disorders Dementia pugilistica 51

Drug-Induced and Iatrogenic Neurological Disorders Neuroleptics, sedative-hypnotics, anticonvulsant toxicity 55

AIDS, acquired immunodeficiency syndrome; GTP, guanosine triphosphate; HIV, human immunodeficiency virus; HTLV-1, human T cell lymphotrophic virus type 1.
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decorticate posturing and tonic neck reflexes are reflex brain
stem postural synergies that are released by extensive corti-
cal and subcortical lesions (see Chapters 1 and 15). Abnor-
mal posturing (fencer’s position) may also be produced by
mesial frontal lobe stimulation or epileptic discharges.

Frontal disequilibrium may be seen in patients with
lesions of the frontal lobes or deep white matter. This gait
abnormality is associated with an imbalance that may
represent loss of access to balance synergies, inappropriate
selection of synergies, or release of inappropriate brain
stem synergies. Hydrocephalus, frontal infarcts, multiple
lacunar infarcts in deep white matter, and frontal masses
can produce frontal disequilibrium, a profound disturbance
of balance that may preclude standing.24,26,27 Patients with
frontal disequilibrium have difficulty in rising to stand.
This is due to patients not bringing their feet under them-
selves as they try to rise. In addition, they may not even
place both feet on the ground. Helped to an erect position,
they cannot stand independently because they do not bring
their weight over their feet. Many hyperextend the trunk
and push backward in seeming disregard for their support
base. Stepping may be bizarre, with crossing of the legs
and no coordination between the trunk and the legs. This
clinical phenomenon was first described by Bruns in
1892 and is sometimes termed Bruns’ ataxia or frontal
ataxia. It is important to recognize that this form of ataxia
is different from that produced by cerebellar lesions, which
result in problems with scaling and timing of steps. Frontal
disequilibrium is also sometimes termed apraxia of gait;
however, this term seems inappropriate because gait is lim-
ited by balance, not by locomotor difficulties.28

Frontal gait is a combination of imbalance (that does not
preclude locomotion), small steps, and freezing (Video 54,
Normal Pressure Hydrocephalus). It is more common than
the two extremes described previously, frontal disequili-
brium and isolated gait ignition failure. Frequently, but
not always, the base is widened.28 The frontal gait pattern
has also been referred to as marche à petits pas. Frontal dis-
equilibrium and frontal gait disorders are often accompa-
nied by other frontal lobe signs, such as grasp reflexes,
dementia, pseudobulbar palsy, and urinary urgency and
incontinence.

Sensory Gait Syndromes
The adaptation of spinal and brain stem synergies to an
individual’s goals and limitations (i.e., context) requires a
knowledge of the relations of the body segments to each
other, the situation of the body in space and the gravita-
tional field, and the presence of environmental hazards
and aids to balance and locomotion. This information is
largely derived from the somatosensory, vestibular, and
visual senses. Generally, one sensory system is adequate
to orient a person and permit normal balance and gait. Bal-
ance and gait difficulties arise if environmental informa-
tion is inadequate because of reduced sensory input or if
a mismatch between the sensory information provided by
the three sensory systems occurs because the environmen-
tal clues are ambiguous or the information is distorted by
diseased sensory systems.

Sensory ataxia arises from a proprioceptive sensory loss
in the lower extremities and may be produced by diseases
affecting large myelinated peripheral nerves, dorsal roots,
or posterior columns. The gait disorder is often first recog-
nized when the patient is suddenly deprived of vision, such
as occurs when walking into a dark room or closing the
eyes to wash the face (Video 5, Sensory Ataxia). At this
mild stage, the only abnormalities detectable on examination
may be a slight unsteadiness when the person stands with the
feet together and the eyes closed (Romberg’s sign), walks
with the eyes closed, walks backward, or makes sudden
turns. Patients may adapt to mild sensory abnormalities by
walking more slowly or taking smaller steps. With more
severe sensory loss, the patient shows increased sway when
standing and walks with a widened base and irregular steps.
The feet may be raised too high, thrown too far forward, and
brought down too quickly. At this stage, the gait resembles
that of a person with cerebellar ataxia. The patient’s eyes
are focused on the feet and the ground immediately in front
of him or her. Diverting the eyes away from the feet may
cause the patient to fall. Reactive or protective postural
responses as induced by the pull test may be delayed because
proprioceptive input to signal movement of the center of
mass relative to the base of support is absent. A cane may
aid in walking, perhaps through proprioceptive cues appre-
ciated in the hands. With severe proprioceptive sensory loss,
the patient may not be able to stand unaided, even though
strength is retained. Neurological examination reveals a pro-
found loss of position sense at the toes and ankles and gener-
ally also at the knees and hips in patients with ataxia on
the basis of proprioceptive sensory loss. Other aspects of
the neurological examination help in differentiating the pe-
ripheral nerve and spinal cord posterior column origin of
the sensory loss.

Vestibular ataxia is seen in patients with vestibular dys-
function; its severity depends on the speed with which
dysfunction develops, the extent of the lesion, and the degree
of compensation. The person with long-standing complete
loss of vestibular function, for example, from aminoglyco-
side antibiotics, may appear completely normal in most cir-
cumstances. The effects of the vestibular deficit may emerge
only when the person is in an environment in which vision
and proprioceptive clues are reduced or deceptive. Subtle
signs in these patients include an en bloc appearance, which
restricts the movement of the head during walking. Ataxia
may be elicited in these patients by asking them to rotate
the head from side to side while walking. The ability to
balance on one foot or to walk in tandem with the eyes open
or closed may also be impaired.29

Vestibular function that is present but distorted causes
more difficulty with balance and gait. Patients are very
dependent on visual information, but their deficient vestib-
ulo-ocular reflexes make it difficult for them to differ-
entiate between self and environmental movement. For
example, such patients find it difficult to walk on a busy
city sidewalk because of the surrounding movement of
pedestrians and vehicular traffic. These patients generally
describe unsteadiness but not vertigo. The gait may be
characterized by staggering and veering in response to erro-
neous perceived self-motion. Acute vestibular lesions are
generally associated with vertigo and produce prominent
difficulties with gait and balance. The sudden onset of
vertigo may be associated with an inability to walk or even
to stand.
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Historical features suggestive of vestibular disorders
include the following: (1) spontaneous vertigo; (2) vertigo
induced by movement, Valsalva maneuvers, noise, exer-
cise, and heat; (3) visual blurring induced by head and
body movements; and (4) disequilibrium induced by body
movements and movements in the surrounding environ-
ment. Findings on examination that suggest vestibular dys-
function include spontaneous or positional nystagmus, en
bloc gait (particularly minimizing head movement), ataxia
with head movement, and difficulty in balancing on one
foot or on a compliant surface that reduces sensory input
(e.g., thick foam) with the eyes closed.30

Visual ataxia is unsteadiness caused by visual deficits. In
normal circumstances, humans are very dependent on vision
for balance; foveal vision appears to be most important, but
peripheral vision also contributes to balance. Disturbances
in visual acuity or visual fields increase body sway and pre-
dispose the person to falls. People adjusting to new bifocals
may feel unsteady or even fall. Vision may also be affected
by abnormalities of eye movements. Limitation of eye
movements, particularly downward movement, or an imbal-
ance between the extraocular muscles, producing diplopia,
can cause balance difficulties and falls.31

Multisensory disequilibrium occurs with deficits in multi-
ple sensory systems. No single deficit is sufficient to cause a
problem, but the sum causes difficulties in orientation in
space.32

Higher Sensory Processing Syndromes
Patients may have normal sensory input from the proprio-
ceptive, vestibular, and visual systems but be unable to
integrate and interpret the information because of abnor-
malities in higher sensory processing.33 Failure of sensory
integration may be related to distortion of the spatial maps
known to exist in the parietal cortex, putamen, ventral pre-
motor cortex, superior colliculus, and frontal eye fields.34

Faulty interpretation of the position of the body segments
to each other and the position of the body in space may eli-
cit inappropriate balance and gait synergies.

Thalamic, midbrain, and putaminal astasia may repre-
sent abnormalities of orientation. Posterolateral thalamic
lesions impair an individual’s ability to judge verticality
and may be associated with postural instability. Infarcts
and hemorrhages in the midbrain tegmentum, dorsal thala-
mic nuclei, and putamen produce striking problems with
balance. Patients with these lesions have adequate strength,
primary sensation, and coordination but cannot stand with-
out drifting and falling to the side or backward unless cor-
rective efforts are made. In patients with lesions of the
thalamus, this clinical picture has been referred to as thala-
mic astasia,35 and similar clinical presentations have been
described in patients with midbrain36 and putaminal37 vas-
cular lesions. Abnormalities of eye movements (vertical
gaze palsies, skewed eye position, and counter-rotation)
may offer clinical clues to mischief in these subcortical
regions, but more often brain imaging establishes the
diagnosis.

Progressive supranuclear palsy (PSP) may be another
example of disorientation caused by degeneration in the sub-
cortical regions, particularly the midbrain tectum. Patients
with PSP often present with unexplained falls, an essentially
normal straight ahead gait, and minimal extrapyramidal
signs. The disequilibrium appears when the subject turns
while walking or is pulled backward or pushed from the side
(lateral instability). The patient often falls with apparently
no protective responses. This presentation differs from that
of idiopathic Parkinson’s disease, in which imbalance
appears later in the course of the disease and is generally
accompanied by the classical parkinsonian gait. Other
findings on examination that confirm this diagnosis are
decreased or absent downgaze and pseudobulbar palsy (see
Chapter 34). PSP generally progresses to an inability to
stand unaided.38

Lesions in the posterior parietal cortex are known to pro-
duce neglect and spatial disorientation.33 The effect on bal-
ance and gait is not well documented, but it is easy to
imagine that lesions in these areas could impair gait and
balance. “Pusher syndrome,” in which patients tend to lean
toward a parietal lesion (away from hemiparesis), has been
described, highlighting the importance of the cortex in
maintaining upright posture.39

Motor Force Disorders
The musculoskeletal system is required to execute the
locomotor and balance synergies. Skeletal, joint, muscle,
motor nerve, and motor neuron disorders may preclude
ambulation or force the nervous system to adopt unique
strategies to carry out ambulation.

Articular, bone, and connective tissue disorders of the
trunk and lower extremities may alter gait because of
mechanical restraints or pain. However, the extent to which
a person can adapt ambulation to the presence of bony defor-
mities and artificial limbs is remarkable if the central ner-
vous system is undamaged. The compensated gait pattern
may be bizarre but provides mobility. A slow and careful
gait in which movement of some joints (particularly the hips
and knees) is restricted to reduce pain is referred to as an
antalgic or arthritic gait. The examination should reveal pain
and limitation of movement at the affected joints.

Muscular dystrophies, myositis, and myopathies gener-
ally affect the proximal muscles more than the distal mus-
cles and cause weakness of the trunk and pelvic girdle
(Video 13, Myopathic Gait). Weakness of the medial glutei
prohibits fixation of the pelvis on the support leg during
walking. To prevent the pelvis from tilting toward the
swing leg, the trunk flexes laterally, toward the support
leg. The successive movements of the trunk from side to
side during walking produce a characteristic waddling gait.
Examination demonstrates rather profound weakness in the
hips if the gait disturbance is due to weakness.

Peripheral motor neuropathies typically affect the distal
muscles and produce weakness at the ankle, particularly
dorsiflexion of the ankle. If the ankle does not dorsiflex
sufficiently, hip flexion must be increased to raise the leg
so that the toe will not catch on the support surface (Video
34, Charcot-Marie-Tooth Disease). This produces a step-
page gait or foot drop. Foot drop causes patients to trip fre-
quently because the toe does not clear some minor obstacle
on the ground (Video 237, Foot Drop). Distal weakness
and reflex abnormalities are present on examination.
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Force Scaling Disorders
Disorders of the cerebellum, basal ganglia, and cortico-
spinal tracts do not eliminate balance and gait synergies
but they disrupt their execution. These synergies are appar-
ently inappropriately scaled—that is, they are too big or
too small or are distorted by other involuntary movements.
Postural disturbance is often considered a key component
of parkinsonism. Patients with advanced disease may
appear to have absolutely no response to a push or a pull,
toppling over like a log if not caught. However, muscle
electromyographic activity recorded from postural muscles
generally shows that such patients have appropriate reac-
tive postural responses at normal latencies. The problem
is that the postural response is hypometric and generates
insufficient force to produce an effective and timely cor-
rection. Thus, some of the postural abnormalities seen in
parkinsonism appear to be related to the same physiologi-
cal abnormalities that cause bradykinesia (an inability to
energize the muscles quickly and forcefully).

A very typical progression of gait abnormalities occurs
in patients with parkinsonism. Initially, the only abnormal-
ity is reduced arm swing, generally unilaterally because the
disease commonly begins unilaterally. Subsequently, the
steps become shorter, and the speed of walking slows
(Video 62, Parkinsonian Gait). The trunk is flexed (simian
posture). Turns become slower, and the head, neck, and
trunk move together as a rigid unit, the en bloc turn. Later,
the patient may find it difficult to start to walk, and the feet
remain apparently stuck to the floor (start hesitation). Once
gait is under way, it looks much more normal (although the
flexed posture and reduced arm swing remain) as long as
the patient walks straight ahead in an open area. Turns
may again cause the feet to “stick” to the floor and may
be accomplished by making small shuffling steps (turn
hesitation) (Video 90, Freezing of Gait). Walking may
become slower or stop completely when the patient passes
through a narrow space such as a doorway or is distracted
(freezing). Because the feet slow or stop and the trunk
may be leaning forward in anticipation of moving forward,
hesitation and freezing at starts and turns may cause falls
forward onto the knees or outstretched arms. Some patients
may attempt to compensate by taking multiple small rapid
steps (propulsion). Postural instability can be brought out
by pulling the patient backward, causing the individual to
take multiple steps backward (retropulsion) or at times fall
backward without a postural response. Eventually, walking
may become impossible without assistance because of the
freezing and hypometric protective postural responses.
Throughout this deterioration of the parkinsonian gait, the
base remains narrow. If a wide base is present in a patient
with other signs of parkinsonism, the clinician must
consider other syndromes, such as multiple system atrophy,
spinocerebellar atrophies, multi-infarct gait disorders,
and normal pressure hydrocephalus (Video 54, Normal
Pressure Hydrocephalus).

Choreic gaits are largely normal locomotor and balance
synergies distorted by involuntary movements. In patients
with moderately severe chorea, the involuntary movements
of the legs cause a characteristic gait pattern (Video 63,
Choreic Gait). The trajectory of the leg and the position
of the foot when it makes contact with the ground vary
from step to step. Choreic movements may flex and extend
the trunk and otherwise interrupt the smooth forward pro-
gression of the gait. The consequence is an erratic, jerky
gait pattern marked by hesitations in some steps, variable
length of steps, and variable contact with the ground so that
the patient may rise on the toes for one step and then land
on the side of the foot or the heel next. This produces a
stuttering or dancing gait that has been likened to a puppet
on a string. With severe chorea, gait may be precluded by
the superimposed involuntary movements.

Dystonic gaits are characterized by involuntary, sus-
tained, twisting movements of the limbs and trunk that
affect locomotion. Initially, dystonia tends to occur only
when the patient is engaged in specific activities (action
dystonia). For example, dystonic spasms may affect a leg
when the person walks forward but not backward (Video
65, Dystonic Gait). This characteristic of the gait is often
incorrectly interpreted as suggesting hysteria. Dystonic
posturing of the arms is often brought out by asking the
patient to walk on the toes or heels. With time, dystonic
postures may be present at rest. Dystonia may remain
restricted to one group of muscles or one limb, or it may
be generalized. The gait pattern reflects the distribution
of dystonic spasms. Because childhood-onset dystonia
often begins in a leg, abnormalities of walking or running
(described as a limp by parents) are the first signs of the
disorder.

Cerebellar disorders appear to produce hypermetric
anticipatory and reactive postural responses and dysmetric
limb movements that have impaired timing and force.
The basic synergies for balance and gait are not deranged.
That is, the cerebellum modifies the execution of the syner-
gies that are generated elsewhere in the nervous system.
Mild cerebellar gait ataxia shows up as impaired ability
to tandem walk and the need for an extra balancing step
or two on quick turns. With increasing cerebellar dysfunc-
tion, the base widens, and the stepping cadence becomes
more irregular. The response to a push is often an overreac-
tion, but the protective response is an appropriate synergy,
inappropriately scaled. Severe cerebellar dysfunction may
preclude standing and walking because of the marked dys-
metria of the postural responses and stepping.

Cerebellar gait ataxia is often described as three distinct
syndromes. Lesions of the flocculonodular lobe (vestibulo-
cerebellum) produce clinical abnormalities resembling
those produced by vestibular lesions (Video 91, Cerebellar
Ataxia). There is marked disequilibrium with falling in any
direction. There may be a truncal tremor when the patient
is sitting or standing (titubation). Medulloblastomas are
frequently associated with this syndrome. Lesions of the
anterior vermis (spinocerebellum) produce a wide-based
gait with a slow and irregular cadence and superimposed
lurching. The patient may have few or no other signs of
ataxia except when standing and walking. Alcoholic cere-
bellar degeneration primarily affects the anterior vermis
and produces the same picture.40 Lesions of the lateral cer-
ebellar lobes (frontocerebellum) produce ataxia of limb
movements and consequently an ataxic gait. Infarcts,
hemorrhages, and tumors are common causes of this syn-
drome. These syndromes are not reliable indicators of the
anatomical location of cerebellar pathology.41 In clinical
practice, a cerebellar ataxic gait with no other prominent
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cerebellar signs is attributed to midline cerebellar dysfunc-
tion. A cerebellar ataxic gait with limb ataxia, dysarthria,
and ocular dysmetria is attributed to involvement of the
lateral cerebellar lobes.

Spastic hemiparetic and paraparetic gaits result from dis-
ruption of the corticospinal tracts and produce unilateral or
bilateral weakness and spasticity. The patterns of automatic
postural responses, anticipatory responses, and gait are
basically preserved, although less force (scaling deficit),
delays in distal muscle activation, and cocontraction are
present. If there is adequate strength, spasticity rarely pro-
hibits ambulation, although it may make gait precarious.

The movements of the affected leg or legs are slow, stiff,
and effortful. Most of the forward movement of the spastic
leg comes from the hip (Video 11, Hemiplegic Gait).
Because of the weakness of the dorsiflexors of the ankle
and the increased (spastic) tone in the leg, the leg moves
as a rigid pillar in a semicircle during the swing phase (cir-
cumduction) to prevent catching the toe. The toe often
scrapes along the floor and may catch on small irregulari-
ties, causing falls. The toes of the shoes are scuffed and
worn out of proportion to the remainder of the sole of the
shoe. The person with a spastic gait, like the patient with
peripheral neuropathy and foot drop, is trying to overcome
the weakness of dorsiflexion of the ankle, but the stiffness
of the leg prevents the spastic patient from adopting the
steppage gait and requires circumduction of the leg to
accomplish the swing phase (bringing the leg forward for
a step) (Video 3, Spastic Gait). The legs may even cross
the midline at the end of the swing phase because of the
increased tone in the adductors of the thigh, producing
the scissoring gait typical of severe spasticity. There may
be a marked discrepancy between the signs of spasticity
elicited when the patient is supine (hyper-reflexia, spastic
catch in the legs, and Babinski’s signs) and the degree of
spasticity apparent when the patient walks.
Syndromes of Impaired Adaptation and Deployment
Strategies
The individual must be able to adapt synergies to the envir-
onment and situation. Much of this process occurs at a sub-
conscious level and operates through the frontal lobe and
possibly the basal ganglia. In addition, some adaptation
takes place at a conscious level and is dependent on atten-
tion, learning, and insight—functions that are associated
with frontal lobe function. A normal person’s gait changes
appropriately depending on whether the surface is flat, rough
and uneven, or slippery (e.g., ice) and on the kind of foot-
wear being worn (shoes, thongs, skis, or stilts). Likewise,
postural synergies are adapted to the situation. The postural
response to a perturbation felt when standing at the end of
a low diving board depends on whether the pool is filled with
water and how the person is attired. Thus, equilibrium and
gait are adapted to the situation through awareness of the
body and the environment as well as through the use of
insight, judgment, and past experience.

The cortex is not necessary for ordinary walking in labora-
tory animals such as cats. It is necessary for skilled walking,
for example, when the cat must place its feet precisely
such as when walking on the rungs of a horizontal ladder.
Similarly, in humans, the frontal motor areas are presumed
to be involved in precise locomotion, such as walking on
uneven surfaces, avoiding obstacles on the ground, and
dancing.

The cautious gait, often inappropriately referred to as a
senile gait, is characterized by slower, shorter steps and en
bloc turns. It is not a pathological gait pattern but is a more
conservative balance and gait pattern, the proper response
to perceived postural insecurity in the anterior-posterior
direction. A normal person assumes a cautious gait pattern
on an icy surface. Older individuals assume a cautious gait
pattern when they perceive that their balance or their ability
to regain their balance is impaired. Widening of the base of
support is an appropriate response to uncertainty about when
and where the feet will make contact with the support sur-
face and the risk of falls laterally. Just as a normal person
widens the base of support on a pitching ship deck, an older
individual with a cerebellar, vestibular, or somatosensory
disorder widens his or her base.28

Although dementia is not associated with a particular
gait pattern, many epidemiological studies of falls in the
elderly identify dementia as one risk factor for falls.42,43

Patients with Alzheimer’s disease (AD) have normal
cadence but are slower, with decreased stride length, com-
pared with age-matched elderly. People with AD have
increased susceptibility to distractors, which might increase
their risk for falls.44 Prominent early gait impairment sug-
gests a non-Alzheimer dementia. Some falls appear to be
due to poor insight; the patient attempts to do things that
are not reasonable for his or her physical capabilities and
environmental situation. Demented patients do not attend
to their environment. It is probable that if dementia is com-
bined with any problems with balance and gait, the chances
of falls are markedly increased because the patient will be
unable to adapt to the disabilities. In conclusion, demented
patients may have normal balance synergies but cannot use
them effectively because of their impaired attention and
insight and an inability to profit from experience. The
converse is also true. Some patients with severely compro-
mised balance and gait synergies never fall because of their
insight and carefulness.

Although balance and gait are thought of as “subcon-
scious” functions, it has been demonstrated that attentional
demands are needed to maintain balance and locomotion.
As the difficulty of balancing or walking increases, as is
common in the elderly, more attention is required.45,46

Attentional demands are increased by using a walker.47

Thus, inattention or distraction may impede balance and
walking. The increased risk of falling associated with psy-
chotropic drug use42 may be related to the drug’s effects on
attention and not solely to alterations in sensorimotor func-
tion. Patients with unexplained falls may be encephalopathic
from medical illnesses as well as drugs.48

The post-fall syndrome consists of a sudden inability to
walk without the support of objects or the assistance of
another person; it occurs after a fall, and there is no evi-
dence of a neurological or orthopedic abnormality that
explains the inability to walk.49,50 With assistance, many
of these patients can learn to walk normally. This inability
to walk appears to be due to excessive fear—a perceived
insecurity of balance that does not match the person’s
physical capacity. It might be termed an overcautious gait.
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Psychogenic gait disorders can take many forms, includ-
ing hemiparetic and paraparetic disorders, ataxic disorders,
trembling, buckling of knees, and dystonic abnormalities.
Features that suggest psychogenic gait disorders include
(1) variability in gait from time to time, particularly with
suggestion or distraction; (2) excessive slowness and hesi-
tation in walking; (3) tandem walking with much arm wav-
ing and swing foot wavering combined with prolonged
periods of balancing on the stance foot; (4) bizarre gait
patterns with no explanatory neurological findings; and
(5) other historical and neurological signs suggesting a psy-
chogenic disorder.51 Neurological disorders that are some-
times improperly labeled as psychogenic are (1) dystonia,
because the postures may be strange and may be present
only during certain specific tasks (e.g., during walking
but not running); (2) thalamic astasia, because of the strik-
ing evidence of disequilibrium combined with a lack of
other neurological signs; and (3) frontal gait disorders,
because of balance and gait dysfunction without other
neurological signs in the presence of personality changes.
GENERAL MANAGEMENT GOALS

Although characterizing gait impairment (Table 18-4) and
instituting a specific treatment plan based on a precise
diagnosis is important, general measures should always
be considered in patients who present with gait disorders
or falls. The first management goal is patient safety, and
a number of nonspecific strategies can be used to achieve
this goal. Since falls are dangerous, their prevention must
be of paramount concern. Stabilizing walking aids such
as walkers, canes, and other support aids may be useful
in weak or unstable patients, but the patients must be spe-
cifically trained to use these objects correctly. Some
patients, especially those with a gait marked by freezing,
may find such aids of more hazard than benefit. Hip pro-
tectors, knee pads, and elbow guards may also be used.
Physical therapists are often particularly skilled in advising
on the use of medical ambulation aids.

The next management goal is to identify the neural
dysfunction that contributes to the patient’s gait and bal-
ance difficulties. A differential list of diseases that should
be investigated in the search for treatable pathologies can
be developed and a prognosis established. Characteriz-
ation of balance and gait disorders in terms of systems
TABLE 18-4

Etiological Classification of Gait Disorders in Descending
Order of Prevalence from a Gait Disorders Clinic

Myelopathy
Sensory deficits
Multiple infarcts
Unknown causes
Parkinsonism
Hydrocephalus
Cerebellar disorders
Miscellaneous disorders
Psychogenic
Toxic/metabolic

From Sudarsky L: Geriatrics: Gait disorders in the elderly. N Engl J Med
1990;322:1441–1446.
dysfunction will help to identify correctable problems such
as decreased visual acuity that is amenable to refraction or
cataract removal, weakness that is amenable to bracing,
and so on. It is important to recognize that balance and gait
disorders may have multifactorial causes52 and that there
need not be a unique cause for the patient’s difficulties.
An attempt to correct all potential contributors to gait and
balance problems is worthwhile.53,54

When these goals have been accomplished, physical
therapy programs for strengthening and improved balance
can be refined.55 Further evaluation and experimentation
with various assistive devices may be useful, and therapists
can instruct the patient and family how to best use these.
The occupational therapist can evaluate the home for safety
and may suggest the use of grab bars, new lighting, floor
coverings, a different furniture arrangement, and so forth
to prevent falls.54
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this chapter are available on the DVD-ROM.
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HISTORY AND DEFINITIONS

The direct relation of somatic sensation to the nervous sys-
tem was first put forth by Her3ophilus of Chalcedon in the
third century BC. Through careful dissections, he identified
nerves as structures directly connected to the brain and
spinal cord and attributed sensation and motor function to
them.1 The concept of the subdivision of somatic sensation
into modalities was solidified by the specificity theory of
Müller, who proposed that the stimulation of certain pri-
mary afferent fibers yielded a specific modality of sensa-
tion and that these specific nerve fibers were tuned to
respond to only certain stimuli.2

The specificity theory’s greatest challenge came from
the experimental findings of Lele and Weddell, who noted
that free nerve endings in the cornea produced sensations
of more than one modality.3 Subsequently, many subtypes
of mechanoreceptors were shown to respond to various
types of stimuli.4 Most likely, modality specificity exists
at the most fundamental levels of the sensory unit at
threshold levels of stimulation, but suprathreshold levels
of stimulation activate receptors nonspecifically.

Various investigators were instrumental to the develop-
ment of the sensory examination. Moritz von Romberg’s
(1795–1873) major contribution was his description of a
sign that indicated dysfunction of the posterior columns of
the spinal cord. Charles-Edouard Brown-Sequard (1817–
1894) was first to describe a sensory syndrome that resulted
from hemisection of the spinal cord. The syndrome is
thought to have been brought to his attention by observing
the stiletto-induced injuries of the Parisian Mafioso. Sir
a modified and updated version of the chapter originally
Morgan.
Henry Head (1861–1940), observing patients with herpes
zoster, was able to determine dermatomes and match them
with specific spinal roots.5 However, it was W. R. Gowers,
in 1888, who published one of the first complete sensory
examinations that, other than not including an examination
for vibratory sensation, is remarkable similar to the modern
sensory exam.6

Because the sensory modalities of proprioception, vibra-
tion, and touch share neurophysiology, clinical concurrence,
and some anatomy beyond the level of the mechanoreceptors,
these sensations are considered together.

Proprioception is any postural, positional, or kinetic
information provided to the central nervous system by sen-
sory receptors in muscles, tendons, joints, or skin; touch is
the sensory modality concerned with the ability to perceive
superficial, non-noxious stimulation of the skin; and vibra-
tion, which is sometimes referred to as pallesthesia, is the
ability to perceive sinusoidal rhythmic stimulation on both
a superficial and a deep level.

Alterations in sensation are often spoken of in terms of
hyperesthesia, hypesthesia, and paresthesia. Hyperesthesia
is an exaggeration of any sensory modality response.
Hyperesthesia is distinct from hyperpilaphesie, which repre-
sents augmentation of tactile faculties in response to other
sensory deprivation (e.g., touch in the blind). Hypesthesia
represents a diminution of any sensory modality; how-
ever, it is most frequently used in the discussion of painful
and tactile stimulation. Paresthesia reflects a perversion of
sensation, producing a perception that is abnormal in charac-
ter (e.g., tingling on tactile stimulation) or abnormal sensa-
tions that an individual experiences in the absence of
stimulation, including feelings of tingling, burning, prick-
ling, crawling, and so on. Paresthesia has also been applied
in a general sense to refer to sensations of a purely subjec-
tive nature.6
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CLINICAL HISTORY

Sensory complaints may be subdivided into positive and
negative phenomena. Negative phenomena, hypesthesia or
hypalgesia, reflect a loss of sensation on stimulation. Positive
phenomena are represented by hyperesthesia and paresthesia.
Examples include pain perceived with light stimulation of the
skin or a sensation of ants crawling on the skin in the absence
of any external stimulation. Negative phenomena generally
reflect failure along sensory channels secondary to either con-
duction block or fiber loss at any site along the sensory axis.
Paresthesia or spontaneous pain, however, is most likely due
to neural hyperactivity generated ectopically from damaged
fibers.7

A number of descriptors may be used by the patient to
indicate a sensory loss: numbness, dead weight, prickling,
tingling, “pins and needles,” aching, tightness, creeping,
itching, cold, and burning. It is important to clarify the symp-
toms with the patient. Such terms as numbness may be used
when actually the patient is experiencing weakness or, con-
versely, the patient is referring to an extremity feeling weak
or heavy when indeed there is diminished sensation.

Several historical factors are critical in determining the
etiology of a patient’s sensory complaints. Chief among
these is the distribution of the perceived sensory loss.
Localization is the foundation for generating an accurate
and complete list of conceivable causes. Some examples
of the distribution of sensory loss and typical localizations
are listed in Table 19-1. The patient should also be asked to
describe the temporal presentation, clinical course (static,
TABLE 19-1

The Pattern of Sensory Loss Seen in Lesions throughout
the Sensory Axis

DISTRIBUTION OF SENSORY LOSS CLINICAL DIAGNOSIS

Single nerve Mononeuropathy
Multiple peripheral nerves in a

single arm
Infraclavicular brachial plexopathy

Single nerve root Radiculopathy
Multiple spinal roots in a

single arm
Supraclavicular brachial plexopathy

Multiple spinal roots in a
single leg

Lumbrosacral plexopathy

Symmetrical distal extremities
Legs > arms Polyneuropathy (e.g., diabetes)
Arms > legs Polyneuropathy (e.g., vitamin B12

deficiency)
Symmetrical proximal

extremities
Polyneuropathy (e.g., Tangier

disease)
Multifocal peripheral nerve

distribution
Mononeuritis multiplex

Multifocal partial nerve
distribution

Subcortical white matter
(e.g., multiple sclerosis)

Distinct sensory level Spinal cord lesion
With sacral sparing Extrinsic cord compression or

central cord lesion
Saddle distribution Conus medullaris or cauda

equina
Incomplete hemibody Brain stem
Hemibody Thalamic lesion
Face and arm sparing leg Sensory cortex or superficial

subcortical white matter
progressive, stepwise, and relapsing/remitting), duration,
and severity of symptoms. Any precipitating or provocative
factors for the sensory complaints should be noted.

Abnormalities of touch sensation are likely readily
recognized by the patient, whereas impairment of vibration
is generally not noted by patients because this sensory
inflow is not a part of the daily conscious experience. Pro-
prioceptive loss is most likely recognized by the patient as
a lack of coordination in the limbs or impairment in gait.
An early sign of proprioceptive loss may be unmasked by
asking if the patient has difficulty walking or reaching for
objects in the dark.

It is important to determine if there are any associated
neurological deficits to aid in localization and determination
of etiology, such as motor deficits, cranial neuropathies, lan-
guage deficits, sensory neglect, deep tendon reflex changes,
limb or gait ataxia, or autonomic dysfunction.

The presence of any familial history of sensory com-
plaints or conditions causing sensory dysfunction must be
investigated. In particular, a determination of the pattern
of inheritance of a peripheral neuropathy may greatly aid
in making a diagnosis.

Underlying medical conditions that may predispose the
patient to disease of the sensory axis must be explored,
with careful attention to past medical illnesses, trauma,
toxin exposure, and medications. Patients may present with
sensory complaints as their only recognizable manifesta-
tion of toxin exposure. Toxic neuropathies secondary to
medications or environmental exposure infrequently cause
purely sensory signs and symptoms; however, Table 19-2
lists a number of medications that may cause a predomi-
nantly sensory neuropathy. Although the sensory complaints
associated with a toxic neuropathy may vary, pathologically
there may be a predilection for primary involvement of the
axon or myelin sheath or certain fiber types. Virtually all
predominantly sensory toxic neuropathies due to medica-
tions are axonopathies rather than myelinopathies.
ANATOMY OF PROPRIOCEPTION, TOUCH, AND
VIBRATORY SENSES (Table 19-3)

Receptors
Sensation begins most distally with the transduction of
mechanical stimulation by mechanoreceptors in the dermis,
epidermis, muscles, and joints. To stimulate the axon asso-
ciated with a mechanoreceptor, the stimulus must first pass
through intervening tissues. This process is referred to as
stimulus accession. This is followed by stimulus transduction,
in which the stimulus energy is transformed into electrical
energy by depolarization of the axon terminal in proportion
to the amount of mechanical energy applied. This depolar-
ization is termed a generator potential and is due to influx
of sodium ions through sodium channels that open in
response to deformation of the mechanoreceptor. The
greater the stimulus, the more sodium channels open and
the larger the generator potential. If a threshold value is
reached, an action potential occurs and nerve impulses travel
along the sensory neuron. The amplitude of the mechanical
stimulus determines the frequency at which the action poten-
tials are initiated.8 This temporal summation of afferent



TABLE 19-2

Medications Causing Predominantly Sensory Neuropathies

MEDICATION FIBER TYPE AFFECTED SENSORY SIGNS/SYMPTOMS ASSOCIATED FINDINGS
RECOVERY AFTER
STOPPING DRUG?

Almitrine Large > small Distal paresthesias, burning pain Weight loss Partial, delayed
Chloramphenicol Small > large Distal paresthesias Aplastic anemia, retinopathy,

optic neuropathy
No

Ethambutol All fibers Distal paresthesias Optic neuropathy Yes
Gemcitabine All fibers Painful distal paresthesias Fever, hand-foot syndrome Yes
Hydralazine All fibers Distal paresthesias — Yes
Interferon-a All fibers Distal, painful paresthesias Encephalopathy Yes
Metronidazole Large > small Distal, painful paresthesias Cardiomyopathy Delayed
Platinum analogs
(cisplatin)

Large > small Sensory ataxia, paresthesias Lhermitte’s sign Partial

Pyridoxine Large > small Diffuse paresthesias, sensory ataxia Autonomic dysfunction Yes
Taxol All fibers Painful paresthesias in feet and hands Distal weakness, reduced reflexes Yes
Thalidomide Small > large Distal, painful paresthesias Distal weakness, reduced reflexes Partial, pain may persist
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impulses is preserved throughout the afferent course and is
decoded centrally as subjective stimulus sensation magni-
tude. Increasing the intensity of a mechanical stimulus not
only increases the firing frequency of the discharging
mechanoreceptor but also recruits more sensory units. The
intrinsic properties of the mechanoreceptors, however, deter-
mine the duration of the impulse activity when stimulated.9

Mechanoreceptors may be divided into rapidly adapting
and slowly adapting based on their response to sustained
stimuli (Fig. 19-1). Rapidly adapting (RA) mechanorecep-
tors provide information about changes in skin contact.
They quickly cease firing in response to a constant stimu-
lus. Slowly adapting (SA) receptors provide information
about long-term contact with skin and do not stop firing
with sustained stimulation. Mechanoreceptors may be
further subdivided into type I and type II receptors. Type
I receptors are located superficially in the skin and have
small receptive fields. Type II receptors are deeply located
and have broad, diffuse receptive fields.10

Four subtypes of mechanoreceptors have been identified:
(1) Meissner’s end organ (RA, type I) responds best to light
touch; (2) Pacinian corpuscles (RA, type II) responds best
to vibration; (3) Merkel’s end organ (SA, type I) responds
best to pressure; and (4) Ruffini’s end organs (SA, type II)
respond best to pressure.11 Any given mechanoreceptor
may respond to various types of mechanical energy; how-
ever, most are particularly sensitive to one form of stimula-
tion, as noted previously. This selectivity tends to be
greatest at or near threshold levels of stimulation—that is,
activation of the smallest number of sensory units neces-
sary for stimulus perception.12 It has been demonstrated
from intraneural microstimulation of a single myelinated
fiber associated with a mechanoreceptor that elementary
sensations can be perceived and sensory quality, magni-
tude, and localization can be resolved at a cognitive level.5

Microstimulation of a single RA unit produces a sensation
of intermittent tapping or fluttering. These receptors are
related to texture discrimination in glabrous skin such as
the fingertips.13 Microstimulation of a Pacinian corpuscles
produces a sensation of vibration or tickle. Microstimula-
tion of an SA, type I receptor produces a sensation of pres-
sure,5 and these receptors appear to be critical in resolving
the spatial structures of objects or surfaces.13,14 Microstim-
ulation of SA, type II receptors evokes no sensation when
stimulated in isolation; however, they are excited by skin
stretching and joint movement.15

The proprioceptive system arises from mechanorecep-
tors located in muscle spindles, Golgi tendon organs, and
joint receptors. The Ia afferents that represent the primary
endings of muscle spindles also produce no sensation when
stimulated in isolation.16

First-Order Neuron
Beyond the mechanoreceptors, the sensory impulses are
propagated centrally by a population of afferent nerve
fibers. The cross-sectional diameter, degree of myelination,
and conduction velocity of peripheral nerve fibers are use-
ful categories that relate directly to the modality subserved
by certain mechanoreceptors and nerve fiber populations.
The accepted composition of the sensory nerve compound
action potential includes Aab myelinated fibers (30–72
m/sec), Ad lightly myelinated fibers (4–30 m/sec), and
C-unmyelinated fibers (0.4–2 m/sec).17 There is an associa-
tion between activity in a fiber population and the sensation
perceived: Aab fibers convey light touch, proprioception,
vibratory, and discriminative sensations (large fiber modal-
ities); Ad fibers convey sensation of pinprick and coldness;
and C fibers convey the sensation of dull aching and
warmth. These latter two groups reflect the small fiber
modalities discussed in Chapter 20 on pain and temperature
sensation.

In the case of the largest myelinated fibers, conduction
block due to demyelination or conduction failure due to
axonal damage can lead to impaired sensory impulse trans-
mission centrally and thus a corresponding sensory deficit
in these large fiber modalities. Uniform conduction slow-
ing per se does not seem to have a clinical correlate. In
patients with hereditary sensorimotor neuropathy type I,
conduction velocities can approach 10 to 15 m/sec in the
largest fiber population (normal for lower extremities is
40 m/sec and in upper extremities it is 50 m/sec) with
few sensory symptoms. However, if there is an unequal slow-
ing of conduction of select fibers within the Aab population



TABLE 19-3

Clinical Correlates of Lesions Causing Abnormalities of Proprioceptive and Vibratory Sensation Based on Localization

LOCALIZATION
DISTRIBUTION OF
SENSORY LOSS EXAMINATION IMAGING/NEUROIMAGING

SENSORY
ELECTROPHYSIOLOGY ETIOLOGIES EXAMPLES

Primary sensory
mononeuropathies

Cutaneous distribution of
involved nerve

Sensory loss � motor
weakness

Normal Low-amplitude SNAPs Compressive, ischemic,
traumatic

Meralgia paresthetica

Plexopathy Cutaneous distribution of
two or more peripheral
nerves

Sensory loss � motor
weakness � reflex loss

Cervical rib; tumor/mass
compressing brachial/
lumbosacral plexus

Low-amplitude SNAPs Traumatic, ischemic,
inflammatory

Brachial neuritis,
humeral fracture

Radiculopathy Dermatomal distribution of
one or more nerve roots

Sensory loss � motor
weakness � reflex loss

Abnormal (herniated disc,
spondylolisthesis)

Normal SNAPs Degenerative, traumatic,
infectious

Herniated disc,
paraspinal abscess

Diffuse sensory
polyneuropathy

Legs > arms, length-
dependent

Distal sensory loss, hypo/
areflexia if large fibers
involved

Normal May be normal if preferential
small fiber loss; if large
fiber, low-amplitude SNAPs

Hereditary, metabolic,
nutritional, infectious,
autoimmune, toxic

Diabetes, HIV,
uremia

Sensory
neuronopathy
(dorsal root
ganglionopathy)

Arms > legs, diffuse Severe proprioceptive loss,
areflexia

Normal Absent or very low-amplitude
SNAPs

Idiopathic, autoimmune,
paraneoplastic, toxic

Sjögren’s syndrome,
anti-Hu sensory
neuronopathy,
cisplatin toxicity,
B6 toxicity

Combined spinal cord
and peripheral
nerve (subacute
combined
degeneration)

Legs > arms Vibration and proprioception
impaired, mild distal
weakness, Babinski sign

Normal Low-amplitude or absent
SNAPs

Nutritional Metabolic B12 deficiency,
copper deficiency

Myelopathy Below level of lesion Sensory level Abnormal (extrinsic cord
compression vs. intrinsic
cord abnormality)

1. Normal SNAPs Inflammatory,
degenerative, neoplastic,
infectious

Transverse myelitis,
spinal cord tumor,
herniated disc

2. Abnormal SSEPs

Brain stem Contralateral body* Associated cranial
neuropathies aid in
localization

Abnormal (stroke or tumor) 1. Normal SNAPs Vascular. inflammatory,
neoplastic

Stroke, MS plaque,
CNS tumor2. With trigeminal

neuropathy abnormal blink
reflex

3. Abnormal SSEPs if lesion
involves medial lemniscus

Sensory cortex Contralateral face/arm/leg/
trunk or combinations
thereof

Proprioception and
discriminative touch
preferentially affected

Abnormal (stroke or tumor) Abnormal SSEPs Vascular, inflammatory,
neoplastic

Stroke, MS plaque,
CNS tumor

Associated neglect, apraxia
or aphasia

*If lesion is caudal to crossing fibers in the medulla.
CNS, central nervous system; MS, multiple sclerosis; SNAPs, Sensory nerve action potentials; SSEPs, somatosensory evoked potentials.

3
4
6
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Figure 19-1. Rapidly adapting (RA) versus slowly adapting (SA) mechano-
receptors. A, RA mechanoreceptors quickly adapt to a sustained stimulus.
Thus, generator potentials primarily fire at stimulus onset and offset, and
they provide information regarding changes in sensory stimuli. B, SA
mechanoreceptors are slowly adapting and fire throughout the duration of
stimulation. They provide information regarding sustained stimulation.
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(differential slowing), it is likely to interfere with clinical tests
that depend on the delivery of synchronized bursts of impulses
such as vibratory sensation.18

These peripheral nerve fibers of the first-order neurons
have their associated soma in the dorsal root ganglia
(DRG). The separation of modalities that originated in the
peripheral mechanoreceptors appears to be preserved in the
DRG anatomically, with themost rapidly conducting periph-
eral fibers associated with a subpopulation of large clear
cells within the DRG.12 On a neurophysiological level,
membrane properties of DRG cells are correlated with the
specific peripheral mechanoreceptor type and peripheral
nerve fiber conduction velocity.19 The DRG neurons are T-
shaped structures, with the afferent sensory axons coming
from the peripheral nerve and separate axonal projections
that transmit the impulse centrally to the spinal cord through
the dorsal roots.

Within the dorsal roots, the various sensory fibers are
intermingled. However, as the fibers enter the spinal cord,
the large myelinated fibers assume a more medial position.
The more lateral aspect of the bundle is composed of thinly
myelinated and unmyelinated fibers that ascend three to six
segments and descend four or five segments before synaps-
ing within the spinal cord gray matter of the dorsal horn.
The spinal cord gray matter is described in terms of lami-
nae, with the separate areas being denoted cytoarchitecton-
ically. These laminae often represent separate nuclei with
distinctive functions. Lamina IV plays a role in light touch,
and lamina VI receives afferents from group I muscle
afferents, for example. Most of the fibers that enter the dor-
sal columns of the spinal cord do so without synapsing in
the dorsal horn. The dorsal columns generally represent
direct projections from the DRG neurons to the nuclei graci-
lis and cuneatus within the brain stem. However, some of the
primary afferents coursing in the dorsal columns send projec-
tions to the propriospinal neurons in the dorsal horn, and
some axons of second-order neurons from the dorsal horn
course in the dorsal columns and terminate on dorsal column
nuclei.

The classical view is that the impulses ascending in the
fibers of the dorsal columns mediate sensations of touch,
deep pressure, vibration, proprioception, and sensory dis-
crimination. The fibers in the dorsal columns are steadily
pushed in a medial direction as they course rostrally. The
fibers entering at more rostral levels intrude themselves
between the ascending fibers and the dorsal horn. The med-
ial portion is referred to as the funiculus gracilis and is
composed of fibers from caudal to and including the lowest
six thoracic levels. The lateral portion is referred to as the
funiculus cuneatus and is composed of the upper six tho-
racic segments and cervical segments.20 The funiculus
cuneatus occupies most of the ventral aspect of the dorsal
columns, abutting the commissure from the second to the
sixth cervical cord segments. At C3, it occupies all of the
ventral aspect. There is a topographical representation
within the dorsal columns by submodality such that
discriminative touch is most superficial (dorsal), vibration
is represented most deeply (ventral), and proprioception is
intermediate.21

Second-Order Neuron
The dorsal column fibers terminate in the nucleus gracilis
and cuneatus at the level of the medulla. Again, the nucleus
gracilis is medial to the cuneatus and each nucleus subserves
the same body region, as represented in its respective funic-
ulus. In these nuclei, the primary afferent fibers synapse
and the second-order sensory afferents send projections
more rostrally through the medial lemniscus after the fibers
decussate as the internal arcuate fibers in the medulla. The
somatotopic organization is preserved throughout the course
of the medial lemniscus. The medial lemniscus remains
medial in the medulla and pons, sweeping more laterally at
the level of the midbrain.

Third-Order Neuron
The fibers of the medial lemniscus terminate in the ventro-
posterolateral (VPL) nucleus of the thalamus. This pathway
is organized somatotopically such that the fibers from the
nucleus gracilis end most laterally within the VPL nucleus
and those from the nucleus cuneatus end in the larger, medial
part of the VPL nucleus. The VPL nucleus is the origin of the
third-order sensory afferent neuron that sends projections to
somatosensory cortex (Fig. 19-2).

Primary somatosensory cortex consists of the postcentral
gyrus and its medial extension into the paracentral lobule
(Brodmann areas 1–3). There is somatotopic organization
such that the amount of tissue within the primary sensory
cortex that represents a particular region of the body is
related to the importance of that region in somatic sensa-
tion and not to its absolute size. For example, the thumb
has a much greater area of cortical representation than does
the proximal arm. In the region of the postcentral gyrus,
the calf and the foot are represented on the medial surface
of the hemisphere and then laterally follow the foci for the
thigh, abdomen, thorax, shoulder, arm, forearm, hand, fin-
gers, and face. The foci for the bladder, rectum, and geni-
talia are located on the lowest aspect of the medial
surface of the hemisphere (Fig. 19-3).

With regard to the subdivision of cortical regions by
modality, Powell and Mountcastle22 have shown in mon-
key cortex that more than 90% of the neurons in area 2
are related to receptors of the deep tissues of the body such
as the joints, in area 3 most of the cells are activated by
cutaneous stimuli, and area 1 has an intermediate position
in terms of the modality specificity of its neurons.
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Figure 19-2. The formation and course of the posterior columns in the spinal cord and the medial lemniscus in the brain stem. The posterior columns are
formed from uncrossed ascending and descending branches of spinal ganglion cells. Ascending fibers in the fasciculi gracilis and cuneatus synapse on cells
of the nucleus gracilis and cuneatus. Fibers forming the medial lemniscus arise from cells of the nuclei gracilis and cuneatus, cross in the lower medulla,
and ascend to the thalamus. Impulses mediated by this pathway include proprioceptive, vibratory, and discriminative touch. Spinal ganglia and afferent
fibers entering the spinal cord at different levels are coded as in legend. (Modified from Carpenter MB: Human Neuroanatomy. Baltimore, Williams &
Wilkins, 1983.)
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Figure 19-3. Sensory homunculus. This diagram shows the relative size and
distribution of the parts of the cerebral cortex from which sensations loca-
lized to different parts of the body can be elicited on electrical stimulation
in man. (From Penfield W, Rasmussen T: The Cerebral Cortex of Man.
New York, Simon & Schuster, 1950.)
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Adjacent to primary sensory cortex are smaller cortical
zones that receive input from primary somatosensory cor-
tex referred to as secondary sensory areas. Although con-
tralateral representation of the body predominates, there
is some bilateral representation within these areas.

Spinocerebellar Pathways
A second type of sensory information enters the spinal cord
through the dorsal columns. These fibers generally carry
spinocerebellar impulses that terminate in various regions
of the cerebellum and thus do not reach a level of con-
scious sensation.

The dorsal spino-olivary tract ascends within the dorsal
columns, synapses in the cuneatus and gracilis nuclei, and
then relays impulses to the contralateral accessory olivary
nucleus. These fibers arise in the spinal cord and are acti-
vated by cutaneous and group Ib receptor afferents. The
function of these fibers is largely spinocerebellar. There are
fibers traveling in the anterior funiculi that have a similar ter-
mination and are referred to as the anterospino-olivary tract.

The dorsal spinocerebellar tract (DSCT) arises from neu-
rons in the dorsal nucleus of Clarke from the T1 to L2
levels. The principal afferent fibers to Clarke’s nucleus
are collaterals of primary afferent fibers that are observed
to descend directly from the dorsal columns. These cells
have afferent peripheral inputs from muscle spindles, Golgi
tendon organs, and touch and pressure receptors. The fibers
enter the cerebellum through the inferior cerebellar pedun-
cle in the medulla and terminate on the ipsilateral vermis.
These impulses are utilized in the fine coordination of pos-
ture and movement of individual limb muscles.
The ventral spinocerebellar tract arises from cells in the
dorsal horn and ascends largely contralaterally in the lateral
funiculus of the cord ventral to the DSCT. The fibers come
from levels below the midthoracic cord. These fibers enter
the cerebellum through the superior cerebellar peduncle.

The cuneocerebellar tract (CCT) is the forelimb equiva-
lent of the DSCT. It consists of two separate components:
one exteroceptive, which is activated by cutaneous afferents
and higher threshold muscle afferents, and one propriocep-
tive, which is activated by group I muscle afferents. The
CCT terminates ipsilaterally in lobule V of the anterior lobe
of the cerebellum.23
Discriminative Touch, Vibration, and Conscious Sense
of Joint/Muscle Movement
There are three elements of proprioception with separate
peripheral receptor representation: (1) The perception of
limb movement is mediated by muscle spindle receptors,
cutaneous mechanoreceptors, and joint receptors; (2) the
perception of limb position is mediated by muscle spindle
receptors and cutaneous mechanoreceptors; and (3) the per-
ception of force of muscular contraction is mediated by
corollary discharges and tendon organ receptors.24 Specific
mechanoreceptors that have been implicated in propriocep-
tion include SA type II cutaneous afferents that respond to
planar stretch of the skin and muscle spindle endings that
respond to muscle stretch. Neither of these receptors evokes
a coherent sensation when stimulated in isolation. This
suggests that spatial summation among various receptors is
critical for the perception of position sense.16

Proprioception is transmitted through heavily myelinated
nerve fibers. The cell body of the first-order neuron is in
the DRG and goes without synapsing into the ipsilateral
funiculus gracilis or cuneatus to synapse in the nucleus
gracilis or cuneatus within the medulla. As these fibers travel
in the dorsal columns they are topographically localized
between the fibers transmitting vibration and those transmit-
ting discriminative touch in the intermediate region of the
dorsal columns. The second-order neurons are located within
the gracilis and cuneatus nuclei. The third-order neurons are
located in the VPL nucleus of the thalamus following the
course of the dorsal column nuclei to the somatosensory cor-
tex, as previously mentioned. The sensory cortex receives
very precise information on the position and movements of
the joints.

Pacinian corpuscles (PCs) are the mechanoreceptors
responsible for the sensory transduction of vibratory sensa-
tion. These receptors are excited by very rapid changes in
tissue distortion such as that produced by sinusoidal vibra-
tion.12 When the skin is locally anesthetized by cocaine,
there is a many-fold elevation in threshold for frequencies
in the range of 5 to 40 Hz, whereas that for higher frequen-
cies is scarcely unchanged. This suggests that the perception
of vibration depends on two separate primary afferents: one
innervating the skin and the other innervating the deep tis-
sues.11 Detection of vibration of the frequency range of 5
to 40 Hz probably depends more on RA transduction,
whereas PC units account for detection at higher frequencies
of vibration.25 As stimulus intensity is increased, PC fibers
may initially discharge irregularly or at some submultiple
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of the stimulus frequency. With slight increments, however,
the point of phase locking between stimulus and firing of
afferent nerve fiber is quickly reached.8

Vibratory stimuli are transmitted through large myeli-
nated, group ab fibers through the dorsal columns to the
somatosensory cortex. Like proprioceptive fibers, the
first-order neurons are in the DRG, second-order neurons
in the cuneatus and gracilis nuclei, and third-order neurons
in the VPL nucleus of the thalamus. With regard to the cor-
tical representation of vibratory sensation, Holmes stated
that the “appreciation of vibration is possible through the
thalamus alone.”26 Although the thalamus may play a sig-
nificant role in the appreciation of vibratory sensation,
Mountcastle et al.27 clearly demonstrated activity in cortical
neurons in response to vibratory stimulation and has loca-
lized the function of frequency discrimination to a cortical
level.27

Discriminative or complex touch includes two-point dis-
crimination, touch localization, direction of movement of
an object drawn on the skin, stereognosis, and graphesthe-
sia. The finest levels of surface structure are transduced by
RA and PC afferent fibers.28 It is most probable that these
complex sensations result from a simultaneous stimulation
of several types of receptors. The nerve fibers transmitting
discriminative modalities have their first-order neuron ori-
gin in the DRG. These fibers enter the DRG through mye-
linated fibers in the medial division of the dorsal root. They
follow an identical course to that of proprioceptive fibers to
the somatosensory cortex by means of the dorsal columns.
Within the dorsal columns these fibers occupy the most
posterior region.29

Light Touch and Pressure
The mechanoreceptors associated with light touch include
the RA and SA type I receptors. The sensory nerve fibers
are large and myelinated. The central course of the fibers
subserving tactile sensation is more diffuse than that of
the other large fiber modalities with fibers coursing in both
the anterior spinothalamic tract and the dorsal columns. It
has long been recognized that a morbid process confined
to the dorsal column will give no clear-cut loss of simple
tactile sensibility. Conditions are similar for lesions affect-
ing the anterolateral sensory tracts. It appears that if one of
the two systems subserving touch sensibility is damaged,
the reduction is so mild that it is of no practical clinical
relevance.20

Tactile sensory nerve fibers have their first-order neu-
rons in the DRG and enter the spinal cord through the med-
ial division of the dorsal root. These fibers are largely
thought to traverse the medial strand of the dorsal roots
and enter the dorsal columns ascending to the contralateral
thalamus (see previous discussion of course of dorsal col-
umns). Other fibers bifurcate into ascending and descend-
ing fibers that synapse within a few segments in the
dorsal horn and laminae I, IV, V, and some of VI and
VII. Some of these second-order neurons decussate in the
anterior commissure and ascend in the contralateral ante-
rior spinothalamic tract to the VPL nucleus of the thala-
mus. Within the thalamus, the tactile sensory fibers are
placed slightly caudad to those conveying pain. These
third-order neurons then ascend to somatosensory cortex.
The organization of this modality at the cortical level is
not well understood.

Pressure is related to tactile sense but involves the per-
ception of pressure sensations other than light touch from
subcutaneous structures. It is closely related to propriocep-
tion and is mediated through the dorsal columns.
EXAMINATION OF THE POSITION, TOUCH, AND
VIBRATORY SENSORY SYSTEMS

Directed Neurological Examination
The sensory examination is performed to delimit areas of
abnormal sensation and the modalities involved within
these limits and to compare these findings with established
patterns of abnormal sensation. To ensure that the patient is
attentive and cooperative, the examiner may need to inter-
rupt the examination and complete it at a later time if the
patient becomes fatigued or inattentive. The importance
of the abnormal findings on the sensory examination are
greatly enhanced by reproducibility, and it may be neces-
sary to re-examine affected areas to verify initial findings.

In the patient who is without subjective sensory com-
plaints, a quick survey of the body is all that is necessary,
keeping in mind the distribution of the major sensory pe-
ripheral nerve and segmental root distributions (Figs. 19-4
to 19-6) and verifying that sensation perception is sym-
metrical. If there are specific sensory complaints or if abnor-
malities are found on the survey examination, a focused
examination should be carried out to determine the exact
distribution and the modalities impaired.

Some areas of the body are physiologically more sensi-
tive to touch, and caution should be used in declaring an
abutting area hypesthetic when only a minor difference in
sensation occurs in these border zones. These areas include
the antecubital fossa, supraclavicular fossa, and neck. An
additional potential pitfall in misinterpreting a normal sen-
sory examination is that as one passes from one skin area
to an adjacent area supplied by a much higher spinal seg-
ment, it is normal for the patient to sense a sudden increase
in the stimulus at the point of the segmental border.
An example is seen on the chest where dermatomes C4
and T2 abut.30 Some physical factors that may contribute
to anesthesia on the sensory examination include areas
of thicker skin, such as the elbow, or regions covered by
calluses.

Some helpful landmarks and anatomical considerations
to keep in mind when performing the sensory examination
are in the following list:

C1 has no supply to the skin.
The interaural line is the border between the areas sup-
plied by the ophthalmic division of the trigeminal
nerve and the C2 segment.

C5–C6 supply the radial side of the arm, forearm, and
hand.

C8–T1 supply the ulnar side of the forearm and hand.
T3 supplies the axilla.
T4 supplies the nipple region.
T8 supplies the rib margin.
T10 supplies the umbilicus.
T12–L1 supply the groin.
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Figure 19-4. A, Anterior view. The right side of the body depicts the cutaneous fields of the peripheral nerves. The unlabeled areas on the thorax are inner-
vated by the cutaneous branches of the anterior primary rami. The left side of the body depicts the segmental (dermatomal) innervation of the skin.
B, Posterior view. The right side of the body depicts the segmental (dermatomal) innervation of the skin. The left side of the body depicts the cutaneous
fields of the peripheral nerves. The unlabeled area on the left back is innervated by the cutaneous branches of the posterior primary rami. (Modified from
Haymaker W, Woodhall B: Peripheral Nerve Injuries. Philadelphia, Saunders, 1953.)
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L5 supplies the dorsumof the foot, lateral leg, and great toe.
S1 supplies the small toe, sole of the foot, and the pos-

terior thigh and leg.
S4–S5 supply the perineal region concentric to the coc-

cyx and not the anus.

When a region of hypesthesia has been identified, either
subjectively by the patient or on the survey examination,
the most reliable method of defining the hypesthetic zone
is to proceed from the hypesthetic area to areas of report-
edly normal sensation. It is more typical for there to be a
gradient of loss at the borders of the hypesthetic region
rather than abrupt change at the segmental, peripheral
nerve, or midline borders. This is due to some overlap of
innervation in the border regions from adjacent peripheral
nerves and segmental innervation.

In performing the sensory examination, the observer can
assess threshold sensation, which measures a single nerve
fiber innervating a receptor or group of receptor cells, or
innervation density, which measures multiple overlapping
peripheral receptive fields.31 In peripheral nerve disease,
threshold changes tend to be more sensitive for identifying
an abnormality. Examples are cutaneous pressure threshold
for the slowly adapting mechanoreceptor population and
cutaneous vibratory threshold for the rapidly adapting
mechanoreceptor population. Once nerve fibers have
degenerated, there is a decrease in innervation density that
is measured by two-point discrimination.32

PROPRIOCEPTION. Proprioception, or position sense,
can be assessed in a number of ways:

1. With the patient’s eyes closed, place his or her hand
in a particular position, remove it, and ask the patient
to resume the position. Alternatively, have the
patient try to imitate the assumed position with the
other hand. Poor performance on this exercise could
also be related to a motor deficit or higher cortical
dysfunction.

2. With the patient’s eyes closed, hold the sides of one
of his or her digits between your thumb and finger
so that no uneven pressure above or below the digit
reveals the direction of movement and then move
the articulation up or down. The patient should
identify the direction of passive movement, and
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Figure 19-5. Side view. A, A side view of the cutaneous fields of the peripheral nerves. B, A side view of the dermatomes. (Modified from Haymaker W,
Woodhall B: Peripheral Nerve Injuries. Philadelphia, Saunders, 1953.)
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the threshold for accurate detection is noted by the
examiner. The normal threshold for passive move-
ment of an articulation is 5 to 10 degrees in the
interphalangeal joint of the index finger and 1
degree at the shoulder.33 It is important to clearly
identify the directions of movements of the joint
with exaggerated excursion before testing so that
the results are not falsified by miscommunication.

3. Have the patient hold his or her hand outstretched.
Look for wavering of a hand or pseudoathetoid
movements (Video 87, Upward Drift).

4. Ask the patient to place his or her forefinger accu-
rately on the tip of the nose and his or her heel
accurately on a knee.

5. Romberg testing: The Romberg sign is present when
the patient is able to stand with the feet together
while the eyes are open but sways or falls when the
eyes are closed (Video 98, Romberg Sign).

Pathologically, with minimal impairment of propriocep-
tion there is first loss of the sense of position of the digits
and then of the sense of motion. As the process becomes
more extensive, loss of recognition for an entire extremity
or even occasionally for the entire body develops.

VIBRATION. The testing of vibration is an important
part of the sensory examination because it is often the first
sensation to disappear in nerve injury. The acknowledg-
ment of vibration as a discrete modality is attributed to
Weber in 1842.34 It was Rumpf who introduced the tuning
fork to clinical medicine,35 and the clinical studies of
Symms and Williamson secured vibratory sensation assess-
ment as a part of the routine bedside examination.36,37

Vibration is generally assessed with a 128- or 256-Hz
tuning fork. The tuning fork is struck against a hard surface
with sufficient force to cause the prongs to touch each
other and emit a sound. It is applied with a pressure equal
only to the weight of the apparatus over an area with a pau-
city of subcutaneous tissue, such as the interphalangeal
joint or the malleoli. The tuning fork is allowed to run
down by itself, and the patient is asked to indicate when
he or she can no longer feel it. The examiner should make
sure the patient is not listening to the humming sound gen-
erated but is in fact attending to the vibratory sensation.
The examiner should also note the duration of perceived
vibration and quickly move the tuning fork to the identical
spot on the contralateral limb without striking it again. It is
normal to perceive 3 to 5 additional seconds of vibration
after such a transference. Areas that can be tested include
the great toe, malleolus, patella, anterosuperior iliac crest,
sacrum, spinous process of the vertebrae, sternum, clavicle,
olecranon process, styloid processes of the ulna or radius,
and finger joints. It is best to apply the tuning fork to an
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skin of the perineum and limbs. (Modified from Haymaker W, Woodhall B: Peripheral Nerve Injuries. Philadelphia, Saunders, 1953.)
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affected site first and then to the same, contralateral, nonaf-
fected site for comparison.

The threshold for vibratory perception is lower in the
arms than in the legs,38 with distal sites being more sensitive
than proximal ones. In the order of most sensitive to least sen-
sitive areas to vibratory threshold perception are palm; pad of
the finger; dorsum of the finger; dorsum of the hand; dorsum
of the great toe; sternum and malleolus; lip, tongue, forehead,
mastoid, and patella; forearm; and sacrum.38 Thibault et al.39

list normal values of duration of vibratory perception as
19.21 seconds for the index fingerpads and 13.36 seconds
for the ankle. Vibratory thresholds are increased in the legs
but not the arms in patients older than 50 years. The degree
of the impairment increases with age.40 Examination of
vibratory sense using a quantitative tuning fork has been
advocated.41

TOUCH. General tactile sensation is tested by the use of a
light stimulus such as a wisp of cotton, feather, tissue, or fin-
gertip. The stimulus should be so light that no pressure on
subcutaneous tissues is produced. An allowance for
decreased perception should be made for the thicker skin
on the palms and soles. The tips of the tongue, lips, genitalia,
and fingertips are the most sensitive areas. The upper arms,
buttocks, and trunk are much less sensitive. The examination
should be conducted with the patient’s eyes closed, and the
patient is instructed to inform the examiner when the stimu-
lus was perceived. For milder degrees of impairment of light
touch, a relative difference from side to side or abutting
regions should be investigated.

A systematic approach to the assessment of the threshold
of light touch is provided by the Semmes-Weinstein nylon
monofilaments. The thickness of these monofilaments is
standardized, creating a specific level of force at the point
at which the nylon monofilament bends after contact with
the skin. There are 20 graduated nylon filaments calibrated
in terms of the logarithm of 10 times the force in milligrams
required to buckle the filament. Established normal values
have been published.42,43
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Tactile thresholds are increased in the elderly.44 In nor-
mal persons, distal sites tend to have lower thresholds than
proximal ones. In decreasing order of sensitivity are
thumbs, palms, plantar surface of foot, and proximal arm.

TWO-POINT DISCRIMINATION. Two-point discrimi-
nation is a function of slowly adaptive peripheral mecha-
noreceptors and a measurement of innervation density. It is
best carried out with a two-pronged instrument with blunt
ends because sharp pointed objects will tend to stimulate
pain fibers rather than touch. Localization is most accurate
on the palmar surfaces of the fingers, especially the thumb
and index finger. On the fingers it should be possible to
discriminate two points separated by less than 5 mm; how-
ever, on the dorsum of the foot, a distance as great as 5 cm
as the lowest level of discrimination may be normal.

TESTING OF HIGHER CORTICAL FUNCTION. Other
discriminative modalities include graphesthesia, stereogno-
sis, topesthesia, baresthesia, and double simultaneous stim-
ulation. In the presence of normal tactile sensation,
abnormalities in these discriminative modalities generally
reflect a disorder of cortical sensation. In fact, graphesthesia
and stereognosis may be impaired by lesions in the dorsal
columns and rostrally.

Graphesthesia is tested by tracing a number, letter, or
figure on the surface of the skin. Test areas include the
palm, anterior forearm, thigh, and lower leg. The clearest
figures for interpretation tend to be 8, 4, and 5, whereas
6, 9, and 3 tend to be the most difficult.

Stereognosis depends on the sense of light touch and
position. It is tested by placing an object in a patient’s hand
and having him or her identify it with eyes closed. The
patient can manipulate the object freely in the hand but
should not use the contralateral hand at the same time. If
the patient is unable to identify the object, comparison with
the contralateral hand should be made. Most studies of nor-
mal subjects indicate that familiar objects can be named
within 5 seconds of contact.45 Baresthesia can be assessed
in a similar fashion by placing two objects of different
weight in sequence in the patient’s hand and having him
or her identify which is heavier.

Double simultaneous stimulation is tested with the
patient’s eyes closed, alternating patterns of touch of one
limb and then two limbs simultaneously that are contralat-
eral to each other. The patient must identify where he or
she is touched. Extinction of a hemibody field is identified
such that touch on the affected side is always recognized
when done in isolation; however, when the nonaffected
side and the affected side are stimulated simultaneously,
the affected side is not recognized. This is generally asso-
ciated with lesions affecting the contralateral parietal lobe.

Stimulus localization or topesthesia can be examined
either by asking the patient to touch with his or her finger
where the examiner has touched or by asking the patient to
state where he or she has been touched. The latter method
eliminates joint position sense as a factor.

EXAMINATION IN SUSPECTED PSYCHOGENIC SEN-

SORY LOSS. The sensory examination is subjective by nat-
ure, and it can be very difficult to delineate those patients
who have factitious, feigned, or nonphysiological sensory
findings. A number of clues and approaches can be utilized
in the sensory examination if a nonorganic cause of the
sensory complaints is suspected, including skin that is
hyperesthetic for one sensation and anesthetic for another,
anesthesia exactly to the midline, absolute loss of all cuta-
neous sensation, midline change for the sense of vibration
over bony areas, and inapparent hyperesthesia when the
patient is distracted.

A number of methods can be used during the sensory
examination to assess for possible psychogenic sensory loss.
These assessments are best applied in patients who are
clearly alert and cooperative and in whom the standard sen-
sory examination has raised a high degree of suspicion for
nonphysiological sensory impairment:

1. Have the patient close his or her eyes and respond
“yes” when he or she believes that a stimulus has
been applied and “no” when he or she does not
believe that a stimulus was applied. Occasionally,
a patient with a nonorganic sensory complaint will
be identified such that the timing of the answer
“no” exactly coincides with each stimulus contact.

2. With the patient’s eyes covered, find out by the aid
of a light stimulus the alleged anesthetic area and
mark the boundaries of it with a pen. If this proce-
dure is repeated at short intervals, the alleged area
will be found to vary considerably.

3. The zigzag test can be performed. With the patient’s
eyes covered, the border of a hypesthetic or anes-
thetic zone is marked. The observer starts again at
the periphery of the limb and works upward with
the stimulus in a zigzag fashion. In the patient with
a nonorganic sensory loss, the limit may have shifted
downward and repeated tests will continue to bring it
lower. The patient is led to believe a greater distance
has been covered in a straight line reference. If an
altered sensation depends on a genuine lesion of
the sensory axis, the sense of localization is not
called on and such a migration of the border of the
hypesthetic zone is not seen.45

4. With the patient’s eyes covered, the examiner draws
figures of different shapes on the patient’s skin. The
figures are initially drawn such that part of the out-
line falls within the alleged anesthetic area and part
without. The patient with nonorganic sensory loss
may correctly identify the figure even when a critical
portion of the figure necessary for identification is
drawn within the alleged anesthetic area.

5. With the patient’s eyes covered, cross his or her hands
behind the back with the palms facing forward and
then proceed to test his or her sensibility. In the pati-
ent with nonorganic sensory loss, the observer may
see bending of the alleged insensible finger as it is
touched or hesitation in responding to the stimulus.46

Associated Neurological Findings
CEREBRAL. There are some potential distortions of body

image that may accompany sensory loss helping to localize
the sensory deficit to the cerebral cortex. Examples are an-
osodiaphora, which is a lack of concern over a profound loss
of sensation or other neurological deficit; anosognosia,
which reflects a lack of awareness of a profound sensory or
neurological deficit; and asomatognosia, which represents
loss of awareness of one-half of the body. Additionally, the
patient maymanifest sensory neglect with a lack of orienting
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responses to unilateral stimuli. An aphasia and an increased
susceptibility to distracting stimuli manifested as lack of
attention or poor concentration are also signs localizing an
accompanying sensory deficit to the cerebral cortex (Video
96, Conduction Aphasia).

Thalamic sensory deficits may be associated with unilat-
eral hyperpathia.

CRANIAL NERVES. As the medial lemniscal fibers
course through the brain stem, they may be lesioned at
any level. The level can be identified by an associated cra-
nial nerve deficit (e.g., cranial nerve III in the midbrain or
cranial nerve VII in the caudal pons). Patterns of multifocal
sensory loss in the face, extremities, and trunk may repre-
sent multiple sclerosis. It is essential in such circumstances
to look for typical findings of an internuclear ophthalmo-
plegia or an afferent pupillary defect on cranial nerve
examination that might suggest remote or concurrent optic
neuritis or a demyelinating plaque in the brain stem (Video
200, Afferent Pupillary Defect; Video 202, Internuclear
Ophthalmoplegia).

Bilateral facial weakness in a lower motor pattern may
accompany mild distal extremity sensory loss in acute
inflammatory demyelinating polyradiculoneuropathy (Video
23, Cranial Nerve VII, Facial Diplegia). Hyporeflexia or
areflexia in the absence of muscle weakness is strongly sug-
gestive of involvement of large fiber sensory afferent nerve
fibers and is observed in the sensory neuronopathies as well
as in the dysimmune demyelinating polyneuropathies

MOTOR/REFLEXES/CEREBELLAR/GAIT. Motor power
can be assessed and the distribution of any weakness found
noted, such as the distal symmetrical weakness of peripheral
neuropathy, which aids in localization of the deficit found
on sensory examination. The examiner should look for atro-
phy of muscles and fasciculations that might suggest a pe-
ripheral nervous system process. Muscle tone should be
assessed. Deep tendon reflexes are extremely important in
the assessment of patients with sensory complaints because
they are frequently abnormal in the patient with a lesion in
the sensory axis. One should look for the antalgic gait of a
painful limb, such as in lumbosacral radiculopathy, or the
slapping gait associated with a proprioceptive deficit. Sen-
sory ataxia or pseudoathetosis of the extremities may be
associated with a proprioceptive loss in the affected limb.
The combination of sensory ataxia and pseudoathetosis of
the hands, particularly if subacutely evolving, is a sign of
sensory neuronopathy.

AUTONOMIC NERVOUS SYSTEM. The autonomic ner-
vous system can be evaluated in a noninvasive manner at
the bedside with the following assessments: blood pressure
and heart rate response to standing, isometric exercise,
heart rate variation with respiration, Valsalva ratio, and
plasma norepinephrine levels with standing.47

NEUROVASCULAR. The size, character, and quality of
heart sounds and gallop rhythms should be estimated. One
should look for the stigmata of cardiogenic embolization:
Osler nodes, Janeway lesions, and Roth spots are examples.
The pulse is noted for 1 minute in a search for irregularities.
The femoral artery, carotid artery, supraclavicular artery,
and orbit are auscultated for evidence of bruits. The distal
lower extremities are examined for color changes and
ulceration characteristic of venous insufficiency.
Associated Medical Findings
A good general medical examination of all systems is neces-
sary to aid in generating a differential diagnosis for conditions
affecting the sensory axis and can also aid in localization.
Diseases commonly associated with peripheral nervous sys-
tem dysfunction include cancer, diabetes mellitus, acquired
immunodeficiency syndrome, connective tissue disorders,
alcohol abuse, uremia, myxedema, and paraproteinemias.
The presence of skeletal deformities such as scoloiosis or
pes cavus may favor the diagnosis of an inherited neuropathy.
EVALUATION GUIDELINES

NEUROIMAGING. Plain radiographs may be helpful
with peripheral localized nerve injury, such as identifying
a humeral dislocation in the setting of an infraclavicular
brachial plexopathy. Cervical spine or lumbar spine radio-
graphs are useful in radicular complaints, and a chest
radiograph is needed to evaluate lower trunk plexopathy
of the brachial plexus to look for a cervical rib or an upper
lobe structural lesion.

If the clinical pattern of sensory loss suggests a brain
stem or hemispheric lesion, neuroimaging of the brain with
magnetic resonance imaging (MRI) or computed tomogra-
phy is indicated. MRI or myelography may be indicated
based on sensory loss that localizes to the spinal column
(e.g., myelopathy or radiculopathy). Also, if a lesion loca-
lizes to either the lumbar or the brachial plexuses, an
MRI of these regions should be obtained, especially if the
patient has a history of cancer.

In a suspected sensory loss of hemispheric origin, focal
cerebral blood flow studies with single photon emission
computed tomography scanning may be helpful in localiz-
ing a focal structural lesion or impairment of circulation.

ELECTROPHYSIOLOGY. The most important supple-
ment to the history and physical examination in the patient
with possible peripheral nervous system disease is an elec-
trodiagnostic examination consisting of nerve conduction
studies and electromyography. The sensory nerve conduc-
tion studies directly assess the large fiber peripheral sen-
sory nervous system distal to the dorsal root ganglion.
Thus, lesions affecting sensory structures proximal to the
dorsal root ganglia (radiculopathies, myelopathies, brain
stem, and cortical lesions) are associated with normal nerve
conduction studies. Furthermore, nerve conduction studies
may be normal in pathologic processes affecting small
fiber axons preferentially. Although the needle electrode
examination assesses only motor axon involvement, it is
occasionally helpful in localizing sensory complaints in
the spinal nerve root proximal to the region assessed by
standard sensory nerve conduction studies.

Somatosensory evoked potentials allow assessment of
sensory impulse conduction along the entire sensory axis
from peripheral nerve to sensory cortex. They have their
greatest application in lesions proximal to the dorsal root
ganglion. In the upper extremity, the median nerve is the
most frequent site of stimulation; in the lower extremity, it
is the tibial nerve. This test is useful in patients with multiple
sclerosis, brain stem structural lesions, Friedreich’s ataxia,
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spinal cord injury, plexopathy, or radiculopathy. The brain
stem auditory evoked response may be useful in identifying
a subclinical focus of demyelination in multiple sclerosis, a
brain stem structural lesion, or Friedreich’s ataxia.

BODY FLUID AND TISSUE ANALYSIS. In a patient with
peripheral neuropathy, a serological workup including a
complete blood cell count, anti-nuclear antibody, erythro-
cyte sedimentation rate, rheumatoid factor, glucose level,
vitamin B12 level, thyroid function tests, test for human
immunodeficiency virus, blood urea nitrogen determina-
tion, phosphate level, cholesterol level, triglyceride level,
cryoglobulin level, serum protein electrophoresis, porpho-
bilinogen/epsilon-aminolevulinic acid value, urine heavy
metal level, and vitamin E level covers the majority of
identifiable causes.

Specifically for a pure sensory neuropathy in which
there is no history of toxic exposure (see Table 19-2), an
abbreviated serological evaluation with complete blood
cell count, chemistry panel, vitamin B12 level determina-
tion, erythrocyte sedimentation rate, anti-SSA and anti-
SSB tests for Sjögren’s syndrome, and anti-Hu antibody
test for paraneoplastic sensory neuropathy is sufficient
owing to the limited differential diagnosis.

CEREBROSPINAL FLUID. A lumbar puncture can be
helpful when multiple sclerosis, myelitis, meningitis, acute
inflammatory demyelinating polyneuropathy (AIDP), and
certain other peripheral neuropathies are suggested. Atten-
tion should be paid to the white blood cell count, protein
value, IgG synthesis rate, IgG index, and oligoclonal band-
ing. For acutely evolving sensory symptoms associated
with ataxia, anti-Gq1b and anti-Gd1b antibodies may aid
in confirming the diagnosis of AIDP.

OTHER TESTS. Lip biopsy for high clinical suspicion of
Sjögren’s syndrome and nerve and muscle biopsy for pro-
gressive neuropathy of unclear etiology or suspected vascu-
litis may be done. A punch biopsy of the skin to assess loss
and regeneration of sensory nerve fibers in peripheral neuro-
pathy is a reliable and useful technique, particularly in
patients with normal nerve conduction studies and electro-
myography.48 This procedure carries a lower morbidity than
peripheral nerve biopsy and allows a direct analysis of the
small-caliber C and A delta nerve fibers that innervate the
skin.49 Several studies indicate the usefulness of this techni-
que in the diagnosis of a variety of peripheral nerve syn-
dromes.50–52 Training in an established cutaneous nerve
laboratory is required before performing and processing skin
biopsies in the diagnosis of peripheral nerve disease.
CLINICAL SYNDROMES (Table 19-4; see also
Table 19-3)

The sensory examination aims to establish the sensory
modality involved, the intensity of involvement, and the
anatomical distribution of the sensory change. In combina-
tion, these patterns isolate the likely neurological location
of disease and later suggest etiology.

In lesions of the peripheral nervous system, the sensory loss
tends to be intense, with fixed, clearly defined zones. With
central nervous system sensory deficits, the boundaries are
vague and the deficit is more mild compared with peripheral
processes. There may be considerable variation in both the
distribution and the intensity of this type of sensory deficit.

Mechanoreceptor Dysfunction
Non-neural factors, including dermatitis, keratosis, cuta-
neous inflammation, and edema, may compromise sensa-
tion either through limiting stimulus accession to the
mechanoreceptor or through mechanoreceptor decay. The
pattern of the sensory deficit will correspond to the distri-
bution of the local cutaneous process.

Primary Sensory Mononeuropathy: Pure Sensory
Distal Nerve Lesions
Primary sensory neuropathies reflect a focal mononeuropa-
thy of a nerve that carries only sensory fibers. Some exam-
ples include the following (see also Figs. 19-4 and 19-5):

Meralgia paresthetica with involvement of the lateral
femoral cutaneous nerve

Gonalgia paresthetica due to entrapment of the infrapa-
tellar saphenous nerve

Cheiralgia paresthetica due to entrapment of the superfi-
cial branch of the radial nerve

Medial antebrachial cutaneous neuropathy
Dorsal ulnar neuropathy
Sural neuropathy

Diffuse Sensory Polyneuropathy
In generalized peripheral neuropathy, the sensory loss is
length dependent such that it begins symmetrically at the
most distal aspect of the lower extremities and ascends
proximally. Generally, the distal upper extremities will
begin to show involvement when the sensory deficit in
the lower extremity has ascended to the level of the proxi-
mal calf. In the most severe stage of peripheral neuropathy,
only a midline strip over the posterior trunk and neck and
the peripheral aspects of the face have sustained sensa-
tion.53 Examples of causes of diffuse sensory neuropathy
include a dysproteinemic state (IgM monoclonal gammo-
pathies with antimyelin-associated glycoprotein), amyloi-
dosis (generally small fiber), hereditary, diabetes mellitus,
uremia, hypothyroidism, immunological (scleroderma and
sarcoid), and toxins. A generalized peripheral neuropathy
can show selective involvement of certain fiber types such
as large myelinated fibers. In these circumstances, there
will be a dissociated sensory loss with a deficit of vibration
and proprioception while sparing pain and temperature on
sensory examination. Examples of these conditions include
Friedreich’s ataxia, Charcot-Marie-Tooth disease (Video 34,
Charcot-Marie-Tooth Disease), AIDP and chronic immune
demyelinating poyneuropathy, and dysimmune neuropathies
associated with IgM monoclonal gammopathies.54

There are more unusual length-dependent generalized
symmetrical proximal neuropathies such that the shortest
peripheral nerves are selectively involved. This results in
sparing of sensation at the distal aspects of the extremities.
This pattern may be seen in the neuropathy associated with
Tangier disease, in acute intermittent porphyria, and in a
unique familial sensorimotor neuropathy.55



TABLE 19-4

Etiology of Disorders Affecting Position and Vibration Senses

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental Tethered spinal cord 28
Degenerative and compressive Herniated disc 29

Hereditary and Degenerative Disorders

Storage diseases: Lipidoses, glycogen disorders, and
leukoencephalopathies

Tangier disease 30

Amino/organic acidopathies Hereditary tyrosinemia 31
Chromosomal abnormalities and neurocutaneous disorders Neurofibromatosis with foramen magnum tumor or

neurofibrom
32

Movement disorders Parkinson’s disease 34
Ataxias Friedreich’s ataxia 35
Degenerative motor, sensory, and autonomic disorders Hereditary spastic paraplegia 36
Hereditary nondegenerative neuromuscular disease Hereditary sensory autonomic neuropathy I 37

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Hypothyroid neuropathy 38
Exogenous acquired metabolic disorders of the nervous system: Toxins
and illicit drugs

Pyridoxine toxic neuropathy 39

Nutritional deficiencies and syndromes associated with alcoholism Vitamin B12—subacute combined degeneration 40

Infectious Disorders

Viral infections Herpes zoster “shingles” 41
Nonviral infections Acute disseminated encephalomyelitis 42
Human immunodeficiency virus infection and acquired
immunodeficiency syndrome

Distal sensorimotor peripheral neuropathy
Mononeuritis multiplex

44

Neurovasular Disorders Parietal stroke
45

Abdominal aortic dissection

Neoplastic Disorders

Primary neurological tumors Neurofibroma 46
Metastatic neoplasms and paraneoplastic syndromes Brachial plexopathy—usually lower trunk 47

Sensory ganglionitis

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis 48
Demyelinating disorders of the peripheral nervous system Chronic inflammatory demyelinating polyradiculoneuropathy 49

Autoimmune and Inflammatory Disorders Sensory neuronopathy associated with Sjögren’s syndrome 50

Traumatic Disorders Infraclavicular brachial plexopathy from humeral dislocation 51

Epilepsy Parietal lobe irritative focus with focal sensory seizure 52

Headache and Facial Pain Migraine with sensory aura 53

Drug-Induced and Iatrogenic Neurological Disorders Radiation plexitis 55
Postanesthesia brachial plexopathy
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Plexopathy
Sensory loss due to a lesion of the brachial plexus will
appear in the distribution of two or more peripheral nerves
if the lesion is infraclavicular and in the distribution of
multiple cervical dermatomes if the lesion is supraclavicu-
lar. All sensory modalities may be involved.

In radiation-induced plexopathy, 77% of patients have
primarily upper trunk involvement that occurs 3 months
to 26 years after irradiation of the chest. It is often possible
to find myokymia on the needle electrode examination in
these patients.56 Metastatic plexopathy has a predilection
for the lower trunk, possibly owing to its proximity to the
axillary lymph nodes. Pain is a predominant and early
symptom in metastatic plexopathy.

Other causes of brachial plexopathy include traction,
obstetrical paralysis, surgical injury, brachial neuritis
(neuralgic amyotrophy), true neurogenic thoracic outlet
syndrome, and trauma.

In the lumbar region, a pattern of weakness, loss of
reflexes, and sensory disturbance is found that cannot be
localized to a single lumbosacral root or peripheral nerve.
Pain is a prominent early manifestation when secondary
to neoplasm. The differential diagnosis includes idiopathic
plexitis, vasculitis, diabetic polyradiculopathy, infection
(e.g., with herpes zoster or Schistosoma japonicum), he-
reditary liability to pressure palsies, hemorrhage, trauma,
obstetrical complications, and tumor irradiation.
Dorsal Root: Radiculopathy
Radiculopathy is generally associated with back or neck pain
radiating into an extremity. The pain is poorly localizing for
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nerve root level but typical in the fact that it is radiating.
There will generally be a loss of all modalities of sensation
in a dermatomal distribution, a corresponding weakness in
a myotomal distribution (i.e., with ventral root involvement
as well), and segmental hyporeflexia. The most common
cause is a herniated disc or osteophyte compressing on a
nerve root. A structural lesion such as a neurofibroma or
a metastatic focus must also be taken into consideration
as possible causes.

Dorsal Root Ganglion/Sensory Neuronopathy and
Dorsal Horn Lesions
Generalized sensory neuropathies should be distinguished
from subacute sensory neuronopathies, which are charac-
terized by pain, paresthesia, and numbness in the limbs.
The latter demonstrate a marked loss of proprioception
and vibration, ataxia, and areflexia in an entire limb with
a loss of pain and temperature to a lesser degree. The sen-
sory loss may be more pronounced in the upper extremities
than the lower extremities; therefore, it is not strictly length
dependent, distinguishing it from a polyneuropathy. Other
clinical features distinguishing sensory neuronopathy from
sensory polyneuropathy are listed in Table 19-5. The dif-
ferential diagnosis includes Sjögren’s syndrome, paraneo-
plastic sensory neuronopathy, cisplatin toxicity, vitamin
B6 toxicity, and idiopathic disease. The lesion is at the
level of the dorsal root ganglion.

Dorsal root ganglion and dorsal horn lesions tend to have
very similar anatomical patterns of sensory loss to radiculo-
pathies; however, dorsal horn lesions are more likely to have
dissociated loss because the dorsal root fibers separate into
the medial (large myelinated) and lateral (thinly myelinated
and unmyelinated) bundles as they enter the dorsal horn.

Tabes dorsalis is characterized by diminished propriocep-
tion and vibration in the legs, sensory ataxia of gait, areflexia,
and aching/lancinating pains in the legs. Additionally, there
may be autonomic disturbances, including bladder atony,
pupillary abnormalities, and impotence. Generally, there is
preservation of touch, pain, and temperature sensation. Distal
weakness and atrophy may be a late manifestation of tabes
dorsalis attributed to extension of syphilitic process to the
anterior horn cell. Pathologically, tabes dorsalis is concen-
trated in the dorsal roots, dorsal funiculi, and posterior col-
umns of the lumbosacral and lower thoracic spinal cord. The
dorsal root ganglion is rarely affected.
TABLE 19-5

Clinical Features Helpful in Distinguishing Sensory
Neuronopathy from Axon Loss Sensory Polyneuropathy

Severe proprioceptive loss
Severe sensory ataxia
Pseudoathetoid movements of the hands
Sensory deficits that are not strictly length dependent (i.e., hands may be

more impaired than feet)
Asymmetrical sensory deficits
Skin punch biopsy shows equal amounts of intraepidermal nerve fiber

loss at distal and proximal sites of biopsy
Spinal Cord: Myelopathy
Generally with transverse lesions of the spinal cord, there
is a demonstrable sensory level with bilateral loss of all
modalities of sensation below a definite level. With in-
volvement of the dorsal columns there is loss of proprio-
ception, discriminative modalities, and vibration within a
couple of levels caudad to the lesion site. With smaller
lesions it is possible to selectively involve certain dorsal
column modalities owing to the topographical distribution
of the various modalities: Fibers carrying discriminative
touch are most posterior, vibratory fibers are most anterior,
and proprioceptive fibers are intermediate within the dorsal
funiculi. There will be no significant loss of light touch;
however, pressure sensation may be impaired. Examples
are a metastatic lesion to the spinal cord, cord infarction,
and multiple sclerosis plaque.

In the patient with a pattern sparing sensation in the
sacral dermatomes, an extrinsic cord compression or cen-
tral cord lesion is suggested at the level of the upper border
of the sensory deficit. Sensory loss confined to the sacral
dermatomes, a so-called saddle lesion, localizes the lesion
to the conus medullaris or cauda equina. There will be
involvement of all modalities; however, if there is preser-
vation of touch, the lesion is more likely to be in the conus
medullaris.

Central cord lesions and anterior spinal artery syndrome
are discussed in Chapter 20. Brown-Séquard syndrome is
discussed in Chapter 15.
Combination of Spinal Cord and Peripheral Nerve
Lesions: Subacute Combined Degeneration
Subacute combined degeneration is characterized by mild
distal weakness in the lower limbs associated with
increased patellar reflexes, absent ankle reflexes, bilateral
Babinski responses, unsteady gait, and positive Romberg
sign. Vibration and proprioception are impaired (Video 5,
Sensory Ataxia). This is a disease of posterior and lateral
columns of the spinal cord with associated sensorimotor
peripheral neuropathy. Vitamin B12 deficiency is classi-
cally implicated as the cause; however, other causes for a
medical myelopathy syndrome, such as copper deficiency
myelopathy,57,58 should be considered in certain cases, par-
ticularly when there is an associated pancytopenia.
Brain Stem Lesions
A unilateral lesion of the medial lemniscus, usually vascu-
lar in origin, is followed by an impairment or loss of vibra-
tion, proprioception, and reduced or abolished sense of
discriminative touch on the contralateral half of the body
if the lesion is situated above the crossing of the fibers in
the medulla. Owing to the segmental arrangement of the
fibers in the long ascending tracts, there frequently will
not be a complete unilateral sensory or motor impairment.
Circumscribed areas of sensory loss are not rare, and the
regions presenting sensory impairment are only distinctly
outlined.20 Because of the medial placement of the medial
lemniscus, the midline cranial nerves or medial longitudi-
nal funiculus are affected, causing ocular paresis that helps
to define the level of the brain stem involved.
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Thalamic Lesions
A lesion in the thalamus causes a loss or a decrease of all
modalities of sensation on the half of the body contralateral
to the lesion. Very small lesions such as lacunes strategi-
cally placed in the thalamus may cause tract-specific sen-
sory deficits confined to a variable pattern of modalities.
In thalamic disorders, sensations evoked by peripheral stim-
ulation may outlast the stimulus for a longer period of
time than is normally the case.26

Sensory Cortical Lesions
Acutely, in pure cortical lesions, all modalities are
affected; however, the modalities of deep sensation (pro-
prioception and discriminative touch) tend to be involved
more than the superficial sensory modalities. Vibratory
sensation is the exception. Head59 noted that vibratory sen-
sation was consistently diminished with lesions of the sen-
sory cortex, albeit mildly compared with peripheral lesions.
With time, pain, touch, and temperature tend to return. The
sense of discriminative touch is usually permanently and
severely impaired.

There is generally unilateral loss of these modalities.
When the loss is over one entire half of the body with cor-
tical lesions, the limbs are almost invariably more involved
than the face or trunk. This is partly because in the limbs
loss of spatial perception is usually the most prominent fea-
ture, whereas the face and trunk are poorly endowed with
sensibility of this quality.

As the lesion becomes more superficial, it would have to
be increasingly large to affect all the diverging fibers. Super-
ficial lesions, therefore, tend to affect one localized area
only. The sensory disturbances are usually more marked in
the distal than in the proximal segments of the limbs, prob-
ably owing to wider representation in the cortex.

Responses are characteristically variable from moment
to moment. There is not a definite or sharp border because
the sensory loss generally fades away gradually into the
region of normal sensibility. The different parts of the body
do not regain their sensibility at the same rate. The face
regains it fastest, especially the oral region, then the larynx
and anogenital region. The distal parts of the extremities
have restitution that is far from complete. Patients with
cortical lesions may also experience sensory phenomena
such as the inability to recognize their own limbs or alien
hand syndrome (Video 39, Alien Hand Syndrome).

Sensory Syndromes Associated with Psychogenic
Sensory Loss
A psychogenic sensory loss should be suspected in patients
with sensory loss that demonstrates hyperesthesia for one
modality in a given area and anesthesia for another in the
same area, absolute loss of all cutaneous sensation, hyper-
esthesia that resolves with mild distraction, and sensory
levels that correspond to the patient’s body image rather
than organic sensory levels.60 The examiner should look
for abrupt midline changes, vibration asymmetry over a
fixed bone that spans the midline, vibration asymmetry at
a fixed midline point as the tuning fork is pivoted from
one side to the other, and marked variation with repeated
examination. The exact nature of such disorders and their
functional consequences on the nervous system remain
undetermined.61
GENERAL MANAGEMENT GOALS

Regardless of the cause of the sensory loss in the patient
with an insensate extremity, it is important to increase the
patient’s awareness of potential injuries. For example, the
patient should be instructed (1) not to use the insensate
hand when cooking or smoking, (2) not to place the insen-
sate extremity in hot water, and (3) not to type on a manual
typewriter or play a piano/guitar to avoid trauma to the
hands.

In the patient with a functional impairment secondary to
sensory loss, a rehabilitative process should be instituted.
The objectives of sensory re-education are to improve the
perception of sensory information arising from receptors
in the hand and to improve motor skills. It is important
for the patient to integrate the involved limb into normal
movement patterns as early as possible.

The principle of sensory re-education focuses on allow-
ing the patient to learn to make sense of unfamiliar somatic
sensations through repeatedly matching them to vision and
at the same time developing tactics of perception in the
form of purposeful exploratory movements of the hand.
One method illustrating the latter is to have patients
attempt to differentiate objects from a background medium
such as sand, rice, or beans. To re-educate moving touch
perception, the patient can be asked to repeatedly discrimi-
nate between a square nut and a hexagonal one, each of
which is rolled across the finger. Constant touch can be
rehabilitated by having the patient discriminate between
large and small nuts. As discrimination improves, smaller
objects are used to increase the difficulty.62
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HISTORY AND DEFINITIONS

The theory of the specificity of sensation, proposed at the
end of the last century, maintains that a separate anatomical
pathway conveys each type of sensation. This theory has
been repeatedly questioned. Sir Henry Head postulated the
existence of two sets of sensory inputs to the central nervous
system (CNS), the epicritic and the protopathic inputs. Epi-
critic sensation allowed discrimination of touch, tempera-
ture, and pain, whereas protopathic sensation was a poorly
localized, unpleasant, and long-lasting sensation. This proto-
pathic sensation was physiologically inhibited in the CNS
by the epicritic system. Head based his conclusions on care-
ful observations of the recovery of sensation after experi-
mental division of his own cutaneous nerves. Later, Trotter
and Davies dismissed the theory of epicritic and protopathic
sensations after performing equally careful experiments on
themselves, maintaining that Head’s findings could all be
attributed to activity in the regenerating nerve fibers. The
debate continues about whether sensation, particularly pain,
is the result of a pattern of activity in the afferent sensory
pathways or of activity in separate specific channels.

Pain is the consequence of stimulation of pain-sensitive
structures and is often an early sign of disease or tissue
damage. When pain is the result of physiological activity in
the normal pain receptors, and there is no primary dysfunc-
tion of the nervous system, it is called nociceptive pain.
Nociceptive pain may indicate a disorder in any other system
or organ, and its diagnosis and treatment involve different
medical specialties. Pain resulting from the dysfunction of
the central or peripheral nervous system is called neuropathic
pain,1 and its treatment usually involves the neurological
team. Neuropathic pain actually involves different kinds
of pain and reflects several different pathophysiological
mechanisms (see later discussion).
CLINICAL HISTORY

Sensory dysfunction involves two types of symptoms:
“negative” and “positive” sensory phenomena.2 A negative
sensory phenomenon is an expression of a deficit of sen-
sory function such as loss of warm or cold sensation or
hypalgesia. However, patients rarely recognize these defi-
cits, and because of the protective role of nociceptors, such
deficits frequently lead to painless, repetitive traumatic
lesions such as those occurring in the hands among patients
with syringomyelia or in the feet of diabetics.

A positive sensory phenomenon is an expression of an ab-
normally increased function of the sensory system, such as
paresthesias or neuropathic pain. Neuropathic pain may be
spontaneous or stimulus induced.2 Spontaneous neuropathic
pain has certain attributes that must be explored separately:
quality, intensity, and distribution. Spontaneous pain may
have a burning quality, usually referred to the skin, when it
is the expression of discharges of the peripheral C nocicep-
tors.3 Such pain may be sharp when it is caused by excitation
of small myelinated A-delta nociceptive cutaneous afferents.2

Electric-like shooting pains, radiating to a limb segment or the
face, are usually the result of the generation of ectopic impulses
in the nociceptive pathways.4 Unmyelinated C-fiber muscle
afferents responsive to noxiousmechanical and chemical stimuli
have been described in the awake human being. Activity in this
type of afferent is perceived as a cramplike sensation.5

In evaluating pain, it is useful to rate its intensity using
verbal or visual analogue scales to record changes over
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time or with response to treatment. A frequently used scale
rates pain between 0 and 10, with 0 being no pain and 10
being “the worst pain one can imagine.” The distribution
of pain helps to localize the site of the lesion; for example,
radicular, nerve, plexus, and central pains have a more or
less stereotyped distribution.

Stimulus-induced neuropathic pain is traditionally divided
into allodynia (pain induced by a stimulus that is normally
not painful) and hyperalgesia (increased pain produced by
a stimulus that normally causes pain). In clinical practice,
hyperalgesia and allodynia always coexist, and in this text
the term hyperalgesia is used to refer to both. Hyperalgesia
is usually elicited by mechanical and thermal stimuli.
Mechanical hyperalgesia has been divided into dynamic
and static subtypes.6 Dynamic mechanical hyperalgesia is
the unpleasant sensation induced by light stroking of the
skin; static mechanical hyperalgesia is pain induced by sus-
tained light pressure of the symptomatic area. Selective
blockade of myelinated fibers abolishes dynamic mechan-
ical hyperalgesia without affecting static hyperalgesia.
In thermal hyperalgesias, a thermal stimulus, either cold or
heat, is perceived as abnormally painful.7

Spontaneous pain and hyperalgesia may be influenced by
several factors, especially temperature. For example, heat
may increase burning pain owing to the sensitization of C
nociceptors, whereas cold may relieve it. On the other hand,
cold increases spontaneous burning pain in patients with
selective loss of small myelinated fibers.7 Patients with neu-
ropathic pain often volunteer information about autonomic
symptoms such as sweating and trophic alterations. An
increase in temperature may be an expression of vasomotor
sympathetic denervation or neurogenic inflammation.8 A
decrease in temperature may be the result of a reflex increase
in sympathetic vasomotor tone in response to pain or the
development of sympathetic denervation supersensitivity.

Neuropathic pain is usually chronic or recurrent, as in
diabetic polyneuropathy or in the recurrent attacks of lanci-
nating root pain. An exception is the acute burning pain
characteristic of herpes zoster.
ANATOMY OF PAIN AND TEMPERATURE SENSATION

Receptors and First-Order Neurons
Pain and temperature are sensations mediated at a primary
afferent level by fibers of a smaller diameter than those
mediating touch, vibration, and position sense. Cold sensa-
tion is mediated by small myelinated fibers (A-delta fibers)
and possibly by unmyelinated afferents9; warm sensation is
mediated by unmyelinated warm specific C fibers, and pain
is mediated by small myelinated A-delta nociceptors and
unmyelinated C nociceptors.2 In animals, the cold recep-
tors are located within the superficial layers of the skin,
whereas the warm receptors are found deeper. Transient
receptor potential (TRP) ion channels are a large family
of channels responding to different energies. The recently
described TRPM subfamily10 comprises ion channels sen-
sitive to menthol and cool and very well suited for cold
transduction. On the other hand, the TRPV subfamily11 is
responsive to temperatures above 34�C and very likely
responsible for warm sensation and heat pain.
The anatomical and functional aspects of cutaneous pain
afferents have been studied in detail. The skin, subcuta-
neous tissues, muscles, and joints are sensitive to a variety
of potentially harmful mechanical, thermal, and chemical
stimuli. Numerous free nerve endings are responsible for
conveying sensory information that is decoded as pain in
the CNS. Although the ultrastructural characteristics of
pain receptors (nociceptors) are not well-known, classically
two types have been characterized in the human skin
according to their receptor-response features: those asso-
ciated with unmyelinated C fibers and those associated
with small myelinated A-delta fibers.2

The glabrous and hairy skin is richly innervated by noci-
ceptors with unmyelinated C fibers. These are known as
C-polymodal nociceptors (CPNs) because they respond
to a variety of noxious stimuli (i.e., mechanical, thermal,
and chemical stimuli). A single CPN innervates an area
of skin approximately 1 cm square, usually in a single con-
tinuous receptive field. These nociceptors have thresholds
that are well below the level at which actual tissue damage
occurs. CPNs respond to capsaicin, the active substance of
hot pepper, and other chemical stimuli such as acid pH and
bradykinin. A proportion of these CPNs also respond to
temperatures below 15�C.12

A-delta nociceptors have been described in detail in the
skin of subhuman primates, but their features have been
studied less thoroughly in humans. In humans, they seem
to respond mainly to mechanical stimulation. A-delta noci-
ceptors display a smaller, usually punctiform, receptive
field and have higher mechanical and heat thresholds than
CPNs. They are also responsive to frezzing.13

A third type of cutaneous nociceptor composed of un-
myelinated C fibers has been described. These nociceptors
are activated only during inflammation. In the absence of
inflammatory changes, they do not respond even to very
high noxious stimulation.14 These afferents have also been
described as mechano- and heat-insensitive (MiHi), and
different populations of MiHi afferents possibly mediate
hyperalgesia and itch.15,16 The segregation of different
types of C fibers has been made possible through micro-
neurography. After repetitive stimulation, they show a vari-
able slowing in conduction velocity depending on the type
of C fiber.17 Therefore, it has become clear that C fibers
of different modalities differentiate not only from their
receptor but also from their biophysical properties of the
axon.18

The sensations evoked by activation of A-delta and C
nociceptors are different. Excitation of cutaneous CPNs
evokes a pure burning sensation, as demonstrated during
selective microneurographic stimulation of CPNs3 and dur-
ing selective blockade of myelinated fibers during com-
pression ischemia.19 A-delta nociceptors evoke sharp pain
that is projected to a punctiform area.

In addition to their role in pain sensation, CPNs are
involved in neurogenic inflammation. Excitation of CPNs
determines release of algogenic substances from nocicep-
tive terminals in the skin, causing local vasodilatation and
thus reddening of the skin. This flare reaction spreads some
centimeters around the site of stimulation through an axo-
nal reflex that depends on a network of fine dermal affer-
ent fibers, originally described as a nocifensor system.8

Denervation of the skin impairs the flare reaction.
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It is classically stated that after experimental injury, an
area of flare appears around the site of the injury and the
area of hyperalgesia widens. Hyperalgesia occurring at the
site of injury is defined as primary hyperalgesia and is a
characteristic response to heat and mechanical stimuli.20

Hyperalgesia that occurs in a wider area of undamaged sur-
rounding skin is defined as secondary hyperalgesia. It is
also classically stated that secondary hyperalgesia extend-
ing beyond the area of flare is elicited only by mechanical
stimulation. It has long been accepted that primary hyperal-
gesia is the consequence of sensitization of CPNs at the site
of the injury, whereas secondary hyperalgesia is due to
plastic changes in the CNS.21 The latter theory is supported
by the fact that sensitized CPNs have not been regularly
found in areas of secondary hyperalgesia, and plastic
changes in dorsal horn neurons in experimental animals
take place after peripheral injuries. Nevertheless, it is pos-
sible that secondary hyperalgesia relies also on peripheral
mechanisms as originally proposed by Lewis.8 In fact, heat
hyperalgesia is also present in the area of secondary
mechanical hyperalgesia when heat pain is tested with
suprathreshold stimuli; furthermore, the area of flare is
wider than that traditionally considered to match the area
of both mechanical and heat hyperalgesia.22 Finally, MiHi
nociceptors develop heat and mechanical sensitivity in
areas of secondary hyperalgesia.23 It has been shown that
in patients with painful neuropathy this type of insensitive
afferent becomes sensitized in symptomatic skin.24

Multiplication of nerve impulses in primary afferents
may also play a role in hyperalgesia. This phenomenon
has been described to occur only seldomly in healthy sub-
jects through microneurography25 and very commonly in
patients with painful neuropathy.26

Second-Or der Neuro ns ( Fig. 20-1)
Both A-delta and C-primary nociceptive afferents have
their cell bodies in the dorsal root ganglion and synapse
centrally with second-order neurons located in the dorsal
horns. However, before contacting second-order neurons
in the spinal cord, the axons of these afferents divide into
descending and ascending branches that run a few seg-
ments in the tract of Lissauer, giving off collaterals to
the superficial layers of the dorsal horn. At least three
types of neurons are distributed in the superficial layers
of the dorsal horn in cats and subhuman primates: (1) noci-
ceptive-specific neurons, (2) wide dynamic range (WDR)
neurons, and (3) inhibitory and excitatory interneurons.27

Nociceptive-specific neurons, located mainly in lamina I
of Rexed, receive inputs mainly from primary nociceptive
afferents. These neurons project into the contralateral spi-
nothalamic tract, and their activity is modulated by local
interneurons. WDR neurons, although responding more
vigorously to inputs from nociceptive afferents, also dis-
charge in response to non-noxious stimuli. They are mostly
located in lamina V, although some are also found in lami-
nae I and II. It has been proposed that in humans these neu-
rons also project into the contralateral spinothalamic tract.28

Neurophysiological experiments in animals have shown
that sensitization and expansion of the receptive fields
of second-order neurons occur following massive input
from primary nociceptive afferents induced by a peripheral
tissue injury. This finding has led to the hypothesis that after
a peripheral injury, input from low-threshold mechanorecep-
tors evokes pain rather than tactile sensation, and this pain
may spread beyond anatomical peripheral boundaries. How-
ever, the behavioral consequences in animals and the clinical
expression in humans of these changes are far from clear.29

Nociceptive-specific and WDR neurons project mainly
through the spinothalamic tract (STT), the most prominent
ascending nociceptive pathway in the spinal cord. The
axons from lamina I are located dorsolateral to the axons
from lamina V in the STT in some mammals. In humans,
anterolateral chordotomies largely abolish pain sensi-
tivity, and electrical stimulation of the STT elicits pain.30

Second-order nociceptive neurons also project to higher
regions through the spinoreticular, spinomesencephalic,
and spinocervical tracts, and some project into the posterior
columns.27 The spinomesencephalic and spinocervical
tracts project to the reticular formation, the thalamus, and
the periaqueductal gray nuclei.

Third-Order Neurons
Projections of nociceptive ascending neurons of the dorsal
horn end in the ventral posterior nuclei of the thalamus,
mainly the ventral posterior lateral (VPL) nucleus. This
nucleus receives input from neurons in lamina I and V
and projects to the primary somatosensory cortex.28 The
ventral posterior medial nucleus receives input from
second-order nociceptive neurons in the trigeminal nuclei.
Additionally, the intralaminar nuclei, which have complex
receptive fields, receive input from the deep dorsal horn
laminae and the reticular formation of the brain stem. This
thalamic region is probably concerned with arousal rather
than with pain sensation. On leaving the dorsal horn, these
axons sweep anteriorly in the spinal cord, cross the mid-
line, and ascend to the VPL nucleus of the thalamus. The
tract is laminated in that the sacral fibers are most lateral,
followed in turn by the lumbar, thoracic, and cervical fibers.

In the primary somatosensory cortex, two main types of
neurons have been described. One group, which receives
inputs from the VPL thalamus, displays a small, contralat-
eral receptive field. The other group comprises neurons
that have wide receptive fields, usually bilateral; they prob-
ably receive inputs from the medial thalamic nuclei. Just
as in the other sensory modalities, there is probably a
simultaneous process for distributing noxious information
to the different cortical areas.28

The facial sensations of pain and temperature are carried
by cranial nerve V (see Chapter 10) and ascend separately
to the thalamus. The thalamocortical projections and the
primary sensory cortex in the parietal lobe have a homun-
cular sensory pattern, in which the projections for the face
are closest to the sylvian fissure, those for the hand and
arm are above, and those for the leg lie near the central sul-
cus. In the thalamocortical projections and the cortex, all
sensory modalities coalesce (see Chapter 19).

Functional magnetic resonance imaging (MRI) has pro-
vided evidence for the activation of several cortical areas
during nociception. The technique has been used to study
mechanical allodynia induced by capsaicin in normal sub-
jects. The contralateral primary somatosensory cortex (SI),
posterior parietal cortex and anterior cingulate cortex, and



Primary sensory cortex

Thalamus ventral
posterior-lateral

complex

Midbrain
spinothalamic

tract

Dorsal root ganglion

Primary nociceptive and
thermal-specific receptors

Dorsal root

Spinal cord

Medulla
spinothalamic tract

Pons
spinothalamic tract

Dorsal horn
(laminae I, II and V)

Figure 20-1. Pain and temperature pathway. Pri-
mary nociceptive and thermospecific afferents
with their cell body in the dorsal root ganglia.
These afferents send their central projection to
the superficial laminae of the dorsal horns (lami-
nae I–IV). Second-order neurons project mainly
into the contralateral spinothalamic tract ascend-
ing through the lateral brain stem to the ventral
posterior lateral and to the anterior and intralami-
nar thalamic nuclei. These third-order afferent
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bilateral frontal gyri, insula, and secondary somatosensory
cortex (SII) were implicated in this experimental model of
allodynia.31 Whereas the thalamus, SI and SII, and insular
cortex are associated with the nociceptive component of
pain, the cingular and prefrontal cortex has been implicated
in the suffering of pain.
Pain Control Mechanisms in the Central Nervous
System
Electrical stimulation of the periaqueductal gray matter
reduces the perception of pain by suppressing the activity
in the ascending nociceptive pathways. Descending path-
ways terminating in nociceptive neurons in the spinal cord
carry out this modulation. Neurons in the periaqueductal
and periventricular gray matter send excitatory connections
to the serotoninergic raphe magnus and gigantocellularis
nuclei and pass through the posterior columns to inhibit
nociceptive second-order neurons in the superficial dorsal
horns directly. The nuclei also activate enkephalin inter-
neurons. Enkephalin interneurons presynaptically inhibit
the input from the primary nociceptive afferents.

Local circuits in the dorsal horn are essential for pro-
cessing nociceptive input and modulating ascending and
descending nociceptive pathways. Primary C-nociceptive
fibers act on second-order dorsal horn neurons through the
release of substance P and glutamate; the former acts on
neurokinin receptors and the latter on N-methyl-D-aspartate
(NMDA) receptors. These receptors are important in the
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long-term sensitization of dorsal horn neurons that is possi-
bly involved in neuropathic pain. Descending noradrenergic
and serotoninergic pathways contact dendrites of the spi-
nothalamic tract neurons as well as enkephalin-containing
inhibitory neurons in the superficial dorsal horn. Enkephalin-
containing dorsal horn interneurons inhibit the release of
glutamate and substance P from primary nociceptive neu-
rons. These interneurons also suppress nociceptive input
postsynaptically on spinothalamic tract neurons.

The periaqueductal gray matter modulates the activity of
primary nociceptive input.32 It has been shown that seroto-
nin agonists microinjected in the periaqueductal gray mat-
ter inhibit nociceptive dural input, suggesting a role of
this compounds in migraine attacks.

Opiates seem to exert an analgesic effect at the same
sites where analgesia is produced by electrical stimulation.
The mesencephalic periaqueductal gray matter and the ros-
tral ventral medulla are extremely sensitive to morphine.
Mu receptors are found mainly in the mesencephalic peri-
aqueductal gray matter and in the superficial dorsal horn
together with enkephalin-containing neurons. The activity
of the descending pathways that control nociceptive inputs
is thought to be excitatory on inhibitory morphine-sensitive
interneurons. Observations indicate that in addition to their
central action, opiates modulate primary nociceptive affer-
ents at a receptor level.30

Gate Control Theory
Sir Henry Head was the first to propose that activity in
large-caliber afferent fibers may modulate activity in the
pain pathway. In 1959, based on observations in patients
with postherpetic neuralgia, Noordenbos33 proposed that
after a nerve lesion affecting mainly myelinated nerves
occurred, disinhibition of second-order neurons in the dorsal
horns followed, resulting in hyperalgesia. Later,Melzack and
Wall34 proposed the gate control theory of pain, which sug-
gested that activity in low-thresholdmechanoreceptors inhib-
ited the discharges in second-order nociceptive afferents
through an inhibitory interneuron. This theory is supported
by the observation that pain is relieved by transcutaneous
electrical nerve stimulation (TENS), which may stimulate
predominantly large-caliber afferent fibers. However, the
specific effect of TENS remains to be proved.

The gate control theory of pain contrasts with results of
neurophysiological experiments showing sensitization and
expansion of receptive areas of WDR neurons following
a transient nociceptive input to the spinal cord. These plas-
tic changes would allow input from low-threshold mechan-
oreceptors to excite second-order neurons, signaling pain.21

Re-evaluations of the TENS unit cast doubt on its conclu-
sive utility35 and suggest that its beneficial effect may be
largely attributed to placebo effects.36
EXAMINATION OF PAIN AND TEMPERATURE
SENS ORY SYSTEMS (Table 20-1)

Directed Neurological Examination
In a patient complaining of pain with neuropathic charac-
teristics, the neurological evaluation is a fundamental step
that has two goals: (1) to establish the presence or absence
of a neurological lesion and (2) to determine the relationship
between the neurological lesion found and the symptoms of
the patient.

A full sensory examination is necessary in any patient
with sensory symptoms. This is not an easy task and
requires the full attention and cooperation of the patient.
Since cold, warm, and pain sensations are mediated by dif-
ferent systems, the indemnity of one of them does not
imply normality of the others. Cold and warm sensations
can be examined at the bedside using tubes filled with cold
or hot water. As each stimulus is gently applied to a body
area, the patient should respond as soon as he or she feels
the temperature stimulus by identifying its quality. A cor-
rect response that requires several seconds to be sensed
may indicate slowed conduction along pain pathways. Pain
is usually evaluated by disposable pinprick testing. Com-
paring a patient’s response to a sharp and a dull stimulus
monitors the integrity of this system; again, both the rapid-
ity and the accuracy of the response must be assessed. The
neurological evaluation must also include a search for
mechanical hyperalgesias. Dynamic mechanical hyperalge-
sia is tested by lightly rubbing the skin with the hand or a
cotton ball; the patient with a lesion feels an unpleasant
burning sensation. To test for static mechanical hyperalge-
sia, a fixed mechanical stimulus such as a mild pinch is
applied to the skin; the patient with a sensory abnormality
describes an intense sharp or burning pain.

In the neurological examination, the clinician must
consider the distribution of negative and positive sensory
manifestations. A peripheral polyneuropathy affecting the
small-caliber afferent fibers causes warm and cold hypes-
thesia and hypalgesia in a typical distal stocking and glove
distribution. The areas of mechanical and cold or hot hyper-
algesias may initially be distal, but as the pathological pro-
cess becomes worse and the most distal parts become
denervated, hyperalgesia is only found more proximally in
the extremity.

In patients with lesions of a peripheral root or nerve trunk,
negative and positive sensory manifestations are usually
confined to the anatomical territory of the nerve or root
affected. Occasionally, the area of hyperalgesia may expand
beyond the relevant anatomical territory. This phenomenon
has been explained by the plastic changes occurring in
second-order sensory neurons,29 but, as discussed previ-
ously, the clinical expressions of these plastic changes are
unknown. When a peripheral nerve lesion causes the painful
syndrome, expansion of the area of hyperalgesia beyond
its anatomical boundaries seldom occurs.37

In patients with central disorders, the distribution of posi-
tive and negative sensory manifestations also helps to
localize the lesion. With syringomyelia, a typical bilateral
segmental distribution of pain and temperature sensory loss
occurs in the cervical segments because of the central cord
involvement of the crossing second-order neuronal axons.
In patients with brain stem lesions, there may be a loss of
pinprick and thermal sensations on the ipsilateral side of
the face and the contralateral side of the body. In those
with thalamic lesions, the sensory manifestations involve
the entire contralateral half of the body; although they are
often vaguely localized, they can be intensely uncomfort-
able. Hemispheric lesions are more prominent on the face



TABLE 20-1

Clinico-anatomical Correlation of Disorders of Pain and Temperature Sensations

ANATOMICAL
SITE OF DAMAGE SENSORY FINDINGS

OTHER NEUROLOGICAL AND
MEDICAL FINDINGS COMMON ETIOLOGIES COMMENTS

Sensory

Receptors

Hypesthesia to cold and warm
and hypoalgesia

Changes in skin color, edema,
hypo- or hyperthermia

Traumatic or surgical scars

Primary Neuron

Peripheral
nerve

Hypesthesia to cold and warm or
mechanical hyperalgesia in
stocking and glove or
dermatomal distribution

Redness of skin, hyperthermia,
swelling

Diabetic polyneuropathy,
traumatic and entrapment
neuropathies, plexopathies

Examination of
responses to cold,
warmth, and pain
is the most useful
tool for localizing
a painful nerve
lesion

Pale discoloration of skin,
coldness

Distal muscle weakness and
atrophy, diminished tendon
reflexes

Sensory root
ganglion

Asymmetrical numbness,
tingling, and lancinating pains.
Loss of position sense

Pupillary abnormalities, areflexia Neoplasia, Sjögren’s
syndrome, monoclonal
gammopathy

Secondary Neurons

Internal
arcuate

Suspended loss of pain and
temperature sensations. Less
impairment of touch,
vibration, and position senses

Distal muscle atrophy and
areflexia in upper extremities;
trophic changes in the hands

Syringomyelia, central
spinal cord tumors

Clinical presentation
may be
asymmetrical

Lateral ST
tract

Contralateral loss of cold, warm,
and pain sensations.
Sometimes spontaneous pain
and mechanical hyperalgesia.
Ipsilateral loss of joint position
and vibration senses

Ipsilateral pyramidal syndrome,
Horner’s syndrome, cerebellar
signs

Lateral compression of spine
(Brown-Séquard
syndrome), lateral
infarction of medulla
(Wallenberg’s syndrome)

“Classic” traumatic
hemisection of the
spine is rare

Tertiary Neurons

VPL, VPM Contralateral hypesthesia for all
sensory modalities.
Lancinating spontaneous pain

Contralateral pyramidal
syndrome, homonymous
hemianopia

Thalamic hemorrhage or
infarction

Internal
capsule

Contralateral sensory loss May present with pure sensory
loss or with contralateral
pyramidal syndrome

Deep small infarction

Sensory
cortex

Hemisensory loss is greater in
lower or upper extremity

Neglect, aphasia Large vessel infarct, tumors

VPL, ventral posterior lateral nucleus; VPM, ventral posterior medial nucleus; ST, spinothalamic.
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and upper extremity or on the lower extremity alone,
depending on whether the damage involves the convexity
or the medial aspect of the hemispheres.
Associated Neurological Findings
CEREBRAL. Contralateral sensory neglect, sometimes

associated with sensory loss, is a feature of cortical lesions
affecting the right hemisphere. In patients with thalamic
lesions, tactile, vibration, and position senses are also lost
in the contralateral side of the body, frequently associated
with hemianopsia and motor hemiparesis. Contralateral
sensory neglect is difficult to evaluate in patients with thal-
amic lesions owing to the prominent sensory loss. It has
been traditionally stated that thalamic pain is particularly
distressing, although this statement may be applicable to
any chronic neuropathic pain syndrome.

CRANIAL NERVES. Lesions affecting the lateral spi-
nothalamic tract in the pons may involve the ipsilateral
cranial nerves V and VII. In the medulla, the lateral spi-
nothalamic tract is close to cranial nerves IX and X, the
descending trigeminal nucleus, the sympathetic pathway,
and the cerebellum. Vascular lesions involving these struc-
tures cause the classic Wallenberg syndrome.
MOTOR/REFLEXES/CEREBELLAR/GAIT. Hemispheric
lesions may cause contralateral hemiparesis in addition to
hemisensory impairment. Brain stem lesions cause contral-
ateral limb weakness with cranial nerve involvement ipsi-
lateral to the lesion. Syringomyelia characteristically
involves the anterior horn cells, causing muscle weakness
and atrophy in the hands. With peripheral neuropathy, distal
weakness occurs and is usually of greater magnitude in the
lower extremities.

When the thick myelinated afferent fibers in the periph-
ery or dorsal columns are involved, an ataxic sensory gait
may be seen. In lumbar radicular pain syndrome, the patient
assumes an antalgic posture with the knee of the affected
side in partial flexion and the back bent toward or away
from the painful side.

AUTONOMIC NERVOUS SYSTEM. Sweating may be
disturbed in patients with several neuropathic pain disor-
ders. When the autonomic fibers are spared, sweating is
usually increased because of the greater activity of the sym-
pathetic fibers. At the same time, the affected limb may be
cold because of the increased sympathetic tone. It must be
kept in mind that coldness may also be an expression of
increased vasoconstriction due to sympathetic denervation
supersensitivity. Warmth and redness of the painful parts
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may be an expression of sympathetic denervation (before the
development of supersensitivity) or antidromic discharge of
C nociceptors causing neurogenic inflammation. Ortho-
static hypotension, resting tachycardia, and impairment of
reflex tachycardia to hypotension are signs of autonomic
dysfunction that are easily assessed at the bedside.

NEUROVASCULAR. Painful neuropathies, especially in
diabetics, may be associated with evidence of small vessel
disease in the form of poor distal pulses and retinal vessel
abnormalities. In patients with sudden onset of pain syn-
dromes in a stroke-like distribution, the neurovascular exam-
inationmay reveal large vessel abnormalities and differences
in the carotid pulses on palpation.

Associated Medical Findings
Trophic changes are common in neuropathies involving
small-caliber afferents such as diabetic polyneuropathy.
These include loss of hair and skin atrophy to deep ulcers
in the feet. Visceral enlargements may be found in patients
with neuropathies associated with alcohol, neoplasm, poly-
neuropathy, organomegaly, endocrinopathy, monoclonal
protein, and skin changes (POEMS) and amyloidosis.
Patients with vasculitic neuropathies may have skin pete-
chiae, respiratory symptoms, and signs and evidence of
hepatic or renal involvement.
EVALUATION GUIDELINES (Table 20-2)

NEUROIMAGING. MRI is a useful procedure for invest-
igating morphological changes in the peripheral nerve
trunks and plexus. It is useful in the evaluation of traumatic
lesions, tumors of the peripheral nerves, and adjacent tis-
sues involving the nerves or plexus. MRI is also the most
useful imaging test for the evaluation of structural disor-
ders of the spinal cord and roots. The development of func-
tional MRI has allowed a better knowledge of the central
pathways and centers involved in pain in normal and patho-
logical conditions, but its routine application in clinics is
still awaited.38 Computed tomography is a complementary
test used to evaluate bone changes in the spine. Radiographs
of the spine are limited to the study of bone and joint lesions.

ELECTROPHYSIOLOGY. Several neurophysiological
tests are used to evaluate disorders of the central or peri-
pheral nervous system affecting pain and temperature
sensations. Nerve conduction studies and needle electro-
myography allow for precise localization and characteriza-
tion of a peripheral nerve lesion disclosing an axonal or
demyelinating disorder. It must be stressed that conven-
tional electrophysiological studies evaluate the function of
motor and large-caliber afferent fibers, leaving unexplored
the function of small-caliber afferents involved in pain and
temperature sensation. Furthermore, conventional electro-
physiological studies are unable to explore the pathophysio-
logical substrate of positive sensory phenomena, even those
involving large-caliber afferents such as cutaneous par-
esthesias. Therefore, a normal nerve conduction study does
not necessarily rule out a peripheral nerve lesion as the
cause of the pain. Conversely, an abnormal study does not
necessarily imply that an identified peripheral nerve lesion
is the cause of painful symptoms.
Microneurography is the process of recording the electri-
cal activity of nerve fibers using an intraneural microelec-
trode. This is an electrophysiological way of exploring
small- and large-caliber afferent fibers including the patho-
physiological substrate of positive sensory phenomena.
The procedure is time-consuming and has a high incidence
of false-negative results. It is mainly an experimental
procedure and is not used in routine clinical studies.

A test commonly used for the routine clinical evaluation
of small-caliber afferent pathways is the Quantitative
Somatosensory Thermotest (QST).39 A ramp of ascending
or descending stimulating temperature, operating on the Pel-
tier principle, is applied to the skin of the patient through a
thermostimulator. It is a psychophysical test in which the
patient signals his or her threshold for cold, warmth, cold
pain, and heat pain sensations. The threshold for cold sensa-
tion is the result of activity of A-delta small myelinated
channels specific for cold sensation; the threshold for
warm sensation is the expression of function of unmy-
elinated warm-specific C channels, and cold pain and heat
pain sensations are the result of activity of unmyelinated
CPNs.39

The thresholds determined by QST are the result of
activity of the whole afferent pathways involved in thermal
sensations in the peripheral and central nervous systems,
and therefore an abnormal pattern does not have a precise
localizing diagnostic value. Nevertheless, certain abnormal
patterns are characteristic of some clinical syndromes.
A peripheral neuropathy typically produces warm hypesthe-
sia first; as the disease progresses, cold hypesthesia may
develop. This pattern occurs because warm sensation de-
pends more on the number of stimulated fibers than does
cold sensation.39 In patients with myelopathy without pe-
ripheral nerve involvement, pure cold hypesthesia may
typically occur.40,41 QST may also disclose cold or heat
hyperalgesia, showing the presence of abnormally low
pain thresholds induced by low or high temperature. Cold
or heat hyperalgesias are often present with cold or warm
hypesthesias.

Patients with nerve lesions may also have changes in
skin temperature42 that can be measured by thermography.
This modality, however, lacks convincing sensitivity and
specificity for the diagnosis of the presence of a nerve
lesion. The symptomatic area may be hyperthermic or
hypothermic. Hyperthermia may be an expression of cuta-
neous vasodilatation secondary to sympathetic denervation
or, alternatively, an expression of antidromically induced
vasodilatation by discharges in C nociceptors.8,43 Hypother-
mia is an expression of either a physiological increase in
sympathetic vasoconstrictor tone in response to pain or
increased vasoconstriction due to sympathetic denervation
supersensitivity.43

The American Academy of Neurology Therapeutics and
Technology Assessment Subcommittee has made specific
recommendations for the use of thermography in neurolog-
ical practice. This report concluded that infrared thermo-
graphy may provide information about altered cutaneous
temperatures and may be useful in characterizing reflex
sympathetic dystrophy, focal autonomic neuropathies, and
focal nerve injuries. It is not reliably useful for evaluating
neck and back pain, radiculopathy, musculoskeletal pain,
or entrapment neuropathy.44



TABLE 20-2

Useful Studies in the Evaluation of Disorders of Pain and Temperature Sensations

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY FLUID AND TISSUE ANALYSIS
NEUROPSYCHO-
LOGICAL TESTS OTHER TESTS

Primary sensory
neuropathy

Normal Low-amplitude sensory
responses, cold and warm
hypesthesia in QST, mild
reduction of motor nerve
conduction velocity

Nerve biopsy shows axonal
loss predominantly of
unmyelinated fibers

Normal

Mononeuropathy Normal Impaired motor and sensory
nerve conduction across
site of lesion, signs of
denervation in muscles
innervated by nerve
affected

Depending on severity of
entrapment, focal
demyelination and axonal
loss occurs, predominantly
of large myelinated fibers

Normal

Diffuse sensory
polyneuropathy

Normal Low-amplitude sensory nerve
action potentials,
hypesthesia to cold and
warm sensations in QST

Elevated ESR, glycosylated
hemoglobin E, abnormal
glucose tolerance test, HIV

Normal

Multisystem
degeneration

Normal Normal Normal Dementia in
some
patients

Abnormal ECG

Dorsal root
ganglia

Normal Low-amplitude sensory nerve
action potentials, normal
motor studies, abnormal
somatosensory evoked
potentials

Monoclonal gammopathies,
loss of myelinated fibers in
sural nerve biopsy

Normal Lip biopsy for
Sjögren’s
syndrome

Radiculopathy MRI of the spine may
show disc herniation
or osteophyte
compression of root

Normal sensory conduction
study, low-amplitude
CMAP and signs of
denervation in needle
EMG

Normal Normal

Thermal hypesthesia in the
dermatome in QST,
abnormal somatosensory
evoked potentials

Plexopathy Mass compression or
infiltration of plexus

Sensory and motor nerve
conduction abnormalities

Elevated ESR Fracture of pelvis
in traumatic
injury of sacral
plexus; chest
x-ray shows
apical lung
lesions or
cervical rib

Denervation in needle
EMG, thermal
hypesthesia and possibly
thermal hyperalgesia in
QST

Syringomyelia MRI: central spinal cord
cavity, extension to
medulla

Denervation in affected
segments

Normal Normal

Associated Arnold-
Chiari malformation

AIDS, acquired immunodeficiency syndrome; CMAP, compound muscle action potentials; ECG, electrocardiography; EMG, electromyography; ESR, erythrocyte sedimenta-
tion rate; HIV, human immunodeficiency virus; MRI, magnetic resonance imaging; QST, Quantitative Somatosensory Thermotest.
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Electrophysiological study of the central somatosen-
sory pathways is done classically through somatosensory
evoked potentials by electrical stimulation of the peripheral
nerves. This method explores only the large-caliber affer-
ent lemniscal pathway. The recording of brain responses
to short laser pulses (laser evoked potentials [LEPs]) has
been progressively established as a useful tool for evaluat-
ing the function of central nociceptive pathways. CO2 laser
stimuli applied to hairy skin excite exclusively A-delta and
C-mechanothermal nociceptors. LEPs are able to detect
lesions in peripheral and central pain pathways. LEPs are
not simply short latency evoked potentials. They reflect
an integrative cortical response to painful stimuli. Thus,
in healthy subjects the amplitude of cortical LEPs corre-
lates with the subjective sensation of pain rather than with
the physical stimulus intensity. Nevertheless, in patients
with peripheral neuropathic lesions, they show the degree
of spinothalamic deafferentation. In patients with central
pain, LEPs are significantly attenuated after stimulation
over the painful area. In these patients, diminution of
amplitude of LEPs was rather independent of the actual
pain sensation triggered by the stimulus and appeared to
reflect principally deafferentation in spinothalamic-cortical
pathways.45 The recently developed temperature-controlled
contact heat evoked potential stimulator excites selectively
heat receptor with C fibers or A-delta fibers. This may pro-
vide an alternative way of assessing the spinothalamic
pathways.46

BODY FLUID AND TISSUE ANALYSIS. Fluid, nerve,
and muscle biopsies have diagnostic value in inflamma-
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tory, neoplastic, deposit (amyloid), and some toxic periph-
eral neuropathies. Electron microscopy is essential for the
morphological evaluation of unmyelinated fibers. Skin
biopsy to quantify the number of small-caliber sensory
fibers using immunostaining is increasingly used.47

CEREBROSPINAL FLUID. Neoplastic infiltration of
nerve roots may cause an increased cerebrospinal fluid cell
count and protein content. Neoplastic cells may also appear.
CLINICAL SYNDROMES (Table 20-3; see also
Table 20-1)

Sensitization of C-Polymodal Nociceptors
( Figs. 20-2 to 20-4)

This syndrome, described by Ochoa,43 is characterized by
burning pain and mechanical hyperalgesia that is increased
by heat and relieved by cold. The skin is red and hyperther-
mic due to neurogenic inflammation. QST shows heat
hyperalgesia, frequently combined with warm hypesthesia.
The presence of sensitized C nociceptors has been described
in a few patients.24,26,48,49 Figure 20-2 shows a patient with
a painful polyneuropathy aggravated by heat, in whom the
electrophysiological correlate is shown to be a sensitized
C mechanoinsensitive nociceptor.

Similar manifestations can be induced experimentally in
normal subjects after injection of capsaicin. CPN sensitiza-
tion can be seen in many of the conditions described subse-
quently. Familial erythralgia is a autosomic dominant
syndrome that has been linked to a mutation in the gene
encoding for Nav1.7 channel50 and expresses clinically as
painful, red, and swollen feet.

Triple Cold Syndrome (see Fig. 20-3)
In the triple cold syndrome, there is burning pain that is
increased by cold and relieved by heat. The skin is cold
and pale because of vasoconstriction due to sympathetic
denervation supersensitivity. QST shows cold hypesthesia
combined with cold hyperalgesia and a paradoxical hot
burning sensation. A lesion composed of small myelinated
fibers with relative sparing of unmyelinated fibers has been
described in these patients.51 A similar QST pattern is seen
in normal subjects during selective blockade of myelinated
fibers. It has been proposed that cold hyperalgesia is due to
central release of a C-nociceptive input, which is normally
inhibited by cold-specific A-delta fibers.

The triple cold syndrome can be seen in any of the dis-
orders described later, and occasionally, particularly in
the elderly, it presents without apparent cause.

Primary Sensory Neuropathy
Primary sensory neuropathies are rare hereditary conditions.
Four main types have been described: dominantly inherited
sensory neuropathy (hereditary sensory and autonomic
neuropathy [HSAN] type I in Dyck’s classification),52

recessively inherited sensory neuropathy or Riley-Day syn-
drome (HSAN type II), familial dysautonomia (HSAN type
III]), and congenital sensory neuropathy with anhidrosis
(HSAN type IV; see Chapter 36).
HSAN type I begins in the second decade of life with
impairment mainly of pain and temperature sensations.
Spontaneous pain and mutilating acropathy are common.
Autonomic symptoms, such as loss of distal sweating and
bladder dysfunction, may be present but are not character-
istic. As the disease worsens, other sensory modalities are
affected, and mild distal muscle wasting and weakness
develop. Histological studies have shown that axonal loss
occurs, predominantly involving unmyelinated fibers.
Motor conduction velocity is usually normal, and sensory
action potentials are reduced or absent. There may be distal
denervation signs on electromyography (EMG).

HSAN type II is usually present from birth and affects
all sensory modalities. There may be autonomic involve-
ment and mild distal muscle weakness. Motor conduction
velocity is slightly reduced, and sensory action potentials
are absent. EMG may show signs of denervation.

Familial dysautonomia (HSAN type III) is an autosomal
recessive disorder most often described in Jews; it is charac-
terized by autonomic disturbances from birth. Absent ten-
donreflexes and failure to respond to pain are also present.
Histologically, severe and moderate losses of unmyelinated
and small myelinated axons occur, respectively. The ampli-
tude of sensory action potentials is severely reduced.

In congenital sensory neuropathy with anhidrosis (HSAN
type IV), a selective loss of small myelinated axons occurs
with an almost complete absence of unmyelinated fibers.

Mononeuropathy
A mononeuropathy is a lesion of one nerve by a local pro-
cess, usually compression or, less frequently, trauma or
a vascular cause. Clinical examination typically demon-
strates negative and positive sensory phenomena restricted
to the territory of the nerve involved. Compression of a nerve
affects the myelinated fibers first. Nerve conduction studies
may be particularly useful in the detection of additional,
more widespread disease of the nerves that predisposes to
local lesions, as seen in diabetes (see Chapters 29 and 38).

Entrapment of the median nerve at the carpal tunnel
is one of the most common forms of mononeuropathy.
Classic symptoms include nocturnal paresthesias in the
thumb, index, and middle fingers. Numbness, tingling,
and burning pain in the median nerve distribution can be
present and sometimes awaken the patient from sleep. Pain
can be referred to proximal segments up to the shoulder.
Hypesthesia to light touch and an increased two-point dis-
crimination threshold in fingers innervated by the median
nerve are common findings. Frequently, the sensation in
the thenar eminence is not affected because the palmar
cutaneous nerve emerges from the median nerve before
the carpal tunnel. Mechanical hyperalgesia is sometimes
present in the same territory. The presence of atrophy of
the thenar eminence and weakness of the intrinsic muscles
of the hand innervated by the median nerve depend on the
duration of the entrapment. Although it is asymmetrical,
the condition is frequently bilateral, with the dominant side
used for writing being affected more severely. Sensory
conduction velocity across the wrist is delayed in more
than 90% of patients. In most patients, a reduction in motor
conduction velocity across the wrist is also present. Several
predisposing factors exist: pregnancy, diabetes mellitus,



TABLE 20-3

Selected Etiologies Associated with Disorders of Pain and Temperature Sensation

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental structural disorders Syringomyelia 28
Degenerative and compressive structural disorders Herniated disk/radiculopathy, entrapment

mononeuropathies
29

Hereditary and Degenerative Disorders

Storage diseases: Lipidoses, glycogen disorders, and
leukoencephalopathies

Adrenomyeloneuropathy 30
Tangier’s disease
Refsum’s disease

Amino/organic acidopathies, mitochondrial enzyme defects, and
other metabolic errors

Tyrosinosis 31

Chromosomal abnormalities and neurocutaneous disorders Neurofibromatosis 32
Degenerative dementias Homocystinuria (deficiency of cobalamin coenzyme

synthesis)
33

Movement disorders Neuroacanthosis 34
Ataxias Friedreich’s ataxia 35

Late-onset cerebellar ataxia
Degenerative motor, sensory, and autonomic disorders Hereditary sensory and autonomic neuropathy (HSAN

I–IV), hereditary spastic paraplegia
36

Hereditary nondegenerative neuromuscular disease Familial amyloid neuropathy 37

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Diabetic polyneuropathy 38
Exogenous acquired metabolic disorders of the nervous system:

Toxins and illicit drugs
Arsenic, mercury, platinum 39
N-hexane

Nutritional deficiencies and syndromes associated with alcoholism Subacute combined degeneration 40

Infectious Disorders

Viral infections Herpes zoster radiculopathy 41
Nonviral infections Syphilis 42
HIV and AIDS Mononeuritis multiplex 44

Distal polyneuropathy

Neurovascular Disorders Central post-stroke pain syndromes 45
Anterior spinal artery infarct

Neoplastic Disorders

Primary neurological tumors Ependymoma 46
Metastatic neoplasms and paraneoplastic syndromes Extradural cord compression 47

Gangliomas

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple sclerosis 48
Demyelinating disorders of the peripheral nervous system Guillain-Barré and CIDP, POEMS 49

Autoimmune and Inflammatory Disorders Sjögren’s ganglionopathy 50
Mononeuritis multiplex in polyarteritis nodosa

Traumatic Disorders Spinal injuries 51
Brachial plexus and root avulsion
Traumatic mononeuropathies

Epilepsy Focal sensory 52

Drug-Induced and Iatrogenic Neurological Disorders Radiation plexopathies 55
Disulfiram-induced polyneuropathies

AIDs, acquired immunodeficiency syndrome; CIDP, chronic inflammatory demyelinating polyneuropathy; HIV, human immunodeficiency virus; POEMS, polyneuropathy,
organomegaly, endocrinopathy, monoclonal protein, and skin changes.
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rheumatoid arthritis, hypothyroidism, amyloidosis, gout,
acromegaly, and fractures of the wrist. Surgical treatment
is recommended if there is sensory loss, muscle weakness,
atrophy of the thenar eminence, or severe electrophysiolo-
gical changes. There is no evidence to support surgical
treatment for mild or moderate carpal tunnel syndrome.53

Meralgia paresthetica is a pure sensory entrapment
neuropathy. The lateral femoral cutaneous nerve derives
from the second and third lumbar roots within the psoas
muscle and runs to the anterior superior iliac spine; it
then passes medial to the spine beneath the inguinal liga-
ment, and as it runs down, it divides into anterior and
posterior divisions. This nerve is frequently compressed
in this course through the inguinal ligament, for example,
in pregnancy, in obese patients, or even by a tight belt or
corset. It can also be involved in patients with a psoas
hematoma or a fracture of the anterior portions of the
ilium. Numbness, painful burning, and itching in the lateral
aspect of the thigh are the main complaints. Examination
reveals hypesthesia to touch and pinprick or dysesthesia
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Figure 20-2. Patient with erythralgia, spontaneous pain, and hyperalgesia. A, Red feet with microneurography recording setting from the superficial pero-
neal nerve (black arrow). Electrical receptive field is shown by the white arrow. B, Stable latency on a raster plot (Qtrac, Institute of Neurology) with
2.3% recovery of latency after a 3-minute pause of electrical stimulation (thus a mechanoinsensitive afferent). C, The same fiber displaying activity-
dependent slowing during mechanical activation at very low thresholds, suggesting sensitization. VF, von Frey.
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stimulation. Left, normal pattern. Center, combination of warm hypoesthesia (the first four lines up, which correspond to warm sensation, are abnormally
high) with heat hyperalgesia (the last four lines up, which correspond to heat pain, are abnormally low). Right, combination of cold hypoesthesia (the first
four lines down, which correspond to cold sensation, are abnormally low) with cold hyperalgesia (the last three lines down, which correspond to cold pain,
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in the same area. The diagnosis is made mainly on clinical
grounds and can be confirmed by the absence (in 58%
of cases) or delay latency (17% of cases) of the sensory
nerve potential of the lateral femoral cutaneous nerve.
Underlying diabetes should be excluded. In patients with
compression at the inguinal ligament, symptomatic treat-
ment of the pain, weight reduction, and avoidance of tight
garments are indicated. In refractory cases, neurolysis may
be considered.
Diffuse Sensory Polyneuropathy
In polyneuropathies, the peripheral nervous system is
involved diffusely, and the symptoms and signs are more
or less symmetrical, predominantly distal, and of gradual
onset (Video 259, Sensory Polyneuropathy). Some excep-
tions to this distal distribution are seen in those with lead
neuropathy, familial amyloidosis type 2, adult-onset Tangi-
er’s disease, and, occasionally, porphyria. Usually, all types



Figure 20-4. Thermographic recordings of syndrome of sensitization of
C-polymodal nociceptors. Thermographic recording of both feet before
(left) and after (right) immersion of hands in cold water. Note lowering
of temperature of the feet in response to immersion of hands in cold water,
indicating the presence of sympathetic vasomotor reflex activity.
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of fibers are involved, and most neuropathies cause sensory,
motor, and autonomic manifestations. Muscle weakness is
more prominent in patients with inflammatory demyelina-
ting neuropathy, hereditary motor sensory neuropathy, and
porphyria. Sensory deficits are more common in those with
diabetic polyneuropathy, carcinoma, Sjögren’s syndrome,
acquired immunodeficiency syndrome, or inherited condi-
tions. Orthostatic hypotension and other autonomic dysfunc-
tions are usually associated with diabetes, Guillain-Barré
syndrome, amyloidosis, porphyria, and sensory inherited
neuropathies. Positive sensory phenomena such as pain, par-
esthesias, and hyperalgesia are also common manifestations
of polyneuropathy involving large- and small-caliber affer-
ent fibers. The sensitization of nociceptors and the triple cold
syndromes described previously are rare examples of posi-
tive sensory phenomena in patients with polyneuropathy,
particularly painful diabetic polyneuropathy.

Dorsal Root Ganglion Syndromes
Sensory ganglionitis is usually acute or subacute and is char-
acterized by rapidly progressive sensory symptoms includ-
ing sensory ataxia (Video 5, Sensory Ataxia). Frequently,
asymmetrical numbness, tingling, and lancinating pains are
present in different body segments including the face. These
varied symptoms were originally described in patients with
tabes dorsalis, arsenic poisoning, and diphtheria. Signs such
as pupillary abnormalities, areflexia, and loss of position
sense are common. Sensory ganglionitis has also been asso-
ciated with neoplasias, monoclonal gammopathies, and
Sjögren’s syndrome. Sural nerve biopsy shows a loss of large
myelinated fibers. Inflammatory changes and degeneration
or loss of neurons have been found in the dorsal root gang-
lion in most cases. Reduced or absent sensory nerve action
potentials and normal EMG recordings are characteristic
features.

Radiculopathy
Pain due to root compression is generally accompanied by
dermatomal sensory loss, muscle weakness, and decreased
or absent tendon reflexes. One of the most common causes
of radiculopathy is disc herniation. Compression of the
nerve roots by a lateral disc herniation is frequent in the
lumbar spine because the posterior vertebral ligament is
weaker at the sides than in the center at this level. Surgical
treatment for radiculopathy due to root herniation is becom-
ing somewhat controversial because systematic evidence
has shown that outcome in terms of pain, weakness, or sen-
sory loss after 1 year does not differ from conservative treat-
ments. Because the meningeal sheath follows the roots,
radiculopathies can also be caused by leptomeningitis and
meningeal carcinomatosis.

Root avulsions occur in the cervical region but are rare in
the lower segments. Because epineural and perineural
sheaths are absent at the origins of the nerve roots, avulsions
occur at this site in stretching accidents.

Herpes zoster radiculopathy is an interesting root lesion
characterized by burning pain and skin eruption in a der-
matomal distribution. During the acute attack, there is an
inflammatory reaction that excites the nociceptors within
the nervi nervorum, producing the burning pain that pre-
cedes and accompanies the skin eruption (Video 107,
Herpes Ophthalmacus). In some patients, the burning pain
and mechanical hyperalgesia persist for more than 2
months after the skin lesions have healed (post-herpetic
neuralgia). Persistence of the sensitization of nociceptors
is a possible mechanism,54 but a central mechanism has
also been proposed based on changes of sensitivity within
the area of post-herpetic neuralgia (Video 106, Trigeminal
Neuralgia).55

Plexopathy
Patients with plexopathies show different patterns of motor
and sensory loss, depending on which portion of the plexus
is affected. In the upper extremity, plexopathies involving
the entire plexus produce weakness and sensory loss from
C5–T1. The patient loses all sensation in the whole arm
and the ability to make movements. In patients with upper
trunk lesions, abduction of the arm and flexion of the fore-
arm are impaired because of C5–C6 sensory loss and
decreased biceps and brachioradialis tendon reflexes. Lower
trunk lesions cause weakness of the intrinsic muscles of the
hand and wrist flexors with sensory loss over the two medial
fingers and the medial aspect of the hand and arm. By defi-
nition, these are lesions distal to the dorsal rami and dorsal
ganglion, so electrophysiological studies show no fibrilla-
tions in the paraspinal muscles, and there is reduction in
amplitude of the sensory nerve action potentials of the nerve
involved.

In the lower extremity, plexopathies can affect the lum-
bar or sacral plexus or both. Lumbar plexopathies (L2–L4)
affect hip flexion, extension of the knee, and thigh adduc-
tion and present sensory loss in the anteromedial aspect
of the thigh and impaired knee reflexes. Sacral plexopa-
thies (L5–S1) affect extension and abduction of the hip,
knee flexion, and flexion and dorsiflexion of the foot, and
there is sensory impairment in the posterior aspect of the
thigh, anterolateral and posterior aspects of the leg, and
dorsolateral and plantar surfaces of the foot; the ankle jerk
may be decreased or absent. Again, EMG studies are fun-
damental in localizing the lesion because multiple root
lesions may present similar clinical pictures.

Several principles must be kept in mind regarding
lesions of the plexus. Stretching and contusion are the main
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mechanisms of traumatic lesions of the brachial plexus,
whereas pelvic fractures and hip surgery are common trau-
matic causes of lumbosacral lesions. Neoplastic plexopa-
thies are characteristically painful; in the brachial plexus,
more than 70% involve the lower trunk and are mainly
due to axillary lymph node infiltration.56 In the lumbosacral
plexus, neoplastic plexopathies are produced by direct infil-
tration; the distribution is 31% and 51% for the lumbar and
sacral trunks, respectively.57 Painless and progressive weak-
ness is the hallmark of radiation plexopathies, which typi-
cally occur in the upper trunk of the brachial plexus and in
the lower part of the lumbosacral plexus, where they are
usually bilateral but asymmetrical (Video 237, Foot Drop).

Central Spinal Cord Syndrome: Syringomyelia
Syringomyelia is a cavitating disorder of the central spinal
cord and is usually located in the lower cervical and upper
thoracic segments. A bilateral, frequently asymmetrical,
segmental sensory loss of pain and temperature sensations
is a common finding. Chronic pain in the impaired seg-
ments is an important complaint in approximately one-third
of patients. Initially, only the pain and temperature fibers
are damaged when they cross the midline, but as the syrinx
size increases, the dorsal columns are also affected. Anterior
expansion produces segmental areflexia, muscle weakness,
and atrophy. The intrinsic muscles of the hand are often
affected. The corticospinal pathway can be involved in the
later stages. Lower brain stem symptoms and signs can
appear when the cavity expands into the medulla oblongata
or even into the pons. Cranial nerves IX through XII may
be involved, usually asymmetrically. Pain and thermal
hypesthesia in the face may occur in the onion skin pattern
characteristic of nuclear involvement of the trigeminal
nerve. Central nystagmus may also be present.

Spinal trauma, possibly through an intraspinal hema-
toma, may also cause syringomyelia.58 Alternatively, a
flexion-extension injury mechanism and cord ischemia
due to hypotension may also produce a central spinal cord
syndrome. The differential diagnosis includes intrame-
dullary tumors. MRI is the most useful method of diagnosis
of these pathological processes.

Cauda Equina versus Conus Medullaris Syndrome
( Table 20-4)

Radicular pain is a frequent presentation of the cauda
equina syndrome, usually in association with radicular sen-
sory loss (saddle anesthesia), asymmetrical paraplegia with
loss of the tendon reflexes, muscle atrophy, and bladder
TABLE 20-4

Differences between Cauda Equina and Conus Lesions

CAUDA EQUINA

Pain Severe radicular pain
Hypesthesia Radicular sensory loss (saddle hype
Motor deficits Asymmetrical areflexic paraplegia
Sphincters Urinary retention
Sexual dysfunction Sometimes impotence
dysfunction. The principal causes of this syndrome are
tumors, lumbar spinal stenosis, ruptured lumbar disc, arach-
noiditis, and spinal fracture. When the conus medullaris is
impaired, radicular pain is less prominent. The principal
and early disturbances are urinary retention and constipa-
tion. In addition, there may be loss of pinprick sensation in
the perianal region, impotence, and sometimes muscle
weakness of the lower limb.59

Combined Radicular and Myelopathy Syndromes
Cervical spondylosis is probably the most frequent cause of
myelopathy. Degenerative changes of the spine, especially
in the lower cervical vertebrae, may initially cause local
pain that can involve not only the site of the lesion but also
the paravertebral areas and sometimes the shoulder or hips.
Radicular burning or shooting pain radiating to the sensory
distribution of the root in the neck, shoulder, and upper
extremity may also be the initial symptom. This pain may
have an acute onset or may evolve over weeks, months,
or even years. A third but less frequent kind of pain is a
diffuse burning pain in the back and lower limbs that
may appear several months after the spinal cord injury
and is associated with lesions in the spinothalamic path-
way. Another frequent symptom is cutaneous paresthesias,
which follow more precisely the root pattern distribution.
C5 and C6 roots are most frequently damaged. In patients
with compression of the spinal cord, it is possible to find
spasticity and Babinski’s sign in the lower extremities
associated with a reduction in the vibration and position
senses (Video 203, Babinski Sign). Pain and thermal sensa-
tions are usually spared.

Spinal Cord Hemisection
Spinal cord hemisection, also known as Brown-Séquard
syndrome, is characterized by contralateral loss of pain
and temperature below the site of the lesion due to damage
of the spinothalamic pathway, and also ipsilateral loss of
position sense and pyramidal syndrome due to lesions
of the dorsal columns and the corticospinal tract (see Chap-
ters 15 and 19). At the level of injury, there is an area
of spontaneous pain and hyperalgesia in a dermatomal
distribution.

Transverse Myelopathy
Transverse myelitis is an inflammatory disease of the
spinal cord that may be due to postinfection mechanisms
or a direct effect of the infection, or it may be idiopathic.
CONUS

Back pain, less severe radicular pain
sthesia) Usually restricted to perianal region

Distal paresis of lower limbs
Urinary retention plus atonic anal sphincter
Impotence frequent
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The clinical features include ascending paresthesias, back
pain, weakness of the lower limbs, and urinary retention
associated with bilateral loss of superficial and deep sen-
sation below the lesion (see Chapters 15 and 19). The pre-
sence of a sensory loss level, usually in the trunk,
differentiates transverse myelopathy from an acute poly-
neuropathy.

Spinal cord trauma usually affects the most mobile
regions of the vertebral column, the cervical column, and
the union between the thoracic and lumbar segments.
When the spinal cord is completely severed, all move-
ments, sensations, and reflex activities are lost below the
level of the lesion; this is the so-called spinal shock. This
state can last for weeks to months, and then an increased
reflex activity develops. Many patients describe paresthe-
sias or a dull or burning pain below the level of the spinal
cord lesion that can be very distressing. Beric and col-
leagues60 noted that in patients who have sustained cervical
or thoracic spinal cord injury, pain may develop if another
occult lesion develops in the conus or cauda equina. A selec-
tive deafferentation of the spinothalamic pathway with pre-
servation of the function of the dorsal columns has also
been postulated as the cause of post-traumatic pain.61 Burn-
ing dysesthesia has also been described after complete spinal
cord transection; it is attributed to abnormal discharge of the
thalamic neurons.

Spinal cord ischemia, usually as a result of a compli-
cation of spontaneous aortic dissection, is a rare cause of
transverse myelopathy. A complete spinal cord transection
or an anterior spinal artery syndrome can be produced.
Patients usually present with severe pain in the trunk and
sometimes the lower limbs, together with paraplegia and
sensory loss. Hemorrhage into the spinal cord is also infre-
quent; it is caused by vascular malformations and bleeding
diseases. Vascular malformations usually cause both
ischemic and hemorrhagic lesions.
Anterior Spinal Artery Syndrome
When the anterior spinal artery is obstructed, the anterior
portion of the spinal cord, including both the lateral spinal
thalamic tracts and the corticospinal tracts bilaterally, is
infarcted. The resulting syndrome comprises paraplegia
or quadriplegia of sudden onset and loss of pinprick and
temperature sensation below the lesion. Position and vibra-
tory senses are normal because the posterior spinal arteries
supply the dorsal columns.
Central Post-Stroke Syndrome (Thalamic Pain
Syndrome)
Dejerine and Roussy reported in 1906 the development
of lancinating pain in the contralateral half of the body
following a thalamic stroke. Today, the disorder is called
central post-stroke pain (CPSP) because it is not restricted
to thalamic lesions. It has been associated with lesions in
the hemispheres, particularly the parietal lobule, the brain
stem, and even the cerebellum.62,63 Andersen and col-
leagues64 reported that 8% of stroke patients have CPSP.
In addition to pain, patients complain of mechanical and
thermal, particularly cold, hyperalgesia.
All patients with CPSP seem to have a lesion in the spi-
nothalamic pathway; pain is not an obligatory consequence
of this lesion because many patients have loss of tempera-
ture and pain sensations without pain. As described for
spinal cord disorders, preservation of touch, vibration,
and proprioception has been reported in many patients.63,64

In patients with pain after parietal lesions, a disruption of
the interconnections between the cauda insula and the
opercular region of the parietal cortex and the thalamus
has been suggested.65 Pain is severe and is usually resistant
to all kinds of treatment. Amitriptyline can reduce the pain
in some patients with CPSP, probably because of inhibition
of noradrenaline and serotonin reuptake. Drugs that act on
the excitatory amino acids and the gamma-aminobutyric
acid-ergic systems are also being tested.

Brain Stem Pain Loss Syndromes
In patients with lateral pontine and medullary lesions,
usually vascular in origin, loss of pain and temperature sen-
sations on the contralateral side of the body and the ipsilat-
eral side of the face occurs, along with poor coordination
of the ipsilateral extremities due to dysfunction of the cere-
bellar peduncle (see Chapters 22 and 45). Other laterally
placed cranial nerves are damaged, as are the descending
sympathetic fibers.

Cortical Pain Syndrome
A number of unusual cortical lesions involving the parietal
and parieto-occipital lobes can affect the patient’s ability to
react to pain. In these instances, usually dissociation occurs
between the primary pain sensation and the emotive and
motor withdrawal responses implicit in the normal pain
reaction. Pain asymbolia is a condition wherein the patient
recognizes pain and can distinguish it from touch and other
sensations but does not recognize discomfort and makes no
effort to avoid painful stimuli. Typically, the patient can
identify a pin pricking him or her but reports that it does
not hurt. Associated with this condition may be a global
disregard for other forms of danger, along with a sensory
aphasia, impairment of spatial orientation, and the presence
of right-left confusion, including a fully developed Gerst-
mann syndrome. Most anatomical correlations link this
syndrome with the dominant parietal lobe. Pain hemiag-
nosia, usually described in lesions of the right parietal lobe,
is associated with a left hemiplegia and left hypersensitive
sensory reaction to even light touch. In this case, there is
a heightened emotive reaction to pain, and the patient
groans and becomes inappropriately distressed at mild tac-
tile stimuli. Despite this overreaction, however, the patient
cannot identify exactly where the pain is and makes no
effort to push the examiner away or protect the affected
extremity.

In asymbolia for pain, patients have no evidence of a pri-
mary sensory deficit but lack appropriate motor and emo-
tional responses to painful stimuli. Unilateral neglect and
disorders of the body schema are often associated findings.
The syndrome has been described after different lesions,
mostly vascular, of the dominant inferior parietal lobe,
frontoparietal cortex, somatosensory area, parietal opercu-
lum, and the adjacent insular cortex on either hemisphere.
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An interruption of connections between the sensory cor-
tices and the limbic system has been suggested as the cause
of this syndrome.66

Unilateral neglect may be a manifestation of injury to
the right hemisphere. Attention is impaired, and the patient
is unable to recognize or explore stimuli located within the
left hemispace.

Insensitivity to Pain
Thrush67 first reported four siblings with painless injuries
and bone fractures due to insensitivity to pain, but since
that time, no clear cause of this clinical syndrome has been
found. In the original description, no demonstrable lesion
was found in the central and peripheral sensory pathways,
but Larner and associates68 re-evaluated two of the patients
described by Thrush and found a sensory and autonomic
neuropathy; they recommended a prolonged follow-up
and sequential nerve biopsies to clarify this diagnosis.
Familial cases occur, and a genetic factor is likely. Five
subgroups of patients with congenital insensitivity to pain
and temperature have been described69: congenital analge-
sia with minimal or no demonstrable lesion in the central
or peripheral nervous system, congenital analgesia with
anhidrosis, congenital analgesia in dizygote twins, con-
genital sensory neuropathy, and familial dysautonomia
(see Chapter 36).

Sensory Syndromes Associated with Psychogenic
Sensory Loss
Conversion reactions, Münchausen’s syndrome, and malin-
gering can present with sensory abnormalities. These con-
ditions are often related to anxiety and depression and
may be reinforced by the attention of the family. Criteria
listed in the fourth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) include a temporal
relationship with relevant psychological stressors and an
“unconscious” motivation for the symptoms. One of the
most frequent psychogenic sensory losses encountered is
pinprick hemihypesthesia with a very clear limit at the
midline or including loss of hearing and vision on the same
side. If one limb is hypesthetic or anesthetic, all sensory
modalities are impaired in a uniform way. These contradic-
tory findings may help in making a correct diagnosis. How-
ever, an organic disease such as multiple sclerosis must be
ruled out through a careful evaluation including clinical
and laboratory tests. Pain with neuropathic characteristics
is also a frequent expression of predominantly psychogenic
disorders.37

Causalgia
Causalgia means burning pain. It was first described in
wounded soldiers in the Civil War. Currently, post-injury
pain syndromes have been divided into complex regional
pain syndrome type I (reflex sympathetic dystrophy) and
complex regional pain syndrome type II (causalgia1). Reflex
sympathetic dystrophy develops without evidence of nerve
injury, whereas a traumatic nerve lesion causes causalgia.
Historically, the sympathetic nervous system has been
involved in the pathogenesis of both conditions,70 leading
to the concept of sympathetically maintained pain. How-
ever, later experience with placebo-controlled sympathetic
blocks has questioned this concept.71 Actually, causalgia
and reflex sympathetic dystrophy are nonspecific terms
that can be applied to different unrelated painful neuro-
pathic disorders.
GENERAL MANAGEMENT GOALS (Tabl e 20-5)

General management of these patients includes pharmaco-
logical and nonpharmacological aspects. The first step in
the management of a patient with neuropathic pain should
be to give the patient a careful explanation of the cause
or origin of the pain.

Tricyclic antidepressants have an important place in the
management of neuropathic pain,72 particularly ongoing
burning pain such as that seen in diabetic polyneuropathy.
Several clinical controlled trials have suggested that these
drugs have good analgesic efficacy in several pain syn-
dromes, such as painful polyneuropathy and post-herpetic
neuralgia. In addition to reducing ongoing burning pain,
tricyclic antidepressants may also reduce brief lancinating
pains and cutaneous hyperalgesia. Their analgesic effect is
not related to their antidepressant activity, and they do not
reduce the pain threshold in normal skin. Their analgesic
effect seems to be related to the blockade of serotonin and
norepinephrine (NE) reuptake. However, although mixed
reuptake blockers such as amitriptyline and imipramine and
selective NE reuptake blockers such as desipramine, have
proved useful, selective serotonin reuptake blockers such as
paroxetine are not consistently useful. Venlafaxine has been
found with similar efficacy to imipramine in relieving pain
in peripheral neuropathy.73 Duloxetine, a newly developed
inhibitor of serotonin and norepinephrine reuptake, has been
approved for the treatment of painful diabetic neuropathy.

Anticonvulsants are useful for relieving lancinating pain
resulting from ectopic impulse generation at peripheral and
central levels. As with the local anesthetics, the mechanism
of action of anticonvulsants seems to be related to the
membrane-stabilizing effect of these drugs. Phenytoin and
carbamazepine are the anticonvulsants most used. Gaba-
pentine has also been useful in painful neuropathy and
post-herpetic neuralgia,74,75 and pregabalin appears to be
a promising alternative.76 Lamotrigine has a partial benefi-
cial effect in diabetic77 and human immunodeficiency
virus-related neuropathy.78

Topical local anesthetic preparations that can penetrate
the skin are another treatment alternative for neuropathic
pain. EMLA cream (eutectic mixture of local anesthetics),
a mixture of 2.5% lidocaine and 2.5% prilocaine, as well
as preparations of tetracaine in liposomes (phospholipid
membrane vesicles designed to penetrate the stratum cor-
neum) and other local anesthetic preparations have been
extensively used in patients with post-herpetic neuralgia.
The mechanism of action may be related to the inhibition
of entry of sodium into the cell. Regenerating nerve end-
ings develop dense concentrations of sodium channels,
and here local anesthetics may exert a strong analgesic
action. Unfortunately, as for other therapies, only a few
controlled trials testing the use of local anesthetics for
neuropathic pain have been conducted.



TABLE 20-5

Pharmacological Agents Used to Treat Neurological Pain Syndromes

DRUG CLASS ANTIDEPRESSANTS ANTICONVULSANTS OPIOIDS
NMDARECEPTOR
ANTAGONISTS CAPSAICIN

TOPICAL LOCAL
ANESTHETICS

Prototype Drug Amitriptyline Carbamazepine Codeine Ketamine Capsaicin EMLA

Usual Route

and Dose

Oral use 12.5–150 mg Oral use 200–800 mg tid Oral use 30–60 mg daily Intravenous
intrathecal or oral
less often

Topical use 0.025–
0.1 mg strength

Topical use
bid

New Drugs Venlafaxine Pregabalin
Duloxetine Gabapentin

Lamotrigine

Anatomical

Area of

Activity

Periaqueductal gray Central or peripheral nervous
system

Periaqueductal gray, dorsal
horns of spinal cord,
peripheral nociceptors(?)

Spinal cord second-
order neurons

C-nociceptor
peripheral fibers

C-nociceptor
peripheral
fibers

Mechanism of

Action

Blockade of serotonin and
norepinephrine reuptake

Membrane-stabilizing effect Mu opioid receptor agonist Noncompetitive
NMDA receptor
antagonist

Depletion of
substance P in
peripheral
receptors

Inhibition of
sodium
entry into
cells

Diabetic

Neuropathy

Generally used? Yes, tricyclics Yes, carbamazepine (CBZ) and
gabapentin (G)

No Yes Yes, capsaicin No

NNT 3 2.3 (CBZ); 3.8 (G) Unknown 5.9
CI (2.4–4.4) (1.5–3.8) (CBZ); (2.4–8.7) (G) Unknown 3.8–13.0

Postherpetic

Neuralgia

Generally used? Yes, tricyclics Yes, gabapentin No No Yes, capsaicin No
NNT Unknown 3.8 Unknown 5.3
CI Unknown (2.4–8.7) Unknown (2.3–1)

Central Post-

stroke Pain

Generally used? Yes, tricyclics Yes, carbamazepine No Yes No No
NNT 1.7 3.4 Unknown
CI Unknown Unknown Unknown

Traumatic

Neuropathy

Generally used? No Yes No No No Yes
NNT Unknown Unknown Unknown
CI Unknown Unknown Unknown

Side Effects Dry mouth, tremor, sedation, constipation,
increased appetite, cardiovascular signs
with high doses

Nausea, drowsiness, visual
disturbances, blood disorders,
Steven-Johnson syndrome

Constipation, drowsiness,
nausea

Diplopia, nystagmus,
dream-like states,
nightmares

Unbearable
induction pain,
local skin
irritation

Local
dermatitis

3
7
8
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There are no controlled trials that show a beneficial
effect of long-term opioid therapy in patients with non-
malignant pain. In the short term, some clinical trials have
challenged the conventional belief that these drugs have no
role in treating these afflictions. Nevertheless, the pub-
lished literature shows striking disparities, which may
reveal differences in the groups of patients selected, the
drugs tested, or the specific cause of the pain.79 Tramadol,
an analgesic drug with opioid and adrenergic action, has
been shown to be effective in management of neuropathic
pain,80 and oxicodone also appears effective.81 More con-
trolled clinical trials are necessary to establish the role of
opioids in the treatment of neuropathic pain. They should
be restricted to selective cases.

As a consequence of the observations that NMDA recep-
tors may be involved in the sensitization of WDR neurons
and the increase in glutamate activity in different central
nuclei in animal models of chronic pain, NMDA receptor
antagonists have become the objects of substantial investi-
gations of the management of neuropathic pain. The main
drawback of NMDA receptor antagonists is their mental
side effects. Ketamine, used for years as an anesthetic,
might reduce pain in humans if used in subanesthetic
doses. Dextromethorphan, an opioid traditionally consid-
ered devoid of analgesic effects, might be useful in diabetic
painful neuropathy but not in postherpetic neuralgia.82

Capsaicin is the active substance extracted from hot
pepper; after long-term application to the skin, it produces
hypalgesia. This effect is probably due to depletion of sub-
stance P. Capsaicin preparations have been reported to
relieve pain in approximately one-third of patients with
painful diabetic neuropathy and post-herpetic neuralgia.
This effect has been reported with concentrations of
0.025%, 0.075%, and 0.1%. Topical capsaicin has not been
extensively used in clinical practice because of the intense
burning pain and the increased mechanical hyperalgesia it
produces during the first weeks of application before relief
of pain occurs.

Topical anti-inflammatory agents, such as aspirin, indo-
methacin, diclofenac, and benzydamine, have been used
in pain associated with trauma and inflammation. Their
analgesic effects are probably due to desensitization of
the nociceptors through blockade of receptors of inflamma-
tory mediator, stabilization of neuronal membranes, and
inhibition of prostaglandin synthesis. Nevertheless, clinical
trials are inconclusive.

TENS is traditionally used to obtain relief from different
types of pain, but its specific effect against placebo is still
the subject of debate.35,36

Sympathetic blocks of different kinds have traditionally
been used in the belief that the sympathetic system main-
tains pain. Nevertheless, this therapy has been challenged
on the basis of placebo-controlled trials.83

REVIEWS AND SELECTED UPDATES

Bowsher D: Pain syndromes and their treatment. Curr Opin Neurol Neuro-
surg 1993;6(2):257–263.

Dworkin RH, Backonja M, Rowbothem MC, et al: Advances in neuro-
pathic pain. Diagnosis, mechanisms, and treatment recommendations.
Arch Neurol 2003;60:1524–1534.

Galer BS, Jensen MP: Development and preliminary validation of a pain
measure specific to neuropathic pain: The neuropathic pain scale. Neu-
rology 1997;48:322–339.
Koike H, Sobue G: Alcoholic neuropathy. Curr Opin Neurol 2006;19:
481–486.

Kost RG, Straus SE: Postherpetic neuralgia-pathogenesis, treatment, and
prevention. N Engl J Med 1996;335:32–42.

Nasreddine ZS, Saver JL: Pain after thalamic stroke. Neurology 1997;48:
1196–1199.

Ochoa JL: Pain mechanisms in neuropathy. Curr Opin Neurol 1994;7:
407–414.

Ochoa JL, Verdugo RJ: Reflex sympathetic dystrophy. A common clinical
avenue for somatoform expression. Neurol Clin 1995;13:351–363.

Rowbotham MC: Chronic pain: From theory to practical management.
Neurology 1995;45:S5–S10.
REFERENCES

1. Merskey H, Bogduk N (eds): Classification of Chronic Pain. Descrip-
tion of Chronic Pain Syndromes and Definition of Pain Terms, 2nd ed.
Seattle, IASP Press, 1994.

2. Lindblom U, Ochoa JL: Somatosensory function and dysfunction. In
Asbury AK, McKhann GM, McDonald WI (eds): Disease of the
Nervous System, 2nd ed. Philadelphia, Ardmore Medical Books
(Saunders), 1993, pp 213–228.

3. Ochoa JL, Torebjörk HE: Sensations evoked by intraneural microsti-
mulation of C nociceptor fibers in human skin nerves. J Physiol
1989;415:583–599.

4. Nordin M, Nystrom B, Wallin V, Hagbarth KE: Ectopic sensory dis-
charges and paresthesias in patients with disorders of peripheral
nerves, dorsal roots and dorsal columns. Pain 1984;20:231–245.

5. Simone DA, Marchettini P, Caputi G, Ochoa JL: Identification of
muscle afferents subserving sensation of deep pain in humans. J Neu-
rophysiol 1994;72:883–889.

6. Ochoa JL, Yarnitsky D: Mechanical hyperalgesias in neuropathic pain
patients: Dynamic and static subtypes. Ann Neurol 1993;33:465–472.

7. Ochoa JL: Thermal hyperalgesia as a clinical symptom. In Willis W
(ed): The Second Bristol Myers Squibb Symposium on Pain Research.
Hyperalgesia and Allodynia. NewYork, Raven Press, 1992, pp 151–165.

8. Lewis T: Pain. New York, Macmillan, 1942.
9. Campero M, Serra J, Bostock H, Ochoa JL: Slowly conducting affer-

ents activated by innocuous low temperature in human. J Physiol
2001;535:855–865.

10. McKemy DD, Neuhausser WM, Julius D: Identification of a cold
receptor reveals a general role for TRP channels in thermosensation.
Nature 2002;416:52–58.

11. Tominaga M, Caterina MJ: Thermosensation and pain. J Neurobiol
2004;61:3–12.

12. Campero M, Serra J, Ochoa JL: C-Polymodal nociceptors activated by
noxious low temperature in human skin. J Physiol 1996;497:565–572.

13. Simone DA, Kajander KC: Responses of cutaneous A-fiber nocicep-
tors to noxious cold. J Neurophysiol 1997;77:2049–2060.

14. Meyer RA, Davis KD, Cohen RH, et al: Mechanically insensitive
afferents (MIAs) in cutaneous nerves of monkeys. Brain Res 1991;
561:252–261.

15. Weidner C, Schmelz M, Schmidt R, et al: Functional attributes discri-
minating mechano-insensitive and mechano-responsive C nociceptors
in human skin. J Neurosci 1999;19:10184–10190.

16. Schmelz M, Schmidt R, Bickel A, Handwerker HO, Torebjork HE:
Specific C-receptors for itch in human skin. J Neurosci 1997;17:
8003–8008.

17. Gee MD, Lynn B, Cotsell B: Activity-dependent slowing of conduc-
tion velocity provides a method for identifying different functional
classes of C-fibre in the rat saphenous nerve. Neuroscience 1996;73:
667–675.

18. Serra J, Campero M, Bostock H, Ochoa J: Two types of C nociceptors
in human skin and their behavior in areas of capsaicin-induced sec-
ondary hyperalgesia. J Neurophysiol 2004;91:2770–2781.

19. Torebjörk HE, Hallin RG: Perceptual changes accompanying con-
trolled preferential blocking of A and C fibre responses in intact
human skin nerves. Exp Brain Res 1973;16:321–332.

20. Hardy JD, Wolff HG, Goodell H: The nature of cutaneous hyper-
algesia. In Pain Sensations and Reactions. Baltimore, Williams &
Wilkins, 1952, pp 173–215.

21. LaMotte RH, Shain CN, Simone DA: Neurogenic hyperalgesia:
Psychophysical studies of underlying mechanisms. J Neurophysiol
1991;66:190–211.



380 Neuroanatomical Localization and Syndromes / 20
22. Serra J, Campero M, Ochoa JL: Flare and hyperalgesia after intrader-
mal capsaicin injection in human skin. J Neurophysiol 1998;80:
2801–2810.

23. Serra J, Campero M, Ochoa JL: Sensitization of “silent” C-nociceptors
in areas of secondary hyperalgesia (SH) in humans [abstract]. Neurol-
ogy 1995;45:S47.

24. Ochoa JL, Campero M, Serra J, Bostock H: Hyperexcitable polymo-
dal and insensitive nociceptors in painful human neuropathy. Muscle
Nerve 2005;32:459–472.

25. Weidner C, Schmidt R, Schmelz M, Torebjork HE, Handwerker HO:
Action potential conduction in the terminal arborisation of nociceptive
C-fibre afferents. J Physiol 2003;547:931–940.

26. Bostock H, Campero M, Serra J, Ochoa JL: Temperature-dependent
double spikes in C-nociceptors of neuropathic pain patients. Brain
2005;128:2154–2163.

27. Jessel TM, Kelly DD: Pain and analgesia. In Kandel ER, Schwartz JH,
Hessell TM (eds): Principles of Neural Sciences. Norwalk, CT,
Appleton & Lange, 1991, pp 385–399.

28. Mayer DJ, Price DD, Becker DP: Neurophysiological characterization
of the anterolateral spinal cord neurons contributing to pain percep-
tion in man. Pain 1975;1:51–58.

29. Dubner R: Neuronal plasticity and pain following peripheral tissue
inflammation or nerve injury. In Bond MR, Charlton JE, Woolf CJ
(eds): Proceedings of the Sixth World Congress on Pain. Amsterdam,
Elsevier Science, 1991, pp 263–276.

30. Stein C: Peripheral mechanisms of opioid analgesia. Anesth Analg
1993;76:182–191.

31. Peyron R, Schneider F, Faillenot I, et al: An fMRI study of cortical
representation of mechanical allodynia in patients with neuropathic
pain. Neurology 2004;63:1838–1846.

32. Bartsch T, Knight YE, Goadsby PJ: Activation of 5-HT(1B/1D)
receptor in the periaqueductal gray inhibits nociception. Ann Neurol
2004;56:371–381.

33. Noordenbos W: Pain. Amsterdam, Elsevier Science, 1959.
34. Melzack R, Wall PD: Pain mechanisms: A new theory. Science

1965;150:971–978.
35. Milne S, Welch V, Brosseau L, et al: Transcutaneous electrical nerve

stimulation (TENS) for chronic low back pain [Systematic Review].
Cochrane Back Review Group. Cochrane Database of Systematic
Reviews, Issue 4, 2001.

36. Carroll D, Moore RA, McQuay HJ, et al: Transcutaneous electrical
nerve stimulation (TENS) for chronic pain [Systematic Review].
Cochrane Pain, Palliative Care and Supportive Care Group. Cochrane
Database of Systematic Reviews, Issue 4, 2001.

37. Verdugo RJ, Bell LA, Campero M, et al: Spectrum of cutaneous
hyperalgesias/allodynias in neuropathic pain patients. Acta Neurol
Scand 2004;110:368–376.

38. Brooks J, Tracey J: From nociception to pain perception: Imaging the
spinal and supraspinal pathways. J Anat 2005;207:19–33.

39. Verdugo RJ, Ochoa JL: Quantitative Somatosensory Thermotest.
A key method for functional evaluation of small calibre afferent chan-
nels. Brain 1992;115:893–913.

40. Castillo JL, Cea JG, Verdugo RJ, Cartier L: Sensory dysfunction in
HTLV-I associated myelopathy/tropical spastic paraparesis. A com-
prehensive neurophysiological study. Eur Neurol 1999;42:17–22.

41. Castillo JL, Cea JG, Cartier L, Verdugo RJ: HTLV-I seronegative idio-
pathic progressive spastic paraparesis: Clinical and neurophysiological
study of the sensory features. Rev Med Chil 2001;129:735–741.

42. Verdugo RJ, Ochoa JL: Use and misuse of conventional electrodiag-
nosis, quantitative sensory testing, thermography, and nerve blocks
in the evaluation of painful neuropathic syndromes. Muscle Nerve
1993;16:1056–1062.

43. Ochoa JL: The newly recognized painful ABC syndrome: Thermo-
graphic aspects. Thermology 1986;2:65–107.

44. American Academy of Neurology, Therapeutics and Technology
Assessment Subcommittee: Assessment of thermography in neurolo-
gic practice. Neurology 1990;40:523–525.

45. Garcia-Larrea L, Frot M, Valeriani M: Brain generators of laser-
evoked potentials: From dipoles to functional significance. Neurophy-
siol Clin 2003;33:279–292.

46. GranovskyY,MatreD, SokolikA,Lorenz J,CaseyKL: Thermoreceptive
innervation of human glabrous and hairy skin: A contact heat evoked
potential analysis. Pain 2005;115:238–247.

47. Lauria G, Cornblath DR, Johansson O, et al: European Federation of
Neurological Societies: EFNS guidelines on the use of skin biopsy
in the diagnosis of peripheral neuropathy. Eur J Neurol 2005;12:
747–758.

48. Cline MA, Ochoa JL, Torebjörk HE: Chronic hyperalgesia and
skin warning caused by sensitized C nociceptors. Brain 1989;112:
621–647.

49. Orstavik K, Weidner C, Schmidt R, et al: Pathological C-fibres in
patients with a chronic painful condition. Brain 2003;126:567–578.

50. Waxman SG, Dib-Hajj SD: Erythromelalgia: A hereditary pain syn-
drome enters the molecular era. Ann Neurol 2005;57:785–788.

51. Ochoa JL, Yarnitsky D: The triple cold (“CCC”) syndrome: Cold
hyperalgesia, cold hypoesthesia and cold skin in peripheral nerve
disease. Brain 1994;117:185–197.

52. Dyck PJ: Neuronal atrophy and degeneration predominantly affecting
peripheral sensory and autonomic neurons. In Dyck PJ, Thomas PK,
Lambert EH, Bunge R (eds): Peripheral Neuropathy. Philadelphia,
Saunders, 1984, pp 1557–1599.

53. Verdugo RJ, Salinas RS, Castillo J, Cea JG: Surgical versus non-
surgical treatment for carpal tunnel syndrome. Cochrane Database
Syst Rev 2002;2:CD001552.

54. Bennett GJ: Hypotheses on the pathogenesis of herpes zoster-associated
pain. Ann Neurol 1994;35(Suppl):S38–S41.

55. Nurmikko T: Clinical features and pathophysiologic mechanisms of
postherpetic neuralgia. Neurology 1995;45(Suppl 8):S54–S55.

56. Kori SH, Foley KM, Posner JB: Brachial plexus lesions in patients
with cancer: 100 cases. Neurology 1981;31:45–50.

57. Jaeckle KA, Young DF, Foley KM: The natural history of lumbosa-
cral plexopathy in cancer. Neurology 1985;35:8–15.

58. Nashold BS: Paraplegia and pain. In Nashold BS Jr, Ovelmen-Levitt J
(eds): Deafferentation Pain Syndromes: Pathophysiology and Treat-
ment. New York, Raven Press, 1991, pp 301–319.

59. Archibald DJ, McGrath PJ, Ritvo PG, et al: Pain prevalence, severity
and impact in a clinic sample of multiple sclerosis patients. Pain
1994;58:89–93.

60. Beric A, Dimitrijevic MR, Light JK: Pain in spinal cord injury with
occult caudal lesions. Eur J Pain 1992;13:1–7.

61. Beric A, Dimitrijevic MR, Lindblom U: Central dysesthesia syndrome
in spinal cord injury patients. Pain 1988;34:109–116.

62. Boivie J, Leijon G, Johansson I: Central post-stroke pain—A study of
the mechanisms through analyses of the sensory abnormalities. Pain
1989;37:173–185.

63. Vestergaard K, Nielsen J, Andersen G, et al: Sensory abnormalities in
consecutive, unselected patients with central post-stroke pain. Pain
1994;61:177–186.

64. Andersen G, Vestergaard K, Ingeman-Nielsen M, Jensen TS: Incide-
nce of central post stroke pain. Pain 1995;61:187–193.

65. Schmahmann JD, Leifer D: Parietal pseudothalamic pain syndrome.
Arch Neurol 1992;49:1032–1037.

66. Berthier M, Starkstein S, Leiguarda R: Asymbolia for pain: A sensory-
limbic disconnection syndrome. Ann Neurol 1988;24:41–49.

67. Thrush DC: Autonomic dysfunction in four patients with congenital
insensitivity to pain. Brain 1973;96:591–600.

68. Larner AJ, Moss J, Rossi ML, Anderson M: Congenital insensitivity to
pain: A 20 year follow up. J Neurol Neurosurg Psychiatr 1994;57:
973–974.

69. Moffie D: Congenital insensitivity to pain. In Vinken PJ, Bruyn GW,
Klawans HL, Mathews WB (eds): Neuropathies: Vol 51. Handbook
of Clinical Neurology. Amsterdam, Elsevier Science, 1987, pp 563–568.

70. Ochoa JL, Verdugo RJ: Reflex sympathetic dystrophy. Definitions
and history of the ideas. A critical review of human studies. In Low
PA (ed): The Evaluation and Management of Clinical Autonomic
Disorders. Boston, Little, Brown, 1993, pp 473–492.

71. Verdugo RJ, Ochoa JL: “Sympathetically maintained pain”: I. Phento-
lamine sympathetic block questions the concept. Neurology 1994;44:
1003–1010.

72. Max MB: Antidepressants as analgesics. In HL Fields, JC Liebeskind
(eds): Pharmacological Approaches to the Treatment of Chronic Pain:
Management, Vol 1. Seattle, IASP Press, 1994, pp 229–246.

73. Sindrup SH, Bach FW, Madsen C, Gram LF, Jensen TS: Venlafaxine
versus imipramine in painful polyneuropathy: A randomized, con-
trolled trial. Neurology 2003;60:1284–1289.

74. Backonja MM: Anticonvulsants (antineuropathics) for neuropathic
pain syndromes. Clin J Pain 2000;16:S67–S72.

75. Serpell MG: Neuropathic Pain Study Group: Gabapentin in neuropathic
pain syndromes: A randomised double-blind, placebo-controlled trial.
Pain 2002;99:557–566.



Verdugo, Campero, Castillo, and Cea / Pain and Temperature 381
76. Rosenstock J, Tuchman M, LaMoreaux L, Sharma U: Pregabalin for
the treatment of painful diabetic peripheral neuropathy: A double-
blind, placebo-controlled trial. Pain 2004;110:628–638.

77. Eisenberg E, Lurie Y, Braker C, Daoud D, Ishay A: Lamotrigine
reduces painful diabetic neuropathy. A randomized, controlled study.
Neurology 2001;57:505–509.

78. Simpson DM, McArthur JC, Olney R, et al: Lamotrigine for HIV-
associated painful sensory neuropathies: A placebo-controlled trial.
Neurology 2003;60:1508–1514.

79. Portenoy RK: Opioid therapy for chronic nonmalignant pain: Current
status. In HL Fields, JC Liebeskind (eds): Pharmacological App-
roaches to the Treatment of Chronic Pain: New Concepts and Critical
Issues. Progress in Pain Research and Management, Vol 1. Seattle,
IASP Press, 1994, pp 247–288.
80. Mattia C, Coluzzi F: Tramadol. Focus on musculoskeletal and neuro-
pathic pain. Minerva Anestesiol 2005;71:565–584.

81. Gimbel JS, Richards P, Portenoy RK: Controlled-release oxycodone
for pain in diabetic neuropathy: A randomized controlled study.
Neurology 2003;60:927–934.

82. SangCN, Booher S, Gilron I, Parada S,MaxMB:Dextromethorphan and
memantine in painful diabeticneuropathy and postherpetic neuralgia:
Efficacy and dose-response trials. Anesthesiology 2002;96: 1053–1061.

83. Kingery WS: A critical review of controlled clinical trials for periph-
eral neuropathic pain and complex regional pain syndromes. Pain
1997;73:123–139.

Interactive study questions and referenced videos for
this chapter are available on the DVD-ROM.



CHAPTER 21
Autonomic Nervous System
Eduardo Benarroch, Roy Freeman, and Horacio Kaufmann
HISTORY AND DEFINITIONS

CLINICAL HISTORY

ANATOMY OF THE AUTONOMIC

NERVOUS SYSTEM

Central Autonomic Network

Efferent Autonomic Pathways

Afferent Autonomic Pathways

Autonomic Innervation of Specific

Organs

EXAMINATION OF THE

AUTONOMIC NERVOUS SYSTEM

Directed Neurological Examination

Associated Neurological Findings

Associated Medical Findings

EVALUATION GUIDELINES

Special Autonomic Function Testing

CLINICAL SYNDROMES

INVOLVING THE AUTONOMIC

NERVOUS SYSTEM

Diffuse Autonomic Failure

(Pandysautonomia)

Pure Cholinergic or Adrenergic

Disorders

Autonomic Dysfunction Secondary to

Focal Central Nervous System

Disease

Topographic or Organ-Specific

Disorders

GENERAL MANAGEMENT GOALS

Orthostatic Hypotension

Neurogenic Bladder

Sexual Dysfunction

Gastrointestinal Dysmotility
HISTORY AND DEFINITIONS

The early concepts of the autonomic nervous system date
back to the Roman period, during which Galen described
the sympathetic chain ganglion and the rami communi-
cantes. Although he hypothesized that this chain originated
in the brain and provided sensory function, he thought that
the numerous interconnections allowed the spirits to travel
between the various organs, maintaining a physiological
“sympathy.” Much later, in the 17th century, Bartholomeo
Eustachio investigated the ganglionated nerves but did not
contribute further to our understanding of this system.
While still believing that this chain descended from the
brain, Thomas Willis (1664) placed its origin in the poste-
rior fossa and associated it with involuntary or automatic
motion, specifically with the motion of the heart and
respiration. François Pourfour du Petit noted that pupil size
and the amount of secretions from the eye were altered
when the cervical sympathetic nerves were cut and cast
doubt on the sensory function of the sympathetic chain.
In 1732, Winslow introduced the term sympathetic nerve,
describing great, middle, and small components. In the
19th century, a flurry of research on the autonomic nervous
system resulted in Walter Gaskell concluding that this
system was actually composed of two subsystems. At the
turn of the century, the terms preganglionic, postganglionic,
and autonomic were first used by John Newport Langley,
who theorized that this system contained both peripheral
and central components. During this century, further refine-
ments in our understanding of the autonomic nervous system
were contributed by Thomas Elliott, Walter Dixon, and Otto
Loewi, among others.

In discussing the autonomic nervous system and dis-
orders related to it, a number of common terms require
definition. Orthostatic hypotension (Greek, orthos: straight;
statikos: causing to stand) refers to decreases of 20 mmHg
in systolic blood pressure and 10 mmHg in diastolic pressure
after standing. Syncope (Greek, synkope: cessation, pause),
which can occur in the presence of autonomic dysfunction,
is characterized by a loss of consciousness and postural
tone due to a reversible reduction in blood flow to the retic-
ular activating system in the brain stem. When both the
sympathetic and the parasympathetic neurotransmissions
fail, the condition is typically termed a pandysautonomia.
When only acetylcholine neurotransmission fails, the term
cholinergic dysautonomia is used, whereas the term adren-
ergic dysautonomia is used to describe isolated failure of
noradrenergic neurotransmission.
CLINICAL HISTORY

The presenting symptoms of patients with autonomic fail-
ure are extremely varied because the autonomic nervous
system (ANS) controls the visceral processes involving
the cardiovascular system, gastrointestinal system, urinary
bladder, and sexual function as well as thermoregulation.
Defective autonomic innervation of blood vessels can
cause orthostatic hypotension, and with the subsequent
reduction in blood flow to the brain, a variety of symptoms
can develop. Typically, patients complain of visual distur-
bances (e.g., blurring, tunneling, or darkening of vision);
sensations such as dizziness, lightheadedness, giddiness,
and feeling faint; as well as a dull neck and shoulder ache
(so-called coathanger pain). When orthostatic hypotension
is pronounced and cerebral blood flow decreases below a
critical level (approximately 25 mL/min/100 g), syncope
occurs.

Orthostatic symptoms may be worse in the morning
because nocturnal hypertension results in renal sodium and
water loss and intravascular volume depletion.1 Patients
may also note that the symptoms of orthostatic hypotension



384 Neuroanatomical Localization and Syndromes / 21
are worse after eating, after standing still for a period of time,
or following exercise or exposure to a warm environment
such as a hot shower. All these circumstances divert blood
from the central circulation (to the splanchnic area postpran-
dially, to the skin following a hot shower, and to the lower
part of the body while standing still) and thus reduce venous
return to the heart.

Patients with gastrointestinal autonomic dysfunction have
a variety of symptoms resulting from abnormal motility
of the stomach and gut. The examiner should inquire about
the presence of constipation, diarrhea, nausea, postprandial
vomiting, bloating, belching, loss of appetite, and early sati-
ety. Urinary bladder symptoms associated with autonomic
dysfunction include hesitancy, poor stream production,
increased intervals between micturition, and a sense of
inadequate bladder emptying. Patients may also report
symptoms associated with urinary retention and overflow
incontinence. Male patients may additionally complain of
impotence, which often is the earliest symptom of general-
ized autonomic failure. Sympathetically mediated ejacu-
latory failure may be an early complaint that precedes
erectile failure.

Other characteristic symptoms of autonomic failure are
caused by deficient thermoregulatory sweating. Initially,
patients may notice reduced sweating only by the presence
of dry socks and a lack of skin moisture. When abnormal-
ities are severe, the patient may develop heat intolerance,
flushing, or even heat stroke symptoms.

Pure autonomic failure with no other neurological deficits
is rare. More often, autonomic failure occurs in combination
with other neurological disorders such as Parkinson’s dis-
ease and multiple system atrophy (see Chapter 34). In these
patients, it is important for the examiner to inquire about
abnormalities in gait, changes in facial expression, the pre-
sence of dysarthria, difficulty in swallowing, and balance
problems. Autonomic failure also occurs in patients with
some peripheral neuropathies, such as those associated with
diabetes and amyloidosis. Symptoms related to these dis-
orders (e.g., limb weakness and sensory deficits) should
also be sought. Because autonomic failure may be caused
by lesions at different levels of the nervous system, a his-
tory of secondary trauma, cerebrovascular disease, tumors,
infections, or demyelinating diseases should be established.
Additionally, because the most frequent type of autonomic
dysfunction encountered in medical practice is pharmaco-
logical, a thorough review of medication use, especially anti-
hypertensives and psychotropic drugs, should be undertaken.

Some conditions may be confused with autonomic fail-
ure, including neurally mediated syncope, which is referred
to as vasovagal, vasodepressor, or reflex syncope. This
condition is caused by a paroxysmal reversal of the normal
pattern of autonomic activation that maintains blood pres-
sure in the standing position; these patients do not have
autonomic failure. A detailed history is important to differ-
entiate this disorder. In contrast to patients with chronic
autonomic failure in whom syncope appears as a gradual
fading of vision and loss of awareness, patients with neu-
rally mediated syncope often have signs and symptoms of
autonomic overactivity, such as diaphoresis and nausea
prior to the event. This distinction and the episodic nature
of neurally mediated syncope should be part of a thorough
clinical history.
ANATOMY OF THE AUTONOMIC NERVOUS SYSTEM

The term autonomic (autonomous, self-governing) nervous
system was introduced to describe “the system of nerves
which controls the unstriated tissue, the cardiac muscle,
and the glandular tissue of mammals.”2 Originally, the
term applied only to neurons with axons outside the central
nervous system (CNS). More recently, the discovery that
discrete neuronal groups in the brain stem, diencephalon,
and cerebral cortex are involved in the control of autonomic
function has broadened the definition of the ANS to include
not only peripheral afferent and efferent pathways but also
a complex network of neurons within the CNS.

The cell bodies of afferent autonomic (visceral) neurons
are in the dorsal root ganglia of the spinal or cranial
nerves and travel in both sympathetic and parasympathetic
nerves toward the CNS (Fig. 21-1). The autonomic CNS
neurons are located at many levels from the cerebral cortex
to the spinal cord. Efferent autonomic pathways are orga-
nized in two major outflows: the sympathetic and para-
sympathetic. Finally, the enteric nervous system, which is
considered a separate and independent division of the auto-
nomic nervous system, is located in the walls of the gut.

Central Autonomic Network
The ANS, like the somatic nervous system, is organized
in segmental levels. Neurons in the cerebral cortex, basal
forebrain, hypothalamus, midbrain, pons, and medulla parti-
cipate in autonomic control. Autonomic neurons are recipro-
cally interconnected by neurochemically complex pathways
and constitute a functional unit referred to as the central auto-
nomic network (CAN).3,4 The CAN integrates visceral,
humoral, and environmental information to produce coordi-
nated autonomic, neuroendocrine, and behavioral responses
to external or internal stimuli. Within the CAN, there is
segmental and regional specialization for the control of
autonomic functions. A coordinated response is generated
through interconnections among the amygdala and the neo-
cortex, basal forebrain, ventral striatum, hypothalamus, and
autonomic and somatic motor nuclei of the brain stem.3–5

Cerebral Cortex and Amygdala
The insular and medial prefrontal cortices (paralimbic
areas) and nuclei of the amygdala are the higher centers
involved in the processing of visceral information and the
initiation of integrated autonomic responses. The insular
cortex is the primary viscerosensory cortex and receives
viscerotopically organized sensory information from vis-
ceral receptors, including arterial chemoreceptors and baro-
receptors. Functional studies show activation of the human
insular cortex in response to maneuvers that activate car-
diovascular afferents.6 The insula and the anterior cingulate
cortices are activated by nociceptive inputs and initiate auto-
nomic responses associated with affective behavior.7 The
amygdala receives exteroceptive and interoceptive informa-
tion and provides it with emotional significance. The central
nucleus of the amygdala projects to the hypothalamus, peri-
aqueductal gray, and autonomic nuclei of the brain stem to
integrate autonomic, endocrine, and motor responses to
emotionally relevant stimuli.8
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Hypothalamus
The hypothalamus integrates the autonomic and endocrine
responses that are critical for homeostasis. It is functionally
divided into three longitudinal zones: a periventricular zone
involved in circadian rhythms and endocrine responses; a
medial zone involved in the control of sexual function,
osmoregulation, and thermoregulation; and a lateral zone
involved in behavioral arousal (Fig. 21-2).9 All three zones
project to the autonomic nuclei of the brain stem and spinal
cord.

The paraventricular hypothalamic nucleus is the site
of integrated autonomic and neuroendocrine responses to
stress. It contains different subpopulations of “effector”
neurons, including magnocellular neurons that secrete vaso-
pressin, parvicellular neurons that produce corticotrophic-
releasing hormone and other regulatory hormones that con-
trol pituitary function, and neurons that innervate all brain
stem and spinal autonomic nuclei.10 The medial preoptic
nucleus contains thermosensitive neurons that initiate auto-
nomic, endocrine, and motor responses. Warm-sensitive
neurons, excited by an increase in core temperature, initiate
responses such as skin vasodilatation, sweating, and slow-
wave sleep, which lead to heat loss. Cold-sensitive neurons
initiate vasoconstriction and shivering. In humans, these ther-
moregulatory sudomotor and vasomotor pathways descend
in the equatorial plane of the lateral column of the spinal
cord.

The lateral hypothalamic area participates in arousal,
motivated motor behavior, and autonomic control. Some
neurons of this region synthesize orexin/hypocretin and
project to cholinergic and monoaminergic regions of the
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brain stem regulating rapid eye movement sleep. Dysfunc-
tion of this system has been implicated in the mechanism
of narcolepsy.11 These lateral hypothalamic neurons, as
well as neurons in the ventromedial hypothalamus, includ-
ing the arcuate nucleus, are the targets of leptin, a hormone
secreted from adipose tissue in response to food intake.
Leptin directly activates neurons of the arcuate nuclei to
inhibit food intake and simultaneously inactivates neurons
of the lateral hypothalamus that ordinarily increase food
intake.12 The hypothalamic autonomic pathways descend pre-
dominantly ipsilaterally in the dorsomedial and ventrolateral
tegmentum of the brain stem.

Periaqueductal Gray Matter
The periaqueductal gray matter (PAG) of the midbrain is
the site of integrated autonomic, behavioral, and antino-
ciceptive stress responses. It is organized into separate col-
umns that control specific patterns of response to stress.13

The lateral PAG mediates sympathoexcitation, opioid-
independent analgesia, and motor responses consistent with
the fight-or-flight reaction. The ventrolateral PAG pro-
duces sympathoinhibition, opioid-dependent analgesia,
and motor inhibition. The PAG constitutes a critical relay
station for the micturition reflex (see later discussion on
the bladder).

Brain Stem
Neurons in the medulla are critical for the control of cardio-
vascular, respiratory, and gastrointestinal functions. The
medullary nucleus of the solitary tract (NTS) is the first
relay station for the arterial baroreceptors and chemorecep-
tors, as well as cardiopulmonary and gastrointestinal affer-
ents.3 The NTS integrates multiple autonomic reflexes
and projects to other central autonomic regions. Neurons
in the reticular formation of the ventrolateral medulla are
arranged in distinct groups that maintain cardiomotor, vaso-
motor, and respiratory functions. Neurons in the rostral
ventrolateral medulla project directly to sympathetic
NA

Respiratory
rhythm and drive

Sympathoexcitatory
outflow

Cardi

NTS

VRG
RVL
preganglionic neurons and maintain basal arterial blood
pressure, whereas neurons in the ventral medulla are critical
for respiratory rhythmogenesis. The nucleus ambiguus
provides parasympathetic innervation to the heart.14,15

These ventromedullary vasomotor, cardiomotor, and
respiratory neurons form a network that is coordinated
via interneurons of the medullary reticular formation.14

Together with the NTS, this network is involved not only
in the generation of respiratory and cardiovascular rhythms
but also in complex motor patterns such as vomiting, swal-
lowing, sneezing, and coughing. The descending reticu-
lospinal pathways for the automatic control of breathing
and blood pressure, as well as those for sweating and mic-
turition, run in the ventral half of the white matter of the
lateral columns of the spinal cord (Fig. 21-3).

Efferent Autonomic Pathways
The autonomic output to effector organs consists of a two-
neuron pathwaywith one synapse in the peripheral autonomic
ganglia. The central neuron is called preganglionic, and the
ganglionic neuron is called (illogically) postganglionic.
Sympathetic preganglionic neurons are located in the inter-
mediolateral cell column of the graymatter of the spinal cord
at all thoracic and high lumbar levels (T1–L3) (thoracolum-
bar outflow) (Fig. 21-4A). Parasympathetic preganglionic
neurons are located both in the brain stem and at the sacral
(S2–S4) level of the spinal cord (craniosacral outflow)
(Fig. 21-4B). Sympathetic and parasympathetic pregangli-
onic axons emerge from the brain stem or spinal cord as
small myelinated fibers, but postganglionic sympathetic
and parasympathetic axons to the peripheral effector organs
are unmyelinated.

Sympathetic Outflow
Preganglionic sympathetic neurons are organized into dif-
ferent functional units that control blood flow to the skin
and muscles, secretion of sweat glands, skin hair follicles,
systemic blood flow, as well as the function of viscera.
Baroreceptors
Cardiac receptors
Pulmonary receptors

ovagal outflow

Figure 21-3. Basic circuitry of the medul-
lary cardiorespiratory reflexes. Inputs
from baroreceptors, cardiac receptors,
chemoreceptors, and pulmonary receptors
reach the central nervous system via
branches of the glossopharyngeal (CN IX)
and vagus (CN X) nerves. These afferents
synapse on specific neuronal groups of
the nucleus tractus solitarius (NTS), which
is the first relay station for the cardiores-
piratory reflexes. Neurons of the NTS pro-
ject to the nucleus ambiguus (NA) and
dorsal vagal nucleus, which provide vagal
outputs to the heart and respiratory sys-
tems; to neurons of the ventral respiratory
group (VRG) involved in generation of
respiratory rhythm and control of spinal
respiratory motor neurons; and to neurons
of the rostral ventrolateral medulla (RVL),
which provide sympathoexcitatory inputs
to the preganglionic neurons of the spinal
cord.
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Preganglionic sympathetic neurons receive direct descend-
ing excitatory input from the paraventricular and lateral
nuclei of the hypothalamus as well as the ventromedial
and ventrolateral medulla. These pathways coordinate
selective rather than massive patterns of sympathetic dis-
charge by innervating different specific subsets of pregan-
glionic sympathetic neurons. Selectivity is further refined
by the release of different neurotransmitters.16

Preganglionic sympathetic axons exit through the ventral
roots and pass through the white rami of the corresponding
spinal nerve toward paravertebral or prevertebral ganglia
(see following paragraphs). These axons have a segmental
organization, but their distribution does not follow the der-
matomal pattern of somatic nerves. Segments T1–T3 inner-
vate the head and neck, T3–T6 the upper extremities and
thoracic viscera, T7–T11 the abdominal viscera, and T12–
L2 the lower extremities and pelvic and perineal organs.

Sympathetic ganglia are organized into two anatomical
and functionally distinct groups: paravertebral and prever-
tebral ganglia. At the paravertebral ganglia (located at the
sides of the spinal cord), preganglionic fibers may synapse
on a postganglionic neuron at the same level or branch and
run rostrally or caudally to synapse on a large number of
postganglionic neurons at different levels. Preganglionic
fibers also pass through the paravertebral ganglia without
synapsing to form the splanchnic nerves that innervate
the prevertebral ganglia (located anterior to the spinal cord)
or the adrenal medulla.

The paravertebral ganglia provide long unmyelinated
axons to all sympathetically innervated tissues and organs
except those in the abdomen, pelvis, and perineum. The
superior cervical ganglion (T1–T2) provides pupilodilator
and sudomotor fibers to the face. The stellate ganglion
(T2–T6) innervates the upper limb through branches of
the brachial plexus, and the lumbar sympathetic ganglia
(T9–L1) innervate the lower limb through branches of the
lumbosacral plexus. The postganglionic sympathetic fibers
join the peripheral somatic nerve via the gray rami com-
municantes, and thus their distribution is similar to that
of the corresponding somatic nerve. Sympathetic fibers in
somatic nerves provide vasomotor, sudomotor, and pilomo-
tor innervation to the extremities and trunk. The lower
cervical and upper thoracic ganglia innervate the heart
via the cardiac plexus and the tracheobronchial tree via
the pulmonary plexus.

The prevertebral ganglia innervate the abdominal, pelvic,
and perineal organs. Preganglionic fibers from T5–T12
levels are carried by the thoracic splanchnic nerves, which
pierce the diaphragm and enter the abdomen to synapse on
the celiac and superior mesenteric ganglia. These form the
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celiac plexus, which innervates all abdominal viscera except
the descending colon. Sympathetic activation produces
splanchnic vasoconstriction, inhibition of secretion and
motility of the gut, as well as secretion of epinephrine, renin,
and glucagon. Preganglionic axons from L1–L3 levels, car-
ried by the lumbar splanchnic nerves, synapse on the inferior
mesenteric ganglion. The postganglionic axons innervate the
descending colon, rectum, bladder, and genitalia via the hypo-
gastric plexus. Sympathetic nerves inhibit muscle contracti-
lity of the bladder and bowel, thus allowing storage of urine
and feces. These postganglionic neurons also produce the con-
traction of the vas deferens that is necessary for ejaculation.17
Parasympathetic Outflow
The cranial parasympathetic neurons are located in the gen-
eral visceral efferent column of the midbrain, pons, and
medulla. Their preganglionic axons travel in cranial nerves
III, VII, IX, and X (see Chapters 9, 11, and 13). Parasympa-
thetic outputs carried via cranial nerve III produce pupillary
constriction and accommodation of the lens. Output carried
via cranial nerves VII and IX stimulates lacrimal and sali-
vary secretion. The vagus nerve (cranial nerve X) provides
the most widespread brain stem parasympathetic output.
Vagal preganglionic neurons are located in the dorsal
motor nucleus, which controls respiratory and abdominal
viscera, and in the region of the nucleus ambiguus, which
innervates the heart. The vagus provides inputs to parasym-
pathetic ganglia located in or near the target organs, and
its main effects are cardioinhibitory, visceromotor, and
secretomotor.

The sacral preganglionic parasympathetic neurons are
located in the intermediolateral cell column at the S2–S4
levels of the spinal cord. Their axons pass through the
ventral roots to the pelvic splanchnic nerves (nervi eri-
gentes), which join the inferior hypogastric (pelvic) plexus.
The sacral parasympathetic system is critical for defeca-
tion, micturition, and erection.17
Efferent Autonomic Neurotransmitters
Acetylcholine is the neurotransmitter of the sympathetic
and parasympathetic preganglionic neurons. Acetylcholine
produces fast excitation of ganglion neurons via nicotinic
receptors. The main postganglionic sympathetic neuro-
transmitter is norepinephrine, which acts through a- and
b-adrenergic receptors. The sympathetic innervation of
the sweat glands is mediated by acetylcholine, acting via
muscarinic receptors. The main postganglionic parasympa-
thetic neurotransmitter is acetylcholine, which acts through
different subtypes of muscarinic receptors. Postganglionic
sympathetic terminals to the heart and smooth muscles also
release adenosine triphosphate and neuropeptide Y, whereas
postganglionic parasympathetic terminals may release
vasoactive intestinal polypeptide or nitric oxide.

a-Adrenergic receptors mediate sympathetically induced
pupillary dilatation (mydriasis), vasoconstriction, and con-
traction of the vas deferens and bladder and rectal internal
sphincters. b Receptors mediate cardiac stimulation, vaso-
dilation, bronchodilatation, relaxation of the bladder, and
endocrine-metabolic effects. Muscarinic receptors mediate
pupil constriction (miosis), salivary and lacrimal secretion,
cardiac inhibition, bronchoconstriction, stimulation of moti-
lity and secretion in the gastrointestinal tract, evacuation of
the bladder and rectum, and erection.

Afferent Autonomic Pathways
Visceral afferents transmit conscious sensations (e.g., gut
distention and cardiac ischemia) and unconscious visceral
sensations (e.g., blood pressure and chemical composition
of the blood). Their most important function is to initiate
autonomic reflexes at the local, ganglion, spinal, and
supraspinal levels.18 Visceral receptors are innervated by
small myelinated and unmyelinated fibers that have cell
bodies in the dorsal root ganglia of the spinal or cranial
nerves. Spinal visceral afferents are carried by thoracolum-
bar sympathetic and sacral parasympathetic nerve trunks.
In the spinal cord, they branch extensively and synapse on
viscerosomatic neurons in the dorsal horn and intermediate
gray matter. These neurons receive convergent visceral
and somatic inputs and are the substrate for referred pain
(i.e., visceral pain referred to overlying or nearby somatic
structures). Visceral sensation is carried primarily by the
spinothalamic and spinoreticular pathways, which transmit
visceral pain and sexual sensations. The dorsal columns
may relay sensations related to micturition, defecation, and
gastric distention. Viscerosensory inputs, after a relay in
the thalamic nuclei, project to the insula and other cortical
autonomic areas.18

Brain stem visceral afferents are carried by the vagus
and glossopharyngeal nerves and have their cell bodies in
the nodose and petrosal ganglia, respectively. Vagal affer-
ents carry information from aortic, cardiac, pulmonary,
and gastrointestinal receptors. Glossopharyngeal afferents
carry signals from baroreceptors and chemoreceptors in
the carotid sinus. These vagal and glossopharyngeal affer-
ents synapse on neurons of the NTS. Taste and general
visceral afferent information from the NTS is relayed,
either directly or via the parabrachial nucleus, to the ven-
troposteromedial nucleus of the thalamus, which in turn
projects to the insular cortex. Brain stem visceral afferents
are important in complex automatic motor acts such as
swallowing, vomiting, and coughing.
Autonomic Innervation of Specific Organs
Cardiovascular System
The heart receives parasympathetic and sympathetic inner-
vation. The cell bodies of the parasympathetic pregan-
glionic neurons innervating the heart are located in the
medulla (nucleus ambiguus and dorsal motor nucleus of
the vagus).15

The axons of these neurons, which are part of the vagus
nerve, join the cardiac neural plexus after entering the
thorax to synapse with neurons in the intracardiac ganglia.
From these ganglia, short postganglionic parasympathetic
neurons emerge to innervate the myocardial tissue. Vagal
innervation is particularly abundant in the nodes and the
atrioventricular conduction system.

The heart draws its sympathetic innervation from neurons
in the intermediolateral columns of the spinal cord at the
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T1–T4 levels. Axons of these neurons synapse in superior,
middle, and inferior (stellate) cervical ganglia, which are
the origin of postganglionic sympathetic neurons that
reach the heart in a mixed neural plexus along with pre-
ganglionic parasympathetic neurons. Sympathetic axons
innervate the sinoatrial and atrioventricular nodes, the
conduction system, and myocardial muscle fibers, most
prominently in the ventricles. The arteries and veins of
the systemic circulation are innervated primarily by the
sympathetic system.

Postganglionic parasympathetic neurons release acetyl-
choline, which activates muscarinic receptors in the heart,
causing a decrease in heart rate as well as reductions in
the conduction, excitability, and contractility of myocardial
cells. Postganglionic sympathetic axons release norepi-
nephrine, which, primarily via b-adrenergic receptors,
increases heart rate and the conduction, excitability, and
contractility of the myocardium. Cardiac vagal neurons
are activated through the baroreflex when arterial pressure
increases and are inhibited during inspiration. Because
acetylcholine acts quickly and is rapidly inactivated by
cholinesterase, the vagus controls heart rate on a beat-to-
beat basis.

Sympathetic outflow to the arteries, arterioles, and veins
of the peripheral circulation produces vasoconstriction
by activating a-adrenergic receptors. The presence of vas-
odilator cholinergic sympathetic fibers to skeletal muscle
in humans is debatable. Sympathetic vasoconstrictor out-
flow to the blood vessels of skeletal muscle is strongly
modulated by the baroreflex and is important for buffering
acute changes in arterial pressure. Splanchnic vasocon-
striction produced by sympathetic activation is critical
for the maintenance of arterial pressure in the upright pos-
ture. Loss of splanchnic vasomotor outflow is the main
mechanism causing orthostatic hypotension in autonomic
failure.

Autonomic outflow to the heart and blood vessels is con-
trolled on a moment-to-moment basis by a variety of
reflexes, which are initiated by arterial baroreceptors and
chemoreceptors and by several types of cardiac receptors.
Of these reflexes, the one that has been best studied is
the arterial baroreflex, which is a classic negative feedback
mechanism that buffers fluctuations in arterial blood pres-
sure. Afferent fibers in the vagus and glossopharyngeal
nerves with cell bodies in the nodose and petrosal ganglia
are sensitive to pressure or mechanical distention (i.e., baro-
receptors). These neurons have arborizations that are
distributed in the adventitial layer of the carotid sinus
and the aortic arch, and their first synapse occurs in the
NTS. Impulses from the NTS modify the activity of cardiac
vagal motor neurons in the nucleus ambiguus and neurons in
the ventrolateral medulla that control sympathetic outflow.
When arterial pressure increases, afferent baroreceptor dis-
charge in the NTS increases. This results in a rapid increase
in cardiovagal efferent activity, which slows the heart, and
in inhibition of sympathetic vasoconstrictor outflow, which
causes vasodilatation. Conversely, when blood pressure
falls, for example, when standing up, baroreceptors are
“unloaded,” and their afferent discharge to the NTS de-
creases. This results in reflex sympathetic excitation and
parasympathetic inhibition, which cause vasoconstriction
and tachycardia.
Cardiovascular reflexes also control the release of vaso-
pressin from the supraoptic and paraventricular hypo-
thalamic nuclei. These neurons are tonically inhibited by
baroreceptor input, and therefore a fall in arterial pressure
elicits an increase in vasopressin release.19

Skin
Sympathetic innervation of the skin plays an important role
in thermoregulation and the expression of emotional states.
The sympathetic outflow to the skin includes cholinergic
neurons innervating sweat glands (sudomotor neurons)
and adrenergic neurons innervating blood vessels and hair
follicles (vasoconstrictor and pilomotor neurons). Cuta-
neous vasomotor activity and sweating in the face is con-
trolled by the T2–T3 segments of the spinal cord via the
superior cervical ganglion. Postganglionic axons accom-
pany branches of the internal carotid (for innervation of
the forehead) and external carotid arteries (innervating the
rest of the face) and follow branches of the trigeminal
nerve. Sympathetic outflow produces vasoconstriction in
the ears and lips but predominantly vasodilatation in the
rest of the face. Fibers from the stellate ganglion (which
receives innervation from T2–T6 preganglionic neurons)
innervate the arm via branches of the brachial plexus.
The lumbar sympathetic ganglia (which receive innerva-
tion from T9–L1 preganglionic neurons) innervate the
lower limb via branches of the lumbosacral plexus. The
trunk is innervated by the intercostal nerves.

Exposure to cold produces skin vasoconstriction (pallor)
and piloerection (goose flesh) via a-adrenergic mecha-
nisms; conversely, a warm environment elicits vasodilata-
tion (redness and flushing) and sweating via muscarinic
receptors. During certain emotional states (fear and anxi-
ety) and hemodynamic stimuli (severe fall in arterial pres-
sure), both vasoconstrictor and sudomotor outputs are
activated simultaneously, producing a cold, clammy skin
(“cold sweat”).

Gastrointestinal Tract
The dorsal nucleus of the vagus innervates the entire gas-
trointestinal tract with the exception of the proximal eso-
phagus and the distal colon and rectum. The vagus
produces increases in propulsive motility, relaxation of
sphincters, and secretions of the exocrine and endocrine
glands of the stomach, intestine, pancreas, and liver. Sym-
pathetic outflow to the gastrointestinal tract, which arises
from preganglionic neurons at the T1–L1 segments of the
spinal cord and relays, via the splanchnic nerves, in the
celiac and mesenteric ganglia, is involved in reflexes that
decrease gut motility. Extrinsic vagal and sympathetic
influences are relayed and integrated at the level of the
enteric nervous system, located in the wall of the gut.

Bladder
The function of the bladder, rectum, and sexual organs is
controlled by three outflows: sacral parasympathetic, lum-
bar sympathetic, and somatic. Control of the bladder serves
as a paradigm for innervation of the other pelvic organs.
The sacral parasympathetic (S2–S4) output to the bladder is
carried via the pelvic nerves and is mediated by muscarinic
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chol inergic rece ptors. These parasym pathetic nerves pro-
mote blad der emptying (mictur ition) throu gh activa tion of
the detrusor muscle and relaxat ion of the bladder neck.
The lum bar sym pathetic (T11–L2) outpu t is carrie d via
the hypog astric nerves. The sympathet ic nerves produc e
relaxat ion of the detrusor mus cle by way of b rece ptors
and contracti on of the blad der neck by way of a rece ptors,
thus favor ing storage of uri ne. Th e sacr al somato motor
outpu t, which arises from motor neurons of the nucl eus of
Onuf (S2–S4) and is carried by the pudenda l nerve ,
stim ulates cont raction of the external sphinct er via nicotinic
chol inergic receptors. Acti vation of thes e somato motor
nerve s prom otes storage of urine. 17

In normal individuals, micturition involves a spino-ponto-
spinal reflex that is initiated by bladder tension receptors
and integrated in pontine micturition centers. This reflex
coordinates the simultaneous activation of sacral parasym-
pathetic autonomic neurons and inhibition of somatic
sphincter motor neurons, thus allowing synergistic bladder
contraction and sphincter relaxation during micturition.17

Interrupt ion of the sacr al para sympathet ic outf low in
patient s with lesions of the conus or cauda equi na resu lts
in a hypotonic arefle xic bladder. In patients with spinal
cord les ions, the suprasegm ental path way is interrupt ed,
and mict urition occurs through segment al spin ospinal
sacral reflexes, which are triggered b y perinea l or nocicep-
tive stimula tion. In this condi tion, bladder and sphi ncter
cont ractions are not well coord inated, resulting in detru-
sor-sphi ncter dyssyn ergia. Cortical inputs are resp onsible
for v oluntary cont rol of initiat ion and interrupt ion of mic-
turition . Lesi ons involving the medial aspec ts of the fron tal
lobe s, includi ng the anterior cing ulate and paracent ral gyri ,
resu lt in involunt ary but coord inated micturi tion, referr ed
to as un inhibited bladder.

Other Organs
Autonomic innervation of the pupil (see Chapter 9) and
the lacrimal and salivary glands (see Chapters 11 and 13)
is reviewed in the chapters discussing the specific cranial
nerves controlling these structures.
EXAMINATION OF THE AUTONOMIC NERVOUS
SYSTEM

Directed Neurolog ical Examination
The dir ected bedside neuro logical examin ation include s
clini cal observat ion and p harmacolog ical testing with ad-
rene rgic and choline rgic agoni sts. Pharmac ologica l tests
can detect a decrease or increase in respo nse of the eff ector
organ s due to denervat ion super sensit ivity. Den ervation
super sensitivity is a manifest ation of post ganglion ic, as
oppose d to pregangl ionic, neuronal autonom ic failur e.20

Skin
The exam iner may reco gnize sudom otor failure by noting
a dryne ss of the skin and a lac k of resist ance to gentle
stroki ng with the fingerpads or to a tuning fork run over
the skin. Su domotor failure may take the form of an iso-
lated gener alized anhidros is or a dif fuse auto nomic failure
with other associated find ings. A sear ch should be mad e
for localize d increases in or the absen ce of swe ating and
for asymmetric al patter ns of skin temper ature or color. In
patients with distur bances of auton omic innervat ion of the
face, the physician may note gustato ry sweating, flushing,
and facial anhidros is. Acral vasom otor change s that may
be observed include acrocyano sis, pallor , mottlin g, liv edo
reticu laris, or erythema. 21 Skin temper ature change s can
be assessed by palp ation. Other finding s to be note d include
atrophi c skin change s, alopecia, hyper trichosis , nail thicken -
ing, skin decolora tion or deform ation, and Charco t’s joints.
Allod ynia and hyper algesi a are com ponents of a complex
regional pain syndr ome that in som e cases may invol ve
symp athetic mec hanism s.

A bedside intradermal inject ion of pilocarpi ne can be
used to assess the sweat glan ds; a super sensit ive resp onse
to diluted pilo carpine indicates the pres ence of po stgan-
glioni c sympat hetic sudomo tor dener vation. Intrade rmal
injection of histamine produces a “triple response” (erythema,
flare, and wheal) through an axon reflex mediated by
nociceptive C-afferent fibers. Loss of the histamine flare
indicates severe loss or absence of nociceptive C axons,
as in patients with familial dysautonomia or peripheral
neuropathies affecting the sympathetic nerves.

Cardiovascular Reflexes
To assess cardiovascular autonomic function, blood pres-
sure and heart rate should be measured while the patient
is supine and after he or she has been standing for at least
3 minutes. In normal conditions, there is a 5- to 20-mmHg
drop in systolic blood pressure on changing from the
supine to the standing position, with no change or only a
slight rise in diastolic pressure; heart rate increases 5 to
25 beats per mi nute 22 (see sectio n ti tled Ev aluation Guide-
lines in this chapt er). Orthos tatic hy potension is d efined as
a reproducible fall of more than 20 mmHg in systolic pres-
sure or of more than 10 mmHg in diastolic pressure within
3 minutes of adopting the erect position.23 In patients with
severe orthostatic intolerance, it is useful to monitor the
length of time the patient can stand in place before he or
she experiences symptoms. Severe orthostatic hypotension
results in a “standing time” of less than 30 seconds.
If orthostatic hypotension is not apparent, it is useful to
ask the patient to squat several times and then repeat the
blood pressure measurement. The presence of orthostatic
hypotension without reflex tachycardia is evidence of sym-
pathetic and cardiovagal failure. If a reflex tachycardia is
present, hypovolemia should be excluded. However, the
presence of tachycardia does not exclude an autonomic
cause of orthostatic hypotension. An increase in heart rate
of more than 30 beats per minute above the basal rate
or more than 120 beats per minute on adopting the erect
position, if associated with symptoms, is characteristic of
the postural tachycardia syndrome. This syndrome is a
heterogeneous disorder that has multiple possible causes.24

Bladder
Clinical evaluation of bladder function includes assess-
ment of the ability to control initiation or interruption of



Benarroch, Freeman, and Kaufmann / Autonomic Nervous System 391
micturition voluntarily and the integrity of the bladder and
perianal sensation. Reflexes that are integrated at the level
of the conus medullaris and are mediated by sensory and
motor roots in the cauda equina should also be checked.
The bulbocavernosus and anal reflexes are somatic reflexes
that are integrated at the S2–S4 levels, and the scrotal and
internal anal reflexes are autonomic reflexes that are
integrated at the S2–S4 and T12–L2 levels, respectively.
Palpation and percussion of the bladder can identify the
presence of abnormal bladder distention. Measurement of
post-void residual urine after catheterization is used to
assess bladder function.
Pupil
Examination of the pupil is fully reviewed in the chapter
on evaluation of cranial nerve III (see Chapter 9).
Lacrimal Glands
Reduced or absent tearing occurs with lesions that affect the
parasympathetic innervation of these glands (see Chapter
11). Schirmer’s test is a means of quantifying lacrimal gland
secretion; it consists of application of a standard sterile filter
paper strip over the lower eyelid border. The standard mini-
mum for tear production is a length of wetness of this strip of
15 mm after 5 minutes (Video 24, Schirmer’s Test).
Associated Neurological Findings
CEREBRAL. Assessment of mental status, particularly

the function of the frontal lobe, is important because it
allows detection of abnormalities involving memory or the
higher cognitive processes, which may be associated with
incontinence due to uninhibited neurogenic bladder.

CRANIAL NERVES. Examination of the optic and oculo-
motor nerves allows for the localization of lesions that pro-
duce asymmetrical pupils or absent pupillary responses to
light. Because the pupilloconstrictor fibers are located pe-
ripherally in the oculomotor nerve, compressive (extrinsic)
lesions such as aneurysms or an uncal herniation elicit
unilateral mydriasis before extraocular motor paralysis.
Intrinsic (vascular) lesions, such as the neuropathy result-
ing from diabetes, affect the central fascicles of the nerve
and produce a “pupil-sparing” oculomotor palsy. There
are some exceptions to this classic distinction. Examination
of the function of the trochlear and abducens nerves and
of facial sensation in the ophthalmic and maxillary distri-
bution of the trigeminal nerve helps to localize lesions at
the level of the cavernous sinus and orbit. A facial nerve
palsy may be associated with the absence of lacrimation.
Nystagmus, vertigo, and paralysis of the glossopharyngeal,
vagus, and spinal accessory cranial nerves may occur in
patients with lateral medullary infarctions that produce
ipsilateral Horner’s syndrome (Video 17, Horner’s Syn-
drome). These features, which suggest lower brain stem
dysfunction, may also accompany syringobulbia, which is
associated with orthostatic hypotension, and Arnold-Chiari
malformations, which produce syncope.25 In patients with
symmetrical polyneuropathies such as Guillain-Barré
syndrome, facial diplegia and other cranial nerve pareses
can occur, especially in patients with the Miller-Fisher var-
iant, which is often associated with autonomic instability.

MOTOR/REFLEXES/CEREBELLAR/GAIT. Autonomic
dysfunction is a frequent accompaniment of central and
peripheral motor syndromes. Muscle weakness in the dis-
tribution of a peripheral nerve or root may accompany
hyperhidrosis or vasomotor changes resulting from nerve
injury. Distal symmetrical motor weakness with loss of
the deep tendon reflexes indicates a large-fiber peripheral
polyneuropathy that can be seen in patients with peripheral
demyelinating diseases such as Guillain-Barré syndrome
and in those with certain toxic or drug reactions to agents
such as vincristine. Proximal muscle weakness and areflexia
occur in patients with prejunctional neuromuscular trans-
mission defects that occur with cholinergic autonomic fail-
ure, such as botulism26 and the Lambert-Eaton myasthenic
syndrome.

Spastic paraparesis is frequently found in patients with
neurogenic bladder and detrusor-sphincter dyssynergia
(e.g., as in multiple sclerosis). Areflexia in the lower extrem-
ities, which is associated with loss of the anal and bulbo-
cavernosus reflexes, indicates a lesion of the cauda equina
that produces hypotonic bladder, bowel hypomotility, and
sphincter incontinence. Extrapyramidal, pyramidal, cere-
bellar, and autonomic deficits in varying combinations
are characteristic of multiple system atrophy (i.e., the
Shy-Drager syndrome), a neurodegenerative disorder of
unknown etiology. Autonomic failure may also accompany
Parkinson’s disease, with its associated resting tremor,
bradykinesia, rigidity, and postural reflex impairment.

SENSORY. Distal, symmetrical loss of sensation to pin-
prick and temperature is typical of the small-fiber peripheral
neuropathies associated with diffuse autonomic failure
(e.g., diabetes and amyloidosis). Insensitivity to pain occurs
in patients with some hereditary sensory and autonomic
neuropathies, including familial dysautonomia (Riley-Day
syndrome). Loss of the vibration and joint position sense
occurs in paraneoplastic sensory ganglioneuronopathies
and Sjögren’s syndrome, both of which are commonly asso-
ciated with autonomic failure. Hypesthesia and allodynia
in a limb, associated with vasomotor and sudomotor
changes, occur in patients with damage to a peripheral nerve
(causalgia) or the poorly understood reflex sympathetic
dystrophy.

Associated Medical Findings
Skin examination may reveal angiokeratomas in the trunk
and lower limbs in patients with Fabry’s disease, and the
tongue may be enlarged in those with amyloidosis. The
absence of fungiform papillae may also be demonstrated in
children with familial dysautonomia (Riley-Day syndrome).
EVALUATION GUIDELINES (Table 21-1)

NEUROIMAGING. Magnetic resonance imaging (MRI)
is useful for the evaluation of patients with focal or
organ-specific autonomic syndromes. It can detect lesions
that involve the frontal lobes (e.g., hydrocephalus) or the
cervical, thoracic, or lumbar spine, producing different
types of neurogenic bladder. It is also indicated for the



TABLE 21-1

Useful Studies in the Evaluation of Disorders of the Autonomic Nervous System

SYNDROME NEUROIMAGING ELECTROPHYSIOLOGY
FLUID AND TISSUE
ANALYSIS

NEUROPSYCHOLOGICAL
TESTS OTHER TESTS

Pandysautonomia

Preganglionic
disorders (multiple
system atrophy)

MRI brain:
decreased
putaminal signal
intensity on T2-
weighted
images

EMG of anal
sphincter:
large motor units

Supine NE normal;
no increase with
standing

N/A Cardiovagal and
adrenergic
innervation tests
abnormal; TST
abnormal

Autonomic
ganglionic and
postganglionic
disorders

N/A NCV/EMG:
Abnormal in
peripheral
neuropathies with
motor/sensory
involvement

Supine plasma NE low;
no increase with
standing

N/A Cardiovagal and
adrenergic
innervation tests
abnormal; TST
abnormal

ANNA: paraneoplastic
syndromes

Rectal biopsy:
amyloidosis

Pure Cholinergic N/A EMG abnormal in
botulism and
LEMS

Normal plasma NE N/A GI motility studies
Dysautonomia Antibodies to voltage-

gated calcium
channels: LEMS

Pure Adrenergic N/A N/A Very low plasma NE N/A Test of adrenergic
innervation
abnormal; TST
normal

Dysautonomia

Focal Disorders

Telencephalic MRI brain EEG monitoring
for limbic
seizures

N/A Temporal lobe
dysfunction

N/A

Diencephalic MRI brain N/A Endocrinological tests
for hypothalamic
dysfunction

Memory N/A
Cognition

Elevated creatinine
kinase

Brain stem MRI brain N/A CSF abnormalities
in MS

N/A N/A

Spinal cord MRI spinal cord N/A CSF abnormalities
in MS

N/A Bladder EMG or
cystometrogram
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detection of hypothalamic lesions, lateral medullary infarc-
tions, syringomyelia, or lesions in the cavernous sinus that
produce Horner’s syndrome. MRI of the neck is required
when a diagnosis of paragangliomas arising from the carotid
body or the vagus nerve is considered in patients with
severe baroreflex failure. MRI of the abdomen can localize
pheochromocytomas arising from chromaffin cells in the
adrenal medulla or elsewhere in the abdomen, and im-
aging of the neck, chest, and pelvis should be used when
pheochromocytomas are considered.

Neuroimaging has a low yield in the evaluation of
patients with generalized autonomic failure, although it
may show atrophy of the basal ganglia, pons, or cerebellum
in patients with multiple system atrophy. In these patients,
areas of hypointensity in the posterolateral putamen and a
slitlike hyperintensity in the lateral putaminal border on
T2-weighted MRI images have been reported.27

ELECTROPHYSIOLOGY. Electromyography (EMG)
and nerve conduction velocities (NCVs) are useful in eval-
uating patients with peripheral neuropathy. However, the
studies may be normal in conditions that selectively affect
small nerve fibers. Small-fiber function may be assessed
using quantitative sensory testing to determine the sensory
threshold for heat and cold sensation; these sensory modal-
ities are mediated by the C- and A-delta nerve fibers. This
technique measures the intensity of a stimulus necessary to
evoke a specific sensation. EMG and NCVs are used to
evaluate peripheral nerve injuries that may result in focal
autonomic abnormalities. NCV studies may also be used
to identify the cause of the predominantly cholinergic auto-
nomic abnormalities that accompany the prejunctional dis-
orders of neuromuscular transmission (e.g., botulism, the
Lambert-Eaton myasthenic syndrome, and the autonomic
abnormalities that accompany paraneoplastic sensory
ganglioneuronopathy). Finally, EMG of the external anal
sphincter may show denervation in patients with lesions
of the conus or cauda equina and in patients with multiple
system atrophy.

Electrodermal activity is generated by the sweat glands
and overlying epidermis and mediated by supraspinal sites
that include the orbitofrontal cortex, the posterior hypothal-
amus, the dorsal thalamus, and the ventrolateral reticular
formation. This response, which occurs spontaneously
and can be evoked by stimuli such as respiration, startling,
mental stress, and electrical stimuli, is referred to as the
sympathetic skin response or peripheral autonomic surface
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potential. The sympathetic skin response is used in some
EMG laboratories to assess sudomotor function. It consists
of a slow change in the electrical potential of the skin of
the palms and feet that depends on sweat production and
is evoked reflexively by unexpected noise, deep inspi-
ration, and electrical stimuli. Absence of the sympathetic
skin response occurs in patients with autonomic failure,
but it has limited specificity and no localizing value.

Microneurographic recordings of activity in sympathetic
fibers innervating muscle and skin allow direct assessment
of sympathetic vasoconstrictor and skin sudomotor outflows,
respectively. However, because this technique is laborious,
invasive, and requires considerable expertise as well as a
very cooperative patient, it remains only a research tool.

Electroencephalography may show epileptiform activity
in the temporolimbic areas, which may be associated with
syncope or other paroxysmal autonomic phenomena. Sleep
polysomnograms in patients with multiple system atrophy
may allow the physician to make a diagnosis of sleep
apnea or rapid eye movement sleep behavior disorder.

BODY FLUID AND TISSUE ANALYSIS. Blood tests use-
ful in the evaluation of patients with autonomic failure
include blood glucose and glycosylated hemoglobin (dia-
betes), protein immunoelectrophoresis and genetic tests
for the transthyretin variant (amyloidosis), vitamin B12

(pernicious anemia), erythrocyte sedimentation rate, anti-
nuclear antibody (connective tissue diseases), extractable
nuclear antigen (Sjögren’s disease), anti-neuronal nuclear
(anti-Hu) antibody, Purkinje cell cytoplasmic antibodies
type 2 (PCA-2), antibodies to the neuron cytoplasmic
protein, collapsin response-mediator protein-5 (CRMP-5)
(paraneoplastic autonomic neuropathy), human immunode-
ficiency virus serology, and, in select cases, porphyrins
(acute intermittent porphyria) or a-galactosidase (Fabry’s
disease). Some patients with acute or subacute autonomic
neuropathy have antibodies against the a3 subunit of the
ganglionic nicotinic acetylcholine receptor, and autonomic
dysfunction develops in rabbits that are immunized against
the ganglionic acetylcholine receptor, suggesting that the anti-
bodies are the cause of the disorder (autoimmune autonomic
neuropathy).28

Measurements of plasma cortisol in the morning and
evening and, as previously mentioned, plasma catechol-
amines in the supine and standing positions may be helpful
in the evaluation of patients with orthostatic hypotension.

CEREBROSPINAL FLUID. Cerebrospinal fluid examin-
ation may show albuminocytological dissociation with an
elevated protein concentration and no pleocytosis in patients
with Guillain-Barré syndrome and other acute pandysauto-
nomias. Abdominal fat aspirate, rectal biopsy, or sural nerve
biopsy should be considered in patients in whom amyloid
neuropathy or Fabry’s disease is suspected, and salivary or
lacrimal gland biopsy should be done in patients in whom
Sjögren’s syndrome is suspected.

Special Autonomic Function Testing
Many laboratory tests are used to diagnose autonomic
disorders, quantify autonomic function, and evaluate the
efficacy of treatment. Disorders for which autonomic test-
ing provides useful information include those involving
generalized autonomic failure such as the Shy-Drager
syndrome, Parkinson’s disease, and pure autonomic failure;
suspected distal small-fiber and other peripheral neuropa-
thies; orthostatic intolerance of uncertain etiology; syncope;
localized autonomic disorders; unexplained autonomic
symptoms or signs; and complex regional pain syndromes.
The blood pressure and heart rate response to active stand-
ing, the passive head-up tilt test, and the Valsalva maneuver
are the most commonly performed noninvasive tests used
to assess reflex circulatory control.

Evaluation of Cardiac Vagal Innervation
HEART RATE RESPONSE TO DEEP BREATHING.

Normally, heart rate varies from beat to beat, primarily
due to changes in vagal activity. The most noticeable var-
iation is that which is synchronous with the respiratory
cycle (respiratory sinus arrhythmia). Heart rate increases
during inspiration and decreases during expiration. The
heart rate response to deep breathing is maximal at
approximately six deep breaths per minute. Laboratory
measures of heart rate variability include the peak-to-
trough amplitude during a single breath, the standard
deviation of the electrocardiogram R-R intervals during 1
minute, and other statistical measures such as the mean
square successive difference, the expiratory-inspiratory
ratio, and the mean circular resultant.29,30 The subject’s
age and the rate and depth of respiration influence heart rate
variation in response to deep breathing. When these vari-
ables are taken into account, the maximum heart rate varia-
tion in response to deep breathing is the best noninvasive
test for the assessment of cardiac vagal innervation.29,30

HEART RATE RESPONSE TO VALSALVA MANEU-

VER. The Valsalva maneuver is typically performed by
blowing through a mouthpiece connected to a mercury ma-
nometer for 15 or 20 seconds. The mercury column of the
manometer is maintained at 40 mm. The normal cardiovas-
cular response to a Valsalva maneuver has four phases
(Fig. 21-5). Phase 1 consists of a transient rise in arterial
pressure and an associated decrease in heart rate. In phase
2, the expiratory phase of the maneuver, there is a grad-
ual decrease in blood pressure followed by a recovery.
An increase in heart rate accompanies this phase. Phase 3
consists of a sudden brief decrease in blood pressure with
an accompanying increase in heart rate that occurs with the
cessation of straining. In phase 4, there is an increase in
blood pressure above the resting value (the “overshoot”) that
is accompanied by a bradycardia. Phases 1 and 3 most likely
reflect mechanical factors, whereas phases 2 and 4 are a con-
sequence of sympathetic, vagal, and baroreflex interactions.
The Valsalva ratio (i.e., the ratio between the tachycardia
occurring during the maneuver and the postmaneuver
bradycardia) provides an index of cardiac vagal function.31

HEART RATE RESPONSE TO POSTURAL CHANGE

(THE “30:15 RATIO”). The heart rate changes that occur
during the first 30 seconds of standing result mostly from
modification of cardiovagal activity and are blocked by
atropine (Fig. 21-6). Heart rate increases sharply on stand-
ing, peaking at approximately 12 seconds (approximately
the 15th beat). It then becomes progressively slower until
approximately 20 seconds after standing (so that the 13th
R-R interval is usually the longest), and then it gradually
rises again. This transient relative bradycardia is due to
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Figure 21-5. Valsalva maneuver-induced changes in R-R intervals and blood pressure by Finapress recording in (A) a normal subject and (B) a patient with
autonomic failure. (Reproduced with permission by Korczyn A: Handbook of Autonomic Nervous System Dysfunction. New York, Marcel Dekker, Inc.,
1996.)
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Figure 21-6. Posturally induced changes in continuous R-R intervals and
blood pressure by Finapress recordings in (A) a subject with primary auto-
nomic failure and (B) a subject with neurally mediated syncope. The
initial arrow denotes when the head is tilted up, and the latter arrow
denotes when the head is tilted down after syncope has been induced.
(Reproduced with permission from Robertson D, Low P, Polinsky R,
et al: Primer on the Autonomic Nervous System. San Diego, CA,
Academic Press, 1995.)
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reflex activation of efferent cardiac vagal fibers. These
changes are reflected by the 30:15 ratio, which is calcu-
lated by dividing the longest R-R interval around the 13th
beat by the shortest R-R interval around the 15th beat
(RRmax 30/RRmin 15 ratio). In subjects with abnormal cardio-
vagal function, the bradycardia is reduced or absent.32–34

Other tests of cardiovagal function include the carotid sinus
massage, the cold face test (which assesses the trigeminovagal
reflex), the atropine test,22 and power spectral analysis, which
detects high-frequency oscillations of heart rate.35

Evaluation of Cardiovascular Sympathetic Innervation
CARDIOVASCULAR RESPONSE TO POSTURAL

CHANGE. Measurement of changes in blood pressure and
heart rate induced by passive tilt or active standing is the
most useful test of sympathetic function. During upright tilt
to 60 degrees or more, normal subjects undergo a transient
reduction in systolic, diastolic, and mean blood pressure,
followed by a recovery within 1 minute. The heart rate also
increases by 10 to 20 beats per minute. Patients with adren-
ergic failure have a marked reduction in systolic, diastolic,
and pulse pressure with no recovery, and they have an
inadequate compensatory tachycardia.22,36

BLOOD PRESSURE RESPONSE TO VALSALVA

MANEUVER. Beat-to-beat recordings of the blood pressure
during a Valsalva maneuver may be used to measure car-
diac adrenergic function. Sympathetic failure is character-
ized by a profound decrease of blood pressure in phase 2
and an absence of the blood pressure overshoot in phase 4
of the Valsalva maneuver.31

OTHER TESTS. Other tests used to assess sympathetic
cardiovascular outflow include the hemodynamic response
to physical or emotional perturbations such as immersion
of a hand in cold water for 1 minute (cold pressor test),
isometric exercise (e.g., the sustained handgrip maneuver),
or emotional stress (e.g., mental arithmetic). In normal
subjects, these maneuvers produce increases in diastolic
pressure of more than 15 mmHg and in heart rate of more
than 10 beats per minute.22 The venoarteriolar reflex is an
axon reflex mediated by sympathetic C fibers. This reflex



TABLE 21-2

Differentiation of Preganglionic Versus Postganglionic Disorders

PREGANGLIONIC POSTGANGLIONIC

Pandysautonomia Multiple system atrophy Pure autonomic failure

Small-fiber neuropathy

Plasma norepinephrine Normal Reduced

Norepinephrine response to standing Abolished Abolished

Norepinephrine response to edrophonium Normal Impaired

Blood pressure response to tyramine Increased No increase

Blood pressure response to norepinephrine Increased, with normal threshold Decreased threshold
(denervation supersensitivity)

Vasopressin response to standing Impaired Normal or exaggerated

Thermoregulatory sweat responses Impaired Impaired

Cholinergic sudomotor axon reflex Normal Impaired

Horner’s syndrome

Pupil response to phenylephrine Dilated No response

Pupil response to diluted alpha-agonist No response Dilated (supersensitivity)

Adie’s pupil Constricts with diluted muscarinic agonist
(denervation supersensitivity)
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is provoked by distention of the veins of a dependent limb
that produces local arteriolar constriction; the reflex can be
detected by a decrease in skin blood flow.22

In research laboratories, other techniques used to evalu-
ate autonomic circulatory control include the application
of lower body negative pressure, which pools blood in
the lower part of the body and elicits autonomic responses
similar to those induced by standing up. The neck chamber
device can also be used. This device modifies carotid artery
transmural pressure and allows assessment of the carotid
sinus baroreflexes. Finally, changes in heart rate in response
to pressor or depressor drugs can be evaluated.22

PLASMA CATECHOLAMINES. Circulating norepi-
nephrine (NE) originates primarily in the sympathetic
nerves innervating the blood vessels of muscles. Plasma
NE constitutes approximately 10% of NE released into the
synaptic cleft that escapes neuronal reuptake and “spills
over” into the bloodstream. Patients with postganglionic
autonomic disorders, such as pure autonomic failure or dia-
betic neuropathy, frequently have reduced plasma NE levels
at rest in the supine position. In normal subjects, plasma NE
levels double with the assumption of the upright posture.
In contrast, this response is absent in patients with both
pre- and postganglionic sympathetic failure.36 Determina-
tion of plasma and urinary levels of NE metabolites, such
as dihydroxyphenylglycol and normetanephrine, may also
be useful for separating preganglionic from postganglionic
causes of autonomic failure (Table 21-2).37 In patients
who lack dopamine b-hydroxylase, the enzyme that con-
verts dopamine to NE, NE in plasma is virtually undetect-
able, whereas dopamine is high and increases further with
maneuvers that increase sympathetic neural discharge.38

Norepinephrine levels can be measured following an infu-
sion of edrophonium, a cholinomimetic agent. This agent
induces the release of NE by stimulating the sympathetic
ganglia. NE levels can also be measured following the
infusion of tyramine, an indirect sympathomimetic agent,
which releases NE from sympathetic terminals. The pressor
response to an infusion of NE and other a-adrenergic agonists
may be used to assess denervation supersensitivity and
baroreflex function.

These pharmacological tests have been used to differenti-
ate preganglionic from postganglionic causes of sympathetic
failure. Postganglionic autonomic failure is characterized
by decreased NE release and lack of a pressor response to
edrophonium and tyramine. There is also a decreased thresh-
old for the pressor effects of NE and other adrenergic
agonists consistent with denervation hypersensitivity.20

Evaluation of Sympathetic Cholinergic (Sudomotor)
Innervation
Testing of the eccrine sweat glands can localize the site of
sympathetic nervous system dysfunction in patients with
autonomic failure. Thermoregulatory sweat testing is used
to evaluate both the central and the peripheral sympathetic
efferents, including the hypothalamus, the cervical and
thoracic spinal cord, the peripheral autonomic nerves, and
the sweat glands. This test, however, does not differentiate
between preganglionic and postganglionic causes of anhi-
drosis. Postganglionic sudomotor function can be deter-
mined by measuring the sweat output after iontophoresis
or intradermal injection of cholinergic agonists such as
pilocarpine, nicotine, or methacholine. These agents either
stimulate the sweat glands directly or affect a neighboring
population of sweat glands via an axonal reflex. The site
of a lesion can be established if the thermoregulatory sweat
test is combined with a test measuring postganglionic
sudomotor function. For example, an abnormal result of a
thermoregulatory sweat test combined with normal postgan-
glionic function indicates a preganglionic cause of anhidro-
sis. On the other hand, an abnormal thermoregulatory sweat
test result in a patient with abnormal postganglionic func-
tion indicates a postganglionic cause of anhidrosis. Skin
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potential recordings that measure skin conductance, skin
resistance, or the sympathetic skin potential provide an
alternative measure of sudomotor function. The following
tests of sudomotor function may be performed.

THERMOREGULATORY SWEAT TEST. Thermoregu-
latory sweating is tested by raising the body temperature
with an external heating source. This test evaluates the distri-
bution of sweating by measuring the change in color of an
indicator powder such as iodine with starch, quinizarin, or
alizarin red in response to a rise in core body temperature.39

QUANTITATIVE SUDOMOTOR AXON REFLEX TEST.

The quantitative sudomotor axon reflex test (QSART) pro-
vides a quantitative measure of postganglionic sudomotor
function. The sudomotor response measured by QSART
is mediated by an “axon reflex” carried by unmyelinated
postganglionic sympathetic cholinergic sudomotor fibers.
This axon reflex can be elicited by iontophoresis of a cho-
linergic agonist.40,41

SWEAT IMPRINT. A sweat imprint is formed by the
secretion of active sweat glands into a plastic or silicone
mold in response to iontophoresis of a cholinergic agonist.
This test can be used to determine sweat gland density,
sweat droplet size, and sweat volume per unit of area.
TABLE 21-3

Selected Etiologies Associated with Disorders of the Autono

ETIOLOGICAL CATEGORY SELECTED

Structural Disorders

Developmental structural disorders Arnold-C
Syringom
Normal p

Hereditary and Degenerative Disorders

Movement disorders Multiple
Degenerative motor, sensory, and autonomic disorders Riley-Da

Pure auto
Hereditary nondegenerative neuromuscular disease Amyloid

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Diabetes
Nutritional deficiencies and syndromes associated with

alcoholism
Wernicke

Infectious Disorders

Viral infections Poliomye
Transmissible spongiform encephalopathy Fatal fam
HIV and AIDS HIV-asso

HIV-rela

Neurovascular Disorders Vertebro

Neoplastic Disorders

Primary neurological tumors Brain ste

Demyelinating Disorders

Demyelinating disorders of the central nervous system Multiple
Demyelinating disorders of the peripheral nervous

system
Guillain-

Autoimmune and Inflammatory Disorders Lambert-

Traumatic Disorders Spinal co

Epilepsy Tempora

Headache and Facial Pain Cluster h

Drug-Induced and Iatrogenic Neurological Disorders Drugs: ch

AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.
CLINICAL SYNDROMES INVOLVING THE
AUTONOMIC NERVOUS SYSTEM (Table 21-3)

Clinical syndromes involving ANS dysfunction may be
classified into those involving diffuse autonomic failure
and pure cholinergic or adrenergic disorders (Table 21-4).
Diffuse Autonomic Failure (Pandysautonomia)
Central (Preganglionic) Disorders

MULTIPLE SYSTEM ATROPHY. Multiple system
atrophy (MSA; Shy-Drager syndrome) is a degenerative
disorder of the CNS that affects the extrapyramidal, cerebel-
lar, and autonomic neurons (see Chapter 34) (Video 234,
Multiple System Atrophy, Cerebellar Type; Video 235,
Multiple System Atrophy, Striatal-Nigral Degeneration).
Autonomic dysfunction in patients with MSA is due to the
loss of preganglionic neurons in the brain stem and spinal
cord. Patients with MSA typically present with diffuse auto-
nomic failure and parkinsonian, cerebellar, or pyramidal
deficits in different combinations.42 Autonomic features
include orthostatic intolerance, erectile dysfunction in
mic Nervous System

ETIOLOGIES CHAPTER

hiari malformation 28
yelia
ressure hydrocephalus

system atrophy 34
y syndrome 36
nomic failure
osis 37

38
’s encephalopathy/thiamine deficiency 40

litis 41
ilial insomnia 43
ciated neuropathy 44
ted Guillain-Barré syndrome

basilar ischemia 45

m glioma 46

sclerosis with bladder dysfunction 48
Barré syndrome 49

Eaton myasthenic syndrome 50

rd: blunt or penetrating trauma 51

l/limbic seizures 52

eadaches 53

emotherapeutic agents (vincristine) 55



TABLE 21-4

Autonomic Nervous System Syndromes

Diffuse Autonomic Failure (Pandysautonomia)

Preganglionic autonomic failure—central neurodegenerative diseases
Multiple system atrophy (Shy-Drager syndrome)
Parkinson’s disease with autonomic failure

Ganglionic and postganglionic disorders—peripheral neurodegenerative
disorders

Pure autonomic failure
Peripheral neuropathies and neuronopathies with autonomic failure
Acute and subacute (preganglionic and postganglionic)
Acute pandysautonomia
Guillain-Barré syndrome
Paraneoplastic pandysautonomia
Others (porphyria, toxins, drugs)

Chronic small-fiber (postganglionic) neuropathies
Diabetes
Amyloidosis
Hereditary (familial dysautonomia, Fabry’s disease)

Subacute or chronic sensory and autonomic ganglionopathies
Paraneoplastic
Sjögren’s syndrome

Other peripheral neuropathies
Infections (human immunodeficiency virus)
Connective tissue disease (systemic lupus erythematosus)
Metabolic-nutritional (alcohol, uremia, vitamin B12 deficiency)

Pure Cholinergic or Adrenergic Disorders

Cholinergic dysautonomias
Associated with neuromuscular transmission defect
Botulism (acute)
Lambert-Eaton myasthenic syndrome (chronic)

Not associated with neuromuscular transmission defect
Acute cholinergic dysautonomia
Chronic idiopathic anhidrosis
Adie’s syndrome
Chagas disease

Adrenergic dysautonomias
Pure adrenergic neuropathy
Dopamine b-hydroxylase deficiency
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males, bowel hypomotility, urinary incontinence due to
denervation of the external urinary sphincter, and respira-
tory disturbances (sleep apnea and laryngeal stridor). There
is usually a poor response to levodopa.43 Pathologically, cell
loss and gliosis in striatonigral, olivopontocerebellar, and
autonomic neurons are evident, and intracytoplasmic oligo-
dendroglial and neuronal inclusions are frequently present.

PARKINSON’S DISEASE. Autonomic dysfunction in
patients with Parkinson’s disease (see Chapter 34) is rarely
as severe as that seen in patients with MSA (Video 62,
Parkinsonian Gait). Autonomic failure frequently occurs
late in the course of the illness and is often associated with
levodopa and dopamine agonist therapy. In patients with
Parkinson’s disease, Lewy bodies are found not only in
central but also in peripheral neurons, suggesting that auto-
nomic dysfunction in this disorder may be caused by both
preganglionic and postganglionic neuronal dysfunction.

Autonomic Ganglionic and Postganglionic Disorders
PURE AUTONOMIC FAILURE. Pure autonomic failure

(PAF) is an idiopathic, sporadic, degenerative disorder of
the autonomic nervous system of adult onset.44 Unlike MSA
and Parkinson’s disease, PAF has no motor manifestations.
In patients with PAF, intracytoplasmic eosinophilic inclusion
bodies with the histologic appearance of Lewy bodies, similar
to those found in Parkinson’s disease, are identified in neu-
rons of the substantia nigra, locus ceruleus, thoracolumbar
and sacral spinal cord, as well as sympathetic ganglia and
postganglionic nerves.45 The disorder is slowly progressive
and has a better prognosis than MSA (see Table 21-2).

AUTONOMIC PERIPHERAL NEUROPATHIES AND

NEUROPATHIES. Acute autonomic neuropathies with
prominent sympathetic and parasympathetic involvement
(i.e., acute pandysautonomia) occur in isolation or accom-
pany the Guillain-Barré syndrome and acute paraneoplastic
neuropathies. The protein level in the cerebrospinal fluid
may be elevated, and the autonomic features may respond
to intravenous immunoglobulin. Paraneoplastic dysauto-
nomia may occur in association with carcinoma of the
lung, pancreatic carcinoma, Hodgkin’s disease, testicular
cancer, and other neoplasms. Paraneoplastic gastrointestinal
dysfunction with constipation and intestinal pseudo-obstruc-
tion has been reported in patients with small cell carcinoma
of the lung and elevated titers of anti-Hu antibodies and in
patients with autoimmune autonomic neuropathy with anti-
bodies against the a3 subunit of the ganglionic nicotinic
receptor. In these cases, dysautonomia usually has a sub-
acute (<3 months) clinical onset. Patients also have dry eyes
and dry mouth, large pupils that react poorly to light and
accommodation, and neurogenic bladder. Acute autonomic
dysfunction may also be a feature of porphyria and of the
neuropathies due to drugs (e.g., vincristine, taxol, and cispla-
tin), industrial toxins (e.g., thallium and acrylamide), marine
toxins, and infections such as botulism and diphtheria.46,47

Dysautonomia is a prominent feature of some chronic
neuropathies affecting small-diameter unmyelinated fibers.
Diabetes mellitus is the most common cause of autonomic
neuropathy in the developed world. Typical features of dia-
betic autonomic neuropathy are orthostatic intolerance,
impotence, voiding difficulties, gastroparesis, constipation
alternating with diarrhea, and gustatory sweating. Patients
with primary or familial amyloid neuropathy typically pre-
sent with distal sensory symptoms, although the autonomic
manifestations may be the presenting feature (see Chapter
37). Sensory neuronopathy with autonomic failure may be
paraneoplastic, associated with Sjögren’s syndrome (see
Chapter 50), or may be idiopathic.47

Hereditary sensory and autonomic neuropathies
(HSANs) are characterized by prominent sensory loss and
dysautonomia. Autonomic manifestations are mild in
patients with HSAN type I and II but prominent in those
with HSAN type III (Riley-Day syndrome, familial dysau-
tonomia) (see Chapter 36). Familial dysautonomia is
an autosomal recessive disorder that is seen primarily in
Ashkenazi Jewish children. Its clinical features include
insensitivity to pain and temperature, the absence of tears,
hypoactive corneal and tendon reflexes, and the absence
of fungiform papillae of the tongue. Patients with familial
dysautonomia have poor suck and feeding responses,
esophageal reflux with vomiting and aspiration, unco-
ordinated swallowing, episodic hyperhidrosis, vasomotor
instability, postural hypotension, hypertensive crises,
supersensitivity to cholinergic and adrenergic agents, and
absent histamine flare.28 Familial dysautonomia has a high



TABLE 21-5

Level-Specific Central Autonomic Nervous System
Disorders

Telencephalon Stroke
Temporolimbic seizures

Diencephalon Wernicke’s syndrome
Episodic hyperhidrosis with hypothermia
Paroxysmal autonomic hyperactivity
Fatal familial insomnia
Iatrogenic
Neuroleptic malignant syndrome
Serotonin syndrome

Brain stem Tumors
Vertebrobasilar disease
Syringobulbia
Arnold-Chiari type I malformation
Inflammation (multiple sclerosis,
poliomyelitis)

Spinal cord Trauma
Syringomyelia
Multiple sclerosis
Tetanus
Stiff-person syndrome
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carrier frequency (1 in 27) in individuals of Ashkenazi, or
Eastern European, Jewish extraction. Familial dysauto-
nomia is caused by mutations in the gene IKBKAP on chro-
mosome 9q. It is not known how the mutation in IKBKAP
causes familial dysautonomia. It has been speculated that
the familial dysautonomia mutations lead to inadequate
development, poor differentiation, or limited survival of
neuronal cells or that transcription and expression of other
genes is impeded.48 HSAN types IV and V, characterized
by congenital insensitivity to pain and anhidrosis, have been
linked to different mutations of the trkA gene encoding for
the nerve growth factor receptor.49

Fabry’s disease is an X-linked recessive disorder caused
by a deficiency of a-galactosidase A (see Chapter 30). Its
manifestations include painful distal peripheral neuropathy;
a truncal reddish-purple macular papular rash; angiectases
of the skin, conjunctiva, nail bed, and oral mucosa; pro-
gressive renal disease; corneal opacities; and cerebro-
vascular accidents. The autonomic manifestations include
hypohidrosis or anhidrosis, reduced saliva and tear forma-
tion, impaired histamine flare, and gastrointestinal dysmo-
tility.47 Enzyme replacement therapy with recombinant
human a-galactosidase A improved small fiber function
in one study. 50

Other hereditary autonomic neuropathies include the tri-
ple A (Allgrove) syndrome; Tangier disease, a sensory and
autonomic neuropathy with arthropathy that is present in
Navajo children; and multiple endocrine neoplasia type 2b.46

Pure Cholinergic or Adrenergic Disorders
CHOLINERGIC DYSAUTONOMIAS. Acute or chronic

cholinergic dysautonomias may occur in isolation or in
patients with impaired neuromuscular transmission. In the
Lambert-Eaton myasthenic syndrome (see Chapter 50) and
in botulism (see Chapter 39), acetylcholine release from
motor as well as autonomic neurons fails. Thus, neuro-
muscular and autonomic cholinergic neurotransmission is
impaired, and muscle weakness, reflex loss, and autonomic
failure result.26

Chronic disorders that affect cholinergic function without
neuromuscular impairment include Adie’s syndrome;
chronic idiopathic anhidrosis; Ross’s syndrome (a combina-
tion of Adie’s pupils and segmental anhidrosis); and Cha-
gas’ disease, a disease caused by Trypanosoma cruzi that
affects the neurons of the parasympathetic ganglion and pro-
duces megaesophagus, megacolon, and cardiomyopathy
(see Chapter 42).

PURE ADRENERGIC NEUROPATHY. Dopamine
b-hydroxylase deficiency is a hereditary disease character-
ized by an inability to convert dopamine (DA) to NE. This
disorder is characterized by severe orthostatic hypotension
accompanied by ptosis, ejaculatory failure, nocturia, nasal
congestion, and hyperextensible joints. Typically, the serum
NE/DA ratio is 0.1 (normal, 10).38

Autonomic Dysfunction Secondary to Focal Central
Nervous System Disease
The autonomic nervous system syndrome may also be
classified anatomically into telencephalic, diencephalic,
brain stem, and spinal cord disorders (Table 21-5).
TELENCEPHALON SYNDROMES. Temporolimbic sei-
zures may induce changes in heart rate, heart rhythm, and
blood pressure. Cardiovascular manifestations of seizures
include sinus tachycardia or bradyarrhythmias (including
sinus arrest) with syncope. Seizure-induced ventricular
tachycardia and fibrillation have been implicated in sudden
death. Other autonomic manifestations of seizures include
flushing, pallor, shivering, sweating, symmetrical or uni-
lateral piloerection, visceral sensations, vomiting (ictus
emeticus), and respiratory changes.4,51 Ischemic damage
to the insula has been associated with cardiac arrhythmias
and contralateral hyperhidrosis. When the cingulate and
paracentral cortices are involved, urinary incontinence
may occur because of uninhibited bladder contractions.

DIENCEPHALON SYNDROMES. Disorders affecting
the hypothalamus may produce disturbances of thermo-
regulation, osmotic balance, endocrine function, and state
of alertness.4 Chronic expanding lesions such as tumors
or granulomas cause hypothermia, whereas acute lesions
may cause hypothermia or hyperthermia. Wernicke’s en-
cephalopathy should be suspected in alcoholic and other mal-
nourished patients presenting with unexplained hypothermia,
particularly in the presence of disturbances of conscious-
ness and oculomotor function (Video 229, Wernicke’s
Encephalopathy).4 Episodic hyperhidrosis with hypother-
mia may occur with no apparent cause,52 as a manifestation
of agenesis of the corpus callosum and neighboring regions
of the basal forebrain,53 or during paroxysms of autonomic
hyperactivity.

Although such paroxysmal autonomic hyperactivity in
patients with brain tumors and other diseases of the dien-
zcephalon has been referred to as diencephalic seizures,
this term is a misnomer. The electroencephalogram shows
no ictal activity, and the episodes are refractory to antiepi-
leptic drugs. Paroxysmal autonomic hyperactivity was first
described in patients with tumors situated in the region of
the third ventricle that caused hydrocephalus and abrupt
increases in intracranial pressure. The majority of cases,
however, are due to severe closed head injuries marked
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by episodic increases in intracranial pressure and acute
hydrocephalus following subarachnoid hemorrhage.4

Sympathetic hyperactivity also occurs in a transmissible
spongiform encephalopathy characterized by severe atrophy
of the anteroventral and dorsomedial nuclei of the thalamus
(Video 50, Myoclonus in Creutzfeldt-Jakob Disease). This
autosomal dominant prion disease presents with disruption
of endocrine circadian rhythms, motor dysfunction, and pro-
gressive intractable insomnia—thus its name, familial fatal
insomnia (see Chapter 43).54

BRAIN STEM SYNDROMES. Cerebrovascular disease
is the most common cause of dysautonomia associated
with brain stem dysfunction. Transient ischemic attacks
in the basilar artery territory may present with paroxysmal
hypertension before any focal neurological deficit becomes
apparent. Lateral medullary infarction (Wallenberg’s syn-
drome) produces Horner’s syndrome and, occasionally,
more severe autonomic abnormalities, such as profound bra-
dycardia, supine hypotension, or central hypoventilation.4

Other brain stem disorders associated with autonomic
dysfunction include tumors, syringobulbia, Arnold-Chiari
malformation type 1, multiple sclerosis, and poliomyelitis.
Brain stem tumors may present with intractable vomiting,
orthostatic hypotension, or paroxysmal hypertension. Sy-
ringobulbia may produce Horner’s syndrome, orthostatic
hypotension, cardiovagal dysfunction, lability of arterial
pressure, and central hypoventilation.25 Syncope, sleep
apnea, and cardiorespiratory arrest have been reported in
association with the Arnold-Chiari malformation type 1.
Less common manifestations of brain stem dysfunction
include hypertension due to involvement of the medullary
reticular formation in poliomyelitis (see Chapter 41); auto-
nomic hyperactivity, most likely due to disinhibition of
preganglionic sympathetic and parasympathetic neurons in
tetanus (see Chapter 39); and fulminant neurogenic pulmo-
nary edema due to demyelination of the area surrounding
the NTS in patients with multiple sclerosis (see Chapter 48).4

SPINAL CORD SYNDROMES. Traumatic spinal cord
injury, particularly injury above the T5 level, is associated
with severe and disabling cardiovascular, gastrointestinal,
bladder, and sexual dysfunction. These patients have both
supine and orthostatic hypotension and are at risk of devel-
oping bradycardia and cardiac arrest during tracheal suc-
tion or other maneuvers that activate the vagovagal
reflexes. Vasopressin and the renin-angiotensin-aldoste-
rone system have an enhanced role in maintenance of ortho-
static arterial pressure in patients with spinal cord lesions.
Lack of vasomotor and sudomotor thermoregulatory
responses below the level of the lesion may lead to severe
hypothermia or hyperthermia in response to changes in
environmental temperature. Acute spinal injury or spinal
shock produces a paralytic atonic bladder. The pattern of
dysfunction seen in the chronic stages of disease, however,
depends on the level of the lesion. Lesions above the sacral
parasympathetic nucleus produce spastic bladder, com-
monly with detrusor-sphincter dyssynergia, whereas
lesions of the conus medullaris produce a flaccid, areflexic
bladder.

In patients with chronic tetraplegia with lesions at
or above the T5 level, stimulation of the skin, muscle, or
viscera innervated by segments below the lesion may result
in a massive reflex activation of sympathetic and sacral
parasympathetic outflows, referred to as autonomic dysre-
flexia.55 Stimuli that trigger autonomic dysreflexia arise
primarily from the bladder, bowel, or skin. Vasodilation
above the level of the lesion produces flushing of the face,
chest, and upper arms and congestion of the nasopharyn-
geal mucosa. There may be excessive sweating above the
anesthetic dermatome, piloerection, pallor in the abdomen
and lower extremities, and pupillary dilatation. Severe
hypertension is a prominent feature of autonomic dysre-
flexia and can result in hypertensive encephalopathy or
intracranial, subarachnoid, or retinal hemorrhage. The com-
bined parasympathetic and sympathetic stimulation may
cause potentially dangerous supraventricular and ventricular
arrhythmias.

Multiple sclerosis (MS) may affect autonomic pathways
at the level of the spinal cord, brain stem, or diencephalon.
Bladder, bowel, and sexual dysfunction are prominent
autonomic manifestations of MS. The pathophysiological
basis of the bladder dysfunction seen in patients with MS
is detrusor hyper-reflexia and detrusor-sphincter dys-
synergy. Subclinical abnormalities in cardiovascular sym-
pathetic and parasympathetic function and abnormal
thermoregulatory sweating detected by testing in the auto-
nomic laboratory are common in patients with MS.

Syringomyelia produces partial interruption of sym-
pathetic output pathways in the intermediolateral cell col-
umns. Its autonomic manifestations include Horner’s
syndrome, sudomotor and vasomotor dysfunction, and
trophic changes in the limbs, especially the hands.

Tetanus and the stiff-person syndrome may be associated
with sympathetic hyperactivity due to lack of synaptic inhi-
bition of preganglionic autonomic neurons. This results in
hyperpyrexia, sweating, tachycardia, hypertension, tachy-
pnea, and pupillary dilatation, usually associated with the
muscle spasms (Video 238, Stiff-Person Syndrome).

Topographic or Organ-Specifi c Disorders (Table 21-6)
Pupils

ARGYLL ROBERTSON PUPILS. Argyll Robertson
pupils are irregular and smaller than normal in darkness
and demonstrate lack of the pupillary light reflex with
preserved pupillary constriction during accommodation
and convergence for near objects. These features, as in
patients with large pupils with light-near dissociation,
usually indicate a lesion in the rostral midbrain at the level
of the posterior commissure.

ADIE’S PUPIL. These tonic pupils are large and irregular
in shape, poorly reactive to light, and indicate a lesion of
the ciliary ganglion or short ciliary nerves. On slit-lamp
evaluation, regional palsies of the iris sphincter are visible.
These pupils have a hypersensitive constrictor response
to administration of diluted muscarinic agonists, such as a
2.5% solution of methylcholine chloride or a 0.1% solution
of pilocarpine. Adie’s pupils are tonic pupils associated
with reduced or absent tendon reflexes.

HORNER’S SYNDROME. A unilateral small pupil is
commonly due to underactivity of the ipsilateral sympa-
thetic pathways. Miosis is commonly associated with ptosis
(lid droop) due to sympathetic denervation of the tarsal
muscle and facial anhidrosis (loss of sweating). This combi-
nation is known as Horner’s syndrome. Oculosympathetic



TABLE 21-6

Topographic or Organ-Restricted Autonomic Disorders

Disorders of the Pupil

Affecting parasympathetic outflow
Third nerve lesion
Argyll Robertson pupil
Adie’s pupil

Affecting sympathetic outflow
Horner’s syndrome
Pourfour du Petit syndrome

Facial Hyperhidrosis and Flushing

Gustatory sweating
Harlequin syndrome
Cluster headache

Vasomotor and Sudomotor Disorders of the Limb

Vasomotor disorders
Raynaud’s phenomenon
Acrocyanosis
Livedo reticularis
Erythromelalgia

Essential hyperhidrosis
Complex neuropathic pain syndromes

Painful distal peripheral neuropathy
Nerve trauma (causalgia)
Undetermined and multifactorial: complex regional pain
syndrome
Reflex sympathetic dystrophy

Neurogenic Bladder

Spastic bladder with or without detrusor-sphincter dyssynergia
Flaccid bladder

Gastrointestinal Dysmotility

Pseudo-obstruction

Sexual Dysfunction

Erectile dysfunction
Ejaculation dysfunction
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paralysis occurs ipsilaterally owing to (1) central lesions
involving the hypothalamospinal pathways at the dorso-
lateral brain stem tegmentum (e.g., a lateral medullary
infarct), (2) preganglionic lesions (e.g., compression of the
sympathetic chain by a tumor in the apex of the lung), or
(3) postganglionic lesions at the level of the internal carotid
plexus (e.g., lesions of the cavernous sinus). Postganglionic
Horner’s syndrome does not result in facial anhidrosis
because pupilodilator and sudomotor axons follow separate
paths along branches of the internal and external carotid
arteries, respectively.

Local instillation of drugs that affect sympathetic neuro-
transmission in the pupil helps to localize the lesion causing
oculosympathetic paralysis. Cocaine hydrochloride (5% to
10%), which prevents NE reuptake, will not dilate a pupil
that is miotic because of a lesion anywhere in the sympa-
thetic pathway. The responsible lesion can be further loca-
lized by hydroxyamphetamine hydrobromide (Paredrine
1%), which is an indirect sympathomimetic agent that
releases norepinephrine from the synaptic terminals, thus
eliciting pupillary dilatation in patients with preganglionic
but not postganglionic Horner’s syndrome. Phenylephrine
hydrochloride (Neo-Synephrine) is a direct a agonist that,
in a low concentration (1%), dilates the pupil only in
patients with a postganglionic Horner’s syndrome asso-
ciated with denervation hypersensitivity of the pupil.
Facial Hyperhidrosis and Flushing
Facial flushing may result from the release of tonic sympa-
thetic vasoconstriction, active sympathetic vasodilatation,
increased parasympathetic activity via the greater petrosal
nerve, and the release of vasoactive peptides. Gustatory
sweating and flushing occur in the following conditions: idio-
pathic hemifacial hyperhidrosis associated with hypertrophy
of the sweat glands; following bilateral cervicothoracic
sympathectomy with reinnervation of the superior sympa-
thetic ganglion by preganglionic sympathetic fibers des-
tined for the sweat glands; after local damage to the
autonomic fibers traveling with the peripheral branches of
the trigeminal nerve (e.g., in parotid or submaxillary gland
surgery or V3 zoster) with reinnervation of sweat glands
and blood vessels by parasympathetic vasodilator fibers
destined for the salivary glands; and accompanying periph-
eral neuropathies, most frequently diabetes mellitus.56

Sympathetic failure may produce loss of sweating and
flushing as manifestations of Horner’s syndrome (Video
17, Horner’s Syndrome). In contrast, the Porfour du Petit
syndrome consists of a dilated pupil with flushing and
hyperhidrosis due to sympathetic hyperactivity. This syn-
drome is seen in patients with sympathetic nervous system
lesions, frequently following injuries of the neck that
damage the sympathetic plexus around the carotid artery.
The harlequin syndrome consists of a sudden onset of
flushing and sweating on one side of the face. This disorder
may be due to lesions in the contralateral central or periph-
eral sympathetic nervous system pathways. Attacks of clus-
ter headache may be accompanied by ipsilateral signs of
parasympathetic hyperactivity (lacrimation and nasal dis-
charge), sympathetic overactivity (forehead sweating),
and ocular sympathetic paralysis (miosis and ptosis). The
mechanisms producing these phenomena have no widely
accepted explanation. Changes in both the sympathetic
and the trigeminovascular pathways may be responsible
for the autonomic features that accompany migraine and
cluster headaches.56
Vasomotor and Sudomotor Disorders of the Limbs
Hyperhidrosis may be generalized or localized. Localized
hyperhidrosis is rare and may occur with injury to the
spinal cord (e.g., in syringomyelia), peripheral nerves
(e.g., with partial median or sciatic nerve injury), or eccrine
sweat glands. Perilesional hyperhidrosis may surround an
anhidrotic region produced by a lesion of the sympathetic
ganglia or rami. The axillary eccrine sweat glands are acti-
vated by thermal stimuli, whereas the palmar and plantar
glands are activated by emotional stimuli. Primary or essen-
tial hyperhidrosis affects the axillary, palmar, and plantar
regions and may be familial. Available medical treatments,
including systemic anticholinergics and b-blockers and
topical agents such as aluminum antiperspirants and tap
water iontophoresis, are largely ineffective. Surgical sym-
pathectomy significantly reduces sweating but has frequent
side effects, including pneumothorax, Horner’s syndrome,
and compensatory sweating in other areas of the body.
Intradermal injections of botulinum toxin type A, which
blocks the release of acetylcholine during nerve stimula-
tion, have been reported to reduce excessive sweating in
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patients with primary palmar hyperhidrosis.57 Generalized
hyperhidrosis may be secondary to infections, malignancies,
or neuroendocrine disorders (e.g., pheochromocytoma,
thyrotoxicosis, acromegaly, carcinoid, anxiety, hypotension,
hypoglycemia, and cholinergic agents).56

Vasomotor disorders in the limbs include Raynaud’s
phenomenon, acrocyanosis, livedo reticularis, vasomotor
paralysis, and erythromelalgia. Raynaud’s phenomenon is
the episodic, bilateral, symmetrical change in skin color
(pallor, followed by cyanosis and terminating in rubor after
rewarming) that is provoked by cold or emotional stimuli.
This response is due to episodic closure of the digital
arteries. However, there is no consistent evidence of exagger-
ated sympathetic outflow to the skin. Raynaud’s phenomenon
may be associated with connective tissue disease (e.g., sclero-
derma, rheumatoid arthritis, and psoriasis), occupational
trauma (e.g., the use of pneumatic hammers or chain saws
producing vibration), the thoracic outlet syndrome, the carpal
tunnel syndrome, or certain drugs (e.g., b-blockers, ergot
alkaloids, methysergide, vinblastine, bleomycin, amphet-
amines, bromocriptine, and cyclosporine).56

Acrocyanosis is a symmetrical distal blue discoloration,
usually occurring below the wrists and ankles, that is due
to arteriolar constriction and is aggravated by cold. In con-
trast, livedo reticularis is a vasomotor disorder that affects
the extremities and the trunk and is due to vasospasm with
obstruction of the perpendicular arterioles or stasis of blood
in the superficial veins. It may be a benign disorder or may
be associated with vasculitis, anti-phospholipid antibodies
(Sneddon’s syndrome), connective tissue disease, hyper-
viscosity syndrome, thrombocythemia, and drugs (e.g.,
amantadine, quinine, and quinidine).56

Vasomotor paralysis may be seen in patients with lesions
of the sympathetic pathways at the level of the spinal cord,
preganglionic nerves, ganglia, or postganglionic nerves.
Examples include surgical sympathectomy (e.g., for treatment
of selective cases of hyperhidrosis, Raynaud’s phenomenon,
and reflex sympathetic dystrophy), trauma (e.g., carpal tunnel
syndrome and ulnar nerve lesions), and tumor infiltration
(e.g., Pancoast’s tumor and malignant retroperitoneal disease).

Erythromelalgia is a painful acral erythematous condi-
tion that occurs with cutaneous warming and is associated
with an intense burning sensation. It may occur in patients
with small-fiber neuropathies. The mechanism may be acti-
vation of neurogenic flare by a polymodal C-nociceptor
axon and release of vasodilator and algogenic neuropep-
tides such as substance P.21

Regional Pain Syndromes
Reflex sympathetic dystrophy (chronic regional pain syn-
drome type 1) is a pain syndrome defined as a continuous
burning pain, hyperpathia (exaggerated response to painful
stimuli), and allodynia (perception of an innocuous stimu-
lus as painful) in a portion of an extremity. This disorder
is associated with signs of sympathetic hypoactivity or
hyperactivity and usually follows minor trauma that does
not involve major nerves. Causalgia (chronic regional pain
syndrome type 2) is a similar syndrome that occurs after
partial injury of a nerve or one of its major branches. Vaso-
motor and sudomotor instability, manifestations of sympa-
thetic hyperactivity or hypoactivity, are commonly seen.
Reflex sympathetic dystrophy is not a single pathological
entity, but different central, peripheral, and psychogenic
mechanisms may coexist in a particular case. Sympathetic
blockade may be of benefit.21

Neurogenic Bladder
Disturbances at different levels of the bladder control
system result in the development of neurogenic bladder.
Neurogenic bladders can be subdivided into two types:
the reflex or upper motor neuron type and the nonreflex
or lower motor neuron type. The terms reflex and nonreflex
denote the presence or absence, respectively, of bulboca-
vernosus and anal reflexes. The reflex type of neurogenic
bladder includes the uninhibited bladder associated with
lesions of the medial frontal region that results in urinary
incontinence but not urinary retention because the detru-
sor-sphincter synergy is preserved. The automatic bladder
results from lesions of the spinal cord that interrupt the
pathway from the pontine micturition centers. An automatic
bladder is associated with urgency, frequency, incontinence,
and urinary retention that is due to detrusor-sphincter dyssy-
nergia. The lower motor neuron type of neurogenic bladder,
such as that occurring with lesions of the cauda equina or
peripheral nerves, is characterized by incomplete bladder
emptying, urinary retention, and overflow incontinence.13
GENERAL MANAGEMENT GOALS

Orthostatic Hypotension
Management of orthostatic hypotension requires patient
education to avoid factors that precipitate a decrease in
blood pressure. Patients should be made aware of the hypo-
tensive effects of certain drugs, large meals, environmental
temperature increases, and physical activities. Other
instructions include institution of a high-fiber diet to lessen
straining resulting from constipation and the use of physi-
cal maneuvers that help to increase postural tolerance.
These maneuvers include crossing the legs, lowering the
head in a stooped position, bending forward, and placing
a foot on a chair or squatting. Some patients may be helped
by sleeping with the head of the bed elevated 15 to 30 cm
(the reverse Trendelenburg position) to avoid supine hyper-
tension and decrease nocturnal natriuresis and volume
depletion. This maneuver alone may reduce postural hypo-
tension in the morning. To reduce postprandial hypoten-
sion, patients should eat smaller, low-carbohydrate meals
more frequently and drink strong coffee. Finally, custom-
fitted elasticized garments (a Jobst or Barton-Carey leotard)
may reduce venous pooling in the legs.

Pharmacological interventions are directed toward
increasing intravascular volume and peripheral vascular
resistance without markedly increasing supine hyperten-
sion. Volume expansion can be achieved by ensuring ade-
quate hydration (2–2.5 L of fluid per day) and increasing
sodium intake (150–250 mEq, or 10–20 g).

Fludrocortisone is the drug most frequently used for the
treatment of orthostatic hypotension in patients with auto-
nomic failure. Even at low doses, it expands blood volume
by its mineralocorticoid action. The initial dose is 0.1 mg
PO QD; this is increased slowly in 0.1-mg increments at
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1- or 2-week intervals. Few patients require more than 0.4
mg. Side effects include volume expansion, congestive
heart failure, supine hypertension, and hypokalemia.

The next line of therapy entails the use of vasoconstrict-
ing sympathomimetic agents. Several types are available.
Indirect sympathomimetic drugs, such as ephedrine and
methylphenidate (Ritalin), release NE both centrally and
peripherally and therefore may produce tachycardia, anxi-
ety, and tremor. Direct a agonists, such as phenylephrine,
may be helpful but have erratic gastrointestinal absorption,
a short duration of action, and an increased risk of super-
sensitive hypertensive responses and tachyphylaxis; phe-
nylpropanolamine, previously frequently used to treat this
disorder, increases the risk of intracerebral hemorrhage,
particularly in women.58 Midodrine, a prodrug metabolized
in the liver to desglymidrodrine, is a potent a1-adrenergic
agonist that acts on both the arteries and the veins. This
agent is well absorbed following oral administration and
does not cross the blood-brain barrier.59 All sympathomi-
metic agents may produce supine hypertension and should
not be used at night.

Dihydroxyphenylserine is a synthetic amino acid that
is decarboxylated by L-amino acid decarboxylase to nor-
epinephrine, thus bypassing the dopamine b-hydroxylase
step of catecholamine synthesis. It is therefore the agent
of choice for the treatment of hypotension in patients with
inherited dopamine b-hydroxylase deficiency. It is also
effective in patients with multiple system atrophy and auto-
immune autonomic neuropathy.60,61

Recombinant epoietin alfa (25–75 U/kg SC two or three
times weekly) corrects the mild anemia frequently seen in
patients with severe autonomic failure and may increase
blood pressure and orthostatic tolerance.62 Other agents
that may be of benefit in the treatment of orthostatic hypo-
tension include ergotamine tartrate, dihydroergotamine,
monoamine oxidase inhibitors, yohimbine, and nonsteroi-
dal anti-inflammatory agents. It is unclear whether any of
these agents are effective.

Severe supine hypertension, particularly at night, is a
troublesome feature of this disorder that may be prevented
by sleeping in the reverse Trendelenburg position, avoiding
vasoconstrictor drugs in late afternoon, and eating a small
carbohydrate-rich snack or drinking alcohol before bedtime.
If needed, a short-acting vasodilator agent (e.g., nifedipine
10 mg PO) may also be used at night.

Neurogenic Bladder
DETRUSOR HYPER-REFLEXIA WITHOUT OUTLET

OBSTRUCTION. In patients with detrusor hyper-reflexia
without outlet obstruction, the treatment most frequently
given is an anticholinergic drug such as oxybutynin, tolter-
odine, propantheline, or dyclomine. Timed voiding and
moderate fluid restriction are helpful in reducing fre-
quency, urgency, and urge incontinence. DDAVP may also
be useful in patients with significant incontinence and noc-
turia. In patients with severe spasticity, both intrathecal
baclofen infusion and dorsal rhizotomy may be effective.
Augmentation cystoplasty has a place in the treatment of
patients with MS and refractory detrusor hyper-reflexia.

DETRUSOR HYPER-REFLEXIA WITH OUTLET

OBSTRUCTION. Treatment of patients with detrusor
hyper-reflexia and detrusor-sphincter dyssynergia is more
difficult, and these patients are at higher risk of sustaining
upper urinary tract damage. a-1Antagonists such as phenoxy-
benzamine or prazosin may decrease bladder-outlet sphincter
tone. Dantrolene, baclofen, or benzodiazepines may reduce
the tone of the striated external sphincter. The most useful
method is the combined use of anticholinergics and inter-
mittent self-catheterization. Surgical external sphincterotomy
or diversion procedures are treatments of last resort.

DETRUSOR AREFLEXIA OR POOR BLADDER

CONTRACTILITY. Bethanechol hydrochloride is a mus-
carinic agonist that has a relatively selective action on the
urinary bladder and may be effective in treating patients
with chronic detrusor atony or hypotonia. Other options
include the use of adrenergic antagonists, prostaglandins,
and narcotic antagonists, but their efficacy is unproved.
The simplest and most effective form of management in
patients with hypotonic bladder and detrusor areflexia is
intermittent self-catheterization. Patients who are unable to
perform intermittent self-catheterization because of motor
difficulties may require an indwelling catheter or suprapu-
bic diversion. Women may benefit from using the Credé
maneuver. In patients with conus or cauda equina lesions,
a-adrenergic agonists (e.g., ephedrine or phenylpropano-
lamine) may be used to increase bladder outlet resistance.

Sexual Dysfunction
Treatment of organic impotence includes treatment of sec-
ondary psychological problems and reducing or eliminating
aggravating factors, such as poor sleep, chronic pain, malnu-
trition, alcohol use, and some medications. Yohimbine can
be used orally to increase penile arterial vasodilatation and
enhance relaxation of the cavernous trabeculae. Direct injec-
tion of papaverine (direct smooth muscle relaxant), phento-
lamine, or prostaglandin E1 into the corpora cavernosa may
be effective but poses the risks of priapism and scarring of
the tunica albuginea. Sildenafil is now the drug of choice
in the treatment of male erectile dysfunction of various etiol-
ogies. By inhibiting phosphodiesterase type 5, the enzyme
within the corpus cavernosum responsible for breakdown
of cyclic guanidine monophosphate (cGMP), sildenafil
increases vasodilatation and enhances penile erection. Nitric
oxide is the principal neurochemical for penile erection.
Within the trabecular myocyte (corpus cavernosum), nitric
oxide activates a soluble guanylyl cyclase that elevates intra-
cellular levels of cGMP. This, in turn, stimulates the activ-
ities of cGMP-dependent protein kinases, which then
phosphorylate certain proteins and ion channels, resulting
in smooth muscle relaxation (and erection). During the
return to the flaccid state, cGMP is hydrolyzed to GMP by
the highly specific cGMP-binding phosphodiesterase type
5 (PDE-5). Sildenafil is a specific PDE-5 inhibitor that
prevents the hydrolysis of cGMP, thereby augmenting
penile smooth muscle relaxation and erection. A vacuum
device may also be used to enhance corporal filling.63

Gastrointestinal Dysmotility
The principles of management of any gastrointestinal moti-
lity disorder include restoration of hydration and nutrition
by the oral, enteral, or parenteral route; suppression of
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bacterial overgrowth; use of prokinetic agents or stimulant
laxatives; and resection of localized disease.

BOWEL HYPOMOTILITY. The first line of treatment of
bowel hypomotility is to increase dietary fiber as well as
water intake and exercise. Psyllium or methylcellulose
with a concomitant increase in fluid intake may be used
to further increase stool bulk. Some caution is required in
diabetic patients, in whom high fiber may pose a risk of
distention, cramping, and potential bezoar formation in
the presence of gastroparesis. If these measures are ineffec-
tive, stool softeners (e.g., docusate sodium) or lubricants
(e.g., mineral oil) together with an osmotic agent (e.g., milk
of magnesia or lactulose) may be used. Glycerine supposi-
tories or sodium phosphate enemas promote fluid retention
in the rectum and thus stimulate evacuation. Contact cathar-
tics such as diphenylmetane derivatives (e.g., phenolphtha-
lein and bisacodyl) or anthraquinones (e.g., senna and
cascara) should be used sparingly because these agents may
damage the myenteric plexus, producing a “cathartic bowel.”

This regimen can be used in conjunction with the proki-
netic agents, which include the following: metoclopramide,
which has antiemetic effects due to blockade of central
dopaminergic D2 receptors and indirect prokinetic effects
through cholinergic mechanisms; domperidone, a periph-
eral D2 receptor antagonist; and cisapride, which increases
the release of acetylcholine from neurons of the myenteric
plexus but has been associated with an increase in ventricu-
lar tachyarrhytmias and is no longer generally available.
Newly available selective agonists of the serotonin 4 recep-
tor such as tegaserod are effective prokinetic agents and
improve symptoms of constipation. Because these agents
do not inhibit cardiac K currents, they are devoid of the
arrhythmogenic danger of cisapride; erythromycin, which
mimics the prokinetic actions of motilin, a gastrointestinal
polypeptide, and misoprostol, a synthetic prostaglandin E1

analogue are also prokinetic agents. Patients who do not
respond to medical therapy may require colonic surgery.

BOWEL HYPERMOTILITY. Diarrhea may result from
bacterial overgrowth in patients with intestinal hypomoti-
lity. A trial with tetracycline or metronidazole is generally
conducted in patients with unexplained chronic diarrhea,
particularly if steatorrhea is present. Prokinetic agents
may paradoxically improve diarrhea in this situation. If
these measures fail, synthetic opioid agonists, such as
loperamide or diphenoxylate, can be used. Opioid agonists
decrease peristalsis and increase rectal sphincter tone.
Clonidine, an a2 agonist, has been used to treat diarrhea
associated with diabetic dysautonomia.

Idiopathic fecal incontinence may be associated with
delayed conduction in the pudendal nerves and denervation
changes in the sphincter muscles. High-fiber bulking
agents may be beneficial because semiformed stools are
easier to control than liquid feces. Fecal disimpaction is
indicated in some patients. Daily tap water enemas aid in
clearing the residue from the rectum between evacuations
and may improve continence. Biofeedback may be suc-
cessful in some cases. Patients who undergo surgical
sphincter repair may gain some continence for solid stool,
although the presence of pudendal neuropathy is associated
with a poor outcome. Other surgical treatments include
colostomy, artificial anal sphincters, and creation of a
neosphincter with muscle grafts.
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HISTORY AND DEFINITIONS

The modern study of neurovascular function owes much
of its success to important, early contributors to the field.
Some of the earliest drawings of the cerebral circula-
tion were done in the 1500s by Andreas Vesalius.1 Gabriel
Fallopius provided a detailed description of the cerebral vas-
culature, including a description of what was later called the
circle of Willis.1 Thomas Willis was the first to describe
the function of the circle that bears his name.1 Vascular
anatomy was transformed into physiology through the work
of William Harvey in the early 1600s.1 The most important
early advances in the study of “apoplexy” were a result of
meticulous studies of the cerebral blood vessels of patients
with apoplexy by Johann JakobWepfer.2 The actual demon-
stration that the paralysis was on the side opposite the brain
lesion in “apoplexy” was through the work of Domenico
Mistichelli, and François Bayle was among the first to relate
atherosclerosis in cerebral arteries to “apoplexy.”2

The classical definition of a transient ischemic attack
(TIA) is an episode of focal, nonconvulsive neurological
dysfunction caused by a reversible interference of the
blood supply to an area of the retina or brain that lasts less
than 24 hours. A working group has proposed redefining
TIA as “a brief episode of neurological dysfunction caused
by focal brain or retinal ischemia, with clinical symptoms
typically lasting less than 1 hour, and without evidence of
acute infarction.”3 The episodes are sudden and often are
unprovoked. They reach a maximum intensity almost
immediately. TIAs are not benign events, and they should
be considered as warning signs of an impending stroke.

A completed (established) stroke is the preferred term
to describe an acute episode of focal brain ischemia that
lasts longer than 24 hours. Most completed strokes reach
a maximal neurological deficit within an hour of onset.
Older terms that have been used in the past include apoplexy
(literally meaning “struck with violence” or “being thun-
derstruck”) and cerebrovascular accident. Both of these
terms imply a random, unpredictable, or uncertain nature
to these events, which often is not the case.

Stroke in evolution or progressive stroke describes a
temporal profile in which the neurological deficit occurs in
a stepwise or progressive pattern. In the carotid artery dis-
tribution, there is usually little likelihood of progression
after 24 hours. In the vertebrobasilar distribution, progres-
sion may continue for up to 72 hours.4 There are numerous
causes to consider (Table 22-1) when there is “progression”
of an ischemic event.

Stroke may be divided into ischemic infarctions, which
may be bland or hemorrhagic, and hemorrhages, including
intracerebral hemorrhages and subarachnoid hemorrhages.
Ischemic infarctions can be due to intrinsic vascular occlu-
sion (thrombus) or an occlusion from intravascular material
that originates elsewhere, such as heart or other vessels
(embolism).

Common focal sites of cerebrovascular atherosclerosis
include the proximal common carotid artery, the origin of
the internal carotid artery, the carotid siphon, and the prox-
imal middle cerebral and vertebral arteries. The aortic arch
has been recognized as a source for atheroembolism.

Small arteries are also susceptible to atherosclerotic
changes. Examples of these small arteries are the lenticu-
lostriate arteries, thalamoperforating arteries, the basilar
paramedian penetrating arteries, and the medullary arteries.
These arteries supply the deep cerebral white matter. The
most frequent sites of lacunar infarcts are the putamen,
basis pontis, thalamus, posterior limb of the internal cap-
sule, and caudate nucleus. They may also occur in the anter-
ior limb of the internal capsule, subcortical cerebral white
matter, and cerebellar white matter.



TABLE 22-1

Causes of Neurological Worsening after
an Ischemic Event

Thrombus propagation
Occlusion of a stenotic artery due to thrombus
Recurrent embolism
Hemorrhagic transformation
Failure of collateral blood supply
Hypoperfusion due to systemic hypotension
Hypovolemia or decreased cardiac output
Hypoxia
Cerebral edema
Herniation
Seizures
Medication effects
Medical conditions such as pneumonia, pulmonary embolus,

myocardial ischemia, congestive heart failure, electrolyte
disturbances, or urosepsis
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Overall, embolism accounts for between 15% and 30%
of strokes.5–7 Emboli that cause brain ischemia may arise
from the heart, the aorta, the venous system in combination
with a transcardiac defect, or from other intracerebral or
extracerebral arteries (artery-to-artery embolism).

Diffuse perfusion deficits may lead to brain ischemia
and may occur with severe hypotensive crises due to sepsis,
anaphylaxis, acute blood loss, pharmacological alterations,
cardiac surgery, and other acute medical crises. These situa-
tions may lead to infarctions, typically in the borderzone
regions (watershed areas) between the anterior, middle,
and posterior cerebral arteries.

Hemorrhages may be subarachnoid, intraparenchymal,
or a combination of both. Intraparenchymal hemorrhages
are the result of bleeding from an arterial source directly
into the brain. Subarachnoid hemorrhages are the result of
bleeding into the subarachnoid spaces.

Another distinction needs to be made between hemato-
mas within the brain parenchyma, which are referred to
as intracerebral, and those outside the brain parenchyma,
which are referred to as extracerebral. Examples of extra-
cerebral hematomas are subdural and epidural hematomas.
CLINICAL HISTORY

One of the first questions to address in the history is
whether the problem involves neurovascular dysfunction.
The clinical hallmark of many forms of neurovascular
dysfunction is an acute focal change in neurological status.
Therefore, an event that has an indistinct onset or course
may not involve the neurovascular system. There are two
exceptions to consider. One is the indistinct time of onset
of symptoms in an individual who awakens with the neuro-
logical dysfunction. The other is a stuttering or waxing
or waning course that can be seen in some patients with
cerebral arterial thrombosis. In most instances of neuro-
vascular dysfunction, the neurological deficit is maximum
from its onset, with the involved body parts being simulta-
neously affected. The diagnosis of neurovascular dysfunc-
tion is weakened if there is a series of events in which
neurological deficits accumulate or if there is a march of
symptoms from one area to another. Focal seizures can
usually be differentiated by obtaining a history of associated
involuntary motor activity and a march of symptoms. A gra-
dual onset of symptoms with accumulation of deficits over
time would suggest the possibility of a space-occupying
lesion. It would be distinctly unusual for neurovascular
dysfunction to present with positive neurological pheno-
mena such as visual hallucinations or scintillating visual
symptoms. Fleeting positive visual phenomenon would be
more consistent with migraine. Isolated vertigo may be
more consistent with a labyrinthine disorder. Hypoglyce-
mia should be considered in the diabetic patient with tran-
sient paresis or aphasia, particularly if there is associated
altered consciousness or confusion.

Specific details need to be sought in the history to ade-
quately evaluate the possible underlying type and mechan-
ism of neurovascular dysfunction. It is important to review
any cerebrovascular risk factors with the patient, including
a history of cardiac disorders, hypertension, hematological
abnormalities, hyperlipidemia, diabetes, tobacco use, alco-
hol or drug use, migraine, oral contraceptive use, and a
personal history or family history of TIA or stroke. Infor-
mation should be obtained about use of medications such
as oral anticoagulants or antiplatelet agents and the use of
illicit drugs. Patients may have other medical illnesses
associated with stroke, including connective tissue dis-
eases, malignancies, and hypercoaguable states. Rarely,
a preceding or concurrent infection may predispose to stroke.
A history of recent trauma should be sought in patients
with symptoms of carotid or vertebral dissection. A history
of posterior circulation symptoms with arm exercise may
suggest a subclavian steal syndrome.

It is often difficult to differentiate an ischemic infarction
from a hemorrhage. Some historical features that suggest
a hemorrhage would be an altered level of consciousness
or a seizure at the onset, vomiting, or a severe headache.
However, onset headaches can also be present in 17% of
patients with ischemic infarction.8 A carotid dissection
may present with pain involving the neck, ipsilateral head,
or the periorbital region.

Although it is difficult to distinguish cardiogenic stroke
from other causes based on the neurological profile, histor-
ical features that may suggest a cardioembolic cause are an
abrupt onset with a maximum deficit at the onset, a history
of infarctions in more than one vascular territory, or
systemic emboli to the limbs or other organs.

Patients noting monocular visual loss or having com-
plaints of a speech disorder suggestive of aphasia most
likely have carotid distribution ischemia. Complaints of
binocular visual loss, vertigo, balance difficulties, gait
instability, bilateral or alternating weakness or altered sen-
sation, swallowing difficulties, or diplopia suggest ische-
mia in the vertebrobasilar distribution. Etiologies other
than vertebrobasilar ischemia should be considered with
isolated vertigo, diplopia, or dysarthria. Localization of
the neurovascular dysfunction to the cortical or subcortical
region may be possible based on historical features.
Patients with complaints of any degree of altered con-
sciousness may have cortical or combined subcortical and
cortical ischemia. Loss of vision in one field or forced
eye deviation usually implies a cortical or combined corti-
cal and subcortical localization. A history of weakness or
sensory loss affecting the face, arm, and leg equally usually
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implies a subcortical or brain stem localization. Complaints
of severe dysarthria are often indicative of a subcortical or
combined cortical and subcortical infarction.
ANATOMY OF THE NEUROVASCULAR SYSTEM

Extracranial Arterial System
Heart, Aorta, Common Carotid, Subclavian,
Innominate Arteries
The ascending aorta arises from the left ventricle. The aortic
arch gives rise to several important branches. The first
branch of the aorta is normally the innominate artery, which
is also referred to as the brachiocephalic trunk. Shortly after
its origin, the innominate artery divides into the right sub-
clavian and right common carotid arteries. The right verteb-
ral artery arises from the right subclavian artery, courses
posteromedially, and then enters the foramen transvers-
arium of C6. The right common carotid artery bifurcates
into the internal and external carotid arteries in the midcer-
vical region, usually at C3 or C4, approximately 3 cm below
the angle of the mandible. However, the bifurcation may be
as rostral as C1 or as caudal as T2.

The next branch of the aorta is the left common carotid
artery, which bifurcates into the internal and external caro-
tid arteries at the same level as the right common carotid
artery (Fig. 22-1). The last branch of the aortic arch is
Figure 22-1. Branches of the aortic arch. (Copyright
1996 by Indiana University Medical Illustration
Department.)
the left subclavian artery. The left vertebral artery is the
first branch of the left subclavian artery. This branch
usually arises from the superior portion of the artery and
then courses cephalad to enter the foramen transversarium
of C6. It is reported that the left vertebral artery is as large
as or larger in caliber than the right vertebral artery in
approximately 75% of cases.9
External Carotid Artery and Branches
The external carotid artery arises from the common carotid
artery in the midcervical region. The proximal portion of
this artery lies anteromedial to the internal carotid artery,
but as it ascends, it courses posteromedially to supply
structures of the face. The external carotid artery has nine
major branches (Fig. 22-2). Several of these branches, parti-
cularly the maxillary artery and its branches, the ascending
pharyngeal artery, and the facial artery, can be important
sources of collateral blood flow in the event of internal
carotid artery occlusion. The order in which these branches
arise and the selected important structures they supply are
as follows:

1. Superior thyroid artery, which supplies the larynx
and portions of the thyroid.

2. Ascending pharyngeal artery, which supplies por-
tions of the meninges, middle ear, lower cranial
nerves, and the upper cervical nerves.



Figure 22-2. Major branches of the external carotid artery.
(Copyright 1996 by Indiana University Medical Illustration
Department.)
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3. Lingual artery, which supplies the tongue and pharynx.
4. Facial artery, which supplies the face, palate, and

pharynx.
5. Occipital artery, which supplies musculocutaneous

structures of the scalp and neck.
6. Posterior auricular artery, which supplies the scalp,

tympanic cavity, pinna, and the parotid gland.
7. Maxillary artery, which is the larger terminal branch

that has three major portions, each with its own
branches. The most important branches to remember
are themiddlemeningeal artery,which can be lacerated
in head trauma and produce an epidural hematoma, and
the anterior deep temporal artery,which can be a source
of collateral blood flow through the ophthalmic artery
when the internal carotid artery is occluded.

8. Transverse facial artery, which with the facial artery
supplies the buccal area.

9. Superficial temporal artery, which is the smaller
terminal branch that supplies the anterior two-thirds
of the scalp and portions of the face.

Vertebral Extracranial Portion and Anterior
Spinal Artery
The vertebral artery is divided into four segments.10 The
first or V1 segment is the portion from its origin at the sub-
clavian artery to its entry into the costotransverse foramen
of C6 or C5. The second or V2 segment travels between
C6 and C2, entirely within the transverse foramina. The
third or V3 segment takes a tortuous course between C2
to the suboccipital triangle between the atlas and the occi-
put, where it is covered by the atlanto-occipital membrane.
The fourth or V4 segment is the intracranial portion, after it
has pierced the dura mater to enter the foramen magnum to
join the opposite vertebral artery at the medullopontine
level.

The anterior spinal artery is formed by the anastomosis
of the two branches of the vertebral arteries. This artery
extends from the olivary nucleus to the conus medullaris
and supplies the ventral surface of the medulla and the
anterior two-thirds of the spinal cord.

Intracranial Arterial System: Circle of Willis
Internal Carotid Artery and Branches (Ophthalmic
and Anterior Choroidal)
The internal carotid artery (ICA) can be conceptually
divided into three main segments: cervical, petrosal, and
intracranial. The cervical portion extends from the carotid
bifurcation to the base of the skull. This segment has no
branches. The petrosal segment begins after the artery
enters the base of the skull and travels through the carotid
canal in the petrous portion of the temporal bone. The
artery then crosses the foramen lacerum and enters the
cavernous sinus. The intracranial portion begins distal to
the petrosal segment and proximal to the anterior clinoid
process. At this point, the presellar and juxtasellar portions
of the ICA are distinguished. The juxtasellar portion lies
within the cavernous sinus and is closely associated with



Figure 22-4. Anterior posterior internal carotid artery arteriogram, arterial
phase. 1, Internal carotid artery; 2, anterior cerebral artery; 3, middle cer-
ebral artery; 4, medial lenticulostriate arteries. (Courtesy of Karen S. Cal-
demeyer, MD.)
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Figure 22-3. Lateral internal carotid artery angiogram, arterial phase.
1, Internal carotid artery; 2, ophthalmic artery; 3, anterior cerebral artery;
4, orbitofrontal branch; 5, frontopolar branch; 6, callosomarginal branch;
7, pericallosal branch; 8, middle cerebral artery branches. (Courtesy of
Karen S. Caldemeyer, MD.)
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cranial nerves III, IV, VI, and the ophthalmic and maxillary
divisions of cranial nerve V. Meningohypophyseal branches
arise from the presellar and juxtasellar portions to supply
the meninges and the posterior lobe of the hypophysis.
The ICA pierces the dura mater medial to the anterior
clinoid process to become supraclinoid.

The first major branch of the ICA, the ophthalmic artery,
arises at the level of the anterior clinoid process (Fig. 22-3).
After initially running intracranially, this artery traverses
the optic canal and then goes to the orbit. The most impor-
tant of the ocular branches is the central retinal artery.
Numerous anastomotic channels between the internal and
external carotid arteries ultimately involve the ophthalmic
artery.

After giving rise to the ophthalmic artery, the ICA gives
rise to the posterior communicating artery (PCoA) and then
the anterior choroidal artery (AChA). The AChA has a
proximal or cisternal segment that courses posteromedially
below the optic tract and medial to the uncus of the tem-
poral lobe. The artery then turns laterally and passes
through the crural cistern and around the cerebral peduncle
to enter the choroidal fissure of the temporal lobe.11 The
distal or plexal segment of the AChA starts at the choroidal
fissure and goes posteriorly in a cleft of the temporal horn.
The AChA may terminate near the lateral geniculate body
or extend around the pulvinar of the thalamus.12 There is
a rich anastomotic relationship between the AChA and
the lateral posterior choroidal, posterior communicating,
and posterior cerebral arteries. Therefore, the regions sup-
plied by the AChA and its branches can be extensive but
also variable. Possible regions supplied by this artery include
the choroid plexus of the temporal horn, the amygdaloid
nucleus, the piriform cortex and uncus of the temporal lobe,
the hippocampus and dentate gyri, the lateral geniculate
body, the optic tract and the origin of the optic radiations,
the genu and inferior and medial parts of the posterior limb
of the internal capsule, the medial globus pallidus, the tail of
the caudate nucleus, and the upper brain stem. After giving
off the AChA, the ICA bifurcates to form the anterior cerebral
and middle cerebral arteries (Fig. 22-4; see also Fig. 22-3).

Circle of Willis
The circle of Willis is an arterial anastomosis at the base of
the brain that connects the internal carotid and vertebroba-
silar arterial systems. The circle surrounds the ventral sur-
face of the diencephalon adjacent to the optic nerves and
tracts. The anterior portion of the circle of Willis consists
of the two internal carotid arteries, the anterior cerebral
arteries, and the anterior communicating artery. The poster-
ior portion of the circle consists of the proximal portions
of the posterior cerebral arteries and the two posterior
communicating arteries (Fig. 22-5).

Anterior Cerebral and Anterior Communicating Artery
The anterior cerebral artery (ACA) arises below the ante-
rior perforated substance and runs anteromedially to the
interhemispheric fissure, where it joins the opposite ACA
by way of the anterior communicating artery (ACoA).
The ACA supplies the medial surface of the cerebrum
and the upper border of the frontal and parietal lobes.12

The ACA is often divided into A1 and A2 segments. The
A1 segment is the horizontal, proximal portion that extends
from the origin of the ACA to its union with the contralat-
eral ACA by way of the ACoA. The A2 segment is the por-
tion of the ACA that is distal to the ACoA. It runs superiorly
into the interhemispheric fissure, coursing around the genu



Figure 22-5. Selective computed tomographic angiogram of the circle of
Willis.
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of the corpus callosum. It has an important relationship
anatomically to two other midline structures, lying above
the optic chiasm and the pituitary gland.

The ACA gives rise to medial lenticulostriate, perical-
losal, and hemispheric branches (see Fig. 22-4). The med-
ial lenticulostriate branches include basal branches, which
supply the dorsal aspect of the optic chiasm and hypothala-
mus, and the medial striate artery (recurrent artery of
Heubner), which supplies the anteroinferior limb of the
internal capsule and the anterior aspects of the putamen
and caudate nuclei. The callosal branches arise from the
pericallosal artery, which is that portion of the ACA distal
to the ACoA. Some reserve the term pericallosal artery for
the segment beyond the origin of the callosomarginal
artery. The ACA and the pericallosal arteries also supply
the septum pellucidum and the fornix. The hemispheric
branches supply the medial surface of the hemisphere and
include the orbitofrontal, frontopolar, internal frontal (ante-
rior, middle, and posterior), paracentral, and internal parietal
(superior and inferior) branches.

Middle Cerebral Artery and Its Branches
The middle cerebral artery (MCA), the largest branch
of the ICA, arises below the medial part of the anterior per-
forated substance. It supplies most of the lateral surface of
the cerebral hemisphere, including the lateral frontal, parie-
tal, and temporal lobes; insula; claustrum; and extreme
capsule.13

The MCA is divided into proximal, sylvian, and distal
segments. The posterior-superior aspect of the proximal seg-
ment gives rise to the lenticulostriate arteries that supply
the corona radiata, external capsule, claustrum, putamen,
part of the globus pallidus, body of the caudate nucleus,
and superior portion of the anterior and posterior limbs
of the internal capsule. Other branches that may arise
from the horizontal segment are the orbitofrontal and the
anterior temporal arteries, but there are many variations.
The sylvian segment includes all of the branches on the
insula of Reil and in the sylvian fissure. After the takeoff
of the anterior temporal artery, the main trunk of the MCA
usually bifurcates into two branches—a superior and inferior
division. Less common patterns include a trifurcation into
superior, middle, and inferior divisions and a ramification
pattern into four or more trunks. One branch gives rise to
the anterior or proximal group of arteries, and the other
branch gives rise to the posterior or distal group. The anterior
group includes the orbitofrontal, precentral, central, and
anterior parietal arteries. The posterior group includes the
posterior parietal, posterior temporal, and the angular or
terminal arteries.

Posterior Communicating Artery
The PCoA arises from the posteromedial aspect of the
intracranial ICA and runs caudally and medially above
the oculomotor nerve to join the posterior cerebral artery.
The two PCoAs from each side provide a connection
between the carotid and vertebrobasilar systems. The
PCoAs supply the anterior and medial portions of the
thalamus and also the walls of the third ventricle.

Posterior Cerebral Artery and Branches
The posterior cerebral arteries (PCAs) usually arise as the
terminal bifurcation of the basilar artery ventral to the mid-
brain (Fig. 22-6). Approximately 15% to 22% of people
have a fetal (embryonic) origin of the PCA from the
ICA.14,15 The PCA supplies the occipital lobes, inferome-
dial portions of the temporal lobes, midbrain, thalamus,
and deep structures including the choroid plexus and epen-
dyma of the third and lateral ventricles. The first branches
are the small thalamoperforating arteries that penetrate and
supply the midbrain, thalamus, and lateral geniculate body.
The next branches are the medial and lateral posterior chor-
oidal arteries that supply the posterior portion of the thala-
mus and the choroid plexus. An anterior division of the
PCA gives rise to the inferior temporal arteries (hippocam-
pal, anterior, middle, posterior, and common temporal
arteries) that supply the inferior portions of the temporal
lobes. A posterior division includes the two terminal bran-
ches of the PCA; the parieto-occipital artery, which sup-
plies part of the cuneus and precuneus, the superior
occipital gyrus, and, occasionally, the precentral and super-
ior parietal lobule; and the calcarine artery, which supplies
the visual cortex, inferior cuneus, and part of the lingual
gyrus. The splenial arteries may arise directly from the
PCA or from the parieto-occipital artery.

Vertebral System
Vertebral Arteries
The vertebral arteries (VAs) normally arise as the first
branches of the subclavian artery (see Fig. 22-1). They
course superiorly and medially to enter the transverse
foramen of C6. The VAs course vertically through the



1

2

3

54

6

Figure 22-6. Anterior posterior vertebral angiogram. 1, Vertebral artery; 2, pos-
terior inferior cerebellar artery; 3, anterior inferior cerebellar artery; 4, basilar
artery; 5, superior cerebellar artery; 6, posterior cerebral artery. (Courtesy
of Karen S. Caldemeyer, MD.)
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Figure 22-7. Lateral vertebral. 1, V3 segment of the vertebral artery; 2, V4
segment of the vertebral artery; 3, posterior meningeal artery; 4, posterior
inferior cerebellar artery; 5, basilar artery; 6, anterior inferior cerebellar
artery; 7, superior cerebellar artery; 8, posterior cerebral artery. (Courtesy
of Karen S. Caldemeyer, MD.)
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transverse foramen of C3–C6 and then turn superolaterally
to pass through the C2 foramen. After the arteries pass
through the foramen of the atlas, they curve around the
atlanto-occipital joint and lie in a horizontal groove along
the posterior arch of C1. The VAs then curve cephalad to
enter the skull through the foramen magnum.

Basilar Artery
The basilar artery is formed by the union of the two verteb-
ral arteries, which takes place at the lower border of the
ventral pons (see Fig. 22-6). It continues superiorly to
terminate in the interpeduncular cistern by dividing into
the PCAs. The branches of the basilar artery can be divided
into paramedian arteries, short circumferential arteries, and
long circumferential arteries. The paramedian vessels are
four to six in number, and they penetrate into the pontine
parenchyma to supply the medial basal pons. The short cir-
cumferential arteries enter the brachium pontis to supply
the ventrolateral basis pontis. The long circumferential
arteries include the superior cerebellar artery (SCA), ante-
rior inferior cerebellar artery (AICA), and the internal
auditory artery.
Long Circumferential Arteries (PICA, AICA, SCA)
The arterial supply to the cerebellum includes the posterior
inferior cerebellar artery (PICA), AICA, and SCA. PICA is
the largest branch of the vertebral artery (Fig. 22-7; see
also Fig. 22-6). PICA encircles the medulla to supply the
lateral medulla. The distal portion of PICA then bifurcates
into a medial trunk that supplies the vermis and the adja-
cent cerebellar hemisphere and a lateral trunk that supplies
the cortical surface of the tonsil and cerebellar hemisphere.

AICA most often arises directly from the basilar artery
(see Figs. 22-6 and 22-7). Rarely, it may arise from the
vertebral artery. In its normal course, it runs across the
pons, enters the cerebellopontine angle cistern, and then
forms a tight loop before running over the cerebellum.
AICA supplies the lateral tegmentum of the lower two-
thirds of the pons and the ventrolateral cerebellum. The
internal auditory artery arises from AICA to supply the
auditory and facial nerves.

SCA arises from the basilar artery near its terminal
bifurcation (see Figs. 22-6 and 22-7). It courses posterolat-
erally in the perimesencephalic cistern to circle the brain
stem in the region between the pons and the mesencepha-
lon. SCA supplies the superolateral cerebellar hemispheres,
the superior cerebellar peduncle, the dentate nucleus, and
part of the middle cerebellar peduncle.

Vascular Supply to the Spinal Cord
Extrasp inal System (Extramedullary Arteries)
The anterior spinal artery arises from the anastomosis
of two branches from the intracranial vertebral arteries.
It travels in the anterior sulcus of the spinal cord and
extends from the level of the olivary nucleus to the conus
medullaris. It supplies the ventral surface of the medulla
and the anterior two-thirds of the spinal cord. The artery is
continuous in the upper cervical region. However, in the
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segments inferior to the upper cervical region, it consists of
anastomosing branches from the anterior radicular arteries.

The two posterior spinal arteries most commonly arise
from the vertebral arteries. However, in some instances, they
arise from PICA. There are contributions from numerous
posterior radicular arteries that form an anastomotic network
on the posterior surface of the spinal cord.16 These arteries
supply the posterior one-third of the spinal cord. The anterior
and posterior spinal arteries join in an anastomotic loop at
the conus medullaris.17

The different regions of the spinal cord receive an
unevenly distributed blood supply. The upper cervicotho-
racic region between C1 and T2 is richly vascularized by
the anterior spinal artery in the most superior segments
and radicular arteries in the lower cervical and upper tho-
racic segments. The artery of the cervical enlargement is
the most important of these radicular arteries. There are a
number of radiculomedullary arteries that feed the poster-
ior spinal arteries. The intermediate or midthoracic portion
of the cord between T3 and T8 is poorly vascularized by
intercostal arteries. There is a single radiculomedullary
artery between T6 and T8. There are a limited number of
segmental feeders to the posterior spinal arteries. In the
lower or thoracolumbosacral region, there is again a rich
vascular supply through the radiculomedullary branches
of the intercostal and lumbar arteries. One important artery
is the great anterior radicular artery of Adamkiewicz
(artery of the lumbar enlargement). There are numerous
posterior radicular arteries at this level. An understanding
of these variations is important in spinal cord vascular syn-
dromes, particularly with hypoperfusion of the spinal cord
due to hypotension.

Intraspinal System (Intramedullary Arteries)
Branches of the anterior and posterior spinal arteries form a
vascular plexus or peripheral vasocorona that encircles the
cord. There are also sulcal arteries arising from the anterior
spinal system that travel in the anterior median fissure of
the cord and then branch and penetrate the cord. There
are fewer sulcal arteries in the midthoracic region, which
may contribute to the susceptibility of this region to ische-
mia. The branches of this plexus supply a major portion of
the white matter and the dorsal horns of the gray matter.
The arterial supply of the gray matter is richer than that
of the white matter. The gray matter, except the dorsal
horns, is supplied by the largest branches of the anterior
spinal artery called the sulcocommissural arteries. The dor-
sal horns and the funiculi are supplied by paired posterior
spinal arteries, posterior medullary feeders, and perforating
pial branches.

Venous System
The venous system of the spinal cord generally parallels
the arterial supply. An exception is the presence of a single
median posterior spinal vein, compared to the paired pos-
terior spinal arteries. The anterior spinal vein receives con-
tributions from the sulcal and circumferential veins. The
territories of the veins closely parallel the arterial supply,
except for the broader boundaries of the anterior spinal
vein.
Arterial Structure
Arteries are classified into three categories based on their
size and histological features. The large or elastic arteries,
such as the aorta and its major branches, have three layers:
the tunica intima, the tunica media, and the tunica adven-
titia. In large arteries, the intima is a smooth layer of thin
endothelial cells on a basement membrane; the media is the
muscular layer that is rich in elastic tissue; and the adventitia
is a layer of connective tissue with elastic fibers, nerve fibers,
and the vasa vasorum. With aging, the elastic fibers of the
media in large vessels become less resilient. This causes less
expansion with blood pressure elevations and predisposes
to tortuosity. The medium or muscular arteries also consist
of three layers. The distinguishing features of muscular
arteries are the internal elastic lamina that forms the outer
limit of the intima and the external elastic membrane that
forms the outer layer of the media and is more defined than
in large arteries. The adventitial layer in muscular arteries
contains more nerves than this layer in large vessels due to
their role in autonomic control. Arteriosclerosis and athero-
matosis are most characteristic of the large andmedium-sized
vessels. Medial calcific sclerosis can affect medium-sized ar-
teries. Finally, small arteries are characterized by a progres-
sive loss of the three layers such that arterioles have no
identifiable layers. The extracranial cerebral arteries have
the usual structure of elastic or muscular arteries. However,
intracranial arteries differ because they have no external
elastic lamina and there is no vasa vasorum.18

Blood-Brain Barrier
The microcirculation of the brain is unique because of the
blood-brain barrier (BBB). This barrier to free metabolic
exchange keeps a homeostatic environment around neurons.
There are actually two parts to the BBB, including the BBB
and the blood-cerebrospinal fluid (CSF) barrier.19 The
BBB consists of capillary endothelial cells that are joined
at tight junctions devoid of fenestrae. There is very little
pinocytosis occurring, and passage of substances depends
on their affinity for lipids and the presence of carrier pro-
teins. The blood-CSF barrier consists of the periventricular
region, including the choroid plexus, median eminence, and
the area postrema. In these locations, there is active pinocy-
tosis that allows small molecules into the subependymal
interstitial space. Cerebral edema occurs when there is an
increase in water content in the brain. Cerebral infarctions,
hemorrhages, and contusions cause vasogenic edema as a
result of leakage of water and plasma directly into the central
nervous system due to damaged capillary endothelial cells
that have lost their BBB function.

Venous Supply of the Brain
The venous system of the head and neck is extensive.
Emphasis is made here only to those vessels that are
relevant to cerebrovascular syndromes (Fig. 22-8).

The blood from the brain is drained by the cerebral
veins, which empty into dural sinuses that are primarily
drained by the internal jugular veins. The extracranial
draining veins of the neck consist of the external jugular
vein, the internal jugular vein, and the vertebral vein.



Figure 22-8. Major veins of the cerebral
venous system. (Copyright 1996 by Indiana
University Medical Illustration Department.)
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The venous drainage of the brain and meninges can be
divided into the diploic veins, the meningeal veins, the dural
sinuses, and the cerebral veins. The diploic veins run
between the tables of bone of the skull to drain the diploë.
These vessels communicate extensively with the extra-
cranial venous system, the meningeal veins, and the dural
sinuses. The meningeal veins are epidural vessels that
supply drainage for the falx cerebri, the tentorium, and the
cranial dura mater. The major dural sinuses include the
superior and inferior sagittal sinuses, the cavernous and
intracavernous sinuses, the superior and inferior petrosal
sinuses, the occipital sinus, and the straight, transverse,
and sigmoid sinuses.20

The dural sinuses that are most often affected by throm-
bosis are the superior sagittal sinus (SSS), the lateral
sinuses (LS), and the cavernous sinuses (CS). The SSS ori-
ginates near the crista galli, where it communicates with
the facial and nasal veins.21 It courses posteriorly in the
midline along the falx cerebri and then courses backward
toward the occipital protuberance, where it joins the lateral
and straight sinuses to form the torcular Herophili. The
SSS drains a major portion of the cortex. Due to its connec-
tion with the diploic veins that drain the scalp through the
emissary veins, the SSS can be affected by infections or
contusions of the face and scalp.

The LS course from the torcular Herophili to the jugular
bulbs. They have a transverse portion that lies in the
attached border of the tentorium and a sigmoid portion that
runs on the mastoid process. Due to the latter anatomical
configuration, this sinus can be affected by mastoiditis
and otitis media. The drainage territory of the LS includes
the cerebellum, brain stem, and the posterior portion of the
cerebral hemisphere.

The CS are paired venous structures that lie next to the
sphenoid bone. There are several important structures that
lie in the region of the CS, including cranial nerves
(CNs) III, IV, V1, and V2 in the lateral wall, and CN VI
and the carotid artery with its sympathetic plexus in the
central portion of the sinus. The CS drain blood from the
orbits and the anterior portion of the base of the brain.
They drain via the superior and inferior petrosal sinuses
into the internal jugular veins.

The three important groups of veins that drain blood
from the brain are the superficial cerebral veins, the deep
cerebral veins, and the veins of the posterior fossa. The
superficial cerebral veins lie along the cortical sulci. These
vessels drain the cerebral cortex and portions of the white
matter. The frontal, parietal, and occipital cortical veins
drain into the SSS, whereas the middle cerebral veins drain
into the LS. The middle cerebral veins run along the syl-
vian fissure to drain the opercular region. These veins are
unique because they have no muscular layers or valves,
which enables them to dilate and reverse the direction of
blood flow if a sinus into which they drain is occluded.
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The deep cerebral veins, including the internal cerebral and
basal veins, drain blood from the deep white matter of the
cerebral hemispheres and the basal ganglia. These veins
join to form the great vein of Galen, which subsequently
drains into the straight sinus. The veins of the posterior
fossa are divided into three major systems. The superior
group drains into the galenic system. The anterior group
drains the anterior cerebellum, pons, and medulla. The pos-
terior group drains into the torcular Herophili and adjacent
dural sinuses. They supply the cerebellar tonsils and the
posteroinferior cerebellar hemispheres.
EXAMINATION OF THE NEUROVASCULAR SYSTEM

Directed Neurological Examination
The carotid artery should be palpated gently for the presence
and the intensity of the impulse. The artery should be aus-
cultated for a bruit. However, a bruit is not always indicative
of carotid artery stenosis. In addition, the absence of a bruit
does not rule out carotid stenosis. A vertebral artery
bruit can be auscultated over the posterior upper cervical
region. The temporal region, the orbits, and the mastoid
region are good locations to auscultate cranial bruits, as in
the case of arteriovenous malformations or aneurysms.
Attention should be paid to the scalp, looking for promi-
nence or tenderness of the superficial temporal artery that
may be seen with temporal arteritis. Bounding pulsation of
the superficial temporal or the supraorbital arteries may be
seen with internal carotid occlusive disease owing to
increased collateral flow through the external carotid artery.
Necrosis of the scalp can be seen with temporal arteritis.

Attention should be paid to the ocular globe, looking for
scleral injection, dilated ocular and orbital vessels, pulsating
exophthalmos, chemosis, or ophthalmoplegia that can be
seen with carotid-cavernous fistulas. A dilated funduscopic
examination can demonstrate the ocular manifestations of
carotid vascular disease, including hypoperfusion or venous
stasis retinopathy, anterior ischemic optic neuropathy, retinal
infarctions, and rubeosis iridis. There may be evidence
of microemboli such as bright orange-yellow, refractile, or
Hollenhorst plaques; white platelet-fibrin intra-arterial plugs;
or gray-white nonrefractile calcific emboli.

A careful auscultation of the heart should focus on the
detection of structural lesions or rhythm disturbances. The
aorta and peripheral pulses should be palpated and auscultated
to provide clues to underlying peripheral atherosclerosis.

Associated Neurological Findings
CEREBRAL. Patients with ischemic stroke or intracere-

bral hemorrhage may have a number of varied cortical
deficits (Table 22-2). Patients should be evaluated for dis-
turbances in attention, emotion, memory, language, and
speech. Examination of higher cortical functions may be
difficult acutely, but serial examinations are often helpful
to detect the type and extent of cognitive disturbances.

A basic mental status examination should be performed,
evaluating orientation, object recall, calculations, reading,
writing, and comprehension. Patients should be examined
for disturbances in spatial relationships including anosogno-
sia, spatial disorientation, hemispacial neglect, constructional
apraxia, and other apraxias that are seen with nondominant
hemisphere lesions (Video 40, Apraxia). Finger agnosia and
right-left disorientation are seen with dominant hemispheric
lesions. The typical deficits seen with the various stroke
syndromes are detailed in Table 22-2.

Detailed classification of aphasia subtypes is helpful
in localizing the area of stroke (Video 96, Conduction
Aphasia). There are typical findings with regard to fluency,
comprehension, repetition, and naming with lesions in
different locations (see Chapter 6).

CRANIAL NERVES. Visual acuity should be checked
with correction to evaluate for a decrement that can be seen
with retinal vascular lesions. A dilated funduscopic exami-
nation may show evidence of retinal emboli. Visual fields
examination may show a homonymous hemianopia that
can be seen with MCA or PCA territory stroke or with
PCA occlusion secondary to basilar artery disease. Bilat-
eral homonymous hemianopia results in cortical blind-
ness and is most often due to simultaneous or successive
PCA occlusions.

Vertical eye movements are impaired with midbrain
infarctions. Examination of CN III may disclose an ocu-
lomotor paresis that can be seen with the midbrain
syndromes, an aneurysm at the junction of the internal car-
otid and posterior communicating arteries, an aneurysm of
the ICA in the cavernous sinus, or with uncal herniation.
Horizontal eye movements are impaired with pontine
infarctions. CN IV may be affected by midbrain infarction
or hemorrhage. CN VI may be affected by pontine infarc-
tion or hemorrhage (Video 1, Cranial Nerve VI Palsy),
carotid aneurysms or carotid-cavernous fistulas within the
cavernous sinus, or compressive lesions within the prepon-
tine cistern such as with fusiform basilar artery aneurysms.
Pupillary responses may be helpful in localization of the
vascular lesion. Pinpoint pupils that are reactive are seen
with pontine tegmental lesions. Fascicular or peripheral
III nerve lesions seen with compression due to aneurysms
and herniation produce an ipsilateral dilated and unrespon-
sive pupil. Lesions in the midbrain tegmentum produce
midposition, irregular, and corectopic pupils (noncentered).
Lesions in the midbrain tectum produce midposition and
unreactive pupils, often with spontaneous hippus.

Horner’s syndrome (Video 17, Horner’s Syndrome) may
be seen with disruption of the descending oculosympa-
thetic system in lateral medullary infarctions (Wallenberg’s
syndrome), infarctions in the territories of the superior
cerebellar or anterior inferior cerebellar arteries, or mesence-
phalic hemorrhages. Cervical carotid dissection or occlusion
can be associated with postganglionic Horner’s syndrome.

An internuclear ophthalmoplegia (INO) (Video 19, Inter-
nuclear Ophthalmoplegia), characterized by adductionweak-
ness on the side of the medial longitudinal fasciculus lesion
and monocular nystagmus of the abducting eye, can be
seen with brain stem infarctions. The INO may be unilateral
or bilateral.

CN IVmay be affected with midbrain infarction or hemor-
rhage. CN V may be affected with vascular disease of the
pons or medulla or in the cavernous sinus. Dysfunction of
CN VII can be manifested as a central facial palsy due to
supranuclear corticobulbar lesions that cause a contralateral
paresis of the lower portion of the face, with relative sparing
of upper facial function (Video 2, Central CN VII Paresis).



TABLE 22-2

Clinico-anatomical Correlation of Disorders of Neurovascular Function

ANATOMICAL
SITE OF
DAMAGE NEUROVASCULAR CEREBRAL CRANIAL NERVES

MOTOR/REFLEXES/
CEREBELLAR/GAIT SENSOR

AUTONOMIC
NERVOUS SYSTEM

Diffuse Ischemia—Hypoperfusion

Cerebral Usually normal Confusion,
somnolence

Lower altitudinal defect; saccade/
pursuit defects

Bibrachial weakness Bibrac l sensory loss Orthostatic
hypotension

Spinal cord Usually normal Normal Normal Paralysis below lesion Sensor oss below lesion Orthostatic
hypotension,
bladder/ bowel
incontinence

Extracranial
steal
syndrome

Decreased radial
pulse in affected
arm

Normal Transient CN dysfunction Transient uni- or bilateral
quadriparesis

Transi sensory loss,
bod ot face

Decreased blood
pressure in affected
arm

TIA

Carotid Carotid bruit,
decreased carotid
pulse,
atherosclerosis

Transient aphasia
and dysarthria

Ipsilateral amaurosis fugax,
contralateral HH

Transient contralateral
weakness or clumsiness

Transi bilateral sensory loss Cardiac arrhythmia,
hypertension

Vertebrobasilar Vertebral or basilar
bruit

Normal Transient CN findings—diplopia,
dysarthria

Transient bilateral weakness or
clumsiness

Transi bilateral sensory loss Cardiac arrhythmia,
hypertension

Focal Ischemia Carotid System

Carotid Carotid pulse
diminished or
absent

Depressed
consciousness,
global aphasia

Retinal emboli, contralateral HH,
conjugate eye deviation

Weakness contralateral face,
arm, leg

Contra eral hemisensory loss
face rm, leg

Cardiac arrhythmia,
hypertension

Middle
cerebral

Possible bruit mid/
upper cervical area

Aphasia (left),
apraxia (right)

Contralateral HH Weakness contralateral face,
arm greater than leg

Contra eral hemisensory loss
face rm, greater than leg

Cardiac arrhythmia,
hypertension

Anterior
cerebral

Possible bruit mid/
upper cervical area

Emotional lability,
aphasia (left),
apraxia (right)

Conjugate eye deviation Weakness contralateral leg
more weak than face, arm

Contra eral hemisensory
loss g more involved than
face d arm

Cardiac arrhythmia,
hypertension

Anterior
choroidal

Possible cervical
bruit,
atherosclerosis

Affect changes,
hemineglect

Contralateral HH Weakness contralateral face,
arm, leg

Contra eral hemisensory loss
face rm, leg

Cardiac arrhythmia,
hypertension

Small vessel
(lacunar
infarction)

Usually normal Dementia (multiple
lacunar strokes)

Usually normal (except for
CN VII)

Paralysis, if present, usually
involves face, arm, leg

Sensor oss, if present involves
face rm, leg

Hypertension

Anatomical
Site of
damage

Neurovascular Cerebral Cranial Nerves Motor/Refelexes/ Cerebellar/
Gait

Sensor Autonomic Nervous
System

Focal Ischemia Vertebrobasilar System

Posterior
inferior
cerebellar

Possible vertebral
bruit

Normal Ipsilateral weak palate, Horner’s
syndrome, decreased p/t ipsilateral face

Ipsilateral limb ataxia Decrea d p/t contralateral body Cardiac arrhythmia,
hypertension

Anterior
inferior
cerebellar

Normal Normal Ipsilateral deafness, ipsilateral facial
weakness, decreased sensation
ipsilateral face

Ipsilateral limb ataxia Decrea d p/t contralateral body Cardiac arrhythmia,
hypertension

Continued
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TABLE 22-2

Clinico-anatomical Correlation of Disorders of Neurovascular Function—cont’d

ANATOMICAL
SITE OF
DAMAGE NEUROVASCULAR CEREBRAL CRANIAL NERVES

MOTOR/REFLEXES/
CEREBELLAR/GAIT SENSORY

AUTONOMIC
NERVOUS SYSTEM

Focal Ischemia Vertebrobasilar System—continued

Superior
cerebellar

Normal Normal Nystagmus, ipsilateral deafness,
diplopia (CN IV)

Ipsilateral limb ataxia Decreased all sensory modalities
contralateral body

Cardiac arrhythmia,
hypertension

Posterior
cerebral

Possible vertebral
bruit

Visual agnosia, visual
neglect, dyslexia

Contralateral HH, cortical blindness,
Balint’s syndrome

Usually normal, possible
chorea or ballism

Normal unless thalamic pain Cardiac arrhythmia,
hypertension

Medial
midbrain
basilar

Usually normal Normal Internuclear ophthalmoplegia, CN III
paresis

Contralateral body weakness,
ataxia

Normal Cardiac arrhythmia,
hypertension

Medial pontine
basilar

Usually normal Normal Internuclear ophthalmoplegia, CN6
paresis or conjugate eye deviation to
side of lesion

Contralateral body weakness,
bilateral lesions cause
quadraparesis and “locked-
in” syndrome

Normal, may have decreased
position and vibration
contralateral body

Cardiac arrhythmia,
hypertension

Medial
medullary

Usually normal Normal CN XII: dysarthria, may have upbeat
nystagmus

Contralateral body weakness,
ataxia

Decreased position and vibration
contralateral body

Cardiac arrhythmia,
hypertension

Transient
global
amnesia

Normal Loss of memory for
recent events,
cannot learn new
information

Normal Normal Normal Normal

Hemorrhage

Subarachnoid Possible cranial
bruits

Variable depressed
level of
consciousness

CN III paresis if internal carotid
posterior communicating artery
aneurysm

Normal, unless
intraparenchymal extension
or secondary vasospasm

Normal, unless intraparenchymal
extension or secondary
vasospasm

Hypertension, cardiac
arrhythmia

Fundus: subhyaloid hemorrhages
Intracranial

hematoma
Possible cranial

bruits
Depressed level of

consciousness
Depends on location: brain stem-CN

findings prominent; cortical/
subcortical-HH; thalamic-conjugate
downward deviation

Hemi- or quadriplegia Cannot assess well if comatose.
If thalamus or parietal lobe
affected, hemisensory loss
contralateral

Hypertension

Extracranial
hematoma

Normal Normal or depressed
level of
consciousness

Normal, possible CN VI palsy from
increased intracranial pressure

Varying degree of hemiparesis Varying degree of hemisensory
loss

Normal or Cushing’s
triad if increased
intracranial pressure

Vascular Anomalies

Intracranial
steal

Cranial bruits May have cognitive
deficits

Transient visual deficits Transient hemiparesis Transient hemisensory deficits Normal

Vessel
dissection

Diminished carotid,
superficial
temporal, or
supraorbital pulses

Normal unless
infarction occurs

CN XII lesions, other CN (II, III, V, XI)
may be involved; Horner’s syndrome

Variable hemiparesis Variable hemisensory loss

Vascular
fistula

Orbital bruit, ocular
pulsation

Normal Variable visual loss and restriction of eye
movements and chemosis

Normal Normal Normal

Spinal Cord Ischemia

Anterior spinal
artery

Aortic pulsation or
aortic dissection

Normal Normal Flaccid paraplegia or
quadriplegia below lesion

Loss of pain and temperature
below lesion

Hypotension

Posterior
spinal artery

Normal Normal Normal Loss of reflexes below lesion Loss of position and vibration
below lesion

Hypotension

HH, homonymous hemianopia; p/t, pain/temperature sensation.
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This type of involvement is commonly seen with cortical or
subcortical cerebral hemorrhage or ischemia. A peripheral
type facial nerve palsy with paralysis of the upper and lower
facial muscles can be seen with pontine lesions.

Acute hearing loss can occur with AICA infarctions.
Vascular lesions of the auditory cortex do not lead to com-
plete deafness, even if the lesions are bilateral. Pure word
deafness can occur with unilateral or bilateral temporal
lesions affecting Heschl’s gyri. Due to the binaural repre-
sentation of the ascending auditory tracts above the level
of the cochlear nuclei, lesions of the brain stem involving
the auditory pathways do not cause deafness.

Dysfunction of CN IX and CN X with vascular lesions is
manifested by dysphagia and an altered gag response.
Bilateral supranuclear corticobulbar lesions, as can occur
with bilateral infarctions, can result in severe dysphagia
as well as other pseudobulbar signs (Video 10, Dysarthria).
Lateral medullary infarctions affect CN IX and CN X
function due to involvement of the nucleus ambiguus and
cause hoarseness, hiccups, dysphagia, and paralysis of the
pharynx, palate, and vocal cords.

Lesions of CN XII can be assessed by observing the ton-
gue at rest and with protrusion. With supranuclear lesions
due to infarction or hemorrhage, the tongue will deviate
toward the side of the hemiplegia. This nerve can also be
affected in its intramedullary course due to infarction or
hemorrhage. The medial medullary syndrome can cause
paresis of the tongue, with the tongue protruding away
from the hemiplegia.

MOTOR/REFLEXES/CEREBELLAR/GAIT. The motor
deficits with cerebrovascular disease can vary from a mild
limb drift to hemiplegia (Video 4, Pronator Drift). The dif-
ferent clinical syndromes have different patterns of motor
deficits, and the extent of weakness varies (see Table 22-
2). The presence of bilateral or crossed weakness may sug-
gest vertebrobasilar circulation ischemia, particularly in the
presence of other signs of vertebrobasilar ischemia. Weak-
ness of the face and arm more than the leg usually indicates
MCA ischemia. Involvement of the face, arm, and leg
equally can be seen with capsular or pontine ischemia.
Prominent weakness of the leg may be seen with ACA
ischemia (Video 11, Hemiplegic Gait). In spinal cord vas-
cular lesions, there is paralysis below the level of the lesion
if the anterior spinal artery is involved.

It is also important to evaluate tone since hypotonia
may be seen with cerebellar lesions and varying degrees
of hypertonicity can be seen with cerebral infarcts or
hemorrhages or with brain stem compression. Paratonia
(gegenhalten phenomenon) is present often with frontal
infarction or hemorrhage.

Asymmetry of the muscle stretch reflexes or a uni-
lateral extensor toe sign or Hoffman response may be
the only indication of corticospinal tract dysfunction
(Video 80, Hyper-reflexia). There may be “primitive”
reflexes, such as a grasp or snout reflex with extensive
frontal lesions.

Ataxia or dystaxia of the limbs, trunk, or gait is seen
with cerebellar lesions. The gait may be wide based, with
impaired tandem gait. Asynergia, dysdiadochokinesia,
and dysmetria may be present (Video 9, Dysmetria). The
presence of truncal ataxia and titubation suggests a lesion
in the midline cerebellum.
SENSORY. Tactile sensory loss may be seen with many of
the stroke syndromes (see Table 22-2). Patients can be tested
for graphesthesia and stereognosis. Lesions of the postcentral
gyrus in the parietal lobe can cause contralateral sensory loss
with astereognosis, impaired position sense, and impaired
tactile sensation greater than to pain, temperature, and vibra-
tion. There may be extinction to double simultaneous tactile
stimulation. Hemisensory deficits can occur with thalamic
infarctions in the territory of the thalamogeniculate arteries,
which supply the somatosensory nuclei. There are crossed
sensory findings with lateral medullary infarctions.

In spinal cord vascular lesions, there is loss of pain and
temperature sensation below the level of the infarction if
the anterior spinal artery is involved. Loss of position,
vibration, and light touch sensation below the level of the
lesion is seen with infarction of the posterior spinal artery.

AUTONOMIC NERVOUS SYSTEM. Other autonomic test-
ing is usually normal with disturbance of neurovascular
function.With the anterior spinal artery syndrome, there is loss
of bowel, bladder, and sexual function due to dysfunction of
autonomic pathways.

Orthostatic blood pressure and pulse will provide infor-
mation on ambient autonomic function and reflex response
to gravitational changes. In cases in which vascular
abnormalities in the neck are suspected (e.g., subclavian
steal syndrome), left versus right blood pressure and pulse
comparisons are useful.
EVALUATION GUIDELINES

The goals of the diagnostic evaluation are to establish
the diagnosis of ischemic or hemorrhagic cerebrovascular
disease as a cause of the patient’s symptoms and to determine
the underlying cause of the event. Early diagnosis and man-
agement in the first few hours after stroke are critical. Since
proper management begins with an accurate diagnosis, it is
paramount to differentiate between cerebral infarction and
hemorrhage. The tests that may assist with diagnosis are
detailed in Table 22-3. There are a number of potential etio-
logies of cerebral infarction and hemorrhage that need to
be considered (Tables 22-3 and 22-4; see Chapter 45).

NEUROIMAGING. In patients with suspected ischemic
stroke, an unenhanced computed tomogram (CT) of the
brain is usually the first test performed due to its availabil-
ity and the rapid production of images. It can readily differ-
entiate between infarction and hemorrhage. In addition,
other disorders that mimic acute cerebrovascular disease
can be excluded, including tumors, abscesses, and subdural
hematomas. Intravenous contrast-enhanced CT is needed
only when these diagnoses are a consideration. Thin CT
cuts through the posterior fossa should be done if posterior
fossa pathology is suspected. Magnetic resonance imaging
(MRI) has some benefits over CT due to its more accurate
and earlier diagnosis of infarction, especially for smaller
strokes, while showing equivalent accuracy in determining
when hemorrhage is present. MRI is more sensitive than
CT for other types of brain disease, such as brain tumor,
that might mimic a stroke. Diffusion-weighted MRI
(DWI), a technique sensitive to the Brownian motion of
water molecules, is very sensitive and relatively specific



TABLE 22-3

Useful Tests in the Evaluation of Disorders of Neurovascular Function

SYNDROME
NEUROIMAGING:
MRI/CT ELECTROPHYSIOLOGY

FLUID AND TISSUE
ANALYSIS

NEUROPSYCHOLOGICAL
TESTS OTHER TESTS

Ischemia

Diffuse hypoperfusion
Cerebral

Uni- or bilateral
infarcts in
“watershed” areas

EEG: diffuse slowing NA Depressed LOC None

Spinal cord Infarct in thoracic
“watershed” areas

SSEP delay NA Normal None

Extracranial steal
syndrome

Normal unless
infarct occurs

EEG usually normal NA NA None

TIA

Focal ischemia
Large vessel Infarct in involved

region
Polymorphic delta

waves over region
Lab tests* Variable depending on

site
Chest x-ray, ECG, NV

testsy

Small vessel (lacunae) Small infarcts
subcortex and
brain stem

Normal Lab tests* Variable depending on
site

Chest x-ray, ECG, NV
testsy

Hemorrhage

Subarachnoid Blood subarachnoid
space, MR
angiogram may
visualize
aneurysm

Varying degrees of
diffuse slowing

CSF: RBCs/
xanthochromia

Depressed LOC
dependent on extent of
bleeding,
hydrocephalus, and
vasospasm

Cerebral angiography to
show aneurysm

Intracranial hematoma Intraparenchymal
blood

EEG: polymorphic
slow waves over
region

Decreased CSF
cystatin C
(cerebral
amyloid
angiopathy)

Variable depressed LOC
depending on site

Biopsy of hematoma
site may reveal tumor
cells or cerebral
amyloid angiopathy

Extracranial
hematomas

Extradural or
subdural defects

EEG: attenuated
background over
hematoma

NA Variable degrees of
depressed
consciousness

Cerebral angiogram:
avascular mass

Vascular Anomalies

Intracranial steals MRI/CT: vascular
mass

EEG: slow waves in
contralateral
hemisphere

Normal Variable cognitive
effects depending on
site of AVM

AVM on cerebral
angiogram

Vessel dissection Cerebral or brain
stem infarct

EEG: polymorphic
slow waves over
ipsilateral
hemisphere

Normal Aphasia in carotid
dissection

Dissection seen on
angiogram

Fistula MRI/CT: dilated
vascular structure,
esp. cavernous
sinus

Normal NA Normal Cerebral or MR
angiogram; dilated
vascular channels

Spinal cord ischemia MRI: infarction of
cord

SSEP: normal (anterior
spinal artery) or
prolonged (posterior
spinal artery)

NA NA Spine x-rays, aortic
ultrasound, TEE,
angiography useful in
aortic dissection

*Lab tests ¼ standard battery of tests of neurovascular evaluation; includes CBC with differential, platelet count, ESR, PT, PTT, plasma glucose, BUN, creatinine, lipid ana-
lysis, luetic serology, urinalysis. More detailed testing for hematological abnormalities are added as indicated.
yNV tests ¼ noninvasive diagnostic procedures are carotid and vertebral duplex, 2-D echocardiography, or TEE. These are useful in evaluating a cerebrovascular lesion.
Cerebral angiography is invasive and therefore used only in selected instances.
AVM, arteriovenous malformation; CT, computed tomography scan; EEG, electroencephalography; LOC, level of consciousness; MRI, magnetic resonance imaging; NA, not
applicable; SSEP, somatosensory evoked potentials; TEE, transesophageal echocardiography.
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in detecting acute ischemic stroke. DWI findings have
shown high levels of diagnostic accuracy; however, studies
have demonstrated that small brain stem lacunar infarctions
may escape detection with this technique.21 MRI perfusion
imaging in combination with DWI has been increasingly
used in the management algorithm of ischemic stroke with
thrombolytic agents.

In patients with suspected intracerebral hemorrhage,
CT is the most effective initial test to accurately identify
the location, site, direction of extension, and type of an
acute intracerebral hemorrhage. The presence and degree
of hydrocephalus, ventricular shift or compression, and
edema can be assessed. Although MRI is not often used
acutely, it is an important diagnostic tool later for identify-
ing whether vascular malformations or tumors are present.

Carotid Doppler ultrasonography is used as a noninvasive
means of evaluating for stenosis or occlusion of the common
and proximal portions of the internal and external carotid
arteries. Transcranial Doppler ultrasound is a technique that
allows identification of alteration in direction or velocity of
flow in the basal intracranial arteries. This test can be helpful
in subarachnoid hemorrhage to evaluate for vasospasm.



TABLE 22-4

Selected Etiologies Associated with Neurovascular Disorders

ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER

Structural Disorders

Developmental structural disorders Saccular aneurysms 28
Arteriovenous malformations

Hereditary and Degenerative Disorders

Storage diseases: Lipidoses, glycogen disorders, and
leukodystrophies

Fabry’s disease 30

Amino/organic acidopathies, mitochondrial enzyme
defects, and other metabolic errors

MELAS 31
Menke’s disease

Chromosomal abnormalities and neurocutaneous disorders Rendu-Osler-Weber, Ehlers-Danlos type IV 32
Movement disorders Sydenham’s chorea 34
Hereditary nondegenerative neuromuscular disease Inherited disease producing accelerated atherosclerosis

Inherited nonatherosclerotic vasculopathies 37

Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders Acquired prothrombotic states 38
Exogenous acquired metabolic disorders of

the nervous system: Toxins and illicit drugs
Heroin, cocaine, phencyclidine, phenylpropanolamine, amphetamines,

methanol intoxication
39

Nutritional deficiencies and syndromes associated
with alcoholism

Binge alcohol intoxication 40

Infectious Disorders

Viral infections Herpes zoster arteritis 41
Nonviral infections Meningovascular syphilis, meningitis (bacterial, tuberculosis),

fungal infections, sarcoidosis
42

HIV and AIDS Bleeding diatheses, opportunistic infection 44

Neurovascular Disorders Arterial hypertension
Atherosclerotic vasculopathy
Embolic cardiac diseases, valvular heart disease,

arrhythmias, intracardiac defects, cyanotic
congenital heart disease, atrial myxoma, infective
endocarditis

Hemoglobinopathies
Vascular anomalies (e.g., aneurysms, AVMs)
Nonatherosclerotic vasculopathies
Cerebral venous thrombosis 45

Neoplastic Disorders

Primary neurological tumors Intracranial hemorrhage into tumor 46
Metastatic neoplasms and paraneoplastic syndromes Paraproteinemias, intracranial hemorrhage 47

Autoimmune and Inflammatory Disorders Temporal arteritis 50
Takayasu’s arteritis
Wegener’s granulomatosis
Polyarteritis nodosa
Behçet’s disease
Buerger’s disease

Traumatic Disorders Arterial dissection 51
Extracerebral hemorrhage

Headache and Facial Pain Migraine 53

Drug-Induced and Iatrogenic Disorders Oral contraceptives 55
MAO inhibitors
Radiation vasculopathy
Anticoagulants/thrombolytics
Stroke associated with surgery
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Magnetic resonance angiography (MRA) may be used to
produce very detailed two- and three-dimensional images
of the blood vessels using MRI technology. MRA can be
particularly useful in cases of hemodynamically conse-
quential extracranial internal carotid artery stenosis, in
cases of suspected cervicocephalic arterial dissection, in
imaging the major intracranial arteries in the region of
the circle of Willis, and in cases of intracranial venous
occlusive disease. Limitations of MRA include a tendency
to overestimate the degree of arterial stenosis; difficulties
in assessing tandem arterial lesions, intracranial vasculitis,
and arterial ulcerations; and difficulty in the assessment
of very slow flow.

Computed tomographic angiography (CTA) is rapidly
emerging as an alternative to MRA for imaging both the
extracranial and the intracranial circulation, but it requires
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the administration of intravenous iodinated contrast and
has additional limitations, including a considerable amount
of time required for processing the acquired data.

Catheter cerebral angiography is indicated in patients who
are possible candidates for carotid endarterectomy, angio-
plasty/stenting, and cerebral vasculitis; patients suspected of
harboring tandem lesions; and patients with cervicocephalic
arterial dissections with suboptimal MRA or CTA studies or
contraindications for MRA or CTA. Cerebral angiography
plays an important role in the evaluation of selected patients
with intracerebral hemorrhage. Angiography is of importance
when there is reason to suspect an aneurysm, arteriovenous
malformation (AVM), vasculitis, or moyamoya disease
(Video 216, Moyamoya Stroke). Angiography is performed
in patients who have an atypical location for hypertensive
hemorrhage or in the young patient without hypertension.

In patients with spinal cord ischemia, a spinal MRI may
show an area of infarction or hemorrhage or a vascular
malformation.

BODY FLUID AND TISSUE ANALYSIS. A basic workup
that should be performed in all patients with ischemic
stroke includes a complete blood count with differential
and platelet count, erythrocyte sedimentation rate, pro-
thrombin time with international normalized ratio, acti-
vated partial thromboplastin time, plasma glucose level,
blood urea nitrogen, serum creatinine, lipid analysis, luetic
serology, and urinalysis (see Table 22-3).

A basic evaluation that should be performed in all patients
with intracerebral hemorrhage includes a complete blood
count with differential and platelet count, prothrombin time
with partial thromboplastin time, erythrocyte sedimentation
rate, plasma glucose, serum alkaline phosphatase, serum
aspartate aminotransferase, serum calcium, blood urea nitro-
gen, serum creatinine, and urinalysis. Additional paraclinical
evaluation is listed in Table 22-3.

CEREBROSPINAL FLUID. There is almost no indication
for a lumbar puncture in patients suspected of having
ischemic stroke or intracerebral hemorrhage. Rarely,
patients suspected of having infection as a cause of stroke
may need CSF analysis. In patients with intracerebral hem-
orrhage or a large hemispheric stroke, a lumbar puncture
can be dangerous because of sudden intracranial compart-
mental shifts with resultant herniation. Patients with sus-
pected subarachnoid hemorrhage with a CT scan that does
not reveal hemorrhage should undergo a lumbar puncture.
There is no need to perform a lumbar puncture if the CT scan
shows subarachnoid blood.

NEUROPSYCHOLOGICAL TESTS. Depression occurs
in 30% to 50% of stroke patients within 2 years of the
initial event.22 Poststroke depression produces physical,
emotional, and cognitive symptomatology and may have
a major impact on the recovery of these patients. Approxi-
mately 40% to 50% will display depressive symptomato-
logy in the first month after stroke. Approximately half
of the patients meet criteria for major depression. The other
half have minor depressive symptoms. A particularly inter-
esting finding, not corroborated by all investigators,
has been that depression is most common with strokes
involving the frontal lobe and head of the caudate nucleus,
particularly with lesions close to the frontal pole. Depres-
sion is more common with lesions affecting the left dorso-
lateral frontal lobe in comparison with the right frontal
pole. One possible explanation for this neuroanatomical
correlation is that such lesions may interrupt noradrenergic
and serotoninergic pathways. Both nortriptyline and citalo-
pram have shown efficacy in the treatment of poststroke
depression.23 Persuading patients to comply with treatment
requires a detailed explanation of the potential unwanted
effects of the medications. The selection of the antidepres-
sant is based on the side effect profile of the medication
and the clinical characteristics of the patient.

Other neuropsychiatric problems that can occur after
stroke include mania, anxiety, bipolar affective disorders,
and psychosis. Another problem that can develop is a pseu-
dobulbar affect or emotional incontinence that may be due
to bilateral infarctions.

OTHER TESTS. Other tests that should be performed in all
patients with ischemic stroke include chest roentgenography
and electrocardiography. Cardiac investigations to determine
whether emboli have a cardiac source are advised in selected
circumstances. Two-dimensional echocardiography in older
patients with ischemic stroke is often limited to those with
clinical clues of heart disease. Two-dimensional echocardio-
graphy should be considered in all patients younger than 45
years with otherwise unexplained ischemic stroke. Transeso-
phageal echocardiography should be used in selected indivi-
duals, particularly for the evaluation of mitral and aortic
prosthetic valves or vegetations; whenever there is a need
for better visualization of the left atrial appendage or in-
teratrial septum; or when a right-to-left shunt or debris from
atherosclerosis of the aortic arch is suspected.
CLINICAL SYNDROMES

There are a number of syndromes that result from ischemia or
hemorrhage involving the central nervous system. Table 22-2
details typical clinical features, whereas Table 22-3 details
tests that assist in the diagnosis of the syndromes. Causes of
stroke are discussed in Chapter 45.

Diffuse Hypoperfusion Syndromes (Cerebral and
Spinal Cord)
As discussed in the section on arterial anatomy, the mid-
thoracic spinal cord is a border zone or watershed area that
is susceptible to ischemia due to the unequal blood supply
in this region. In situations of systemic hypoperfusion,
there can be a spinal cord infarction. Conditions such as
an aortic dissection can also cause a global decrease in
spinal cord perfusion that results in gray matter infarction
with relative sparing of the white matter tracts.

There can be border zone or watershed infarctions in the
brain between themajor arterial circulations. These conditions
may occur with severe hypotension or in association with
cardiac surgery. There are several described syndromes.24

If there is ischemia in the border zone territory of the
anterior, middle, and posterior cerebral arteries, there may
be bilateral parieto-occipital infarcts. There can be a vari-
ety of visual defects, including lower altitudinal visual field
defects, optic ataxia, cortical blindness, disorders of ocular
pursuit, and abnormalities in judging size, distance, and
movement. If there is ischemia between the territories of
the anterior and middle cerebral arteries bilaterally, a syn-
drome of bibrachial sensorimotor impairment can occur.
Initially, there is weakness of the entire upper limbs, but
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later the weakness may be confined to the forearms and
hands. Saccadic eye movements may be impaired due to
involvement of the frontal eye fields. In ischemia to the
border zone regions between the middle and posterior
cerebral arteries, there can be bilateral parietotemporal
infarctions. Patients have cortical blindness initially that
may improve. However, there are a number of defects in
higher cortical function that persist, including dyslexia,
dysgraphia, dyscalculia, and memory defects.
Extracranial Steal Syndromes from Disease
of the Aortic Branches
Occlusive disease in the subclavian arteries or the innominate
artery can give rise to extracranial steal syndromes. The most
defined syndrome is the subclavian steal syndrome. In this
condition, occlusive disease in the proximal subclavian
artery can lead to a siphoning of blood away from the brain
by a reversal of flow down the vertebral artery on the affected
side to the ischemic limb. The pulse and blood pressure are
diminished in the affected limb. The symptoms may include
headache, vertebrobasilar ischemia, and limb claudication,
often precipitated by exercise. A bruit may be heard over
the subclavian artery. The limb may become cyanotic if it
is held above the level of the heart. It should be noted that
a majority of people with subclavian steal detected by nonin-
vasive techniques have no neurological symptoms.25
Figure 22-9. CT of a large acute right middle cerebral artery territory
infarction. (Courtesy of Karen S. Caldemeyer, MD.)
Transient Ischemic Attacks
A TIA is a transient episode of focal neurological or retinal
dysfunction secondary to impaired blood supply in a vascular
territory. Clinical signs typical of TIAs in the carotid and ver-
tebrobasilar territories are outlined in Table 22-2. It should be
noted that transient vertigo, diplopia, dysarthria, or dyspha-
gia in isolation is insufficient to establish a diagnosis of ver-
tebrobasilar TIAs. In addition, isolated drop attacks in which
the patient falls to the ground, maintains consciousness, and
then arises without a deficit are seldom due to vertebrobasilar
ischemia. The annual risk of stroke after a TIA is 3% or 4%
per year. However, the risk of a subsequent stroke is at least
three times greater for individuals who have had a TIA than
in those individuals who have not had a TIA.26

Amaurosis fugax may be described as a sudden onset of a
“fog,” “haze,” “scum,” “curtain,” “shade,” “blur,” “cloud,”
or “mist.” A curtain or shade pattern with the loss of vision
moving superiorly to inferiorly is described only by 15% to
20% of patients.27,28 Less commonly, there can be a con-
centric visual loss presumed to be due to marginal perfusion
causing diminished blood flow to the retina. The visual loss
is sudden in onset, often brief in duration, and painless in
nature. The length of visual loss is usually 1 to 5 minutes
and rarely lasts more than 30 minutes. Positive phenomena
such as scintillation, fortification spectra, or flashing lights
are rarely indicative of amaurosis fugax. After an episode
of amaurosis fugax, the vision is usually fully restored,
although some patients may have permanent visual loss
due to a retinal infarction (see Table 22-2).28

In amaurosis fugax, it is key to evaluate for ICA stenosis
with a carotid duplex ultrasound and to exclude temporal
arteritis or a cardiac abnormality as a cause.
Carotid System Stroke Syndromes
Internal Carotid Artery Occlusion
Occlusion of the ICA can produce symptoms and signs
of infarction in either the ACA or the MCA territories
(or both), as described later. PCA territory infarctions can
be seen with ICA occlusion if a fetal origin of the PCA is
present. The sole feature that distinguishes the MCA syn-
drome from a carotid artery syndrome is the presence of
amaurosis fugax.29,30 Infarctions are often large, involving
multiple lobes. Cerebral edema may be a life-threatening
concern. The carotid pulse may be absent ipsilaterally.
Horner’s syndrome may be present due to oculosympa-
thetic involvement along the carotid artery.
Middle Cerebral Artery Syndrome
An MCA infarction is one of the most common manifes-
tations of cerebrovascular disease (Fig. 22-9). The clinical
picture with an MCA infarction is varied and depends on
whether the site of the occlusion is in the stem, the superior
division, the inferior division, or the lenticulostriate
branches and whether there is good collateral blood flow.

When the stem of the MCA is occluded, there is usually
a resultant large infarction with contralateral hemiplegia,
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conjugate eye deviation toward the side of the infarct,
hemianesthesia, and homonymous hemianopia. There is
associated global aphasia if the dominant hemisphere
is involved and hemineglect with nondominant hemi-
spheral lesions. The difference between an upper division
MCA infarction and an MCA stem lesion is that the hemi-
paresis usually affects the face and arm more than the leg
with upper division infarction. Broca’s aphasia is more
common in upper division infarcts due to preferential
involvement of the anterior branches of the upper division
in occlusions. With lower division MCA syndromes,
a Wernicke-type aphasia is seen with dominant hemisphere
infarction, and behavioral disturbances are seen with non-
dominant infarction. A homonymous hemianopia may
be present. A lenticulostriate branch occlusion may cause
a lacunar infarction with involvement of the internal
capsule producing a syndrome of pure motor hemiparesis.
These described syndromes are variable and are dependent
on the presence of collaterals and whether edema is
present.31–33

Alexia with agraphia may occur with left angular gyrus
involvement. Gerstmann’s syndrome, which consists of
finger agnosia, acalculia, right-left disorientation, and agra-
phia, may be seen with dominant hemisphere parietal
lesions. The perisylvian aphasias seen with dominant hemi-
spheral infarctions may be of the Broca, Wernicke, con-
duction, or global type, depending on the site and extent
of involvement (Video 96, Conduction Aphasia). Anosog-
nosia most commonly is associated with right hemispheric
strokes. Nondominant infarction may cause inattention,
neglect, denial, apraxia (Video 40, Apraxia), impaired pro-
sody, and, rarely, acute confusion and agitated delirium.34

A contralateral homonymous hemianopia or contralateral
inferior quadrantanopia can occur with infarctions in either
hemisphere.

Anterior Cerebral Artery Syndrome
ACA territory infarctions are uncommon. They can be
seen in patients with vasospasm after subarachnoid hemo-
rrhage due to ACA or ACoA aneurysms. Excluding these
causes, less than 3% of acute cerebral infarcts occur in
the ACA territory.35–37 The characteristics of ACA infarc-
tion vary according to the site of involvement and the
extent of collateral blood flow.38 Contralateral weakness
involving primarily the lower extremity and, to a lesser
extent, the arm is characteristic of infarction in the territory
of the hemispheric branches of the ACA (see Table 22-2).
Other characteristics include abulia, akinetic mutism
(with bilateral mesiofrontal damage), impaired memory
or emotional disturbances, transcortical motor aphasia
(with dominant hemispheric lesions), deviation of the head
and eyes toward the lesion, paratonia (gegenhalten), dis-
criminative and proprioceptive sensory loss (primarily in
the lower extremity), and sphincter incontinence (see
Table 22-2).

An anterior disconnection syndrome with left arm
apraxia due to involvement of the anterior corpus callosum
can be seen. Pericallosal branch involvement can cause
apraxia, agraphia, and tactile anomia of the left hand.
Infarction of the basal branches of the ACA can cause
memory disorders, anxiety, and agitation.
Infarction in the territory of the medial lenticulostriate
artery (artery of Heubner) causes more pronounced weak-
ness of the face and arm without sensory loss due to this
artery’s supply of portions of the anterior limb of the inter-
nal capsule.

Anterior Choroidal Artery Syndrome
The AChA syndrome is often characterized by hemiparesis
as a result of involvement of the posterior limb of the inter-
nal capsule, hemisensory loss due to involvement of the
posterolateral nucleus of the thalamus or thalamocortical
fibers, and hemianopia secondary to involvement of the
lateral geniculate body or the geniculocalcarine tract39,40

(see Table 22-2). The visual field defect that is seen with
AChA infarcts is characterized by a homonymous defect
in the superior and inferior visual fields that spares the
horizontal meridian.41 In a small number of patients, there
may be left spatial hemineglect with right hemispheric
infarctions and a mild language disorder with left hemi-
spheric infarctions.40,42 With bilateral infarctions in the
AChA territory, there can be pseudobulbar mutism and a
variety of other features, including facial diplegia, hemi-
paresis, hemisensory loss, lethargy, neglect, and affect
changes.43

Lacunar Stroke Syndromes
Although there are more than 20 described lacunar syn-
dromes, the 4 that have been best described will be addressed
here. These syndromes have been described with ischemic
lacunar infarctions as well as with discrete hemorrhages
(Video 215, Cadasil Stroke).44

Pure motor hemiparesis is characterized by a unilateral
motor deficit involving the face, the arm, and, to a lesser
extent, the leg. There may be a mild dysarthria. There is
no associated aphasia, apraxia, or agnosia. In addition,
there is no sensory, visual, or higher cortical dysfunction.
This syndrome may be secondary to a lacunar infarction
in the posterior limb of the internal capsule, corona radiata,
basis pontis, cerebral peduncle, or the medullary pyra-
mid.45 However, an ischemic cortical lesion may also
cause a pure motor hemiparesis.44

Pure sensory stroke (pure hemisensory or paresthetic
stroke) is characterized by unilateral numbness, paresthes-
ias, and a hemisensory deficit involving the face, arm,
trunk, and leg. Subjective complaints may be out of pro-
portion to objective findings. Lacunae in the ventro-
posterolateral nucleus of the thalamus may cause this
syndrome. However, pure sensory stroke can also be due
to ischemic infarctions in the corona radiata or in the
parietal cortex.44

Ataxic hemiparesis (homolateral ataxia and crural par-
esis) is characterized by weakness that is more prominent
in the lower extremity in association with ipsilateral arm
and leg incoordination. Involvement of the face is uncom-
mon. Dysarthria is usually not present. There may be an
extensor plantar response. Lacunae in the posterior limb
of the internal capsule, basis pontis, red nucleus, or in the
thalamocapsular region can cause this syndrome.44,46

The dysarthria-clumsy hand syndrome is characterized by
supranuclear facial weakness, tongue deviation, dysphagia,
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dysarthria, impaired fine motor control of the hand, and an
extensor plantar response. There is no sensory deficit.
Lacunae in the basis pontis, at the junction of the upper
one-third and lower two-thirds of the pons, or in the genu
of the internal capsule may cause this syndrome.44
Vertebrobasilar Stroke Syndromes
The circumferential vessels perfuse the lateral brain stem,
and the perforant vessels directly from the large basilar or
vertebral arteries perfuse the midline structures. Whereas
obstruction of the circumferential arteries gives rise to
standard syndromes, there is great variability in the perfor-
ant vessels, and therefore several syndromes are described.
As a rule, midline syndromes affect the pyramidal system,
consciousness, and midline cranial nerves (extraocular
muscles), whereas lateral syndromes affect the cerebellum,
sensation, and the lateral cranial nerves. There are addi-
tional overlap syndromes when vessels perfuse areas in
between.
Posterior Inferior Cerebellar Artery Syndrome
The areas of the cerebellum supplied by the PICA are vari-
able. There are several different patterns of PICA territory
cerebellar infarctions (Video 95, Brain Stem Infarction).
Typical clinical findings are detailed in Table 22-2. If the
medial branch territory is affected, involving the vermis
and vestibulocerebellum, the clinical findings include pro-
minent vertigo, ataxia, and nystagmus. If the lateral cere-
bellar hemisphere is involved, patients can have vertigo,
gait ataxia, limb dysmetria and ataxia, nausea, vomiting,
conjugate or dysconjugate gaze palsies, miosis, and dysar-
thria. If the infarction is large, there may be altered con-
sciousness or confusion. Hydrocephalus or herniation may
develop. There is also a syndrome of combined dorsolat-
eral medullary and cerebellar infarction that may be due
to a vertebral artery occlusion or a medial PICA occlu-
sion.47 Although a PICA occlusion can be the cause
of Wallenberg’s (lateral medullary) syndrome, this syn-
drome is more often due to an intracranial vertebral artery
occlusion (Fig. 22-10).48
Anterior Inferior Cerebellar Artery Syndrome
The AICA syndrome causes a ventral cerebellar infarction
that has a characteristic clinical picture49,50 (see Table 22-2).
The signs and symptoms that are seen include vertigo,
nausea, vomiting, and nystagmus due to involvement of
the vestibular nuclei. There may be ipsilateral facial
hypalgesia and thermoanesthesia and corneal hypesthesia
due to involvement of the trigeminal spinal nucleus and
tract. There is ipsilateral deafness and facial paralysis
due to involvement of the lateral pontomedullary tegmen-
tum. Ipsilateral Horner’s syndrome is present due to compro-
mise of the descending oculosympathetic fibers (Video 17,
Horner’s Syndrome). There is contralateral trunk and
extremity hypalgesia and thermoanesthesia due to invol-
vement of the lateral spinothalamic tract. Finally, there
is ipsilateral ataxia and asynergia due to involvement of
the cerebellar peduncle and cerebellum.
Superior Cerebellary Artery Syndrome
Infarction in the territory of the SCA produces a dorsal cer-
ebellar syndrome that may also involve the lateral superior
pons51 (see Table 22-2). Vertigo may be present, although
it is less common with SCA infarcts than with the other
cerebellar syndromes. Nystagmus is present due to involve-
ment of the medial longitudinal fasciculus and the cerebel-
lar pathways. Ipsilateral Horner’s syndrome is seen due to
involvement of the descending sympathetic tract. Ipsilat-
eral ataxia and asynergia and gait ataxia are noted due to
involvement of the superior cerebellar peduncle, brachium
pontis, the superior cerebellar hemisphere, and the dentate
nucleus. There is an intention tremor due to involvement
of the dentate nucleus and superior cerebellar peduncle.
Choreiform dyskinesias may be present ipsilaterally. Con-
tralaterally, there is hearing loss due to lateral lemniscus
disruption and trunk and extremity hypalgesia and ther-
moanesthesia due to spinothalamic tract involvement.
A contralateral fourth nerve palsy may be present due to
involvement of the midbrain tectum. The diagnostic find-
ings are detailed in Table 22-3.
Midline Basilar Artery Syndromes: Midbrain
It should be emphasized that there is great variability in the
arterial blood supply to the brain stem. The syndromes that
are described may be oversimplified, and several variations
are possible.

WEBER’S SYNDROME. Weber’s syndrome (ventral cra-
nial nerve III fascicular syndrome) is due to infarction in
the distribution of the penetrating branches of the PCA
affecting the cerebral peduncle, especially medially with
damage to the fascicle of CN III and the pyramidal fibers.
The resultant clinical findings are contralateral hemiplegia
of the face, arm, and leg due to corticospinal and corticobul-
bar tract involvement and ipsilateral oculomotor paresis,
including a dilated pupil. A slight variation of this syndrome
is the midbrain syndrome of Foville, in which the supranuc-
lear fibers for horizontal gaze are interrupted in the medial
peduncle, causing a conjugate gaze palsy to the opposite side.

BENEDIKT’S SYNDROME. Benedikt’s syndrome is
caused by a lesion affecting the mesencephalic tegmentum
in its ventral portion, with involvement of the red nucleus,
brachium conjunctivum, and the fascicle of CN III. This
syndrome is due to infarction in the distribution of the
penetrating branches of the PCA to the midbrain. The clini-
cal manifestations are ipsilateral oculomotor paresis,
usually with pupillary dilation and contralateral involun-
tary movements, including intention tremor, hemiathetosis,
and hemichorea.

CLAUDE’S SYNDROME. Claude’s syndrome is caused
by lesions that are more dorsally placed in the midbrain
tegmentum than with Benedikt’s syndrome. There is injury
to the dorsal red nucleus that results in more prominent
cerebellar signs without the involuntary movements. There
is oculomotor paresis.

NOTHNAGEL’S SYNDROME. Nothnagel’s syndrome is
characterized by an ipsilateral oculomotor palsy with con-
tralateral cerebellar ataxia. Infarctions in the distribution
of the penetrating branches of the PCA to the midbrain
are the cause of this syndrome.
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Figure 22-10. Forty-seven-year-old man involved in a motor vehicle accident presenting with lateral medullary syndrome due to a vertebral artery dissec-
tion. A, T2-weighted image shows hyperintensity in the right posterior lateral medulla (arrow). B, Axial T1-weighted image shows lack of flow void in the
right vertebral artery (left arrow). Notice the normal flow void in the left vertebral artery (right arrow). C, Time-of-flight magnetic resonance arteriogram
shows no flow in the right vertebral artery. (Courtesy of Karen S. Caldemeyer, MD.)

424 Neuroanatomical Localization and Syndromes / 22
PARINAUD’S SYNDROME. Parinaud’s (dorsal rostral
midbrain) syndrome can result from infarctions in the mid-
brain territory of the PCA penetrating branches. This syn-
drome is characterized by supranuclear paralysis of eye
elevation, defective convergence, convergence-retraction
nystagmus, light-near dissociation, lid retraction (Collier’s
sign), and skew deviation.

TOP OF THE BASILAR SYNDROME. Top of the basilar
syndrome is due to infarction of the midbrain, thalamus,
and portions of the temporal and occipital lobes.52,53 It is
due to occlusive vascular disease, often embolic in nature,
of the rostral basilar artery. The following signs may be
present:

1. Behavioral abnormalities, including somnolence,
peduncular hallucinosis (see Chapter 3), memory
disturbances, and agitated delirium.

2. Ocular findings, including unilateral or bilateral paraly-
sis of upward or downward gaze, disordered conver-
gence, pseudoabducens palsy, convergence-retraction
nystagmus, abnormalities of abduction, Collier’s sign
(elevation and retraction of the upper eyelids), skew
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deviation, and oscillatory eye movements. Visual def-
ects that may be present include hemianopia, cortical
blindness, and Balint’s syndrome (see Chapter 8).

3. Pupillary abnormalities, including small and reac-
tive pupils, large or midposition and fixed pupils,
corectopia, and, occasionally, oval pupils.

4. Motor and sensory deficits.

Midline Vertebrobasilar Syndromes: Pons
Although there are many named pontine syndromes, the
most beneficial categorization is based on neuroanatomical
divisions.

LOCKED-IN SYNDROME. Locked-in syndrome (de-
efferented state) is the result of bilateral ventral pontine
lesions that produce quadriplegia, aphonia, and impairment
of the horizontal eye movements in some patients. Wake-
fulness is maintained due to sparing of the reticular forma-
tion. Patients can move their eyes vertically and can blink
because the supranuclear ocular motor pathways lie more
dorsally (see Chapter 1). In some patients, there is a “her-
ald” hemiparesis that makes the lesion appear to be cortical
in nature. However, within a few hours, there is progres-
sion to bilateral hemiplegia and CN findings associated
with the locked-in syndrome.54

MEDIAL INFERIOR PONTINE SYNDROME. This syn-
drome is due to occlusion of a paramedian branch of the
basilar artery. There is ipsilateral paralysis of conjugate
gaze to the side of the lesion, abducens palsy, nystagmus,
and ataxia. Contralateral to the lesion, there is hemibody
impairment of tactile and proprioceptive sensation and
paralysis of the face, arm, and leg.

MEDIAL MIDPONTINE SYNDROME. Medial midpon-
tine syndrome is due to ischemia of the medial midpontine
region from occlusion of the paramedian branch of the
midbasilar artery. It can lead to ipsilateral limb ataxia.
Contralateral to the lesion, there is eye deviation and
paralysis of the face, arm, and leg. Although there are pre-
dominant motor symptoms, there can be variable impaired
touch and proprioception.

Lateral and Combined Vertebrobasilar Syndromes
LATERAL MIDPONTINE SYNDROME. Occlusion of

the paramedian branch of the midbasilar artery can lead
to ipsilateral impaired sensory and motor function of the
trigeminal nerve with limb ataxia.

TOTAL UNILATERAL INFERIOR PONTINE SYN-

DROME. An occlusion of the AICA can lead in some cir-
cumstances to a combination of the symptoms and signs
seen with the lateral and medial pontine syndromes.

LATERAL PONTOMEDULLARY SYNDROME. This
syndrome can be seen with occlusion of the vertebral
artery. The manifestations seen are a combination of the
medial and lateral inferior pontine syndromes.

LATERALMEDULLARYSYNDROME (WALLENBERG’S

SYNDROME). The lateral medullary syndrome is most
often due to occlusion of the vertebral artery. Less com-
monly, it is due to occlusion of the PICA. This syndrome
produces an ipsilateral Horner syndrome; loss of pain
and temperature sensation of the face; weakness of the
palate, pharynx, and vocal cords; and cerebellar ataxia.
Contralateral to the lesion, there is hemibody loss of pain
and temperature sensation.

TOTAL UNILATERAL MEDULLARY SYNDROME.

Occlusion of the vertebral artery can lead to a combination
of medial and lateral medullary syndromes.

Midline Vertebrobasilar Syndrome: Medulla
This syndrome is less common than the lateral medullary
syndrome. It may be due to occlusion of the vertebral artery,
a branch of the vertebral artery, or the lower basilar artery.
The findings with this syndrome include an ipsilateral lower
motor neuron paralysis of the tongue and contralateral
paralysis of the arm and leg. In addition, there is contralat-
eral hemibody loss of tactile, vibratory, and position sense.

Thalamic Infarction
The main arterial supply to the thalamus arises from the
PCoAs and the perimesencephalic segment of the PCA. Loca-
lization of the arterial territory responsible for a thalamic
infarction often can be determined fromclinical findings. Tha-
lamic infarctions typically involve one of the four major vas-
cular regions: posterolateral, anterior, paramedian, and dorsal.

Posterolateral thalamic infarctions result from occlusion
of the thalamogeniculate branches arising from the P2 seg-
ment of the PCA. Three common clinical syndromes may
occur: pure sensory stroke, sensorimotor stroke, and the tha-
lamic syndrome of Dejerine-Roussy. Findings in Dejerine-
Roussy syndrome contralateral to the involved thalamus
may include hemianesthesia, transient slight hemiparesis,
hemiataxia, choreoathetoid movements, athetoid posture,
paroxysmal pain, and homonymous hemianopia (often due
to simultaneous medial occipital infarction).

Anterior thalamic infarction results from occlusion
of the polar or tuberothalamic artery. Findings may include
predominant neurobehavorial disturbances such as abulia,
apathy, disorientation, lack of insight, and personality
changes. There may also be facial paresis for emotional
movement, contralateral hemiparesis and visual field defects,
dysphagia with left-sided lesions, and hemineglect and
impaired visuospatial processing with right-sided lesions.

Infarctions in the territory of the paramedian arterymay also
involve the paramedian region of the midbrain. Occlusion of
the top of the basilar artery can cause this syndrome. Findings
may include transient loss of consciousness or somnolence,
behavioral changes, recent memory loss with anterograde
and retrograde components, disorders of vertical gaze and con-
vergence, contralateral hemiataxia, asterixis or motor weak-
ness, and delayed action tremor in the contralateral limbs.

Dorsal thalamic infarction results from occlusion of the
posterior choroidal arteries. These infarctions are charac-
terized by the presence of homonymous hemianopia or
homonymous horizontal sectoranopia. There may also be
an asymmetrical optokinetic response and hemibody (face
and arm) hypesthesia. Involvement of the pulvinar may
account for thalamic aphasia.

Posterior Cerebral Artery Syndrome
The signs and symptoms seen with PCA territory infarc-
tions are variable, depending on the site of the occlusion
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and the availability of collateral blood flow. Unilateral
infarctions in the distribution of the hemispheral branches
of the PCA may produce a contralateral homonymous
hemianopia. This is due to infarction of the striate cortex,
the optic radiations, or the lateral geniculate body. There
is partial or complete macular sparing if the infarction does
not reach the occipital pole. The visual field defect may
be limited to a quadrantanopia. A superior quadrantanopia
is caused by infarction of the striate cortex inferior to
the calcarine fissure or the inferior optic radiations in
the temporo-occipital lobes. An inferior quadrantanopia is
the result of an infarction of the striate cortex superior to the
calcarine fissure or the superior optic radiations in the
parieto-occipital lobes (see Chapter 8).

There may be more complex visual changes, including
formed or unformed visual hallucinations (“release halluci-
nations”), visual and color agnosias, and prosopagnosia
(agnosia for familiar faces).55 Finally, there can be some
alteration of sensation with PCA hemispheral infarctions,
including paresthesias and altered position, pain, and
temperature sensations.

Infarction in the distribution of the callosal branches
of the PCA involving the left occipital region and the
splenium of the corpus callosum produces alexia without
agraphia (Video 97, Dyslexia).56 In this syndrome, patients
can write, speak, and spell normally. However, they are
unable to read words and sentences. Naming of letters
and numbers may be intact. However, there can be in-
ability to name colors, objects, and photographs.57 Right
hemispheric PCA territory infarctions may cause contra-
lateral visual field neglect. Amnesia may be present
with PCA infarctions that involve the left medial tem-
poral lobe or when there are bilateral mesiotemporal
infarctions. In addition, an agitated delirium may occur
with bilateral penetrating mesiotemporal infarctions.
Large infarctions of the left posterior temporal artery ter-
ritory may produce an anomic or transcortical sensory
aphasia (see Chapter 6).58

Infarctions in the distribution of the penetrating
branches of the PCA to the thalamus can cause aphasia
if the left pulvinar is involved, akinetic mutism, global
amnesia, and/or Dejerine-Roussy syndrome. In the latter
syndrome, the patient has contralateral sensory loss to
all modalities, severe dysesthesias on the involved side
(thalamic pain), vasomotor disturbances, transient con-
tralateral hemiparesis, and choreoathetoid or ballistic
movements. There are also a number of syndromes
that can result from infarctions in the distribution of
the penetrating branches of the PCA to the midbrain
that were previously discussed with the midbrain syn-
dromes. Bilateral infarctions in the distribution of the
hemispheric branches of the PCAs may cause bilateral
homonymous hemianopia. With bilateral occipital or
occipitoparietal infarctions, one can have cortical blind-
ness, often with denial or unawareness of blindness
(Anton’s syndrome). Another syndrome—Balint’s syn-
drome—may be seen with bilateral occipital or parieto-
occipital infarctions. The characteristics of this syndrome
include optic ataxia, psychic paralysis of fixation with
inability to look to the peripheral field, and disturbance
of visual attention.
Transient Global Amnesia Syndrome
Transient global amnesia (TGA) is an episode of total
amnesia that lasts little more than 24 hours. Patients classi-
cally ask many questions repeatedly. During the episode,
there are no visual, motor, sensory, or brain stem abnorm-
alities. After the episode, the individual has no recall for
the events during the period of TGA, but there are no other
cognitive residuals. The mechanism of TGA is not known.
Theories advanced suggest either medial temporal lobe
seizure activity or a vascular phenomenon, such as PCA
territory ischemia involving the medial temporal lobes
bilaterally. There seems to be an association with strenuous
exertion, sexual intercourse, and emotional stress.59

Spinal Cord Stroke Syndromes
Anterior Spinal Artery Syndrome
The anterior spinal artery syndrome is characterized by an
abrupt onset of flaccid paraplegia or tetraplegia below the
level of the lesion due to bilateral corticospinal tract damage.
There is thermoanesthesia and analgesia below the level of
the lesion due to compromise of the spinothalamic tracts
bilaterally. Position, vibration, and light touch are spared
due to preservation of the dorsal columns, which are supplied
by the posterior spinal arteries. Bowel and bladder function is
impaired. There may be associated radicular or “girdle” pain.

These infarctions most commonly occur in the “water-
shed” areas or boundary zones where the distal branches
of the major arterial systems of the cord anastomose,
between the T1 and T4 segments and at the L1 segment.
Common etiologies of arterial spinal cord infarction are
detailed in Table 22-3.

Posterior Spinal Artery Syndrome
The posterior spinal artery syndrome is uncommon, prob-
ably due to the presence of numerous posterior radicular
arteries and the reversal of flow that is possible at the
conus medullaris if there is compromise of the artery of
Adamkiewicz. The characteristics of this syndrome are loss
of proprioception and vibration sense below the level of
the lesion and loss of segmental reflexes. The common
etiologies are listed in Table 22-3.

Spinal Cord Vascular Malformations
Spinal cord vascular malformations are a heterogeneous
group of disorders of the spinal vasculature that may affect
the spinal cord parenchyma directly or indirectly. They can
be classified as AVMs, arteriovenous fistulas (AVFs), caver-
nous malformations, and complex vascular malformations.

AVMs are classified as extradural-intradural AVMs (juve-
nile AVM or metameric AVMs in old nomenclature) and
intramedullary AVMs (classic AVM or glomus type in old
nomenclature).60 Both types of AVMs can affect the spinal
cord through compression, vascular steal, and hemorrhage.

AVFs are classified as either extradural or intradural.
The extradural AVFs consist of a direct connection
between an extradural artery and vein. This leads to devel-
opment of a high-flow fistula that causes epidural venous
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engorgement, intradural venous hypertension, and shunting
of arterial blood into the venous system, with resultant vas-
cular steal from the spinal cord.60 Intradural dorsal AVFs
are the most common type of spinal AVF and are usually
in the thoracic region. The primary pathophysiology
of these malformations is through venous hypertension.
Intradural ventral AVFs originate directly from the anterior
spinal artery and have a direct fistula to an enlarged venous
network with no intervening capillary system. This pro-
duces rapid blood flow through these fistulas, which can
produce aneurysms and venous hypertension.60,61

Cavernous malformations of the spinal cord consist of a
mass of thin-walled, sinusoidal vessels, which have no recog-
nizable intervening neural parenchyma. Most of these mal-
formations are intramedullary. These lesions are associated
with diapedesis and hemorrhage.

Two syndromes that involve complex vascular malfor-
mations bear special attention. Cobb syndrome (metameric
angiomatosis or cutaneomeningospinal angiomatosis) is a
rare noninherited disorder characterized by the combina-
tion of a vascular skin nevus and an associated AVM
in the spinal canal at the same metamere (somite). Osler-
Weber-Rendu syndrome, also known as hereditary hemor-
rhagic telangiectasia, is an autosomal dominant disorder
identified typically by the triad of telangiectasia, recurrent
epistaxis, and a positive family history for the disorder.
Patients may have multiple mucocutaneous and visceral
vascular malformations. The major cause of morbidity
and mortality due to this disorder lies in the presence of
visceral AVMs and the associated hemorrhage that may
accompany them. Primary involvement of the spinal cord
by vascular malformations occurs rarely.

Subarachnoid Hemorrhage Syndrome
Aneurysmal subarachnoid hemorrhage (SAH) syndrome
accounts for 6% to 8% of all strokes, affecting approxi-
mately 28,000 individuals each year in the United States.
Figure 22-11. A, Nonenhanced axial CT shows subarachnoid hemorrhage in the
poral lobe. B, Anterior posterior left common carotid arteriogram shows a lobula
Caldemeyer, MD.)
The most common cause of spontaneous SAH is a ruptured
intracranial saccular aneurysm (Fig. 22-11). In addition,
SAH may be due to many other causes that are outlined
in Tables 22-3 and 22-4.

The clinical presentation of SAH is usually an abrupt
onset of a severe headache, photophobia, nausea, vomiting,
meningismus, and, often, unconsciousness and other neuro-
logical deficits (see Table 22-2). In some instances, a pre-
monitory headache, representing a sentinel bleed, may
occur days to weeks before the presenting hemorrhage. Mis-
diagnosis of SAH occurs in up to 25% of cases.62 A ruptured
aneurysm should be suspected in patients complaining of
“sudden onset of the worst headache of my life,” later onset
of migraine headache with no family history of migraine, a
change in the headache pattern in a known migraineur,
severe localized and persistent headache, and severe “vascu-
lar” headaches that are refractory to conventional therapy.

Neurological signs are detailed in Table 22-2. Meningis-
mus with nuchal rigidity and Kernig’s sign is present in
two-thirds of patients. A dilated ophthalmologic examination
may show papilledema or hemorrhages (see Table 22-2). Pto-
sis or diplopia due to oculomotor nerve palsy can be seen
with internal carotid-posterior communicating artery aneur-
ysms, distal basilar aneurysm, or uncal herniation. Other neu-
rological findings depend on the location of the aneurysm.

Clinical deterioration after SAH may be due to multiple
causes, including seizures, electrolyte disturbances such
as hyponatremia, cerebral vasospasm, rebleeding, hydroce-
phalus, and development of medical complications such as
pneumonia, hypotension, electrolyte abnormalities, and car-
diac arrhythmias. Diagnosis and treatment of these disorders
are detailed in Part 3 of this book.

Syndromes of Extracranial Hematomas
Subdural Hematoma
Subdural hematomas can be acute, subacute, or chronic.
Acute subdural hematomas occur within 24 to 48 hours
left sylvian fissure and adjacent intraparenchymal hemorrhage in the tem-
ted left middle cerebral artery trifurcation aneurysm. (Courtesy of Karen S.



Figure 22-12. Nonenhanced axial CT shows a lens-shaped frontal density consistent with an acute epidural hematoma.
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after an injury. They can be secondary to arterial or venous
bleeding into the subdural space. The usual cause is a blow
to the head by falling or being struck. The neurological
symptoms depend on the area of the brain involved. There
can be rapidly evolving focal signs that produce aphasia,
memory disturbances, hemiparesis and hemisensory defi-
cits, and altered consciousness. Signs of increased intracra-
nial pressure may be present. Diagnosis is made by CT
scan. Chronic subdural hematomas present at weeks to
months after the injury. Patients presenting with this type
of hematoma include the elderly with cerebral atrophy,
patients with epilepsy, patients with alcohol dependence,
and people with coagulation defects. These hematomas
may become quite large without producing symptoms.
The neurological findings may vary from no or minimal
deficit to focal neurological symptoms that may be transi-
ent or progressive. In some, there may be florid symptoms
of increased intracranial pressure with headaches, nausea,
vomiting, and papilledema. There may be accompanying
seizures. Diagnosis of a chronic subdural hematoma may
require a CT scan without and with contrast due to the pos-
sibility of isodensity of the hematoma with the surrounding
brain at some point in its evolution (see Chapter 23).

Epidural Hematoma
The most important type of epidural hematoma to be
acquainted with is the acute epidural hematoma usually
due to arterial bleeding from damage to the middle menin-
geal artery. Patients with this condition may have a history
of trauma with a lucid interval followed by rapid de-
velopment of focal neurological signs and deterioration in
consciousness. The deterioration is due to high-pressure
arterial bleeding with increased intracranial pressure.
Like subdural hematomas, epidural hematomas can present
subacutely or chronically, with the same time frame and
similar symptoms. A CT scan classically shows a lens-
shaped density that does not follow sulcal margins
(Fig. 22-12). Skull x-rays may show an associated skull
fracture. Prompt diagnosis is important because a craniot-
omy with evacuation of the clot is often needed.

Intracranial Steal Syndromes
In some patients with AVMs that are large and are fed by
both deep and superficial vessels, there has been some
anecdotal clinical support for intracerebral steal. The the-
ory is that the presence of low-resistance shunt vessels
compromises blood and nutrient flow to adjacent areas of
the brain supplied by the same blood vessels, causing tran-
sient or permanent damage to neurons.63 The clinical
reports, although limited in number, report that these
patients with AVMs have a variety of focal neurological
deficits, cognitive deficits, visual deficits, and seizures that
recover after the AVM is excised. In most patients, the
neurological deficits are confined to the area of the brain
supplied by the AVM. However, there have been reports
of electroencephalogram abnormalities in the hemisphere
contralateral to the AVM and lower cerebral blood flow
in the contralateral hemisphere that may support relative
areas of ischemia.64 More documentation of this syndrome
in large numbers of patients is needed.

Vascular Dissection Syndromes
Dissections of arteries develop when there is blood extra-
vasated within the medial or subintimal layers of the arter-
ial wall with resultant compromise of the arterial lumen
and development of a pseudoaneurysm. Vascular dissec-
tions can be associated with blunt trauma, penetrating



Love and Biller / Neurovascular System 429
trauma, or even trivial trauma. There are a number of
associated conditions, including fibromuscular dysplasia,
Marfan’s syndrome, Ehlers-Danlos type IV syndrome,
atherosclerosis, pronounced vessel tortuosity, moyamoya,
cystic medial degeneration, pharyngeal infections, a1-anti-
trypsin deficiency, and luetic arteritis. However, dissec-
tions may occur spontaneously. Cervicocephalic arterial
dissections may present with ischemic stroke due to arterial
occlusion or secondary embolization. The vessel that is
most commonly involved is the extracranial carotid artery
between C2 and the base of the skull. The vertebrobasilar
system, intracranial carotid, and middle cerebral arteries
are less frequently involved.65 Patients may present with
symptoms of transient retinal ischemia, hemispheric or
posterior fossa ischemia, cerebral infarction, or subarach-
noid hemorrhage. Pain along the forehead, eye, face, or
neck may be present with carotid dissections. Vertebral
dissections can cause pain in the occiput and neck. Other
associated symptoms may include Horner’s syndrome,
audible bruits, and pulsatile tinnitus. Other cranial nerves
that may be involved include CN II, III, V, and VII through
XII.66 Diagnosis requires a high level of clinical suspicion
that is confirmed with typical arteriographic signs (see
Chapters 45 and 50).

Carotid-Cavernous Fistula
A carotid-cavernous fistula is an abnormal communication
between the carotid artery and the veins of the cavernous
sinus, creating a high-pressure, high-flow system. There
is often a history of trauma. Patients may present with
an audible bruit and progressive pulsatile proptosis with
chemosis, restricted eye movement, and progressive visual
loss in late stages (see Table 22-2). The diagnosis is made
by cerebral angiography, but a CT scan with contrast,
MRI, or MRA may show the lesion (see Table 22-3 and
Chapter 23).

Cerebral Venous Thrombosis
Intracranial venous occlusive disease is significantly less
common than arterial disease. The symptoms can be non-
specific. The symptoms that are present depend on the
venous structure that is affected, the extent and rapidity
of thrombosis, and the extent of venous collaterals. Com-
mon symptoms include headache, nausea, vomiting, altered
consciousness, and seizures. Examination may show papil-
ledema, meningismus, and subtle focal neurological defi-
cits (see Table 22-2). Possible findings on CT and MRI
are presented in Table 22-3. Diagnosis may be made with
magnetic resonance venography or conventional or digital
intravenous angiography (Fig. 22-13).

Syndromes of Intracerebral Hemorrhage
There are general features of the clinical syndrome of intra-
cerebral hemorrhage that may help to characterize it. His-
torical features include a presentation that is maximum at
the onset in one-third of patients and gradual with smooth
progression over 30 minutes in two-thirds of patients.
Interestingly, most hemorrhages occur during activity
rather than during sleep.67,68
A headache is present in approximately half of patients.
Nausea and vomiting are present in more than 50%
of patients. The level of consciousness may be variable. Sei-
zures rarely occur at the onset. There is usually no history of
any prodromal attacks. There is often a history of arterial
hypertension. On examination, meningeal irritation can be
seen if the bleeding extends to the subarachnoid space.
Retinal hemorrhages may be present on funduscopic exami-
nation (see Table 22-2). There are a number of potential
etiologies of intracerebral hemorrhage (see Table 22-3).

The various forms of intracerebral hemorrhage have dis-
tinctive clinical presentations that are dependent on the
location, size, direction of spread, and the rate of deve-
lopment of the bleeding64 (see Table 22-2). The results of
testing are detailed in Table 22-3.

Putaminal Hemorrhage
A putaminal hemorrhage is the most common form of
intracranial hemorrhage because the putamen is the most
common site involved with hypertensive intracranial hemor-
rhage. Hemorrhages in this location may be confined to the
putamen, or they may enlarge to involve the internal capsule,
corona radiata, centrum semiovale, temporal lobe, or intra-
ventricular system. The classic presentation with putaminal
hemorrhages that are large involves rapidly progressing
contralateral hemiparesis or hemiplegia with less severe
contralateral hemisensory loss.69 Rarely, with a small hema-
toma, there can be a pure motor hemiparesis.70 There is a
conjugate horizontal gaze palsy, with the eyes conjuga-
tely deviated toward the side of the hematoma. Homo-
nymous hemianopia is present. A dominant hemisphere
putaminal hemorrhage produces associated global aphasia,
whereas a nondominant lesion results in hemi-inattention
with apractagnosia, left visual neglect, and constructional
apraxia.71 Occasionally, patients with a nondominant puta-
minal hemorrhage have allesthesia, in which a noxious stimu-
lus on the side of the hemisensory disturbance is perceived on
the opposite normal side in the corresponding area.72 Pupil-
lary size is normal unless there is associated uncal herniation.

Lobar Hemorrhage
This type of hemorrhage refers to bleeding occurring
within the subcortical white matter. Underlying structural
lesions are more common than arterial hypertension as a
cause. The clinical presentation can resemble that of an
embolic cerebral infarction. There are characteristic find-
ings with hemorrhages in different locations.73 With frontal
lobe hemorrhages, characteristic findings are abulia, con-
tralateral hemiparesis, and a conjugate gaze palsy toward
the side of the hemorrhage. Parietal lobe hemorrhages
may cause contralateral hemisensory loss, neglect of the
contralateral visual field, mild hemiparesis, and, occasion-
ally, a hemianopia or anosognosia. A temporal lobe hemor-
rhage may present with variable degrees of visual field
deficit or, occasionally, agitated delirium. With dominant
temporal lobe hemorrhages, there can be a Wernicke apha-
sia. If there is an extension into the dominant parietal lobe,
there can be conduction or global aphasia. A hemorrhage
in the occipital lobe may cause a contralateral homony-
mous hemianopia and ipsilateral orbital pain.73,74
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Figure 22-13. A 35-year-old woman who was 2 weeks postpartum presented with 24 to 48 hours of nausea, visual hallucinations, headache, and a seizure.
A, Coronal T1-weighted image shows the absence of a flow void in the superior sagittal sinus (white arrow) and decreases signal in the left parietal region
with associated shift of the midline structures. Findings were consistent with a superior sagittal sinus thrombosis and an acute left parietal cerebral infarc-
tion. B, Digital subtraction angiography in the venous phase, with frontal and lateral views, shows lack of filling of the superior sagittal sinus consistent
with superior sagittal sinus occlusion (black arrow).
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Thalamic Hemorrhage
The usual cause of thalamic hemorrhages is hypertension.
However, an underlying structural lesion, such as a vascular
malformation or tumor, is another consideration. Thalamic
hemorrhages may be confined to the thalamus or may
extend laterally to involve the internal capsule, infero-
medially to compress the subthalamus and midbrain, or
medially to involve the third ventricle. Classic signs of a
thalamic hemorrhage include a hemisensory deficit with
a lesser degree of hemiparesis. Ocular findings may include
convergence-retraction nystagmus, impairment of vertical
gaze, pupillary light-near dissociation, downward-inward
deviation of the eyes (depression-convergence syndrome),
unilateral or bilateral pseudo-sixth nerve paresis, skew
deviation and conjugate gaze palsy to the side of the lesion
(“wrong-way eyes”), and a conjugate horizontal gaze palsy.
If the hemorrhage is located in the posterior thalamus, there
can be distinctive features.75
Pontine Hemorrhage
The signs and symptoms of pontine hematomas depend on
size, location, and the presence or absence of ventricular
involvement or hydrocephalus. Primary pontine hemato-
mas are usually symmetrically placed at the junction of
the basis pontis and tegmentum. Large pontine hematomas
cause coma, decerebrate rigidity, quadriparesis, centrally
positioned eyes with absent oculocephalic and oculovesti-
bular reflexes, and pinpoint reactive pupils. Ocular bobbing,
characterized by rapid conjugate downward movements
of the eyes followed by a slow upward drive to primary
position, may be present. Hyperthermia and respiratory



TABLE 22-6

DSM-IV Diagnostic Criteria for Vascular Dementia

A. The development of multiple cognitive deficits manifested by both
1. memory impairment (impaired ability to learn new information or

to recall previously learned information)
2. one (or more) of the following cognitive disturbances:

a. aphasia
b. apraxia
c. agnosia
d. disturbance in executive functioning

B. The cognitive deficits in criteria A1 and A2 each cause significant
impairment in social or occupational functioning and represent a
significant decline from a previous level of functioning

C. Focal neurological signs and symptoms
D. The deficits do not occur exclusively during the course of a delirium
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abnormalities may be present. Partial damage to the lateral
basis pontis may cause pure motor hemiparesis. Lateral pon-
tine tegmentum hemorrhage may cause ipsilateral conjug-
ate gaze paresis, ipsilateral internuclear ophthalmoplegia,
the “one-and-a-half” syndrome, and ocular bobbing (see
Chapter 9). Lateral tegmental hemorrhages may cause
ipsilateral hemiataxia with contralateral hemiparesis and
hemisensory deficits.

Cerebellar Hemorrhage
The signs present with cerebellar hematomas depend on
their location and size and whether there is associated brain
stem compression or hydrocephalus. The most common
location for a cerebellar hemorrhage is in the region of
the dentate nucleus. The vermis is less frequently involved.
The most frequently observed findings are truncal or limb
ataxia, ipsilateral gaze palsy, and small reactive pupils.
Other ocular findings may include skew deviation, gaze-
paretic nystagmus, or ocular bobbing. Other cranial nerve
findings may include ipsilateral peripheral facial weakness
and ipsilateral absence of the corneal reflex. Dysarthria is
often present.

Caudate Hemorrhage
Caudate hemorrhages can cause headache, nausea, vomit-
ing, meningismus, confusion, and decreased short-term
memory.76 Findings that are variably present include a
transient contralateral conjugate gaze paresis, contralateral
hemiparesis, transient hemisensory deficits, and, rarely,
ipsilateral Horner’s syndrome.

Vascular Dementia Syndrome
Vascular dementia is the second most common cause of
dementia in the United States and Western Europe, and it
is the most frequent cause of dementia in Japan, Russia,
and other Eastern countries. It is defined as a global decline
in intellectual functioning, without a change in the level of
consciousness, that is produced by cerebrovascular disease.
A number of conditions are classified under the category
of vascular dementia (Table 22-5). The pathological sub-
strates that can produce vascular dementia are extensive.
Any lesion in the brain rostral to the upper brain stem
can potentially affect cognition. Cerebrovascular disease
TABLE 22-5

Vascular Dementias

Multi-infarct dementia
Strategically placed infarcts
Binswanger disease (subacute arteriosclerotic encephalopathy)
Cerebral amyloid angiopathies
CADASIL (cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy)

Dementia linked to hypoperfusion
Neoplastic angioendotheliosis
Hemorrhagic lesions causing dementia
Subacute diencephalic angio-encephalopathy
Cortical microinfarction (granular cortical atrophy)
Other (mixed Alzheimer’s disease/vascular dementia, etc.)
can affect cognition by destroying the neural components
(cortical areas) of the networks or their connections (white
matter and subcortical relay centers).77 The size and loca-
tion of the region affected by cerebrovascular disease are
important in delineating the clinical manifestations. The
diagnostic criteria for vascular dementia are listed in
Table 22-6.78
GENERAL MANAGEMENT GOALS

Rapid diagnosis of stroke and initiation of treatment are
important to maximize recovery and to prevent recurrence
of stroke (see Chapter 45). If patients present to the emer-
gency department within less than 180 minutes of the onset
of stroke symptoms, they may be candidates for intraven-
ous tissue plasminogen activator treatment if criteria are
met. For acute ischemic stroke, the dose is 0.9 mg/kg intra-
venously (not to exceed 90 mg, with 10% of the dose admin-
istered as an initial bolus over 1 minute). Patients with an
acute stroke should be admitted to the hospital for emer-
gency evaluation and treatment, preferably in a stroke unit
or intensive care unit where close medical and nursing
observation is available. A multidisciplinary approach with
referral to specialists with expertise in stroke is beneficial.
Care should focus not only on the treatment of the stroke
but also on the prevention of complications.

Patients should be thoroughly investigated in an attempt
to determine the likely etiology of the stroke. Appropriate
therapy should be instituted to reduce the likelihood of a
recurrent stroke. Choices for therapy that are available
include fibrinolytic agents; antiplatelet therapies such as
aspirin, clopidogrel, ticlopidine, or aspirin in combination
with modified-release dipyridamole; anticoagulation with
heparin acutely followed by warfarin (usually reserved
for a cardiac etiology of stroke); and carotid endarterect-
omy (in appropriate situations). The choice of treatment
needs to be made on a case-by-case basis and is influenced
by a number of variables. The most important factors are
the time interval from stroke, the severity of the neurolog-
ical impairments, the results of the baseline brain imaging
studies, and the cause of the stroke.79

In the patient with an intracranial hemorrhage, hemo-
static defects should be sought and corrected, if pre-
sent. Offending drugs such as warfarin and heparin and
thrombolytic therapy should be stopped and, in appropriate
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situations reversed immediately. Neurosurgical consultation
and intervention may be indicated in patients with large cer-
ebellar infarctions; in patients with large, nondominant
hemispheric ischemic infarctions with deterioration and her-
niation; and in selected patients with accessible, large lobar
hemorrhages, when there is a progressive course. Patients
with cerebellar hemorrhages should have an immediate neu-
rosurgical consultation. Further guidelines for specific ther-
apy are detailed in Chapter 45.

Frequent neurological checks are vital to early recogni-
tion of neurological changes associated with herniation,
recurrent or progressive stroke, recurrent hemorrhage or
vasospasm in the patient with subarachnoid hemorrhage,
and seizures. Cerebral edema with resultant herniation
is the leading cause of death in the first week after an
ischemic or hemorrhagic stroke.80 Cerebral edema caused
by ischemia overlaps both cytotoxic and vasogenic forms.

In patients with stroke, the blood pressure should be
monitored frequently or even continuously for the first
48 to 72 hours. It is not unusual for the blood pressure to
be transiently elevated after a stroke. Within a few days,
the blood pressure may return to prestroke levels. Whether
transient elevations should be treated is controversial.81,82

It is important not to overtreat the blood pressure and cause
hypotension. The most important objective is to maintain
adequate cerebral blood flow in the presence of impaired
autoregulation.

Cardiac monitoring is recommended for the first 24 to 48
hours after stroke due to the high frequency of cardiac dys-
function associatedwith stroke. In approximately 3%of cases,
concomitant cerebral and myocardial ischemia can occur. A
variety of cardiac arrhythmias can occur after ischemic or
hemorrhagic stroke and SAH, including tall P waves, longer
or shorter PR and QT intervals, ST segment elevation
or depression, peaked or inverted T waves, U waves, sinus
bradycardia, wandering atrial pacemker, paroxysmal atrial
pacemaker, nodal bradycardia, atrioventricular block, prema-
ture atrial or ventricular contractions, atrial fibrillation and
flutter, and atrioventricular dissociation. These abnormalities
have generally been attributed to increased circulating levels
of catecholamines. If ischemic electrocardiographic changes
occur, serial creatine kinase and lactate dehydrogenase isoen-
zymes are indicated. Ventricular wall motion abnormalities
have been demonstrated by echocardiography in patients
with aneurysmal SAH. Patients with SAH often have micros-
copic changes consistent with subendocardial necrosis at
postmortem.

Prevention of pulmonary complications is necessary in
the bedridden patient or in the patient with impaired oro-
pharyngeal function. Management of the airway and main-
tenance of adequate oxygenation and ventilation should
be accomplished immediately. Ventilatory assistance is
indicated if there are signs of respiratory depression, a
Glasgow Coma Scale less than or equal to 8, or raised
intracranial pressure and herniation. Pneumonia is the
most common cause of non-neurological death in the first
2 to 4 weeks after a stroke.83 The mortality rate from
pneumonia is as high as 15% to 25%. It is important to
place a temporary enteral feeding tube if there is evidence
of oropharyngeal dysfunction to avoid aspiration. Good
pulmonary toilet is needed, including chest physical
therapy, frequent turning, and volumetrics.
Lower extremity deep venous thrombosis (DVT) in the
hemiparetic limb is a common occurrence if DVT pro-
phylaxis is not initiated. If there are no contraindications,
low-dose subcutaneous unfractionated heparin or low-
molecular-weight heparin should be instituted. Aspirin
may also be effective in patients with contraindications to
anticoagulation. Support stockings are of unproven value.
If heparin is contraindicated, as in the patient with intracra-
nial hemorrhage, intermittent pneumatic compression stock-
ings are recommended.

The patient’s nutritional status and fluid requirements
should be assessed. Patients with a large ischemic stroke
may need fluid restriction during the first few days. In
patients with intracranial hemorrhage, one should try to
maintain euvolemia. In patients with SAH, strict fluid
restrictions should be avoided due to the possible risk of
increasing cerebral ischemia in patients developing vas-
ospasm. The patient’s swallowing function should be as-
sessed before intake of fluid or food is initiated. Patients
who have significant oropharyngeal dysfunction will
require parenteral or tube feeding.

Indwelling catheters should be placed only if absolutely
necessary and should be removed at the earliest possible
time to avoid urosepsis. The chronic use of an indwelling
catheter should be limited to patients with incontinence or
urinary retention that is refractory to other treatments.

The development of pressure sores occurs in approxi-
mately 15% of patients after a stroke.84 Steps to avoid this
complication include frequent inspection of the skin, routine
skin cleansing, frequent turning, use of special mattres-
ses and protective dressings, maintaining adequate nutri-
tional status, and trying to improve the patient’s mobility
as soon as possible after stroke.

One of the most common causes of injury to the patient
with a stroke is falling. Assessments of the risk for falling
should be made at regular intervals during the acute hospita-
lization. Measures should be instituted to minimize the risk
of falls. Rehabilitation plays an important role in recovery
in patients who are good candidates for intensive therapies.

Mortality is highest within the first 30 days after stroke
and remains elevated to different degrees depending on
the presenting stroke syndrome, stroke subtype, and other
comorbidities.85 The risk for recurrent stroke is greatest
within the first 30 days. Only approximately half of those
surviving a stroke are independent 6 months after a stroke,
and the quality of life is decreased.85
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Interactive study questions and referenced videos for
this chapter are available on the DVD-ROM.
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RESONANCE IMAGING
Imaging of the nervous system encompasses a wide variety
of modalities that have undergone rapid evolution in the past
few decades. Although still employed, plain film analysis of
the skull and spine is not routine in the initial investigation of
patients with neurological signs and symptoms. Computed
tomography (CT), developed in the 1970s, remains a com-
mon radiographic technique, particularly for the acutely
traumatized patient. Magnetic resonance imaging (MRI),
which came into widespread clinical usage in the 1980s,
has supplanted CT for evaluation of many suspected patho-
logical processes of the brain and spine. Depending on avail-
ability, MRI is often the initial study ordered, particularly in
an outpatient setting. MRI continues to be a rapidly evolving
field, encompassing techniques such as magnetic resonance
angiography (MRA) and spectroscopy. Myelography, intro-
bsection authors: Plain Film Analysis, Todd L. Siegal;
graphy, Beverly L. Hershey; Magnetic Resonance Imag-
aro, Robert A. Koenigsberg, Cyrus K. Dastur, Brian A.
ott Stickles; Functional Magnetic Resonance Imaging,
med, Scott H. Faro, Robert A. Koenigsberg, and Brian
brospinal Fluid Flow—Phase Contrast Imaging, Scott H.
B. Mohamed; Magnetic Resonance Imaging of the Spine,
d Robert A. Koenigsberg; Magnetic Resonance Angiogra-
ro, Feroze B. Mohamed, and Brian A. Bianco; Magnetic
graphy, Cyrus K. Dastur, Robert A. Koenigsberg, Scott
B. Mohamed, and Fong Y. Tsai; Myelography, Todd L.
giography, Robert A. Koenigsberg, Scott H. Faro, and
o; Ultrasonography, Robert A. Koenigsberg; Positron
graphy and Single-Photon Emission Computed Tomogra-
ro and Robert A. Koenigsberg.
duced in the early 1900s, has been replaced to varying
degrees by MRI owing to the noninvasive nature of the lat-
ter. Myelography is still regarded as useful in visualizing
the intradural nerve roots and is performed in selected cases,
particularly when MRI is contraindicated. Throughout the
century, myelography has evolved into a much safer exami-
nation owing to development of contrast agents with dramat-
ically reduced neurotoxicity. Angiography, introduced in
1927, remains the gold standard for evaluation of neurovas-
cular disease. Interventional neuroradiology, also known
as endovascular surgical neuroradiology, a field that has
evolved in the past two decades, offers patients therapy
throughcatheter-basedangiographic techniques.Ultrasonog-
raphy is most useful for evaluating the neonatal brain and
spine and extracranial vascular disease. Transcranial Dop-
pler studies are useful in selected patients for assessing intra-
cranial vascular disease. Ultrasonography has also been used
in the operative setting. Positron emission tomography and
single-photon emission computed tomography are nuclear
medicine techniques that offer physiological information
(Table 23-1).
PLAIN FILM ANALYSIS

Basic Principles and Techniques
Standard views of the skull are the posteroanterior (PA),
lateral, anteroposterior (AP), half-axial (Towne), and base.



TABLE 23-1

Neuroimaging Applications in Diagnosis and Therapy

TECHNIQUE DIFFUSE OR MULTIFOCAL CEREBRAL FOCAL CEREBRAL SUBCORTICAL BRAIN STEM SPINAL CORD

Plain film Neoplasm Neoplasm Not useful Not useful Trauma
Metabolic Neoplasm
Congenital Degenerative

CT Hemorrhage Hemorrhage Hemorrhage Hemorrhage Hemorrhage
Calcification Calcification Calcification Calcification Calcification
Infarct Infarct Infarct Infarct Neoplasm
Neoplasm Neoplasm Neoplasm Neoplasm Inflammation
Inflammation Inflammation Inflammation Inflammation
Vascular Vascular Vascular Vascular

MR Neoplasm Neoplasm Neoplasm Neoplasm Neoplasm
Inflammation Inflammation Inflammation Inflammatory Inflammatory
Hemorrhage Hemorrhage Hemorrhage Hemorrhage Hemorrhage
Vascular Vascular Vascular Vascular Vascular
White matter disease White matter disease White matter disease White matter disease White matter disease
Congenital Congenital Infarct Infarct Infarct
Infarct Infarct

Myelography Not useful Not useful Not useful Not useful Degenerative
Neoplasm
Hematoma
Inflammatory
Vascular
Congenital

Angiography Mass effect AVM tumor AVM tumor AVM tumor AVM
Vasculopathy Aneurysm Aneurysm Aneurysm
Atherosclerosis Atherosclerosis Atherosclerosis Atherosclerosis

Ultrasonography Hemorrhage Hemorrhage Hemorrhage Congenital Congenital
(Neonatal) (Neonatal) (Neonatal) Neoplasm Neoplasm
Congenital Congenital Congenital
Neoplasm Neoplasm Neoplasm
Infection Infection
Vascular Vascular

PET-SPECT Vascular Vascular Vascular Not useful Not useful
Neoplasm Neoplasm Neoplasm
Infection Infection Infection
Degenerative Degenerative Degenerative
Trauma Trauma Trauma

AVM, arteriovenous malformation
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The PA view demonstrates the frontal and ethmoidal
sinuses, frontal bones, nasal cavity, superior orbital rims,
and mandible. The following are demonstrated on the lateral
view: the frontal, parietal, temporal, and occipital bones; the
sella turcica; the orbital roofs; the mastoid region; and the
lateral aspect of the facial bones. The Towne view shows
the zygomatic arches, the foramen magnum, the occipital
bone, and the mastoid region. The base view demonstrates
the basal structures of the skull. To evaluate the facial bones
and sinuses, the occipitomental (Waters) view is often used.
However, CT imaging has largely supplanted the use of
plain films, particularly in the evaluation of the “specialty
regions” (i.e., the paranasal sinuses, orbits, temporal bones,
and sella).

Conventional radiographic examination of the spine
plays a critical role in the initial evaluation of the trauma
patient. Because the cervical cord is prone to damage from
unnecessary manipulation, the initial radiographic exami-
nation is usually limited to two or three projections that
provide the optimal amount of clinically pertinent informa-
tion. Plain film examination of the spine is also an invalu-
able tool in the screening of patients for degenerative,
inflammatory, and neoplastic conditions and serves as an
excellent imaging modality by alerting the physician to
the presence and degree of abnormalities. Of all the spine
examinations involving radiation, plain film radiography
gives the lowest dose, averaging 0.2 rad to the ovaries for
a four-view lumbar examination. The testicular dose is
10% to 50% of the ovarian dose.

Normal Findings
The skull varies considerably in shape and consists of a
superior portion, the vault, and an inferior portion, the base.
Along the base lie the orbits, sella turcica, and the temporal
bones. The skull bones are composed of outer and inner
tables of compact bone separated by the diploic space con-
taining bone marrow. The inner table contains grooves for
vascular structures such as the middle meningeal artery
branches, and care should be taken not to confuse these for
linear fractures. Pacchionian depressions house arachnoid
granulations that are related to venous lacunae communicat-
ing with the superior sagittal sinus. From the midline they
commonly extend 2.5 to 3.0 cm, and any inner table depres-
sion beyond that distance should be considered suspicious,
possibly an inner table erosion secondary to a neoplasm.1

Beyond age 3, the cranial sutures appear similar to those of
adults, and portions undergo actual closure at variable ages.
Normal intracranial calcifications involve the dura, pineal
gland, habenular commissure, choroid plexus, arachnoid
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granulations, and basal ganglia. The latter can be seen in
hypothyroidism and pseudohypothyroidism but are most
often physiological.

For the spine, the lateral view is the single most useful
projection because it can demonstrate most post-traumatic
lesions of the cervical spine.2 The lateral projection clearly
demonstrates the vertebral bodies, apophyseal joints, ante-
rior arch of the atlas, atlanto-odontoid distance, odontoid
process, spinous processes, and disc spaces. A mandatory
requirement is the demonstration of the C7 vertebral body.
The four smooth contour lines of the normal cervical spine
are apparent on the lateral view and should be evaluated to
exclude interruption or angulation. The lines include the
anterior and posterior vertebral lines, the spinolaminar line
(defines the posterior margin of the spinal canal), and the
posterior spinous line. Evaluation of the prevertebral soft tis-
sues can also be performed because the retropharyngeal and
retrotracheal spaces are adequately demonstrated and may
be pathologically widened in traumatic or nontraumatic
conditions.

The anterior projection demonstrates the C3–C7 vertebral
bodies, intervertebral disc spaces, lateral masses, uncinate
processes, uncovertebral (Luschka) joints, and the spinous
processes that, superimposed upon the bodies, resemble
teardrops. To provide adequate visualization of C1 and C2,
a variant of the AP projection is often obtained, termed the
open-mouth or odontoid view. The atlanto-occipital and
atlantoaxial joints, odontoid process, and lateral masses of
C1 and C2 are effectively demonstrated.

The oblique view of the cervical spine demonstrates the
neural foramina and facet alignment. Neural canal stenosis
typically occurs secondary to degenerative spur formation
arising from the uncinate processes anteriorly or from the
respective facet joints posteriorly. Pathological foraminal
widening can be associated with neurofibromas as seen in
cases of neurofibromatosis. Rarely, vascular masses of
the spine, particularly those associated with the vertebral
artery, can be expansile and mimic benign neural tumors.
In cases of spine trauma, the oblique view can be helpful
in delineating fracture dislocations of the articular pro-
cesses, particularly in cases of perched or jumped facet
injuries. The oblique view of the lumbar spine is the single
most useful view in evaluating for suspected spondylolytic
defects through the pars interarticularis.
Types of Detectable Abnormalities
With the advent and marked success of both CT and MRI,
the clinical utility of skull and spine radiography has
declined. However, it remains useful in the detection and
diagnosis of fractures, abnormal calcifications, develop-
mental anomalies, and osteolytic or osteoblastic disorders.
Degenerative spinal conditions and osteophytic changes
are still commonly evaluated with spine films.
Neurological Applications in Diagnosis and Treatment
Generalized Diseases

METABOLIC AND SYSTEMIC DISEASES. Renal osteo-
dystrophy, hyperparathyroidism, and acromegaly represent
some of the metabolic and endocrine disturbances to which
the skull responds. However, the importance of radiographic
findings has decreased with the routine laboratory deter-
mination of certain diseases. The skull characteristically
demonstrates mottling of the vault, manifesting a “salt
and pepper” appearance. Occasionally, cystlike lesions, or
brown tumors, may occur. The findings in renal osteodystro-
phy are identical to those of primary hyperparathyroidism.
Findings in acromegaly include thickening of the calvarium
and expansion of the supraorbital ridge and frontal sinus,
but the clinical manifestations and hormonal assay are
more sensitive and objective determinations of disease
severity.

Cranial Diseases

NEOPLASMS AND DESTRUCTIVE LESIONS. Skull
radiography remains valuable in the evaluation of destruc-
tive lesions and metabolic abnormalities. By far the most
common neoplastic involvement of the skull is secondary
to metastasis or invasion from adjacent neoplasm. Meta-
static carcinoma, multiple myeloma, and lymphoma
usually present as lucent or lytic lesions and represent the
most common malignancies affecting the calvarium. Breast
carcinoma commonly manifests as large and variable-sized
lucencies. In males, prostate carcinoma is the most com-
mon cause of osteoblastic metastasis. There is little to dif-
ferentiate osteomyelitis from neoplasm radiographically,
but, fortunately, osteomyelitis of the calvarium is rare in
North America and many other areas of the world.

STRUCTURAL AND DEVELOPMENTAL ABNORMAL-

ITIES. Several acquired abnormalities can be demon-
strated by plain films. Fibrous dysplasia classically
features sclerosis, lucency, and thinning and bulging of the
inner table. This entity can be confused with Paget’s disease
but is encountered in a younger age group and often ceases to
grow at approximately the third decade of life. The classic
calvarial presentation of eosinophilic granuloma is that of a
sharply circumscribed lucency involving the diploë and
inner and outer tables, similar in appearance to that of a
destructive lesion. Indeed, the differential considerations
are metastatic neoplasm, infection, and recent surgical
repair. Hemangiomas of the calvarium usually have an
unmistakable “Aunt Minnie” appearance on plain film.
These lesions are typically discrete, predominantly lucent
areas with a reticular or “spoke wheel” trabecular bony con-
figuration. Furthermore, a prominent diploic vascular chan-
nel is frequently identified entering the lesion; this may
represent an enlarged draining venous channel. The initial
or lytic phase of Paget’s disease results in areas of sharply
demarcated lucency termed osteoporosis circumscripta.
Subsequent stages demonstrate enlarged, coarsened trabecu-
lae; thickening of the cortex; and nonhomogeneous patchy
densities referred to as a “cotton wool” appearance. Paget’s
disease can be confused with other entities, but the patient’s
age, blood chemistry, and involvement of other bones aid in
the formulation of an appropriate differential diagnosis.

Developmental alterations can also be demonstrated on
radiographic examination of the skull. Sutural abnormal-
ities such as premature closure (craniosynostosis) or
widening (from increased intracranial pressure seen in
aqueductal atresia and Dandy-Walker syndrome) can be
identified. Decreased size of one-half of the cranium along
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with the compensatory, ipsilateral skull thickening are key
findings in the Dyke-Davidoff syndrome of cerebral hemi-
atrophy secondary to intrauterine and perinatal internal car-
otid artery infarction (Video 243, Hemiatrophy). Childhood
anemias and sickle cell disease classically demonstrate
generalized skull thickness or density. Decreased thickness
and density can be seen in osteogenesis imperfecta. Defects
in bone can occur with cranial myelomeningoceles, dermal
sinuses, and epidermoids.

TRAUMA. Skull radiography is generally not indicated
for cranial trauma because many patients with a skull frac-
ture have no neurological sequelae and many with severe
intracranial abnormalities have no associated skull fractures.
Patients with significant cranial injury or post-traumatic
neurological symptoms should be evaluated by CT. There
are two situations in which the skull fracture poses a clinical
threat. The depressed fracture and fracture associated with a
penetrating injury are of great concern. However, the symp-
toms associated with such injuries will invariably direct the
clinician to use CT for evaluation. Plain films are valuable
in demonstrating facial fractures, which often occur in
recognizable patterns. Cortical disruption and displacement
of osseous fragments represent direct signs of fracture. Indi-
rect signs include paranasal sinus opacification or air-fluid
levels, orbital emphysema, and soft tissue prominence.
One side of the facial skeleton should always be compared
with the other, and asymmetrical radiodensities should be
regarded as suspicious findings.

Spinal Diseases

SPINAL FRACTURES AND POST-TRAUMATIC SPINAL

DESTABILIZATION. Most unstable of all cervical spine
injuries, the flexion teardrop fracture can be identified
on the lateral view.3 This fracture, characterized by ante-
rior avulsion of a teardrop-shaped fragment by disruption of
the anterior longitudinal ligament as well as fracture of the
posterior elements and posterior displacement of the
involved vertebrae, should be distinguished from the stable
extension teardrop fracture. Although also demonstrating
an anteriorly displaced fragment, this injury shows no
subluxation, and the spinolaminar and posterior vertebral
lines are preserved. The lateral view can also effectively
demonstrate unilateral or bilateral locked facets (unstable),
dens fractures (type 2 unstable), the stable clay-shoveler
(fracture of the C6/C7 spinous process), and simple wedge
fractures.

Symmetrical and bilateral fractures involving the ante-
rior and posterior arches of C1 characterize the unstable
Jefferson fracture, best demonstrated on the open-mouth
odontoid view. Odontoid fractures, with emphasis being
placed on transverse fracture through the base (type 2,
unstable), can often be diagnosed on this view even though
detail of an injury is often lacking. The AP view affords
identification of fractures involving the bodies of C3–C7
as well as abnormalities of the intervertebral disc spaces
and uncovertebral joints.

Familiarization with the radiological findings that indi-
cate instability is imperative in evaluation of the trauma
patient.4 These findings include displacement of the verte-
brae, disruption of the posterior vertebral body line, and
widening of the apophyseal joints. Widening and elongation
of the vertebral canal with evidence of increased interpedic-
ular distance also indicates instability. The single presence
of any of these findings represents enough radiological proof
to assume instability. The same principles for determining
the stability of a cervical spine injury apply to those of the
thoracolumbar spine.

The AP and lateral views comprise the standard radio-
graphic projections for evaluating traumatic thoracic spine
injuries. For lumbar spine evaluation, AP, lateral (including
a view of L5–S1), and oblique views are traditionally
obtained. By using the same general principles mentioned
previously, burst fractures, fracture/dislocations, and dis-
traction fractures can be identified. The Chance, or “seat
belt” fracture, is an injury at the thoracolumbar junction
that can be stable or unstable, depending on the extent and
severity. Fracture/dislocations are notoriously unstable.

DEGENERATIVE AND INFLAMMATORY BONE DIS-

EASE. Osteoarthritis, degenerative disc disease, spondylo-
sis deformans, and diffuse idiopathic skeletal hyperostosis
represent degenerative conditions that involve the spine
and will frequently coexist in the same patient. The anato-
mical site of degenerative change determines the type of
degenerative disease.5

Degenerative changes involving the synovial joints (atlan-
toaxial, costovertebral, apophyseal, and sacroiliac) produce
osteoarthritis of these structures. The defining radiological
features are identical to other synovial joints and include joint
space narrowing, subchondral sclerosis and cyst formation,
and osteophyte formation. The mid- and lower cervical and
lumbar spine frequently demonstrate apophyseal joint degen-
erative changes. Involvement of the apophyseal joints often
discloses gas within the joint, termed the vacuum phenom-
enon. This is virtually pathognomonic for an advanced
degenerative process. Oblique views can be valuable in
demonstrating posterior osteophytes, which may encroach
on the neural canal sac. Frequently, however, CT is required
to demonstrate such findings.

Degenerative disc disease is secondary to degenerative
changes within the intervertebral disc and may also mani-
fest the vacuum phenomenon in long-standing degenerated
discs.6 Disc space narrowing and marginal osteophytosis of
the adjacent vertebral bodies are also prominent features of
this entity. Degenerative spondylolisthesis can be seen in
patients with degenerative disc disease and apophyseal
joint arthritis (Fig. 23-1; Video 237, Foot Drop).

Abnormalities of the annulus fibrosis can promote ante-
rior and anterolateral disc herniation leading to the forma-
tion of anterior and lateral osteophytes, a process termed
spondylosis deformans. Indeed, the primary radiological
feature of this entity is extensive osteophytosis, and, unlike
degenerative disc disease, the disc spaces are relatively well
preserved.

Diffuse idiopathic skeletal hyperostosis demonstrates
extensive osteophytosis without significant sclerosis or
intervertebral disc space narrowing. Flowing ossification
is characteristically seen along the anterior aspect of the
vertebral bodies, stretching across the disc space. The find-
ings are secondary to ossification involving the ligaments,
entheses, and fibrous articulations. The radiological charac-
teristics are best demonstrated on the lateral view.

The offending bacterial organism of the infectious
spondylitis can be varied, with staphylococci, streptococci,
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Figure 23-1. Cervical spondylosis. A, Lateral x-ray of cervical spine demonstrates chronic degenerative disc disease from C3-C4 through C6-C7 with vary-
ing degrees of disc space narrowing and associated endplate spur formation at each level. B, Right anterior oblique x-ray of cervical spine demonstrates
multilevel neural canal stenosis from C3-C4 through C6-C7 secondary to chronic degenerative spur formation arising from the uncinate processes.
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Escherichia coli, Proteus, and Pseudomonas being the most
common. Bacterial spread is usually by the hematogenous
route, being common in immunocompromised individuals
and intravenous drug abusers, but it may also be iatrogenic,
occurring after spinal surgery, lumbar puncture, or compli-
cating diagnostic discography. The most common location
is the lumbar region, and the lesion is detected on plain
radiographs by loss of disc space stature along with rare-
faction of the adjacent endplates. If untreated, significant
vertebral body involvement may lead to collapse of the ver-
tebral body, resulting in wedge deformities, focal kyphosis,
and/or scoliosis. The inflammatory process may extend
beyond the confines of the vertebral body into the paraspinal
soft tissues or posteriorly into the epidural space of the
central canal with abscess formation and thecal sac compres-
sion. CT and MRI allow excellent visualization of the
extent of these inflammatory processes, which cannot be
adequately assessed with plain film radiography.

The most common location for spinal tuberculosis is the
lower thoracic and upper lumbar regions. The granuloma-
tous process usually begins in the anterior third of the verte-
bral bodies and spreads along the spinal axis beneath the
paraspinal ligaments. The intervertebral disc space in tuber-
culous spondylitis remains relatively intact for a longer per-
iod of time than in pyogenic infections. In untreated chronic
cases of spinal tuberculosis, paraspinal, paravertebral, and
psoas abscesses frequently occur. The psoas abscess may
calcify.

NEOPLASMS. By far the most common extradural
malignancy of the spine is the metastatic lesion. Although
breast and prostate cancer are known for their osteoblastic
or sclerotic lesions, most metastases are osteolytic. Spine
metastases can involve all vertebral levels but most com-
monly affect the lower thoracic and lumbar spine.

The most common plain film finding is pedicle destruc-
tion, even though in adults the initial site of involvement is
typically the vertebral body. Pathological compression
fractures, multiple lytic vertebral body lesions, and paraspi-
nous soft tissue masses are other common expressions of
metastatic neoplasms. A discriminating eye can sometimes
detect an indistinct posterior vertebral body margin, a clue
to epidural metastatic disease. However, MRI is a highly
sensitive imaging study that can portray epidural and para-
spinous soft tissue involvement as well as cord compres-
sion. Breast, lung, and prostate cancer are commonly
associated with epidural spinal cord compression. Other
common adult metastatic primary lesions include renal cell
carcinoma, melanoma, lymphoma, multiple myeloma, and
sarcoma.
COMPUTED TOMOGRAPHY

Basic Principles and Techniques
The advent of computed tomography was one of the most
exciting developments in the history of neuroimaging. For
the first time, direct visualization of the brain became possi-
ble. Although MRI has surpassed CT in displaying neuro-
anatomy and pathology, CT remains a mainstay for several
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reasons.Wider availability and lower costs of CT are consid-
erations in today’s managed care environment. CT is easier
to perform in the setting of acute trauma and in the ventilated
patient. Owing to the speed with which CT images can be
obtained, high-quality studies are more feasible in the
patient unable to cooperate for examination. Patients with
implanted devices, such as cardiac pacemakers, spinal stim-
ulators, aneurysm clips, and other surgical implants, as
well as patients harboring ferromagnetic foreign bodies,
are not MRI candidates.7 Disadvantages of CT include the
potential need for iodinated contrast material to visualize
vessels and many intracranial pathological processes, arti-
facts related to beam hardening (which particularly limits
evaluation of posterior fossa structures) or the presence of
metallic foreign bodies, and difficulty in obtaining imaging
planes other than the axial. The latter particularly limits
evaluation of the spine.

CT is a technique in which a tightly collimated x-ray
beam is directed through the patient. The patient is placed
in the CT gantry, and the x-ray beam travels in a circular
path around the patient. Detectors 180 degrees opposite
the beam measure x-ray attenuation, or removal of the
photons from the beam. The x-ray beam is collimated in
a range from 1 to 10 mm, depending on the size of the
structure being examined. The patient is moved by the
same increment as the slice thickness for contiguous
images of the area of interest. The signal from the radiation
detector must be digitized by means of an analogue-to-
digital converter so that the image can be constructed using
a computer algorithm. Images are reconstructed by conven-
tion; air is seen as black and bone as white. Air is the tissue
with the least attenuation of x-rays and on the Hounsfield
scale (named after Godfrey N. Hounsfield, the inventor of
CT) is arbitrarily designated as -1000. Bone, the greatest
attenuator, is designated as þ1000, with water as 0.
Table 23-2 lists the approximate Hounsfield units for ana-
tomical tissues encountered on head CT, in order from dark
to bright. Resolution of small structures is a function of
pixel size, determined by field of view (typically 23 cm
for a routine head) and matrix size (typically 512).8

A recent technological advance is the development of
helical CT, which requires a new system or updated hard-
ware and software to perform. Helical CT differs from con-
ventional CT in that the patient is moved continuously
through the x-ray beam, dramatically shortening scanning
times. There is some loss of resolution with this technique
TABLE 23-2

Appearances of Tissues on Computed Tomography

TISSUE HOUNSFIELD UNIT GRAY SCALE

Air �1000 Black (###)
Fat �100 Black (##)
Cerebrospinal fluid 0 Black (#)
Brain 30 Gray (—)
Extravasated blood 100 White ("")
Contrast medium enhancement 100 White ("")
Bone 1000 White (""")

###, marked hypoattenuation; ##, moderate hypoattenuation; #, mild hypoat-
tenuation; —, isoattenuation (to brain); "", moderate hyperattenuation; """, marked
hyperattenuation.
as scanning times decrease, such that in routine brain im-
aging, helical scanning is not employed. Helical scanning
is useful when a rapid collection of data is necessary, such
as in the traumatized or uncooperative patient. Helical
scanning has made CT angiography possible because rapid
collection of images is needed after a bolus of contrast
medium is injected.9 The latest advance in CT imaging is
the coupling of helical technology with multislice imaging,
allowing for extremely rapid and detailed simultaneous
multislice acquisitions.

The typical radiation dose for a head CT is 40 to 60
milligray (mGy). There are a number of factors influencing
dose, such as voltage (kVp), current (mA), scan time (sec-
onds), field of view, rotation angle, filtration, collimation
and section thickness, and spacing. The dose distribution
also depends on the size, shape, tissue density, and elemental
composition of the patient.10

Morbidity of CT is mainly that of reactions to intra-
venous contrast medium administration. Today, nonionic
contrast medium is available with significant reduction in
the number and severity of adverse reactions. Lower cost
has allowed CT use to become more routine. Patient condi-
tions in which only nonionic contrast medium should be
administered include prior reaction to iodinated contrast
medium, asthma, multiple allergies, cardiac disease, and
pulmonary hypertension.11

Patients with allergic histories can also be given a steroid
pretreatment consisting of prednisone, 50 mg, orally 13, 7,
and 1 hour before dye injection with diphenhydramine
(Benadryl), 50 mg, 1 hour before if desired.12 In this patient
population, it is preferable to avoid contrast medium-
enhanced CT if possible, with MRI providing an excellent
alternative. If MRI is contraindicated, and the patient has a
history of laryngospasm or hypotension with previous use
of contrast medium, an anesthesiologist should be present
during the contrast medium administration. Acute renal fail-
ure is an absolute contraindication to the administration of
contrast medium. Renal insufficiency should be regarded
as a relative contraindication, and again MRI is recom-
mended as the study of choice. Patients on dialysis can
be imaged safely with contrast medium, preferably with
dialysis planned soon after the study.

CT can be used to guide stereotactic brain biopsy, a
technique that is especially helpful for tissue diagnosis of
small or deep-seated lesions. Stereotactic radiation therapy,
stereotactic craniotomy, brachytherapy, and management
of brain stem lesions can also be planned from CT images.
For most stereotactic procedures, the patient is placed in a
device such as a Brown-Robert-Wells head ring. CT scan-
ning is performed, and the lesion of interest is targeted
using the head ring as an external reference. A computer
transforms the two-dimensional coordinates of rods fixed in
the head ring and the targeted lesion into three-dimensional
space so that the trajectory of the biopsy needle can be
planned.13 Frameless stereotactic techniques have also been
developed.

The standard head CT is performed with the gantry
angled parallel to the orbitomental line obtaining images
in the axial plane. Five-millimeter sections are obtained
through the posterior fossa to ensure adequate visualization
of the fourth ventricle with 10-mm sections through the
supratentorial space. Thinner sections (1–3 mm) are
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employed for detailed examination of small anatomical
regions, such as the temporal bone, sella, orbits, and para-
nasal sinuses. Direct coronal imaging is essential for eval-
uation of these structures and may be used to visualize
lesions in the tentorial region or at the vertex. Coronal imag-
ing requires repositioning the patient in the gantry with the
neck hyperextended either supine or prone. Gantry angula-
tion can help reduce the degree of cervical extension but
often is insufficient alone for direct coronal imaging.
Patients with cervical spine disease, airway obstruction,
or obesity also may not be able to tolerate positioning for
coronal imaging, and intubated patients cannot be placed
in this position.

Filming of head CT images is done at narrow windows
(60–80 HU) to accentuate the minor difference in Houns-
field units between white and gray matter, with white mat-
ter being slightly lower in attenuation. In cases of trauma,
metastatic disease, bone infection, or neoplasm, bone win-
dows (2000–4000 HU) should be obtained to evaluate for
fracture, bone destruction, or hyperostosis associated with
meningiomas. Bone windows are also useful in the detec-
tion of intracranial air and can separate air and fat density.
At these windows, the brain is not seen. A bone algorithm,
a computer reconstruction technique, can also be employed
and is particularly useful in evaluating small or thin bones,
such as the ossicles in the middle ear, the facial bones, and
the skull base. Acquisitions in bone algorithm alone give
detailed bone information, but the images cannot be filmed
at brain windows because they will be unsatisfactory. Sub-
dural windows (150–200 HU) are necessary to identify acute
subdural hematomas, which blend in with the calvarium on
routine brain images (Fig. 23-2).

Normal Findings
A normal unenhanced head CT scan shows midline position
of the third and fourth ventricles and the septum pellucidum/
AAA

Figure 23-2. Twenty-three-year-old man status post motor vehicle accident. A,
ventricle, but it is difficult to see at routine brain windows (60 ). B, At subdur
fornix positioned between the lateral ventricles. The bodies
of the lateral ventricles need not be symmetrical. Mild dif-
ferences in the sizes of the frontal, temporal, and occipital
horns are common. There should be density discrimination
between the white matter (centrum semiovale, corona
radiata, internal capsule, and brachium pontis) and gray mat-
ter. No focal white matter low densities should be seen in
young or middle-age patients. Patients older than 65 years
may show mild periventricular hypodensities as part of the
normal aging process. Ventricular and subarachnoid space
size is variable between individuals. In general, the ventri-
cles and subarachnoid spaces are small in younger patients
and increase in size with increasing age. In an older patient,
the ventricles should not be dilated out of proportion to the
subarachnoid space size.

Normally calcified structures are the pineal gland and
the glomus of the choroid plexus in the trigone of the lateral
ventricle. Calcification may be seen throughout the choroid
plexus, including the temporal horns and the outlets of the
fourth ventricle. Occasionally, the habenula (directly ante-
rior to the pineal gland) may show calcification. The arteries
of older patients are not uncommonly calcified. Calcifica-
tion of the globus pallidus can be physiological and becomes
more prominent with advancing age. Calcification in dural
structures, including the walls of venous sinuses, is seen as
a normal variant. Excessive calcifications of vascular or
dural structures may indicate an underlying pathological
process.

Arteries and veins show normal enhancement owing to
the higher attenuation of blood containing iodinated con-
trast material. Lack of a blood-brain barrier and the tight
junctions between endothelial cells allow enhancement of
the dural structures (falx and tentorium) and pituitary
gland. The choroid plexus in the ventricular system usually
shows mild to moderate enhancement owing to its vascular
nature. This enhancement can be prominent in the outlets
of the fourth ventricle, simulating a vascular lesion.
BB

An acute frontal subdural hematoma causes compression of the left lateral
al windows (150), the hematoma is identified subjacent to the calvarium.
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In evaluation of spine CT, the intervertebral disc is seen
as having a higher density than that of the contents of the
spinal canal. The spinal canal has relatively low attenua-
tion owing to the presence of cerebrospinal fluid (CSF),
particularly in the lumbar region. The nerve roots of the
cauda equina may be visualized in the posterior portion
of the thecal sac. Roots in the cervical and thoracic sub-
arachnoid space cannot be visualized unless intrathecal
contrast medium is present. The intervertebral foramina
contain mostly fat, which outlines the dorsal root ganglion
and is best appreciated in the lumbar region. In the cervical
region, soft tissue density of the nerve root is seen in the
inferior neural foramen, whereas in the lumbar spine the
root is seen in the superior aspect of the foramen. The osse-
ous structures should be smooth, with no encroachment
upon the central canal, neural foramina, or lateral recesses.
Linear lucencies representing veins may be seen in the ver-
tebral bodies and are corticated, distinguishing them from
fracture lines. The basivertebral venous plexus exits the
vertebral body midway between the superior and inferior
endplates and has a dorsal calcified cap that should not
be mistaken for an osteophyte. The ligamenta flava are
visualized particularly well in the lumbar spine but should
not indent the thecal sac.14
Figure 23-3. Middle-aged woman presenting with what she reported as the
worst headache of her life and third nerve palsy. Acute subarachnoid
hemorrhage is present in left-sided basal cisterns secondary to rupture of
a posterior communicating artery aneurysm. Central lucency represents
the aneurysm.

Figure 23-4. Thirty-four-year-old woman status post cardiorespiratory
arrest and resuscitation. CT shows severe diffuse cerebral (cytotoxic)
edema with loss of white-gray matter differentiation and compression of
ventricles and subarachnoid spaces secondary to anoxia.
Types of Detectable Abnormalities
Computed Tomography without Contrast Medium
Enhancement
CT is an excellent study to evaluate for acute intracranial
hemorrhage, particularly in the subarachnoid space
(Fig. 23-3). Acute hemorrhage is detected as high attenua-
tion owing to clot retraction with separation of the high-
density erythrocytes from lower-density plasma. Unclotted,
active bleeding may be detected in either epidural or sub-
dural hemorrhages as a relative lucency, commonly referred
to as the “swirl sign.”

Edema is identified as low attenuation owing to the pre-
sence of increased water content. Cytotoxic edema asso-
ciated with infarct or diffuse anoxia is seen as low density
in the gray matter, representing abnormal accumulation of
intracellular water (Fig. 23-4). Vasogenic edema is the
abnormal accumulation of extracellular water in the white
matter, seen as “fingers” or “fronds” of low attenuation
following white matter tracts.

CT is valuable in detecting mass effect including subfal-
cine, descending transtentorial (uncal), ascending transten-
torial, and transsphenoidal herniations (see Chapter 1).
Cerebellar tonsillar herniation is infrequently detected and
can be missed secondary to beam hardening artifact at the
level of the foramen magnum.

Evaluation of ventricular size can be done by CT. Enlar-
gement of the temporal horns out of proportion to the lat-
eral ventricular bodies is helpful in recognizing early
hydrocephalus. Hydrocephalus with marked dilatation of
the ventricles and relative effacement of sulci is typical
of more advanced cases. CT can be helpful to follow ven-
tricular size after shunting (Video 54, Normal Pressure
Hydrocephalus).

CT is very useful for detecting intracranial calcifica-
tions, such as those seen in congenital infections, vascular



Figure 23-6. Fifty-five-year-old man with asymptomatic mass lesion identi-
fied on chest x-ray. CT myelogram reveals hyperdense spiculated lesion of
the T7 vertebral body with soft tissue components in the paraspinal and
epidural space consistent with hemangioma.
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lesions, metabolic disease, and neurocutaneous disorders.
The location and distribution of calcifications is key in
differentiating these various causes. The identification of
calcification in a neoplasm aids in differential diagnosis.

Although congenital brain malformations can be seen on
CT, MRI is the modality of choice owing to direct multi-
planar imaging with visualization of structures such as
the corpus callosum and improved sensitivity for migra-
tional abnormalities. CT is complementary in the evalua-
tion of encephaloceles and meningomyeloceles in regard
to identifying bone defects.

CT is preferred for evaluating acute fractures of the cal-
varium, skull base, and spine. Fractures are identified as
lucencies without sclerotic margins. These features aid in
differentiating fractures from vascular grooves or sutures.
In the spine, CT can uniquely demonstrate bone impinge-
ment on the central canal, implying possible spinal cord
injury. Epidural hematomas are occasionally but not con-
sistently identified in the spine (Fig. 23-5). Again, the
spinal cord is typically not directly visualized without the
use of intrathecal contrast medium.

CT and MRI provide complementary information about
neoplasms of the vertebrae, particularly in the case of spine
hemangioma (Fig. 23-6). Infection of the spine is better
evaluated by MRI, although CT can provide very useful
information regarding bone destruction and paravertebral
soft tissue involvement.

Many pathological processes of the extracranial head
and neck can be identified by CT. High-resolution thin-sec-
tion CT is the test of choice for evaluation of the paranasal
sinuses and middle ear structures owing to its exquisite
bone detail highlighted by air. CT affords better evaluation
of the paranasal sinuses, although the intracranial extent of
neoplasm or infection is best evaluated by MRI. CT and
MRI can both be used for the evaluation of the orbits, with
the orbital fat providing excellent contrast for the optic
nerve and extraocular muscles with either technique. CT
provides information about calcification, which may be
seen in tumors, drusen, and vascular lesions.
AAA BBB

Figure 23-5. Twenty-three-year-old man status post motor vehicle accident. A, B
window demonstrates an anterior epidural hematoma at the L1 level.
Computed Tomography with Contrast Medium
Enhancement
In general, it is preferable to perform neuroimaging with
MRI than to perform CT with contrast medium enhance-
ment. MRI is more sensitive to subtle changes in tissue sig-
nal and is superior to CT in initial as well as follow-up
evaluation of enhancing lesions, such as neoplasms, infec-
tion, and vascular lesions. MRI affords evaluation of
masses in multiple planes and is especially useful in surgi-
cal or stereotactic irradiation planning. Meningeal disease
is better evaluated by MRI and can be missed on CT owing
one windows from a lumbar CT reveal a burst fracture of L2. B, Soft tissue



Figure 23-7. One-year-old male with tuberous sclerosis. CT without con-
trast reveals periventricular calcifications, the largest at the left foramen
of Monro.

446 Neurodiagnostic Tools / 23
to volume averaging with the skull coupled with the nor-
mal bright enhancement of the meninges.

Contrast medium-enhanced CT is useful in patients who
cannot undergo MRI and when MRI is not readily avail-
able. Contrast medium aids in the detection of intracranial
lesions that may otherwise be poorly delineated or invisible
on unenhanced CT. Patterns of enhancement can be helpful
in the differential diagnosis of intracranial masses.

CT is not as sensitive in the detection of white matter
and neurodegenerative disorders as MRI and should not
be used as the primary imaging modality. If MRI is contrain-
dicated, CT may identify white matter lesions secondary to
demyelination or dysmyelination, and contrast medium
enhancement is occasionally useful in differential diagnosis.

Neurological Applications in Diagnosis and Treatment
CT is useful in detecting structural abnormalities causing
multifocal, focal, or subcortical cerebral dysfunction. Eval-
uation of the brain stem is generally limited to the mid-
brain and upper pons. CT has limited usefulness in the
evaluation of the spinal cord and nerve roots. CT is not
useful in the evaluation of neuromuscular disease.

Cranial Diseases

INTRA-AXIAL DISORDERS. CT can often identify
lesions responsible for cerebral dysfunction and is ordered
in the acutely ill neurological patient with a history of
trauma, stroke, “worst headache” of life, anticoagulation
or bleeding diathesis, or seizure. In any case of suspected
acute intracranial hemorrhage, intravenous contrast med-
ium should not be immediately administered because con-
trast medium enhancement and acute extravascular blood
have similar attenuation characteristics. Likewise, evalu-
ation for infarction should be performed without contrast
medium enhancement to exclude hemorrhage and also
because subacute infarction may show mild enhancement
such that it is indistinguishable from normal cortex. Where
available, perfusion CT imaging can be obtained in acute
stroke patients to access the extent of ischemic brain. Typi-
cal unenhanced scans performed within the first 24 hours
of clinical symptomatology of infarct may not reveal any
detectable abnormality. Early signs of middle cerebral
artery infarct include hyperdensity of the artery (thrombus
and embolus), loss of differentiation of insular cortex
(insular ribbon sign), and obscuration of the lentiform
nuclei from adjacent capsular white matter structures due
to edema, as well as effacement of the sylvian fissure and
sulci. Should urgent angiography be necessary in acutely
ill patients, caution should be taken when interpreting CT
imaging studies performed over the next 24 hours because
residual intravascular contrast can be present, particularly
in patients with renal insufficiency or failure.

Differential diagnosis of enhancing lesions includes
primary brain neoplasm, metastasis, abscess, infarct, demye-
linating disease, resolving hematoma, and vascular malfor-
mation. Abscesses, metastases, and high-grade primary
neoplasms incite prominent vasogenic edema, whereas other
enhancing lesions usually show less edema. Demyelinating
disease shows ring or solid enhancement in the acute
stage, commonly in a periventricular location. Resolving
hematomas show ring enhancement 1 or 2 weeks after hem-
orrhage at the margin of the hematoma bed. Arteriovenous
malformations demonstrate enlargement of feeding arteries
and draining veins with central dense enhancement repre-
senting the “nidus.” Cavernous angiomas show enhance-
ment in a solid pattern and are often hyperdense without
contrast medium owing to calcification. CT can detect
venous angiomas utilizing contrast medium due to lack of
any quantifying features other than the enhancing aberrant
vein.

Intracranial calcifications are seen in a variety of disease
processes. Arteriovenous malformations, aneurysms, and
cavernous angiomas all may contain calcifications. Of the
neurocutaneous disorders, tuberous sclerosis and Sturge-
Weber syndrome show characteristic patterns. Patients
with tuberous sclerosis demonstrate calcifications that are
mainly periventricular in location (Fig. 23-7). Patients with
Sturge-Weber syndrome show a gyriform pattern of calcifi-
cation seen in the posterior temporal, parietal, and occipital
cortex. Patients with neurofibromatosis may also demon-
strate parenchymal calcifications in the basal ganglia and
elsewhere. Excessive basal ganglia calcifications are seen
in many metabolic disorders usually related to calcium
metabolism. Neoplasms that calcify include gliomas (parti-
cularly oligodendrogliomas), meningiomas (Fig. 23-8),
ependymomas, craniopharyngiomas, and choroid plexus
papillomas. The most common acquired intracranial infec-
tion to demonstrate intracranial calcification is cysticerco-
sis.

CT plays a complementary role to MRI in evaluation of
patients with cranial nerve palsies (Video 43, Tongue Fas-
ciculations). CT excels in evaluation of the bony skull
base and can detect pathological processes such as tumor,



Figure 23-8. Sixty-year-old woman with right parasagittal meningioma.
Without contrast, the lesion is hyperdense and contains calcifications.
Low-density white matter represents vasogenic edema.
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infection, and primary bone lesions as they encroach upon,
enlarge, or destroy foramina. Because all the cranial nerves
have a close relationship to the skull base, bone detail thin-
section scanning should be obtained in all patients with these
palsies. Of the cranial nerves, only the optic nerve can be
directly visualized by CT. Patients with monocular visual
loss may demonstrate enhancement and/or enlargement of
the optic nerve.

Spinal Disease
MRI is generally the test of choice for evaluating upper or
lower motor neuron disease localized to the spinal cord,
spinal roots, or plexi. In particular, CT should not be used
as a primary imaging modality in suspected spinal cord com-
pression because soft tissue lesions such as abscesses, hema-
tomas, and sometimes disc herniations may be missed. CT
serves a complementary role in defining bone lesions caus-
ing spinal cord compression once the level of interest has
been identified by MRI or myelography, predominantly if
MRI is contraindicated. Metastatic disease, discogenic dis-
ease with osteophyte formation and calcification of disc
material/ligaments, infection, and primary bone tumors or
metabolic lesions are examples of pathological processes
in which CT can add or supplement information to MRI.
CT can visualize nerve roots surrounded by low-attenuation
fat particularly in the lumbar neural foramen and is useful in
evaluating bone encroachment on the neural foramina from
endplate osteophyte formation, facet degeneration, or unci-
nate process osteophytes of the cervical spine. CTmyelogra-
phy can visualize nerve roots and the spinal cord in the thecal
sac and is particularly useful in the patient who cannot
undergo MRI.
MAGNETIC RESONANCE IMAGING

Basic Principles and Techniques
Gorter is given credit for the origin of the concept of
nuclear magnetic resonance (NMR) in 1936.15 Work was
continued by Purcell and Block in the mid-1940s with their
Nobel Prize-winning discovery of the magnetic resonance
phenomenon. Experimentation was limited to very small
quantities of materials that were contained within a vacuum
chamber. In the late 1960s, Jackson reported NMR experi-
ments on animal tissues. Damadian, in 1972, was the first
to describe whole-body NMR for medical diagnosis. Soon
after, in 1973, Lauterbur theorized using magnetic field gra-
dients to create a position-dependent NMR signal. The first
MR images of detailed human anatomy were produced by
Aberdeen in 1976. The widespread clinical use of MRI
began approximately in 1980 and continues to grow at an
exponential pace.

NMR is the science that forms the basis for MRI. Abun-
dant water molecules within the human body contain hy-
drogen protons that act as microscopic magnets. When the
human body is placed into a static main magnetic field,
approximately 50% of themagnets align parallel to this main
magnetic field. The remainder aligns in an antiparallel fash-
ion. These magnets cancel each other out, although approxi-
mately 1 in 1 million bar magnets is not canceled out and
creates the basis of a tiny magnetic net vector. These micro-
scopic magnets form the basis of the intrinsic signal that is
used to generate clinical images. These net magnetic vectors
align with the axis of the main magnet and rotate at a specific
frequency known as the Larmor frequency. A second type of
magnetic field, known as the gradient field, is used to aug-
ment the main magnetic field and allow for anatomical local-
ization of the specific spinning protons. Finally, there is a
third type of magnetic field known as a resonance frequency
field and referred to as a radiofrequency (RF) pulse. This RF
pulse is a very low amplitude that oscillates near the Larmor
frequency (63.87MHz for a 1.5-Tesla [T]MR image). When
the RF pulse is applied, the spinning protons become excited
and flip their orientation to a predetermined flip angle,
which is usually 90 degrees for a spin-echo technique. When
the RF field is turned off, these excited spinning protons con-
vert to a relaxed state, releasing energy. This energy can be
measured with head, body, or surface coils and forms the
basis for image formation.

The intrinsic high tissue contrast medium for MRI is one
of the major strengths of this modality. Whereas CT uses
differences in x-ray attenuation coefficients of two adjacent
tissues, the MR signal is intrinsic and is generated by chan-
ging the proton spins in response to an external RF pulse.
The different macromolecular characteristics of the inter-
cellular and extracellular protons within the water mole-
cules determine the intrinsic MR signal that is displayed
for diagnostic interpretation. The macromolecular spin
magnetization returns to its equilibrium state through a
process defined by two relatively independent relaxation
times, referred to as T1 and T2.

After a 90-degree RF pulse, the proton magnetization net
vector rotates from the axis of the main magnet (Z axis,
longitudinal magnetization) to the transverse plane (X and
Y axes, transverse magnetization). When the RF pulse



TABLE 23-3

Magnetic Resonance Findings*

T1 T2

Fat "" #
Bone ## ##
Gray matter — —
White matter " #
Cerebrospinal fluid # ""

*Signal is relative to gray matter that is intermediate in signal intensity on T1W and
T2W images.
—, Intermediate signal intensity; ", small increase; "", bright; #, small decrease;
##, dark.
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ends, the longitudinal magnetization recovers toward 100%
in an exponential manner. The time it takes for the proton
to recover 63% of its longitudinal magnetization is referred
to as T1 or spin-lattice relaxation. In a similar fashion,
when the RF pulse ends, the transverse magnetization is
100% and decays toward zero. The time it takes the proton
to lose 63% of its transverse magnetization is termed T2 or
spin-spin relaxation time. The energy signal formed during
this decay process is referred to as free induction decay.
This signal is intrinsically weak. It is enhanced by the addi-
tion of a second 180-degree RF pulse, which follows the
first 90-degree RF pulse. This second RF pulse refocuses
the protons and creates a spin-echo signal. The time from
the 90-degree pulse to the spin-echo signal is termed the
TE. This process is repeated, and the repetition time
between the 90-degree pulses is called TR.

Images can be created that have relative T1 weighting
(T1W) or T2 weighting (T2W) by varying the TR and
TE. A T1-weighted image has a TR less than 1000 msec
and a TE less than 50 msec. A T2-weighted image has a
TR greater than 2000 msec and a TE greater than 60 msec.
An intermediate so-called proton density weighing has a
TR greater than 2000 msec and a TE less than 40 msec.
TABLE 23-4

Signal Characteristics of the T1W and T2W Images*

T1W T

Fat E
Intracellular methemoglobin C
Extracellular methemoglobin E
Complex proteins N
Complex calcifications "signal A
Entry slice D
Flow in vessels D
Slow flow in vessels A
Melanin
Contrast medium enhancement
Cerebrospinal fluid B
Bone L
Ligaments A
Air C
Calcifications #signal D
Deoxyhemoglobin I
Hemosiderin H
Flow void in vessels F
Acute to subacute infarcts F

*In relation to gray matter

9>>>>>>=
>>>>>>;

9>>>>>>>=
>>>>>>>;
Normal Findings
There are basic MR signal patterns of normal tissues in the
brain. These patterns are shown in Table 23-3.
Types of Detectable Abnormalities
The MR signal characteristics of a lesion on T1- and T2-
weighted sequences enable the differential diagnosis of
any particular brain abnormality to be narrowed. A sum-
mary of signal characteristics is shown in Table 23-4.
There are specific and nonspecific patterns of MR signal
regarding normal and abnormal tissues. The most specific
patterns are seen with respect to CSF, fat, bone, and stages
of intracranial hemorrhage.

CSF has decreased signal on T1-weighted images,
intermediate signal on proton density, and increased sig-
nal on T2-weighted images. When evaluating a cystic
lesion, one must determine if the lesion follows CSF sig-
nal characteristics on all pulse sequences. If the lesion
does not, it is considered atypical. Lesions that follow
CSF signal typically represent arachnoid cysts or dilated
CSF spaces as seen in Virchow-Robin spaces or second-
ary to encephalomalacia. Complicated fluid may show
increased signal on both T1- and T2-weighted sequences.
These abnormalities suggest the presence of proteina-
ceous or complex hemorrhagic fluid and may harbor
malignancy.

Fat has increased signal on T1-weighted images and
decreased signal on T2-weighted images. Lesions that fol-
low this pattern most commonly represent fat, as seen in con-
genital lipomas and teratogenic tumors. Confirmation of a
fatty lesion can be obtained with a fat saturation RF pulse
sequence.

Each stage of hemoglobin molecular breakdown has its
own peculiar imaging signature based on the MR signal.
That is, the stages of hemorrhage, whether acute, subacute,
2W

xtracellular methemoglobin
erebrospinal fluid
dema
eoplasms "signal
bscess
emyelination
ysmyelination
cute to subacute infarcts

one
igaments
ir
alcifications
eoxyhemoglobin #signal
ntracellular methemoglobin
emosiderin
low void in vessels
at

9>>>>>>=
>>>>>>;

9>>>>=
>>>>;



TABLE 23-5

Magnetic Resonance Signal Change of Hemorrhage

ACUTE
(6 HOURS–3 DAYS)

EARLY SUBACUTE
(DAY 3 TO DAY 7)

LATE SUBACUTE
(1 WEEK TO 1 MONTH)

CHRONIC
(MONTHS TO YEARS)

T1W # " " "
T2W ## # " "
Pathophysiology Deoxyhemoglobin Intracellular

methemoglobin
Extracellular methemoglobin Extracellular methemoglobin

and hemosiderin ring*

*After slow reabsorption of the extracellular methemoglobin, only decreased signal hemosidesin persists.
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or chronic, generate unique changes that are uniquely shown
only by MRI. These signals range from nearly isointense to
hypointense signal, as seen in acute hemorrhages, to
increased signal seen on both T1- and T2-weighted images
observed in late subacute or chronic hemorrhages.16,17 The
identification of hemosiderin typifies chronic cerebral
hemorrhage. The signal patterns of brain hemorrhage are
summarized in Table 23-5.

MR signal patterns are recognizable with common dis-
eases such as cerebral edema, neoplasm, abscess, infarcts,
or demyelinating processes. These entities demonstrate a
nonspecific pattern of decreased signal on T1-weighted
images and increased signal on proton density and T2-
weighted images. Therefore, to obtain a differential diagno-
sis with a high degree of accuracy, this information is linked
with anatomical location, morphology, and a degree of
contrast medium enhancement. These, with good clinical
history, all help in arriving at a correct differential diagnosis.

Neurological Applications in Diagnosis and Treatment
In general, owing to high tissue contrast between tissues
and multiplanar imaging, MRI is the study of choice to
evaluate all lesions in the brain and spine. CT, however,
is more sensitive than MRI for the evaluation of calcifica-
tions and subtle fractures, and it remains pivotal in the
diagnosis of acute subarachnoid hemorrhage. Additionally,
MRI cannot be performed in patients who have intraor-
bital foreign bodies, pacemakers, or non-MRI-compatible
implants, such as artificial heart valves, vascular clips,
cochlear implants, or ventilators. When approaching a
lesion that is seen on an MRI of the brain, the specific loca-
tion of the lesion must be identified. If one begins superfi-
cially and moves inward toward the deeper spaces of the
brain, the first important space is the extracalvarial soft tis-
sues, consisting of skin, muscle, and facial structures. The
bony calvarium is next composed of the outer table, bone
marrow within the diploic space, and inner table. The next
space to consider is the extra-axial leptomeningeal struc-
tures, which include the epidural, subdural, and subarach-
noid spaces. The layer beneath the subarachnoid space is
the pia mater, which is closely adherent to the gray matter
cortical ribbon. Deep to the pial layer lie the intra-axial
structures. These structures include the cortical gray mat-
ter, the underlying white matter, the deeper basal gangli-
onic structures, and the brain stem as well as the
ventricular system. On routine MRI of the brain, there are
additional structures to examine, including the orbits, para-
nasal sinuses, temporal bone, and skull base.
Calvarial-Related Lesions
Bone abnormalities include primary and secondary masses.
Metastatic lesions and rare primary tumors such as osteo-
genic sarcomas or giant cell tumors can affect the calvarium.
Additional secondary neoplastic processes that can involve
the diploic (marrow) space include leukemia and lymphoma.
Benign neoplastic processes include neurofibroma in a
patient with neurofibromatosis (type I), soft tissue fibromas,
and dermoid and epidermoid tumors. These can affect the
skull, resulting in bony deformities, or can directly involve
the calvarium. Hemangiomas can be seen as enhancing,
expansile masses originating within the diploic space.

Inflammatory lesions within the extracalvarial soft tis-
sues typically include benign processes such as sebaceous
cysts or cellulitis. Primary calvarial inflammatory lesions
include osteomyelitis or an infected postoperative bone
flap.

Bony lesions and congenital fibro-osseous lesions such
as fibrous dysplasia or Paget’s disease are common calvar-
ial abnormalities. A common bone marrow disorder is con-
version from fatty marrow to hematopoietic marrow in
patients with anemia. Primary loss of normal hematopoi-
etic elements with conversion to dense fibrous matrix can
be seen in myelofibrosis.
Cranial Diseases
EXTRA-AXIAL SPACE LESIONS. Congenital tumors of

epidermal and mesodermal origin that arise from the skull
base and cerebellopontine angle are typically epidermoid
tumors. These tumors are usually eccentric and are locally
invasive. Congenital tumors that contain all three embryo-
nic layers are termed dermoid tumors. These tumors tend
to occur in the midline at the skull base and within the
suprasellar cistern. More aggressive neoplasms to consider
include ependymomas, which arise from ependymal cells
most commonly within the fourth ventricle or cerebello-
pontine angle (Video 201, Cranial Nerve VII Anatomy).
Secondary neoplastic involvement of the pachymeninges
includes lymphoma, metastasis from lung or breast, or pos-
sibly an adenocarcinoma from an unknown primary tumor.
These lesions may present as a single metastatic focus or
can result in diffuse carcinomatosis.18

The most common dural-based tumor is the meningioma,
which represents a primary neoplasm of the dura (Fig. 23-9).
These tumors commonly involve the dural convexities but
may also involve the falx, cerebellar tentorium, and skull
base. Rarely, these tumors present as intraventricular masses
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Figure 23-9. Olfactory groove meningioma. A, Axial T2-weighted image shows a mass attached to the anterior falx (dural extension). Note relative low
signal on T2-weighted image and surrounding signal edema. B, Coronal T1-weighted image after contrast shows homogeneous enhancement of the
dural-based extra-axial mass.
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or masses involving the foramen magnum. Meningiomas
typically enhance densely with contrast material and can
display a signature “dural tail” representing contiguous
involvement of the dura beyond seemingly defined tumor
margins.

Inflammatory processes such as epidural empyema from
an adjacent sinus infection may occur. Subdural effusions
have been described in children with systemic Haemophi-
lus influenzae infections. The most common inflammatory
process to consider is a meningitis, which may be of viral,
fungal, or bacterial origin.

An important pattern of abnormality is diffuse pachy-
meningeal thickening with homogeneous enhancement
following an intravenous injection of contrast agent (gado-
linium). The differential diagnosis includes carcinomatosis,
sarcoidosis, meningitis, or a more recently described entity
referred to as central CSF hypotensive pachymeningitis.19

The exact cause of this last entity is not well understood,
but it is believed to be related to either a CSF leak or an
abnormal CSF metabolic process.16 One of the more com-
mon extra-axial lesions is a post-traumatic epidural or sub-
dural hematoma.20 These lesions are occasionally imaged
primarily by MR, but more frequently they are imaged as
an adjunct to CT scanning. MRI can be helpful in clarifying
the involved extra-axial space and its secondary effects, as
well as evaluating the hemorrhage age or chronicity. Lesions
within the subarachnoid space that follow CSF signal on all
pulse sequences and demonstrate mass effect represent
congenital or post-traumatic (acquired) arachnoid cysts.

INTRA-AXIAL SPACE LESIONS. Small focal lesions at
the gray matter/white matter junction, which demonstrate
mass effect, surrounding edema, and contrast medium
enhancement, most commonly represent metastatic lesions.
Large enhancing masslike lesions that involve both the
gray matter and the white matter and that do not follow a
wedgelike distribution typically represent primary brain
gliomas. Low-grade (I and II) gliomas typically do not
enhance, whereas higher-grade gliomas (III and IV) usually
do. A low-grade neoplastic process must also be consid-
ered if there is a focal, nonenhancing enlargement of the
gray matter cortex that continues to have mass effect over
a 3- or 4-week interval. This lack of change will help
differentiate a low-grade glioma from a cortical infarct.

Peripheral cortical inflammatory processes secondary to
meningitis may lead to cerebritis or, consequently, a focal
abscess. Viral inflammatory processes of the cortex and
subcortical white matter may occur and are most com-
monly secondary to a herpesvirus infection. Multifocal
enhancing lesions in the gray matter/white matter junction,
brain stem, and cerebellum may represent multifocal
abscesses in the appropriate clinical setting (Fig. 23-10).

The differentiation of intracranial cystic lesions is often
difficult using conventional MRI sequences. Both cystic
gliomas and cerebral abscesses appear as rim enhancing
lesions with increased signal on T2-weighted images and
decreased signal on T1-weighted images. Apparent diffu-
sion coefficient (ADC) maps and diffusion weighted imag-
ing (DWI) have been found to aid in distinguishing
between these lesions (Table 23-6). The ADC map is a
measurement of the random motion of water molecules.
As cells swell in cytotoxic edema, there is restricted diffu-
sion of the intracellular water molecules, which results in a
low ADC value. In contrast, the extracellular water of
vasogenic edema demonstrates increased diffusion and a
higher ADC value. DWI is a rapidly acquired image based
on the ADC values in which restricted diffusion appears as
high signal intensity.

In a study of 63 cystic lesions, Bukte and colleagues21

found that all pyogenic abscesses were hyperintense on
DWI, whereas all cystic gliomas were hypointense on
DWI. The authors proposed that the cellular and proteinac-
eous organization of an abscess restricts water motion. The
cystic or necrotic center of brain tumors is similar to serous
fluid in which water can freely diffuse, resulting in low sig-
nal on DWI. Of 11 metastatic lesions studied, 8 were
hypointense and 3 were hyperintense on DWI. Thus,



Figure 23-10. Cysticercosis. A, Axial T2-weighted image shows two parietal lobe lesions with up signal. B, Coronal T1-weighted image after contrast
shows small ring-enhancing lesions.

Figure 23-11. DWI demonstrating abnormal decreased signal in the left
middle cerebral artery distribution.

TABLE 23-6

Differentiating Intracranial Cystic Lesions with Diffusion
Weighted Imaging (DWI) and Apparent Diffusion
Coefficient (ADC) Maps

LESION DWI SIGNAL ADC SIGNAL

Acute stroke Increased Decreased
Abscess Increased Decreased
Cystic glioma Decreased Increased
Epidermoid Increased Isointense
Arachnoid gyst Decreased Increased
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rarely, metastatic lesions may simulate imaging character-
istics of abscesses. DWI has also been found to be useful
in distinguishing epidermoid cysts from arachnoid cysts,
both of which have imaging characteristics similar to
CSF on CT and conventional MRI. Epidermoids are typi-
cally hyperintense on DWI, whereas arachnoid cysts are
hypointense.

A wedge-shaped lesion that involves both white and
gray matter and follows a vascular distribution usually
represents an infarction from cerebrovascular disease
(Video 215, Cadasil Stroke). Acute infarctions may
become evident on routine T2W spin-echo images within
12 to 24 hours of onset. The most sensitive pulse sequence
is a water diffusion coefficient weighted technique.22 This
pulse sequence can detect an infarct within the first few
minutes of onset. MR perfusion imaging can further be
helpful in differentiating a devascularized brain territory
(Fig. 23-11), and an appropriate mismatch between diffu-
sion and perfusion imaging can help guide appropriate neu-
rointervention. Peripheral vascular venous occlusions of
the superior sagittal sinus or adjacent cortical draining
veins may lead to a cortical or a cortical/subcortical venous
infarction.

Lesions that primarily involve the white matter are most
commonly secondary to small vessel occlusive disease or a
demyelinating process. Small rounded infarctions less than
1 cm within the deep white matter, basal ganglion, cerebel-
lum, or brain stem in an adult older than 50 years of age
most commonly represent lacunar infarctions. Also in this
population, tiny lesions within the periventricular white
matter are usually secondary to small vessel ischemic dis-
ease. Demyelinating lesions secondary to multiple sclerosis
may mimic this appearance but typically are present in



Figure 23-12. Acute disseminated encephalomyelitis. Axial T2-weighted
image shows multiple white matter lesions.
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younger adults. Lesions of multiple sclerosis may present
as early as the second decade as rounded or ovoid lesions
in the periventricular deep white matter. Ovoid lesions that
are perpendicular to the long axis of the body of the lateral
ventricles represent demyelination within perivascular
spaces termed Dawson’s fingers. Additional lesions can
present in the corpus callosum, brain stem, and spinal cord.
In children younger than age 10 years, periventricular
white matter lesions and basal ganglionic, brain stem, or
cerebellar lesions may represent an acute disseminated
encephalomyelitis, typically secondary to a postviral or
postvaccine autoimmune process (Fig. 23-12).
A

Figure 23-13. A, Coronal T2 sequence through the anterior hippocampal form
trace-D and fractional anisotropia depicted by decreased blue pitch in the righ
Multiple sclerosis and acute disseminated encephalomy-
elitis are the most common acquired leukoencephalopathies
(Video 12, Dysdiadochokinesis). Another leukoencephalo-
pathy to consider is human immunodeficiency virus en-
cephalopathy, which is a diffuse process. Multifocal lesions
with minimal mass effect and no abnormal contrast medium
enhancement in an immunocompromised patient may repre-
sent progressive multifocal leukoencephalopathy. Postradi-
ation and/or postchemotherapeutic leukoencephalopathy
should be considered (Video 113, Pontine Myelinolysis).
There are a wide variety of congenital dysmyelinating disor-
ders, the most common of which are metachromatic leuko-
dystrophy, adrenoleukodystrophy, and Canavan’s disease.
All of these dysmyelinating diseases represent congenital
enzymatic defects.

MRI is an effective noninvasive means of localizing
focal epileptogenic lesions (Video 78, Frontal Lobe Com-
plex-Partial Seizure). Identification of such lesions (i.e.,
structural abnormality such as tumor or arteriovenous mal-
formation) with noninvasive neuroimaging improves post-
surgical outcomes. In the case of temporal lobe epilepsy,
a seizure-free postsurgical outcome is 82% with concor-
dant MRI lesions compared to 56% with no corroborative
MRI finding.23 The literature suggests improved presurg-
ical evaluation of patients with focal epilepsy when studied
on a phased array 3T MRI magnet and interpreted by an
experienced neuroradiologist.24

Diffusion tensor imaging (DTI) is an evolving new non-
invasive technique that assesses changes in the micromo-
lecular environment of cerebral tissues. DTI is under
investigation for its role in the workup of temporal lobe
surgery. DTI has been described to characterize abnormal
tissue within the hippocampal formation of patients with
temporal lobe epilepsy that, in some cases, did not have
any structural abnormality on high-resolution MRI.25–27

See Figure 23-13 for an example of abnormal DTI in the
hippocampal formation.

Within the deeper basal ganglionic structures, brain
stem, or cerebellum, the most common lesions are focal
infarctions and demyelination. Much less common lesions
include focal encephalitis or gliomas. Focal mass lesions
within the brain stem or cerebellum may occur within
an older adult and most commonly represent metastasis.
B

ation without abnormality. B, Directionally encoded color with increased
t hippocampal formation (arrow) in a patient with seizures.



Figure 23-14. Brain stem glioma. Midline sagittal T1-weighted image
shows a focal enlargement of the pons with decreased signal.

Figure 23-15. Central neurocytoma. Axial post-contrast T1-weighted image
shows a heterogeneously enhancing, rounded intraventricular mass within
the anterior portion of the lateral ventricle.
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A primarily cystic lesion with an enhancing mural nodule
within the cerebellum in a child represents a pilocystic
astrocytoma. In a young adult, a similar-appearing lesion
most likely represents a hemangioblastoma, which may
be a manifestation of von Hippel-Lindau disease. A focal
expansile lesion within the brain stem most commonly in
the pons in a young child typically represents a brain stem
glioma (Fig. 23-14). In a child, the primary differential
diagnosis for a posterior fossa mass includes, in decreasing
frequency, a primitive neuroectodermal tumor (medullo-
blastoma), brain stem glioma, cerebellar pilocystic astrocy-
toma, and ependymoma.

Vascular malformations are most commonly found
within the intra-axial space, although they may be present
solely within an extra-axial space. These lesions represent
a spectrum from benign cavernous angiomas, which have
a low bleeding potential, to arteriovenous malformations
that carry a bleeding potential of 2% to 4% per year.28

Cavernous angiomas have characteristic appearances of
lobulated blood-filled channels with a rim of hemosiderin.
Arteriovenous malformations have serpiginous tangles of
flow voids with adjacent feeding arteries and draining
veins. Dural malformations may be difficult to detect by
MRI alone due to an inherent lack of brain parenchymal
involvement.22

Primary neoplasms, although uncommon, do occur.
These tumors include choroid plexus papilloma or carci-
noma; central neurocytomas, which are characteristically
attached to the septum pellucidum (Fig. 23-15); interventri-
cular meningiomas; and ependymomas. Colloid cysts typi-
cally originate within the region of the roof of the anterior
portion of the third ventricle and are usually benign. Occa-
sionally, these cysts may cause acute hydrocephalus and,
rarely, death in a young adult from brain herniation.
FUNCTIONAL MAGNETIC RESONANCE IMAGING

Functional magnetic resonance imaging (fMRI), based on
blood oxygenation level-dependent (BOLD) imaging29 of
the brain, provides functional data of cerebral activation
during any given task (e.g., motor, visual, and cognitive).
This method allows for a quantitative nonclinical method
for assessing changes in cerebral function as related to cere-
bral activities (i.e., performance of physical or cognitive
tasks). The BOLD fMRI technique allows for detection of
minute changes in cerebral oxygenation. In fMRI, examin-
ing the signal intensity differences in an imaging voxel
between the presence and absence of a stimulus identifies
areas that are receiving increased blood flow, which is used
as a marker for increased functional activity. This meth-
odology has been widely used and has shown promising
results for fMRI studies of various pathways of the brain,
including the language, memory, and visual pathways
(Fig. 23-16). See Figure 23-17 for fMRI of a patient with
right parietal high-grade glioma during left finger-to-thumb
hand squeezing.30–32
CEREBROSPINAL FLUID FLOW—PHASE CONTRAST
IMAGING

Physiological CSF flow information can be obtained using
a proton phase-sensitive (phase contrast [PC]) technique.



Figure 23-16. Frontal and lateral three-dimensional fMRI rendering of functional activity in the occipital lobe secondary to a visual stimulus.

A B C
Figure 23-17. A, Axial FLAIR sequence demonstrating right parietal high-grade glioma with surrounding vasogenic edema. B, fMRI sequence showing
activation of the right sensorimotor strip, which is displaced by glioma. C, Sagittal fMRI demonstrating superior and anterior displacement of the right
sensorimotor strip.
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Moving tissue such as CSF causes shifting of the phase of
the spinning protons. The phase shifting can be measured
and qualitative direction of flow and quantitative flow
velocity can be measured using a PC technique. CSF flow
is a dynamic process that moves in a to-and-fro motion.
The flow of CSF through the aqueduct of Sylvius, basal
cisterns, and foramen magnum normally changes direction
two or three times per second, with a net slow flow in the
superior to inferior direction. Cardiac gating can be per-
formed with the PC technique, and flow information can
be determined at selected intervals during the cardiac
cycle. This flow information can be displayed in a cine
loop, demonstrating the temporal and spatial changes of
CSF flow. There are several clinical indications for CSF
flow PC imaging, including characterizing partial versus
complete aqueductal stenosis; determining the patency of
an internal ventriculostomy (endoscopic osteotomy in the
floor of the third ventricle to bypass an aqueductal obstruc-
tion); characterizing increased CSF velocity in normal
pressure hydrocephalus; and characterizing the CSF flow
around the basal cisterns and cervicomedullary junction
in Chiari I malformation.
MAGNETIC RESONANCE IMAGING OF THE SPINE

Since the mid-1980s, MRI of the spine has attained accep-
tance as the premier modality in the evaluation of spine
diseases. MRI is eloquent in the evaluation of both benign
and malignant spinal processes and is further unique in its
inherent noninvasive ability to image the spinal cord and
surrounding structures. Structures such as CSF, dura, and
adjacent ligaments are routinely seen and evaluated. The
utility of spine MRI can be discussed in terms of the three
classic categories of spine disease: extradural, intradural-
extramedullary, and intramedullary processes.
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A frequent cause of epidural disease is intervertebral
disc pathology. MRI can uniquely image the intervertebral
disc directly, without the use of contrast material. Disc
integrity can be assessed in terms of degeneration, abnor-
mal disc bulges, or herniations (Video 237, Foot Drop).
High-resolution T2-weighted images of the disc can diag-
nose annular and circumferential tears that previously
required injection of contrast material (i.e., CT discogra-
phy). Any effect on spinal contents, either the spinal cord
or existing nerves in the cervical and thoracic regions, or
nerve impingement on either the cauda equina or existing
nerve roots in the lumbar region can be assessed. Addition-
ally, inherent signal aberrations within the intervertebral
discs can also be analyzed for primary intrinsic disc
abnormalities, such as infectious discitis and associated
vertebral osteomyelitis.

Although MRI is inherently poor for showing dense, cor-
tical bone, it is extremely useful in the evaluation of infil-
trative bone marrow diseases. Both degenerative and
malignant bone marrow changes can be detected and cate-
gorized based on MR signal patterns. Benign processes
such as post-traumatic bone edema, fatty bone marrow
infiltration, or benign neoplasms such as primary vertebral
hemangiomas can be readily distinguished from carcinoma-
tous changes (i.e., vertebral plasmacytoma or frank meta-
static disease with or without vertebral destruction or
paravertebral soft tissue involvement). MRI is also useful in
the analysis of degenerative spondylosis and complications
of spondyloarthropathies as well as in the evaluation of
benign or malignant spinal canal or foraminal stenosis.
MRI is pivotal in the emergency evaluation of post-traumatic
spinal cord compression.

Infrequently, intradural extramedullary masses present
for evaluation. In the cervical and thoracic regions, menin-
giomas, neuromas, and arachnoid cysts predominate,
whereas in the lumbar spine, schwannomas, ependymomas,
or, rarely, intradural disc herniations are more common.
Occasionally, intradural extramedullary metastases are
encountered that may stud the spinal cord and meninges
with metastatic deposits.

MRI is uniquely sensitive in detecting the presence of
intramedullary spinal cord diseases. Common primary
intramedullary neoplasms that can be elucidated include
astrocytoma, ependymoma, and spinal cord hemangioblas-
toma. Contrast medium-enhanced MRI can help differenti-
ate spinal cord edema, as seen in these entities, from the
primary tumoral masses. Other causes of abnormal signal
within the spinal cord include inflammatory or demyelinat-
ing diseases such as acute disseminating encephalomyelitis,
transverse myelitis, and multiple sclerosis. The evaluation
of spinal cord edema secondary to trauma, either from
chronic discogenic disease or in situations of acute complex
fracture injuries, is essential, particularly in national trauma
centers.
MAGNETIC RESONANCE ANGIOGRAPHY

Basic Principles and Techniques
MRI techniques have been developed to image the flowing
blood. MRA and magnetic resonance venography (MRV)
are used to study the flow in various vessels and have
proved to be robust in routine clinical examination of vas-
cular diseases. In this section, the basic principles of MRA
and the major clinical uses are discussed.

There are two major MRA techniques that are used in
MRI that exploit either the longitudinal spin magnetization
or the transverse spin magnetization of the protons in blood
to visualize flowing blood. They are the time-of-flight
(TOF) technique, which utilizes the inflow-outflow of the
moving spins within the selected imaging volume to image
the blood flow, and the PC technique, which utilizes the
flow-induced phase variations of the MRA signal caused
by the motion of the blood. These MRA techniques by con-
vention depict the blood flow as bright in contrast to the
dark surrounding stationary tissues. The MRA data are
postprocessed with a maximum intensity projection (MIP)
algorithm and may be displayed in multiple angiographic
projections and angulations.

Normal Findings
The TOF method uses the longitudinal magnetization, such
that the blood flowing into the selected volume during the
RF excitation period is fully relaxed, whereas the magneti-
zation from the stationary tissue is saturated, and hence the
signal from the blood is brighter compared to that of the
stationary tissue. This phenomenon was first described in
a nonimaging context by Singer.33 After RF excitation,
the longitudinal magnetization recovers exponentially with
time constraint T1 and is typically much longer than with
T2W. In a volume of stationary tissue and flowing blood,
during every TR interval, the magnetization recovers
incompletely throughout the volume, acquiring T1W that
suppresses particularly the signals with longer T1. This is
referred to as saturation. The degree of T1W depends on
the solution of the Bloch equation, which is a function of
TR, T1, and the excitation flip angle 1. Usually, a TR of
30 to 100 msec and flip angles of 10 to 60 degrees are
used. These imaging parameters can be optimized for max-
imum suppression of the stationary tissues and better flow
visualization.

In TOF imaging, faster flow through a vessel lumen run-
ning perpendicularly through the slice partially or completely
exits the slice in the interval between the 90- and 180-degree
excitation pulses.34 Consequently, the 180-degree pulse fails
to invert the nuclei, and the signal is diminished. However,
with slow flow, washout of the spins between the 90-degree
and the 180-degree pulses is minimal. The previously
excited outgoing slice is replaced during the TR interval by
the inflow of fully magnetized spins from outside the
volume, giving a brighter signal than the one acquired from
stationary tissue. This phenomenon is generally referred to
as entry phenomenon or flow-related enhancement. Further-
more, the heavy T1W associated with these short TR
sequences suppresses stationary tissue, an important contri-
butor to the contrast between the stationary and the flowing
signal. Therefore, the TOF method primarily uses these
flow-related enhancement phenomena to image the blood
vessels.

Twomajor techniques exist in TOFMRA: two-dimensional
TOF (2D TOF) and three-dimensional TOF (3D TOF) imag-
ing techniques. Two-dimensional TOF is advantageous



Figure 23-18. Carotid bifurcation of a patient with arteriosclerosis. A, Digital subtraction arteriogram shows mild stenosis in proximal carotid bulb (short
arrow), moderate to marked stenosis in external carotid artery (open arrow), and marked stenosis (approximately 85%) in distal bulb/proximal internal
carotid artery (long, thin arrow). Contrast medium collection probably represents ulceration (large arrowhead). Ascending pharyngeal artery (small arrow-
head). B, Axial two-dimensional TOF (surface coil). Accurate demonstration of moderate to marked stenosis in external carotid artery (open arrow). Small
elongation of mild stenosis in proximal bulb (arrow). Slight exaggeration of marked stenosis (to approximately 90%) in distal bulb/proximal internal car-
otid artery (long, thin arrow). Signal is lost within the proximal portion of this stenosis. Ulceration (large arrowhead) and ascending pharyngeal artery
(small arrowhead) are identified. (From Faro SH, Vinitski S, Ortega HV, et al: Carotid magnetic resonance angiography: Improved image quality with
dual 3-inch surface coils. Neuroradiology 1996;38:403–408.)
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because of its sensitivity to slow flow rates, minimal satura-
tion effects for normal flow velocities, and short acquisition
times (5–7 minutes). Although widely used, the technique
has a few limitations. The appearance of the moving blood
varies when the imaging plane is not perpendicular to the
slice select direction. Owing to the in-plane flow, the blood
vessels that run parallel to the imaging plane experience
multiple RF pulses and eventually become saturated.
Hence, the portion of the vessel traversing the imaging
plane may exhibit some reduction in signal intensity and
appear artifactually narrowed or even discontinued. Pre-
liminary work with 2D TOF and magnetization transfer
(MT) in the carotid artery bifurcation has shown an
improved signal-to-noise ratio (SNR) and greater sharpness
of vessel margins.35 The 3D TOF MRA technique offers a
number of advantages over its 2D counterpart. The 3D
volume acquisition techniques offer superior SNR and high
spatial resolution and are sensitive to fast and intermediate
flow. The other major advantage of this technique is that
the acquisition can be made in thin slices, thereby reducing
voxel size and hence decreasing intravoxel dephasing of the
moving blood. The use of surface coil along with small
imaging voxels has been shown to significantly improve
SNR and vessel conspicuity in normal and diseased carotid
arteries.36 Three-dimensional TOF is relatively insensitive
to slow flow and is effective only for relatively small 3D
volumes because blood is saturated by multiple RF pulses
while traversing the slab. MRA using 3D TOF with MT
has been widely used in routine clinical imaging of the cir-
cle of Willis owing to their excellent stationary tissue sup-
pression capabilities.37 Preliminary work with 3D TOF
acquired with dual 20- and 60-degree flip angles demon-
strates improved SNR and vessel definition.38 Contrast-
enhanced 3D TOF imaging has further enhanced detail to
near angiographic quality.

In contrast to TOF, the PC angiography technique uses
the flow-induced phase variations of the MRA signal
caused by the motion of the blood. These phase shifts
induced by blood flow can be selectively modulated using
bipolar flow-encoding gradients and, therefore, images of
flow can be generated. With this strategy, two sets of data
are acquired under identical conditions, except that the
polarity of the bipolar flow-encoding gradients is alternated
during data acquisition. This modulates the velocity-
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Figure 23-19. Gadolinium-enhanced TOFMRAdemonstrating normal origins
of the great arteries and carotid bifurcations A, AP view. B, Oblique view.
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induced phase shift for spins having macroscopic motion
(flowing blood) and has no effect on stationary spins.
MRA projections are created by subtracting one data set
from another, removing the signal from stationary tissues,
and retaining the signal from the flow. Moreover, the phase
shift of the image can also be used to obtain a phase map of
the image. This phase map is usually displayed in gray
scale and indicates the regions where flow has occurred.

The two most popular methods image the slab volume
either with sequential time-averaged 2D slices39 or with
simultaneous acquisition of 3D volume slabs40 and are
generally referred to as 2D or 3D phase contrast angiogra-
phy. The 2D PC angiograms, like 2D TOF, are obtained as
sequential individual slices. In 3D PC MRA, the data are
collected in three dimensions. This has several advantages
over the 2D PC technique, such as isotropic voxels, reduc-
tion in phase variations, and flexibility in cross-sectional
presentation of the feature of interest. However, the overall
imaging time is much higher compared with the 2D techni-
que. In the past few years, cine PC MRA, a variant of 2D
PC MRA in which cardiac gating is used to generate
images at different points within the cardiac cycle, has
become widely used. This method has been used to analyze
temporal flow of blood in carotid arteries in the neck41 and
flow of CSF in the brain.42

Neurological Applications in Diagnosis and Treatment
Extracranial Disease

CAROTID BIFURCATION LESIONS. One of the pri-
mary uses of MRA is the evaluation of the lesions in the
carotid artery bifurcation. Atherosclerotic lesions within
the carotid bulb and proximal internal carotid artery are
major factors contributing to the development of cerebro-
vascular ischemia. The appropriate treatment of patients
with asymptomatic and symptomatic carotid stenosis
remains controversial. The North American Symptomatic
Carotid Endarterectomy Trial43 and the European Carotid
Surgery Trial44 demonstrated that patients with transient
ischemic attacks or nondisabling stroke ipsilateral to a ca-
rotid stenosis of 70% or more have been found to have a sig-
nificant incidence of further strokes. In a group of patients
with asymptomatic carotid stenosis of 50% or more, Hobson
and associates and the Veterans Affairs Cooperative Study
Group showed that carotid endarterectomy reduced the over-
all incidence of ipsilateral neurological events in this popu-
lation.45 Although the exact degree of carotid stenosis that
would affect patient management (i.e., medical or surgical)
has not been definitely determined, these studies have set
the current trends. Noninvasive techniques that accurately
measure the degree of carotid stenosis will continue to be
a very important part in the workup of these patients.
Figure 23-18 shows an example of an MRA of a complex
stenosis.

The use of gadolinium bolus 2D and 3D TOF MRA
leads to greater detection of carotid bifurcation stenosis.
Additionally, gadolinium-enhanced MRA has added to
the diagnosis of stenosis of the origins of the great arteries.
Figure 23-19 demonstrates gadolimium-enhanced MRA of
the great arteries and caorid bifurcations.

Atherosclerotic disease is most prevalent at arterial
bifurcations and usually involves the carotid bulb of the
internal carotid artery. The development of plaque and ste-
nosis at the carotid bulb is believed to be related to the anat-
omy of the carotid bifurcation and associated complex
hemodynamic forces that cause microscopic intimal injury
and subsequent initiation of the atherosclerotic cascade.
The complex flow (vortices, separation of flow streams,
and slow flow) within the carotid bifurcation is well demon-
strated using computer simulation based on images obtained
by digital subtraction angiography (DSA) and MRA.33

Complex flow is one of the major causes of intravoxel
dephasing, which leads to signal loss in MRA. An example
of MRA signal loss distal to a carotid stenosis is shown in
Figure 23-20. Comparison is made with DSA and computer
simulation of temporal blood in this vessel. DSA remains
the gold standard to characterize carotid bifurcation dis-
ease; however, numerous investigations have shown that
noninvasive MRA has the potential to replace DSA as a
screening test and obviate the need for diagnostic carotid
angiography.46,47

Intracranial Disease
LESIONS IN THE CIRCLE OF WILLIS. The primary

uses of circle of Willis MRA are to screen for the presence
of unruptured aneurysms that came to medical attention due
to incidental discovery by MRI and to assess for the presence
of intracranial atherosclerotic disease. The use of MRA as a
noninvasive screening test to identify congenital berry aneur-
ysms before rupture in groups at risk (e.g., adult polycystic
kidney disease and family history of aneurysm) would also
be desirable. Several studies have shown that the sensitivity



Figure 23-20. Carotid bifurcation of patient with atherosclerotic disease. A, Selected digital subtraction arteriogram of carotid artery bifurcation showing a
mild to moderate (approximately 33%) stenosis in the proximal internal carotid artery. B, Axial two-dimensional TOF (surface coil) shows a smooth,
approximately 50% stenosis in the proximal internal carotid artery. Exaggeration of the degree and length of stenosis is present. C and D, Color simulation
of vascular flow pattern in the carotid bifurcation in this patient during the acceleration phase of systole. (From Faro SH, Vinitski S, Ortega HV, et al:
Carotid magnetic resonance angiography: Improved image quality with dual 3-inch surface coils. Neuroradiology 1996;38:403–408.)

458 Neurodiagnostic Tools / 23



AA BB

Figure 23-22. A, MRV shows loss of flow-related signal in the proximal and distal and straight sinuses (SS) and superior sagittal sinus (SSS) in a patient
with dehydration and dural sinus thrombosis. B, Follow-up MRV showed reconstitution of the SSS and SS.

AA BB

Figure 23-21. A, DSA image shows a well-defined 5- or 6-mm anterior communicating artery aneurysm with distal tip. B, Three-dimensional TOF MRA
accurately shows the aneurysm.
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of MRA to detect congenital aneurysms 5 mm or larger is
approximately 90%.48–50 Figure 23-21 shows an aneurysm
detected with MRA. Aneurysms smaller than 5 mm do rup-
ture, although the incidence is reduced. MRA is considered
an accurate noninvasive screening test for patients at risk
for aneurysms. Conventional DSA, however, remains the
gold standard for preoperative planning as well as for the
assessment of ruptured aneurysms resulting in subarachnoid
hemorrhage. Nevertheless, MRA frequently may have a
complementary role in the assessment of patients suffering
subarachnoid hemorrhage when DSA is inconclusive.

OTHER APPLICATIONS. Vascular malformations, either
pial (intramedullary) or dural (extramedullary), may be
detected with MRA. Serpiginous flow patterns and voids,
either within or extrinsic to the spinal cord, can suggest spe-
cific diagnoses. Even the presence of unexplained spinal
cord edema may suggest angiodysgenic myelomalacia
(Foix-Alajouanine syndrome) in the presence of an underly-
ing vascular malformation. Intravenous contrast medium
administration in MRI of the spine further aids in the delin-
eation of spinal cord tumors and has proved helpful in
the evaluation of the postoperative spine, particularly in
the differentiation between nonenhancing recurrent disc
herniation and enhancing postoperative scar.
MAGNETIC RESONANCE VENOGRAPHY

The MR method to examine the cerebral venous system
including the dural sinuses is MRV. A 2D TOF technique
is used, which has the advantage of increased sensitivity
to slower-flowing vessels and generally a larger region of
coverage in comparison to 3D TOF techniques. Two-
dimensional TOF is a slice-by-slice technique, and flow-
related signal is maximized when a flowing vessel is per-
pendicular to the imaging slice. Patients are primarily
scanned in the coronal plane using a slice thickness of
1.5 to 2 mm. Coronal imaging maximizes flow in the
superior sagittal sinus (SSS) and transverse sinuses.
Decreased flow may occur in the distal SSS due to in-plane
dephasing artifact (flowing vessel is parallel to the imaging
slice). An additional axial 2D TOF MRV through the
region of the distal SSS may be used to decrease dephasing
artifact. Note that the transverse sinus may be congenitally
small (most commonly the left) and may mimic a throm-
bosed vessel. Examination of the raw data prior to the
MIP postprocessing will demonstrate the congenitally atte-
nuated vessel. Patients with the diagnosis of thrombosis of
the SSS or transverse sinuses can be assessed and followed
with serial MRV studies (Fig. 23-22).
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MYELOGRAPHY

Basic Principles and Techniques
Myelography has its “roots” in the early 1900s when sub-
arachnoid injections of air were performed to localize spinal
cord tumors. This technique of pneumomyelography was
eventually supplanted by the subarachnoid injection of an
iodized poppy seed oil, Lipiodol, the myelographic medium
of choice during the 1930s. Lipiodol had its disadvantages,
including a very high viscosity, its immiscibility with CSF
(thereby making it difficult to perform satisfactory diagnos-
tic studies as well as remove on completion of the study),
and its irritating nature to the leptomeninges. In 1940, Panto-
paque was introduced. This oil-based contrast agent was less
viscid and less irritating to the leptomeninges than Lipiodol.
Its lower specific gravity allowed it to flow more freely in
the subarachnoid space with fewer tendencies to form large
irregular globules; accordingly, removal on completion of
the study was easier to perform than its predecessor. Panto-
paque became the contrast medium of choice in the United
States until the late 1970s, although it was still far from
being an ideal subarachnoid contrast agent. Its relative
immiscibility in CSF resulted in its inability to enter nerve
root sleeves, thereby making it difficult to evaluate far pos-
terolateral disc abnormalities. A 20-gauge spinal needle or
larger was required during Pantopaque insertion and
removal, and the use of this relatively large-sized needle
commonly resulted in spinal headaches from CSF leakage
at the puncture site. Furthermore, Pantopaque was still diffi-
cult to remove in entirety after completion of the study.
When left behind, Pantopaque was absorbed slowly at the
rate of approximately 1 mL/year and could further produce
local changes of arachnoiditis.

In the early 1930s, experimental studies were carried out
with Abrodil, a water-soluble organic iodine compound
widely used in the Scandinavian countries for lumbar my-
elography. Abrodil never achieved popularity in the United
States as a result of its marked hypertonicity in comparison
to CSF, which produced significant irritation to the lepto-
meninges and neural elements. Water-soluble myelography
was revitalized in the United States during the early 1970s
with the introduction of Conray and Dimer-X, salts of iodi-
nated acids. These compounds, like Abrodil, caused signif-
icant neurotoxic effects, including meningeal and radicular
irritation, as a result of their hypertonicity.

As a result of ongoing investigations, metrizamide was
marketed as a synthetic nonionic water-soluble contrast
medium that had a much lower osmolality than the salts
of iodinated acids. This contrast agent provided safe exam-
ination of the entire spinal column without significant
neurotoxicity.

In recent years, in an attempt to further reduce the inci-
dence of serious side effects, other nonionic water-soluble
contrast agents, such as Isovue and Omnipaque, have been
synthesized and are now in wide use. In many institutions,
iopamidol (Isovue) is used for subarachnoid injections. In
the concentration used for lumbar myelography (200 mg
iodine/mL), iopamidol is only mildly hyperosmolar com-
pared with CSF (413 vs. 301 mOsm/kg H2O) and has dra-
matically fewer neurotoxic side effects than the salts of
iodinated acids. Iopamidol is rapidly excreted in the kid-
neys, with undetectable plasma levels at 48 hours in the
absence of renal dysfunction. The most common adverse
reactions are headache, nausea, vomiting, and transient
worsening of neck, back, or leg symptomatology. Hypoten-
sive collapse and shock are rare, with only isolated reports
found in the literature. The usual recommended adult dose
range for iopamidol when performing myelographic proce-
dures is 2000 to 3000 mg iodine. This is equivalent to 10 to
15 mL Isovue-M200, which is used for lumbar myelogra-
phy, and to 10 mL maximum Isovue-M300, which is used
for cervical myelography. Modern myelographic studies are
approached via lumbar injection of contrast material, and
virtually all patients have a postmyelogram CT evaluation
to supplement the conventional diagnostic myelographic
imaging procedure.

Before a myelogram is performed, certain information
should be obtained from all patients. In those individuals
with a prior history of dye allergy, bronchial asthma, hay
fever, and food allergies, premedication with corticoster-
oids and antihistamines is indicated to prevent or minimize
possible allergic reactions. Patients should also be well
hydrated before and after the myelographic procedure.
Dehydration may contribute to acute renal failure in
patients with a history of diabetes, advanced vascular dis-
ease, or preexisting renal disease. Knowledge as to current
prescription and nonprescription medications as well as
underlying disease states is extremely important. Specifi-
cally, elective studies should not be performed on patients
who are receiving oral or intravenous anticoagulants, and
the use of aspirin should be discontinued for approximately
48 hours before the myelographic procedure. Drugs that
lower the seizure threshold, such as monoamine oxidase
inhibitors, tricyclic antidepressants, and central nervous sys-
tem stimulants, should be withheld for 48 hours before and
after the myelographic procedure. Prior to myelography,
serum creatinine, blood urea nitrogen, and coagulation pro-
file including prothrombin time, partial thromboplastin time,
and platelet counts may be obtained to access procedure
risk, particularly in the elderly population.

During lumbar myelography, a 22-gauge spinal needle is
inserted either in the midline between the spinous pro-
cesses or slightly off midline through the rhomboid fossa
at the level of L2-L3 or L3-L4. This puncture site is pre-
ferred over the L4-L5 and L5-S1 levels because of the
higher incidence of herniated discs and spinal stenosis at
these lower levels. Alternatively, if premyelography ima-
ging studies or certain clinical information is available,
the puncture site can be performed at these lower lumbar
levels when significant disease is known to exist at the
level of L2-L3. The lumbar injection should be performed
slowly over a period of 1 or 2 minutes to avoid excessive
mixing with CSF and subsequent loss of contrast medium
as well as premature cephalad dispersion.

In most instances, cervical myelography can be ade-
quately performed by means of a lumbar puncture with sub-
sequent fluoroscopic guidance of a more concentrated dose
of contrast medium into the cervical region by gravity. Alter-
natively, a lateral C1-C2 puncture can be performed with the
needle placement in the posterior third of the spinal canal
between the C1-C2 neural arches. Intracranial entry of a
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bolus of contrast medium should be avoided because this
could possibly lead to acute neurotoxic effects.

Meticulous radiographic technique is essential to obtain
quality diagnostic examinations. Low voltage (KVp) with
optimal milliampere-seconds (mas) maximizes contrast
detail. Air gaps should also be eliminated to reduce scatter
and increase edge sharpness. In both the lumbar and the
cervical regions, AP, lateral, shallow, and steep oblique
views should be obtained with the addition of AP and lat-
eral views of the conus during lumbar myelography. For
thoracic myelography, AP and lateral views are routinely
filmed.

Postmyelography CT of abnormal lumbar disc levels
should be performed in the prone position. Imaging can
be deferred for up to 4 hours to reduce the degree of con-
trast within the desired area to be studied. Before obtaining
the postmyelogram CT scan, the patient should be helped
to roll over several times to thoroughly mix the contrast
medium and avoid pooling in dependent portions of the
spinal canal.

Routine postprocedure orders include keeping the
patient’s head elevated 30 to 45 degrees for 12 to 24 hours
with close neurological monitoring. Oral fluids should be
encouraged and diet prescribed as tolerated. All movements
should be monitored by hospital personnel and performed
slowly with the patient’s head maintained in an upright
position.

Normal Findings
Routinely, with either cervical or lumbar myelography,
there is symmetrical filling of the nerve root sleeves with-
out evidence of nerve root displacement or nerve root
sleeve truncation. The size and direction of the spinal roots
vary at different levels. The largest roots are the lower lum-
bar andupper sacral roots,which innervate the lower extrem-
ities. Accordingly, the roots of the lower four cervical
and first thoracic nerves are also large owing to their upper
extremity innervation. The upper cervical and remaining
thoracic nerve roots are rather small in comparison, and
the lower sacral and coccygeal nerve roots are the smallest.
Discrepancies in length and direction of spinal nerve roots
are secondary to the spinal cord being much shorter than
the vertebral canal. In the cervical region, the relatively
short nerve root traverses the lower portion of its respective
neural canal in a horizontal direction. The thoracic nerve
roots are directed obliquely downward, with the length
and degree of obliquity increasing from the upper to the
lower thoracic levels. Because the spinal cord ends at
approximately L1, the lumbar, sacral, and coccygeal nerve
roots descend in a nearly parallel course, with the length of
the roots increasing successively from above downward.
This group of nerve roots below the level of termination
of the cord is termed the cauda equina. The thecal sac
should have a smooth contour without evidence of narrow-
ing or mass effect from extradural abnormalities. There
should be smooth tapering of the distal thecal sac at a vari-
able distance below the L5-S1 disc space to a smooth “pen-
cil point” appearance. The silhouette of the cervical and
thoracic cord as well as the appearance and position of
the conus should be closely scrutinized for intramedullary
expansile lesions.
Types of Detectable Abnormalities
The use of water-soluble intrathecal contrast medium has
markedly decreased during the past 10 to 15 years with the
introduction of CT and, more recently, MRI. Before these
more advanced imaging tools, water-soluble myelography
was the gold standard in evaluating patients with back pain
and had the ability to evaluate spinal stenosis, disc bulges
and herniations, other extradural impressions on the thecal
sac, spinal cord enlargement, and various inflammatory con-
ditions. However, intrathecal contrast medium enhancement
still lacked sensitivity in evaluating lateral disc herniations
and specificity in determining the exact cause for extradural
impressions on the thecal sac and cord enlargement. With
the use of CT and MRI, it is now possible to further define
the factors contributing to spinal stenosis and to offer a much
more exact and detailed differential diagnosis for the etiol-
ogy of intramedullary lesions. With this added preciseness
has come the general acceptance of these imagingmodalities
over myelography by other physicians not formally trained
in radiological sciences.

Certain situations still warrant the use of water-soluble
myelography. In extremely obese patients, in whom image
resolution is significantly degraded on both CT andMRI stud-
ies, myelography in conjunction with postmyelography CT
of abnormal levels still plays an important role in the diagno-
sis of spinal disease. Likewise, in patients with marked
claustrophobia, in patients in whom MRI is contraindicated
(e.g., those patients with intracerebral aneurysm clips, pace-
makers, transcutaneous electrical nerve stimulation units, or
orbital metallic foreign bodies), or in patients with post-
operative metallic internal fixation devices, myelography
and postmyelography CT remain the imaging studies of
choice. In our experience, myelography, in conjunction with
postmyelography CT, is as sensitive in the evaluation of
subtle cases of arachnoiditis as MRI.

Neurological Applications in Diagnosis and Treatment
Extradural Spinal Lesions
The most common disorder seen while performing myelo-
graphy is the extradural defect. Ventral extradural defects
at the level of the disc space are caused by a variety of con-
ditions, including disc bulges, disc herniations, posterior
endplate spur formation, epidural hematomas, inflammatory
processes, and epidural tumor, with or without associated
adjacent bone involvement. Anterolateral extradural defects
at the level of the disc space are routinely caused by postero-
lateral disc herniations, which will also result in nerve root
displacement or nerve root sleeve truncation and the classic
double-density sign seen on a lateral radiograph with the
patient in the prone position (Fig. 23-23). Posterior and pos-
terolateral extradural defects at or near the level of the disc
space are usually the result of chronic degenerative changes
of the posterior elements, including hypertrophic facet dis-
ease, ligamentum flavum hypertrophy, and the occasional
synovial cyst arising from a markedly degenerated facet
joint. Less common causes include metastatic disease to
the posterior elements in association with a posterior epi-
dural tumor component. An anterior or anterolateral extra-
dural defect not limited to the disc space level could be the
result of a migrated free disc fragment, epidural hematoma,
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Figure 23-23. A, Prone cross-table lateral view of lumbar myelogram. Prominent ventral impressions upon the contrast column are present at L3-L4 and L4-
L5. Much milder ventral impressions are seen at L2-L3 and L5-S1. A so-called double-density sign consistent with an eccentric posterior disc herniation is
present at L3-L4 and L4-L5. B, Prone left anterior oblique view of lumbar myelogram. Left-sided filling defects are present at L3-4 and L4-L5 secondary
to eccentric posterior disc herniations at both levels. C, Axial CT scans at and just below L3-L4 disc space demonstrate moderate-sized broad-based cen-
tral and left-sided posterior disc herniation extending into left lateral recess. This eccentric posterior disc herniation would account for the double-density
sign seen in part A.
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inflammatory process, or metastasis. Far lateral disc hernia-
tions within the lateral aspect of the neural canal that extend
beyond filling of the nerve root sleeve are radiographically
silent on myelography. Similarly, a significant percentage
of disc bulges and herniations at the L5-S1 level are nonde-
script using conventional myelography owing to the rather
prominent anterior epidural space at this level that allows
for posterior extension of disc material without associated
thecal sac compression or nerve root displacement (Video
237, Foot Drop).

Intramedullary Spinal Lesions
Intramedullary lesions causing enlargement of the spinal
cord or conus with concomitant narrowing of the adjacent
subarachnoid space include primary cord neoplasms such
as ependymomas, astrocytomas, and hemangioblastomas;
metastases; inflammatory conditions such as sarcoidosis
and abscess formation; cord hematomas and infarcts; vas-
cular malformations; and congenital lipomas, dermoids,
and epidermoids. Although these groups of lesions will
most certainly cause widening of the silhouette of the cord
A BA B

Figure 23-24. Adhesive arachnoiditis. A, Anteroposterior view of lumbar myelo
and featureless with central clumping of distal nerve roots giving the appearan
secondary to prior decompressive laminectomy surgery. A small amount of co
puncture. B, Postmyelogram CT scan through the L3-L4 disc space. Central cl
again noted. Large bilobed pseudomeningocele protruding through laminectomy
plication secondary to dural tear with continued CSF leak.
or conus, the intrinsic pathology and extent of these intra-
medullary lesions are far better imaged with MRI.

Intradural Extramedullary Spinal Lesions
Intradural extramedullary lesions, such as meningiomas
and the majority of neurofibromas, can be adequately stu-
died with myelography followed by CT. Whereas the
intrinsic characteristics of these lesions are best evaluated
with MRI, myelography and postmyelography CT still play
an important role in the presurgical evaluation of these
lesions. Subtle cases of arachnoiditis or the determination
of the level of a dural tear in a postoperative pseudomenin-
gocele is as adequately visualized with myelography and
postmyelography CT as with MRI (Fig. 23-24). Myelogra-
phy and postmyelography CT are excellent diagnostic tools
in evaluating patients with brachial plexus traction injuries
presenting with nerve root sleeve tears and nerve root avul-
sion injuries. The communication of intradural and extra-
dural arachnoid cysts, sacral cysts, and Tarlov cysts with
the subarachnoid space can be accurately evaluated with
myelography and postmyelography CT.
gram. The thecal sac below the level of the L2-L3 disc space is narrowed
ce of a pseudocord. Note the absence of posterior elements at L3 and L4
ntrast has inadvertently been injected into L2-L3 disc space during lumbar
umping of lumbosacral nerve roots with “pseudocord” appearance is once
defect into deep and superficial soft tissues represents postoperative com-
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NEUROANGIOGRAPHY

Basic Principles and Techniques
Diagnostic neuroangiography is the study of the central
nervous blood vessels and related cervicocerebral vascula-
ture using radiographs obtained during the simultaneous
injection of intravascular contrast media. Cerebral angio-
graphy was first introduced by Moniz in 1927 and remains
today a vital tool in the neuroradiological evaluation of
cerebrovascular diseases. Although neuroangiography had
been historically used to evaluate many types of central ner-
vous system diseases, CT and MRI have largely supplanted
diagnostic angiography in the primary evaluation of central
nervous system diseases.51 Furthermore, state-of-the-art
CT and MRI offer advanced vascular imaging capabilities,
yielding excellent “angiographic” types of information.
Nevertheless, diagnostic neuroangiography remains the gold
standard in the evaluation of vascular diseases related to the
head, neck, and spine, and it also provides a platform for
neurointerventional procedures.

The goal of neuroangiography is to define and outline
the cerebral vasculature for both diagnostic and potentially
therapeutic purposes. Typical cerebral angiography is per-
formed using the femoral arterial approach to gain access
to the cerebrovascular arterial tree. Alternatively, in selected
cases, the axillary, brachial, or direct cervical approaches
may be used as necessary. After access, nonselective cathe-
terization of the aortic arch or selective catheterizations of
the cervical arteries (specifically, the carotid or vertebral
arteries) can be performed. Contrast medium is injected
through the catheter with simultaneous radiographic filming
of appropriate vascular territories such that diagnostic
images of the cerebral vasculature are obtained. Current
microcatheter technology also permits superselective angio-
graphic analysis of smaller branch vessels of the brain for
both diagnosis and management of intracranial diseases.

Conventional film-screen technology in modern cerebral
angiography has largely been replaced by digital subtraction
technology. State-of-the-art digital suites now image with a
10242 matrix resolution, providing exquisite vascular detail.
In addition, digital angiography allows rapid image acquisi-
tion, instantaneous review, and pixel shifting capabilities,
providing vascular resolution unsurpassed by conventional
filming. For these reasons, conventional film-screen angio-
graphy is rapidly becoming outmoded, and most new, dedi-
cated neuroangiographic suites are constructed solely with
digital angiographic capabilities.

Normal Findings
Neuroangiography is used today primarily as a diagnostic
modality in the evaluation of patients with vascular dis-
eases of the central nervous system. Typical four-vessel
cerebral angiography includes selective catheterizations of
both internal carotid and vertebral arteries with angio-
graphic filming in the AP, lateral, or oblique planes as
needed. Additionally, imaging of the aortic arch as well
as the cervical carotid and vertebral arteries may be neces-
sary in the evaluation of many patients suffering cerebro-
vascular disease. Angiographic filming is acquired during
the arterial, capillary, and venous phases because each
phase reveals important vascular information. For example,
the arterial phase is critical in the evaluation of entities
such as cerebral aneurysms, cervical or intracranial arterial
stenosis, or arterial occlusions. In contrast, the capillary
and venous phases may reveal important data regarding
vascular malformations, tumor neovascularity, venous ste-
noses, or venous thrombi. The measurement of the intracra-
nial transit time of contrast material may further provide
insight regarding focal or diffuse central nervous system
abnormalities. Therefore, all phases of the angiographic
study can provide important information regarding the
overall health of the central nervous system. Yet, angiogra-
phy maintains flexibility in that studies may be tailored to
answer specific clinical questions.

Risks of neuroangiography are generally related to the
complexity of the angiographic procedure, with an esti-
mated 1% overall incidence of neurological deficit and a
0.5% incidence of persistent deficit.52 Risks include local
bleeding or arterial injuries secondary to vascular access.
The intra-arterial positioning of an angiographic catheter
within the arterial tree carries a risk of injury to the intimal
lining of the arterial wall, particularly in patients with pre-
existing atherosclerosis. This, coupled with the intra-arterial
injection of contrast media, presents a risk of arterial
dissection or stroke due to distal embolization. Lastly, there
are potential risks associated with the use of iodinated con-
trast material, including allergic reactions and systemic
organ effects such as renal damage. In preparing to study a
patient with an allergic history, the current recommendation
is 50 mg of prednisone orally 13, 7, and 1 hour prior to the
procedure. Diphenhydramine 50 mg orally may also be
administered 1 hour prior to the procedure.

Types of Detectable Abnormalities
Angiography may be useful in detecting vascular lesions
causing focal or bilateral cerebral dysfunctions, subcortical
dysfunctions, or brain stem or spinal cord abnormalities.
Abnormal size and contour of the appropriate vessel lumen,
abnormal distribution of vessels, and abnormal sequences of
vascularization (early or late) can be seen. Additionally,
displacement of vessels by extrinsic lesions can be detected
along with endovascularization from tumors. In the follow-
ing section, angiography is discussed in relationship to diag-
nosis and management of patients with ischemic brain
disease, intracranial aneurysms, vascular malformations,
and neoplasms. Although intracranial masses and their mass
effects classically distort the cerebral vasculature, the
primary diagnosis of intracranial masses has shifted to CT
and MRI and is not addressed in this section. Angiography
is not currently useful in the evaluation of peripheral nervous
system or neuromuscular diseases.

Neurological Applications in Diagnosis and Treatment
Cranial Lesions

ISCHEMIC CEREBROVASCULAR DISEASE. Diagnos-
tic angiography in ischemic brain disease allows evaluation
of the cerebral circulation from the aortic arch level to the
terminal intracranial vessels.53 This provides a thorough
evaluation for vascular lesions potentially causing stroke.
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Figure 23-25. Arteritis. A, Anteroposterior right vertebral angiogram demonstrating diffuse beading of the posterior cerebral arteries. B, Lateral view.
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Lesions most commonly diagnosed are atherosclerotic in
origin. However, stenosis may be secondary to other enti-
ties, such as fibromuscular dysplasia, dissection, intimal
hyperplasia, or radiation-induced vasculopathy. Cerebral
angiography is also useful in evaluating patients with sus-
pected vasculopathies. Angiography can uniquely identify
abnormal regions of arterial narrowing or beading as seen
in extracranial or intracranial arteritis (Fig. 23-25; Video
95, Brain Stem Infarction; Video 216, Moya Moya Stroke).

A primary goal in cerebrovascular disease therapy is
stroke prevention. Hemodynamically significant stenosis
carries an increased stroke risk, particularly when involving
the carotid artery. Angiography remains key in detecting
both extracranial and intracranial disease and allows precise
A

Figure 23-26. Carotid stent. A, Right
common carotid arteriogram demon-
strating high-grade internal carotid ste-
nosis at the level of the cervical
bifurcation. B, Introduction of filter wire
providing distal protection. C, Post-stent
supported angioplasty. No residual inter-
nal carotid artery stenosis remains.
characterization of inner plaque contour, including assess-
ment of ulceration and stenosis measurement.

Traditionally, surgical treatments such as carotid endar-
terectomy have been the treatment of choice in the correc-
tion of cervical or intracranial stenosis.54 A growing
literature now supports the use of endovascular techniques
as an alternative in controlling cerebrovascular disease.55

The use of stent-supported percutaneous transluminal
angioplasty (PTA) in the treatment of subclavian, vertebral,
or even carotid territory stenosis is growing.56 Advancing
stent technology has further added to the success of cervical
carotid PTA. Cervical carotid PTA trials are ongoing, many
of which include the use of distal embolization protection
devices (i.e., umbrellas and balloons) (Fig. 23-26). These
CB
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techniques will undoubtedly challenge carotid endarterec-
tomy as the treatment method of choice for cervical carotid
stenosis.57–61 Furthermore, intracranial PTA is now techni-
cally feasible in both the carotid and the vertebral territories.
Combination therapy may also be considered for tandem
lesions.

Stroke literature now supports prompt neurointervention
with thrombolytics in patients who generally present with
major cerebral arterial occlusive disease within 6 hours of
acute neurological symptoms. In these cases, angiography
precisely localizes sites of arterial occlusion and accesses
collateral vasculature. Microcatheter delivery of thrombo-
lytic agents directly into the occlusive thrombus can poten-
tially reestablish normal arterial flow. This treatment has
the potential to avert an impending stroke or significantly
reduce the overall extent of cerebral infarction.

Brain infarction or hemorrhage occasionally may result
secondary to venous occlusive disease. CT or MRI ordinar-
ily establish the identification of venous thrombus. Angio-
graphy or cerebral venography may be necessary when the
diagnosis is obscure. Angiography can demonstrate absence
of flow within a dural sinus or identify intraluminal filling
defects. When necessary, a thrombosed dural sinus can be
treated with direct microcatheter delivery of thrombolytics,
balloon angioplasty, or thrombectomy devices, resulting in
clot lysis. The treatment goal here is to reduce vascular
congestion and reestablish normal venous outflow.

ANEURYSMS AND VASCULAR MALFORMATIONS.

Cerebral angiography remains the gold standard in the eval-
uation of patients suffering from subarachnoid hemorrhage.
A complete angiographic evaluation of all cerebral arteries,
particularly the circle of Willis bifurcations, is manda-
tory (Fig. 23-27A). Generally, in cases of suspected brain
aneurysm, all cerebral vessels are studied because of the
frequency of multiple aneurysms. Standard four-vessel
angiography detects aneurysms in 85% of patients who
AA

Figure 23-27. Aneurysm. A, Left internal carotid arteriogram demonstrating gian
successful GDC coiling.
present with subarachnoid hemorrhage. If initial angiogra-
phy is negative, repeat angiography is generally indicated
in 10 to 14 days, increasing aneurysm detection rate by
approximately 5%. Many neurosurgical centers favor
prompt neurosurgical or endovascular intervention in cases
of acute subarachnoid hemorrhage. This is in an effort to
eliminate the incidence of aneurysm rebleeding and sudden
death. In addition to standard neurosurgical clipping, var-
ious detachable coil devices are now approved for intracra-
nial aneurysm therapy in the United States, offering an
endovascular alternative for treatment of intracranial aneur-
ysms62 (Fig. 23-27B).

The treatment algorithm of intracranial aneurysms is lar-
gely dependent on the age of the patient, location of parent
vessel, and the specific aneurysm characteristics (i.e., size,
morphology, and neck size) at initial diagnostic angiogra-
phy. Traditionally, broad-necked aneurysms have been
managed with neurosurgical clipping, whereas posterior
circulation aneurysms seem more amenable to endovascular
coiling. The advent of the Neuroform stent, a micro-
catheter-delivered nitinol stent, allows for endovascular
management of intracranial aneurysms with wide necks
greater than 4 mm or a dome-to-neck ratio less than 2
when the parent vessel is greater than 2 mm but less than
4.5 mm.63–66

Cerebral angiography is pivotal in the evaluation of cen-
tral nervous system vascular malformations, particularly
arteriovenous malformations (AVMs). Although MRI is
highly sensitive in detecting central nervous system malfor-
mations, precise vascular mapping of AVMs remains essen-
tial. Angiography uniquely shows detailed information
regarding the angioarchitecture of AVMs (i.e., feeding
arteries, nidus, and draining veins) (Fig. 23-28). Also, addi-
tional risks for AVM rupture, such as associated feeding arte-
rial pedicle aneurysms or venous stenosis, can be identified.
Treatment options, such as surgical resection, endovascular
BB

t, lobulated internal carotid bifurcation aneurysm. B, Appearance following



Figure 23-28. Vertebral angiogram demonstrating a deep left hemispheric
arteriovenous malformation fed by the posterior choroidal artery with deep
venous drainage.

Figure 23-29. Right vertebral angiogram demonstrating a spinal arteriove-
nous malformation fed mainly by a vertebral muscular branch vessel. An
aneurysm is present on the arterial feeder (arrow).
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embolization, radiotherapy, or a combination, remain depen-
dent on precise angiographic characterization.

NEOPLASM. The assessment of neovascularity may be
warranted in the evaluation of selected intracranial tumors,
particularly when surgical resection is planned. Emboliza-
tion procedures in these types of cases are not intended to
be curative. Rather, embolization is used to reduce blood
loss at surgery and help lower overall perioperative surgical
morbidity. Intracranially, embolization is most commonly
applied to bulky extra-axial tumors such as meningiomas
to facilitate surgical resection. Cervical angiography and
embolization may be helpful in managing the abnormal vas-
cularity associated with head and neck tumors. These tech-
niques can be useful in patients with paragangliomas of the
head and neck, metastatic nodal disease from thyroid or
kidney, and Castleman’s disease. In these types of cases,
the angiographic tumor blush can be quite intense and
presurgical embolization can be very helpful.

Spinal Vascular Lesions
Spinal angiography remains key in the analysis of vascular
disorders of the spine. Vascular malformations of the
spinal cord lead to serious spinal cord morbidity and
paralysis. The treatment plan frequently depends on angio-
graphic delineation of these malformations. Angiography
delineates the intramedullary or extramedullary location
of the AVM nidus, the feeding arteries including their rela-
tionship to the artery of Adamkiewicz, and venous drai-
nage (Fig. 23-29).

Neovascularity secondary to spinal cord tumors can be
demonstrated angiographically, providing complementary
information to CT and MRI. In selected cases, spinal
embolization can also be a useful adjunct.67 For example,
vertebral hemangiomas, aneurysmal bone cysts, giant cell
tumors, or metastatic disease of the spine can demonstrate
intense vertebral neovascularity. Preoperative embolization
can be valuable to attaining a successful surgical resection.
ULTRASONOGRAPHY

Diagnostic ultrasonography (US) uses sound waves above
the audible level to generate diagnostic medical images.
US operates on the principles of sound propagation; there-
fore, the patient is not exposed to ionizing radiation. US
has various imaging applications, with specific uses in neu-
rological disorders. It is readily available in hospitals or
outpatient imaging facilities, and it typically is less costly
than other, comparable diagnostic imaging modalities.
Routinely, images are obtained in real time, within a gray
scale format. US uses a variety of transducers, which are
available for different applications. Diagnostic US can be
coupled with Doppler devices, with or without color,
allowing flow measurements in vascular structures, such
as commonly employed for carotid artery studies.

Basic Principles and Techniques
Ultrasonography depends on the presence of sonographic
“windows,” which allow sound wave propagation and
detection of echo signals. These signals form the basic



TABLE 23-7

Grades of Intracranial Hemorrhage

GRADE DESCRIPTION

1 Subependymal hemorrhage into one or both germinal matrices
2 Germinal matrix hemorrhage with intraventricular extension,

no hydrocephalus
3 Germinal matrix hemorrhage with intraventricular extension

and hydrocephalus
4 Germinal matrix hemorrhage with intraparenchymal extension
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sonographic units for image generation. Therefore, as a
general rule, US is indicated when visualization of the tar-
get object is not blocked by intervening bone or air, such as
calvarium or bowel gas. This limitation does not comple-
tely negate the use of US in the evaluation of adult brain
disorders, as discussed later. The usefulness of US as an
imaging tool in pediatrics is particularly appealing owing
to its inherent lack of ionizing radiation.

Carotid US consists of gray scale imaging to assess loca-
tion and extent of plaque and Doppler to measure flow
velocities and degree of stenosis. Color may be added to
the Doppler to improve visualization of the flow lumen
and optimize the Doppler angle.68 The term carotid duplex
represents the union of these entities.69,70 Measurements of
peak systolic velocity and end diastolic velocity are made
in the distal common carotid artery, carotid bulb, and cer-
vical internal carotid artery. Color information enhances
the ability of carotid duplex in the identification of maxi-
mal flow velocity points and is also useful in allowing pre-
cise transducer placement in patients when high-flow jets
are encountered.71

The bony calvarium severely inhibits sound propagation,
which has limited the ability of US to directly image the
brain in adults. However, research led to the development
of transducers capable of measuring intracranial flow velo-
cities of key vascular structures despite the presence of
intervening bone. This technology resulted in the develop-
ment of transcranial Doppler (TCD), the study of the intra-
cranial arteries using the spectral analysis of blood flow
velocity. The technique generally employs a 2-MHz pulsed
Doppler transducer. Vessel identification is based on the
cranial window utilized, transducer position, and depth of
sample volume. The direction and velocity of blood flow
are recorded, noting the relationship to the terminal inter-
nal carotid and response to common carotid artery com-
pression.72,73 Unfortunately, TCD may be limited by the
thickness of the calvarium, which simply may not allow
the measurement of intracranial Doppler signals.

Normal Findings
Direct brain imaging in the pediatric age group is possible
owing to the presence of large fontanelles, which normally
remain open until age 6 to 9 months and thereby provide
adequate windows to extensively image the brain. Routine
imaging consists of a series of coronal and sagittal images
typically obtained through the anterior fontanelle. Addi-
tional views can be obtained through other windows as
necessary. Details regarding cerebrum and cerebellum are
routinely seen and include views of the cerebral hemi-
spheres, the deep ganglionic structures, thalami, ventricles,
and posterior fossa.

Carotid imaging is typically performed with either a 5-
or a 7-MHz linear array transducer maintaining a duplex
Doppler angle between 30 and 60 degrees and a sample
size of 2 to 4 mm. Transverse and longitudinal images of
the cervical carotid artery are routinely obtained that pro-
vide anatomical detail regarding the cervical carotid bifur-
cations. Normal flow velocities in the carotid arteries range
between 60 and 100 cm/sec. The cervical vertebral arteries
can also be evaluated, but this examination is inherently
limited owing to the bony spine. The goal of vertebral
artery US is to identify stenotic or occlusive disease or ret-
rograde flow such as seen in subclavian steal syndrome.
Representative images can be obtained with Doppler wave-
forms recording the presence and direction of flow.

Types of Detectable Abnormalities
In infants and very young children, brain structures can be
visualized and congenital anomalies thereby detected. Dif-
ferences in transduction by tissue, fluid, and blood permit a
differentiation of hydrocephalus, cysts, and hemorrhage.
Various tumors and vascular disorders, especially vascular
malformations, can also be detected with US. In newborns
up to 6 months of age, spinal cord lesions can also be
detected with US because the posterior elements are mem-
branous rather than bony. In adults, US is used primarily
for evaluation of vascular lesions of the head and neck,
specifically stenosis, obstruction, and dissection.

Neurological Applications in Diagnosis and Treatment
Cranial Lesions

INTRACRANIAL HEMORRHAGE AND PREMATURE

INFANTS. Due to advances in neonatology, increasing
numbers of infants are evaluated for neurological disorders
secondary to prematurity. This coupled with primary neu-
rological diseases has led to wide use of US as a leading
diagnostic imaging tool in the neurological evaluation of
children.74 Regions of the brain hemorrhage can be readily
diagnosed and graded, typically on a scale of 1 to 4
(Table 23-7). Hemorrhages can range in size from a small,
solitary petechial hemorrhage to multiple large parenchy-
mal hemorrhages with associated ventricular changes.
Noninvasive follow-up imaging of these hemorrhages can
be repeated as necessary without concern for radiation
exposure. Small, germinal matrix hemorrhages, common
in premature infants, carry the best long-term neurological
prognosis (Fig. 23-30). In contrast, intraventricular hemor-
rhages may be seen in premature infants, representing a
higher-grade hemorrhage. Larger parenchymal hemor-
rhages represent the more severe spectrum of premature
brain injury and typically result in long-term neurological
deficits. Hydrocephalus may complicate brain hemorrhage,
which can be readily diagnosed and followed with US.

CONGENITAL AND ACQUIRED NEONATAL DISOR-

DERS. US can provide useful information regarding other
intracranial pediatric abnormalities, particularly in the
newborn period. For example, congenital abnormalities



Figure 23-30. Cranial ultrasound of infant demonstrating left germinal
matrix hemorrhage (arrow).
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such as Chiari malformations, agenesis of the corpus callo-
sum, anencephaly, aqueductal stenosis, holoprosencephaly,
and encephaloceles can be evaluated. Congenital pediatric
neoplasms that occur in the first year of life such as cho-
roid plexus papilloma and carcinoma, gliomas, primitive
neuroectodermal tumors, and vascular disorders (e.g., the
vein of Galen malformation) can be elucidated. Infectious
diseases of the brain may result in abnormal intracranial
fluid collections, complicating meningitis or encephalitis.
Figure 23-31. Transcranial Doppler image of the left middle
cerebral artery showing elevated flow velocities in the left
middle cerebral artery status post subarachnoid hemorrhage
consistent with vasospasm.
US can be useful in providing guidance for needle aspira-
tions of these collections.

Limitations of US include decreased detection rates of
convexity lesions, such as extra-axial hemorrhages or
masses (i.e., subarachnoid hemorrhage). Periventricular
leukomalacia or the effects of perinatal asphyxia can be
imaged but can also be challenging to recognize. As neces-
sary, US information can be supplemented by other ima-
ging tests, such as CT or MRI, to improve detection of
conditions not recognized by US.

Intracranial Vascular Lesions
The indications for TCD continue to evolve but primarily
focus on stroke prevention. TCD is useful in inferring the
presence of intracranial stenosis or occlusions of major
intracranial arteries and may further document routes of
collateral circulation. One important role for TCD is for
screening and follow-up of intracranial vasospasm compli-
cating subarachnoid hemorrhage. Vasospasm typically
peaks on days 3 through 7 after subarachnoid hemorrhage.
TCD is useful in screening these patients for the onset of
vasospasm, before clinical symptomatology (Fig. 23-31).
This allows for early treatment planning, before the patient
becomes symptomatic. TCD can be useful intraoperatively,
for example, providing continuous intraoperative recording
of the middle cerebral artery during carotid endarterect-
omy, and, therefore, can help identify patients needing an
indwelling shunt. Other developing indications of TCD
include screening patients for intracranial stenosis that
complicates sickle cell disease, identification of flow dis-
turbances in migraine, and identification of AVMs. In the
latter instance, the nidus of AVMs can be analyzed show-
ing routes of supply and drainage and may further show
flow reductions in AVMs after interventions. Lastly, TCD
may be useful in accessing venous diseases such as sagittal
sinus thrombosis and may play a future role in brain death
determination.
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Vascular Lesions in the Neck
The prevalence of stroke in the United States has led to the
development of screening modalities aimed at recognition
and correction of stroke risk factors. Increasingly, athero-
sclerotic disease involving the cervical carotid and verte-
bral arteries is recognized for its inherent risk in stroke.
The Asymptomatic Carotid Atherosclerosis Study demon-
strated benefit in ipsilateral stroke reduction with carotid
endarterectomy for patients with asymptomatic stenoses
of extracranial carotid artery greater than or equal to
60%.75 The North American Symptomatic Carotid Endar-
terectomy Trial demonstrated strong benefit with carotid
endarterectomy in symptomatic patients with ipsilateral
carotid stenosis greater than or equal to 70%.76 Therefore,
because the majority of strokes are currently believed to
be embolic in etiology, carotid screening becomes justified.
The presence of significant stenosis of the carotid bifurca-
tion is now generally accepted as an indication for inter-
vention in both asymptomatic and symptomatic patients.

US of the cervical vasculature has several key advantages
compared with other imaging modalities as a screening
study.77–79 These include patient comfort, lack of procedure
risk, and high sensitivity and specificity in detecting cervical
stenosis. Information regarding surface contour and internal
characteristics of plaque can be routinely obtained. US lim-
itations include operator dependency and possible error,
field of view limitations (thorax inferiorly and the mandible
superiorly), technical problems related to vessel tortuosity,
and kinking, dense calcifications, and the potential to miss
a trickle of blood in cases of high-grade, 99% stenosis. The
latter in particular continues to justify the need for additional
imaging studies in cases of suspected complete carotid
occlusion and in cases in which information beyond the US
field of view is needed. Indications for cervical US include
AA

Figure 23-32. A, Cervical duplex ultrasound showing acoustical shadowing seco
gram confirming stenosis.
evaluation of cervical bruit, transient ischemic attack, and
stroke. Figure 23-32 provides an example of a severe cervi-
cal carotid bifurcation plaque with angiographic correlation.
US is also useful in following progression of atherosclerosis
in cases of known plaque or in detecting other cervical
pathologies, such as arterial dissection (Fig. 23-33).

At many institutions, carotid stenosis is graded based on
a sliding scale developed by Bluth and colleagues.80 Mild
carotid stenosis results in broadening of the normal ultraso-
nic spectral waveform with mild elevation of peak systolic
velocity (PSV) due to turbulent flow from small plaques. In
contrast, higher degrees of stenosis result in higher flow
velocities, which can be seen in both systole and diastole.
Generally, PSV greater than 130 cm/sec indicates moderate
stenosis, whereas PSV greater than 250 cm/sec indicates
severe stenosis. Systolic and diastolic ratios between the
stenotic internal carotid artery and the common carotid
artery are also calculated and, if increased, may further
indicate regions of carotid narrowing. Ratio analysis can
aid in identifying false-positive and false-negative results
in conditions such as systemic hypertension. Routinely,
all high-flow jets are also recorded. A point can be reached
at which flow velocities can diminish. These areas can
further define abnormal regions of critical carotid stenosis.

Pediatric Spinal Lesions
Imaging of spinal abnormalities is useful in children up to 3
to 6 months of age because the posterior elements are mem-
branous not bony. Beyond this age, these elements calcify
and generally US would then need to be complemented with
another imaging modality. Early evaluation and differentia-
tion of neural tube defects, such as lipomas, meningoceles,
myelomeningoceles, and tethered spinal cord, is possible.
US can evaluate the subcutaneous structures andallow for
BB
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Figure 23-33. A, Ultrasound of right internal carotid demonstrating flap consistent with arterial dissection (arrows). B, Diagnostic right internal carotid
angiogram confirming arterial dissection (curved arrow).
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recognition of abnormal spinal canal development, including
spinal cord abnormalities. Even in older children, the pres-
ence of abnormal skull dimples, pores, or hair tufts can be
evaluated for underlying spinal dysraphism. Rarely, US can
be useful in evaluating spinal neoplasm or syrinx development.
POSITRON EMISSION TOMOGRAPHY AND
SINGLE-PHOTON EMISSION COMPUTED
TOMOGRAPHY

Basic Principles and Techniques
Kuhl and Edwards81 pioneered the original work of radionu-
cleotide emission tomography in 1963. This research demon-
strated the initial use of radionucleotide tracers to create axial
reconstructed images. It became apparent that the relative
low resolution of this technique was a limitation as research
began to focus on the functional imaging capabilities of this
technique. Early work with CT in the early 1970s demon-
strated the correlation between focal lesions in the brain
and lesions demonstrated by radionucleotide emission to-
mography. Single-photon emission computed tomography
(SPECT) imaging uses radionucleotides that release gamma
radiation. Gamma cameras detect the radiation released in
360 degrees and create multiplanar re-formations. In the
early 1980s, iodine-based radionucleotides were initially
used to determine symmetrical brain function. The uptake
and distribution of such radionucleotides within the brain is
believed to be proportional to blood flow.82 Major break-
throughs occurred in the late 1980s with the introduction of
technetium-99m-labeled compounds, the most common of
which was hexamethylpropylene amineoxime (HMPAO).

A second major technique that investigates functional
and, to a lesser degree, anatomical details within the brain
is positron emission tomography (PET). This procedure uses
positron-emitting radionucleotides. This is in distinction to
SPECT imaging, which uses gamma emitters. Positron-
emitting particles decay by releasing two annihilation radia-
tion particles into opposite directions that are separated by
180 degrees. Data are postprocessed and reformatted into
multiple planes. Sokoloff et al, in 1977, described the use
of the radionucleotide 14C-deoxyglucose.83 This was a
major advancement in functional imaging of the brain that
enabled the measurement of glucose uptake andmetabolism.
Soon after, the most commonly used PET agent, 18F-deoxy-
glucose (FDG), was introduced. The development of ligands
associated with specific neurochemical receptors or other
proteins has broadened the use of PET and SPECT to include
a growing number of degenerative or biochemical disorders.
Normal Findings
Radionucleotides are evenly distributed into the brain par-
enchyma for both PET and SPECT scanning. The calvarium
and ventricles represent photopenic regions. The brain images
can be displayed in axial, coronal, or sagittal projections.
Under normal conditions, when a subject performs a motor,
language, visual, or other sensory task, 18F-deoxyglucose
PET scans will identify increased glucose metabolism in the
involved cortical region.
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Types of Detectable Abnormalities
SPECT and PET imaging have shown comparable detec-
tion of diseased states. In chronic pathological states, the
cerebral blood flow demonstrated by SPECT correlates to
abnormal metabolic activity that is shown by PET imaging.
Unfortunately, PET imaging requires cyclotron-produced
nucleotides. This, as well as cost, has limited PET to major
research facilities. SPECT imaging is more accessible
owing to advances in stability of radionucleotides and in
computer technology. These factors have led to a signifi-
cant increase in the resolution of the SPECT images. Both
PET and SPECT can detect generalized hypometabolism in
anoxia, degenerative disease, trauma, and aging or a focal
hypometabolism. Hypermetabolism due to increased blood
flow can be imaged as seen in tumors, infections, or seizure
foci. In degenerative illnesses with neurotransmitter defects
(e.g., Parkinson’s disease and Huntington’s disease), focal
deficits can be detected, although these applications remain
largely in the research realm (Video 18, Limb Chorea;
Video 62, Parkinsonian Gait).

Neurological Applications in Diagnosis and Treatment
Cerebrovascular Disease
Cerebrovascular disease is the third leading cause of death
in the United States. The ability to rapidly diagnose acute
stroke has both therapeutic and prognostic value. Acute
intra-arterial thrombolysis of a recently formed thrombus is
a new pioneering procedure that may significantly decrease
the morbidity and mortality of cerebrovascular disease.
PET is able to demonstrate a rise in regional oxygen extrac-
tion fraction indicating an evolving stroke. These changes
are often demonstrated earlier and show more extensive tis-
sue damage than what is predicted by CT or MRI. However,
work with diffusion-weighted MRI suggests that this may be
the most sensitive imaging study for acute stroke.84 In
patients with reversible ischemic injury, there is a decrease
in regional cerebral blood flow that is termed misery perfu-
sion. These patients would have a false-positive PET and
SPECT scan. Areas of chronic infarction generally demon-
strate decreased regional cerebral blood flow and oxygen
and glucose metabolism. SPECT imaging can identify areas
of decreased blood flow in patients with acute infarcts not
detectable by CT.

A diagnostic test to identify high-risk patients who would
benefit from surgical intervention of an arteriosclerotic
lesion within the carotid bifurcation can also be of great
value. A pharmacological stress test with acetazolamide,
which causes cerebrovascular dilatation and increased region-
al cerebral blood flow, has been investigated.85 Others have
investigated the prognostic value of the ratio of regional cer-
ebral blood flow to regional cerebral blood volume.86 The
regional cerebral blood volume can be determined with
technetium-99m-labeled red blood cells. As the regional
cerebral blood flow decreases, the regional cerebral blood
volume increases to maintain perfusion. This procedure
has been described as an indicator of cerebral perfusion
reserve, thus defining a patient’s risk for infarction. SPECT
and PET have also demonstrated “luxury perfusion,” which
represents the areas of subacute stroke that receive increased
blood flow in relation to the nonaffected brain. This is most
likely due to an increase in an aerobic metabolism in the
region of infarction. SPECT has also demonstrated hypoper-
fusion of the contralateral cerebellum in patients with corti-
cal strokes termed crossed cerebellar diaschisis. This is
believed to be secondary to disruption of the corticopontine
tracts uniquely seen by SPECT.
Brain Tumors
The majority of tumor investigation imaging has been with
PET. FDG is the primary positron emitter used today. In
general, high-grade neoplasms demonstrate increased
metabolism, whereas low-grade neoplasms demonstrate
relatively decreased activity. There has been high correla-
tion between metabolic activity determined by PET and
histological grade of the neoplasm.87 One of the many uses
of PET scanning is to distinguish tumor recurrence from
radiation necrosis. Focal areas of decreased metabolic
activity help diagnose areas of radiation necrosis, whereas
tumor recurrence shows increased metabolic activity. PET
remains one of the most sensitive tests to differentiate
between these two entities.

SPECT has a more limited role in the evaluation of
brain tumors. Some enthusiasm has been displayed with
the use of SPECT to differentiate a lymphoma from toxo-
plasmosis in immunocompromised patients. Imaging with
thallium-labeled gamma emitters demonstrates increased
activity within lymphomas and decreased activity within
toxoplasmosis88 (Fig. 23-34).
Dementia
Within the past decade, there has been much excitement
about the use of PET and SPECT to evaluate dementia.
Alzheimer’s disease is the most common cause of demen-
tia in the United States. There have been numerous studies
that have described decreased regional glucose metabolism
in healthy older subjects within the frontal, parietal, and
temporal lobe regions.89 Current PET normalizes regional
values using internal standards such as the cerebellum
or calcarine fissure region. Characteristic patterns of
decreased regional glucose metabolism within the parietal
and temporal lobes have been described in patients with
Alzheimer’s disease.90 In these patients, there is relative
preservation of the calcarine fissure region, sensory motor
region, cerebellum, and basal ganglion region. Decreased
metabolic rates for oxygen have also been reported in the
same regions that demonstrate areas of decreased glucose
metabolism in patients with Alzheimer’s disease.91 Patients
with progressive Parkinson’s disease have a similar pattern
to that seen in patients with Alzheimer’s disease. Multiple-
infarct dementia occurs after multiple lacunar infarctions.
PET can therefore demonstrate the corresponding multifo-
cal regions of decreased glucose metabolism92 that typify
the focal lesions demonstrated by CT or MRI. Significant
decreases in glucose metabolism within the frontal and
temporal lobes have been described in patients with Pick’s
disease, which can be detected by PET.93 Patients with
Huntington’s chorea, a disorder of the extrapyramidal
system, have shown a decrease in glucose metabolism
within the caudate nuclei (Video 15, Facial Chorea).94
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Figure 23-34. A 30-year-old HIV-positive male presents with mental status changes. A, MR (post-contrast T1-weighted image) demonstrates a focal mass-
like lesion with ring enhancement within the right frontoparietal area. The primary differential diagnosis is between lymphoma and toxoplasmosis. B,
Thallium SPECT scan shows abnormal increased uptake representing a primary CNS lymphoma.
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These findings may present before atrophy of the caudate
nuclei is demonstrated by CT or MRI.

Decreased regional cerebral blood flow demonstrated
with SPECT has shown a similar pattern of decreased
glucose metabolism in comparison to PET. Most investiga-
tors believe that SPECT is a test of equal sensitivity to
characterize dementia.

Cerebral Trauma
In severe head trauma, there is a strong association between
a diffuse axonal injury and decreased brain metabolism. It
has been demonstrated that diffuse and focal areas of
decreased metabolism can recover over time. Correlations
have been found between post-traumatic decreases in glu-
cose metabolism identified by PET and decreased regional
cerebral blood flow identified with SPECT. Focal lesions
identified on CT demonstrate a larger area of abnormal
regional cerebral blood flow by SPECT.95 A goal of
SPECT research in head trauma has been to use this method
to characterize prognosis of focal lesions as well as cases
of more widespread diffuse axonal injury (Video 242,
Post-Traumatic Dystonia).

Seizure Disorders
SPECT and PET have been investigated as complementary
noninvasive studies for localization of seizure foci. CT,
MRI, and electroencephalography (EEG) are the primary
noninvasive methods used to localize an epileptic focus
but do not always identify a lesion (Video 78, Frontal Lobe
Complex-Partial Seizure). These patients may require inva-
sive placement of depth electrodes to definitively elucidate
a seizure focus. SPECT has been helpful in demonstrating
regional decreased cerebral blood flow within a seizure
focus between seizures and increased regional cerebral
blood flow ictally. PET studies have also shown decreased
metabolism between seizures within a seizure focus and
increased metabolic activity ictally. In both SPECT and
PET, up to approximately 80% of patients who demon-
strated a focal EEG abnormality also demonstrated an asso-
ciated perfusion or metabolic activity defect within the
same region.25 The rapid availability of cyclotron-produced
nucleotides is, again, a limiting factor for the use of PET for
the ictal stage.26 HMPAO is the SPECT radionucleotide of
choice. This tracer is taken up by the brain during the first
vascular pass and does not redistribute after the first few
minutes. Imaging can then be obtained up to 3 or 4 hours
after the seizure ictus. There is an additional increased sensi-
tivity if an ictal SPECT scan can be obtained. Research sug-
gests that a more stable SPECT imaging agent, ethyl
cystinate dimer, which is chemically more stable than
HMPAO, has the potential to become the radionucleotide
of choice.
Degenerative Disorders: Parkinson’s Disease and
Huntington’s Disease
PET can use a number of ligands other than glucose, and
these applications are of particular interest in neurological
disorders involving neurotransmitter abnormalities. Parkin-
son’s disease and Huntington’s disease are the prototypical
examples (see Chapter 34) of such conditions, but dysto-
nias and other movement disorders have also been studied
with PET (Video 65, Dystonic Gait).27 To study the activ-
ity of the nigrostriatal dopaminergic system, fluorodopa (a
derivative of levodopa) is typically used. Receptor agonists
can be used to study postsynaptic function of the same sys-
tem. Although these ligand “probes” remain research tools,
increasing experience may lead to their use in regular clin-
ical neurological practice. In animal models of Parkinson’s
disease, there is a good correlation between fluorodopa
uptake and striatal dopamine content. An even higher cor-
relation exists between uptake and the number of dopamine
cells in the substantia nigra zona compacta, an area speci-
fically affected by Parkinson’s disease. In patients with
severe clinical disability from Parkinson’s, fluorodopa
scans show lower uptake than those of patients with mild
disease (Video 62, Parkinsonian Gait). Possible future
applications include its potential use in patients with tre-
mors in whom the diagnosis of Parkinson’s disease is clini-
cally unclear. Such scans may also prove useful in
monitoring the success of such therapies as tissue trans-
plants. In Huntington’s disease, most PET attention has
focused on its putative utility in preclinical detection and
the monitoring of clinical disease progression (Video 63,
Choreic Gait).
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ELECTROENCEPHALOGRAPHY

Basic Principles and Technique
Electroencephalography is a noninvasive technique in
which the electrical activity of the brain is recorded from
the scalp to evaluate the function of the brain. It is thus
complementary, rather than an alternative, to neuroimaging
techniques. The differences in voltage between electrodes
placed in different regions of the scalp are recorded and
amplified. The polarity, frequency, amplitude, distribution,
and changes with time of this activity are then studied to
determine whether the findings are normal or abnormal
and whether they suggest any particular type of underlying
pathological process.

Electrodes are placed on the scalp based on standard-
ized, internationally agreed locations (the 10–20 system).1

The potential difference between pairs of scalp electrodes
(bipolar derivation) or between individual scalp electrodes
and a common reference point such as the linked ears
(referential derivation) is then recorded as the electroen-
cephalogram (EEG) on moving paper or viewed on the
screen of an oscilloscope. Recordings are made simulta-
neously from pairs of electrodes in an organized sequence
or pattern termed a montage, which is generally either
longitudinal or transverse in orientation.2 In longitudinal
montages, recordings are made from electrodes in a sagittal
plane; in bipolar derivations, recordings are between linked
pairs of electrodes, whereas in referential derivations, the
recordings are between each electrode and the reference
point. In transverse montages, recordings are made from
electrodes in a straight coronal plane. The recordings are
then displayed in anterior-to-posterior or left-to-right
sequences.

For recording purposes, the input from each pair of elec-
trodes (or from active and reference electrodes) is con-
nected to the two inputs of a differential amplifier in such
a way that the input from the active electrode is connected
to input one and from the reference electrode (or, with
bipolar recordings, from the more posterior or right-sided
electrode) to input two. The recording arrangement is such
that an upward deflection indicates either increased nega-
tivity at the electrode connected to input one or increased
positivity at input two.

In recording the EEG, an attempt is generally made to
activate abnormalities by hyperventilation for approxi-
mately 3 minutes and also by photic stimulation at flash
rates up to 20 Hz. Other common activating procedures
include sleep during the recording procedure and sleep
deprivation on the night before the examination.2

It is sometimes necessary to monitor the EEG for several
days in patients with episodic behavioral disturbances to
record during some of the episodes and determine whether
they have electrocerebral accompaniments such as occur
with epileptic seizures. This can either be undertaken in a
long-term video EEG monitoring unit in the hospital or, in
some instances, by recording the EEG with an ambulatory
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cassette EEG system. The latter approach can be undertaken
in the home setting and does not require continuous supervi-
sion by specialized personnel. Tapes last for 24 hours and
can generally be reviewed in less than 1 hour.3

The traditional method of EEG interpretation depends on
visual analysis, which is subjective and very time intensive.
Quantitative or automated (computerized) techniques for
analysis are being developed but are not yet in widespread
use for routine purposes.

It is important to distinguish between cerebral activity
and artifactual discharges of biological or nonbiological
origin. Bioelectric artifacts include ocular, cardiac, respira-
tory, movement, muscle, and sweat artifacts. These various
artifacts have characteristic appearances that facilitate their
recognition. Artifacts may also arise from the equipment or
electrodes and especially from variation in electrode imped-
ance. Other artifacts may arise from the environment in
which the recording is made, such as from other electrical
equipment, intravenous infusion lines, and static electricity
generated by nylon clothing.

The electrocerebral activity recorded from the scalp con-
sists not of action potentials but of the summated synaptic
potentials from large numbers of cortical neurons. It thus
reflects the summated excitatory and inhibitory postsynap-
tic cortical potentials. This activity is markedly attenuated
by the skull and scalp and is therefore considerably greater
when recorded from the cortical surface.

Normal EEG Activity
The cerebral activity recorded at electroencephalography is
generally rhythmic; that is, it consists of regularly recurring
waveforms of similar duration and morphology. It is widely
believed that the rhythmicity is imposed on the cerebral
cortex by a thalamic pacemaker.4

Activity recorded in the human EEG is characterized by
its frequency. In normal adults, a posteriorly predominant
8- to 12-Hz rhythm is present and is attenuated by eye
opening; this is designated the alpha rhythm (Fig. 24-1).
Faster-frequency activity, or beta activity, is also present
to a variable extent, has a generalized distribution, and is
enhanced by certain medications such as benzodiazepines.
Activity slower than 8 Hz is designated as theta (4–7 Hz)
or delta (<4 Hz) activity. Such slow activity is a normal fea-
ture of certain stages of sleep but is generally not present in
awake, alert adults.

Abnormal EEG Activity
The pathophysiology of abnormal EEG activity is multifac-
torial and difficult to clarify. Increased excitability of the
cerebral cortex probably accounts for cortical spike activ-
ity. More generalized spike-wave bursts probably depend
on thalamocortical projections. The delta activity recorded
in certain pathological circumstances probably reflects
lesions involving predominantly the cerebral white matter.
When subcortical nuclei are involved, either alone or in
association with pathology affecting the cerebral cortex,
paroxysmal slow activity is seen and may include spike
discharges.5

Slow activity sometimes occurs with a localized distri-
bution and varies in rhythm, rate, and amplitude with time.
Such a focal polymorphic slow-wave disturbance, when
present continuously, suggests an underlying structural
lesion involving the cerebral white matter (Fig. 24-2) but
provides no clue as to its nature. Transient polymorphic
slow-wave activity is suggestive of either migraine or a
postictal state after a partial (focal) seizure.

Intermittent rhythmical slow activity may occur with a
frontal emphasis in adults or an occipital emphasis in chil-
dren and is a nonspecific finding that has been described in
a variety of settings, including metabolic disturbances,
hydrocephalus, and diencephalic lesions.

A diffusely slowed record during wakefulness is nonspe-
cifically abnormal but is seen most commonly in patients
with diffuse encephalopathic processes such as a metabolic
disturbance or encephalitic disorder (Fig. 24-3). It may also
reflect long-standing diffuse cerebral dysfunction such as
occurs in patients with a perinatal static encephalopathy.

Focal attenuation of EEG activity reflects destructive
disease of the cerebral cortex, whereas more diffuse
attenuation may result from severe encephalopathic pro-
cesses and occurs also in certain degenerative disorders
such as Huntington’s disease. Electrocerebral silence or
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Figure 24-2. EEG showing a focal polymorphic slow-wave disturbance in a patient with a right frontal glioma.
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inactivity, in recordings made under conditions to enhance
the presence of any underlying low-voltage EEG activity,
is suggestive of neocortical brain death but may also occur
in patients who are hypothermic or have taken an overdose
of drugs that depress the central nervous system (CNS)
(Fig. 24-4).6 In some instances, the EEG consists of bursts
of mixed-frequency activity occurring on a relatively quies-
cent background. This so-called burst-suppression pattern
may occur with any severe encephalopathy, such as after
severe cerebral anoxia or after head trauma, after overdose
of CNS depressant drugs, and with anesthesia.

Epileptiform discharges consist of abnormal paroxysmal
events containing sharp waves or spike discharges, at least
in part. A spike discharge is a potential having a sharp con-
tour and a duration of less than 80 msec, whereas a sharp
wave has a duration of between 80 and 200 msec. They
may occur without any clinical correlates or significance
but are found interictally with a greater incidence than nor-
mal in patients with epilepsy.
Periodic lateralized epileptiform discharges are lateral-
ized epileptiform discharges that occur with a regular peri-
odicity. They occur in association with acute hemispheric
pathology such as an infarct or rapidly expanding tumor,7,8

typically in obtunded patients with a focal neurological
deficit and often recurrent seizures, and are commonly
replaced after several weeks by a continuous polymorphic
slow-wave disturbance.

Repetitive complexes consisting of slow waves, sharp
activity, or both occur with a regular periodicity and gener-
alized distribution in various disorders. Such periodic com-
plexes are especially characteristic of certain infective
disorders of the brain but may also occur after severe cere-
bral anoxia, head injury, or generalized seizures; with deep
anesthesia; and in cerebral lipidosis.

Certain EEG patterns are worthy of mention because
they are frequently regarded as abnormal when, in fact,
they are simply normal variants of no pathological signifi-
cance. Such patterns include 14- and 6-Hz positive spikes,
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small sharp spikes (sometimes referred to as benign epilep-
tiform transients of sleep), wicket spikes, 6-Hz spike-wave
activity, and rhythmical temporal bursts of sharpened theta
activity, all of which occur most commonly during drowsi-
ness or light sleep.2

Clinical Uses of the EEG
The EEG is useful in the evaluation of patients with sev-
eral types of neurological disorders, including seizures,
Fp1-C3

C3-O1

Fp1-T3

T3-O1

Fp2-C4

C4-O2

Fp2-T4

T4-O2

T3-CZ

CZ-T4

10 kOhm resistor

Dorsum of hand

ECG

1 sec 20 m

Figure 24-4. Electrocerebral silence in the EEG of a brain-dead patient followi
encephalopathy, and focal cerebral abnormalities. It also
provides an ancillary aid to the diagnosis of brain death
and may suggest certain specific neurological diagnoses
when characteristic EEG findings are recorded in patients
with clinical disorders of uncertain nature.

Epilepsy
The EEG is important in the evaluation of patients with
known or suspected epilepsy. The interictal occurrence
of epileptiform activity in a patient with an episodic
behavioral disorder that may represent seizure activity
increases markedly the probability of epilepsy.9 In patients
with epilepsy, the EEG findings help to classify the
seizure disorder, often permitting a distinction between sei-
zure types when this cannot be made clinically. For example,
the EEG findings permit typical absence seizures to be dis-
tinguished from complex partial seizures and generalized
seizures to be distinguished from partial seizures having
rapid secondary generalization (Fig. 24-5; Video 74, Sec-
ondary Generalized Seizure; Video 248, Complex-Partial
Seizures with Automatisms). Such findings therefore sug-
gest the appropriate anticonvulsant drug for treating indivi-
dual patients and provide a guide to prognosis. A guide to
prognosis is also provided by the background EEG activ-
ity; a slowed background implies a poorer prognosis than
otherwise. In addition, the EEG permits certain epileptic
syndromes with specific prognostic implications to be recog-
nized. For example, benign rolandic epilepsy of childhood
V

ng attempted resuscitation after cardiopulmonary arrest.



Fp1-F3

F3-C3

C3-P3

P3-01

Fp2-F4

F4-C4

C4-P4

P4-02

Fp1-F7

F7-T3

T3-T5

T5-01

Fp2-F8

F8-T4

T4-T6

T6-02

1 sec
500 mV

Figure 24-5. EEG in a woman with complex partial seizures, showing focal spike discharges in the right central region.

Aminoff / Electrophysiology 481
has a characteristic interictal EEG pattern (rolandic spikes)
and a good prognosis, whereas anterior temporal spike
discharges are typically associated with complex partial
seizures and imply a poorer outcome.

When surgery is under consideration for the treatment of
medically intractable seizures, the EEG has a major role in
localizing seizure foci, provided that actual seizures can be
recorded. This generally requires admission to a hospital,
where the EEG can be recorded continuously while patients
are video monitored.

The interictal EEG findings may suggest certain charac-
teristic seizure disorders. Hypsarrhythmia refers to a pat-
tern characterized by high-voltage, irregular slow activity
with superimposed multifocal spike discharges. It is typi-
cally found in children with infantile spasms, although
some children with infantile spasms do not have this EEG
pattern and it is sometimes found in patients without infan-
tile spasms.10 Generalized spike-wave activity suggests pri-
mary generalized epilepsy when it occurs interictally at 3 Hz
and is bilaterally symmetrical and bisynchronous (Fig. 24-6)
and Lennox-Gastaut syndrome when it is at 1 to 2 Hz and
irregular in frequency and morphology. Polyspike-wave
activity occurs with myoclonic epilepsy, including juvenile
myoclonic epilepsy of Janz.

The ictal EEG recorded during a tonic-clonic convulsion
is always abnormal, but the findings may be obscured by
muscle and movement artifact (Video 77, Clonic Seizure).
A transient attenuation of ongoing electrocerebral activity
or the development of low-voltage fast activity heralds
the onset of the seizure (Fig. 24-7), followed by the appear-
ance of rhythmic, repetitive activity at approximately
10 Hz that gradually becomes intermixed with increasing
amounts of slow activity until the record is characterized
by spike-wave activity as the tonic phase of the seizure is
succeeded by the clonic phase. This is followed in turn
by a transient attenuation of the background EEG and then
by irregular slow activity before the EEG reverts to its preic-
tal appearance. During tonic seizures, the EEG shows gener-
alized, repetitive spike activity or an attenuation of the
ongoing background activity. During a typical absence
attack, by contrast, the EEG is characterized by 3-Hz
spike-wave activity, and during myoclonic seizures it is
characterized by polyspike-wave activity at 4 to 5 Hz. The
EEG may show no ictal accompaniments during simple par-
tial seizures, and this should not be taken to imply that the
seizures are nonorganic in origin. In other patients with such
seizures and in those with complex partial seizures, the EEG
shows rhythmic, organized, localized discharges (Fig. 24-8)
with or without spike activity that may become more gener-
alized as the seizure proceeds and may be followed postic-
tally by a transient flattening of the traces and then by
polymorphic slow activity with a localized or generalized
distribution.

During tonic-clonic (major motor or grand mal) status
epilepticus, the EEG shows repeated electrographic sei-
zures. The EEG is not required for diagnostic purposes,
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however, except when patients have been paralyzed phar-
macologically to facilitate management; when coma has
been induced to control refractory status, the EEG has an
important role in monitoring the level of anesthesia. In
patients with nonconvulsive status epilepticus, the basis
for the abnormal mental status can only be recognized by
the EEG finding of continuous, generalized spike-wave
activity (so-called spike-wave stupor) or repeated partial
seizures. This underscores the importance of obtaining
an EEG in any patient with a change in mental status of
uncertain basis.

Focal Cerebral Pathology
With the advent of new imaging techniques, the role of the
EEG in screening patients for suspected focal intracranial
pathological processes has declined, except in developing
countries. In fact, the EEG detects disturbances of function,
whereas imaging procedures detect structural abnormalities
so that the two approaches are complementary, not alterna-
tives. EEG abnormalities are sometimes generalized in
patients with focal intracranial pathology, detracting from
the value of the technique in localizing the lesion but
emphasizing its importance in reflecting the extent of func-
tional impairment. Thus, generalized slowing of the EEG
commonly reflects a disturbance in the level of conscious-
ness. Even when focal abnormalities are present, they gen-
erally provide no indication as to the nature of the
underlying pathology. They typically consist of a localized
slow-wave disturbance (see Fig. 24-2) or an attenuation of
background electrocerebral activity, sometimes accompa-
nied by focal spikes or sharp waves.

Abnormal States of Consciousness
The EEG is an important means of investigating patients
with a disturbance of consciousness. It may suggest the
cause of the abnormal mental state, helps to determine
the depth of coma, and provides a guide to prognosis.
Moreover, the EEG is an important means of distinguish-
ing between unconscious states and neurological disorders
simulating unconsciousness, such as the locked-in syn-
drome, in which the EEG is normal or shows only minor
nonspecific changes.

In patients with a disturbance of consciousness due to
diffuse cerebral dysfunction, the EEG typically shows
generalized slowing (see Fig. 24-3) without focal or lateral-
izing features. In some metabolic encephalopathies, tripha-
sic waves are conspicuous, but these are a nonspecific
finding. When epileptiform discharges or electrographic sei-
zures are found in the EEG, they suggest that a postictal state
or status epilepticus is responsible for the obtundation.

In coma after head injury, the EEG is likely to be diffusely
slowed, but focal abnormalities (slowing, spike discharges,
or an attenuation of activity) may be superimposed. These
localized abnormalities may relate to hematoma or cerebral
contusion, ischemia, or edema.

Alpha-pattern coma designates coma associated with
alpha-frequency activity in the EEG. The alpha-frequency
activity is usually widespread in distribution and nonreac-
tive to external stimuli. It is found most commonly after
a cardiac or cardiorespiratory arrest and also occurs after
pontine strokes and occasionally with a drug overdose.
Alpha-pattern coma was originally thought to imply a poor
prognosis, but the outlook relates more to the cause of the
coma than to the presence of alpha-frequency activity in
the EEG.11,12

In some comatose patients, the EEG shows a burst-
suppression pattern, indicating a severe encephalopathic
process such as an anoxic encephalopathy. The finding of
electrocerebral silence indicates that irreversible brain
damage and neocortical brain death have occurred. A similar
finding may also relate to hypothermia or the presence of
CNS depressant drugs, however, and these conditions must
always be excluded before prognostic implications are
ascribed to the EEG changes.

Other Applications
In patients with encephalitis or meningoencephalitis, the
EEG typically shows diffuse slowing without any specific
features. However, characteristic abnormalities are found
in certain infectious disorders of the brain. In herpes sim-
plex encephalitis, periodic lateralized complexes may
occur over one or both temporal regions, usually repeating
once every 1 to 4 seconds (Fig. 24-9).13 These discharges
may take up to 2 weeks to develop, and their absence does
not exclude the diagnosis. Their presence provides strong
support for it, however, and their bilateral occurrence
implies a poorer prognosis for survival than otherwise.
In subacute sclerosing panencephalitis, generalized peri-
odic complexes are seen, often lasting for up to 3 seconds
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Fp1–F7
F7–T3
T3–T5

T5–O1
Fp1–F3

F3–C3
C3–P3

P3–O1
Fp2–F4

F4–C4
C4–P4

P4–O2
Fp2–F8

F8–T4
T4–T6

T6–O2
C3–T3

T3–Sp1
Sp1–Sp2

Sp2–T4
T4–C4

1 sec
50 mV
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partial seizure in a patient with epilepsy.
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and with an interval of 3 to 15 seconds between complexes.
A similar pattern is sometimes observed in patients who
have taken phencyclidine.14 In Creutzfeldt-Jakob disease
(Fig. 24-10), periodic complexes are typically triphasic in
configuration and occur at a rate of approximately 1 Hz.
Their occurrence in patients with a rapidly progressive
dementia strongly supports the diagnosis.15,16

The EEG findings are of little relevance to the diagnosis
of migraine. They are usually normal, but focal or general-
ized slow activity may be found, especially during or
immediately after migrainous attacks. Epileptiform tran-
sients are also encountered in some patients.
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Figure 24-10. EEG of a patient with Creutzfeldt-Jakob disease showing periodi
Abnormalities may be found in demented patients and
consist usually of a nonspecific loss of the alpha rhythm
and the presence of excessive slow activity. Focal slowing
may also occur, especially in Alzheimer’s disease. A nor-
mal EEG in no way excludes a diagnosis of dementia,
but a diffusely abnormal record supports a diagnosis of
dementia as opposed to pseudodementia. The EEG findings
may suggest the cause of the dementia, such as in Creutz-
feldt-Jakob disease or subacute sclerosing panencephalitis,
or when a focal structural lesion is present (Video 50,
Myoclonus in Creutzfeldt-Jakob Disease).

The EEG findings after head trauma reflect the severity
of injury and level of consciousness. They do not improve
the ability to predict which patients are likely to develop
post-traumatic epilepsy.
POLYSOMNOGRAPHY

Basic Principles and Technique
Disorders of sleep are common and often respond well to
treatment. Polysomnography is important in diagnosing
and characterizing such disorders. It involves recording
the EEG on two or a few channels to characterize the stage
of sleep while recordings are also made of eye movements,
mentalis muscle activity (chin electromyogram), electro-
cardiogram, respiration, and oxygen saturation. Respiratory
movements are recorded by measurement of airflow
through the nasal passages and the mouth using thermistors
and by recording thoracoabdominal excursions with sur-
face electrodes. Oxygen saturation is measured using an
ear oximeter. A microphone can be taped to the face to
record snoring.

Normal Polysomnographic Findings
The EEG shows a characteristic sequence of events during
sleep. During drowsiness (stage 1 sleep), the alpha rhythm
is attenuated and the background consists of mixed frequen-
cies. Rolling eye movements are characteristic. During stage
c complexes that often have a triphasic configuration.
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2 sleep, the background EEG consists of diffuse theta and
slower activity superimposed on which are vertex sharp
waves, sleep spindles (bursts of 12- to 14-Hz activity that
occur bilaterally in the central regions), and K complexes
(high-voltage slow-wave complexes). During slow-wave
(stages 3 and 4) sleep, high-voltage theta and slower activity
is present, with activity at 2 Hz or less being present for up to
50% of the time in stage 3 sleep and for more than this in
stage 4 sleep. Tonic activity is present in the mentalis muscle
during these stages of sleep. During rapid eye movement
(REM) sleep, the EEG resembles that of stage 1 sleep,
but rapid eye movements occur in all directions and tonic
muscle activity is either absent or markedly reduced.

Sleep goes through these various stages sequentially
from stage 1 to stage 4 and then back to stage 2 over approxi-
mately 90 minutes, following which REM sleep occurs.
Such sleep cycles usually occur approximately three or four
times each night, with the amount of REM sleep increasing
in later cycles.

Abnormal Findings and Clinical Uses
of Polysomnography
Polysomnography is important in the investigation of
patients with excessive daytime somnolence, disorders of
initiating and maintaining sleep, disorders of the sleep-
wake cycle, and disorders associated with certain sleep
stages (parasomnias).

It is important in confirming the existence of insomnia
and characterizing its nature by determining, for example,
whether it is associated with nocturnal myoclonus or peri-
odic leg movements. Some patients complain of insomnia
but, in fact, have a normal amount of sleep. Patients with
complaints of excessive daytime somnolence may have
sleep apnea, which can be diagnosed by polysomnography.
Apnea is defined in this context as the cessation of airflow
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Figure 24-11. Polysomnogram of a patient with obstructive sleep apnea. An obs
cessation of airflow associated with oxygen desaturation, accompanied by atte
at the mouth and nostrils for at least 10 seconds, whereas
hypopnea refers to a reduction in respiratory airflow to
one-third of its basal value, with an associated reduction
of abdominal and thoracic respiratory movements and a
decline in oxygen saturation. The number of respiratory
irregularities per hour of sleep can be calculated by divid-
ing the number of apneic and hypopneic episodes by the total
sleep time in minutes and multiplying the result by 60.
A value of 5 or less is regarded as within the normal range.17

Polysomnography further indicates whether sleep apnea
syndrome relates to a central disturbance, an obstructive dis-
turbance in the oropharynx (Fig. 24-11), or a mixed disorder.
Sleep apnea is dangerous because various cardiac abnormal-
ities may occur during the apneic episodes, sometimes
resulting in death. Polysomnography permits the severity
of the syndrome and the presence of cardiac abnormalities
to be determined, thereby indicating the need for prompt
therapeutic intervention.

Another important cause of excessive daytime sleepiness
is narcolepsy, which is diagnosed by the multiple sleep
latency test. This quantifies the time required to fall asleep
and allows the recognition of abnormally short latencies
for going into REM sleep.18,19 Patients are monitored for
five periods of 20 minutes at intervals of 2 hours, during
which they are allowed to fall asleep; between these periods,
they are kept awake and alert. A mean daily score of less
than 5 minutes indicates a pathological level of daytime
sleepiness. The number of sleep-onset REM periods (with
REM sleep occurring within 15 minutes of sleep onset) is
determined. Normally, REM sleep does not occur during
these periods; two sleep-onset REM episodes strongly
support a diagnosis of narcolepsy. The sensitivity and
specificity of the test, however, are not clearly defined.20

Certain complex behavioral disorders may disrupt
sleep. These parasomnias are best characterized also by
polysomnography (Video 241, REM Behavioral Disorder;
tructive apneic episode is seen during REM sleep and is characterized by
mpted respiratory movements of the thoracic and abdominal musculature.
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Video 251, Periodic Leg Movements). They tend to occur
particularly during slow-wave sleep, and precise diagnosis
facilitates appropriate treatment. In other patients, seizures
may occur during sleep and these can be recognized by the
study. Further discussion of sleep disorders is provided in
Chapter 54.
OVERVIEW OF EVOKED POTENTIALS

Stimulation of certain sensory systems leads to the genera-
tion of cerebral potentials that can be recorded over the
scalp with surface electrodes. The latency and morphology
of these evoked potentials depend on the eliciting stimulus.
Evoked potentials are generally of low voltage and are
intermixed with background EEG activity. For this reason,
they are not easily seen without computer averaging of a
number of responses so that signals that are time locked
to the stimulus are enhanced, whereas other electrocerebral
activity is averaged out.

Evoked potential recordings provide a means of detect-
ing lesions in the afferent pathways under study. They
assess the functional integrity of these pathways, whereas
imaging techniques such as magnetic resonance imaging
evaluate their anatomical basis. Thus, evoked potential stu-
dies sometimes reveal abnormalities missed by magnetic
resonance imaging and vice versa. The findings may be
important for diagnostic purposes, in following the course
of certain neurological disorders, or for determining the
extent of pathological involvement.21 In patients with
known pathological processes involving the CNS, evoked
potential studies help to detect and localize lesions. Sub-
clinical abnormalities may be detected in a variety of dis-
orders, and multifocal abnormalities occur not only in
multiple sclerosis but also in a variety of different settings.
The electrophysiological findings must therefore be inter-
preted in the clinical context in which they are obtained.
Evoked potential studies are also helpful in the evaluation
of ill-defined complaints to categorize more precisely the
functional integrity of any afferent pathways that may be
responsible for the symptoms in question.21

The clinical utility of the various evoked potential stu-
dies in widespread use depends on the context in which they
are obtained. Although some investigators have attempted to
localize lesions on the basis of the electrophysiological find-
ings, precise localization by this approach may not be possi-
ble. The generators of many of the recorded components are
not knownwith confidence, and some components may have
multiple generators.

Evoked potentials have been used to monitor neural
structures at risk during surgical procedures, such as cor-
rection of scoliosis, in an attempt to minimize or prevent
neurological damage. When an evoked potential abnormal-
ity occurs during the surgical procedure, it is hoped that
alteration or reversal of the procedure may prevent or mini-
mize damage. However, the utility of intraoperative moni-
toring is not well established in most circumstances.
Moreover, even if an electrophysiological change occurs
intraoperatively, it sometimes remains unclear whether this
simply predicts an adverse outcome rather than actually
permitting that outcome to be prevented if the surgical
technique is modified. Nevertheless, in limited contexts,
it is clear that intraoperative monitoring is beneficial. Dur-
ing posterior fossa surgery, for example, recordings of
brain stem auditory evoked potentials are helpful in monitor-
ing the status of the eighth cranial nerve to prevent its
damage, and stimulation of the seventh cranial nerve aids
in identifying this nerve and ensuring its functional continu-
ity. Similarly, somatosensory evoked potential studies to
monitor spinal cord function seem to reduce the morbidity
associated with the surgical correction of scoliosis.
VISUAL EVOKED POTENTIALS

Basic Principles and Technique
Monocular stimulation generates a cerebral response that is
best recorded over the occipital region. Either a flash or a
pattern that occurs without change in background lumi-
nance can be used to elicit the response. Responses to
approximately 100 stimuli are generally averaged to obtain
robust and unambiguous potentials. For pattern stimulation,
the seated subject looks at the center of a television screen
on which is displayed a checkerboard pattern of white and
black squares. The pattern reverses at approximately 1 Hz
so that the white squares become black, and vice versa,
without change in total luminance. The size of the checks
is usually between 15 and 50 minutes of arc at the subject’s
eye, and the entire pattern should subtend at least 10
degrees of visual angle. Pattern-reversal stimuli generate
robust responses and have a higher yield of abnormalities
than flash stimuli. Small checks (15–30 minutes) preferen-
tially activate the macular region and are the most widely
used stimulus.

Normal VEP Findings
The typical visual evoked potential (VEP) elicited by a pat-
tern-reversal stimulus is a negative-positive-negative com-
plex that is recorded maximally in the midoccipital
region with reference to either the midfrontal region or
the linked ears.22 The positivity is the most conspicuous
and consistent of these potentials and has a latency to its
peak of approximately 100 msec (Fig. 24-12). It is there-
fore called the P100 response, and it is to this component
that attention is directed.

In analyzing the VEP, the latency of the P100 response
is measured after stimulation of each eye and then the
interocular difference in latency is determined. These
values are compared with normal values obtained using
an identical stimulation and recording technique. This is
important because certain physical attributes of the stimu-
lus (e.g., its contrast or the check size) normally influence
the response latency. The amplitude of the response and
the latency of the preceding and succeeding negativities
(the N75 and N145, respectively) are of uncertain clinical
utility, but absence of the P100 is abnormal.

Abnormal Findings and Clinical Uses of the VEP
Visual evoked potentials are useful in evaluating the func-
tion of the anterior visual pathways. They are not useful in
evaluating lesions posterior to the optic chiasm.
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Figure 24-12. Visual evoked potential elicited by 50-minute checks and
recorded between the midoccipital and midfrontal regions with mono-
cular stimulation in a normal subject (A) and a patient with a past history
of optic neuritis (B). Two trials are superimposed to show the replica-
bility of the findings. The P100 response in part B is prolonged to 146
msec.
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In patients with an acute optic or retrobulbar neuritis,
the P100 response is initially lost; with time, it recovers
and is then found to have a markedly prolonged latency
that generally persists indefinitely (see Fig. 24-12),23,24

even if apparently complete clinical recovery occurs. The
VEP is therefore an important means of evaluating patients
with suspected optic neuritis and may be delayed even
when magnetic resonance imaging of the optic nerve is
normal.24 Abnormalities may relate to either recent or
long-standing pathological processes. The VEP may be
abnormal in patients without a past history of optic neuri-
tis, thereby providing evidence of subclinical involvement
of the optic nerve. For this reason, it is useful to record
the VEP in such patients when multiple sclerosis is a diag-
nostic possibility.25

Other disorders may also lead to VEP abnormalities. In
particular, ocular pathology (e.g., refractive error, inability
to focus on the pattern stimulus, or glaucoma) may be
responsible. Compressive, ischemic, toxic, or nutritional
optic neuropathies may also produce VEP changes, and
abnormalities occur in Leber’s hereditary optic atrophy
(Video 200, Afferent Pupillary Defect).26,27 Compressive
lesions of the optic nerve typically lead to VEPs that are
markedly abnormal in shape as well as delayed in latency28;
in ischemic or toxic neuropathies, the response is usually
markedly attenuated in amplitude without being delayed
significantly.26 The findings, however, have to be inter-
preted in the clinical context in which they were obtained.

The VEP findings are of little help in the evaluation of
lesions posterior to the optic chiasm. It has been suggested
that VEPs can be used to evaluate the visual fields, but the
approach is time-consuming, requires the close coopera-
tion and attention of patients, and is no better or even less
sensitive than standard tests of perimetry.29,30 In patients
with cortical blindness, the VEP may be normal or abnor-
mal; the presence of a normal response should therefore
not lead, in itself, to a diagnosis of nonorganic visual
loss.31
The pattern-elicited VEP can be used to measure refrac-
tive error or detect amblyopia in preverbal children who
are unable to cooperate for behavioral testing.32 For refrac-
tive purposes, the VEP is recorded while different lenses
are placed in front of the eye to determine the lens with
which the VEP to small (15-minute) checks is of largest
amplitude and shortest latency; this lens will be the optimal
one for the patient. By an analogous approach, the inter-
ocular difference in size of the VEP elicited by small
checks is important as a means of detecting unilateral
amblyopia at an early age, when recovery may still be
possible.
BRAIN STEM AUDITORY EVOKED POTENTIALS

Basic Principles and Technique
Potentials generated in the auditory nerve and in different
regions of the auditory pathways in the brain stem can be
recorded at the vertex of the head after auditory stimula-
tion.33 These brain stem auditory evoked potentials
(BAEPs) occur within 10 msec of the stimulus, which for
clinical purposes is a monaural click. This is usually set
at approximately 65 dB above the patient’s hearing thresh-
old and is delivered through earphones while the opposite
ear is masked by white (i.e., mixed-frequency) noise. The
attention of the subject is not required. Because the BAEP
is of very low voltage, between 1000 and 2000 responses
are generally recorded so that the BAEP can be extracted
by averaging from the background noise.

Normal BAEP Findings
The BAEP consists of a series of up to seven components
(identified by Roman numerals) that occur within 10 msec
of the click stimulus and are generated in different regions
of the peripheral and central auditory pathways. Wave I
and the early part of wave II represent the auditory nerve
action potential. Wave III probably arises in the region of
the superior olive, whereas waves IV and V arise in the
midbrain and inferior colliculus. Waves VI and VII are of
uncertain origin and, because of their inconsistency in nor-
mal subjects, are of little clinical utility.

The most consistent components are waves I, III, and
V, and it is to these that attention is directed when BAEPs
are evaluated for clinical purposes. The absolute latency
of these components, the intervals between them (the so-
called interpeak latencies), and the amplitude of wave V
relative to wave I are assessed. Interside differences
in interpeak latency are also measured and may reveal
minor abnormalities. Figure 24-13 illustrates a normal
response.

Abnormal Findings and Clinical Uses of the BAEP
The BAEP is an important means of evaluating function of
the eighth cranial nerve and the central auditory pathways
in the brain stem.

In infants, young children, and adults who are unable to
cooperate for behavioral testing, BAEPs can be used to eval-
uate hearing.34 The wave V component of the response is
generated by auditory stimuli that are too weak to generate
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Figure 24-13. Brain stem auditory potential elicited by monaural stimula-
tion at 75 dBSL and recorded with an ipsilateral mastoid reference in a
normal subject (A) and a patient with a structural lesion involving the
upper pons (B). Two trials are superimposed to show the replicability of
the findings. It can be seen that waves IV and V are markedly attenuated
in the response recorded in part B.
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other components. As a screening test of hearing, then, the
electrophysiological threshold for eliciting wave V is deter-
mined. An impairment of auditory acuity is suggested if a
stimulus intensity greater than 40 dB is required. BAEPs
provide a sensitive screening test for acoustic neuromas or
other lesions in the cerebellopontine angle involving the
eighth cranial nerve. Indeed, the BAEP findings may be
abnormal at a time when imaging studies show no definite
abnormality.

The BAEP is also useful in assessing the integrity of
the brain stem (see Fig. 24-13). Although the auditory
pathways have a bilateral course, a unilaterally abnormal
BAEP nevertheless suggests an ipsilateral, structural brain
stem lesion. The presence of normal BAEPs in comatose
patients suggests either that the coma is due to bihemi-
spheric disease or that it relates to metabolic or toxic fac-
tors; abnormal BAEPs in this context imply brain stem
pathology and a poorer prognosis than otherwise. When
coma is due to brain stem pathology, the BAEP findings
help in localizing the lesion: Alteration of wave V suggests
midbrain dysfunction, and alteration of waves I to III indi-
cates a lesion in the lower brain stem.35 In patients with
brain death, the BAEP should be absent apart from wave
I and the early part of wave II, which are generated peri-
pherally. In many patients with suspected brain death,
however, all BAEP components, including wave I, are
absent, and it is then not possible to exclude other causes
(e.g., technical factors or deafness) for the absent
response.36

BAEPs have been used to detect subclinical brain stem
pathology in patients with suspected multiple sclerosis.37,38

However, the yield in this circumstance is less than with
the visual or somatosensory evoked potentials, possibly
because the auditory pathway is relatively short or is more
likely to be spared.
SOMATOSENSORY EVOKED POTENTIALS

Basic Principles and Technique
Stimulation of a mixed nerve or its sensory branch leads
to a response that can be recorded from the nerve more
proximally or distally (the sensory nerve action potential),
as well as over the spine and scalp. The scalp response is
small and obscured by the ongoing EEG, and for this reason
it is often necessary to average up to 2000 responses after
stimulation of a nerve in the arm or 4000 responses with stim-
ulation of a nerve in the leg, depending on the amount of
background noise, to obtain well-defined responses.

The somatosensory evoked potential (SEP) depends
on the functional integrity of the fast-conducting large-
diameter group IA muscle afferent fibers and group II cuta-
neous afferent fibers and on the posterior columns of the
cord, although some fibers may follow a different, extra-
lemniscal pathway. It is elicited for clinical purposes by an
electrical stimulus that is sufficient to produce a slight mus-
cle twitch when a mixed nerve is stimulated or to generate a
sensory nerve action potential that is approximately 50% of
maximum. It is generally well tolerated, even when applied
with a repetition rate of approximately 3 to 5 Hz. SEPs can
also be elicited by cutaneous nerve or dermatomal stimula-
tion, but the role of these approaches, especially in the eva-
luation of suspected radiculopathies, is uncertain. SEPs are
best recorded with surface electrodes. Over the scalp, either
a bipolar derivation (both recording electrodes placed on the
scalp) or a referential derivation (involving a noncephalic
reference electrode) may be used.
Normal SEP Findings
SEP components are defined by polarity and latency. With
stimulation of a nerve in the arm, recording between the
contralateral “hand area” of scalp and contralateral Erb’s
point (i.e., in a referential derivation) demonstrates a P9
potential that reflects activity at or just beyond the brachial
plexus. A P13-P14 potential reflects postsynaptic activity
in the medial lemniscus, and an N20 component is generated
in the primary somatosensory cortex (Fig. 24-14). A variety
of other potentials may also be detected but are clinically
less helpful and are not discussed further. With stimulation
of the tibial nerve at the ankle, a P38 response is recorded
over the scalp in the midline and represents activation of
the primary somatosensory cortex (Fig. 24-15). Recordings
over the cervical spine after stimulation of the nerve in the
arm reveal an N13/P13, whereas stimulation of a leg nerve
elicits a negative peak over the cauda equina and lumbar
spine.

The presence or absence of these obligate components of
the response and their latency and interpeak latency are
recorded. Amplitude measurements may also be made, but
abnormalities should not be based solely on amplitude cri-
teria, except when an obligate response is absent. The abso-
lute latency of individual components, but not the interpeak
latency, varies with limb length.

As with the BAEP, it has generally been assumed that
different components of the SEP reflect sequential activa-
tion of neural generators. However, potentials can be
generated by a change in the physical characteristic of the
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Figure 24-14. Median-elicited somatosensory evoked
potential elicited in A, a normal subject by right-
sided stimulation, and B, a patient with multiple
sclerosis by left-sided stimulation. Two trials are
superimposed to show the replicability of the find-
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Figure 24-15. Responses recorded over the popliteal fossa and also over the
spine and scalp to stimulation of the left tibial nerve at the ankle. Two
trials are superimposed to show the replicability of the findings. A shows
the finding in a normal subject, and B shows the response in a patient with
multiple sclerosis. No response is present over the scalp in the patient. PF,
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proximal; other abbreviations as in previous figures.
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volume conductor as, for example, when an impulse passes
from the arm to the axilla.39,40

Abnormal Findings and Clinical Uses of the SEP
Somatosensory evoked potentials are helpful in detecting
and localizing lesions of the somatosensory pathways
within the CNS but provide no indication about the nature
of the underlying pathological processes. They are of little
value in evaluating the peripheral nervous system, except
when there is concern about the functional integrity of
nerves that are not easily accessible for conventional nerve
conduction studies.41 SEPs have been used to evaluate
patients with suspected radiculopathies. Abnormalities
would not be expected in the SEP obtained by a stimula-
tion of a polysegmental nerve trunk in patients with iso-
lated root lesions, and cutaneous nerve or dermatomal
stimulation has given conflicting results and should there-
fore be regarded as investigational.42

In patients with multiple sclerosis, SEP abnormalities
may indicate the presence of subclinical lesions, thereby
helping to establish the diagnosis.43 The presence of such
abnormalities may also suggest that vague sensory com-
plaints have an organic basis when this is difficult to deter-
mine clinically. The SEP is abnormal in approximately
80% of patients with multiple sclerosis (see Figs. 24-14
and 24-15), but SEP abnormalities are found in only
approximately 30% of patients when this is merely a diag-
nostic possibility. The yield is greater in SEPs elicited by
stimulation of a nerve in the legs than the arms and is more
likely when there are pyramidal signs in the stimulated
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limb or legs.44 The most common abnormality found in
patients with multiple sclerosis is loss or marked atten-
uation of the cervical response after stimulation of the
median or ulnar nerve, and there may be an increase in
central conduction time.45 Subclinical SEP abnormalities
may also indicate sensory involvement in patients with her-
editary spinocerebellar degenerations, hereditary spastic
paraplegia, AIDS, and a deficiency of vitamin B12 or
vitamin E, and they are therefore not pathognomonic of
multiple sclerosis (Video 207, Spinal Cerebellar Atrophy
III).43,46

SEPs may indicate involvement of the central somato-
sensory pathways by other disorders at the spinal, brain
stem, or thalamic levels. In patients with unilateral lesions
of the cerebral hemisphere, the SEPs are often normal
unless there is a clinical sensory disturbance, when they
may be lost or markedly attenuated.

The SEP has been used to provide a prognostic guide in
comatose patients.36,43,47–49 In particular, loss bilaterally of
the N20 response after stimulation of the median nerve is
commonly associated with a fatal outcome or development
of a persistent vegetative state. In patients with unilateral
loss of the N20, the outcome is more variable; with bilater-
ally preserved N20 responses, approximately 50% of
comatose patients regain useful function, 25% remain in
a vegetative state, and the remainder die. Based on several
other studies, it seems reasonable to conclude that patients
with absent cortical SEPs bilaterally are unlikely to recover
cognition, but the presence of normal SEPs does not pre-
dict that useful recovery will necessarily follow. The bilat-
eral absence of all responses later than the N13-N14
response is supportive of brain death, when this is diag-
nosed by clinical criteria.36

After spinal injury, the SEP findings vary over the
scalp after stimulation of a leg nerve, depending on the
timing of the examination and the severity of the lesion.
The absence of any cortical response in the acute stage
after cord injury should not be taken to imply that the
lesion is complete or that recovery will fail to occur.
Preserved responses or their early return, however, indicate
a better prognosis, although the degree of functional
recovery varies.

SEPs have been used intraoperatively to monitor cord
function, but it is not clear how useful they are in this con-
text. This approach, however, is helpful in reducing the
morbidity of scoliosis surgery.
MOTOR EVOKED POTENTIALS

Magnetic stimulation of the brain and spine elicits so-
called motor evoked potentials (MEPs). This technique is
usually well tolerated by patients and poses no immediate
safety hazards. The latency of the motor responses can be
measured, and central conduction time can be estimated
by comparing the latency of the responses elicited by cere-
bral and spinal stimulation. Abnormalities have been
described in patients with a variety of central disorders,
including multiple sclerosis, amyotrophic lateral sclerosis,
stroke, and certain degenerative disorders.50 However, the
clinical utility of these techniques is unclear.
ELECTROMYOGRAPHY

Basic Principles and Technique
Electrical activity can be recorded by a needle electrode
placed within muscle. The potentials are amplified, dis-
played on an oscilloscope screen, and fed through a loud-
speaker so they can be monitored by ear. Several
different types of needle electrodes are in common use,
but the most popular is the concentric needle electrode.
This consists of a fine silver or platinum wire, insulated
except at its tip, that is contained within a pointed steel
shaft; the potential difference between the outer shaft and
inner wire is recorded.

The electrical activity recorded from muscle—that is,
the electromyogram (EMG)—provides a guide to the
pathological site in patients with disease of the motor units.
Pathological processes can be localized to the neural, mus-
cle, or junctional components of the motor units. In neuro-
pathic diseases, the pattern of affected muscles also permits
a lesion to be localized to the spinal cord, nerve roots, limb
plexuses, or peripheral nerves. However, the EMG findings
are not pathognomonic of specific diseases and do not in
themselves provide a definitive diagnosis.

Normal EMG Activity
When a needle electrode is inserted into a muscle, a brief
burst of activity occurs for 2 to 3 seconds or less. Once this
insertion activity has settled, spontaneous activity is not
present in normal muscle except in the endplate region,
where endplate “noise” can be recorded and corresponds
to the nonpropagated miniature endplate potentials gener-
ated by the spontaneous release of acetylcholine at the neu-
romuscular junctions.

When slight voluntary contraction is initiated, a few of
the motor units within the muscle are activated and initially
fire irregularly and at a low rate. With increasing effort,
they fire more rapidly; at a certain firing rate, additional
units are recruited. With further effort, so many units are
active that individual potentials cannot clearly be distin-
guished, leading to a complete “interference pattern” on
the trace of the oscilloscope (Fig. 24-16).

Individual motor unit action potentials are usually bipha-
sic or triphasic in configuration, but up to 10% to 15% are
polyphasic (i.e., they have five or more phases). They nor-
mally have a duration of between 2 and 15 msec and an
amplitude of between 300 mV and 3 mV (Fig. 24-17; Video
6, Normal Motor Unit Potentials).

Abnormal EMG Activity
Insertion activity is increased in neuropathic and certain
myopathic or myotonic disorders and in myositis. Abnor-
mal spontaneous activity is present in various neuromus-
cular diseases. Fibrillation potentials (Fig. 24-18) are
biphasic or triphasic discharges with a positive onset
except in the endplate region; they have an amplitude of
approximately 300 mV, have a duration of up to 5 msec,
fire up to 20 times per second, and represent action poten-
tials generated in single muscle fibers. They usually fire
rhythmically, and this probably reflects oscillations of the
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Figure 24-16. Motor unit activity during increasing voluntary effort. The
number of units activated increases with the force of contraction, and
eventually (bottom trace) individual potentials can no longer be recog-
nized. In accordance with conventions, an upward deflection in this and
subsequent figures indicates that the active electrode is negative with
respect to the reference one. (From Aminoff MJ: Electromyography in
Clinical Practice, 3rd ed. New York, Churchill Livingstone, 1998.)
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Figure 24-17. Motor unit action potentials. A, Normal potential. B, Long-
duration polyphasic potential (shown twice). C, Short-duration, low-
amplitude, polyphasic potential. (From Aminoff MJ: Electromyography
in Clinical Practice, 3rd ed. New York, Churchill Livingstone, 1998.)
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resting membrane potential of skeletal muscle fibers.51

Positive sharp waves (Fig. 24-19) may be found in associa-
tion with them and consist of an initial positive deflection
followed by a slow deflection in the negative direction.
Although similar in size to fibrillation potentials, they often
last for 10 msec or more and may discharge at rates up to
100 per second. Fibrillation potentials and positive sharp
waves are found in conditions with increased muscle fiber
irritability. They occur in denervated muscle but may not
appear until 3 or 4 weeks after an acute neuropathic lesion.
They are also found in patients with inflammatory disor-
ders of muscle, occasionally in patients with muscular dys-
trophies, after muscle trauma, in patients with certain
metabolic disorders (e.g., acid maltase deficiency), and in
association with botulism.

In patients with chronic partial denervation, as well as
with certain of the muscular dystrophies or inflammatory
disorders of muscle, complex repetitive discharges are
found (Video 99, Gower’s Sign). These have a high dis-
charge frequency, but their amplitude and frequency
remain constant (Fig. 24-20). They appear to arise in the
muscle and are probably initiated by a fibrillating muscle
fiber that then depolarizes adjacent fibers by ephaptic
transmission.52 In contrast, in the myotonic discharges
(Fig. 24-21) that characterize certain myotonic disorders
with delayed relaxation after voluntary contraction, high-
frequency trains of action potentials occur spontaneously,
wax and wane in amplitude and frequency, and relate to a
disorder of the muscle fiber membrane.

Fasciculation potentials have the dimensions of motor
unit action potentials and represent the spontaneous activa-
tion of all the muscle fibers in individual units. They pro-
duce a sudden dull thump over the loudspeaker. They are
found most often with disease of the anterior horn cells
but may also occur with other neuropathic disorders, occa-
sionally with certain myopathic disorders (as in thyrotoxico-
sis), and sometimes as an isolated phenomenon without
pathological significance. Studies in patients with diverse
lower motor neuron lesions have revealed that they may
arise at multiple sites along motor axons or the cell bodies
of diseased motor neurons,53 but in most instances they ori-
ginate at the distal extremity of the axon.54 Myokymic dis-
charges, in which motor unit action potentials discharge
spontaneously in characteristic patterns, are discussed later
in this section.

The motor unit action potentials may show characteristic
abnormalities in various diseases of the motor units. In
myopathies, the number of muscle fibers in individual
motor units is reduced (Video 38, Facial Myopathy and
Ophthalmoplegia). In consequence, the mean duration and
amplitude of the motor unit action potentials is reduced
(see Fig. 24-17) and the incidence of polyphasic potentials
is increased. Moreover, because the individual units
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Figure 24-19. Positive sharp waves recorded in
partially denervated muscle. (From Aminoff
MJ: Electromyography in Clinical Practice,
3rd ed. New York, Churchill Livingstone,
1998.)

100 msec

100 mV
Figure 24-18. Fibrillation potentials
recorded in partially denervated mus-
cle. (From Aminoff MJ: Electromy-
ography in Clinical Practice, 3rd ed.
New York, Churchill Livingstone,
1998.)
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Figure 24-20. Spontaneous, high-frequency repetitive discharge of action
potentials in a partially denervated muscle. (From Aminoff MJ: Electro-
myography in Clinical Practice, 3rd ed. New York, Churchill Livingstone,
1998.)

100 mV
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Figure 24-21. A myotonic discharge
evoked by electrode movement. (From
Aminoff MJ: Electromyography in Clini-
cal Practice, 3rd ed. New York, Churchill
Livingstone, 1998.)
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generate less tension than normal, an increased number is
recruited for any given degree of voluntary activity. In con-
trast, in neuropathic disorders, the number of motor
units—but not their content of muscle fibers—is reduced;
indeed, if denervated muscle fibers have been reinnervated
by sprouting from the axon terminals of surviving units, the
number of fibers per unit may actually be increased (Video
218, Ulnar Neuropathy, Wartenberg Sign). In consequence,
motor unit action potentials may be longer in duration and
larger in amplitude than normal, with an increased inci-
dence of polyphasic potentials, indicating that reinnerva-
tion has occurred (see Fig. 24-17). During mild voluntary
activity, there is an increase in the rates at which individual
units begin firing and at which they fire before additional
units are recruited; during maximal effort, the interference
pattern is reduced.

In disorders with abnormal neuromuscular transmission,
such as myasthenia gravis, motor unit action potentials
vary in amplitude and area during continued activity and,
in addition, there is an excess of small, short-duration
potentials in affected muscle (Video 226, Myasthenia
Gravis: Edrophonium). The variability of the potentials
reflects the reduced safety factor for neuromuscular trans-
mission, as a consequence of which there is variation
in the number of muscle fibers firing with each dis-
charge of the unit. Single-fiber electromyography is a
technique in which action potentials are recorded from
two or more muscle fibers belonging to the same motor
unit by means of a special electrode, and the temporal
variability (or jitter) between the two action potentials
at consecutive discharges is measured.55 This jitter re-
flects variation in neuromuscular transmission time in
the two motor endplates involved. An increased jitter is
therefore to be expected in patients with diseases of neuro-
muscular transmission, and impulse blocking may also
occur.

Myokymic discharges consist of a spontaneously occur-
ring grouped pattern of firing of motor units; double, triple,
or multiple discharges occur, followed by a period of
silence and then by another grouped discharge. They may
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occur in patients with radiation-induced plexopathy or
myelopathy and occasionally with chronic radiculopathies
or entrapment neuropathies, Guillain-Barré syndrome, mul-
tiple sclerosis, or gold intoxication; they may also be found
in facial muscles in patients with brain stem gliomas
(Video 221, Miller Fisher Syndrome).56,57
NERVE CONDUCTION STUDIES

Basic Principles and Technique
Needle electromyography is generally performed in con-
junction with nerve conduction studies, which may be
undertaken to determine the functional integrity of the per-
ipheral nerves. For motor conduction studies, the nerve is
stimulated at two or more points along its course while
the electrical response is recorded of one of the muscles
supplied by it. Electrical stimuli are preferred and must
be of sufficient intensity to excite all of the fibers in the
nerve. The muscle response is recorded by surface or sub-
cutaneous needle electrodes, with the active electrode
being placed over the endplate region and the reference
electrode over the muscle tendon. The response recorded
in this way is called the compound muscle action potential
(CMAP), or M wave, and represents the sum of the electri-
cal activity of all of the activated muscle fibers within the
pickup region of the recording electrode. The shape, size,
and latency of the response obtained by stimulating the
nerve at different sites are compared. By measuring the
distance between stimulation sites and the difference in
latency of the responses elicited by stimulation at these
sites, the conduction velocity can be determined for the
fastest conducting fibers along the intervening segments
of the nerve (Fig. 24-22). In the arms, the normal range
of maximal motor conduction velocity is between 50 and
70 m/sec, whereas in the legs the corresponding velocities
are between 40 and 60 m/sec.

Sensory nerve conduction studies involve stimulating a
sensory nerve either orthodromically or antidromically
and recording the response at another point along the course
of that same nerve. The calculated conduction velocity is the
same, but the response is larger with antidromic stimulation.
Responses can also be recorded from a purely sensory nerve
Stimulating
electrodes

A

Figure 24-22. Arrangement for measuring motor conduc-
tion velocity in the forearm segment of the median nerve.
The nerve is stimulated distally (A) and proximally (B),
and the evoked potentials are recorded from the abductor
pollicis brevis muscle. (Ground electrode not shown.)
Maximal motor conduction velocity (m/sec) between the
proximal and distal sites of stimulation is calculated by
dividing the distance between these sites by the difference
in latency of the responses. (From Aminoff MJ: Electro-
myography in Clinical Practice, 3rd ed. New York,
Churchill Livingstone, 1998.)
after stimulation of the parent nerve trunk from which it
originates, or vice versa.

In patients with focal conduction block involving an
individual nerve, the CMAP elicited by stimulating the
nerve above the site of the lesion is reduced in amplitude
compared with more distal stimulation and in severe cases
is completely lost. Sensory nerve action potentials are also
small or unrecordable when the lesion is located between
stimulation and recording sites. With focal conduction
slowing (but not block), the size of the CMAP is reduced
as the distance increases between the stimulating and
recording electrodes. Motor and sensory conduction veloci-
ties are slowed across the region of the nerve encompass-
ing the lesion, and sensory nerve action potentials may be
markedly attenuated or unrecordable because of dispersion.
Axon-loss lesions are characterized by an attenuated mus-
cle response, by reduced or absent sensory nerve action
potentials, and by electromyographic signs of denervation
in the affected muscle. Motor or sensory conduction veloc-
ity is normal or reduced only minimally, when it can be
recorded.
Clinical Uses of Nerve Conduction Studies
Motor conduction studies are helpful in indicating that
weakness is due to pathology of the peripheral nerves
rather than other parts of the motor unit. Sensory conduction
studies may indicate that sensory symptoms are due to an
impairment of peripheral nerve function or, when normal,
to a lesion proximal to the dorsal root ganglia. Motor and
sensory conduction studies are important in determining
the presence and extent of a peripheral neuropathy, distin-
guishing between a polyneuropathy and mononeuropathy
multiplex, recognizing the selective involvement of motor
or sensory fibers, and following the course of peripheral nerve
disease. The nature of the abnormalities found on motor or
sensory conduction studies may suggest the type of under-
lying pathology and, in particular, whether this is primarily
axonal loss or segmental demyelination.58 Nerve conduction
studies are also important as a means of recognizing sub-
clinical polyneuropathies and in detecting and localizing
a focal lesion involving individual nerves (Video 217,
Anterior Interosseous Neuropathy, Pinch Sign).
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Focal nerve lesions may result from injury or compres-
sion at sites of entrapment of the nerve by neighboring
anatomical structures. Common entrapment neuropathies
include compression of the median nerve at the wrist (car-
pal tunnel syndrome); the ulnar nerve at the elbow, cubital
tunnel, or Guyon’s canal; and the peroneal nerve at the
head of the fibula (Video 219, Ulnar Neuropathy, Froment
Sign; Video 237, Foot Drop). Electrophysiological studies
are very important in localizing the lesion in such disorders
and also in excluding the possibility of a subclinical poly-
neuropathy manifest primarily by the entrapment neuropa-
thy. The findings depend on the duration and severity of
nerve damage, the rapidity of its evolution, and the underly-
ing disorder.59
M

M

F

10 msec

Stimulus

Figure 24-23. Diagrammatic representation of the relationship between the
direct (M) response, F response, and H reflex and the intensity of the eli-
citing stimulus. With low-intensity stimulation of the tibial nerve, an H
reflex is elicited from the soleus muscle. As the intensity of stimulation
increases, the H reflex declines and a small M wave is seen. With a higher
stimulus intensity, the H reflex disappears and the M wave increases in
size until it is maximal. Following the maximal M wave, a small F
response is sometimes seen. (From Aminoff MJ: Electromyography in
Clinical Practice, 3rd ed. New York, Churchill Livingstone, 1998.)
F-RESPONSE AND H-REFLEX STUDIES

Basic Principles and Technique
F responses are evoked from muscle as the result of anti-
dromic activation of motor neurons by a peripheral electri-
cal stimulus. The stimulus should be of greater intensity
than is required to elicit a maximal CMAP and may not
always elicit an F response. F responses are small (usually
<5%) compared with the CMAP (Fig. 24-23), and their
latency and amplitude vary considerably even when the
stimulating and recording arrangements remain constant,
presumably because different anterior horn cells are acti-
vated antidromically. Various parameters of F waves can
be measured, but the most popular is the minimum latency
of 10 or more responses.

The H reflex, named after Hoffmann, who first described
it, can be recorded easily only from the gastrocnemius-
soleus muscle in the legs and the flexor carpi radialis muscle
in the forearm in response to stimulation of the nerve to these
muscles. The stimulus required to elicit the response is lower
in intensity than is necessary to elicit CMAPs of maximal
size (see Fig. 24-23). The afferent pathway subserving the
H reflex consists of spindle afferent (Ia) fibers, and the effer-
ent arc is via the alpha motor axons. The H reflex is not
easily obtained from other muscles except in infants or
patients with pyramidal lesions, limiting its clinical utility.
Normal Findings

The latency of the H reflex or F response depends on a
subject’s height or limb length, and normal values must
therefore be obtained with this in mind to permit appropriate
evaluation of the results from patients. It may also be helpful
to compare interside differences in latency of the responses
in individual patients; for H and F responses from the soleus
muscle, or the F responses from the intrinsic hand muscles,
this is normally less than 2 msec.60
Abnormal Findings and Clinical Uses of F-Response
and H-Reflex Studies
F-response and H-reflex studies are sometimes useful in
the evaluation of patients with peripheral neuropathies,
particularly when the pathological process is so proximal
that conventional nerve conduction studies fail to reveal
any abnormalities. A prolongation of the minimum F-
response latency may occur in patients having polyneuropa-
thies with involvement of motor fibers, sometimes when
conventional nerve conduction studies are normal. Abnor-
malities are sometimes encountered with radiculopathies,
but these patients generally have abnormalities on needle
electromyography so that the added F-response abnormality
does not influence management. H-reflex abnormalities
(lost or delayed responses) may also be found in patients
with polyneuropathies or with a lesion anywhere along the
pathways subserving the reflex.
BLINK REFLEX

Basic Principles and Technique
The blink reflex is a polysynaptic reflex that is most conve-
niently recorded from surface electrodes placed over the
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orbicularis oculi muscle after electrical stimulation of
the supraorbital nerve (Fig. 24-24). The afferent arc of
the reflex is subserved by the trigeminal nerve, and the
efferent arc is subserved by the facial nerve.
Left
Orbicularis oculi
Normal Findings
The response is characterized by a short-latency (approxi-
mately 10 msec) ipsilateral response that is designated
R1, followed by a more asynchronous, bilateral response
having a latency of 28 to 30 msec that is designated R2
(Fig. 24-25).
20 msec

200 mV

Figure 24-25. The blink reflex elicited by electrical stimulation of the right
supraorbital nerve in a normal adult. Two separate responses are shown.
The R1 component of the response is present only on the side that is
stimulated,whereasR2 is present bilaterally. (FromAminoffMJ: Electromyo-
graphy in Clinical Practice, 3rd ed. New York, Churchill Livingstone, 1998.)
Abnormal Findings and Clinical Uses of the Blink
Reflex
The blink reflex may be helpful in revealing the presence
of a subtle trigeminal or facial nerve lesion. Ipsilateral tri-
geminal nerve lesions lead to responses that are either lost
or have a prolonged latency bilaterally. A unilateral facial
nerve lesion, by contrast, leads to a delayed or absent
response on the affected side regardless of which side is
stimulated.

The blink reflex may be abnormal with polyneuropathies,
thereby indicating the extent of the disorder. Abnormalities
may also occur with tumors in the cerebellopontine angle
involving either or both nerves or the brain stem and with
brain stem lesions involving the central pathways subserving
the reflex, such as in multiple sclerosis, sometimes in the
absence of clinical evidence of brain stem involvement
(Video 201, Cranial Nerve VII Anatomy).
Stimulating
electrodes

Anode

Cathode

Recording
electrodes

Active

Reference

Ground

Figure 24-24. Arrangements for eliciting the blink reflex. (From Aminoff
MJ: Electromyography in Clinical Practice, 3rd ed. New York, Churchill
Livingstone, 1998.)
REPETITIVE NERVE STIMULATION

Basic Principles and Technique
Electrophysiological techniques are important in the evalua-
tion of neuromuscular transmission. The amount of acetyl-
choline released by a nerve impulse—and thus the size of
the endplate potential—is influenced by preceding activity
in the junctional region. This normally is of little conse-
quence because the amount of acetylcholine released far
exceeds that required to generate endplate potentials above
the threshold for activating muscle fiber action potentials.
Reduction in this safety factor, however, may alter the num-
ber of muscle fibers activated by an impulse and thus the size
of the CMAP elicited by a supramaximal stimulus to the
motor nerve. The size of the electrical response evoked in
muscle by two or more supramaximal stimuli, or by a single
stimulus applied after a 30-second period of maximal volun-
tary activity or tetanic stimulation, therefore reflects the
efficacy of neuromuscular transmission.

Normal Findings
There is normally no change in size of the responses to
paired or repetitive shocks delivered to the motor nerve at
rates of up to 10 Hz or in the response to single shocks
delivered before and after maximum voluntary activity or
tetanic stimulation.

Abnormal Findings and Clinical Uses of Repetitive
Nerve Stimulation
Repetitive nerve stimulation is a useful technique for eval-
uating neuromuscular transmission. In diseases in which
such transmission is impaired, the muscle response to



496 Neurodiagnostic Tools / 24
repetitive nerve stimulation may show abnormal alterations
in size or area. In myasthenia gravis, a progressive decre-
ment in the response may occur with repetitive stimulation
(especially at 2 to 3 Hz), or an initial decrement may be
followed by a leveling off of the response at a reduced size
(Video 225, Myasthenia Gravis). Abnormalities are more
likely to be found in proximal rather than distal limb mus-
cles and in facial rather than limb muscles. Normal find-
ings do not exclude the diagnosis. In contrast, in patients
with Lambert-Eaton myasthenic syndrome or botulism,
the response to a single stimulus is abnormally small and
stimulation at a slow rate leads to a further reduction in
response size; with rapid rates of stimulation, a progressive
increase in size of the response occurs.
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MUSCLE ENZYMES AND BIOPSY Testing Methods
For the variety of applications it offers, clinical laboratory
testing for neurological disease has undergone revolution-
ary change in recent years. Diagnostic capabilities for
metabolic diseases, for rapid detection of infection, and
for determining genetic risk factors are only a few exam-
ples of recent developments in testing capabilities. Results
from the clinical laboratory are the only way to evaluate
for certain neurological disorders. Laboratory tests have
become an expensive part of the medical enterprise, but
often they can provide the most cost-effective means for
answering diagnostic questions.

Abnormalities detected by laboratory testing are not
always attributable to a particular neurological disorder.
Clinicians sometimes need to apply a process of decision-
tree logic to derive useful information from laboratory
results. Another limit of abnormal test results is that they
do not always point to the mechanism of disease. The latter
point was well known to a 19th-century founder of clinical
laboratory medicine, Claude Bernard, who made the ana-
logy that “as familiar as we might become with the struc-
ture of a mill, there is still much to learn before we
would know the craft of a miller.” The imprint of disease
on the tissues and fluid compartments of the body provides
an important but sometimes imperfect tool for solving clin-
ical problems and guiding therapy. False-positive and
false-negative findings, other sources of artifactual results,
multimodal distributions of normal values, and the constant
evolution of new information all are reasons that clinicians
need to maintain a broad base of knowledge concerning
laboratory medicine.

Certain screening laboratory studies, including complete
blood counts, electrolytes, and tests of renal and hepatic
function, are commonly used in the evaluation of many
neurological conditions. Other studies such as drug and
toxicological screens (see Chapter 39) as well as nutritional
(see Chapter 40), coagulation (see Chapter 45), immunolo-
gical (see Chapter 50), and enzymatic studies (see Chapters
30 and 31) may be useful in specific clinical settings and
are covered in their respective chapters in Part Three of
this textbook. This chapter focuses on the proper use of
genetic studies and primary neurological tissue (muscle,
nerve, and brain) in the diagnosis of neurological disease.
GENETIC STUDIES

The pace of discovery of genes responsible for hereditary
neurological diseases has been escalating over recent years.
The sheer number of genetically defined disorders already
is too large to permit comprehensive coverage of the molecu-
lar diagnosis of these disorders in a single chapter. In addi-
tion, there will be no doubt that some of the information
presented here will be superseded or rendered obsolete as
scientific advances occur. Rather, the necessary background
information needed to understand key concepts and discov-
eries will be presented, along with some general guidelines
to enable the reader to select the most efficient and beneficial
approach (which may be to refer the patient to a geneticist) to
the diagnosis and counseling of a patient suspected of having
a genetic neurological condition.

In order to fully appreciate the current findings and to
rationally approach the investigation of a patient suspected
of having a genetic disorder, it is essential to understand
some basic principles of genetics and molecular biology.

The Human Genome
All biological activities depend directly or indirectly on the
proteins that lie within cells. The totality of genetic informa-
tion for an organism is referred to as the genome. The human
genome is divided among 23 pairs of chromosomes;
females have two X chromosomes and 22 pairs of auto-
somes (nonsex chromosomes) and males have an X and
a Y chromosome in addition to the 22 pairs of autosomes.
Genetic information is contained in the linear sequence of
nucleotides, or bases, in deoxyribonucleic acid (DNA). Each
chromosome is a single enormous molecule of linear DNA
associated with a complex assortment of proteins that play
structural and regulatory as well as enzymatic roles during
DNA replication and gene expression. The autosomes
are numbered according to their sizes and contain over
200million bases in chromosome 1 to about 50million bases
in chromosome 22.

With the completion of the human genome sequencing
project, it has been found that the human genome has about
30,000 genes. They range in size from about 100 bases for
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genes for structural ribonucleic acids (RNAs) to about 2.5
million bases for the largest known gene, dystrophin. Gene
expression is the sequence of processes from messenger
RNA (mRNA) synthesis, or transcription, to protein synthe-
sis, or translation. Gene transcription is a complex process
and begins with the regulated initiation of transcription
from a transcription initiation site. This initiation process is
of fundamental importance and is mediated by proteins
termed transcription factors. A primary transcript is synthe-
sized down the length of the entire gene from the 50 to the 30
end. The information in most genes is broken up into discon-
tinuous pieces termed exons,which are separated by introns,
or intervening sequences. These introns are removed from
the primary transcript through splicing. Most spliced pro-
ducts then have a string of adenosine bases added to their
30 ends. This spliced and polyadenylated product is the
mRNA, which is then transported to the cytoplasm of the cell
and serves as a template for the synthesis of protein.

An individual gene, therefore, is the composite not only
of the sequences that code for protein, but also the introns,
the transcribed but not translated regions at the 50 and at the
30 ends of the mRNA, and sequences that regulate the tran-
scription initiation, termination, and splicing processes.
Regulatory sequences can flank the transcription initiation
and termination sites or even lie within introns or exons
(Fig. 25-1).

The sequence of bases in an mRNA encodes the amino
acid sequence of the protein for a gene. Nucleotide informa-
tion is interpreted in groups of three bases, termed codons.
With four nucleotide bases, there are 64 possible codons. Four
codons are particularly important. AUG encodes methionine,
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which is always the first amino acid of the primary transla-
tion product (which may be cleaved to make a mature pro-
tein product). The codons UAG, UGA, and UAA are stop
codons. Mutations that cause disease can be as subtle as
the substitution of one nucleotide base for another. The con-
sequences of point mutations demonstrate the great variety
of effects that result from an alteration in a gene and illus-
trate most of the key problems that result from mutations.
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another. Some point mutations result in no change of the
amino acid and are termed silent mutations. Other protein
coding region mutations can result in the conversion of an
amino acid encoding codon into a termination or stop codon.
A mutation affecting an initiation codon would prevent
translation initiation unless another AUG codon was present
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Mutations can also result from deletions or insertions,
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TABLE 25-1

Trinucleotide and Pentanucleotide Repeat Disorders

DISORDER GENE CHROMOSOME REPEAT UNIT

NORMAL REPEAT NUMBER
(RANGE/PATHOLOGICAL
RANGE) OTHER MUTATIONS

Huntington disease Huntingtin 4p16.3 CAG 15–20/39– �100
X-linked spinal and
bulbar atrophy

Androgen receptor Xq11 CAG 15–20/40– �100

SCA1 Ataxin-1 (ATX1) 6p23 CAG �6–36/39–83
SCA2 Ataxin-2 (ATX2) 12q24 CAG 15–31/34–400
Machado-Joseph/SCA3 MJD 14q24.3 CAG 12–40/55–86
SCA6 CACNL1A4 19p13 CAG 4–16/20–33 Other mutations cause episodic

ataxia or hemiplegic migraineSCA7 Ataxin-7 3p21.1–p12 CAG 4–19/37–>300
SCA8 Ataxin-8 13q21 CTA/CTG 15–50/80–250 Some with very large repeats do

not have ataxiaSCA10 Ataxin-10 22q13 ATTCT 10–22/800–4500
SCA12 Protein phosphatase 2A 5q31 CAG 6–26/66–78
SCA17 TATA binding protein 6q27 CAG 30
DRPLA DRPLA 12p13 CAG 3–36/49– �88
Myotonic dystrophy Myotonin 19q13.2 CTG 5–27/50– thousands
Fragile-X FMR 1 Xq28.3 CCG 6–54, premutation 56–

200/�200–thousands
ILE367ASN,1BP DEL,
ACT125CT,
FS159TEACT125CT,
FS159TER,IVS1, G-T, �1
AND G-A, þ1

Friedreich ataxia Frataxin 9q GAA 7–38/66 – �1700 Intron 17; other point mutations
can cause Friedreich ataxia

DRPLA, dentatorubropallidoluysian atrophy; SCA, spinocerebellar ataxia.
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A recently recognized but important category of muta-
tions, properly considered a subtype of insertion, is the
trinucleotide repeat expansion mutations (Table 25-1).
These mutations are characterized by an elongation of a
gene region characterized by repeats of a three-nucleotide
sequence. The precise sequence varies among these disor-
ders as does the scale of expansions. There are some general
distinctions that can be drawn, however, to characterize all
these repeat expansion mutations. When the trinucleotide,
or triplet, repeat unit lies outside the coding region, the
expansions can reach a very large size. The mutations that
cause fragile-X mental retardation syndrome (FMR1) are
expansions of a region involving the trinucleotide CCG that
lies in the 50 untranslated but transcribed portion of the gene
(Video 254, Fragile X). Normally, there are about 5 to 50
CCG repeats in this region, but affected individuals can have
hundreds or even thousands of such repeats. Expansions of
over several hundred triplet repeats have been found in
patients with myotonic dystrophy (Steinert’s disease), in
which the repeat unit CTG is normally present in 5 to 27
copies and lies in the 30 untranslated region of the myotonin
gene (Video 99, Gower’s Sign). The Friedreich ataxia triplet
repeat mutation is due to expansion of a GAA repeat that has
a normal length of 7 to 22 repeats and that lies in the seven-
teenth intron of a gene believed to be a phosphoinositol
kinase gene. Patients can have several hundred copies of
the triplet. Interestingly, point mutations in the FMR1 and
Friedreich ataxia genes can also cause mental retardation
and Friedreich ataxia, respectively (Video 37, Friedreich
Ataxia).

The other type of triplet repeat mutations involves
repeats of the nucleotide bases CAG, which encode the
amino acid glutamine, and lie within the coding domains
of their respective genes. Not only is the repeat unit the
same for these disorders, but also the scale of the repeat
expansion is quite similar: The length of the normal repeat
is approximately 20, whereas affected individuals have 40
or more repeats. To date, all of the mutations of this type
described are of special importance to neurologists, as the
major syndromes affect the brain, spinal cord, or muscles.

Mutations affecting mitochondrial DNA cause a wide
variety of clinical neuromuscular syndromes and can affect
any part of the central and peripheral nervous systems, the
muscles, and other organs. Mutations may arise sporadi-
cally, such that there is no family history of disease, or
may be transmitted via maternal inheritance with up to
100% of a mother’s offspring receiving the genetic defect.
This unique phenomenon arises because all mitochondria
are inherited from the ovum. Another special feature of
mitochondrial inheritance arises from the fact that mixtures
of normal and abnormal mitochondria can exist not only
within a single cell, but also in different tissues. Homo-
plasmy refers to the state of having uniformly normal or
abnormal mitochondria in a tissue, while heteroplasmy
refers to the state of having a mixture of normal and abnor-
mal mitochondria in a tissue. Typically over 90% of the
mitochondria need to be abnormal before abnormal clinical
symptoms and signs are apparent. It is important to recog-
nize that some disorders, such as Kearns-Sayre syndrome
(KSS), may cause abnormal mitochondria to develop in
some tissues, such as ocular muscles, but not in others, such
as peripheral blood leukocytes. In such a situation (which is
common in the case of KSS), molecular testing for the dele-
tions of the mitochondrial genome may not be detected in
blood samples but may be present in other tissues, such as
muscle (Video 38, Facial Myopathy and Ophthalmoplegia).
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Testing Methods (Table 25-2)
High-Resolution Karyotype
The lowest resolution genetic test is the karyotype analysis.
In this test, a sample of cells (e.g., blood leukocytes or
amniotic fluid cells) are grown in tissue culture medium
in the presence of mitotic inhibitors that arrest cells at
metaphase. The cells are then “squashed” to spread the
chromosomes on the microscope slide. The chromosomes
can then be stained to reveal a pattern of bands along the
length of the chromosome arms. This form of testing is
able to assess whether the cells have the normal number
of chromosomes and can determine whether interchanges
of chromosome arms between chromosomes (i.e., translo-
cations) have occurred. Depending on their size, this analy-
tic method can also detect some deletions or duplications
TABLE 25-2

Molecular Testing Methods

METHOD DISEASE EXAMPLES LIMITATIONS O

Karyotype Complex phenotypes (contiguous
gene syndromes, aneuploidies,
[e.g., Down’s syndrome]);
balanced translocation

Will not dete
smaller tha
megabases;
translocatio

FISH Pelizaeus-Merzbacher disease
(PMD), Charcot-Marie-Tooth
disease 1A

Will not dete

Allele-specific
oligonucleotide

Canavan disease, cystic fibrosis,
factor V Leiden, MELAS,
MERRF, NARP

Examines onl
mutations;
other muta

Trinucleotide repeat
expansion

HD, SCA1, 2, 3, 6, 7, 8, 10, 12,
17, FRDA, muscular
dystrophy, DRPLA, FMR

Will miss oth
ataxia-2, F
mutations i
not detect l

PCR/RFLP PMD; many other diseases Will miss mu
region(s) a

Direct sequencing Numerous Will miss larg
will miss m
amplified i
intronic mu
mutations);
reliably dis
mutations f

SSCP; heteroduplex
analysis

PMD; others Will miss larg
mutations o
region(s)

Linkage Neurofibromatosis, Duchenne
muscular dystrophy, many
others

Laborious; re
members, i
affected ind

PCR/gel
electrophoresis

Duchenne muscular dystrophy Will miss poi
mutations o
segment(s)

Premature protein
truncation

Neurofibromatosis 1 Will miss mis
mutations,

ASO, allele-specific oligonucleotide; DRPLA, dentatorubropallidoluysian atrophy; FISH, f
disease; NFI, neurofibromatosis I, PCR, polymerase chain reaction; RFLP, restriction
confirmation polymorphism.
of chromosomal regions. A typical high-resolution test
can detect deletions of approximately 10 million base
pairs or more. Smaller deletions or duplications (submicro-
scopic deletions) will not be seen, such as the duplication
found in most patients with Charcot-Marie-Tooth disease
IA (CMTIA) (Fig. 25-2; Video 34, Charcot-Marie-Tooth
Disease).

Fluorescent in situ Hybridization (FISH)
FISH analysis is a useful method for determining deletions
or duplications of specific chromosomal regions. The tech-
nique involves staining chromosomes by hybridization
with a nucleic acid probe that has been covalently labeled
with a fluorescent molecule that can be visualized with
a conventional fluorescence microscope. Typical probes
F TESTING COMMENTS

ct chromosomal anomalies
n approximately 5
may miss small balanced
ns
ct point mutations May need to use point mutation testing

(e.g., ASO, direct sequencing) if
negative

y the more common point
will not detect any
tions

May need to perform SSCP or direct
sequencing if negative; will not detect
large gene duplications/deletions

er mutations, e.g., episodic
RDA caused by point
n the frataxin gene; may
arge expansions

May need to do Southern blot if only single
allele (repeat length) is detected, which
can appear to be the case with huge
expansions; will not detect large
deletions or duplicationstations outside of

mplified by PCR
e duplications/deletions;
utations in regions not
n the PCR (e.g.,
tations, regulatory region
may not be able to
tinguish pathological
rom polymorphisms

Labor and time intensive; expensive

e deletions/duplications,
utside of PCR-amplified

Often used as sceening test; may miss up to
20% of point mutations within the
amplified region(s)

quires multiple family
ncluding normal as well as
ividuals

Appropriate for diseases where gene has
not yet been identified but has been
localized to a particular chromosomal
region; can be used for nondisclosing
linkage analysis, e.g., determining
whether a child of a clinically normal
parent is at risk for developing HD, but
where the parent does not wish to find
out if she/he definitely has inherited HD

nt mutations and
utside of PCR-amplified

Most appropriate for conditions resulting
frequently from intragenic deletions;
may detect duplications/deletions

sense and other small
duplications

Depends on RNA expression of the gene;
useful when significant proportion of
mutations result in frameshift or
nonsense changes; will not detect about
30% to 40% of NF1 mutations; may not
be reliable for prenatal testing

luorescent in situ hybridization; FMR, fragile-X mental retardation; HD, Huntington’s
fragment length polymerization; SCA, spinocerebellar ataxia; SSAP, single-strand
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Figure 25-2. Flurorescent in situ hybridization (FISH) of metaphase chromosomes. The right side of the photomicrograph shows the original distribution of
chromosomes from a single cell whose nucleus has been ruptured to release the chromosomes, which are stained with a red fluorescent probe to a gene on
chromosome 11. The images of the chromosomes on the right side of the figure have been excised and organized on the left side of the figure to easily
examine each pair of chromosomes from this karyotypically normal male. (Adapted from Griffiths AJF, Miller JH, Suzuki DT, Lewontin RC, Gelbart
WM: An Introduction to Genetic Analysis 6.0. New York, WH Freeman, 1996.)
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range from a few thousand bases to tens of thousands of
bases in length. In addition to staining chromosomal spreads
prepared as described previously for conventional karyotype
analysis, the method can also be used to stain chromosomes
in interphase, or nonmitotic, cells, which has the advantage
that the DNA is not tightly wound into densely packed chro-
matin, so that relatively closely spaced fluorescent markers
can be resolved microscopically. Examples of this technique
include detection of the 1.5 million base duplication in
CMTIA, and detection of the submicroscopic deletions
responsible for the Smith-Magenis, or for the Prader-Willi/
Angelman syndromes. This method is very valuable in basic
research as a straightforward method for localizing genes to
specific chromosomal regions.

Chromosomal Microarray Analysis
With the advent of the complete sequencing of the human
genome and ability analyze many genes simultaneously
using arrays of nucleic acids immobilized on glass micro-
scope slides, it has become easier, and with greater sensitiv-
ity, to identify microdeletions, microduplications and more
complex chromosomal rearrangements. Although methodo-
logic variations are possible, the general approach is to iso-
late genomic DNA from the patient and label it with a
fluorochrome (fluorescent dye, e.g., that emits green fluores-
cence), mix it with an equivalent amount of control DNA
that has been labeled with a fluorochrome that emits another
color (e.g., red) and hybridize it onto glass microscope slides
(microarrays) (Fig. 25-3). These slides can be made with
small DNA spots that are from well-characterized regions
of the genome. Because current technology allows tens of
thousands of spots to be placed on a single slide, a large
number of chromosomal regions can be surveyed. With
probes from chromosomal regions spaced about 100,000
base pairs apart, the entire human genome can be screened
for deletions and duplications with a microarray containing
about 30,000 spots.
Sing le Gene Mutation Screening
Mutation detection specificity and sensitivity concerns
apply to molecular diagnostic testing as well as to conven-
tional biochemical testing. It is important to understand the
nature(s) of mutations that are known to occur in a gene in
question as well as to understand the range of potential
mutations that can occur for any gene. The type or types
of mutations that can cause a genetic disease determine
how comprehensive or sensitive a screening test is. The tri-
nucleotide repeat disorders represent a group of genetic
diseases that can be screened easily and with great sensitiv-
ity, because the mutations are of a single type and occur in
a single region of respective genes. On the other hand, dis-
orders such as X-linked Charcot-Marie-Tooth disease (gap
junction b1 [GJB1] gene) or myotonia congenita (skeletal
muscle chloride channel) are more difficult to diagnose
through molecular genetic testing, because different
families affected by the disease will often have unique, or
private, mutations such as single base changes or small
insertions or deletions (Video 34, Charcot-Marie-Tooth
Disease). With large genes, the molecular detection of
mutations can be quite daunting, to the point that, while
technically feasible, particularly with relatively rare disor-
ders, there may not be commercial laboratories willing to
develop screening tests. By virtue of the natures of their
mutations, however, some genetic disorders can be
detected by relatively convenient tests even when they
are caused by private mutations. Although the dystrophin
gene, responsible for Duchenne and Becker muscular dys-
trophies, is an extremely large gene with many exons,
mutations tend to be fairly sizable (tens or hundreds of
bases) deletions in most cases. Because particular gene
regions are “hot spots” for these deletions, polymerase
chain reaction (PCR) simultaneous amplification (so-called
multiplex PCR) of the dystrophin gene regions that are
most often deleted can detect mutations in about 75% of
cases. Neurofibromatosis 1 (NF1) is another example of a
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Figure 25-3. Chromosomal microarray analysis. Genomic DNA is isolated
from a patient (typically peripheral blood leukocytes) and labeled with a
fluorescent dye (green in this example). An equal amount of genomic
DNA from a normal person is labeled with a different dye (red in this
example). The two labeled DNA specimens are mixed together and hybrid-
ized to a microscope slide onto which small amounts of DNA from
known genes or chromosomal regions are spotted. After the unhybridized
DNA is washed off, the slide is analyzed in a fluorescent microscope
(or similar apparatus). Where equivalent amounts of patient and control
DNA have hybridized to a spot, a yellow color is seen, whereas if there
is a duplication (or greater increase) of a chromosomal region, a green
spot will be seen. In contrast, if the patient has a deletion of a chromosomal
deletion, a red spot will be seen. This approach is useful for other appli-
cations, such as analysis of tumor specimens, where complex combinations
of duplications and deletions may occur affecting multiple chromosomes at
the same time.
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genetic disorder affecting a large gene caused by many pri-
vate mutations. The majority of mutations lead to prema-
ture termination of protein synthesis of the neurofibromin
protein. Because the neurofibromin gene is expressed in
white blood cells, the premature protein truncation test
can screen leukocyte RNA for the neurofibromin mRNA
that can be specifically amplified and then used as a tem-
plate for in vitro protein synthesis. After electrophoresis
of the neurofibromin generated synthetically and detection
by antibody on Western blot, mutations can be reliably
inferred if the immunoreactive neurofibromin is a smaller
size than the normal protein. The premature protein trunca-
tion assay is now commercially available and is reported to
detect mutations in the NF1 gene in about 70% of indivi-
duals who fulfill the clinical criteria for NF1. When muta-
tions are not found in a clinically affected individual,
mutation detection then becomes more problematic. Cur-
rently there is no commercial laboratory that offers testing
for mutations in the remaining 30% of NF1 individuals.
When the clinical situation merits an intensive search for
mutations in a gene, it is hoped that future advances in
genetic screening and sequencing technology will facilitate
mutation identification.

A description of some of the most common techniques in
current use illuminate the available dimensions of molecular
biological diagnostics.
Polymerase Chain Amplification
Polymerase chain amplification is a critical technique that
is central to many detection tests. Even though it does not
enable direct mutation detection in all cases, it enables the
generation of large amounts of DNA for testing applications.
Routine PCR is limited to the amplification of specific small
(up to several hundred base pairs in length) regions of a single
gene that are bracketed by a pair of opposing DNA primers
that define the origins and directions of DNA synthesis of a
target gene (Fig. 25-4).

Because each strand of the double helix can be used as a
template for DNA synthesis, for each repetitive cycle of
DNA denaturation, primer annealing, and DNA synthesis,
there is a doubling in the number of amplified DNA
regions. Thus, a several billionfold amplification of a gene
region is readily achievable from even a minute amount of
DNA.Asmentioned, PCR is the basis for detecting trinucleo-
tide repeat expansionmutations and for detecting deletions of
the dystrophin gene. PCR is also used to amplify segments
of a gene suspected of having a mutation. The PCR products
are then used in a variety of assays that can screen for
mutations.
Single-Strand Conformation Polymorphism (SSCP)
Analysis
This modification of PCR technology has the capability of
detecting single base mutations and is a very valuable
means of screening for small mutations. PCR products,
generally a few hundred bases in length, when denatured
and subjected to electrophoresis will usually show measur-
able differences in electrophoretic migration, due to the
differences in conformation of the dissociated single
strands of DNA. Mutations in a gene may further alter
the electrophoretic migration of dissociated DNA strands
which have been PCR amplified. This is the basis of SSCP
analysis. SSCP when properly designed can detect about
80% or even more of point mutations (mutations as small
as a single base difference) within the region amplified.
If needed for precise definition of the mutation, direct
sequencing of the PCR product can be done.
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Allele-specific Oligonucleotide (ASO) Hybridization
This method is primarily used to detect specific point
mutations. Certain diseases are caused by a common muta-
tion that recurs spontaneously or by an inherited mutation
that is responsible for most occurrences of the disease.
An example of the former is achondroplasia, which is
acquired by spontaneous mutation of the fibroblast growth
factor receptor 3 gene. For unknown reasons, a specific base
substitution occurs spontaneously in this disorder. An exam-
ple of a disorder with a specific point mutation in most
affected individuals is sickle cell anemia, wherein individ-
uals with the affected allele inherited it from a common
ancestor. With properly designed oligonucleotides, single-
stranded DNA probes of about 20 bases in length, it is possi-
ble to detect specifically either the normal or mutant gene
variant by hybridization of the probes to PCR-amplified
DNA segments.

Direct Gene Sequencing
The definitive method for point mutation detection is to
sequence the gene directly. For large genes such as the NF1
gene or the dystrophin gene, such a direct screen would
be impractical with current technology. For some genes,
however, this technique is the method of choice. For example,
the entire prion protein gene coding region conveniently lies
within a single exon that can be amplified by PCR with a
single pair of primers. Current methods can now readily scan
the entire coding sequence of the gene in cases of suspected
hereditary prion mutations. Other genes, such as the proteo-
lipid protein gene that is mutated in Pelizaeus-Merzbacher
disease,with relatively short and few exons, are also amenable
to direct sequencing for mutation screening.

Southern Blot Hybridization
There are several neurogenetic syndromes that are caused
by increased or decreased numbers of otherwise normal
genes. CMTIA and Pelizaeus-Merzbacher disease are most
often caused by duplications of the peripheral myelin pro-
tein-22 (PMP22) and proteolipid protein genes, respectively.
Hereditary neuropathy with predisposition to pressure pal-
sies is due to a loss of one copy of the PMP22 gene. These
alterations in gene number or dosage had actually been
overlooked previously. The most straightforward method
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Figure 25-4. Polymerase chain reaction (PCR). Short, synthetic, single-
stranded DNA primers that hybridize to opposing strands of the target
DNA are typically spaced a few hundred to a few thousand bases apart
(A) and are allowed to anneal to thermally denatured DNA (B). C, DNA
polymerase, typically isolated from thermophilic bacteria, is allowed to
synthesize the complementary DNA, beginning from the primer. D, The
newly synthesized DNA products are thermally denatured, then cooled
to allow the primers to anneal again, and the DNA polymerase reaction
again allowed to proceed. Step D is repeated, typically about 30 times,
to exponentially amplify the product strands, which after round 3 of the
reaction preferentially amplifies the short double-stranded DNA product
whose termini are defined by the two primers. A typical 30-cycle PCR the-
oretically can amplify a single DNA molecule over 200 million times.
(Adapted from Griffiths AJF, Miller JH, Suzuki DT, Lewontin RC, Gelbart
WM: An Introduction to Genetic Analysis 6.0. New York, WH Freeman,
1996.)
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of detecting these changes is to examine the signal intensi-
ties of the altered gene region compared to the level of a
gene region lying outside the duplicated or deleted region.
These differences can be overlooked unless specifically
sought. The originally used method relied on the standard
Southern blot technique (named after its inventor). For this
technique, genomic DNA, usually isolated from peripheral
leukocytes, is digested with an appropriate restriction endo-
nuclease, subjected to electrophoresis through agarose gels, and
RNA or DNA

32P-labeled
size markers

Electrophoresis

–

Figure 25-5. Southern blot. DNA fragments, typically after a restriction digest o
the fragments according to size (smaller fragments migrate more quickly). The
of nitrocellulose (nylon is also used) under conditions that also denature the D
complementary probes. The nitrocellulose filter is then hybridized with a labe
specific target. The hybridized filter is then exposed to x-ray film and the sign
JH, Suzuki DT, Lewontin RC, Gelbart WM: An Introduction to Genetic Analy
transferred to nylon membranes for hybridization to labeled
gene probes. For dosage analysis, a gene probe that spans the
junction of the normal and dose-altered genomic region is
hybridized to the filter. If a restriction enzyme site exists that
separates the normal from altered copy number regions, then
the probe will hybridize to a normal level to a DNA restric-
tion fragment in the normal copy region. If the copy number
for the gene is increased or decreased, the signal intensity
will be altered (Fig. 25-5).
Migration

+

Paper
towels

Solution passes through
gel and filter to paper towels

Gel

Gel

Hybridize with unique
nucleic acid probe

Filter in
“Seal-a-Meal”

bag

Remove
unbound

probe

Expose to
x-ray film

Autoradiogram

Probe hybridized
to complementary

sequence

Salt solution Nitrocellulose
filter

Filter

DNA
transferred
to filter

Sponge

r after PCR, are electrophoretically separated on agarose gels, which sieve
DNA fragments are transferred, in this case by capillary transfer, to a sheet
NA into single-stranded molecules that can be recognized by appropriate
led (usually radioactively tagged) single-stranded probe that sticks to the
als revealed by developing the film. (Adapted from Griffiths AJF, Miller
sis 6.0. New York, WH Freeman, 1996.)
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Restriction Fragment Length Polymorphism (RFLP)
Analysis
By chance, mutations that alter the sequence of a gene may
create or abolish a sequence cleavable by bacterial proteins
called restriction endonucleases. These enzymes cut dou-
ble-stranded DNA wherever a specific short, usually 4 to
10 base, sequence occurs. The discovery of these enzymes
was key to the advances in recombinant DNA technology
andmodernmolecular analysis.When a restriction site is cre-
ated or abolished, the pattern of DNA fragments generated
by the appropriate enzyme is also changed. Because res-
triction analysis is technically easy to perform, it is a
preferred method when informative (Fig. 25-6).

Methods of gene hunting that rely on RFLP analysis take
advantage not only of restriction site variation within the
RE RE
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Figure 25-6. A, Detection of a restriction
fragment length polymorphism (RFLP).
A probe (P) hybridizes to a genomic
region that straddles a region that con-
tains a polymorphic restriction endonu-
clease site (the middle one on “morph
1”). The morph 1 region is digested into
two fragments of different size that both
hybridize to the probe, whereas the
morph 2 region is digested such that only
a single fragment (whose size happens to
be the sum of the sizes of the two frag-
ments in morph 1) is detected. The lower
part of the figure is a Southern blot of an
agarose gel showing the patterns of
hybridization that result. B, Inheritance
of an RFLP in a hypothetical family with
an autosomal dominant disease (gene
symbolized as “D,” with normal allele
indicated as “d”). Note that the poly-
morphic restriction site is near but not
within the d gene. On most of the chro-
mosomes with the mutant D gene, there
is an extra restriction endonuclease site
(RE, as in A), so that most of the affected
family members have a pattern of three
bands, a large band corresponding to the
normal allele, and the two smaller bands
resulting from the additional restriction
site. Individual 8, however, although
affected, has the restriction pattern of a
normal person due to a recombination,
schematized in the lower part of the fig-
ure. Such “recombinants” are extremely
useful in mapping the location of, and
eventually finding, new disease genes.
(Adapted from Griffiths AJF, Miller JH,
Suzuki DT, Lewontin RC, Gelbart,
WM: An Introduction to Genetic Analy-
sis 6.0. New York, WH Freeman, 1996.)
gene itself, but also site variations that lie outside but
nearby the gene in question. For example, prior to the
discovery of the Huntington’s disease (HD) gene, RFLP
analysis was the mainstay of genetic diagnosis of presymp-
tomatic individuals (Video 15, Facial Chorea; Video 16,
Luria Testing). Nearby restriction site variations outside
the HD gene could be used to mark the abnormal chromo-
some with high (over 95%) reliability, even though these
restriction site polymorphisms were not the cause of the
disease.

Limitations of Testing
It is important to recognize that the sensitivity of genetic
testing varies from one clinical condition to the next, and
that it is important to apply testing in the appropriate
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context. The molecular test for HD is very sensitive and
specific, but there are other clinical conditions that can pre-
sent not only with adult onset chorea, but also may even
have an autosomal dominant pattern of inheritance. For
example, spinocerebellar ataxia 1 and dentatorubropallido-
luysian atrophy have autosomal dominant patterns of
inheritance but are caused by triplet repeat expansions of
unique genes distinct from huntingtin, the gene affected
in HD. Therefore, a negative HD test only has value in
an asymptomatic person if the genetic test is positive in a
clinically affected blood relative. The diagnosis of NF1 is
best established clinically, because the search for gene
mutations is currently too laborious to be practical in most
cases. The premature protein truncation test is the most sen-
sitive molecular test for this disease but only detects
abnormalities in about 70% of cases.

In cases in which the gene product, generally a protein,
is well characterized functionally, it is usually more effec-
tive to screen for abnormalities by functional testing. For
example, the lysosomal storage diseases are caused by
defective enzymes that can be assayed directly. Thus, the
most effective screening test is a direct assay of enzyme
function or of substrates or breakdown products of the
enzyme in question in a specimen such as serum, urine,
or, in certain circumstances, cells, such as fibroblasts
obtained by skin biopsy. The category of mitochondrial
diseases presents special complicating factors in making a
diagnosis, because the diseases due to mtDNA mutations
are not reflected in the genomic DNA and the proportion
of mutant mitochondria can vary tremendously from tissue
to tissue. For example, the blood leukocyte mitochondrial
assays may be normal in patients with KSS, necessitating
muscle biopsy in many cases to find the DNA deletions
that make the diagnosis.

As the number of testable genetic conditions grows, it is
anticipated that the approach to diagnostic evaluation will
become more complicated and more expensive. For the
inherited ataxias alone, there are at least 20 different dis-
ease-causing genes. For the most part, these disorders can-
not be reliably distinguished solely through clinical history
and evaluation, and genetic testing is the only reliable
method to differentiate them. Guidelines for rational and
cost-efficient testing will need to be developed, perhaps
by developing panels of tests for the most common genetic
TABLE 25-3

Useful Web Sites for Genetics and Genetic Testing

WEB SITE URL COMM

Online Mendelian
Inheritance in Man

www.ncbi.nlm.nih.gov/entrez/
query.fcgi?db¼OMIM

The m
inc

Genetests www.genetests.org Web
dis

Human Gene Mutation
Database

http://uwcmml1s.uwcm.ac.uk/
uwcm/mg/hgmd/search.html

Comp

Athena Diagnostics www.athenadiagnostics.com Comm
lice
causes, and secondary panels for the rarer causes. Geo-
graphic and ethnic factors, as well as clinical features, when
appropriate, may help narrow the number and sequence of
tests that need be done to establish the diagnosis.

Although genetic testing may be somewhat expensive,
once a diagnosis is established, no further testing is needed,
and testing for other affected relatives can be focused with
precision. Furthermore, genetic diagnosis is essential for
rational family planning using prenatal and preimplantation
genetic testing. In the future, molecularly confirmed diag-
noses will be essential to identify those individuals who
are appropriate for disease-specific treatments for these
disorders.
Ethics of Testing
Particularly for genetic testing, where molecular test results
not only provide diagnostic information, but can also pre-
dict the onset of disease in many cases, it is important
to advise patients on potential implications of genetic
information in regard to their economic and social well-
being, their own health, and the health of relatives.
Adverse genetic risk information potentially could affect
an individual’s employment and insurance status. Confi-
dentiality must be maintained according to the patient’s
wishes in virtually all situations.
Need for Counseling
It is very important to ensure that counseling be included
as part of a program of genetic testing. The diagnostic
and therapeutic team should include a geneticist and
genetic counselor to provide understandable information
to the patient and family, thereby enabling them to compre-
hend maximally the direct and more subtle implications of
genetic disease. Especially for presymptomatic and prena-
tal testing for hereditary diseases, it is often necessary to
have several counseling sessions in order for the patient to
decide on which avenue to proceed. In many cases, and not
just limited to presymptomatic testing for HD, psychological
evaluations and counseling should be an integral part of
the testing process before, during, and after molecular test
results are disclosed (Table 25-3).
ENTS

ost comprehensive database of human inherited disease; page also
ludes many links to other genetics and genomics resources
site developed primarily for geneticists with clinical reviews of inherited
eases and links to laboratories offering genetic testing
rehensive repository for disease-causing mutations

ercial site that specializes in testing for neurogenetic disorders; owns
nses for some tests, e.g., Charcot-Marie-Tooth disease 1A.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM
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http://uwcmmlls.uwcm.ac.uk/uwcm/mg/hgmd/search.html
http://www.athenadiagnostics.com


TABLE 25-5

Metabolic Defects That Produce Static Muscle Weakness

Disorders of carbohydrate metabolism
Acid maltase deficiency (type II glycogenosis)
Debrancher enzyme deficiency (type III glycogenosis)
Brancher enzyme deficiency (type IV glycogenosis)
Phosphorylase b kinase deficiency
Phosphofructokinase deficiency

Myophosphorylase deficiency
Disorders of lipid metabolism
Muscle carnitine deficiency
Systemic carnitine deficiency
Mitochondrial myopathies

Modified from Rifai Z, Griggs RC. Metabolic myopathies. In Samuels MA, Feske S,
Mesulam MM, et al (eds): Office Practice of Neurology. New York, Churchill
Livingstone, 1996, pp 600–604.
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MUSCLE ENZYMES AND BIOPSY

Forearm Exercise Testing
Muscle fibers develop tension and shorten, thereby produc-
ing movement. These processes, including contraction
and relaxation, are coordinated by the nervous system and
are energy-requiring. Skeletal muscle meets its energy
demands by converting chemical energy into mechanical
energy. One feature unique to skeletal muscle compared
with other tissues is the energy requirement difference
between its resting and fully active states, a value that
can approach two to three orders of magnitude.1 When
the metabolic energy demands of active muscle cannot be
met by the available energy sources, muscle fatigue and
dysfunction occur. In such settings, when abnormalities
of muscle biochemistry are responsible for the decreased
energy supply, the term metabolic myopathies is applied
(Video 13, Myopathic Gait). For diagnostic purposes, these
diso rders can be divided into two groups : ( 1) exer cise-
induced (dynamic) myopathies, in which symptoms such
as weakness, cramping, myalgias, and stiffness appear dur-
ing exer cise; and ( 2) stable , or slowly p rogressive (stat ic),
myopathies (Tables 25-4 and 25-5).2 Muscle energymetabo-
lism may be assessed through exercise testing. The results
of these studies may refine the differential diagnosis and
reduce the cost of the microscopic analysis. Additionally,
when the microscopic evaluation is unrevealing, provoca-
tive exercise testing may confirm the presence of a meta-
bolic defect. Common types of exercise testing include
forearm (grip) exercise that primarily provides information
about the integrity of glycolytic metabolism; incremental
bicycle ergometry that yields information about the integrity
of aero bic metabo lism ; and 31 P magnet ic reso nance spect ro-
scopy that provides information about the intracellular
TABLE 25-4

Metabolic Defects That Produce Exercise-Induced
Muscle Symptoms

Disorders of carbohydrate metabolism
Myophosphorylase deficiency (McArdle’s disease; type V

glycogenosis)
Phosphofructokinase deficiency (Tarui’s disease; type VII

glycogenosis)
Phosphoglycerate kinase deficiency (type IX glycogenosis)
Phosphoglycerate mutase deficiency (type X glycogenosis)
Lactate dehydrogenase deficiency
Phosphorylase b kinase deficiency

Disorders of lipid metabolism
Carnitine palmitoyl transferase deficiency
Long-chain acyl-coenzyme A dehydrogenase deficiency
Short-chain 3-hydroxyacyl-coenzyme A dehydrogenase

deficiency
Defects of the respiratory chain
Defects of complex I, complex III, and complex IV
Coenzyme Q10 deficiency

Others
Myoadenylate deaminase deficiency
X-linked myopathy with abnormal dystrophin
Idiopathic

Modified from Rifai Z, Griggs RC. Metabolic myopathies. In Samuels MA, Feske S,
Mesulam MM, et al (eds): Office Practice of Neurology. New York, Churchill
Livingstone, 1996, pp 600–604.
metabolites of energy metabolism (i.e., adenosine triphos-
phate [ATP]), inorganic phosphate, and phosphocreatine).
Because exercise testing is an important part of the investiga-
tion of muscle disease, particularly with disorders of skeletal
muscle energy metabolism, it is essential that physicians
understand skeletal muscle energy metabolism.
Skeletal Muscle Energy Metabolism
Although muscle contraction is ATP-consuming, the ATP
content of a contracting muscle changes little during a sus-
tained contraction. Interestingly, muscle ATP stores are
incapable of sustaining a muscle contraction for more than
a single second. Phosphocreatine, a high-energy compound
with an intramuscular concentration approximately four- to
fivefold that of ATP, permits rapid ATP regeneration
through the rephosphorylation of adenosine diphosphate
(ADP). This reaction is catalyzed by creatine kinase, an
enzyme found in large quantities in skeletal muscle tissue.
Nevertheless, this anaerobic energy source is depleted in less
than a minute, and even when combined, these two sources
of readily available energy are incapable of maintaining
high-intensity exercise. For this reason, skeletal muscle
tissue must rely on other energy sources when sustained
exertion is necessary.

In the nonfasting individual, the energy requirements of
skeletal muscle are met by the metabolism of either carbo-
hydrate (e.g., glycogen, glucose) or lipid (e.g., free fatty
acids). The principal source of carbohydrate for skeletal
muscle metabolism is intracellular glycogen, which is
formed from blood glucose, via glycogenesis, and stored
within the myocyte. When energy is required, glycogen is
hydrolyzed to glucose (glycogenolysis) and then to pyru-
vate (glycolysis). In addition to pyruvate, glycolysis also
generates ATP and nicotinamide adenine dinucleotide
hydrogen (NADH) (reduced form of nicotinamide adenine
dinucleotide [NADþ]). Under aerobic conditions, pyruvate
is subsequently metabolized to acetyl-CoA. The latter com-
pound enters the Krebs’ (tricarboxylic acid) cycle, yielding
further molecules of ATP and NADH, as well as flavin
adenine dinucleotide hydrogen (FADH2). The reducing
equivalents generated by glycolysis and the Krebs’ cycle
(i.e., the NADH and FADH2) enter the electron transport
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system, a chain of enzymes located on the inner mitochon-
drial membrane, and are oxidized. The energy released
from their oxidation is used to drive the phosphorylation
of ADP to ATP. The maximum derivable energy from
the aerobic metabolism of one molecule of glucose is 38
molecules of ATP. Conversely, under anaerobic condi-
tions, because pyruvate is converted to lactate and the gen-
erated reducing equivalents cannot be metabolized by the
electron transport system, only four molecules of ATP are
generated from one molecule of glucose. Hence, the meta-
bolism of carbohydrate is much more energy-efficient in
the presence of oxygen (i.e., aerobic metabolism) than in
its absence (i.e., anaerobic metabolism). The skeletal mus-
cle fatigue (i.e., the inability to maintain high-intensity
exertion for more than several minutes) associated with
anaerobic glycolysis results from end-product accumula-
tion (ADP, inorganic phosphorus, hydrogen ion), not from
a lack of oxygen.1 Although blood glucose can be used
directly, most carbohydrate energy is derived from glyco-
gen. Unlike carbohydrate storage, which is primarily intra-
muscular, lipid storage is primarily extramuscular. For this
reason, the primary source of lipids during skeletal muscle
metabolism is plasma free fatty acids; the lipid present
within the myocyte contributes to a much lesser extent.
Because the rate of free fatty acid mobilization is slow,
the contribution of lipid metabolism during initial energy
generation is limited. In addition, although carbohydrate
can undergo both aerobic and anaerobic metabolism, lipid
can only be metabolized aerobically and consequently can-
not be utilized during anaerobic conditions.

As expected, the exact ratio of carbohydrate and lipid
utilized for muscle energy metabolism, a topic summarized
in an editorial by Layzer,3 reflects many variables, includ-
ing the intensity of exertion and its duration, the blood con-
centration of free fatty acids and oxygen, the amount of
blood flow to the muscle, the muscle glycogen concentra-
tion, and the muscle’s capacity for oxidative metabolism.
At rest and during light exercise, skeletal muscle tissue
metabolism is aerobic, and consequently it aerobically
metabolizes free fatty acids for its energy. As the degree
of intensity increases, the supply of lipid-derived energy
becomes unable to keep pace with the energy requirement.
For this reason, a greater proportion of energy must be con-
tributed by carbohydrate. In general, enough glycogen is
available to work intensively for 3 to 4 hours.4 Should
effort continue after the glycogen supply is depleted, the
slower rate of lipid metabolism immediately diminishes
the magnitude of the ongoing effort. At maximum intensity
(e.g., sprinting at full speed), skeletal muscle energy is sup-
plied through anaerobic glycolysis. Initially, the readily
available energy substrates are exhausted (i.e., ATP and
phosphocreatine), and aerobic glycolysis begins. Although
simultaneous changes enhance oxidative metabolism (i.e.,
increased blood flow to muscle, increased oxygen uptake),
they are insufficient to meet the energy demands of
maximum exertion. Thus, anaerobic glycolysis occurs and
pyruvate is converted to lactate. As lactate accumulates,
oxygen debt increases, a term that refers to the additional
oxygen required, during recovery, to oxidize the accumu-
lated lactate. Again, this level of exertion can be maintained
only for several minutes.5 Through aerobic exercise train-
ing, athletes enhance their muscles’ capacity for oxidative
(aerobic) metabolism. Thus, during submaximal efforts,
the blend of substrate used contains a greater percentage of
lipid and, for this reason, less glycogen. As a result, the glyco-
gen supply lasts longer, as does the individual’s endurance.

Technique
Forearm exercise testing can be performed in a number of
ways. Traditionally, the patient was asked to repetitively
squeeze a handheld ergometer while a blood pressure cuff
was maintained above systolic pressure. The blood pres-
sure cuff, by inducing ischemia, ensures that oxidative
phosphorylation cannot occur. A simple technique for eval-
uating lactate production in response to ischemic forearm
exercise was described by Munsat in 1970.6 In that report,
rested and fasting individuals squeezed a handheld erg-
ometer, with a workload of 4 to 7 kg-m, at 60 Hz for 1 min-
ute. (Alternative methods are to sustain 1.5-second
contractions that are separated by 0.5-second rest periods
for 1 full minute7 or squeezing a hand dynamometer to
50% of maximum grip strength until exhaustion—usually
about 10 minutes.2) Although the serum lactate concentra-
tions vary significantly among the studied individuals (the
standard deviation approximated 60% of the mean), their
relative change (rather than their absolute change) is fairly
constant for a given individual. The serum lactate concen-
tration peaks within 5 minutes (within 3 minutes for 90%
of the tested individuals) of work cessation at a value that
is three- to fivefold greater than the initial resting value.
Because ischemic work induces pain, it is fortunate that the
best correlation between the degree of serum lactate rise and
the total work performed occurs when the exercise period is
limited to 1 minute, a period of ischemic exercise that most
individuals can tolerate. The relationship of forearm work
and lactate production without ischemia was also evaluated
and appears to produce comparable results, provided the work-
load exceeds 6 to 7 kg-m. In other words, the work intensity
must be sufficiently strenuous to exceed the individual’s
aerobic threshold, thereby inducing anaerobic energy metabo-
lism. This technique avoids the use of blood pressure cuff–
induced ischemia, which may be hazardous to patients with
glycolytic defects (may cause severe muscle necrosis).2,7

Regardless of the technique used, the anaerobic condi-
tion blocks oxidative phosphorylation, thereby ensuring
dependence on anaerobic glycolysis. Pre-exercise and post-
exercise (1, 2, 4, 6, and 10 minutes) venous lactate and
ammonia levels are determined from venous blood samples
collected from a catheter placed in an antecubital vein
proximal to the deep veins of the forearm (e.g., the median
vein). A three-way stopcock can be connected; blood sam-
ples are obtained from the side port and a slow infusion
of normal saline maintains catheter patency. Normally,
the lactate value rises three- to fivefold (resting level is
�1 mmo1/L) within 1 to 2 minutes, whereas the ammonia
value rises two- to tenfold within 2 to 5 minutes of exer-
cise.1,2,5 In the presence of a metabolic disorder, however,
different metabolite patterns may be observed: With a
defect in glycolysis, ammonia elevation occurs, but lactate
elevation is diminished or does not occur. With myoadeny-
late deaminase deficiency, lactate elevation occurs, but
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elevation of ammonia does not. In the setting of mitochon-
drial disorders, lactate elevation is excessive, and with
poor effort, neither lactate nor ammonia concentrations
increase. As expected, with disorders of lipid metabolism,
the metabolite profile is normal. Although the major source
of blood lactate is muscle, the blood lactate concentration
rises with anxiety, hyperventilation, muscular activity,
and food intake, and, therefore, the patient should be
relaxed, still, and in a fasting state.6

Muscle Biopsy
The decision to proceed with a muscle biopsy is made after
a thorough medical and neurological history, physical and
neurological examination, laboratory evaluation, and elec-
tromyogram (EMG) study, thereby permitting the formula-
tion of a preliminary diagnosis and, hence, dictating the
studies required of the muscle biopsy specimen. The history
characterizes the weakness (e.g., its rate of onset, distribu-
tion, time course, precipitants [e.g., exercise-induced], asso-
ciated symptoms, and family pedigree). The examination
quantifies the weakness and identifies any associated
features (e.g., myotonia). The laboratory assessment (e.g.,
serum creatine kinase, urine myoglobin) screens for abnor-
malities of the blood and urine, while EMG provides infor-
mation typically not obtainable in other ways, including
( 1) identificati on of a nonmyo pathic diso rder (e.g., motor
neuron disease, neuromuscular junction defect), thereby
avoi ding an unnecessa ry mus cle biopsy; ( 2) char acteriza tion
of the myopathy (e.g., its distribution, its associated electri-
cal features [e.g., fibrillation potentials]), thereby further
defin ing the diagnost ic possibi lities; and ( 3) iden tificatio n
of the best muscle for biopsy. As expected, the information
obtained from the muscle biopsy specimen is related to the
underlying disorder, as well as its severity and rate of pro-
gression. When the patient is free of muscle weakness, the
muscle biopsy is unlikely to show any significant changes.
Other important variables influencing the yield of the
mus cle biops y include ( 1) the particular mus cle biops ied;
( 2) the way in which the muscle biops y specimen is pro-
cess ed; and (3) the partic ular stud ies performed on the speci-
men. Consequently, this subsection includes a discussion
of these important variables. Most important, it is necessary
for the clinician, the person performing the biopsy, the
pathologist, and when indicated, the referring pathology
laboratory to carefully plan their approach to the evaluation
of the muscle specimen.

Muscle Selection and Technique
Myopathic processes do not affect all skeletal muscles
equally. Therefore, a risk of sampling error among muscle
biopsy specimens is always present. For this reason, it is
paramount to select the muscle that will most likely yield
the desired information. Important clinical and electrodiag-
nostic data to consider in making this determination
include ( 1) the degre e of invol vement of the muscle; ( 2)
the rapidity of onset of the dise ase process; ( 3) the mus-
cle ’s histor y; ( 4) the path ologica l fam iliarity of the muscle;
( 5) the accessi bility o f the mus cle; and ( 6) the EM G exam-
ination findings. A clinically unaffected muscle should be
avoided, because it may not be involved pathologically.
A severely affected muscle is also avoided, since it may
show only end-stage features (e.g., atrophy, fat, and fibrosis)
rather than the distinguishing features of a specific disorder.
Although a moderately affected muscle should be sought in
patients with a slowly progressive disorder, a more severely
affected muscle may provide the greatest diagnostic yield in
individuals with a more acute disorder. The chosen muscle
additionally should neither be involved with another disease
process (e.g., radiculopathy) nor have suffered a recent (i.e.,
within 1 month) injection or needle electrode examination
(i.e., EMG). The needle electrode examination should gen-
erally be performed on only one side of the body (and
this should be clearly labeled in the chart) and is used to
help in the identification of a muscle meeting sampling cri-
teria so that the homologous muscle in the contralateral
extremity may be sampled.

In general, the most frequently biopsied upper extremity
muscles are the deltoid and biceps brachii, and the most
frequently biopsied lower extremity muscles are one of
the quadriceps (e.g., vastus lateralis) because the range of
normal for these muscles is well defined. Although the gas-
trocnemius is frequently cited as a useful muscle, it should
be avoided because of its type 1 muscle fiber predomi-
nance, increased connective tissue, greater susceptibility
to random pathological changes, and pennate nature.7 The
problem with pennate muscles (i.e., muscles in which the
tendon insertion extends throughout the muscle) is that inad-
vertent sampling near the myotendinous junction can occur.
This region tends to have more central nucleation, muscle
fiber size variability, and split muscle fibers. As expected,
the muscle chosen must be easily accessible.

The technique of muscle biopsy is usually not difficult in
the hands of an experienced individual. The skin and sub-
cutaneous tissues are anesthetized (e.g., 2% Xylocaine
[lidocaine]), while carefully avoiding muscle infiltration.
A small incision is then placed in the belly region (i.e.,
away from the myotendinous junction) along the long axis
of the muscle and is extended only to the fascia. In most
case s, thr ee specim ens are collec ted: (1) an unclam ped
specimen for histochemistry (the most important piece);
( 2) a clamped specim en for elect ron micro scopy; and ( 3)
a clamped specimen for histopathology. A fourth specimen
can be obtained and frozen in the event further studies are
deemed necessary.

The specimen for histochemistry should be 2 to 3 cm in
length and about as thick as a pencil. It should be handled
gently by its ends using tweezers and placed in a cool, nor-
mal saline-moistened piece of gauze to prevent drying out
(soaked gauze may interfere with freezing and produce
artifacts). The gauze-wrapped muscle specimen is then
placed in a screw-cap vial for later freezing. The specimen
should be rapidly transported to the pathology laboratory;
otherwise it may lose its enzymatic activity. Many tech-
niques exist for the preparation of the frozen specimen.
Typically, it is gently immersed in a Pyrex beaker contain-
ing 2 inches of liquid nitrogen–cooled isopentane (�140�C
to �155�C), frozen for roughly 30 seconds, and then
removed and immediately placed in a previously cooled spe-
cimen container (e.g., another screw-cap vial). When the
specimen is sent to an outside reference laboratory, the spe-
cimen container should be placed in an insulated shipping
container filled with dry ice.
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The specimen for electron microscopy can be slightly
smaller and should be gently raised (e.g., with Metzenbaum
scissors) just high enough to permit the placement of a muscle
clamp. The clamp is then locked and the muscle spec-
imen cut just outside the clamped sites. Clamping helps
avoid contraction artifact. A less cumbersome technique
involves the suturing of the muscle tissue specimen (e.g.,
with 3–0 silk) to a piece of tongue depressor before excising
it (i.e., it is sutured in situ). Once removed, the muscle speci-
men is then placed in a 4% buffered glutaraldehyde fixative
(or Karnovsky’s fixative).

The specimen for histopathology is obtained similar to
that for electron microscopy, with the exception that it is
fixed in formalin. The fixed specimens should be shipped
separately from the frozen specimen. It is important to
include the patient’s name, the sampled muscle, the pro-
curement time, and a brief note detailing the clinical pre-
sentation and workup findings to date, as well as a list of
pending studies. Importantly, when specialized studies are
planned (e.g., mitochondrial DNA studies), larger tissue
specimens may be necessary. For this reason, the reference
laboratory should be contacted before performing the mus-
cle biopsy so that the required amount of tissue is procured.
Since any delay in the initial freezing can result in enzyme
activity reduction, whenever a biochemical analysis is
planned (e.g., phosphofructokinase), the muscle specimen
should be flash-frozen at the time of its procurement. It
can be stored in liquid nitrogen or in a freezer (�130�C)
and packed in dry ice if it is to be shipped to an outside
laboratory.

The indications for an open biopsy, as opposed to a nee-
dle biopsy, are unsettled. There are two major advantages
of open biopsies—a larger specimen can be obtained and
the specimen can be fixed at its in situ length, thereby pre-
venting contraction artifact. The two major advantages of a
needle biopsy are the limited scarring and the ability to
sample multiple sites (in either the same or different mus-
cles) in a single session. Disadvantages of this technique
include the smaller specimen size and greater orientation
difficulty. In general, the experience of the person perform-
ing the biopsy and the expertise of the laboratory personnel
dictate which technique is utilized.

Diagnostic Staining Methods
OVERVIEW. A brief overview of pertinent neuromuscu-

lar anatomy and physiology, including muscle fiber types,
is a necessary preface to a discussion of the various stains
and reactions. Skeletal muscles are composed of muscle
fibers and connective tissue elements termed endomysium,
perimysium, and epimysium. Epimysium surrounds the
muscle belly and also lies between fascicles. Fascicles are
surrounded by perimysium and are composed of groups
of muscle fibers that are individually surrounded by endo-
mysium. Small arteries, arterioles, veins, and nerve twigs
are contained within the perimysium. Unlike the epimy-
sium, which may contain adipose tissue, the perimysium
of adults is usually devoid of adipocytes. Muscle fibers
are cylindrical, polygonal (in adult cross sections), multi-
nucleated syncytia derived from myoblast fusion. The mus-
cle cytoplasm is termed sarcoplasm, and the muscle
membrane is termed sarcolemma. Muscle nuclei (roughly
five per fiber in cross section) are located just below the
sarcolemma (up to 3%may be more centrally placed). Satel-
lite cells are located subjacent to the sarcolemma and are
covered by the basement membrane, which surrounds the
entire muscle fiber. These function as a reserve cell pop-
ulation. Each muscle fiber contains hundreds of myofibrils
that are composed of repeating subunits, termed sarcomeres,
containing the contractile elements (e.g., actin, myosin).
Tubular extensions of the sarcolemma, termed T-tubules,
extend transversely into the muscle fiber between the myo-
fibrils. These structures permit the passage of electrical
activity into the depths of the muscle fiber, thereby ensuring
a maximal contraction. A second intermyofibrillar system
of tubules is the sarcoplasmic reticulum, which is oriented
parallel to the myofibrils (i.e., perpendicular to the T-
tubules). The ends of these tubules are dilated into cister-
nae. The T-tubules are surrounded on both sides by the
terminal cisternae of the sarcoplasmic reticulum. The near-
ness of these structures permits the electrical activity traver-
sing the T-tubules to induce calcium release from the
sarcoplasmic reticulum, thereby initiating muscle contrac-
tion. These tubular structures, as well as the aqueous sarco-
plasm and mitochondria, are collectively termed the
intermyofibrillar network.

There are two major types of muscle fibers, type 1 and
type 2, each with different histochemical and physiological
properties that give them specificity for certain activities.
Type 1 fibers contain more oxidative enzymes, mitochon-
dria, capillaries, and myoglobin and are hence best suited
for aerobic metabolism and nonfatiguing activities (e.g.,
standing still). Type 2 fibers contain fewer mitochondria,
and more abundant glycogen and glycolytic enzymes and
are best suited for anaerobic metabolism and, conse-
quently, those activities requiring maximal energy outputs
(e.g., bench-pressing). Type 2 fibers are further subdivided
into types 2A, 2B, and 2C. The type 2A fibers are more
oxidative in nature than the type 2B fibers; type 2C fibers
are present in fetal muscle, as well as regenerating muscle.
Individual human skeletal muscles are composed of both
muscle fiber types. The functional unit of movement is
the motor unit, which consists of all the muscle fibers
innervated by the same lower motor neuron. Its size, like
that of the muscle fiber is dependent on the particular
muscle. Although different types of muscle fibers com-
pose an individual human skeletal muscle, the muscle
fibers of a given motor unit are all identical in type (since
this determination is made by the innervating lower motor
neuron). The muscle fibers of a given motor unit normally
are randomly distributed among the muscle fibers of other
motor units. Although the relative abundance of fiber
types among different muscles varies, the proportion of
muscle fiber types observed in adults is as follows: type
1 (30% to 40%), type 2A (20% to 30%), and type 2B
(40% to 50%). Thus, there are roughly twice as many type
2 fibers as type 1 fibers, whereas in children, the ratio of
type 1 fibers to type 2 fibers is nearly 1.8 Type 1 fiber pre-
dominance is present when more than 55% of the fibers
are type 1, whereas type 2 fiber predominance occurs
when more than 80% of the muscle fibers are type 2.9

The mean diameter of powerful muscles is 85 to 90 mm,
as opposed to weaker, more distal muscles that have a mean
diameter of 20 mm.9 The muscle fiber type also influences
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diameter. In general, the diameter of type 1 fibers is less
than or equal to that of type 2 fibers. Regarding gender,
male type 1 fibers are equal to those of females, whereas
male type 2 fibers are larger than those of females, a reflec-
tion of hormonal influences.9

FROZEN SPECIMEN. This, the most important speci-
men, is utilized for a variety of histochemical stains and
reactions, some of which are listed in Table 25-6. The hema-
toxylin and eosin stain is useful for characterizing the gen-
eral morphology (e.g., myocytes, nuclei, connective tissue,
blood vessels, nerves) of the skeletal muscle specimen.
The hematoxylin component identifies cell nuclei, and
hence nuclear position, and muscle cross-striations; the
eosin portion counterstains the cytoplasm reddish pink.
Connective tissue appears darker with eosin staining. The
modified Gomori trichrome stain colors nuclei and mito-
chondria red and myocytes blue-green. This stain is useful
in identifying ragged-red fibers. The periodic acid–Schiff
stain causes glycogen to appear purple. This stain readily
identifies glycogen storage disorders, as well as capillaries.
Oil red O stains lipid orange. Its utility, like that of the Sudan
black stain, is in the identification of lipid storage disorders.
Nicotinamide adenine dinucleotide dehydrogenase-tetrazo-
lium reductase (NADH-TR) is an oxidative enzyme reaction
that, like other reactions of this type, reflects the concentra-
tion of mitochondria within myocytes. This reaction colors
myocytes purple-gray. By highlighting the sarcoplasmic
reticulum, T-tubules, and mitochondria (i.e., the intermyofi-
brillar network), this reaction causes the sarcoplasm to
take on a granular appearance. Although oxidative enzyme
TABLE 25-6

Selected Stains and Reactions and Their Usefulness in
Evaluating Skeletal Muscle

STAINS/REACTIONS USEFULNESS

Stains

Hematoxylin and
eosin

Hematoxylin: nuclei, cross-striations (purple)

Eosin: cytoplasm (red), connective tissue
(darker red)

Modified Gomori
trichrome

Nuclei, mitochondria, T-tubules, sarcoplasmic
reticulum (red); myocytes (blue-green)

Periodic acid–Schiff Glycogen (purple; type 1 > 2; glycogen storage
disorders)

Oil red O Lipid (orange; type 1 > 2; lipid storage
disorders)

Reactions

NADH-TR T-tubules, sarcoplasmic reticulum, mitochondria
Type 1 (dark); type 2A (intermediate); type 2B

(light)
Succinate
dehydrogenase

Krebs’ cycle enzyme; selectively stains for
mitochondria

Cytochrome-c
oxidase

Respiratory chain enzyme (orange-brown; type
1 > 2)

ATPase (pH 4.3) Type 1 (dark); type 2 (light)
ATPase (pH 4.6) Type 1 (dark); type 2A (light); type 2B

(intermediate)
ATPase (pH 9.4) Type 1 (light); type 2 (dark)
Acid phosphatase Degeneration (stains red; background fir green)
Alkaline
phosphatase

Regeneration (stains black; background yellow)

Nonspecific esterase Acetylcholinesterase (yellow-red; type 1 > 2)
reactions differentiate the different muscle fiber types (i.e.,
type 1 > 2A > 2B), these reactions should not be used for
fiber typing because atrophied type 2 fibers appear darker
(i.e., appear like type 1 fibers). Succinate dehydrogenase, a
Krebs’ cycle enzyme, selectively stains mitochondria, as
does cytochrome-c oxidase, a respiratory chain enzyme.
Thus, unlike NADH-TR, the tubular elements are not high-
lighted. These two reactions can be used to determine
whether intermyofibrillar aggregates are mitochondrial or
tubular elements. The myofibrillar ATPase reaction is the
most accurate method of muscle fiber typing.9 The color
characteristics are determined by the preincubation pH. In
short, acidic pHs (e.g., 4.3, 4.6) cause type 1 fibers to
appear darker than type 2 fibers, whereas alkaline pHs
(e.g., 9.4) cause the type 2 fibers to appear darker. When
preincubated at pH 4.3, the type 2A and 2B fibers are lighter
than the type 2C fibers, which are intermediate in intensity;
at pH 4.6, the type 2A fibers are lighter than the type 2B and
2C fibers, which are intermediate in intensity. Thus, prein-
cubation at pH 4.3 permits the 2C fibers to manifest. Acid
phosphatase, a lysosomal enzyme, facilitates the identifica-
tion of degeneration (since necrotic fibers have increased
lysosome content), inflammatory cells, and lysosomal stor-
age disorders (e.g., acid maltase deficiency). Acid phos-
phatase is stained red, whereas the background is green.
The alkaline phosphatase reaction stains regenerating fibers
black, as well as normal capillary basement membranes; the
background is yellow. Nonspecific esterase highlights end-
plates, lysosomes, and macrophages. It also identifies re-
cently (i.e., within 6 months) denervated muscle fibers.
The denervation-induced atrophy causes these fibers to
appear smaller and darker. Sulfonated alcian blue stains
amyloid “sea foam” green; it stains mast cells red. The alka-
line Congo red stain causes amyloid to appear red, and when
viewed under polarized light, an apple green birefringence
is observed.

These stains and reactions, on transverse section, permit
the shape, diameter, and intermyofibrillar pattern of the
myocyte, as well as the arrangement and proportion of
muscle fiber types, to be determined. Adult muscle fibers
appear polygonal, and their cross-sectional diameters vary,
depending on the specific skeletal muscle. Within a given
section, they are somewhat uniform. The intermyofibrillar
pattern is best demonstrated with the histochemical reac-
tions for oxidative enzymes and should appear uniform.
Two examples of the histopathological features that disrupt
the intermyofibrillar network include target fibers and cen-
tral cores. Since the muscle fiber types of different motor
units are interspersed, normal muscle shows a checker-
board pattern of light and dark fibers. This same reaction
permits the recognition of fiber type disproportion and
those disorders confined predominantly to one muscle fiber
type (e.g., atrophy, cytoarchitectural abnormalities). When
atrophy is identified, it should be further characterized as
to muscle fiber type involved. When atrophy is due to a
chronic denervating disease, the checkerboard pattern
of type 1 and type 2 fibers is altered by collateral sprout-
related reinnervation. Thus, the adjacent atrophied
myocytes are of the same histochemical fiber type. Conver-
sely, when atrophy is due to disuse, the checkerboard arrange-
ment of muscle fiber types is maintained because
collateral sprouting does not occur. Certain cytoarchitectural



TABLE 25-7

Preferential Fiber Type Involvement

Preferential Atrophy

Type 1 fibers: Myotonic dystrophy (prominent), nemaline myopathy,
centronuclear myopathy, congenital fiber type disproportion

Type 2 (especially 2B) fibers: Disuse, corticosteroid excess (exogenous,
endogenous)*

Cytoarchitectural Abnormalities

Type 1 fibers: Target fibers, central cores (central core disease), rod
bodies (nemaline myopathy), mitochondrial abnormalities

Type 2 fibers: Tubular aggregates

*Type 2 fiber atrophy, especially if limited to type 2B fibers, is a nonspecific finding
most frequently indicating disuse.
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abnormalities are more pronounced in one muscle fiber
type (Table 25-7).

Target fibers are a cardinal feature of neurogenic disor-
ders and are composed of three “rings” : (1) a cent ral
light- staining rin g; (2 ) an intermed iate dark-stai ning ring;
and ( 3) a peripher al norm al-staining ring. They are most
predominant among type 1 muscle fibers. With central core
disease, the NADH-TR reaction produces central unreac-
tive zones, termed central cores, among affected myocytes.
Thus, these structures are composed of two rings: a central
ring of absent staining surrounded by a normally staining
periphery. Again, type 1 fibers are mainly affected. Rod
bodies (nemaline myopathy), which originate from Z disc
material, appear reddish purple in the modified Gomori tri-
chrome stain. Because a small number of muscle fibers in
muscular dystrophy and polymyositis have been noted to
contain these structures,9 a diagnosis of nemaline myopathy
requires the presence of numerous rod bodies inmanymuscle
fibers. As previously noted, the modified Gomori trichrome
stain is also useful in the identification of mitochondria
and the tubular system of muscle. This stain readily identifies
subsarcolemmal collections of mitochondria, termed ragged-
red fibers, as well as sarcoplasmic reticulum–derived collec-
tions, termed tubular aggregates. Both of these abnormalities
stain red. Because tubular aggregates are also high-
lighted by the NADH-TR reaction, but not by the succinate
dehydrogenase reaction, they are easily differentiated from
mitochondrial aggregates. Although these structures are fre-
quently seen with hyperkalemic periodic paralysis, they are
not diagnostically specific for this condition. Rimmed
vacuoles have blue margins with hematoxylin and eosin
and red margins with the modified Gomori trichrome stain.
They are seen in association with inclusion body myopathy,
oculopharyngeal muscular dystrophy, distal myopathy, and
denervated muscle.

Regarding the two other specimens, the glutaraldehyde-
fixed specimen is embedded in plastic for electron micro-
scopy (discussed later in the chapter), whereas the forma-
lin-fixed specimen is embedded in paraffin for light
microscopy. Paraffin sections, which are routinely stained
with hematoxylin and eosin (viewed in polarized light)
and trichrome (viewed in bright field optics), can serve
several purposes.10 Longitudinally oriented sections permit
the identification of cross-striation loss, inflammatory infil-
trates, and blood vessel wall changes and can also serve as
backup material.
SPECIALIZED STUDIES. Immunocytochemical tech-
niques utilize commercially prepared antibodies to identify
absent or abnormal proteins (e.g., dystrophin, laminin,
complement cascade components) and to characterize cell
types (e.g., lymphocyte subclasses), among other functions.
For example, antibodies against dystrophin can confirm the
diagnosis of Duchenne muscular dystrophy when blood
tests are uninformative; antibodies against cell markers
can demonstrate immune deposits distinctive of dermato-
myositis; and antibodies against the membrane attack com-
plex can identify cells targeted for destruction by the
immune system. Enzyme histochemistry permits the bio-
chemical analysis of muscle homogenates for specific
enzymes (e.g., phosphofructokinase), and electron micro-
scopy is available when ultrastructural examination of the
tissue specimen (e.g., diagnosis of congenital myopathies,
inclusion body myopathy, mitochondrial inclusions, tubu-
lar aggregates) is required. Western blot analysis is useful
in the detection of the protein deficits associated with some
of the dystrophies, and DNA studies are helpful in the
diagnosis of certain hereditary diseases.

Some histopathological changes are pathognomonic of a
particular disorder. In general, the more specialized the
study, the more likely its results will have pathognomonic
significance (e.g., immunocytochemical studies [dystro-
phin], electron microscopy [inclusion body myopathy, con-
genital myopathies with pathognomonic ultrastructural
features], and enzyme histochemistry studies for specific
enzymes). In addition, certain morphological features, such
as atrophy, are indicative of an underlying muscle disorder.
For example, perifascicular atrophy, in which the muscle
fibers near the edges of the fascicle are atrophied, is the hall-
mark of dermatomyositis, whereas panfascicular atrophy is
indicative of Werdnig-Hoffmann disease.
Myopathic and Neurogenic Changes
The histopathological features observed in skeletal muscle
biopsies can be subdivided into two pathological pro-
cesses—those due to interruption of innervation (i.e., neuro-
pathic changes) and those due to dysfunction of the muscle
fiber itself (i.e., myopathic changes). Because nerve and
muscle pathophysiologies dictate the observed changes, a
brief overview of this topic initiates this subsection. As pre-
viously discussed, the functional unit of movement is the
motor unit. This structure consists of a single lower motor
neuron, its peripherally directed axon, and all of the muscle
fibers it innervates. With lower motor neuron and motor
axon disorders, because the affected axons undergo waller-
ian degeneration, the muscle fibers of an entire motor unit
are denervated. Denervated muscle fibers undergo several
changes, including downregulation of contractile element
synthesis and contractile element resorption, both of which
permit their survival, albeit in an atrophied state. If these
muscle fibers are not reinnervated within approximately
20 months, they will be replaced by connective tissue. With
incomplete nerve lesions, the uninvolved motor axons can
sprout collaterals to the denervated muscle fibers, thereby
“adopting” them. This process increases the number of mus-
cle fibers innervated by the adopting lower motor neuron.
With myopathic disorders, random muscle fiber loss occurs,
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rather than loss of whole motor unit territories. However,
collateral sprouting may still occur with a myopathy.
When a portion of a muscle fiber is degenerated (i.e., seg-
mental necrosis), the muscle fiber functions as two sepa-
rate fibers, the portion with the motor endplate (i.e., the
innervated fiber) and the portion without it (i.e., the dener-
vated fiber). Because the regenerative capacity of muscle
is considerable, the denervated portion can be adopted
by collateral sprouting. Also, precursor cells (satellite
cells) proliferate and fuse with each other to regenerate
the destroyed portion of the muscle. Muscle fibers that
are not reinnervated undergo degeneration, a process
associated with extensive collagen deposition and fatty
infiltration.

HISTOLOGICAL FEATURES ASSOCIATED WITH

NEUROPATHIC PROCESSES. Histological features asso-
ciated with neuropathic processes include angular atrophic
fibers, group atrophy, fiber type grouping, target fibers,
nuclear bags, and the presence of minimal interstitial fibro-
sis.8 Of these features, the most typical attribute is atrophy,
a process resulting in the appearance of small angulated (in
cross section) muscle fibers, not selective for fiber types,
scattered throughout the specimen. The atrophy also causes
the intensity of staining to increase; thus, the denervated
fibers appear darker (e.g., nonspecific esterase). Normally,
the intermixing of muscle fiber types produces a random
checkerboard pattern when skeletal muscle tissue is stained
using fiber type-specific techniques. Because collateral
sprouting increases the number of muscle fibers innervated
by the adopting lower motor neurons and, as previously dis-
cussed, converts them to its own histochemical type, fiber
type grouping occurs. For this reason the normal checker-
board staining pattern of muscle fibers diminishes. As dener-
vation continues, assuming reinnervation keeps pace, larger
and larger groups of contiguous fibers of the same histo-
chemical type are observed (the sine qua non of reinnerva-
tion). Atrophy of these groups produces grouped atrophy,
the hallmark of chronic denervation. The extreme version
of grouped atrophy is panfascicular atrophy, a feature
indicative of Werdnig-Hoffmann disease. Fiber type group-
ing must be distinguished from fiber type predominance.

HISTOLOGICAL FEATURES ASSOCIATED WITH

MYOPATHIC PROCESSES. Primary disorders of muscle
may affect solely the sarcolemma, a single region (segment)
of the muscle fiber, or the entire muscle fiber. Thus, the his-
tological features observed vary with the particular myo-
pathic process. Features considered to be indicative of a
myopathic process include rounded fibers, central nuclea-
tion, muscle fiber size variability, fiber splitting, segmental
necrosis, muscle fiber necrosis (degeneration), cellular
inflammation, myophagocytosis, regeneration (i.e., basophi-
lic fibers), an increase in connective tissue elements, and
structural abnormalities (e.g., vacuoles [glycogen, lipid],
ragged-red fibers [mitochondrial myopathies], granulomas
[sarcoid], and microorganisms [toxoplasmosis, trichinosis],
as well as those structural changes associated with various
congenital myopathies [e.g., rod bodies, central cores]).8

Centrally located nuclei may be observed in up to 3% of nor-
mal muscle tissue specimens, but when present in a higher
percentage, this indicates an underlying myopathy. This
finding is especially prominent in the muscle fibers of
patients with myotonic dystrophy (see Chapter 36). In fact,
when internal nuclei appear in most of the muscle fibers of
the sample, this diagnosis is strongly implicated. However,
when a single central or paracentral nucleus appears in
essentially every myocyte, the diagnosis of centronuclear
myopathy is indicated. The combination of atrophy and
hypertrophy contributes to the wide variability of muscle
fiber size. Because muscle fiber splitting normally occurs
near myotendinous junctions, muscle biopsies from this
region may appear myopathic, and, consequently, sampling
in this region is discouraged. When viewed in cross section,
connective tissue septae, often with adjacent nuclei, are seen
traversing the affected (i.e., split) muscle fibers. When mus-
cle fiber necrosis destroys only a portion of the myocyte, the
term segmental necrosis is applied. In this situation, prolifer-
ating satellite cells may regenerate the destroyed segment,
thereby reinnervating the portion lacking a motor endplate.
Features of regeneration include basophilic sarcoplasm
(due to the rich ribonucleic acid content) and large nuclei
with prominent nucleoli. However, when reinnervation
occurs by collateral sprouting, small foci of fiber type group-
ing may be observed. Hence, small patches of fiber type
grouping should not be considered synonymous with a neu-
ropathic process. Inflammatory cell collections may have a
perivascular distribution (e.g., collagen vascular disorder,
dermatomyositis) or be most pronounced intracellularly
(e.g., facioscapulohumeral dystrophy). With dystrophic
myopathies, the thin connective tissue layers separating
individual muscle fibers thicken and the muscle fibers may
undergo considerable fibrosis. Regarding disease tempo,
muscle fiber necrosis, basophilia, and myophagocytosis are
features typical of an active myopathic process, whereas
muscle fiber splitting is more characteristic of a chronic
myopathy.11
NERVE TISSUE

Biopsy of the peripheral nerve has somewhat limited use.
It is generally performed in suspected neuromuscular dis-
eases in order to aid in the distinction between segmental
demyelination and axonal degeneration, particularly when
the clinical evaluation, laboratory studies, and electrophys-
iological examinations are nondiagnostic or contradictory.
Nerve biopsy may also be useful in the diagnosis of a num-
ber of specific disorders with characteristic findings that
may involve a peripheral nerve such as amyloidosis, vascu-
litis, sarcoidosis, and some neoplasms.12 Diagnostic nerve
biopsy is generally restricted to a relatively expendable
sensory nerve such as the sural, although portions of pe-
ripheral motor nerve twigs may be available for examina-
tion as part of muscle biopsy. Because of the limited
amount of nervous system tissue available for examination
and the relatively limited repertoire of pathological find-
ings, peripheral nerve biopsy has a high chance of being
noninformative unless the procedure is performed to
answer a specific question in the context of the other
clinical and electrophysiological findings.

Nerve Selection and Techniques
Biopsy of peripheral nerve is usually completed either as a
full-thickness nerve biopsy (i.e., a complete transection of
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the nerve to remove a segment) or as a fascicular biopsy
(i.e., a longitudinal dissection of the nerve to remove seg-
ments of only one or several fascicles), sparing at least a
portion of the nerve. Full-thickness nerve biopsy is consid-
ered technically easier to perform and is preferable when
the pathological evaluation should include both nerve fibers
and surrounding connective tissue and vascular structures.
Fascicular nerve biopsy usually produces a smaller deficit
and is favored when larger nerves are biopsied.

The choice of peripheral nerve biopsy site is limited by
the potential deficits arising from nerve transection. The
most common sites are the sural nerve or the superficial
peroneal nerve, both subcutaneous sensory nerves in the
lower extremity. In occasional cases, the superficial radial
nerve in the upper extremity or the greater auricular nerve
is also sampled. As noted earlier, concomitant biopsy of
skeletal muscle to include small intramuscular nerve twigs
may supplement the examination of the peripheral nervous
system. Peripheral nerve biopsy may also be combined
with skin biopsy, removing an ellipse of overlying skin,
when morphological or tissue culture examination of skin
is desired for diagnosis of metabolic or degenerative disease.

The sample amount is varied and should be judged, on
the one hand, by the amount of tissue needed for the pro-
posed studies and, on the other hand, by the fact that defi-
cits arising from transection of the nerve during biopsy will
not necessarily be increased by removing the extra centi-
meter or two that transforms a nondiagnostic biopsy into
a useful diagnostic tool. For most purposes, a 2- to 3-cm
segment of full-thickness nerve or fascicles is adequate to
provide tissue for standard light and electron microscopic
examination, including preparation of teased nerve fibers
and frozen section.

Testing Methods
The usual morphological techniques for examination of
peripheral nerve include standard light microscopy and
electron microscopy, supplemented by morphometric stu-
dies, examination of teased nerve fibers, and examination
of frozen sections when special studies such as immunohis-
tochemistry are needed (Table 25-8).13 For light and elec-
tron microscopy and teased nerve studies, specimens are
usually fixed in glutaraldehyde solution. Cross sections
TABLE 25-8

Morphological Examination of Peripheral Nerve

TECHNIQUE FIXATION USE

Routine light
microscopy

Formalin, paraffin Survey (vasculitis,
amyloidosis)

Glutaraldehyde,
paraffin, or resin

Survey

Frozen
specimen light
microscopy

None Special stains
(immunohistochemistry,
metachromasia)

Teased nerve
examination

Glutaraldehyde,
osmium

Myelin internodes

Electron
microscopy

Glutaraldehyde,
osmium, resin

Fine structure
are standard and useful for morphometric studies. Longitu-
dinal sections are also useful for demonstrating some
pathological findings, including focal processes such as
vasculitis that may be irregularly distributed along the
length of the nerve and missed in a given cross section.
For light microscopic examination, resin-embedded sec-
tions stained with dyes such as toluidine blue give good
morphological resolution. The same tissues can be subse-
quently processed for electron microscopy. Formalin-fixed
or glutaraldehyde-fixed paraffin-embedded tissues and fro-
zen sections give less resolution but generally permit
examination of larger expanses of tissue and may be useful
for some special stains, including some immunohistochem-
ical procedures. Teased nerve fiber preparations, involving
the dissection of single nerve fibers from fascicles of fixed
nerve, are used for examination of sequential internodes
of myelin along the fiber and are essential for proper
assessment of various conditions involving axonal degen-
eration, regeneration, segmental demyelination, and remye-
lination. Morphometric procedures allow for the scoring of
abnormalities.
BRAIN AND MENINGEAL TISSUE

In the earlier part of this century, diagnostic brain biopsy
was often considered a technique of last resort. The devel-
opment of improved imaging techniques such as computed
tomography (CT) and magnetic resonance imaging (MRI)
now permits a high degree of definition of lesions, includ-
ing both anatomical localization and pathological charac-
teristics. Concomitant developments in neurosurgical
techniques, including stereotactic or computer-guided neu-
rosurgery, microsurgical techniques, and intraoperative
neurosurgery such as electrocorticography, now permit
access to brain tissue with relatively little morbidity, even
in vulnerable areas such as motor cortex, the diencephalon,
and the brain stem.14–16

Diagnostic biopsy of a brain lesion, possibly followed by
resection, is now essential in the diagnosis and manage-
ment of most primary brain tumors and often plays a role
in the management of metastatic disease as well. Diagnos-
tic brain biopsy may also play a role in the management of
other mass lesions of a non-neoplastic nature, such as dis-
tinguishing between reactive and neoplastic mass lesions.
Diagnostic brain biopsy currently also has a more limited
use in certain forms of infectious, degenerative, or meta-
bolic diseases that affect the brain. In some of these disease
categories, the need to sample brain tissue has been les-
sened because of the development of improved imaging
studies and other ancillary diagnostic techniques. Recent
rapid developments in genetics and molecular diagnosis
may further supplant the need to obtain central nervous tis-
sues in some circumstances but may also create as yet
unforeseen needs for brain tissue. In addition, brain tissue
resection is part of the management of some forms of
chronic intractable epilepsy.

Despite the improvements in neurosurgical and other
clinical practice, removal of nonregenerating brain tissue
is still accompanied by risk of permanent neurological def-
icit. Additional risks of intraoperative complications such
as hemorrhage, cerebral infarction, or infection and of
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postoperative complications such as scarring with for-
mation of an epileptic focus must also be considered.
Thedecision to remove brain tissuemust be balancedbetween
the attendant risks and the utility of a tissue diagnosis.17

Tissue Selection and Techniques
Diagnostic brain biopsy is usually performed as stereotac-
tic biopsy or open craniotomy.16 Stereotactic brain biopsy,
using CT or MRI guidance, is usually completed by the
aspiration of tissue through a needle inserted into the area
of the lesion. Although this technique is particularly useful
in cases in which the lesion is small, deep-seated, or located
in a sensitive area such as the motor cortex or deep nuclei,
the amount of tissue removed is small and may hinder diag-
nosis. The procurement of multiple biopsies along the needle
trajectory, however, may provide a more complete picture of
the pathological process. For accessible lesions, open cra-
niotomy permits the intraoperative assessment of pathologi-
cal processes by direct observation and may be performed
when biopsy and resection are contemplated. This procedure
may also be considered when maintenance of the anatomic
relationship of the biopsy specimen is desired. Stereotactic
localization techniques can also be applied to open craniot-
omy procedures and are sometimes useful in planning and
monitoring resections.

The choice of biopsy site depends on the suspected diag-
nosis.18 In the setting of a structural or mass lesion (brain
tumor), whether neoplastic or non-neoplastic, tissue from
the area of imaging abnormality is the obvious choice,
although the pathological lesion and the imaged lesion
may not be equivalent. Infiltrating gliomas, for example,
may extend well beyond the area of contrast enhancement
seen on imaging studies, and occasional lesions that appear
discrete on imaging studies such as MRI may be remarkably
ill-defined and elusive in the operating room or in the pathol-
ogy laboratory. In the case of a mass lesion, the amount and
pattern of sampling should also be guided by the suspected
diagnosis. The amount of tissue sufficient for diagnosis can-
not be predicted and often depends on the nature of the dis-
ease process. A few cells from a cerebrospinal fluid or
needle aspiration of tissue may be sufficient in the diagnosis
of metastatic carcinoma or lymphoma, whereas even post-
mortem examination of the entire brain may be inadequate
to establish a precise diagnosis in some degenerative or
metabolic diseases.19,20 Direct communication between
the clinician and the pathologist prior to the surgical proce-
dure is the best method of ensuring that tissue sampling is
appropriate.

Intraoperative evaluation of tissue samples by frozen
section or other preparation has several roles. Frozen sec-
tions may provide a specific diagnosis in some cases, but
in many situations a definitive diagnosis can be made only
after evaluation of all tissue specimens and with adjunctive
studies. Frozen sections are sometimes used to guide resec-
tion of a mass lesion. In many cases, particularly in pri-
mary biopsies of undefined lesions, frozen section is most
useful in the assessment of whether the tissue sample
appears adequate to answer the clinical question. It also
is useful in the selection and processing of the tissue for
other pertinent studies, even if a precise diagnosis cannot
be rendered intraoperatively.21
In the case of large tumors, abscesses, or other reactive
lesions, the abnormal brain region may be heterogeneous.
Sampling of central areas of complete tissue necrosis in
tumors or abscesses may not yield diagnostic tissue.
The relationship of the lesioned tissue to the adjacent brain
is often important in assessing the nature of the pathologi-
cal process, for example, demonstrating the infiltrating bor-
der in gliomas, the presence of residual or recurrent tumor
in radiation necrosis, or the boundary between demyeli-
nated or necrotic brain and normal brain. Microorganisms
are often present at the expanding edge of infectious
lesions but absent in the necrotic center. Stereotactic
biopsy offers the advantage of obtaining multiple samples
along a single needle trajectory and is useful in evaluating
heterogeneous lesions such as gliomas, in which different
areas of the tumor may show different degrees of malig-
nancy, as well as in reactive lesions.

Intraoperative monitoring of brain function by techniques
such as electrocorticography is useful in guiding sampling
or resections in sensitive areas such as the motor strip.
These techniques are also essential in mapping epileptic
foci and can be used in conjunction with conventional im-
aging studies and special studies such as positron-emission
tomography.

In the absence of a mass lesion or defined area on im-
aging studies, noneloquent areas of the cerebrum are gener-
ally selected. The type of tissue sampled (e.g., gray or
white brain matter, leptomeninges) should also be guided
by the suspected diagnosis. The most useful specimen
should be large enough to allow for the proper orientation
by the pathologist and to be divided into pieces adequate
for special studies (see later in the chapter). For degenera-
tive or metabolic diseases, infectious diseases (viral en-
cephalitis), and diffuse disorders (cerebral vasculitides),
a wedge of brain tissue consisting of cerebral cortex, over-
lying leptomeninges, and underlying white matter provides
the most useful tissue sample and should be large enough
to provide material for ancillary studies (e.g., biochemical
analysis, electron microscopy).

Testing Methods
Morphological techniques include cytological studies (the
evaluation of individual cells in fluids) and histological
studies (the evaluation of cells in their tissue context).
The latter involve light microscopy with routine and spe-
cial stains, electron microscopy, histochemistry, and immu-
nohistochemistry. Typical methods of fixation and staining
for each technique are summarized in Table 25-9. Ancillary
studies that supplement the armamentarium of morphologi-
cal techniques include microbiology (e.g., bacterial, viral,
fungal cultures), cytogenetics (e.g., karyotype analysis),
molecular genetics (e.g., polymerized chain reaction), and
biochemical analyses.

The choice of morphological and ancillary techniques
depends on the nature of the lesion and the available mate-
rial. Although most pathological diagnoses are made on sec-
tions of formalin-fixed paraffin-embedded tissues stained
with hematoxylin and eosin or a comparable general tissue
stain, some diagnoses require other stains to be used on the
paraffin-embedded tissues or even other methods of tissue
handling and fixation (freezing, glutaraldehyde fixation,



TABLE 25-9

Diagnostic Brain Biopsies: Common Tissue Techniques

EVALUATION BIOPSY TECHNIQUE FIXATIVE STAINING

Cytological Imprint/touch Alcohol Rapid hematoxylin and eosin, Diff-Quik,
PapanicolaouSmear/squash

Routine histological Frozen section Alcohol Rapid hematoxylin and eosin,
metachrome B, special stainingParaffin section Formalin, B5

Special histological: histochemistry,
immunohisto-chemistry

Frozen section None Enzymes, biochemical reactions
Frozen or paraffin Variable Monoclonal or polyclonal antibodies

Electron microscopy Thick section Glutaraldehyde/OsO4 Toluidine blue
Thin section Lead citrate/uranyl acetate
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and plastic embedding for electron microscopy; submission
of unfixed tissues in special handling media for cytogenetic
or microbiological studies). Before fixation, tissue should
be divided and processed appropriately for these studies.
Consideration of the expected diagnosis, obtained from the
preoperative workup or from intraoperative frozen section,
is essential in the planning and optimal handling of the
diagnostic brain biopsy. Familiarity with a particular institu-
tion’s manual of laboratory procedures that list recom-
mendations for handling tissues for specific tests and
communication with the neurosurgeon and pathologist
in advance of the biopsy procedure are necessary to avoid
inappropriate handling of valuable specimens.

Specific Indications
Categories of central nervous system (CNS) disease amen-
able to diagnosis by brain biopsy or mimicking types of
disease normally presenting as neurosurgical conditions
are summarized in Table 25-10. This disorder can be
grouped into conditions that present with mass lesions,
focal or multifocal nonmass lesion abnormalities, and dif-
fuse abnormalities. Mass lesions include most neoplasms
and neoplastic or non-neoplastic cysts, some forms of infec-
tion (abscesses, cerebritis, tuberculomas, some enceph-
alitides), specific vascular disorders (hemorrhages, early
TABLE 25-10

Brain and Meningeal Biopsy Diagnoses

CATEGORY EXAMPLES

Neoplasms Gliomas, metastatic tumors, CNS lymphoma
Infections

(inflammatory)
HIV encephalitis, opportunistic infections
(toxoplasma, cytomegalovirus, herpes
simplex, Cryptococcus), bacterial abscess,
cysticercosis, tuberculosis, sarcoidosis

Degenerative
diseases

Creutzfeldt-Jakob disease, Alzheimer’s
disease, Pick’s disease

Vascular diseases Vasculitis, amyloid angiopathy, vascular
malformations, CADASIL

Epilepsy Mesial temporal sclerosis, dysplasias and
malformations, Rasmussen’s encephalitis

Metabolic diseases Leukodystrophies, storage diseases,
mitochondrial diseases

CADASIL, cerebral antosomal dominant arteriopathy with subcortical infartcs and
leukoencephalopathy; CNS, central nervous system; HIV, human immunodeficiency
virus.
infarcts), malformations or developmental lesions (hamarto-
mas, some migrational abnormalities), and a variety of mis-
cellaneous conditions (e.g., sarcoidosis, acute multiple
sclerosis, and adrenoleukodystrophy) (Video 252, Neonatal
Adrenoleukodystrophy). Conditions that produce imaging
study abnormalities that are not necessarily mass lesions
include some neoplasms (infiltrating gliomas, gliomatosis,
lymphomas), cerebrovascular disorders (vasculitides, vascu-
lopathies), infections (viral encephalitis, progressive multi-
focal leukoencephalopathy, CNS syphilis), degenerative
diseases (Creutzfeldt-Jakob disease, and other dementias),
inflammatory and immunological disorders (acute dissemi-
nated encephalomyelitis, limbic encephalitis, Rasmussen’s
encephalitis), developmental and malformative disorders
(cortical migrational disorders and dysplasias), toxic and
metabolic disorders (leukodystrophies, central pontine mye-
linolysis, mitochondrial encephalopathies), and some forms
of epilepsy (mesial temporal sclerosis, malformations).
Finally, some conditions show either no imaging study
abnormalities or show only atrophy without focal findings,
for example, degenerative diseases (Alzheimer’s disease,
Parkinson’s disease), toxic and metabolic diseases (hepatic
encephalopathy, many storage diseases), and most cases of
idiopathic epilepsy.

Mass Lesions (Table 25-11)
TUMORS. The differential diagnosis of a mass lesion

presumed to be neoplastic can be limited by considering
the age of the patient and the location of the tumor.
TABLE 25-11

Differential Diagnosis of Space-Occupying Central
Nervous System Lesions

CATEGORY SPECIFIC LESIONS

Neoplasms Intra-axial: gliomas, metastatic tumors, lymphoma
Extra-axial: meningiomas, nerve sheath tumors

Infections Abscesses (bacterial, fungal, parasitic), granulomas
(tuberculosis, sarcoidosis), necrotizing lesions
(toxoplasma, some focal viral encephalitides)

Cerebrovascular Hemorrhages, acute infarctions
Demyelinating Acute multiple sclerosis, adrenoleukodystrophy
Cysts Metastatic neoplasms, primary neoplasms (gliomas),

primary developmental disorders (arachnoid,
neuroepithelial, colloid, enterogenous)



TABLE 25-12

Differential Diagnosis of Neoplastic Central Nervous System Tumors

AGE CEREBRAL HEMISPHERES DIENCEPHALON POSTERIOR FOSSA CEREBRAL MENINGES SPINAL CORD

Adulthood Astrocytoma, glioblastoma,
oligodendroglioma,
ependymoma, metastatic
tumor, lymphoma

Astrocytoma,
glioblastoma,
colloid cyst,
pituitary adenoma

Metastatic tumor,
hemangioblastoma

Meningioma, CN VIII
schwannoma,
metastatic carcinoma,
lymphoma

Meningioma, nerve
sheath tumors,
astrocytoma

Childhood Astrocytoma, ependymoma,
choroid plexus tumor,
primitive neuroectodermal
tumor

Germ cell tumors,
craniopharyn-gioma

Medulloblastoma,
ependymoma, cerebellar
pilocytic astrocytomas,
brain stem astrocytoma,
choroid plexus tumor

Leukemia, lymphoma Nerve sheath
tumors,
astrocytoma

CN, cranial nerve.

LeWitt, Garbern, Ferrante, and Kupsky / Body Fluid and Tissue Analysis 519
Table 25-12 lists examples of tumors encountered in cer-
tain nervous system locations in the pediatric and adult
age groups. Diagnostic biopsy is usually directed toward
the mass lesion. As noted earlier, the possibilities of tissue
heterogeneity and central necrosis should be taken into
account by adequate sampling of different areas, including
the interface between tumor and adjacent brain. A prelim-
inary intraoperative assessment by frozen section is use-
ful to gauge the adequacy of the specimen for diagnosis
and to predict how tissues should be handled for ancillary
studies. Neoplasms that may present without evidence of
a mass lesion and mimic other forms of neurological dis-
ease include neoplasms disseminated in the subarachnoid
space (metastatic carcinoma, glioma, lymphoma), infiltrat-
ing gliomas (low-grade astrocytomas, oligodendrogliomas,
or gliomatosis cerebri), and some forms of mixed neuronal
and glial neoplasms (dysembryoplastic neuroepithelial
tumor) and lymphomas. Non-neoplastic mass lesions such
as infections can be suspected on intraoperative frozen sec-
tion evaluation, and appropriate ancillary studies can be
done.

RADIATION NECROSIS. Following therapeutic radia-
tion therapy for intracerebral neoplasms, the distinction
between recurrent neoplasm and radiation necrosis is often
difficult. Diagnostic brain biopsy is often useful in demon-
strating residual or recurrent neoplasm and may show the
coagulative tissue necrosis and vasculopathic changes
characteristic of radiation necrosis in adjacent brain par-
enchyma, with or without evident tumor. Diagnostic brain
biopsy can be performed as part of the therapeutic removal
of necrotic tissue as well.

NON-NEOPLASTIC CYSTS. Diagnostic biopsy of a cyst
wall can be performed as part of cyst fenestration or drain-
age and may be useful in distinguishing between neoplastic
and non-neoplastic cystic mass lesions.

INFECTIONS. Infectious diseases of the CNS are diag-
nosed by a variety of means, including assessment of clin-
ical history, standard laboratory studies, serological and
microbiological evaluation of blood and cerebrospinal
fluid, and imaging studies. Diagnostic brain biopsy plays
a limited role in this setting. In the case of mass lesions
or focal brain lesions, diagnostic brain biopsy may be use-
ful in distinguishing between neoplasms and infections.
Diagnostic brain biopsy evaluated by morphological and
microbiological studies (including molecular biological
techniques) may also be useful in identifying an organism
that has failed to be diagnosed by blood or cerebrospinal
fluid studies. Diagnostic brain biopsy is also performed
when a suspected infectious lesion fails to respond to a trial
of antimicrobial therapy. Diagnostic brain biopsy is also
performed in some patients with human immunodeficiency
virus (HIV) infection and certain CNS complications. The
spectrum of possible infectious complications in these
patients is large and varied. Common CNS infections
include toxoplasma cerebritis, cryptococcal and other fun-
gal infections of the meninges or brain parenchyma, herpes
simplex and cytomegalovirus encephalitis, and progressive
multifocal leukoencephalopathy (JC virus). Although these
infections often present with characteristic clinical and im-
aging features, a considerable overlap among these infections
and primary CNS lymphoma can occur. In HIV patients who
fail a trial of antimicrobial agents for a suspected infection,
diagnostic brain biopsy may also be useful.

Degenerative Diseases
Many degenerative diseases are characterized by neuronal
loss and gliosis in various brain structures without distinc-
tive features. Diagnosis by brain biopsy remains inconclu-
sive in many cases. In patients with a rapidly progressive
dementia, a distinction can be made between Creutzfeldt-
Jakob disease and degenerative disorders by the presence
of spongiform changes or prion proteins in the former.
In addition, the demonstration of senile plaques and neurofi-
brillary tangles in a random biopsy of cerebral cortex, while
suggestive of Alzheimer’s disease, does not exclude the pos-
sibility of other forms of neurodegenerative disease or the
presence of other concomitant disease (Video 51, Parkinson-
ism in Alzheimer’s Disease). Because of the variability of
distribution of the pathological changes in most degenera-
tive disorders, random biopsies may be nondiagnostic. For
adequate evaluation, a piece of cerebral cortex with overly-
ing leptomeninges and underlying white matter that can be
oriented is desirable. Tissue should be considered poten-
tially infectious, and precautions for Creutzfeldt-Jakob dis-
ease should be taken according to local institutional
guidelines. The tissue should be fixed and reserved for
possible electron microscopy or other studies (Video 50,
Myoclonus in Creutzfeldt-Jakob Disease).

Vascular Diseases (Table 25-13)

Surgical resection of tissue is occasionally performed in
the setting of cerebrovascular disease. Diagnostic brain or



TABLE 25-13

Tissue Diagnoses in Cerebrovascular Disease

DISEASE TISSUE DIAGNOSIS

Vasculitis Primary CNS vasculitis, CNS
involvement in systemic vasculitis,
infectious vasculitis

Vascular malformations Arteriovenous malformation, cavernous
angioma, venous angioma

Vasculopathies and
diseases presenting as
intracranial
hemorrhages

Amyloid angiopathy, hypertensive
vasculopathy, vasculitis, primary or
metastatic neoplasms, infections

Cerebrovascular diseases
mimicking mass lesions

Recent infarction

CNS, central nervous system.
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meningeal tissue biopsy is usually performed when CNS
vasculitis is suspected. Resection of brain tissue is usually
performed for the diagnosis and treatment of vascular mal-
formations. Symptomatic treatment of acute cerebrovascu-
lar diseases, usually hemorrhages and traumatic lesions, by
evacuation of hematoma with removal of damaged brain
tissue, may provide histological evidence of specific etiol-
ogies such as amyloid angiopathy, hypertensive vasculopa-
thy, or cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy (CADASIL)
(Video 215, CADASIL Stroke). CADASIL can be diag-
nosed in some cases by ultrastructural examination of
small blood vessels on skin punch biopsy. Some cases of
cerebrovascular disease, such as infarcts, present as mass
lesions and may be clinically mistaken for neoplasms.

Metabolic Diseases
Diagnosis of metabolic and storage disorders by brain
biopsy has been superseded in many conditions by bio-
chemical and molecular genetic analysis of more readily
obtainable non-CNS cells and tissues. In cases in which
metabolic or storage disease involving the CNS is sus-
pected but no metabolic defect can be identified by other
means, random biopsy of cerebral cortex and white matter
may provide either positive or useful negative information.
Reserved frozen or properly fixed tissues may prove useful
later when subsequent clinical clues or testing techniques
become available.
Epilepsy
Some patients with intractable epilepsy may benefit from
surgical resection of brain tissue (see Chapter 52). In patients
with complex partial seizures originating in the temporal
lobe, temporal lobectomy with partial hippocampectomy
may be beneficial (Video 78, Frontal Lobe Complex-Partial
Seizure). Examination of medial temporal lobe structures
may disclose evidence of neuronal loss and gliosis in the hip-
pocampus, amygdala, or adjacent gray matter structures
(mesial temporal sclerosis). In occasional cases, other patho-
logical findings (neoplasm, vascular malformation, cicatrix)
may account for an epileptogenic focus. In some patients
with intractable epilepsy with focal abnormalities demon-
strated by electrophysiological, conventional neuroimaging
modalities, or physiological imaging modalities such as
positron-emission tomography scanning, removal of the
focus is indicated. Pathological findings may include corti-
cal migrational abnormalities, dysplasias, vascular malfor-
mations, glial scars, neoplasms, or focal infections. More
widespread resections such as lobectomy or even hemi-
spherectomy are occasionally performed with patients with
established neurological deficits and more extensive malfor-
mations or with progressive lesions such as Rasmussen’s
encephalitis. Despite the finding of a focal lesion on one
or more studies, no specific pathology is found in a large
percentage of cases.
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HISTORY

The cerebrospinal fluid (CSF) has served as an aid to the
diagnosis and treatment of a variety of central nervous sys-
tem (CNS) disorders for more than 100 years. In 1891,
Quinke first developed the technique of spinal puncture
and introduced it into clinical practice.1 He was the first to
use a needle with a stylet to measure opening and closing
pressures and to pioneer the measurement of CSF glucose,
protein, and cell counts. Much of the CSF literature in the
early part of the 20th century dealt with changes related to
bacterial meningitis and neurosyphilis.2

The notion that elevated intracranial pressure (ICP) can
occur began in 1783 when Alexander Monroe posited that
the skull is a closed container and its contents are nearly
incomprehensible. These concepts were expanded in 1824
by George Kellie, who proposed that the volume of the blood
within the brain was constant. In 1846, Burrows suggested
that the volume of blood within the brain could only change
in a reciprocal manner with the CSF and brain parenchyma.
This concept formed the foundation of the Monroe-Kellie
hypothesis, and modern theories of pressure-volume rela-
tionships still refer to this hypothesis. Early anatomists
hypothesized that the choroid plexus was the source of
CSF because of its location within the ventricles. This
hypothesis was substantiated by Dandy and Blackfan3 and
then by Harvey Cushing,4 who observed oozing of fluid from
the choroid plexus during neurosurgery. Later, Ames pro-
vided definitive proof that the majority of intraventricular
CSF was produced by the choroid plexus.5,6
CEREBROSPINAL FLUID AND THE VENTRICULAR
SYSTEM

Anatomy
The choroid plexus produces the majority of the CSF in
addition to smaller amounts secreted by the ependyma
and the perivascular spaces. The choroid plexus is derived
embryologically from the neural epithelium and is com-
posed of two layers, including a specialized ependymal cell
layer composed of the epithelial lining of the ventricular
system and a highly vascularized pia mater layer. This
bilayered structure, known as the choroidal epithelium, is
folded into microvilli and forms a brush border on which
cilia are present on the apical surfaces of some of these
cells (Fig. 26-1). The choroidal epithelium with accom-
panying blood vessels and interstitial connective tissue
collectively form the choroid plexus.

The choroidal epithelium shares many characteristics
with the blood-brain barrier. The concept of a blood-brain
barrier was first considered in the 19th century when Paul
Ehrlich injected dye into the blood of animals and noted
that all the organs except the brain were stained. Later, in
1913, Edwin Goldmann injected dye into the CSF compart-
ment and found that the brain was stained but no dye
appeared in the blood. From these findings, the hypothesis
that the brain was separated from blood and that the brain
capillaries provide this barrier was proposed. When elec-
tron microscopy became available, it was revealed that
capillary endothelial cells rest on a basement membrane
and form a tube joined by continuous tight junctions with
the merging of the outer leaflets of two adjoining cells.
This barrier is involved in protecting the brain from sub-
stances in the blood, selectively transporting desired blood
constituents, and metabolizing or modifying substances
transported between compartments.

The properties of brain endothelial cells that differentiate
them from systemic capillaries include complex tight junc-
tions between individual capillary endothelial cells, which
provide a high electrical resistance. These junctions are
formed through the merging of the outer leaflets of two
adjoining cells. Second, little bulk flow of molecules occurs
through these cells because of the paucity of pinocytotic
vesicles and fenestrae. These two features protect the brain
from various neurotoxic agents that may be present in the
blood. Only substances that can cross biological membranes
owing to their lipophilic character may diffuse unrestricted
across the blood-brain barrier. Specific carrier systems,
however, do exist in the brain endothelial cells and allow
for the controlled exchange of substances between the sys-
tem blood and the nervous system. These include facilitated
diffusion in the case of the glucose transporter and adenosine
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Figure 26-2. The ventricular system. This diagram demonstrates the flow of
cerebrospinal fluid from the choroid plexus to the arachnoid villi. (From
Fishman RA: Cerebrospinal fluid in diseases of the nervous system. In
Fishman RA [ed]: Cerebrospinal Fluid in Diseases of the Nervous System,
2nd ed. Philadelphia, WB Saunders, 1992, p 8.)

Figure 26-1. Diagram of choroidal epithelium demonstrating the ependymal
microvilli and cilia forming a brush border into the ventricular lumen.
(From Page RB, Leure-dePree AE: Ependymal alterations in hydrocepha-
lus. In Wood JH [ed]: Neurobiology of Cerebrospinal Fluid. New York,
Plenum Press, 1983, p 802.)
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triphosphate (ATP)–dependent active transport mecha-
nisms. Third, in addition to the endothelial cells, pericytes,
perivascular microglia, and astrocytes contribute to the bar-
rier. Pericytes are contractile adventitial cells and serve as
the counterpart to the smooth muscle of large systemic ves-
sels. Whereas evidence exists to suggest that these cells are
necessary for the growth and integrity of the capillary
endothelial cells and cellular transport, their exact function
is unknown. Perivascular microglial cells are derived from
bone marrow and most likely migrate to the brain. In proxi-
mity to the capillary endothelial cells, these microglial cells
most likely serve as phagocytes. Finally, astrocytic endfeet
are also closely associated with capillary endothelial cells
and are separated from the cell plasma membrane by only
the basal lamina. The astrocytes and their associated pro-
cesses may be involved in the induction of the blood-brain
barrier.

The choroid plexus is found in the walls of the lateral
ventricles, and this structure is continuous with choroid
plexus in the roof of the third ventricle. Additionally, the
fourth ventricle contains a T-shaped choroid plexus that
projects into the cavity from the roof. Whereas the choroid
plexus of the lateral ventricles receives its arterial supply
from the anterior and posterior choroidal arteries, the third
ventricular choroid plexus is supplied by branches of the
posterior cerebral artery. The posterior inferior cerebellar
artery supplies the choroid plexus of the fourth ventricle.

After the CSF is secreted by the choroid plexus, it circu-
lates throughout the ventricular system and the subarach-
noid space that surrounds the brain and spinal cord
(Fig. 26-2). The anatomy of the ventricular system allows
for movement of CSF in and around all the major struc-
tures of the brain. The lateral ventricles are located within
the cerebral hemispheres and communicate with the third
ventricle via the foramina of Monroe. The third ventricle
lies caudal to the lateral ventricles and is a midline struc-
ture within the diencephalon. At its caudal end, the third
ventricle is connected by the aqueduct of Sylvius to the
fourth ventricle, which is situated between the brain stem
and cerebellum. Cerebrospinal fluid then flows into the
basal cisterns and subarachnoid space by the lateral fo-
ramina of Luschka and the medial foramen of Magendie.
From these cisterns, the CSF flows throughout the sub-
arachnoid space and over the hemispheric convexities and
around the spinal cord.

CSF is reabsorbed into the venous system by numerous
microscopic arachnoid villi and larger but less common
arachnoid granulations. The granulations have a collage-
nous trabecular core with associated channels and a cap of
arachnoid cells on the apex. Villi and granulations represent
outpouchings of the arachnoid membrane that penetrate gaps
in the dura and protrude within the venous sinuses (Fig. 26-3).
Arachnoid villi are also present at various levels of the spinal
cord and surrounding spinal nerve roots.

Physiology
Secretion and Absorption
It is estimated that the average adult ventricular system and
subarachnoid space contain between 90 and 150 mL of
CSF with nearly 80% being present in the ventricles. The
production of CSF occurs at a rate of about 500 mL/day
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Figure 26-3. The arachnoid villi with outpouchings into the superior sagittal sinus. (FromWood K: Physiology, pharmacology and dynamics of cerebrospinal
fluid. In Wood JH [ed]: Neurobiology of Cerebrospinal Fluid. New York, Plenum Press, 1980, pp 1–16.)
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(20 mL/hour), and the entire amount of CSF is replenished
five times a day. The secretion of CSF by the choroid
plexus is linked to the hydrostatic pressure within the
plexus capillaries that moves water and electrolytes into
the interstitial space and subsequently into the choroidal
epithelium (Fig. 26-4).7 Water and ions are then transferred
into the ventricular cavity by either traversing the tight api-
cal junctions or the plasma membrane of the apical villus.
Because the secretion of CSF is associated with the trans-
port of sodium, ion pumps are involved in this transfer,
and the movement of sodium is linked to the membrane-
bound enzyme sodium-potassium–activated ATPase that
has been identified on the brush border and intercellular
clefts.8 In addition to the sodium-potassium ion exchange
at the apical surface, basolateral sodium-hydrogen antiports
and apical and basal chloride-bicarbonate antiports are also
present in the choroidal epithelium (Fig. 26-5). Typically, a
net secretion of sodium, chloride, and bicarbonate occurs
from the plasma to the CSF, yet ion exchanges can occur
in either direction and depend on the relative levels of
various ions in the cells and the CSF.

The exact mechanisms regulating the action of these ion
pumps and the permeability of the choroidal epithelium is
incompletely understood, yet a strong correlation exists
between the rate of sodium exchange and the rate of spinal
fluid formation.9 The rate of sodium exchange is, in turn,
partially regulated by the permeability of bicarbonate, and
the enzyme carbonic anhydrase is important in this relation-
ship. This enzyme is present in the cytosol of the choroidal
epithelium and catalyzes the formation of carbonic acid
from water and carbon dioxide.10,11 Carbonic acid then
freely dissociates to bicarbonate and a hydrogen ion that
are available to participate in their respective ion pumps.
Investigators have demonstrated that a carbonic anhydrase
inhibitor such as acetazolamide can reduce CSF sodium
exchange by 50% to 100%10 and can reduce CSF production
significantly.11 Other factors may influence the rate of CSF
formation (Table 26-1), although most findings are based
on animal studies and the results cannot necessarily be
extended to human physiology.

Because CSF production is in equilibrium with absorp-
tion, approximately 0.35 mL of CSF are absorbed every
minute. This rate is the bulk flow of fluid and does not
represent the absorption of individual constituents such as
ions and proteins. These latter CSF components are
exchanged at individual rates that depend on the rate of
fluid absorption, the degree of active transport of the solute
from the CSF, and the amount of solute diffusion into the
parenchyma of the brain and brain capillaries.7 The process
in which fluid and other molecules move across the villi
and granulations to enter the venous system is not entirely
understood, but possible mechanisms include direct flow
through a tubular system,12 the use of giant vacuoles,13

pinocytosis, and extracellular transport.14

Composition
In addition to the major ions, CSF contains oxygen, sugars
(e.g., glucose, fructose, polyols), lactate, proteins (e.g., albu-
min, globulins), amino acids, urea, ammonia, creatinine,
lipids, neurotransmitters and their metabolites, hormones
(e.g., insulin, gastrin), and vitamins. Whereas the regulation
of many CSF constituents is unknown, some are transported
into the CSF by facilitated diffusion using a proteolipid



Figure 26-4. Diagrammatic representation
of the choroid plexus with respect to the rela-
tionship of a variety of ions and small mole-
cules. (From Wright EM: Transport
processes in the formation of the cerebrosp-
inal fluid. Rev Physiol Biochem Pharmacol
1978;83:1–34.)
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Figure 26-5. Demonstration of the sodium/hydrogen ion, sodium/
potassium, and chloride/bicarbonate pumps in a choroid epithelium cell.
(Modified from Johansen CE, Parandoosh Z, Smith OR: Cl ¼ HCO3

exchange in choroid plexus: Analysis by the DMO method for cell pH.
Am J Physiol 1985;249:478.)

TABLE 26-1

Factors That May Influence the Formation
of Cerebrospinal Fluid (CSF)

AGENT
EFFECT ON CSF
PRODUCTION PRESUMED MECHANISM

Cholera toxin Increases Stimulates adenosine
monophosphate

Alpha-
adrenergic
drugs

Increases Stimulates adenylate cyclase

Hyperosmolality Decreases Alteration in ionic concentrations
Hypothermia Decreases Unknown
Furosemide Decreases Inhibition of the sodium-

potassium-chloride co-transport
system

Dopamine (D1)
antagonists

Decreases Unknown

Vasopressin Decreases Reduces choroidal blood flow
Atrial natriuretic

hormone
Decreases Modulates cyclic GMP activity

Acetazolamide Decreases Inhibition of carbonic anhydrase
Ouabain Decreases Inhibition of sodium-potassium

ATPase

ATPase, adenosine triphosphate; GMP, guanosine monophosphate.
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carrier (e.g., glucose). In general, CSF glucose concentration
is about 60% of the serum. CSF concentrations of sodium,
chloride, and magnesium are the same or greater than those
in the serum; however, potassium, calcium, and glucose
concentrations are lower (Table 26-2).
Acquisition
The technique of the lumbar puncture (LP), or spinal tap,
was first developed by Quinke in 1891 and has likely
changed little since that time (Video 111, Lumbar Puncture).
Before performing an LP to obtain CSF, a patient’s coa-
gulation profile should be checked. If the results of these
studies demonstrate a thrombocytopenic (platelet count
less than 20,000/mL) or a prolonged prothrombin time or



Figure 26-6. Diagram demonstrating the passage of the spinal needle
through the fibers of the longitudinal ligament and into the subarachnoid
space.

TABLE 26-2

Normal Cerebrospinal Fluid (CSF) Constituents

SUBSTANCE PLASMA CSF

Sodium (mEq/L) 140.0 144.0
Potassium (mm/L) 4.6 2.9
Magnesium (mEq/L) 1.6 2.2
Calcium (mg/dL) 8.9 4.6
Chloride (mEq/L) 99.0 113.0
Bicarbonate (mm/L) 26.8 23.3
Inorganic phosphate (mg/dL) 4.7 3.4
Protein (g/dL) 6.8 0.028 (28 mg/dL)
Glucose (mg/dL) 110.0 50 to 80
Osmolality 0.3 0.29
pH 7.4 7.3
PCO2 (mmHg) 41.1 50.5

Adapted from Wood K: Physiology, pharmacology and dynamics of cerebrospinal
fluid. In Wood JH (ed): Neurobiology of Cerebrospinal Fluid, Vol. 1. New York,
Plenum Press, 1980, p 87.
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partial thromboplastin time, these abnormalities should be
corrected before the LP.15 An imaging study of the brain
should be obtained prior to LP in any patient with an
altered level of consciouness, a seizure or a focal exami-
nation, papilledema, or in immunocompromised patients.
In adults, the LP is best performed with the patient in the
lateral decubitus position with the head and spine parallel
to the floor. This positioning is particularly important for
the accurate measurement of the opening and closing
pressures. After positioning the patient, certain landmarks
should be palpated, beginning with the iliac crest. An
imaginary line that runs between the crests will intersect
approximately the L3-L4 interspace. Once this area is
located, the spinal processes of L3 and L4 should be pal-
pated and between them the interspace may be felt. This
procedure is easily accomplished in thin patients but
may be difficult in obese or edematous individuals.

When the landmarks are located, the patient should pull
the knees into the chest and assume the so-called fetal posi-
tion. This maneuver helps widen the vertebral interspace.
The clinician should appropriately prepare the skin surface
using a sterilizing agent and then place the sterile draping.
One to two percent lidocaine should be injected intrader-
mally and then is infiltrated into the deeper tissues. Once
the patient is anesthetized, a spinal needle with a stylet
should be inserted into the skin toward the interspace. Some
debate exists as to the optimum gauge of spinal needle that
should be used. Although fewer post-LP headaches occur
when finer-gauge needles are used,16 it is more difficult to
remove CSF and accurately measure pressures. A 20- or
22-gauge needle is generally used. In order to reduce the risk
of post-LP headache, the needle should be advanced with the
bevel parallel to the long axis of the spine,17 which will pre-
vent the transection of the fibers of the longitudinal liga-
ment. Instead, this technique causes the separation of these
fibers. Alternatively, an atraumatic needle may be used. A
randomized, controlled trial of atraumatic versus standard
needles demonstrated that the use of atrauamtic needles sig-
nificantly reduced the risk of post-LP headache (25% abso-
lute risk reduction). There was, however, a slight increase
in the number of LP attempts when using an atraumatic nee-
dle.18 When the needle reaches the longitudinal ligament,
there will be a slight increase in resistance, yet with contin-
ued advancement a sudden decrease in the amount of resis-
tance will occur. When this is felt, the needle has passed
through the longitudinal ligament and has entered the sub-
arachnoid space (Fig. 26-6). At this point, the removal of
the stylet results in the flow of CSF. If no fluid flows, the
stylet should be replaced and the needle should be rotated
90 degrees so that the bevel is oriented cephalad. The needle
may need to be further adjusted or reinserted if the CSF fails
to flow from the needle. Each time the needle is reinserted,
the stylet should be replaced.

When the CSF begins to flow, a manometer may be
attached to the hub of the spinal needle, which allows the
CSF to flow into the manometer tube. This maneuver
should be done immediately in order to avoid spuriously
low opening pressure readings. Often some fluid has
already been removed. The CSF should be allowed to rise
into the tube until a steady state is reached. Coughing, talk-
ing, or performing the Valsalva maneuver can falsely ele-
vate the pressure reading. It may also be helpful to allow
the patient to come out of the fetal position to reduce the
amount of intra-abdominal pressure, which may affect
opening pressure measurements. A normal opening pres-
sure ranges from 10 to 20 cm H2O (approximately equiva-
lent to 5 to 15 mmHg). Following the measurement of the
opening pressure, the CSF can be collected for analysis.

When acquiring the CSF, the clinician should number the
tubes and maintain this order during the CSF collection.
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After the CSF fluid is collected, the manometer should be
reconnected and a closing pressure should be measured.
This value is usually less than the opening pressure; how-
ever, the range of closing pressure values depends on the
amount of CSF removed. A low opening pressure may indi-
cate a CSF leak or a spinal subarachnoid obstruction, which
does not allow for communication of the lumbar space with
the cranium. Disorders that elevate the opening pressure
(greater than 20 cm H2O) are numerous, including mass-
occupying lesions and diffuse cerebral inflammatory or
toxic processes. The closing pressure is used to assess the
pressure reduction after an LP, particularly in cases of ther-
apeutic lumbar puncture. Before withdrawing the spinal
needle, the stylet should not be reinserted, to lessen the like-
lihood of contamination. It is not necessary for the patient to
lie supine for any specific amount of time after the LP,
because controlled studies have clearly demonstrated that
position does not reduce the risk of a post-LP headache.19

The LP may also be performed in the sitting position, or
CSF may be collected with cisternal or lateral cervical
punctures under fluoroscopic guidance. The advantages
of performing the LP in a sitting position are threefold:
( 1) the midline is muc h easier to dete rmine; ( 2) som e
patients find that tightly flexing the hips while sitting is
more com fortable than the fetal p osition; and (3) gravit y
can assist the flow of the CSF in cases of low CSF pres-
sures. This technique is essentially the same as that of
the lateral decubitus position, but the patient is upright.
The patient should be asked to sit on the edge of the bed
or examination table and lean forward as far as possible.
This position is best accomplished with the patient leaning
forward on a table that is slightly higher than the bed.
With the physician standing behind the patient, the iliac
crests are palpated, and at the intersection of these struc-
tures and in the midline lies the L3-L4 interspace. This
area is prepped, draped, and anesthetized similarly to the
earlier description. Again, the needle is inserted with
the bevel facing laterally so as not to tear the fibers of
the longitudinal ligament. The angle of insertion is upward
in this position, toward the umbilicus. In this position,
neither opening or closing pressures can be accurately
determined. In order to obtain the pressure readings, the
patient may be moved to the lateral decubitus position
once the spinal needle is in the subarachnoid space.

Other than the L3-L4 interspace, several other lumbar
levels may be used to perform the LP including L4-L5
and L5-S1. More rostral levels should not be attempted
because spinal cord trauma may occur. If anatomical
restrictions exist, such as occurs in severe spinal spondylo-
sis, previous spinal surgery with fusion, or morbid obesity,
and impedes the acquisition of CSF levels, an attempt
should be made to obtain CSF under fluoroscopic guid-
ance. If this procedure is unsuccessful, CSF may be
obtained through a cisternal or lateral cervical puncture.
These procedures should be performed by an experienced
clinician under radiographical guidance. A cisternal punc-
ture is performed by placing the spinal needle in the cis-
terna magna and carries the risk of brain stem or upper
cervical cord damage. A lateral cervical puncture involves
the insertion of the spinal needle in the C1-C2 interspace
from a posterolateral approach and also has the risk of
damage to the cervical cord.
When an asymmetrical CNS process or an increase in ICP
is suspected, a computed tomography (CT) or magnetic
resonance imaging scan (MRI) should be obtained prior to
an LP. If a mass lesion is found, the LP should be delayed.
On the other hand, diffuse cerebral processes that pre-
dictably elevate the opening pressure, such as pseudotumor
cerebri20 and some forms of encephalitis or meningitis,21

may be benefited by frequent LPs to lower ICP.
Whereas LP is considered a standard, safe diagnostic

intervention, headache is a common sequel, occurring
in approximately 30% of cases. In the 2000 American
Academy of Neurology practice guidelines, the following
factors were identified to reduce the risk of post-LP head-
aches : (1) small needle siz es, ( 2) assuranc e that bevel
direct ion is para llel to dural fibers, and ( 3) replaceme nt
of the stylet before the needle is withdrawn. There was
no established evidence that recumbency after the proce-
dure or increased fluid intake influenced the frequency
or severity of post-LP headache. In 2005 the American
Academy of Neurology published an addendum to the as-
sessment on prevention of post-LP headache supporting
the use of an atraumatic needle over the traditional cutting
needle for diagnostic LP. However, the use of an atrau-
matic needle is technically more challenging than the use
of a cutting needle and may not be ideal for emergent situa-
tions, patients with a high body mass index, or when the
practitioner is less experienced.

Normal and Pathological Findings (Tables 26-2
to 26-4)

The general appearance of CSF is clear and colorless,
because it is more than 99% water. Color of CSF is
observed only in pathological circumstances. Whereas the
term xanthochromia means yellow color, it has been used
for the presence of other colors as well. Because of this
practice, the actual color of the CSF should be stated and
a gradation of its magnitude (from 1þ to 4þ) should be
noted. A yellowish tinge can be found with any cause of
a markedly increased protein (greater than 200 mg per
100 mL). A yellow or pink color is found when hemoglo-
bin has been released into the CSF from prior bleeding
and sufficient time has passed for its breakdown to biliru-
bin and other pigments. Oxyhemoglobin is red but
becomes pink or yellow when diluted. The concentration
of oxyhemoglobin is maximal within the first 36 hours
and disappears by 14 days. Bilirubin is yellow and is first
detected in the CSF 10 hours after subarachnoid bleeding.
Its concentration is maximal at 2 days and may persist
for up to a month. Other causes for coloration of CSF
include an elevated systemic bilirubin from liver disease;
a brownish or gray coloration in the presence of CNS mel-
anoma; and a greenish tinge related to leukemic meningeal
infiltration.

Fluid that is obviously blood-tinged or bloody indicates
a traumatic tap or the presence of a subarachnoid hemor-
rhage. In traumatic taps, the CSF usually clears as sequen-
tial amounts are collected and is unlikely to have a pink- or
yellow-tinged supernatant. The CSF may occasionally clot
if the ratio of blood to CSF is high. Bloody CSF from sub-
arachnoid hemorrhage does not clear with sequentially col-
lected tubes and may demonstrate xanthochromia if the



TABLE 26-3

Etiologies of Increased CSF Protein in 4157 Patients

INCREASED RANGE (mg/dL)

Diagnosis Total
Normal, 45 mg/
dL or Less

Slightly, 45 to
75 mg/dL

Moderately, 75 to
100 mg/dL

Greatly, 100 to
500 mg/dL

Very Greatly, 500 to
3600 mg/dL High Low Average

Purulent
meningitis

157 3 7 12 100 35 2220 21 418

Tuberculous
meningitis

253 2 30 37 172 12 1142 25 200

Poliomyelitis 158 74 44 16 24 0 366 12 70
Neurosyphilis 890 412 258 102 117 1 4200 15 68
Brain tumor 182 56 45 22 57 2 1920 15 115
Cord tumor 36 5 4 3 14 10 3600 40 425
Brain abscess 33 9 15 3 6 0 288 16 69
Aseptic
meningitis

81 37 20 7 17 0 400 11 77

Multiple
sclerosis

151 102 36 9 4 0 133 13 42

Polyneuritis 211 107 33 17 44 10 1430 15 74
Epilepsy
(idiopathic)

793 710 80 2 1 0 200 7 31

Cerebral
thrombosis

300 199 78 13 10 0 267 17 46

Cerebral
hemorrhage*

247 34 41 32 95 45 2110 19 57

Uremia 53 31 13 8 1 0 143 19 57
Myxedema 51 12 28 3 8 0 242 30 71
Cerebral
trauma{

474 255 84 43 73 19 1820 10 100

Acute
alcoholism

87 80 5 2 0 0 88 13 32

Total 4157 2128 821 331 743 134

*Results on fluids removed at first lumbar puncture are used in most instances.
{Increase of protein usually due to presence of admixed serum.
From Fishman RA: Cerebrospinal fluid in diseases of the nervous system. In Fishman RA (ed): Cerebrospinal Fluid in Diseases of the Nervous System, 2nd ed. Philadelphia,
WB Saunders, 1992, p 431.
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bleeding occurred over 2 to 4 hours before the LP. If the
CSF is acquired over 12 hours after the onset of subarach-
noid hemorrhage, virtually all patients’ CSF will demon-
strate xanthochromia.22

Whenever the viscosity of CSF is increased, the most
likely explanation is a marked increase of protein content.
If sufficient fibrin is present, the free flow of CSF can be
impaired and spontaneous clotting of the CSF can occur
(Froin’s syndrome). Turbidity detected in CSF when a col-
lection tube is twirled in the beam of a bright light is indica-
tive of the presence of at least 200 or more leukocytes per
microliter. Turbidity may also be caused by the presence of
microscopic fat globules that have traveled to the brain as
emboli. The presence of erythrocytes will impart turbidity
up to a concentration of 400 cells/mL, above which there will
be pink coloration from their hemoglobin content.

Six common CSF studies include the cell count and differ-
ential, Gram stain and culture, blood glucose, and protein
concentrations and direct observation for color and character.

Cell Counts
CSF cell counts (red blood cell [RBC] count and white
blood cell [WBC] count) with differentials should be per-
formed on every specimen. Typically, the CSF contains
no RBCs/mL and 0 to 1 WBCs/mL. Cook and Brooks23

reported that the normal CSF WBC count in 11 patients
was 0.826 þ 0.733 cells/mL with differentials of approxi-
mately 66% lymphocytes, 33% monocytes, and 1% poly-
morphonuclear cells. Fishman has also noted that the
normal CSF should contain no more than five lymphocytes
or mononuclear cells per microliter, and counts greater than
6 cells/mL are abnormal. A traumatic LP causes elevations of
RBCs and WBCs, but these elevations are differentiated
from subarachnoid hemorrhage because the former eleva-
tions are high in the first tube but clear in the later tubes.
To determine whether an elevated CSF WBC count is due
to blood from a traumatic tap or other causes, an expected
ratio can be used. If the elevated WBC count is due to blood
in the CSF, 1WBC/mL for every 700 RBC/mL is found. If the
WBC count exceeds this ratio, its origin must be accounted
for from other causes such as infection or inflammation.

Glucose
As noted in Table 26-2, the CSF glucose concentration is
normally 60% of the plasma glucose concentration, and
under nonpathological conditions, this ratio changes pro-
portionately in response to a rising or falling plasma glu-
cose event with a 4-hour lag time. This linear ratio of
CSF to plasma glucose concentration decreases as the
plasma glucose exceeds 500 mg/dL. The reason for this
decrease is unclear, but it may reflect the saturation of
the carrier-mediated transport of glucose at high plasma



TABLE 26-4

Selected Disorders and Associated CSF Studies

DOMAIN DISORDER USEFUL CSF STUDIES EXPECTED RESULTS COMMENTS

Cerebral Dysfunction

Infectious Meningitis (purulent) pr, gl, cell cts, gs, cx, op " pr, # gl, " CSF PMNs, þ gs and cx,
þ bacterial ag’s, " op

þ cryptococcal ag and india ink in cryptococcal meningitis

" LA Mononuclear cells possible in partially rx’d bacterial
meningitis

Meningitis (aseptic) pr, gl, cell cts " pr, nl gl, " CSF WBC (10 to 1000 mononuc
cells/mm3)

PMNs possible in early aseptic meningitis

Encephalitis pr, gl, cell cts, gs, cx mildly " pr (50 to 100 mg/dL), nl gl, " CSF
WBC 50 to 100/mm3 (mononuc)

Herpes simplex encephalitis

" RBC/xanthochromia, þ CSF PCR
HIV encephalopathy pr, gl, cell cts mildly " pr, nl gl, nl or few WBC
Neurosyphilis (acute) VDRL, pr, gl " pr (>45 mg/dL), " WBC (5 to 500

mononuc/mm3), þ VDRL
CSF parameters may be normal

Neuroborreliosis pr, gl, cell cts, OCB, ab’s " pr (�100 mg/dL), nl or # gl, " WBC (�100
mononuc/mm3), þ OCB, þ Lyme ab’s

CSF normalizes in stage III

Tuberculous meningitis pr, gl, cell cts, op, acid-fast
stain, cx

" pr (100 to 200 mg/dL), # gl (<45 mg/dL),
" WBC (25 to 100 mononuc/mm3), " op

May be spinal block; stain and culture require large amts. of
CSF

Abscess Not recommended May be dangerous to perform LP in the face of abscess; risk
of herniation or ventricular rupture

Creutzfeldt-Jakob pr, gl, cell cts Normal 14-3-3 protein in CSF (not readily available)
Progressive multifocal

leukoencephalopathy
JC virus PCR þ JC virus PCR CSF o/w normal

Cysticercosis pr, gl, cell cts, op " pr, # gl, " WBC (mixed w/eosinophilia),
" op

CSF eosinophils constitute 20 to 75 percent

Cerebrovascular Stroke pr, cell cts mildly " pr and WBC Not routinely performed; " LDH, AST and CK-BB in
cortical CVA

Subarachnoid hemorrhage pr, gl, cell cts, color "" pr, # gl, "" RBC, " WBC, xanth pr can be normal or significantly ", gl can be normal or
slightly #

Venous thrombosis cell cts, op " RBC, " op WBC may be " if 2 degrees to septic thrombosis
Anoxic brain Not routinely performed; CK-BB, NSE, MBP may be useful

Dementia Alzheimer’s disease pr, gl, cell cts normal parameters Abnormal CSF helps r/o AD
Degenerative Huntington’s disease pr, gl, cell cts normal Abnormal CSF helps r/o Huntington’s disease

Wilson’s disease pr, gl, cell cts normal Abnormal CSF helps r/o Wilson’s disease
Neoplastic Meningeal carcinomatosis pr, gl, cell cts, cyt, op " pr (24 to 1200 mg/dL), # gl, " WBC (PMN),

þ cyt, mildly " op
Large volumes of CSF and multiple LPs increase cytology

yield
Craniopharyngioma cell cts " WBC (mononuc) A cause of chronic chemical meningitis

Metabolic Hepatic encephalopathy pr, color " pr possible xanth Not routinely performed; op may be "; CSF glutamine "
Uremic encephalopathy pr, cell cts, urea mildly " pr and WBC, " urea, Not routinely performed
Myxedema coma pr " pr (100 to 300 mg/dL)
Mitochondrial

encephalopathies
pyruvate, lactate " pyruvate, lactate MELAS

Demyelinating Multiple sclerosis pr, gl, cell cts, OCB, MBP,
IgG index

" pr, mildly " WBC, nl gl, þ OCB, þ MBP,
" IgG index

Abnormal CSF in 90 percent of cases; pr and cell cts nl
in 2/3

Acute disseminated
encephalomyelitis

pr, gl, cell cts, OCB mildly " pr and WBC, nl gl, þ OCB OCBs may disappear after resolution

Autoimmune Sarcoid pr, gl, cell cts " pr (50 to 200 mg/dL), mildly # gl (30 to 40
mg/dL), " WBC (10 to 100 mononuc/mm3)

ACE " in 50 percent, but not specific

Behçet’s disease pr, cell cts " pr, " WBC (mixed response) 10 to 200 cell/
mm2

CSF results quite varied

Angiitis pr, gl, cell cts, op " pr, # gl, " WBC (mononuc), " op Abnormal CSF in 80 to 90 percent
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Other disorders Normal pressure
hydrocephalus

Diagnostic high volume LP,
op

Gait and mental status improvement after LP,
nl op

High volume LP (40 to 50 cc of CSF)

Pseudotumor cerebri pr, cell cts, op # pr, nl cell cts, " op (250 to 600 mm H2O) CSF removal may be therapeutic in some cases
Migraine See comments Little available data. May have " pr and cell cts in severe

complicated migraine
Generalized seizure pr, cell cts nl " pr, mild " WBC Postictal
Reye’s syndrome pr, gl, cell cts, op pr and gl nl, <10 cell/mm2; " op

Cranial Nerve Dysfunction

Miller-Fisher variant of GBS See GBS See GBS/comments Pr more commonly nl than in GBS
Optic neuritis pr, cell cts, OCB Mild " pr (45 to 60 mg/dL), 50 percent with

mild " WBC (mononuc), þ OCB
þ OCB increase risk of MS

Lyme disease cell cts Mild " WBC (mononuc)
Bell’s palsy pr, gl, cell cts nl CSF Abnormal CSF helps r/o Bell’s palsy
Trigeminal neuralgia Not routinely performed; may have " substance P and

# monoaminesKearns-Sayre syndrome pr " pr (70 to 400 mg/dL)

Motor Dysfunction

CNS Parkinson’s disease Not routinely performed. Abnormal CSF helps r/o
Parkinson’s disease

Huntington’s disease See above Abnormal CSF helps r/o Huntington’s disease
Wilson’s disease See above Abnormal CSF helps r/o Wilson’s disease
Neurosyphilis (paretic) VDRL, pr, cell cts, þ þ VDRL, pr: 50 to 100 mg/dL, cell cts: 25

to 75 leukocytes/mm2
CSF abnormalities increase with duration of disease

HTLV-1 pr, gl, IgG, OCB mild " pr, nl gl, " IgG, þ OCB Serum þ HTLV-1 ag
Poliomyelitis pr, gl, cell cts mild " pr (50 to 200 mg/dL), nl gl, mild " CSF

WBC (mononuc)
CSF WBC # with time

Spinal cord tumor pr, gl, cell cts, cytology may be "" pr, nl gl, " WBC (mononuc), þ cyt Froin’s syndrome (spinal cord block) may sig "
Tetanus pr, gl, cell cts " pr (90 to 150 mg/dL), nl gl, nl cell cts Care must be taken not to induce tetany. Normal cell cts

differentiate from meningitisStiffman’s syndrome pr, cell cts, IgG, OCB nl pr, nl cell cts, " IgG, ? þ OCB
Motor Neuron ALS pr, cell cts mild " pr and cell cts Nondiagnostic

Guillain-Barré (GBS) pr, cell cts " pr, nl cell cts Pr peaks between 1 and 3 wks. Cell cts >5 should prompt
search for another causeNerve Brachial plexopathy pr, cell cts mild " pr (50 to 60 mg/dL), nl cell cts

Chronic inflammatory
demyelinating
polyradiculopathy (CIDP)

pr, gl, cell cts " pr (100 to 200 mg/dL), nl gl, mild " WBC (5
to 50 cell/mm3)

Similar to GBS; pr elevation corre-lates with severity; þ
WBC in 10 percent

Inherited neuropathy pr, gl, cell cts mod " pr (50 to 200 mg/dL), nl cell cts
Muscle Myopathy or myositis Not routinely performed

Cerebellar Dysfunction

Cerebellitis pr, gl, cell cts pr, gl, cell cts mildly " pr, nl gl, cell cts usually <100/mm2

(mononuc)
Usually secondary to varicella- zoster

Paraneoplastic cerebellar
disease

pr, cell cts, abs mild " pr, mild " WBC (8 to 20 cells/mm3) þ
anti-Yo or anti-Hu ab

Anti-Yo in ovarian, uterine, or breast CA. Anti-Hu seen in
lung CA

Sensory Dysfunction

Neuropathy Diabetic pr, gl, cell cts " pr (50 to 400 mg/dL), nl cell cts, " gl
(secondary diabetes)CIDP See above

Inherited neuropathies See above
Neurosyphilis (tabes dorsalis) VDRL, pr, gl, cell cts 3/4 w/þ VDRL, CSF freq o/w WNL CSF may resemble paretic form, but parameters improve w/

progression

abs, antibodies; ACE, angiotensin-converting enzyme; AD, Alzheimer’s dementia; ag, antigen; AST, aspartate aminotransferase; bact, bacteria; CA, cancer; cell cits, cell counts; cerebrovasc, cerebrovascular; cK-BB, creatinine kinase BB
isoenzyme; CSF, cerebrospinal fluid; CVA, cerebrovascular accident (stroke); cyt, cytology; degen, degenerative; gl, glucose; gs, Gram stain; LA, lactic acid; LDH, lactate dehyedrogenase; MBP, myelin basic protein; mononuc, mono-
nuclear cells; nl, normal; NPH, normal pressure hydrocephalus; NSE, neuron-specific-enolase; OCB, oligoclonal bands; OP, opening; o/w, otherwise; pr, protein; r/o, rule out; rx’d, treated; sig, significantly; VDRL, venereal disease research
laboratory test; wks, weeks; WNL, within normal limits; xanth, xanthochromia.
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IgG index =
ImmunoglobinsCSF/ immunoglobinsserum

AlbuminCSF/albuminserum

Figure 26-7. Formula for the determination of cerebrospinal fluid immuno-
globulin. (From Fishman RA: Cerebrospinal fluid in diseases of the ner-
vous system. In Fishman RA [ed]: Cerebrospinal Fluid in Diseases of
the Nervous System, 2nd ed. Philadelphia, WB Saunders, 1992, p 431.)
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concentrations.7 As a result, it is important to obtain a
concomitant serum glucose level at the time of the CSF
sample. Although an elevated CSF glucose level (hypergly-
corrachia) results from an elevated plasma glucose level, a
decreased CSF glucose concentration (hypoglycorrachia)
may be due to a variety of causes including hypoglyce-
mia. The other etiologies include bacterial meningitis24,25

(including typical bacteria, tuberculosis, and neurosyphilis),
fungal meningitis, certain viral meningitides (mumps),26

subarachnoid hemorrhage,27 carcinomatosis meningitis,
chemical meningitis, and meningitis resulting from parasitic
organisms (cysticercosis, trichinosis, amebiasis). If 0.4 is
used as the lower limit of the normal CSF to serum glucose
ratio, values below 0.4 have a sensitivity of 80% to 91%
and a specificity of 96% to 98% for bacterial meningitis ver-
sus aseptic meningitis (inflammatory cells without evidence
of a common bacterial pathogen).28,29 The CSF glucose
value often returns to normal before other CSF determina-
tions (such as protein or lactate), and some investigators
have suggested serial determinations to guide treatment
decisions.25 The CSF glucose level may take several weeks
to return to normal despite the normalization of the protein
concentration and cell count.30

Protein
The majority of CSF protein is derived from the serum, and
the CSF/serum albumin ratio is approximately 1:200. This
ratio implies that the entry rate of protein from the serum
to the CSF is approximately 200 times less than its exit
rate.7 The CSF protein concentration varies at different
levels of the neuroaxis and generally increases from the
cephalad to caudal levels. Elevation in lumbar CSF protein
is a nonspecific but sensitive indicator of CNS disease.7

Table 26-3 illustrates the various disorders that can cause
an elevation in the CSF protein level.23 A very high CSF
protein concentration (greater than 500 mg/dL) is an in-
frequent finding but can occur with bacterial meningitis,
subarachnoid hemorrhage, or spinal-subarachnoid block.
When a significant amount of blood is present in the CSF
(e.g., subarachnoid hemorrhage), a correction for the total
protein concentration should be calculated. The presence
of 1000 RBCs in the CSF results in the increase of protein
by 1 mg/dL. A spinal-subarachnoid block can cause Froin’s
syndrome and is usually the result of a spinal cord tumor and
can cause very significant elevations in CSF protein (greater
than 1000 mg/dL).23 Protein concentrations of 100 mg/dL or
greater have sensitivity and specificity for bacterial menin-
gitis of 82% and 98%, respectively, as compared with asep-
tic meningitis,31 and if the concentration is 200 mg/dL, the
sensitivity is 86% and the specificity is 100%.28 A lower
than normal CSF protein level may occur in young children
(6 months to 2 years of age), in patients with pseudotumor
cerebri, and in patients with unintended loss of CSF from
frequent LPs, a lumbar drain, or a lumbar dural CSF leak.

Certain proteins arise within the intrathecal compart-
ment. Among these are immunoglobulins produced by
CNS lymphocytes, transthyretin (produced by choroid
plexus), and various structural proteins found in brain tis-
sue (including glial fibrillary acidic, tau, and myelin basic
proteins). The last group of proteins and transthyretin are
found only in trace amounts, whereas immunoglobulins
compose a substantial fraction of normal CSF (5% to
12%). Electrophoretic techniques can be used to define
the gamma globulins as a heterogeneous group of proteins.
Because serum IgG comprises nearly 20% of the total
serum protein, a variety of formulas have been used to
correct the CSF IgG level for the contribution derived
from the blood in order to determine the CNS (Fig. 26-7).
Contamination of the CSF with blood may significantly
elevate the IgG index and the IgG synthesis rate.

The electrophoretic separation of CSF proteins can be
accomplished through the use of agarose gel and by the
staining of the bands that are produced. Within the gamma
region, three patterns of bands may be observed including
one clone (monoclonal), many clones (polyclonal), and a
few bands (three to five bands, or oligoclonal bands).7

Each band represents a homogeneous protein that is
secreted by a single clone of plasma cells.

Oligoclonal bands (OCBs) are present in the CSF when
three to five bands are seen on gel electrophoresis. This
finding implies that a single clonal population of plasma
cells is responsible for each band. More than one OCB
rarely occurs in normal CSF. A serum sample should also
be obtained simultaneously with the acquisition of the
CSF to determine whether the OCBs are unique to the
CSF. Oligoclonal bands are present in 83% to 94% of
patients with multiple sclerosis, 100% of patients with sub-
acute sclerosing panencephalitis, 25% to 50% of patients
with other inflammatory CNS disorders (CNS lupus, neu-
rosarcoidosis, cysticercosis, Behçet’s disease, and viral,
fungal, and bacterial infections), as well as most with some
brain tumors and Guillain-Barré syndrome. Because OCBs
are present in such varied conditions, their presence offers
little to a specific diagnosis.

Gram Staining
Examining the CSF with Gram stain is useful to diagnose
bacterial meningitis.24 A Ziehl-Neelsen acid-fast stain
should also be performed if tuberculous meningitis is a diag-
nostic possibility. CSF cultures should be done in the setting
in which an infectious process is suspected. Bacteria that
commonly cause meningitis are routinely cultured on stan-
dard preparations. Mycobacterium can also be cultured,
yet several weeks (or more) may be required to grow
these organisms. Viral cultures may be ordered; however,
the yield is generally low. Fungal cultures should be per-
formed in clinical settings of suspected chronic meningitis.

Specialized Tests
In addition to these routine studies, various specialized
tests may also be useful in specific clinical settings.

The measurement of the CSF acid-base status is not
normally part of the routine evaluation of this body fluid.
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In experimental studies, normal subjects have a CSF pH
that is slightly lower than the pH of arterial blood and
a PCO2 that is higher. In contrast, bicarbonate levels are gen-
erally equal. Comparisons between CSF obtained through
cisternal and lumbar punctures reveal that the pH is
typically lower and PCO2 higher in lumbar CSF. Again,
bicarbonate levels are not significantly different. The varia-
tions between the cisternal and lumbar CSF samples
may reflect differences in rates of local metabolism relative
to clearance rates,32 and the clinical measurement of
the lumbar CSF pH may be an unreliable indicator of the
metabolic state of the CNS.

Because the concentration of CSF lactate is dependent on
CNS glycolysis,33 themeasurement of this agent may be help-
ful in the diagnosis of bacterial meningitis. This concentration
of lactate increases proportionally to the number of inflamma-
tory cells in the CSF.34 A lactate concentration of 4.2 mmol/L
accurately predicted 24 out of 25 cases of bacterial meningi-
tis, whereas no patients with presumed viral meningitis had
a lactate level that exceeded this value. Unlike the glucose
concentration, CSF lactate levels typically remain elevated
for a significant time after appropriate therapy is initiated.25

This finding may be helpful in the diagnosis of bacterial
meningitis when antibiotics had been given before the acqui-
sition of CSF. The CSF lactic acid level can also be useful for
differentiation of bacterial meningitis from a nonbacterial
meningeal syndrome following neurosurgical proceedures.35

Increased lactate may also result from a cerebral hemorrhage,
malignant hypertension, hepatic encephalopathy, diabetes
mellitus, and hypoglycemic coma.36

Perhaps an even better marker for bacterial meningitis is
the measurement of CSF concentrations of C-reactive pro-
tein (CRP). In a meta-analysis of studies published from
1981 through 1995, Gerdes and colleagues analyzed 24
studies examining the use of CSF concentrations of CRP
for the diagnosis of bacterial meningitis.37 These studies
were heterogeneous in design, with some involving chil-
dren only, some adults and children, and some adults only,
some using quantitative and some qualitative measures of
CRP. Although most of these studies were small, some
enrolled large numbers of patients (250–478) and most com-
pared patients with bacterial versus viral meningitis. Gerdes
and colleagues found that the sensitivity ranged from 18% to
100% and the specificity ranged from 75% to 100%. In spite
of these wide-ranging values and varying methods, the odds
ratio was quite high at 241 (95% CI: 59–980) for diagnosing
bacterial meningitis.

The measurement of CSF glutamine can be a helpful test
in diagnosing patients with confusion in the setting of hepa-
tic encephalopathy. Glutamine is formed by the combination
of ammonia, which is toxic to the CNS, and alpha-ketogluta-
rate in the brain. This process helps protect the CNS from the
effects of ammonia. Normally, the CSF concentration of
ammonia is less than one half of arterial levels, but may
increase dramatically in patients with hepatic failure.7

Although a correlation exists between increased levels of
ammonia and glutamine and the severity of encephalopathy,
technical difficulties exist that hamper the ability to use
these indices in acute settings.7

Various biogenic amines (and their metabolites) may be
measured within the CSF, including dopamine (homovanil-
lic acid [HVA]), serotonin (5-hydroxyindoleacetic acid [5-
HIAA]), and norepinephrine (3-methoxy-4-hydroxyphen-
ylglycol [MHPG]). Significant ventricular to lumbar gradi-
ents exist for HVA and 5-HIAA, although MHPG levels are
nearly equivalent. Decreased lumbar CSF levels of HVA
and 5-HIAAhave been reported in patients with parkinsonism
and Alzheimer’s disease. Whereas decreased HVA levels
have also been documented in the ventricular CSF of patients
with dystonia, cerebral palsy, multiple sclerosis, and posthy-
poxic states, no significant differences in 5-HIAA levels are
apparent. Biogenic amine levels have also been studied in
psychiatric patients, and whereas normal HVA levels are pre-
sent in the lumbar CSF of patients with schizophrenia,
decreased 5-HIAA concentrations are present in depressed
subjects. Increased lumbar CSFMHPG levels have been iden-
tified in patients with cerebral infarction and hemorrhage.
Animal studies further reveal that changes in biogenic amine
levels in the CSF parallel CNS changes; however, delays in
the clearance of these metabolites from the CSF complicate
the interpretation of the values obtained. Because of these
physiological constraints and the nonspecific nature of
changes in biogenic amine levels, their measurement remains
a research tool and has little clinical applicability.

Tumor cells can also be found in the CSF and occur in
association with neoplasms of the brain or meninges. The
cytopathological identification of these cells requires the
acquisition of large volumes of CSF (more than 20 mL)
and the sample should be brought immediately to the labora-
tory to minimize cell lysis and morphological changes.
Serial LPs may be necessary to obtain positive cytological
results. In a study of the usefulness of CSF cytology and
autopsy, Glass and co-workers reported that 26% of patients
with metastatic brain tumors had positive CSF cytological
findings.38 In another study, the cytological examination of
the CSF identified metastatic involvement of the meninges
in 70% of cases.39 The detection of other CSF markers
may be useful for the diagnosis of primary or metastatic
malignancies including astroprotein (glioblastoma), carci-
noembryonic antigen (carcinomas), b-2-microglobin (lym-
phoblastic leukemia and lymphoma), a-fetoprotein (germ
cell tumors), chorionic gonadotropin (choriocarcinoma and
testicular tumors), and ferritin (carcinomas).40

Finally, it is possible to measure a wide variety of
enzymes in the CSF, although few are clinically important
and most are not routinely obtained. An elevated lactate
dehydrogenase (LDH) may occur in bacterial meningitis41

and cortical versus lacunar strokes.42 Elevated levels of
CSF creatinine kinase-BB are also present in a wide variety
of conditions that cause parenchymal damage. Lysozyme
levels are increased in processes similar to those previously
mentioned, whereas adenosine deaminase (ADA) eleva-
tions can occur in tuberculous meningitis.39 Though some
authors have found that increased ADA levels are sensitive
for tuberculous meningitis, it appears ADA has limited
utility in the diagnosis in HIV infected individuals due to
a high false positive rate in this patient population.43

INTRACRANIAL PRESSURE

Basic Principles
Intracranial hypertension may result from a wide variety of
surgical and medical conditions. The association between



TABLE 26-5

Causes of Increased Intracranial Pressure

Space-Occupying Lesions

Intracerebral hemorrhage
Epidural hemorrhage
Subdural hemorrhage
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elevated ICP and the potential for devastating brain stem
herniation has been recognized for centuries. Because the
skull is essentially a closed container, its contents have
only limited compressibility. The intracranial contents are
com posed of thr ee com partment s: ( 1) the brain and int ersti-
tial fluid, take up approximately 80% of the intracranial
space ; ( 2) intrav ascular blood, which accou nts for 10% of
intrac ranial space; and ( 3) the CSF (in the ventricles and
subarachnoid space), which makes up the final 10%. In
order to maintain physiological ICP, an increase in volume
of one compartment must lead to a compensatory decrease
in the volume of another compartment. As an example, dif-
fuse cerebral edema causes an increase in the parenchymal
and interstitial compartment that necessitates a compensa-
tory decrease in the amount of blood or CSF (or both) in
the intracranial space. Similarly, an increase in the CSF
compartment (hydrocephalus) must lead to a decrease in
the parenchymal or blood compartments.

The body is able to regulate and modify the diameter of
brain arterial vasculature to maintain a relatively constant
amount of blood flow over a range of systemic blood pres-
sures that vary among patients (Fig. 26-8). This regulatory
mechanism, termed autoregulation, allows the brain to reg-
ulate the flow of blood to meet its metabolic needs. Under
normal conditions, the cerebral blood flow ranges between
50 and 60 mL per 100 g brain per minute (approximately
700 to 850 mL blood per minute for the whole brain)7

and accounts for about 20% of the total cardiac output.
In patients with chronic hypertension, the graph is shifted to
the right (see Fig. 26-8). The cerebral vasculature is inner-
vated by cholinergic-, noradrenergic-, and neuropeptide-
containing neurons; however, it is unlikely that these
neurotransmitters contribute significantly to autoregulation,
although they certainly contribute to cerebral blood flow.
The control of autoregulation more likely arises from the
intrinsic sensitivity of the vascular smooth muscle cells
to tension across the vessel wall. Additionally, hydrogen
ions also have effects on the vessels, and increases in their
concentration result in dilatation. The precise role of the
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Figure 26-8. This graph illustrates the approximate mean arterial pressures
in which the brain is able to autoregulate blood flow (flat portion of
graph). The line in color illustrates the shift to the right in a person with
chronic hypertension.
mechanisms involved in cerebral vasculature autoregulation
under all conditions remains unclear.

Many of the diseases or syndromes that increase ICP do so
by causing cerebral edema (Table 26-5). The pathophysiol-
ogy of cerebral edema is based on one (or more) of three
causes (Table 26-6). In vasogenic edema, an increase in capil-
lary permeability occurs through the widening of tight junc-
tions and increases in pinocytotic vesicles at the level of the
blood-brain barrier. Because a disruption of the blood-brain
barrier occurs with this disorder, MRI and CT studies admin-
istered with contrast typically demonstrate brain paren-
chymal enhancement. In cytotoxic edema, a swelling of the
neurons, glia, and endothelial cells of the brain is present.
Cytotoxic edema occurs in the setting of a decreased energy
supply to brain cells (i.e., hypoxia) or osmotic disequilibrium
(i.e., dialysis disequilibrium). The third type of cerebral
edema occurs with hydrocephalus and results in an increase
in interstitial fluid in the periventricular region. Through this
mechanism, hydrocephalus raises ICP by increasing CSF
volume and causing periventricular cerebral edema.

ICP Monitoring
Recording the ICP was initially performed through LPs in the
1890s by Quinke. Although the opening pressure is routinely
measured at the time spinal taps are performed, this technique
is not appropriate for long-term ICP monitoring.

Because clinical signs of elevated ICP, such as the Cushing
response (systemic hypertension, bradycardia, and irregular
respirations),44 are usually a late finding and may never even
Tumor
Abscess

Diffuse Cerebral Edema

Meningitis
Encephalitis
Hepatic encephalopathy

Reye’s syndrome
Acute liver failure

Electrolyte shifts
Dialysis

Hypertensive encephalopathy
Postanoxic brain injury
Lead encephalopathy
Uncompensated hypercarbia
Head trauma

Diffuse axonal injury

Hydrocephalus

Subarachnoid hemorrhage
Meningitis
Aqueductal stenosis
Idiopathic

Miscellaneous

Pseudotumor cerebri
Craniosynostosis
Venous sinus thrombosis



TABLE 26-6

Types of Cerebral Edema

TYPE OF EDEMA PATHOGENESIS LOCATION EDEMA FLUID
ECF
VOLUME SYNDROMES

Vasogenic Increased capillary
permeability

White matter Plasma filtrate Increased Tumor, abscess, infarction, hemorrhage, lead
encephalopathy, ischemia, meningitis

Cytotoxic Cellular swelling Gray and white matter Intracellular H2O
and sodium

Decreased Hypoxia, # osmolality, ischemia, meningitis,
Reye’s syndrome

Hydrocephalus Increased
intraventricular
fluid

Ventricular,
periventricular white
matter

Cerebrospinal
fluid

Increased Communicating and noncommunicating
hydrocephalus

Adapted from Fishman RA: Cerebrospinal Fluid in Diseases of the Nervous System. Philadelphia, WB Saunders, 1992.
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occur,45 it is important to directly measure ICP with an inva-
sive device in appropriate settings. Furthermore, because
increases in ICPmay result in a decrease in cerebral perfusion
pressure (CPP) if autoregulation fails, early intervention can
be hastened by the direct measurement of ICP. Normal ICP
ranges from approximately 10 to 20 cm H2O (or about 5 to
15 mmHg). CPP is calculated by subtracting the ICP from
the mean arterial pressure (MAP) (CPP¼MAP� ICP). Cer-
ebral vasculature autoregulation cannot maintain appropriate
cerebral blood flow and perfusion at CPP levels below 50
mmHg. Long-term ICP monitoring was initiated in the
1950s and 1960s with the introduction of ventricular catheter-
ization. This procedure involves insertion of a sterile catheter
into the lateral ventricle that is guided by either skull-based
landmarks or through stereotactic placement. Once within
the ventricle, CSF may be drained and the ICP can be moni-
tored. The latter may be completed by either direct visualiza-
tion of the height of the CSF column generated outside the
body or through its measurement by an external transducer.
Possible complications of the ventricular catheter include sub-
dural, epidural, or intracerebral hematomas and infection. A
risk of so-called upward herniation exists if an infratentorial
mass is present and CSF is quickly removed from the supra-
tentorial lateral ventricles. Other systems for themeasurement
of ICP do not involve direct entry into the ventricles. Collec-
tively, these devices are termed intracranial bolts, although
this is a misnomer, and historically, they consist of hollow
screws that are inserted through the skull and extend into the
subarachnoid space. After the placement of these devices,
tubing filled with sterile saline is attached to the bolt and a
pressure monitor. True bolts are rarely used today, yet multi-
ple systems are available that may use a hollow screw-like
device. These devices usually use a pressure transducer or a
fiberoptic cable inserted through the hollow bolt that directly
measures the pressure within the subdural or subarachnoid
space or in the brain parenchyma. Compared with the ventric-
ulostomy, the risk of hemorrhage and ventriculitis is lower
with this procedure.

After the ICP monitoring device is inserted, a waveform
may be generated. Because the ICP varies with both
respirations and the cardiac cycle, positive deflections of
2 to 10 mm H2O can be observed in a patient who is not
receiving positive-pressure ventilation immediately after
systole and during exhalation. Maneuvers to test the func-
tion of the ICP monitor include asking patients to increase
their intrathoracic pressure (by using the Valsalva tech-
nique), which causes an increase in the ICP. Alternatively,
a modified Queckenstedt test may be performed in which
the jugular veins are lightly compressed. Because this man-
euver causes a decrease in the venous drainage from the
brain, an increase in the ICP occurs, and if the intracranial
compliance is low, this is rapidly observed. Neither of
these tests should be performed in patients with critically
elevated ICP. In these patients, evidence for plateau waves
(acute elevations in ICP [600 to 1300 mm H2O] that last 5
to 20 minutes and then return to baseline) may be present.
These waves may represent an autoregulatory response to
insufficient cerebral blood flow (secondary to elevated
ICP) that produces vasodilatation, an increased cerebral
blood flow, and, in turn, further elevations of the ICP.46

Because of the presumed underlying pathophysiology, the
presence of plateau waves suggests a poor prognosis.

The clinical conditions for performing ICP monitoring
or ventricular drainage are limited. In severe head trauma
with diffuse intracerebral edema, ICP monitoring may aid
in guiding therapeutic interventions; however, no rando-
mized, controlled studies exist to determine if ICP monitor-
ing affects long-term outcome. Other conditions that may
require ICP monitoring to guide interventions include large
intracranial hemorrhages or strokes, encephalitis or bacte-
rial meningitis, acute and fulminant hepatic encephalopathy,
intracranial tumors, and Reye’s syndrome. In patients with
normal pressure hydrocephalus, transient elevations in ICP
(similar to plateau waves) may be present during rapid eye
movement sleep, and documentation of these waves may
aid in determining which patients could improve with
shunting.

Treatment of Increased Intracranial Pressure
The treatment of increased ICP involves a few standard
procedures (Table 26-7). Perhaps the easiest method for
decreasing ICP is proper positioning of the patient and
the avoidance of situations that can increase intrathoracic
pressure. Placing the patient in an upright (or close to
upright) position will lower ICP by promoting an increase
in venous flow and will avoid compression of the jugular
veins. Additionally, if high pressures associated with posi-
tive-pressure ventilation are managed, increases in ICP
can be reduced. The control of pain and agitation with
pharmacologic agents is also important. Sedative medica-
tions can also lower ICP by reducing cerebral metabolic
rate of oyxgen consumption and cerebral blood flow. The
administration of intravenous mannitol or hyperventilation



TABLE 26-7

Treatment Options for Elevated Intracranial Pressure (ICP)

TREATMENT DOSE ADVANTAGES LIMITATIONS

Hypocarbia by
hyperventilation

PCO2 25 to 33 mmHg RR 10 to
16/min

Immediate onset, well tolerated Hypotension, barotrauma, duration usually
hours or less

Osmotic Mannitol 0.5 to 1 g/kg Rapid onset, titratable,
predictable

Hypotension, hypokalemia, duration hours or
days

Barbiturates Pentobarbital 1.5 mg/kg Mutes BP and respiratory
fluctuations

Hypotension, fixed pupils (small), duration days

Hemicraniectomy Timing critical Large sustained ICP reduction Surgical risk, tissue herniation through wound

BP, blood pressure; RR, respiratary rate.
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can quickly lower ICP in most patients, yet both proce-
dures have possible adverse side effects and are not long
lasting. Mannitol treatment may lead to dehydration or
electrolyte imbalance as a result of its potent osmotic
diuretic effect. The beneficial effects of hyperventilation
are believed to be short lived because the body quickly
compensates for the induced respiratory alkalosis by pro-
ducing a metabolic acidosis. However the effects of hyper-
ventillation may be more prolonged in the injured brain
than commonly realized. Theoretically, overhyperventila-
tion may lead to significant vasoconstriction with asso-
ciated cerebral ischemia. Though hyperventillation can
lead to decreased cerebral oxygenation and neurochemical
parameters that suggest ischemia, some controversy exists
as to whether outcome is negatively affected. One prospec-
tive trial did show worse outcome associated with prolonged
hyperventillation within the first few days following severe
traumatic brain injury (TBI).47 It is best to advoid signifi-
cant hyperventillation unless brain stem herniation is evi-
dent. Corticosteroids are best used to treat increased ICP
in the setting of vasogenic edema (see Table 26-5) such as
occurs with brain tumors or abscesses and have little value
in the setting of a patient with a stroke or head trauma.
The management of blood pressure is also important in
patients with an elevated ICP, because although lowering
the systemic blood pressure can lower ICP, it may also
lower CPP. Beta-blockers or mixed beta- and alpha-block-
ers provide the best antihypertensive effects without causing
significant cerebral vasodilatation that can lead to elevated
ICP. Finally, in rare cases of hydrocephalus, direct drainage
of CSF by ventriculostomy may be extremely useful.

Normal-Pressure Hydrocephalus
PATHOGENESIS AND PATHOPHYSIOLOGY. Normal-

pressure hydrocephalus (NPH) is the result of an imbalance
between production and resorption of the CSF, usually
around the brain convexities. Whereas there is full commun-
ication between the ventricles and the subarachnoid space
(communicating hydrocephalus), the communication
between the subarachnoid space and the arachnoid villi
and granulations is not intact, so fluid is not transferred effi-
ciently to the superior sagittal sinus. Subarachnoid hemor-
rhage, meningitis, head trauma, and elevated levels of
CSF protein all cause thickening of the arachnoid or
obstruction of the subarachnoid space. A relatively large
number of patients do not have an identifiable cause for
hydrocephalus, and, pathophysiologically, their lesion best
fits with reduced resorption of CSF, based on studies of
increased resistance to CSF outflow.48 Less frequently,
intracranial tumors, stenosis of the aqueduct of Sylvius,
and arachnoid cysts (causes mainly discussed in the pre-
vious section) can cause NPH due to obstruction within
the ventricular system, and normal pressure is maintained
as a result of apparent compensations.

In spite of its name, it appears that intracranial pressure
in NPH is not always normal. Physiological experiments
suggest that a transient elevation of pressure may increase
ventricular size and a new fluid balance is reached with
normal pressure but with a higher force, based on Pascal’s
law of pressure in fluids. Other mechanisms may include
abnormal ventricular distensibility, increased CSF pulse
amplitude, and increased transmantle pressure gradients
between the intraventricular and subdural spaces that lead
to expansion of the ventricles.

EPIDEMIOLOGY AND RISK FACTORS. NPH has its
highest prevalence in the late middle-aged and elderly groups,
and is rare in patients younger than 60 years of age. On the
other hand, neonates, infants, children, adolescents, and young
adults can develop primary or secondary NPH. It accounts for
5% of patients with dementia in the older age group, but its
prevalence in the general population is unknown.

CLINICAL FINDINGS AND ASSOCIATED DISORD-

ERS. The triad of progressive dementia, gait disturbance,
and urinary incontinence was originally described by Adams
and colleagues.49 In most instances, gait disturbance is the
first sign, followed by dementia, and, later, urinary dysfunc-
tion. The gait is slow, unsteady, and wide-based (Video 54,
Normal-Pressure Hydrocephalus). Steps are usually short,
and patients have difficulty picking their feet off the ground
to ambulate (so-called magnetic gait). Turning is difficult
and takes several steps. On examination, there is bradykine-
sia, and the legs may be spastic with increased reflexes.
Patients may have difficulty in handwriting and dressing,
and may appear to be mildly parkinsonian, but their tremor,
if present, is usually postural, not resting. One particular fea-
ture is the discrepancy between leg function during walking
and simulated walking when sitting. Patients can usually
move their legs well and imitate walking while in a chair,
but they become awkward and severely impaired as soon
as they attempt to walk. This dyspraxia for gait eliminates
a pyramidal lesion.

Cognitive decline is clinically multidimensioned and
involves impaired attention, poormemory, and poor executive
function.50 Apathy and bradyphrenia are common, whereas
aphasia and upper extremity limb dyspraxia are uncommon.
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Neuroanatomically, the gait dysfunction and urinary
impairment are believed to relate to the stretched fibers
innervating the legs and sphincters that project through
the vicinity of the frontal horns of the ventricular system.
Compromised microcirculation due to increased intrapa-
renchymal pressure may contribute to the cognitive impair-
ment. Positron-emission tomography (PET) data suggest
that glucose utilization defects are widespread in NPH and
involve subcortical and cortical regions.

EVALUATION AND DIFFERENTIAL DIAGNOSIS. Be-
cause the clinical picture of NPH is not specific, especially
in the younger patient, several diagnostic tests play a cru-
cial diagnostic role. CT or MRI scans are important to
establish the presence of hydrocephalus. The diagnosis of
NPH is supported when the anterior ventricular horns mea-
sure greater than 30% of the diameter of the cranial cavity
and the inferior horns are wider than 2 mm. On T2-
weighted MRI, increased signal in the periventricular areas
occurs due to presumed transependymal exudation of CSF.
Other findings can suggest alternate diagnoses: for exam-
ple, a normal-sized fourth ventricle with dilated third and
lateral ventricles usually indicates aqueductal stenosis.

Clinically, dementing illnesses of all types must be
differentiated from NPH. Alzheimer’s disease is not asso-
ciated with marked gait dysfunction, and a patient with
multi-infarct dementia or Binswanger’s disease may have a
similar clinical presentation to a patient with NPH but has
MRI signs of multiple strokes. In younger patients, in whom
the classic clinical triad may not be met, the differential
diagnosis is wider.

A lumbar puncture usually reveals normal CSF pressure.
Furthermore, removal of 20 to 50 mL of CSF may cause
clinical improvement in cognitive and gait dysfunction
supporting the diagnosis of NPH. Intermittent pressure B-
waves detected by intracranial monitoring devices suggest
decreased brain compliance and NPH. Radioisotope cister-
nography is used most often but is not particularly specific.
Whereas in normal subjects isotope injected intrathecally
can be seen around the brain convexity within 48 hours,
reflux into the ventricles and stasis beyond 48 hours are
often seen with NPH. However, this finding has relatively
low predictive accuracy in the diagnosis of NPH and the
response to therapy by shunting procedures.51

MANAGEMENT AND PROGNOSIS. The primary treat-
ment is large-volume lumbar puncture and eventual ventri-
cular shunting. However, selection of patients for shunting
is controversial; most reports agree that dementia of less
than 2 years’ duration and typical gait and urinary dysfunc-
tion should be considered for shunting as long as there is
no evidence for a multi-infarct state on MRI scans. Medi-
cal management can include acetazolamide or digoxin to
decrease CSF production. The rate of complications of
CSF-diverting procedures is approximately 30%, with 5%
being serious with long-term sequelae.52 Subdural hemato-
mas, intracranial infections, stroke, and failure of the shunt
are the major complications. The proportion of patients
who experience long-term benefit from this treatment
range from 25% to 80%.

SYNDROMES OF ALTERED CSF DYNAMICS. Several
syndromes occur when the normal production or flow of
CSF is altered. Those syndromes related to obstruction
of the ventricular system, either the foramen leaving the
lateral ventricles or the third or fourth ventricle cause
“obstructive hydrocephalus,” discussed primarily in Chapter
1 because altered level of consciousness is the usual over-
riding symptom. Another condition, normal pressure hy-
drocephalus, as a syndrome, is discussed in this chapter
and further details are available in various Chapters in Part
Three dealing with specific etiologies associated with this
clinical picture.
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HISTORY AND DEFINITIONS

Neuropsychology is the subspecialty of psychology that
studies brain–behavior relationships. Neuropsychology is a
diverse field that includes experimental neuropsychology,
the study of brain–behavior relationships in nonhumans; cog-
nitive neuropsychology, the study of normal cognition in
humans; behavioral neuropsychology, the blending of behav-
ioral theory and neuropsychological principles; and clinical
neuropsychology, the study of brain–behavior relationships
in humans. When a physician requests neuropsychological
testing for a patient, a clinical neuropsychologist will likely
provide the assessment.

In most states, clinical neuropsychologists are licensed
as clinical psychologists and have specialized training (both
pre- and postdoctoral) in neuropsychology. The major role
of clinical neuropsychologists is the assessment of cognitive
function in individuals with known or suspected brain
damage. Cognitive functions may be conceptualized as
those processes by which an individual perceives both exter-
nal and internal stimuli; selects pertinent stimuli and inhibits
nonpertinent stimuli; records, retains, and recalls informa-
tion; forms associations between stimuli and manipulates
information in the pursuit of a goal; and outputs information
through the expression of overt behavior. Clinical neuropsy-
chology is based on the premise that assessments of these
overt behaviors provide information about the functional
integrity of the central nervous system.

The development of the science of neuropsychology is
found in the works of Gall,1 Broca,2 James,3 Watson,4

Lashley,5 Goldstein,6 Halstead,7 and Luria.8 Early theories
of the relationship between neurological functioning and
cognition proposed independent modules of function,
demonstrated most clearly by the phrenologist Gall. Accord-
ing to this theory, specific brain regions, reflected by bumps
on the skull, were associated with specific behavior. With
the advances in localization of function, in part owing
to patient case studies, Broca refined our understanding
of language processing, specifically within the realm of
expressive language functions. James’ and Watson’s contri-
butions to the principles of psychology in general, and
neuropsychology specifically, led to an increased sensitivity
to the need for empirical data to support theories of cognitive
function, and the application of the scientific method to
psychological studies. The work of Lashley and Goldstein
led to a better understanding of the relationship between
brain localization and behavior in neurologically healthy
and neurologically damaged individuals. Halstead and
Luria, through differing methods, clearly demonstrated that
the assessment of overt behaviors could be used to identify
brain damage with accuracy.

Although current understanding of the relationship
between neuroanatomical structures and behavior rejects
the skull-based tenets of phrenology, discovery of the neu-
roanatomical substrates of cognitive function remains a
major goal of neuropsychology. It is hypothesized that cog-
nitive function depends on both localized areas of specific
functions as well as recursive connections between multiple
brain areas that contribute, in toto, to cognition. In order to
understand such a complex system, neuropsychology is a
composite field of study integrating various disciplines
including psychology, neurology, clinical neurosciences,
psychiatry, statistics, and physiology.

The role of clinical neuropsychology is to elucidate the
effects of brain damage on behavior, and to be able to
account for the influences of other factors such as genetic,
developmental, emotional, and experiential contributions
on cognitive functioning. In order to accomplish this goal,
neuropsychologists assess patients’ cognitive function using
behavioral tests. Two main approaches to neuropsycho-
logical assessment are typically used by clinicians: the
quantitative approach, typified by standardized assessment
techniques and comparison of individual performance mea-
sures against normative expectations, and the qualitative
approach typified by in-depth analysis of individual perfor-
mance characteristics using relatively standardized mea-
sures to elicit pathognomonic signs. Although these two
approaches developed semi-independently, current practices
in clinical neuropsychology incorporate aspects of both.9

Not only do neuropsychologists use both quantitative and
qualitative approaches to testing, they also test cognitive
function in a multidimensional manner. For example, the
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assessment of verbal memory, a form of cognition, may be
assessed by simply asking patients to remember a list of
words. This approach to testing is inadequate by itself, how-
ever, because verbal memory is more complex than simply
remembering lists of words. Therefore, assessment of verbal
memory entails testing memory for lists of words, pairs of
words, sentences, and short stories, using both immediate
recall, delayed recall, and recognition paradigms. Such an
assessment strategy provides enough data to analyze fully
specific deficits in cognitive abilities that may be shared by
multiple processes and allows for a finer discrimination of
abilities and impairments.

The complexity and depth of knowledge about brain-
behavior relationships are reflected in the vast number of
volumes devoted to their description. This chapter provides
an overview of adult clinical neuropsychology with the aim
of assisting practitioners in the use and interpretation of
neuropsychological data.
OVERVIEW OF TESTING

Purposes of Neuropsychological Examination
With the advent of modern structural imaging techniques
such as computed tomographic (CT) imaging and magnetic
resonance imaging (MRI), and even newer functional im-
aging techniques such as positron emission tomography
(PET) and functional magnetic resonance imaging (fMRI),
the use of neuropsychological assessments to identify the
location and type of CNS lesion has waned.6–8 However,
because they identify and quantify both cognitive strengths
and deficits, neuropsychological assessments are widely
used in current neurological practice.9 Indeed, the Thera-
peutics and Technology Assessment Subcommittee of the
American Academy of Neurology rated neuropsychologi-
cal assessments as an established adjunct to neurological
examinations.10

Traditionally, neuropsychological assessment can be
thought of as either diagnostic or descriptive. With regard
to diagnostics, neuropsychological testing is commonly
used to diagnose a variety of difficulties or pathologies.
For example, neuropsychologists are often asked to diagnose
conditions such as mental retardation, specific learning
disabilities, mildcognitive impairment, or dementia. Clini-
cal neuropsychologists are also frequently referred patients
in which there is a question of differential diagnosis. In
such cases, the neuropsychological testing is tailored to rule
out one of two possible diagnoses, or to differentiate psy-
chiatric from neurological difficulties. For example, depres-
sion and disorders of memory can share common clinical
features: problems with attention and concentration, short-
term memory difficulties, or deficits in working memory
and processing speed. Thus, determining what specific brain
functions are compromised, as well as which cognitive func-
tions are intact, can help differentiate between two disorders.
Separating which difficulties are attributable to a major
depressive episode from those which are attributable to a
true memory impairment or dementia is useful not only for
diagnostic purposes, but is also critical for the imple-
mentation of appropriate treatment options and long-term
prognosis.
Neuropsychological testing can also be used for descrip-
tive purposes. Examination questions that are descriptive in
nature inquire into the specific characteristics of the
patient’s condition, and the test battery is tailored to
answer questions concerning relative cognitive strengths
and weaknesses of a particular patient. The value of the test
battery depends upon two psychometric characteristics:
sensitivity and specificity. While the sensitivity of a test
refers to the probability of correctly classifying an indi-
vidual as abnormal who is performing abnormally with
regard to a specific function or functions, the specificity
of a test is the probability of classifying a normally func-
tioning person as normal. In general, it is essential to know
the specificity of a given test score cut-off, and to acquire
as much information as possible about that cut-off’s result-
ing sensitivity to various types of disorders. For example,
the Mini-Mental Status Examination uses a cut-off of 24
out of 30 as a marker for impairment. This cut-off appears
to be sensitive and specific with regard to cognitive dys-
function in aging populations. Once baseline data has been
established for a patient, repeated testing sessions can then
be used to document deterioration or improvement of cog-
nition and the relative rates of change between functions
for the individual patient.

Referrals generally fall into the diagnostic or descriptive
category, although the referral source may not be specifi-
cally asked questions pertaining to specific diagnoses or
inquire about the descriptive nature of a patient’s deficits.
Most referrals for neuropsychological assessments, how-
ever, are generally made within one of five specific
domains: patient care, rehabilitation, educational planning,
forensic issues, and treatment outcome analyses.

Patient Care
The largest number of referrals for neuropsychological
assessments involve issues of patient care. Neuropsycho-
logical examinations are particularly informative for condi-
tions in which neuroimaging results and other laboratory
findings are not informative. For example, testing is often
requested to assess the CNS effects of toxic exposure, mild
head injury, dementing conditions, and in differentiating
psychiatric conditions from neurological illnesses. Neuro-
psychological data can provide valuable information for
the identification of these processes as well as the extent
of resultant CNS damage.

Neuropsychological examinations may also be used to
characterize the patient’s current levels of cognitive and
emotional functioning in association with a known or sus-
pected CNS process. Often these data are used to monitor
changes in the patient’s neuropsychological status across
repeated examinations,11 so the effect of various treatment
interventions on cognitive abilities can be assessed. Addi-
tionally, since neuropsychological assessments provide
detailed information on both intact and impaired abilities,
these assessments are useful for providing medical staff
and family caregivers information on the patient’s strengths
as well as deficits. This information is particularly helpful in
coordinating efforts to help the patient and family adjust to a
given condition and make appropriate plans.

A newer application of neuropsychological examina-
tions to neurological care is the use of screening examinations.
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In contrast to a full neuropsychological examination, which
typically requires from 3 to 12 hours of testing, screening
examinations usually require less than 1 hour. A typical
screening examination tests functioning in attention, orien-
tation, short-term and long-term memory, expressive and
receptive language abilities, abstract reasoning, and intelli-
gence. Although these shorter examinations do not give
the depth of information that a full neuropsychological
examination provides, they still offer basic information on
the integrity of each of these abilities.12 The data from
screening examinations are particularly helpful in identify-
ing patients in need of full examinations.

Another purpose of neuropsychological assessment in
patient care situations is to assist in the differentiation of
psychiatric from neurological illnesses. Often a patient pre-
sents with a neurological complaint that does not clearly
follow accepted pathophysiological principles. The presen-
tation may be as obvious as functional blindness, but can
be as subtle as memory loss owing to severe depression.
Neuropsychologists are able to use their training in clinical
psychology as well as their knowledge of neurological
systems to aid in identifying these conditions.
Rehabilitation
With the increase in cognitive rehabilitative programs for
patients with CNS damage, neuropsychologists help to
identify patients who can benefit from such efforts, docu-
ment cognitive abilities in need of rehabilitation, provide
goals for therapy, develop individual rehabilitation plans,
and track the efficacy of rehabilitative interventions. Neu-
ropsychological assessments are particularly well suited
to address these issues and are a cost-effective addition to
rehabilitative efforts.13
Educational Planning
As with other psychological assessments, neuropsychologi-
cal assessments can provide important information for edu-
cational planning, especially for children. Documentation
of basic intellectual abilities helps determine appropriate
classroom placement (e.g., enriched environment, special
education) for school-age children. Such tests also aid in
the identification of children with severe intellectual defi-
cits, such as mental retardation. Differences between intel-
lectual ability and academic achievement are used in the
identification of specific learning disabilities. In neurologi-
cal conditions such as Gilles de la Tourette’s syndrome, neu-
ropsychological assessments can be an integral component
to individual educational plans by identifying strengths
and weaknesses in academic abilities, as well as indicating
co-morbid conditions such as attention deficit disorder,
hyperactivity, and obsessive-compulsive behaviors.
Forensic Issues
Neuropsychological assessments are used to document the
presence and extent of cognitive impairments following
accidents or injury. Levels of present functioning can be
compared with estimates of premorbid functioning to
assign a monetary value to present and future lost abilities.
Treatment Outcomes Research
Neuropsychologists are trained in research designs and
methods. With this knowledge they are able to assist in the
design, implementation, and analysis of clinical research
projects. They are often asked to apply their knowledge of
cognitive assessment to suggest outcome measures, which
may include standard neuropsychological tests or experi-
mental measures. One example of this is quality of life mea-
sures, which are the increasing focus of clinical drug trials
and neurosurgical interventions in neurological illness.
Integration with Neurological Examination
Neuropsychological assessments are ancillary to the typical
neurological examination, and establish better precision of
the type and extent of cognitive and behavioral deficits
found on bedside testing. To accomplish this goal, neuro-
psychological tests need to be standardized, valid, and
reliable, and need to make meaningful comparisons of
patient-derived data to normative performance.

Standardization of neuropsychological testing proce-
dures allows for the comparison of performance across
time and across individuals. Because the interpretation of
neuropsychological tests requires consistent assessment
methods, neuropsychological tests are standardized to test-
ing environment, presentation of instructions, presentation
of testing stimuli, seeking clarification of response from
the patient, scoring procedures, and interpretative methods.
Standard testing methods provide all patients with an equal
opportunity to perform the required task.

Another important aspect to neuropsychological assess-
ment is the use of reliable and valid tests. Reliability refers
tothe degree to which a given test score represents differ-
ences in the behavior of interest as opposed to error. Reli-
ability measures include the degree to which a test provides
consistent scores across different time points (test-retest
reliability); the degree to which a test provides consistent
scores across different examiners (inter-rater reliability);
the degree to which the test is internally consistent (split-half
reliability); and the degree to which a test provides con-
sistent score across alternate forms of the test (alternate-
form reliability).14 A valid test is one that measures what it
is purported to measure. This aspect of test development
and utilization depends upon many factors. Validity mea-
sures include the degree to which the items of the test cover
the relevant domain of interest but not other domains (con-
tent validity); the degree to which the test agrees with either
a gold standard of the domain of interest or another test
designed to measure the same domain (concurrent validity);
the degree to which a test does not agree with another
test designed to measure a different domain (discriminant
validity); and the degree to which a test measures the theoret-
ical construct under study (e.g., intelligence) (construct
validity).

The relationship between reliability and validity is sta-
tistically constrained. Validity scores cannot exceed the
square of reliability scores. Thus, a test can be highly reliable
but invalid, but a test can never be valid and unreliable.
One way to increase reliability of a given test is the use of
the preceding standardized testing methods. If the manner
in which a test is administered varies across examiners or
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across testing sessions, extraneous error is introduced,
which lowers reliability and validity.

The ability to make meaningful comparisons of an indi-
vidual patient’s performance to normative expectations is
constrained by how test performance is interpreted. Neu-
ropsychological assessments are usually requested to iden-
tify and quantify some form of cognitive impairment.
Thus, neuropsychological tests are designed to assess defi-
cits in performance.15 In order to assess impairments, there
must be some knowledge of normal expectancies of perfor-
mance. Thus, testing results must have a referent for com-
parison, either individual comparisons or normative
comparison groups.

Individual comparisons of test performance are the most
obvious method for identification of deficits. In individual
comparisons previous data from a patient are used to com-
pare with present performance. Thus, if a patient demon-
strated above-average performance on a test of verbal
memory prior to developing herpes simplex encephalitis,
but performed at the below-average range of performance
on the same test following the illness, one could conclude
that a decline in verbal memory had occurred. In reality
such a situation rarely occurs because neuropsychological
data are usually not available from the period prior to dis-
ease or trauma. Even when such data are available there are
other possible explanations for the decline in performance.
If for any reason the scoring on the first or second exami-
nation is incorrect, scores are artificially inflated or mini-
mized. Again, standardization of testing methods and
concerted efforts to eliminate testing bias help to reduce
this occurrence.
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A second referent for neuropsychological test perfor-
mance interpretation is the population-based comparison.
This method is most frequently used in neuropsychological
assessment and involves the comparison of individual
patients’ test scores to norms that detail performance on
the measure of interest by a standardization sample. A rela-
tive ranking of the individual’s score can then be deter-
mined according to the performance of the normative
sample. A norm is constructed by sampling a large number
of individuals, called the standardization sample, on the
measure of interest. The standardization sample should be
representative of the population of interest. Thus, if one
wishes to develop norms for adult performance on a mea-
sure of general intelligence, the standardization sample
must include individuals from all relevantage ranges, gen-
der distributions, and educational strata. The norms pro-
vided for the Wechsler Adult Intelligence Scale–Third
Edition (WAIS-III)16 are an example of such a procedure
and the norms of WAIS-III performance are reflective of
this population.

Random sampling is required for the development of
most norms, because a random sample, stratified for perti-
nent variables is one of the assumptions of a normal distri-
bution. Sampling theory states that large, random samples
of test scores will approach a normal distribution as the
sample size approaches infinity. The characteristics of a nor-
mal distribution are particularly well suited to norm devel-
opment (Fig. 27-1). In a normal distribution the measures
of central tendency (mean, median, mode) are unitary and
the dispersion of scores (standard deviation) on either side
of mean is symmetrical. The shape of a normal distribution
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has been called a bell-shaped curve because it peaks in the
middle and trails off as you approach either tail. The char-
acteristics of a normal distribution allow the ranking of
average performance. Approximately 68% of all cases (or
WAIS-III scores in our example) fall within one standard
deviation of the mean, and approximately 95% of all cases
fall within two standard deviations of the mean. This charac-
teristic allows for a meaningful comparison of an individ-
ual’s score to the standardization sample. Therefore, one
can express an individual’s performance in terms of standard
deviations away from the mean of the standardization sam-
ple; z scores, which represent the individual’s score minus
the mean of the standardization sample divided by the stan-
dard deviation of the standardization sample; or a percentile
ranking based on thestandardization sample. In most neu-
ropsychological assessments, one of these methods for
ranking an individual’s performance will be reported.

Comparison of an individual’s performance to these
norms then provides a meaningful yardstick to identify
strengths and weaknesses. If someone is performing above
the mean of the standardization sample, that performance is
above average for the population. Such a comparison
scheme is very helpful in tracking patients’ abilities and
disabilities. It does, however, raise the question of whether
lower than average performance really equals impaired
performance. Since the standardization sample assumes
normal distributional properties, the probability of occur-
rence of any score can be calculated. In most clinical neu-
ropsychological assessments, performance is defined as
impaired when the probability of obtaining a score that
low or lower in the standardization sample is less than
5%. This corresponds to the standard level of significance
used in most statistical analyses.

Because the standardization sample is used to interpret
individual test performance, an important consideration
in all neuropsychological assessments is the adequacy of
the sample. Even with well-normed tests such as the
WAIS-R, care needs to be exercised when comparing spe-
cific individuals with the standardization sample. For
example, the standardization sample for the WAIS-III has
adequate representation of individuals up to the age of
89, but does not provide any normative information for
individuals over the age of 89. Thus, if the performance on
a 92-year-old patient on the WAIS-III is compared with this
standardization sample,the results may not truly reflect the
performance of all 92-year-old persons.

Many other tests used in neuropsychological assessments
have much more limited standardization samples, and as
such may be subject to erroneous interpretations. The inter-
pretation of many neuropsychological tests is based on stan-
dardization samples of less than 100 scores. Heaton and
colleagues17 have attempted to generate better norms for
many commonly used neuropsychological tests. Their
efforts have surely led to improved interpretative methods.
However, even this effort suffers from a lack of generaliz-
ability to the populations of interest. This is because the stan-
dardization samples they used were not randomly selected
but rather were composed of volunteers from limited geo-
graphic regions. Therefore, it is important for the consumer
of neuropsychological assessment results to be aware of
how theinterpretations are made and the norms used in those
interpretations.
Hierarchy of Testing Functions
A given cognitive function is usually composed of multiple
discrete functions. Memory performance is affected not
only by the ability to recognize and recall stimuli but also
by the ability to perceive, process, and store those stimuli,
and, finally, to reproduce them in an observable fashion.
Most neuropsychologists approach patient assessment using
a general hierarchy of functions involved in cognition.

The primary components of this hierarchy are the per-
ception of stimuli, ability to attend to the stimuli, and the
ability to generate some form of response. In consideration
of these issues, one of the first cognitive functions to be
tested in almost all examination formats is level of con-
sciousness (see Chapter 1). If a patient is comatose there
is little need to conduct neuropsychological testing. Testing
of sensory systems (usually visual, auditory, tactile, and
proprioceptive) is also conducted to ensure adequate stim-
uli processing. Finally, in order to assess a patient, a
competent effector system that enables a response must
be present. Therefore, testing of basic motor, vocal, and
praxis abilities is conducted. If deficits are noted in any
of these basic abilities, the neuropsychologist uses that
information in the interpretation of other cognitive tests
to increase or decrease confidence in those results. Once
these three levels of abilities have been tested, testing of
higher cognitive functions (e.g., intelligence, reasoning,
language) can begin.

Testing Batteries versus Individualized Testing
There are two basic approaches to testing methods in neu-
ropsychological assessments: the use of comprehensive
testing batteries or the use of individualized testing. Each
approach has its strengths and weaknesses, and most neu-
ropsychologists use a combination of these two approaches
to capitalize on the strengths and minimize the weaknesses.

The Battery Approach
Neuropsychological testing batteries provide a structured ap-
proach to the assessment of cognitive function. Although
there are many neuropsychological testing batteries, two
batteries are most commonly used: the Halstead-Reitan
Battery18 and the Luria-Nebraska Neuropsychological Bat-
tery19 The Halstead-Reitan Battery is a collection of tests
that Halstead found to discriminate normal individuals from
patients with organic brain disease. The core of the Halstead-
Reitan Battery includes six tests developed by the authors
(measuring abstract reasoning, tactile performance, tactile/
visual–spatial memory, rhythm perception and memory,
speech–sound perception, and primary motor speed) and
seven tests developed by other individuals (measuring intel-
ligence, psychomotor speed, sequencing abilities, language
function, sensory function, grip strength, and personality
functioning). The entire battery requires at least 6 hours for
administration, not including scoring and interpretation, so
testing often requires multiple visits. The original standard-
ization sample for the development of the Halstead-Reitan
Battery norms was inadequate; new norms have been gener-
ated using a larger and perhaps more representative standard-
ization sample.17 The Halstead-Reitan Battery appears to
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be adequate in discriminating brain-damaged individuals
from neurologically healthy individuals, but is not sensitive
to mild cognitive impairment or to precise localization.
Despite these limitations, the Halstead-Reitan Battery is
the most commonly used neuropsychological assessment
battery.

The Luria-Nebraska Neuropsychological Battery19

developed out of the extensive investigations of behavioral
neurology conducted by the Russian neurologist Luria and
the work of Christensen,20 who brought Luria’s theories
and methods of neuropsychological testing to America.
The battery uses selected Luria test items that best discrim-
inate brain-damaged patients from neurologically healthy
individuals. It consists of 269 individual items that are
scored on a zero (no impairment) to 2 (impairment) scale
(Video 16, Luria Testing). The test items are simple and
complex commands and problems, such as motor commands
and arithmetic. The 269 items are composed of 11 clinical/
ability scales measuring motor abilities, rhythm sense and
reproduction, tactile abilities, visual abilities, receptive
speech, expressive speech, writing, reading, arithmetic abil-
ities, memory function, and intelligence. Three additional
scales provide information as to the presence of pathogno-
monic signs, left hemisphere damage, and right hemisphere
damage. Administration of the Luria-NebraskaNeuropsycho-
logical Battery is approximately 2 to 3 hours (substantially
less than the Halstead-Reitan Battery).

Although authors of the Luria-Nebraska Neuropsycholog-
ical Battery have published numerous articles in support
of its reliability and validity, other investigators have not
been able to replicate these results.21 The inadequate validity
and reliability of the Luria-Nebraska Neuropsychological
Battery are owing primarily to the lack of any theoretical
model used in its development. Whereas the strength of
Luria’s original work was his ability to generate hypotheses
about brain-behavior relationships and methods to tests
these hypotheses, the developers of the Luria-Nebraska
Neuropsychological Battery were unable to emulate this
strength.
Individualized Testing Approach
The main advantage to the battery approach is that it allows
for the collection of massive amounts of information on the
status of cognitive functioning in a highly standardized man-
ner. This advantage is contrasted with numerous disadvan-
tages: the time required for a complete assessment is often
excessive and fatigues the patient; the batteries often include
assessment measures that are not necessary for a given
patient, and, conversely, the batteries do not provide com-
prehensive assessments of all cognitive functions. By recog-
nizing these limitations, most neuropsychologists use an
individualized approach to testing.

An individualized approach allows the neuropsycho-
logist to use pertinent information to guide test selection.
For example, if neuropsychological assessment is requested
for a patient with diagnosed Alzheimer’s disease, the neu-
ropsychologist knows that trying to complete a Halstead-
Reitan Battery would not only be unfair to the patient but
would also provide little useful information. Instead, the
examiner may choose to use a number of shorter tests with
lower performance ranges to allow for extremely low
scores. Using this approach, the neuropsychologist chooses
tests (either from existing batteries or tests designed
to assess specific deficits) that assess cognitive functions
relevant to a given patient. Thus, examination time is short-
ened, and the specificity of the testing results is increased.
Inevitably, however, the selection of tests introduces a cer-
tain bias, and some domains of good or bad function may
be missed.

Neuropsychologists have a vast array of tests from
which to choose when using the individualized approach.
More than 700 tests of cognitive functioning are available,
assessing such complex functions as intelligence and such
basic functions as primary motor speed. Although a
detailed description of all of these neuropsychological tests
is well beyond the scope of this chapter, the next section
provides a brief description of the most commonly used
tests and their role in assessing specific cognitive domains.
This review is limited to the most commonly used tests in
neuropsychological assessments of adults.
NEUROPSYCHOLOGICAL TESTS

Orientation, Attention, and Vigilance
Impairments in orientation, attention, and vigilance are
common sequelae to brain damage, and regardless of the
localization of brain pathology, these abilities are often
compromised. When a patient is disoriented and unable
to attend to ongoing events, there is usually severe pathol-
ogy (Video 21, Disinhibition). In addition, inability to
attend to ongoing stimuli makes the interpretation of neu-
ropsychological tests of higher cognitive functions, such
as intelligence or memory, difficult. Therefore, the assess-
ment of orientation, attention, and vigilance is an integral
part of all neuropsychological assessments and usually is
performed first.

Orientation Tests: Personal, Temporal, and Spatial
Standard bedside mental status examinations always assess
orientation to person, time, and place. Usually this infor-
mation is gathered from interviewing the patient in an open
manner, and is not part of a standardized test. Many tests of
cognitive function include questions assessing orientation,
although they may not provide selective scores for orienta-
tion. Specific tests with orientation questions, or tests
designed to assess orientation, are listed here.

MINI-MENTAL STATE EXAMINATION (MMSE).22 The
MMSE includes questions that assess orientation to time
(“What is today’s date?” “Month?” “Day of the week?”
“Year?”) and orientation to place (“Where are you now?”
“What state are you in?” “County?” “City?” “What is the
name of this place?”). Each item is scored as pass or fail.
Although the orientation section of the MMSE does not
provide a separate score, a failure of two or more items is
reflective of impaired performance.

WECHSLER MEMORY SCALE–THIRD EDITION

(WAIS-III).23 Although the majority of this test’s items
assess memory function, there is a subtest, Information
and Orientation, that assesses orientation to person, place,
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or time. Failure of two or more items is considered
impaired.

TEMPORAL ORIENTATION TEST (TOT).24 The TOT is
designed to assess specifically orientation to time. The
questions include knowledge of current hour and minutes,
date, day of the week, month, and year. Errors are assigned
negative scores depending on the amount of disorientation.
The error score is subtracted from 100 and any score less
than 95 is reflective of impaired performance.

MONEY ROAD MAP TEST (MRMT).
25 The MRMT

assesses the ability of the patient to identify left and right
directions at different orientations. The patient views a
map on which the examiner traces a route. At each turn,
the patient has to identify whether the examiner made a left
or right turn. In order to perform this test correctly, patients
must be able to reorient mentally to the perspective of the
examiner and to different orientations of the route. If a
patient makes more than 10 errors (out of 32 turns) his or
her performance is considered impaired.

FINGER LOCALIZATION TEST.
26 This test of personal

orientation requires the patient to identify which finger has
been stimulated by the examiner under visual guidance,
and in the absence of visual input. A variant of this test
is found in the Halstead-Reitan Battery, which assigns
numbers to each finger of each hand, and requires the
patient to identify which hand and which finger number
has been stimulated in the absence of visual input.

LEFT-RIGHT ORIENTATION TEST.27 This test of left-
right orientation requires the patient to display lateralized
body parts (e.g., “show me your left hand”), identify late-
rality of the examiner’s body (e.g., “point to my left hand”),
and touch lateralized body parts of the examiner (e.g.,
“touch my left hand”). In order to perform this task cor-
rectly, the patient must be able to reverse personal orienta-
tion when confronted with identifying laterality of the
examiner. The normative data for this test are very limited,
but a cut-off score of four errors is suggestive of impaired
left-right orientation.

Mental Status Tests
Mental status tests are used to assess overall level of cogni-
tive functioning. These tests are brief to administer and not
very comprehensive. They tend to include a few questions
on orientation, attention, memory, language, and some-
times praxis. Although mental status testing provides basic
information on the integrity of most cognitive functions,
the tests tend to lack sensitivity to detect mild cognitive
impairment. In addition, most tests of mental status do not
have normative data, so the effects of various demographic
variables (e.g., age, gender, education) are unknown. De-
spite these limitations, the tests provide useful information,
and some form of mental status testing should be a part of
all neuropsychological assessments.

MINI-MENTAL STATE EXAMINATION (MMSE).22 In
addition to the preceding orientation questions, the MMSE
includes items assessing registration of information, recall
of three words, attention and sequencing abilities (serial
sevens, or spell world backward), naming, repetition, fol-
lowing spoken commands, writing, and copying. The test
provides a general summary of cognitive function, but does
not assess any cognitive domain in depth. The maximum
score for the MMSE is 30, and a cut-off score of 24 is con-
sidered to indicate impaired performance (Video 260,
Memory Testing).

Although the MMSE is the most commonly used mental
status test, it has a number of problems. First, one must
accept the basic limitation of any screening examination.
Since the test has a limited number of questions, adequate
testing of cognitive function is not possible. Practically,
however, the MMSE score is used as an indicator of intact
or impaired performance. The cut-off score of 24 is asso-
ciated with relatively high false-negative rates (test indi-
cates absence of impairment when impairment is present)
and relatively high false-positive rates (test indicates impair-
ment when no impairment is present). Additionally, MMSE
score is affected by education, race, and gender. Despite
these limitations, the MMSE provides a “quick-and-dirty”
assessment of overall cognitive function, and in most con-
texts a score of 22 or lower is considered an accurate mark
of clinically significant cognitive impairment.

MENTAL STATUS QUESTIONNAIRE (MSQ).
28 The

MSQ is composed of items assessing orientation to time
and place and ability to name the current and past presi-
dents of the United States. The maximum score of the
MSQ is 10 errors, and individuals making more than 2
errors are considered moderately impaired. This cut-off
score suffers from the same limitations as the MMSE.

SHORT-PORTABLE MENTAL STATUS QUESTION-

NAIRE (SPMSQ).29 The advantage of the SPMSQ over the
MMSE and MSQ is that normative data have been gathered
to aid in interpreting performance. This represents a major
advantage to the SPMSQ. However, the test still suffers
from problems with false-positives and false-negatives
(particularly in patients with mild cognitive impairment).

Tests of Attention and Vigilance
Testing attention involves assessment of the ability to
attend to stimuli, the ability to focus attention on selected
stimuli, and ability to inhibit attention to inappropriate
stimuli. Tests of vigilance also require the active updating
of information in an ongoing display requiring attention.
All of these abilities are essential to intact cognitive function.
Information on attention and vigilance should be reported
in all neuropsychological assessments.

SIMPLE REACTION TIME (SRT). SRT tasks require the
patient to respond, as quickly as possible, to a stimulus.
The time the patient takes to respond (RT) is usually mea-
sured in milliseconds. Slowed RT is one of the most sensi-
tive measures of impaired cognitive functioning, but
individual data are difficult to interpret owing to the large
inter- and intra-patient variability.

CHOICE REACTION TIME (CRT). There are many
measures of CRT, but all follow a basic paradigm: the
patient is required to respond to one stimulus but to not
respond to another. An example of this is the Continuous
Performance Test, in which the patient is asked to respond,
as quickly as possible, to a rare stimulus that is embedded
in a stream of ongoing similar stimuli. These tests assess
the patient’s ability to maintain attention and vigilance
for the target stimulus and the ability to inhibit responses
to the nontarget stimuli. Individual differences are difficult
to interpret owing to large inter- and intrapatient variability.
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SPAN TESTS. Tests of span capacity are a more standard
form of assessing attention and vigilance than reaction time
measures. In addition to assessing attention, span tests also
require some form of short-term memory. However, for-
ward span tests (see following discussion) are thought to
be more reflective of attentional abilities. When backward
span (repeating a sequence heard in the reverse order of
presentation) is used, different cognitive processes are
required, including working (or short-term) memory, so
that the test is no longer a pure measure of attention.

The most commonly used span measures are the Digit
Span tests from the WAIS-III and the Wechsler Memory
Scale-Third Edition (WMS-III).23 In these tests, patients
listen to random sequences of numbers presented in
increasing length, and immediately repeat each sequence.
Two trials at each span length are presented, and maximum
span is the number of digits the patient can correctly repeat
on at least one trial. Average performance on this measure
is considered to be between five and nine digits.30 Another
type of span test is the Letter-Number Sequencing subtest
of the WAIS-III and WMS-III. Similar to the Digit Span
subtest, the Letter-Number Sequencing subtest requires
the patient to repeat back a sequence of letters and num-
bers. However, during this subtest, the patient must now
manipulate the letters and numbers by first repeating back
all the numbers in numerical order, and then all the letters
in alphabetical order. Both digit and letter span are mea-
sures of verbal ability. A nonverbal span measure is the
Corsi Block Test.31 In this test the patient is presented with
an array of nine blocks arranged in a random order. The
examiner touches blocks in sequences of increasing length.
The patient is required to reproduce the sequence at each
length. As in the Digit Span test, two trials are given at each
sequence length and maximum span is the number of blocks
the patient taps in the correct order on at least one trial. Aver-
age performance on this test is similar to digit span. The
Spatial Span subtest of the WMS-III is an equivalent test
to the Corsi Block Test, and has good standardization and
normative data.

ATTENTION/CONCENTRATION SUBTESTS OF THE

WMS-III. Two subtests of the WMS-III (discussed follow-
ing) that assess attention and concentration are the Letter-
Number Sequencing subtest and the Spatial Span subtest.
Together these subtests form the composite measure of
Working Memory. One major advantage to the use of these
measures is that they have good normative information
(see WMS-III description later) and can be converted to
age-adjusted standard scores with a mean of 100 and a stan-
dard score of 15. The use of these standard scores allows for
comparisons across many different neuropsychological tests
(e.g., WAIS-III).

PACEDAUDITORYSERIALADDITIONTEST (PASAT).32

The PASAT is a test requiring attention and vigilance.
In this test, the patient listens to a tape recording of digits
presented one at a time. The task for the patient is to add
each number to the one immediately preceding it. For
example, the recording might present the numbers 1, 7, 5,
4. The patient adds the first two numbers (1 þ 7) and
responds with the number 8. The patient then adds the sec-
ond two numbers (7 þ 5) and responds with the number 12.
The patient then adds the third two numbers (5 þ 4) and
responds with the number 9. This continues for a total of
61 numbers presented in a random order. The test can be
given at different rates of presentation ranging from a slow
rate of one number every 2.4 seconds to the fastest rate of
one number every 1.2 seconds. This test assesses attention
and vigilance because the patient is required to not only
attend to the relevant stimuli (numbers) but also be vigilant
to changes in the ongoing presentation. This is an extremely
sensitive measure of vigilance. However, the test also
involves working or short-term memory because the patient
must “hold” in short-term memory the preceding number
while formulating a response. Although this is a sensitive
test, the norms for interpretation are limited.

DIGIT SYMBOL.16 This subtest of the WAIS-III pre-
sents the patient with a row of numbers one through nine,
each paired with nonsense symbols (e.g., inverted T).
Below this key are empty boxes with numbers above each
box. The patient is required to transcribe the symbol corre-
sponding to the number above the box as quickly as possible.
This measure requires focused attention and switching beha-
vior between the key and the target boxes. One advantage of
this test is the extensive WAIS-III norms available on per-
formance expectations. This test also requires motoric
speed and may not beappropriate for patients with marked
motor impairment. A variant of this test is available that
requires a verbal response only, thus decreasing motoric
demands.33

SYMBOL SEARCH.
16 This subtest of the WAIS-III pre-

sents the patient with two target symbols (nonsense sym-
bols) and an array of additional symbols (nonsense
symbols). The patient is required to respond yes if the array
of additional symbols contains one or more of the target
symbols, and respond no if the array of additional symbols
does not contain one or more of the target symbols. Again,
one advantage of this test is the extensive WAIS-III norms
available on performance expectations. This test also
requires motoric speed, and thus, should not be used with
patients who have motor impairments.

TRAIL MAKING TEST.34 There are two forms to this
test: Trail Making Tests A and B. Trail Making Test A
provides an assessment of complex attention. This test
requires the patient to connect randomly positioned num-
bered circles in numeric order as quickly as possible. Form
B presents the patient with numbered circles and circles
with letters. The patient is required to connect the circles
in numeric and alphabetic order as quickly as possible, alter-
nating between numbers and letters. Both Forms A and B
require focused attention for successful performance. In
addition, Form B requires the patient to switch cognitive sets
between numbers and letters. Both forms of the Trail Mak-
ing Test are highly dependent upon motoric speed, and
may not be appropriate for patients with marked motor
impairment (e.g., Parkinson’s disease).

CANCELLATION TESTS. Another useful test of atten-
tion and vigilance is that which requires the patient to seek
a selected stimulus out of a background of similar stimuli.
One such measure is the Letter Cancellation Test,35 in
which the patient is required to cancel selected letters, de-
signs, or words from a background of nontarget letters,
designs, or words. Another cancellation test is the Visual
Search and Attention Test (VSAT).36 Here, the patient is
required to cancel out either a letter or symbol of varying
colors. Because cancellation tasks are timed measures



TABLE 27-1

Subtests of the Wechsler Adult Intelligence Scale–Third
Edition and Cognitive Functions They Assess

SUBTESTS COGNITIVE FUNCTION ASSESSED

Verbal Scales (Verbal IQ)

Vocabulary Vocabulary knowledge
Semantic memory

Similarities Reasoning, problem solving, concept formation
Executive function

Arithmetic Attention/concentration
Executive function
Processing speed
Calculations

Digit Span Attention/concentration
Short-term memory

Information General fund of information
Comprehension Reasoning, problem solving, concept formation

Executive function

Performance Scales (Performance IQ)

Picture Completion Reasoning, problem solving, concept formation
Executive function

Digit Symbol Attention/concentration
Executive function (sequencing)
Motor function
Processing speed

Block Design Construction
Praxis
Spatial reasoning
Motor function
Processing speed

Matrix Reasoning Visual-spatial processing
Abstract reasoning

Picture Arrangement Reasoning, problem solving, concept formation
Executive function (sequencing)
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requiring motoric responses, they may not be appropriate
for patients who have marked motor impairment.

Clinical Situations for Testing Orientation, Attention,
and Vigilance
Neuropsychological data on orientation, attention, and vig-
ilance abilities are useful in defining dysfunction in all
levels of neurological functioning. Such tests are particu-
larly useful in cases of toxic and metabolic abnormalities
(see Chapters 38 and 39), which affect level of conscious-
ness (see Chapter 1), sleep/wake cycles (see Chapter 2),
and memory functioning (see Chapter 5). In addition,
attentional testing is essential for patients who evidence
neglect or dyspraxia (see Chapter 4). Useful information
on patients with psychiatric presentations is also provided
when attention is assessed (see Chapters 1 and 3). When
requesting neuropsychological assessment of orientation,
attention, and vigilance, it is important to request testing
on all aspects of attention and vigilance including simple
attention, focused attention, and set-shifting.

Intellectual Abilities
Intelligence is considered to be the culmination of cognitive
abilities. The testing of intelligence involves assessments
of attention, reasoning, memory, language, perception, and
construction. Intelligence tests should provide an overview
of cognitive function integrity. Most tests of intelligence
do not adequately assess all cognitive abilities, however.

Intelligence Quotients
These tests are the current gold standard in intelligence
testing and include the WAIS–III.16,36,37 Each Wechsler
test is used for different age ranges: the WPPSI-R test is
for ages 3 years to 7 years and 3 months; the WISC-III test
is for ages 0006 years to 16 years 11 months; and the
WAIS-III test is for ages 16 years to 74 years 11 months.
Because the different Wechsler tests are similar in con-
struction, interpretation, and psychometric concerns (stan-
dardization, norms, reliability), only the WAIS-III will be
discussed.

In keeping with the idea that intelligence is the culmina-
tion of cognitive function, the WAIS-III is composed of
different subtests, each assessing different cognitive func-
tions (Table 27-1). Because of this composition, the various
subtests are listed under different subheadings in this chap-
ter. In addition, since the WAIS-III assesses many different
cognitive functions, it is often the framework for neuro-
psychological assessment, and provides an overview of
theintegrity of cognitive abilities. Results for subtest perfor-
mance often guide further (and more extensive) testing of
selected functions.

The WAIS-III provides three summary measures: Verbal
IQ, Performance IQ, and Full Scale IQ. The IQ score repre-
sents an age-adjusted scaling of an individual’s intellectual
performance. This provides a standard measure that can be
compared across individual patients or within a given
patient over chronological age. Due to the extensive norms
for the WAIS-III (see preceding discussion) these measures
may be generalized to the population of the United States.
The Wechsler tests have been translated into many differ-
ent languages, and adequate norms exist for most of these
modifications. The characteristics of the standardization
sample of IQ scores (Verbal, Performance, and Full Scale)
are a mean performance of 100, with a standard deviation
of 15. In addition, individual subtest performance can be
converted to standard scores with associated variability.
Thus, the clinician is able to classify individual perfor-
mance for both summary IQ measures and individual sub-
test performance against these values and provide a relative
ranking of performance.

The summary IQ scores are extremely useful in educa-
tional settings. Although these scores are useful, care needs
to be exercised in their use. Because IQ scores represent
theculmination of cognitive abilities, they are extremely
susceptible to brain damage.15 The presence of a poten-
tially reversible impairment in one of the basic elements
of cognitive function (e.g., attention/vigilance) will provide
artificially low IQ performance. Therefore, IQ scores need
to be interpreted in the context of a complete neuropsycho-
logical examination.

One particularly difficult issue in intellectual perfor-
mance is the diagnosis of profound intellectual impair-
ments, or mental retardation. First, this diagnosis has
major consequences for an individual. Once assigned with
the label of mental retardate, educational and occupational
opportunities are limited. The individual is guided away
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from mainstream educational settings and provided with
specialized training. Second, there are no universally
accepted diagnostic criteria for mental retardation. The
usual criterion is IQ performance greater than two standard
deviations below the mean (e.g., an IQ score of less than 70
on the WAIS-III). Because the performance level for men-
tal retardation is so low, however, statistical reliability of
the standardization sample is also low. As seen in Figure
27-1, as the scores decrease (or increase) toward the tail
of the distribution, the number of sample scores drops
dramatically. The representativeness of cases atthese
extreme levels is limited and hence it is problematic to
generalize the results to the population of interest. Because
of these issues, it is incumbent on the examiner to base the
diagnosis of mental retardation on multiple assessments of
intellectual performance and not on a single measure.

The use of IQ scores in neuropsychological assessments
is limited to providing a basic measure of cognitive func-
tional integrity. Comparison of Verbal IQ performance to
Performance IQ performance has been suggested to pro-
vide an assessment of dominant (verbal) and nondominant
(performance) hemispheric function. Actuarial studies of
this Verbal IQ/Performance IQ comparison, however, have
not supported its use in this capacity.38 Verbal IQ measures
do provide some indication of dominant hemispheric integ-
rity, but Performance IQ measures do not reliably indicate
nondominant hemispheric integrity. This lack of reliability
is due to basic differences between verbal and performance
measures. Whereas most subscales comprising Verbal IQ
are not timed, all Performance IQ subscales are. This differ-
ence adversely affects the Performance IQ scores of individ-
uals with compromised motor and cognitive speed (e.g.,
patients with basal ganglia damage). In addition, there are
basic differences in sensitivity to brain damage between ver-
bal and performance subscales. The subtests of Verbal IQ
tend to require overlearned abilities such as vocabulary
knowledge and general information. These abilities are,
in general, less affected by brain damage. The subtests of Per-
formance IQ tend to require novel abilities, such as reproduc-
ing visual patterns using colored blocks. These abilities are,
in general, more affected by brain damage. This difference
between overlearned and novel abilities is evident in aging,
and reflected in the performance of the standardization
sample.

In contrast to the use of summary IQ scores for neuropsy-
chological assessment, the analysis of subscale performance
is very useful. As shown in Table 27-1, each subscale
assesses specific (and overlapping) cognitive abilities. The
pattern of performance on the subtests can provide useful
information in forming hypotheses as to possible impair-
ment in various cognitive abilities. These hypotheses can
then be tested with additional, more focused, assessments.
The use of subscale performance patterns has resulted in var-
ious interpretative methods for specific neuropsychological
use.

Premorbid Estimates of Intellectual Function
In order to provide useful information on general cognitive
functioning, current measures of intelligence need to be
compared with premorbid level of functioning. Because
neuropsychological testing results are typically not available
for the period prior to neurological trauma, neuropsycholo-
gists are forced to estimate premorbid abilities.39 There are
three basic approaches to estimation of premorbid intellec-
tual functioning: estimates derived from life-history vari-
ables believed to be correlated with measures of cognitive
functioning (e.g., years of education); measures of best
current cognitive functioning, or “present abilities,” which
are used to estimate a minimum level of premorbid func-
tioning; and comparison of an individual’s test results to
population-based estimates of normal performance (norm-
based comparisons as discussed previously). Each of these
approaches has associated errorthat needs to be considered
in the interpretation of neuropsychological testing data.

The first method, estimates based on life-history vari-
ables, offers a potential wealth of information that is thought
to be related to the cognitive performance. Estimates derived
from life-history variables may include basic demographic
information such as age, education, and gender but may also
include information from developmental history, medical
history, occupational history, and academic history. The
application of these data to an estimate of premorbid func-
tioning can be accomplished in either qualitative or quantita-
tive methods. The qualitative approach allows the examiner
to form a “best-guess” of premorbid functioning.39 For
example, the estimated premorbid functioning for an indi-
vidual with a normal developmental history, outstanding
academic history, a college degree, and an occupational
attainment of CEO of a major corporation would be higher
than an individual with a normal developmental history,
poor academic history, a high school diploma, and an occu-
pational attainment of sales clerk. Although this information
may be helpful, it does not provide an actual estimate of
premorbid functioning.

The quantitative approach to the use of life-history infor-
mation typically uses demographic information such as age,
education, and gender to provide an estimate of the range of
premorbid test scores for a given individual.40,41 This
approach is useful because specific ranges of test scores
maybe generated to be compared with current scores, but
typically does not take full advantage of nonquantifiable
information such as developmental and medical history.

The second method of estimating premorbid cognitive
abilities, the “present abilities” approach, uses current test
scores to provide a lower-bound estimate of prior function-
ing. The theory underlying this approach is that neurologi-
cal damage does not affect all cognitive abilities equally
and that an individual’s highest test score on current testing
is most likely to reflect intact performance. Therefore, that
highest test score can be used to provide an estimate of
overall premorbid cognitive functioning. For example, if
an individual is scoring at the below average range of per-
formance on tests of verbal memory, verbal comprehen-
sion, and verbal fluency but is performing at the average
range on a test of visual-spatial skills and nonverbal rea-
soning, the examiner may assume that the individual was
performing at least at the average range on all measures.
Of course, this estimate is only meant to provide an inter-
pretative guide, as other explanations for a given pattern
of intact and impaired performance are possible.

A more standardized method than the “present abilities”
approach for estimating premorbid IQ is found in tests such
as the Wechsler Test of Adult Reading (WATAR)42 and its
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variants. These tests rely on current performance of reading
ability or vocabulary knowledge to estimate premorbid
abilities. Both reading ability (particularly reading of pho-
nically irregular words such as debt) and vocabulary
knowledge tend to be less affected by brain damage than
other cognitive abilities. By using these abilities to esti-
mate premorbid IQ, the examiner is able to get an estimate
of a lower-bound to previous IQ.43

All of these approaches to premorbid IQ estimation are
subject to many caveats. First, the range of scores provided
by the quantitative approaches is limited. With these mea-
sures, it is not possible to get very high or very low IQ esti-
mates. Second, these approaches overestimate low IQ
performance and underestimate high IQ performance. Third,
each approach is associated with differing levels of statis-
tical error, usually measured as the standard error of estimate.
For example, the quantitative approaches have standard
errors ranging between 2.6 and 16 points. Since the standard
deviation of IQ is 15 points, these estimates can at best
provide a range of possible scores equal to or greater than
one standard deviation. Therefore, extreme care needs to
be applied to the use of these estimates. Most neuro-
psychologists will use a combination of quantitative and
qualitative approaches to the estimation of premorbid IQ.

Other Intelligence Tests
The Wechsler scales are not the only method for the assess-
ment of intellectual abilities. Due to space limitations we
cannot list all tests of intelligence. However, other tests
of intellectual abilities tend to follow two different assess-
ment methods: tests of verbal abilities and tests of nonver-
bal abstraction. The first method, testing of verbal abilities,
is represented by tests such as the Peabody Picture Vocab-
ulary Test–Revised (discussed in the section on Percep-
tion and Construction Abilities), in which patients are
asked to choose which of four pictures best identifies a
spoken word. This method is based on the high correlation
between vocabulary knowledge and IQ.44 The second
method, tests of nonverbal abstraction, is represented by
the Raven’s Progressive Matrices Test (discussed in the
section on Reasoning and Problem Solving Through Con-
cept Formation), in which patients must abstract general
principles and rules from patterns. This method tends to
correlate well with the Full Scale IQ from the Wechsler
scales.

Tests of Academic Achievement
Tests of academic achievement typically assess standard
academic skills such as reading, writing, arithmetic skills,
and spelling. The scores derived from these measures pro-
vide important information on neuropsychological and
educational abilities. They allow comparisons of an
individual patient’s educational development to normative
expectations. They also help identify specific areas in need
of remediation. Finally, academic achievement tests pro-
vide important information in the diagnosing of specific
learning disabilities. The presence of learning disabilities
is suggested when there is a large discrepancy between
measures of intellectual ability and measures of academic
achievement.Additional testing is required to formally
assign a diagnosis of learning disabilities. The most com-
monly used tests of academic achievement are the Pea-
body Individual Achievement Test-Revised (PIAT-R)45

and the Wide Range Achievement Test–Third Edition
(WRAT-III).46 Both ofthese tests assess reading, arith-
metic, and spelling. The PIAT-R has additional scales
assessing the patient’s fund of general information and
reading recognition. Both tests provide information as to
an individual patient’s academic achievement in terms of
grade level, standard score, and standing.

Clinical Situations for Tests of Intellectual Abilities
Intellectual assessment is very important for patients pre-
senting with impairments of higher cognitive functioning
such as memory, language, and reasoning. Because these
higher cognitive functions are highly correlated with intel-
ligence, intelligence assessment allows the examiner to
interpret scores of memory, language, and reasoning per-
formance in light of basic intellectual abilities. Intellectual
assessments are not particularly helpful in patients with
disturbances in level of consciousness (see Chapter 1), dis-
rupted sleep/wake cycles (see Chapter 2), or neglect and
dyspraxia (see Chapter 4). Additionally, the comparison of
intellectual abilities and academic achievement is helpful
in identifying patients who may have learning disabilities.
In children with developmental or neurodegenerative disor-
ders affecting the cortex or subcortex (see Chapters 28 and
34) and those with chromosome alterations, enzyme defects,
or storage abnormalities (see Chapters 30–32), these assess-
ments help in tailoring educational efforts and expectations.
When intelligence testing is requested, the referring physi-
cian should ask for a reporting of subscale performance as
well as summary IQ scores.
Reasoning and Problem Solving through Concept
Formation
Reasoning and problem solving are highly related to intel-
lectual functioning. Similar to intellectual function, these
abilities tend to be impaired following damage to the
CNS. Specific location of injury appears to be less impor-
tant to reasoning impairments, as does the presence of
CNS disturbance. Impairments in reasoning and problem
solving result in difficulties in all areas of daily function-
ing. Patients may not be able to form generalizations from
a given situation and interpret events concretely. Tests of
reasoning and conceptualization usually assess verbal or
nonverbal abilities.
Tests of Verbal Reasoning and Concept Formation
COMPREHENSION.16 This subtest of the WAIS-III is a

test of verbal conceptualization. Patients are required to
answer questions or interpret proverbs that require problem
solving (e.g., “What does ‘a rolling stone gathers no moss’
mean?”). Scoring is based on partial credit on most items
for concrete responses and full credit on responses reflect-
ing abstraction of general principles. One advantage of
this test is the extensive WAIS-III norms available on
performance expectations.
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SIMILARITIES.16 This subtest of the WAIS-III requires
the patient to identify the common elements between seem-
ingly uncommon stimuli. The test begins with simple
problems (e.g., “How are an orange and banana alike?”),
and progress to more difficult problems (e.g., “How are
praise and punishment alike?”). Scoring awards full credit
for complete abstractions, partial credit for concrete
responses, and no credit for incorrect responses. One advan-
tage of this test is the extensive normative data from the
WAIS-III standardization sample.

ARITHMETIC.16 This subtest of the WAIS-III presents
the patient with progressively more difficult arithmetic
word problems. The test is timed so the patient must
attempt to complete each problem as quickly as possible.
In addition, bonus points are given for some of the difficult
problems when the patient responds very quickly. Since this
test is a subtest of the WAIS-III, it benefits from extensive
normative data.

Tests of Nonverbal Reasoning and Concept Formation
CATEGORY TEST.18 The Category Test is part of the

Halstead-Reitan Battery and tests visual concept formation.
In this test, patients see slides with four stimuli and are
required to identify the concept presented on each slide.
The principle remains the same in each of six different sets
of slides, but changes between sets. A final set of slides pre-
sents pictures viewed in previous sets as a test of memory for
the solution. This test can be very frustrating for patient and
examiner alike, but is one of the more sensitive measures in
the Halstead-Reitan Battery.

RAVEN’S PROGRESSIVE MATRICES.
47 These tests

(Colored Progressive Matrices, Standard Progressive
Matrices, and Advanced Progressive Matrices) measure
visual concept formation and problem solving. Patients are
presented with multiple designs that are linked by a common
conceptual pattern. The final design is missing, and the
patient must choose which of six to eight alternative final
designs is correct. The range of abilities this test assesses
is very large, from the concrete to extremely abstract. Exten-
sive normative dataare available for British norms, and
adequate norms are available for U.S. norms.

WISCONSIN CARD SORTING TEST (WCST).48 This test
of visual concept formation adds cognitive set-shifting to
concept formation. Patients are presented with four “target”
cards with simple colored designs that can be sorted by three
concepts. The patients match probe cards with identical
colored design to the target cards according to whatever con-
cept they generate. The only feedback to the patient after
each trial is whether his or her response is correct. The order
of sorting concept is fixed, but unbeknownst to the patient,
changes after a set number of correct responses. Thus,
patients must be able to switch the concept they were using
for the previous trials.

Clinical Situations for Tests of Reasoning and Problem
Solving through Concept Formation
Because reasoning and problem-solving abilities are closely
associated with intellectual functioning, testing should be
requested in those situations that require intelligence testing.
Verbal Function
Disturbances in language function are one of the most notice-
able impairments in cognitive abilities. They can be the result
of generalized cognitive deterioration, as in dementing con-
ditions (see Chapter 33), or confusional states (see Chapters
38–40 and 55). Likewise, they may be due to specific lesions,
as in transcortical aphasia (see Chapter 6) or psychiatric
conditions (see Chapter 3), as in psychotic word salad or
neologisms. Most assessments of verbal function include
testing of expressive abilities (spontaneous speech, naming,
repetition of words and phrases, writing) and receptive abil-
ities (comprehension of speech, comprehension of written
material).

Aphasia Batteries (see Chapter 6)

BOSTON DIAGNOSTIC APHASIA EXAMINATION

(BDAE).
49 This battery is a comprehensive assessment of

verbal function. It provides information on 12 areas of lan-
guage abilities using 34 subscales (Video 96, Conduction
Aphasia). Assessments include verbal comprehension, writ-
ten comprehension, writing to dictation, naming, articula-
tion, spontaneous speech, repetition, reading, following
simple and complex commands, speech fluency, and pros-
ody. The test provides an overall severity rating score and
a profile of subtest performance. This test is very useful in
providing a comprehensive assessment of verbal function,
but because of the number of items, testing time is quite
long. Therefore, this battery is mostly used for specific diag-
nosis and rehabilitative planning of aphasic patients. Because
of scoring and normative information, separate subtests can
be given independently for a more focused (and shorter)
examination of specific areas of verbal function.

MULTILINGUAL APHASIA EXAMINATION (MAE).50

This test is similar to the BDAE in that it provides a compre-
hensive assessment of language function. The administra-
tion time is shorter, however. MAE tests were taken from
the Neurosensory Center Comprehensive Examination for
Aphasia. An advantage to the MAE is that alternate forms
are provided, so repeated testing can be conducted without
contamination of practice effects. Subtests of the MAE can
also be given independently of the complete battery.

NEUROSENSORY CENTER COMPREHENSIVE EXAM-

INATION FOR APHASIA (NCCEA).51 This battery provides
detailed assessments of reading, writing, articulation, visual
abilities, and tactile abilities. The battery has 20 subtests
measuring visual naming, description of use of objects, tac-
tile naming, digit repetition forward and backward, sentence
construction, identification of objects, oral reading for single
words and sentences, visual naming of objects, written nam-
ing of objects, writing to dictation, writing from copy, and
articulation. In addition, four “control tests” are provided.
These tests are given if the patient makes errors on the tactile
naming, visual naming, or reading tests. Extensive norms are
provided for each subtest, so they may be used indepen-
dently. Administration time is usually under 2 hours, which
makes this battery practical in everyday clinical use.

Aphasia Screening Tests
Because most aphasia batteries require extensive time for
administration, screening measures have been developed.



TABLE 27-2

Wechsler Memory Scale–Third Edition, Primary and
Optional Indexes

PRIMARY INDEXES OPTIONAL INDEXES

Auditory Presentation

Logical Memory I and II Information and Orientation
Verbal Paired Associates I and II World Lists I and II

Mental Control
Letter-Number Sequencing Digit Span

Visual Presentation

Faces I and II Visual Reproduction I and II
Family Pictures I and II
Spatial Span
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These screening tests have variable reliability, sensitivity,
and specificity to language impairments.

APHASIA SCREENING TEST.18 This test is part of the
Halstead-Reitan Battery and is composed of 32 items test-
ing reading, articulation, spelling, repetition, naming, cal-
culations, and construction. Administration time is brief
(approximately 15 to 30 minutes). Each ability is tested
with one or two items, so the range of abilities is not great.
In addition, studies of the diagnostic utility of this test have
been disappointing.52

TOKEN TEST.53 This test is extremely sensitive to
impairments in verbal functions. It does not provide speci-
fic information as to type of verbal disturbance, however.
The patient is presented with tokens of different shapes
(i.e., circles, squares, triangles), sizes, and colors. The
patient is required to perform certain acts with the tokens,
such as point to selected tokens, touch them, pick them
up, and place one token on top of another. Administration
and scoring are very simple and the testing time is brief
(approximately 15 minutes). Because this test requires
comprehension of detailed information, it is sensitive to
patients with disturbances of attention and vigilance. This
test is particularly useful in identifying the presence of ver-
bal function disturbances and whether additional, more
detailed testing is required.

Individual Tests of Verbal Skills
The most commonly used individual tests of verbal skills
come from the previously discussed batteries. Because of
thecommon use of these individual tests, a few are presented
here:

NAMING TEST.
50 This test comes from the MAE.

Patients are required to name common and uncommon
objects depicted in line drawings.

BOSTON NAMING TEST.54 This naming test is not part
of any battery, but is often added to the BDAE. Patients are
required to name 60 objects depicted in line drawings. The
objects range from simple and common objects such as a
tree to complex and uncommon objects such as an abacus.
If a patient is unable to name an object, he or she is given a
phonemic cue and a semantic cue.

CONTROLLED ORAL WORD ASSOCIATION TEST.
50

This test measures verbal fluency and comes from the
MAE. Patients are required to generate as many words as
possible, as quickly as possible, to a given letter. Proper
nouns, numbers, and the plural form of a produced word are
not allowed. The patient is given three 1-minute trials using
three different letters. A variant of this test also requires the
patient to generate exemplars from different categories
(e.g., four-legged animals, things found in a grocery store,
parts of a building).

SENTENCE REPETITION.
50 This test is part of the

MAE and requires the patient to repeat spoken sentences.
The first item is simple, composed of three syllables, and
the last item is complex, composed of 24 syllables. In addi-
tion to testing repetition, this test assesses verbal memory.

Clinical Situations for Tests of Verbal Function
Assessment of language function is necessary for all neuro-
psychological examinations. Not only do these tests provide
information about verbal function, they also assess basic
skills needed to complete other neuropsychological tests.
Usually, requests for administration of aphasia batteries are
limited to patients with documented verbal impairments
(Video 97, Dyslexia). Screening tests or individual tests of
naming, comprehension, verbal fluency, repetition, reading,
and writing should be requested for all referrals. In the
assessment of patients with vascular disease (see Chapters
22 and 45), cortical developmental (see Chapter 28), or
degenerative processes (see Chapters 31–35), language test-
ing can help in identifying deficits and tracking verbal
decline or improvement.

Memory (see Chapters 5 and 33)

The ability to record, retain, and reproduce information
constitutes memory functioning. Memory is not a unitary
phenomenon, however. There are different forms of mem-
ory (Table 27-2) including memory requiring awareness
(explicit memory) as well as memory that occurs in the
absence of awareness (implicit memory; see Chapter 5).
All standard clinical assessments of memory test explicit
memory. Even within explicit memory there are different
forms. Semantic memory represents the ability to learn
information about the world in general. Episodic memory
represents memories that are tied to specific episodes. For
example, the knowledge thata bicycle has two wheels, pedals,
a seat, and handlebars represents semantic memory; it is not
possible to identify when this information was acquired. The
memory of the first time one rode a bicycle is an example of
episodic memory; the events surrounding that first ride are
part of the memory trace. Most clinical neuropsychological
tests of memory test a combination of semantic and episodic
explicit memory. There aremany differentmemory tests, both
batteries and tests of single abilities.

Specific Memory Tests
WECHSLER MEMORY SCALE–THIRD EDITION

(WMS-III).23 The WMS-III is a memory assessment battery
composed of 17 subtests (Table 27-3). The 17 subtests
include

1. Information/Orientation—assessing general personal
information and orientation to person, place, and time;

2. Logical Memory I—assessing recall of orally pre-
sented stories;



TABLE 27-3

Subtests of the Wechsler Memory Scale–Third Edition
That Form the Primary Indexes and the Memory
Functions They Assess

INDEXES AND SUBTESTS COGNITIVE FUNCTION ASSESSED

Auditory Immediate Index

Logical Memory I Verbal long-term memory
Verbal learning

Verbal Paired Associates I Verbal long-term memory
Verbal learning

Visual Immediate Index

Faces I Nonverbal long-term memory
Nonverbal learning

Family Pictures I Nonverbal long-term memory
Nonverbal learning

Immediate Memory Index

Logical Memory I
Verbal Paired Associates I
Faces I
Family Pictures I

Auditory Delayed Index

Logical Memory II Verbal delayed memory
Verbal learning

Verbal Paired Associates II Verbal delayed memory
Verbal learning

Visual Delayed Index

Faces II Nonverbal delayed memory
Nonverbal learning

Family Pictures II Nonverbal delayed memory
Nonverbal learning

Auditory Recognition Delayed Index

Logical Memory II Recognition of verbal
Recognition information

Verbal Paired Associates II Recognition of verbal
Recognition information

General Memory

Logical Memory II
Verbal Paired Associates II
Faces II
Family Pictures II

Working Memory

Letter–Number Sequencing Auditory processing
Attention/concentration
Executive function

Spatial Span Visual–spatial processing
Attention/concentration
Executive function
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3. Faces I—assessing ability to recognize visually pre-
sented target faces from distracter faces;

4. Verbal Paired Associates I—assessing recall mem-
ory for orally presented word pairs that have been
previously learned;

5. Family Pictures I—assessing recall of visually pre-
sented family scenes involving four family members;

6. Word Lists I—assessing recall of an orally presented
list of words;

7. Visual Reproduction—assessing ability to repro-
duce difficult-to-verbalize designs after a brief
exposure;
8. Letter–Number Sequencing—assessing ability to
manipulate and recall letters and numbers;

9. Spatial Span—assessing ability to reproduce
increasingly longer spatially separated sequences
of forward and backward taps on blocks;

10. Mental Control—assessing speeded performance
for reciting the alphabet, counting forward and
backward, days of the week forward and backward,
months of the year forward and backward, counting
by 6s while stating days of the week in order;

11. Digit Span—assessing forward and backward digit
span;

12. Logical Memory II—assessing ability to recall
information from the stories in Logical Memory I
after a 30-minute delay, as well as assessing
recognition of information from stories;

13. Faces II—assessing ability to recognize visually
presented target faces from Faces I after a 30-
minute delay;

14. Verbal Paired Associates II—assessing ability to
recall associations from Verbal Paired Associates
I after a 30-minute delay, as well as assessing
recognition of word pairs;

15. Family Pictures II—assessing recall of visually
presented family scenes from Family Pictures I;

16. Word Lists II—assessing recall of the orally
presented list of words from Word List I after a
30-minute delay;

17. Visual Reproduction II—assessing ability to recall
the designs presented in Visual Reproduction I after
a 30-minute delay, as well as specific sub-subtests
to assess recognition of correct figures from nontar-
get figures, copying of figures to assess visual
perception abilities, and a subtest to analyze
discrimination abilities.

Ten of these subtests contribute to eight indices, namely
the Auditory Immediate Index (Logical Memory I and Ver-
bal Paired Associates I), Visual Immediate Index (Faces I
and Family Pictures I), Immediate Memory Index (Logical
Memory I, Verbal Paired Associates I, Faces I, and Family
Pictures I), Auditory Delayed Index (Logical Memory II
and Verbal Paired Associates II), Visual Delayed Index
(Faces II and Family Pictures II), Auditory Recognition
Delayed Index (Logical Memory II Recognition and Ver-
bal Paired Associates II Recognition), General Memory
Index (Logical Memory II, Verbal Paired Associates II,
Faces II, and Family Pictures II), and Working Memory
Index (Letter-Number Sequencing and Spatial Span). The
standardization sample for the WMS-III follows the same
method as that used in theWAIS-III (although with a smaller
standardization sample size), so good normative data are
provided for each subtest as well as the index scores.

REYAUDITORYVERBALLEARNINGTEST (RAVLT).55

This test of verbal memory presents the patient with multi-
ple trials of learning a list of 10 words. Following each pre-
sentation of the study list, the patient is asked to recall as
many words as possible. Following the fifth repetition of
this study list, a new study list is introduced followed by
a recall trial. Following this recall, the patient is asked to
recall as many of the words from the first list as possible.
Finally, a recognition test is given if delayed recall is
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defective. This test provides information on immediate ver-
bal memory, rate of learning, occurrence of retroactive and
proactive interference, delayed recall, and recognition.

CALIFORNIA VERBAL LEARNING TEST–II (CVLT-

II).56 This variant of the RAVLT increases the number of
words on each list to 16 and uses words belonging to one
of four categories of “shopping list” items. The testing pro-
cedure is also modified to provide a cued recall where the
categories are provided to the patient to aid recall. Addition-
ally, both a short delay and long delay recall and cued-recall
component has been added to the testing procedures.

REY-OSTERRIETH COMPLEX FIGURE.57 In this non-
verbal test of memory, patients are presented with a diffi-
cult-to-verbalize complex line drawing. They are first
asked to copy the figure, with no mention of being required
to remember the design for later recall. After a brief delay
(approximately 3 minutes) the patient is asked to reproduce
the design. Delayed memory is tested again in 30 minutes.
One potential difficulty with this test is that most of the
elements that make up the complex design can be assigned
a verbal label (e.g., a square on top of a triangle with a flag
on top), so some verbal memory contamination can occur.
This difficulty is common tomost nonverbal tests of cognitive
abilities.
Clinical Situations for Memory Tests
Because memory is a basic ability of higher cognitive
function, some assessment of memory ability should be
conducted for most patients. Memory assessment is particu-
larly important for patients with suspected dementing ill-
nesses (see Chapter 33), toxic and metabolic conditions
(see Chapters 38, 39, and 55), and possible depression (see
Chapter 3). When requesting memory assessment, informa-
tion on form of memory tested should be provided (Video
260, Memory Testing).
Perception and Construction Abilities
The ability to perceive stimuli is one of the basic require-
ments for the assessment of cognitive function. Therefore,
tests of visual, auditory, and tactile perception are common
in neuropsychological assessments. Certain alterations in
perception, such as neglect, are diagnostically informative.
Visual Perception and Construction
Tests of visual perception typically assess color perception,
object recognition, visual organizational abilities, visual
scanning, and differentiation of figure from ground. Most
neuropsychological assessments will assess color percep-
tion informally. The Color Vision Screening Inventory58

is occasionally used by examiners, however. This test pro-
vides a screening measure of color blindness.

PEABODYPICTUREVOCABULARYTEST–REVISED.
59

This test is discussed in the section on Tests of Verbal
Function; it can be used to assess ability to visually recog-
nize objects.

BENTON FACIAL RECOGNITION TEST.
60 This test of

visual object recognition uses faces as stimuli. Patients
are presented with a target face on one page and six faces
on the adjacent page. One of the six faces matches the target
face. The test progresses in difficulty from easy (a duplicate
of the target face is presented in the six faces) to hard (the
matching face differs from the target face in orientation
and lighting). Since both the target and matching face are
seen together, memory requirements are minimized.

JUDGMENT OF LINE ORIENTATION (JLO).
61 This test

assesses ability to match lines of different orientation to
target lines. Difficulty increases on this test by varying
the length of the matching lines. Since both target and
matching lines are seen together, memory requirements are
minimized.

HOOPER VISUAL ORGANIZATION TEST (HVOT).62

This test presents the patient with 30 easily recognized
objects that have been decomposed into parts and random-
ized. The patient is required to identify each object. Success-
ful performance on this test requires the patient to mentally
reorganize the decomposed images into the complete shape.
There have been a number of normative studies of perfor-
mance on the HVOT, but none is fully adequate.

PICTURE ARRANGEMENT.16 This subtest of theWAIS-
III requires the patient to rearrange a series of pictures that,
when placed in the correct order, tell a story. One advantage
of this test is the extensive normative data generated for the
WAIS-III.

LETTER CANCELLATION TEST.35 This visual scan-
ning test is discussed in the section on Tests of Attention
and Vigilance. When systematic errors occur on this test,
such that the patient completes only one side of the page,
the possibility of visual neglect is raised.

LINE BISECTION TEST.63 This test presents the patient
with lines drawn in different locations on a page. The
patient is required to draw a perpendicular line through
the lines on the page. Visual scanning is required to locate
all the lines on the page. As with the cancellation tests, if
systematic errors occur, where the patient does not bisect
the line on one side of the page, the possibility of visual
neglect is raised.

EMBEDDED FIGURES TEST.64 This test differentiates
figure from ground and consists of 16 line drawings of fig-
ures on one page, and a complex figure that contains the
target figure and overlapping figures. The patient is
required to trace the target figure in the complex figure.
Scoring is on a pass-fail basis, with extra credit given for
fast performance.

REY-OSTERRIETH COMPLEX FIGURE.
57 This test of

visual construction is discussed in the section on Memory.
Information on visual construction can be found from
performance on the copy portion of this test.

CLOCK DRAWING TEST.
65 This test of visual construc-

tion in which the patient is required to draw a clock with
all the numbers and “set” the clock at 20 minutes to four
o’clock. Clock drawing has been a part of bedside mental
status testing for a long time, but scoring had been some-
what arbitrary. The addition of explicit scoring criteria
has improved interpretation.

DEVELOPMENTAL TEST OF VISUAL-MOTOR INTE-

GRATION (VMI).66 This visual construction test was
originally developed for the assessment of children. It is
also useful in assessing adult visual constructional abilities,
however. The patient is required to copy 24 geometric
designs ranging from simple (a single line) to complex.
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Adequate norms for children exist for this test, and its range
of performance can be extended to adults.

THREE-DIMENSIONAL BLOCK CONSTRUCTION.67

This test assesses constructional abilities in three dimen-
sions. Patients are presented with 29 blocks of different
shapes in a prearranged order. A model is shown to the
patient, who is told to use some or all of the blocks to re-
create the model. In all, three models are presented to the
patient. A maximum of 5minutes is allowed to complete
each model. Adequate norms exist for this test.
Auditory Perception
Auditory perception is tested for acuity, perception of orga-
nized sounds, and rhythms.

SENSORY EXAMINATION.18 This test is part of the
Halstead-Reitan Battery and assesses auditory perception
to single and simultaneous stimulations. The examiner
stands behind the patient and gently rubs two fingers
together next to each ear. This tests auditory perceptual pro-
blems in each ear, and also the presence of extinction to
double-simultaneous stimulation.

SPEECH–SOUND PERCEPTION TEST.18 This test is
part of the Halstead-Reitan Battery. Patients listen to 60
nonsense syllables on a tape and must choose among four
options of printed versions of the sounds. One problem
with this test is that individuals who have high-frequency
hearing loss tend to perform poorly.

SEASHORE RHYTHM TEST.18 This test is part of the
Halstead-Reitan Battery. Patients listen to two sets of
tape-recorded rhythms and are required to judge whether
the rhythms are the same or different. The test includes
easy items with a few beats and complex items with many
beats. Because the patient must remember the first rhythm
and must attend rapidly to changing stimuli, this test also
measures memory and attention.
Tactile Abilities
Testing of tactile abilities in most neuropsychological
assessments is limited to the hands. This information is
particularly important for assessing the effects of tactile
deficits on test performance.

SENSORY EXAMINATION.18 This test is part of the Hal-
stead-Reitan Battery. The tactile ability assessment includes
Fingertip Number Writing, where the examiner traces a
number on each finger and asks the patient to report the num-
ber without visual guidance, and Tactile Finger Recognition
(discussed in the section on Tests of Attention and Vigi-
lance), where the patient must identify which finger has been
touched by the examiner without visual guidance.

FACE–HAND TEST.
18,68 This is a test of single and

simultaneous stimuli on either side of the patient’s hand,
face, or both. Information from this test is helpful in iden-
tifying the presence of tactile inattention.

TACTILE FORM PERCEPTION.69 This test requires the
patient to recognize geometric forms placed in one hand
hidden from view, and identify a drawing of the object in
a multiple-choice format. Adequate norms are provided
for this test. Avariant of this test is found in the Halstead-
Reitan Battery, which uses three-dimensional forms and
requests verbal responses as opposed to multiple-choice
responses.

Clinical Situations for Tests of Perception and
Construction Abilities
Assessment of perception and construction abilities is very
important, not only to aid in diagnosis of inattention
(neglect) and constructional apraxia, but also to assess the
competency of basic skills required for adequate testing.
Most of the tests presented also can assess attention and
vigilance. Testing is appropriate for all patients except per-
haps for those with alterations in level of consciousness
(see Chapter 1) or dementia (see Chapter 33).

Executive Function and Motor Performance
Executive Function
Traditionally, executive functions have been ascribed to
the frontal lobes. They involve the ability to assess ongoing
stimuli for relevance to specific goals, the formation of
goals, planning action to achieve goals, ability to evaluate
plans for efficacy, and executing plans. According to this
description, executive functions involve many processes
associated with reasoning and intellectual performance.
Indeed, the Digit Symbol subtest of the WAIS-R (discussed
in the section on Tests of Attention and Vigilance), Cate-
gory Test, Wisconsin Card Sorting Test, Raven’s Progres-
sive Matrices (all discussed in the section on Tests of
Reasoning and Problem Solving Through Concept Forma-
tion), Rey-Osterrieth Complex Figure (discussed in the sec-
tion on Memory), and tests of visual scanning (discussed in
the section on Perception and Construction Abilities) can
all be used to assess executive function. Following is a list
of a few additional tests.

PORTEUS MAZES.
70 This test of planning requires the

patient to trace a path through progressive difficult mazes
without entering any blind alleys. Scoring is based on num-
ber of errors (entering a blind alley) and on time to com-
plete the mazes. Both of these measures have been found
to be sensitive to patients with frontal-lobe damage.

DESIGN FLUENCY.
71 This test of mental flexibility

requires the patient to create as many designs as possible that
are not objects or shapes in 5 minutes. Next, the patient is
required to make as many designs as possible using only four
lines (straight or curved) in 4 minutes. Adequate norms exist
for this test.

STROOP WORD–COLOR INTERFERENCE TEST.72

This test of inhibition has three trials. The first trial
requires the patient to read the color names printed in black
ink as quickly as possible. On the second trial, the patient
is required to name the color of colored dots as quickly
as possible. The third trial requires the patient to name
the color of ink of color name words. The color name does
not match the color of the ink. Forty-five seconds are
allowed for completion of each trial. Scores for each trial
indicate the number of correct responses. An interference
score can be generated that quantifies the patient’s ability
to inhibit the inappropriate response of reading the color
name as opposed to the color of ink used to print the name
in the third trial.
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Motor Performance Tests
Assessment of motor performance is particularly helpful in
identifying integrity of each hemisphere and subtle motor
performance. Tests of motor performance include simple
motor speed, strength, and complex motor/dexterity abilities.

FINGER TAPPING TEST.73 This is a test of primary
motor speed of the index finger of each hand. Patients tap
a finger as quickly as possible for five consecutive 10-
second trials. Because fatigue may affect performance, a
rest period is given between each trial. Large differences
between left and right finger speed may reflect lateralized
hemispheric dysfunction. Adequate norms are available
for this test.

HAND DYNAMOMETER.18 This test measures grip
strength in each hand. Patients are given three trials with
each hand, the first considered practice. Large differences
between left and right grip strength may reflect lateralized
hemispheric dysfunction. Adequate norms are available for
this test.

PURDUE PEGBOARD TEST.
74 This test of finger dexter-

ity requires patients to place pegs in vertically arranged
holes. They perform the task using each hand separately
and then using both hands. Each trial last 30 seconds.
Large differences between left and right performance in
comparison to performance using both hands may reflect
lateralized hemispheric dysfunction. Adequate norms are
available for this test.

Clinical Situations for Tests of Executive Function and
Motor Performance
Assessment of executive function is very important for
patients presenting with impairments of higher cognitive
functioning such as memory, language, and reasoning.
Because these higher-cognitive functions are highly corre-
lated with planning, inhibition of inappropriate responses,
and goal execution, executive function assessment also
aids the examiner in interpretation of tests assessing mem-
ory, language, intelligence, and reasoning performance.
Assessment of executive function is also helpful in patients
with disturbances in level of consciousness (see Chapter 1),
disrupted sleep/wake cycles (see Chapter 2), and neglect
and dyspraxia (see Chapter 4).

Emotional Functioning
Most assessments of emotional functioning are conducted
during the interview with the patient. This information can
be gathered in a standardized or nonstandardized format.
Tests of emotional functioning ought to be used to generate
hypotheses as to the presence of dysfunction with follow-
up of these hypotheses occurring during the interview (see
Chapter 3). There are two general formats to tests of emo-
tional functioning: objective tests and projective tests. Only
objective tests will be presented in this section.

Specific Tests
MINNESOTA MULTIPHASIC PERSONALITY INVEN-

TORY-2 (MMPI-2).75 This self-report test is an objective
measure of personality function composed of 567 true-false
questions. The questions were chosen based on their ability
to differentiate emotionally impaired individuals from non-
impaired individuals. The MMPI-2 has 10 clinical scales
and 4 validity scales. Profiles of the clinical scales can sug-
gest the presence of many different emotional disorders,
ranging from mild depression to psychotic conditions
(Video 22, Delusional Thinking). This test has acceptable
norms, although the standardization sample was limited
in racial diversity. Care needs to be exercised in the inter-
pretation of the MMPI-2 when applied to patients with
brain damage, because many of the symptoms elicited by
MMPI-2 questions are common to neurological patients.

BECKDEPRESSION INVENTORY SECONDEDITION.76

This objective self-report measure assesses the presence of
depressive symptoms experienced by the patient within the
past week. It is composed of 21 questions. Each question
is scored on a 4-point scale ranging from no impairment
(0) to severe impairment (3). The maximum score is 63;
a cut-off score indicative of mild depressive symptoms
is greater than 10 and for severe depressive symptoms is
greater than 30. One problem with the use of the Beck
Depression Inventory with brain-damaged patients is that
many of the items reflect somatic concerns and social
changes associated with neurological damage.

GERIATRIC DEPRESSION SCALE.77 This objective
self-report measure of depression was designed for use in
elderly patients. The test consists of 30 yes or no questions.
A cut-off score of 13 is recommended as an indication of
depression.

Clinical Situations for Tests of Emotional Functioning
The assessment of emotional functioning is important for
three reasons. First, emotional disturbance often follows or
accompanies CNS damage. Examples include cerebrovas-
cular disease (see Chapters 22 and 45), neurodegenerative
disorders (see Chapters 33–36), and metabolic, nutritional,
and drug-induced encephalopathies (see Chapters 38–40).
Not only do patients face adjustments to physical function,
they also often must make social adjustments that can affect
emotional functioning. Second, emotional disturbances can
affect cognitive functioning. Although the diagnosis of
pseudodementia, or dementia related to depression, does
not appear to be real dementia, severe depression can cause
impairments in attention, vigilance, and motivation, which
may affect performance on memory tests. Third, assess-
ment of emotional functioning is required to differentiate
functional from neurological disorders.
PRACTICAL ISSUES

In order to serve the patient best, neuropsychological
assessments need to be a cooperative effort between the neu-
ropsychologist and the referring neurologist. The neurolo-
gist needs to be as specific as possible when formulating
the referral questions. Any pertinent patient information,
such as current and past medical status, current medications,
brief description on the history of the present illness, and a
brief review of physical and neurological examination
results should also be provided. This information helps
guide the neuropsychologist in the selection of testing
materials and approach to the patient. If testing is to be
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conducted in the hospital, the patient’s schedule needs to
include blocks of time when no other clinical tests are sched-
uled (e.g., radiology, discharge planning) so that the patient
may be tested without interruptions and when maximally
alert and attentive. The neuropsychologist needs to com-
municate with the neurologist before testing to discuss the
assessment plan, including which cognitive abilities will be
tested, the approximate length oftesting, and when the neu-
rologist can expect the written report. After the assessment
is completed, but before submitting the written report, the
neuropsychologist generally contacts the neurologist to pro-
vide preliminary feedback. The written report, delivered
shortly thereafter, should be brief but complete, including a
listing of the tests administered, some form of score report,
usually a percentile or standard score for each test, a sum-
mary of the findings, and an interpretation of these findings.
The brevity of the report depends on the nature of the referral
and the questions the neurologist has posed.
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This chapter reviews the major structural malformations
and associated problems related to the central nervous
system (CNS) and surrounding structures. Hydrocepha-
lus, although not a specific structural disorder, is dis-
cussed in the first section because of the importance
and frequency with which hydrocephalus occurs in
many of the disorders that follow in the chapter.
Furthermore, the evaluation and diagnosis of hydroce-
phalus play a pivotal role in clinical management of
many malformations. Following hydrocephalus, disor-
ders of development are discussed according to the
approximate timing of the pathogenesis. Because the
developmental timing for many disorders is not known
or is only speculative, disorders have also been grouped
into major categories.
HYDROCEPHALUS

Hydrocephalus is one of the most common manifestations
of developmental disorders. A fundamental understanding
of the principles, evaluation, and management of congeni-
tal and neonatal hydrocephalus is essential for physicians
involved in the care of infants with developmental struc-
tural disorders of the CNS. Hydrocephalus, in the strictest
definition, denotes an increased volume of cerebrospinal
fluid (CSF) within the skull, most frequently in the ventri-
cles. Unfortunately, the use of various definitions in a wide
variety of clinical presentations and pathological abnormal-
ities has resulted in confusion surrounding the definition
and meaning of the term hydrocephalus. In this chapter,
hydrocephalus is defined as an increase in the volume of
CSF within the ventricular system independent of the
actual head circumference. Entities such as “normal pres-
sure hydrocephalus” will not be discussed as they are gen-
erally not considered malformations and occur mainly in
an adult population.

PATHOGENESIS AND PATHOPHYSIOLOGY. In con-
trast with normal CSF physiology discussed in Chapter
26, hydrocephalus is the result of a disturbance in normal
CSF fluid dynamics. Two terms frequently used when dis-
cussing hydrocephalus are obstructive (noncommunicating)
and nonobstructive (communicating) hydrocephalus. These
terms were first coined by Harvey Cushing to describe the
results of injection of air (pneumoencephalography) into
the subarachnoid space or dye into the ventricles. If the
air was found to move into the ventricles or the dye out
to the subarachnoid space, the cause of the hydrocepha-
lus was considered nonobstructive. If no communication
between the spaces was found, the cause of the hydro-
cephalus was considered obstructive. These terms were used
to help define the pathophysiological mechanisms underly-
ing the hydrocephalus. While conceptually appealing,
Adams and Victor1 challenged the value of this distinction,
pointing out that increased pressure leading to hydrocepha-
lus is virtually always a result of blockage,2 whether along
the pathway of CSF flow or at the site of resorption. Over-
production of CSF, as reported in rare cases of choroid
plexus papillomas, is not likely to represent a common, if
even plausible, cause of hydrocephalus. Thus, the entities
included in this section, with the exception of the destruc-
tive lesions, will be discussed, when known, in reference
to where the blockage occurs (Table 28-1).

Hydrocephalus associated with congenital malforma-
tions and disruptions often is associated with flattened gyri
and reduced sulci. If hydrocephalus develops in utero, the
cerebral hemispheres may show an abnormal gyral pattern
characterized by multiple complex small gyri. This abnormal
gyration has been called microgyria, polygyria, or steno-
gyria. It is important to distinguish this gyral abnormality
from polymicrogyria. The primary basis for distinction relies
on the abnormal cortical lamination in polymicrogyria and
the normal cortical cytoarchitecture in hydrocephalus related
to gyral abnormalities. Although a six-layer neocortex is
recognized in polygyria, neuronal populations may be
significantly reduced. It is equally important to remember
that true polymicrogyria and hydrocephalus may coexist in
certain malformations.

When hydrocephalus occurs as a function of increasing
intracranial CSF fluid volume, intracranial pressure will
begin to increase as well. In an attempt to relieve the
increased intracranial pressure the head circumference will



TABLE 28-1

Overview of the Differential Diagnosis of Congenital Hydrocephalus

ETIOLOGY SPECIFIC CAUSES* MECHANISM OF HYDROCEPHALUS

Tumors Most types, benign and malignant Blockage of CSF pathway
Malformations Many

Chiari II Unknown
Dandy-Walker Unknown
Aqueductal anomalies Obstruction of CSF flow at the level of the cerebral aqueduct
Forking/stenosis
X-linked hydrocephalus

Infectious/post-infectious Abscess Obstruction by a mass lesion
Meningitis/ventriculitis Obstruction of CSF resorption and/or obstruction due to fusion of

ventricular wallCongenital infections
Cytomegalovirus Adhesions and fusion of ventricular wall
Toxoplasmosis Ex vacuo and/or mass lesion

Vascular/hemorrhagic Vascular malformation Mass lesion of post-hemorrhage
Post-hemorrhagic
Germinal matrix origin Intraventricular blood obstructs CSF flow
Choroid plexus origin

Destructive Hydranecephaly Ex vacuo
Secondary Porencephaly Ex vacuo

Perinatal leukomalacia Ex vacuo

*The entities listed are only a partial list and are not meant to reflect a complete differential diagnosis.
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begin increasing by widening of the sutures. Although the
cranial sutures have begun fusion by 2 years of age, they
can often be “split” open if the intracranial pressure rises
prior to the age of complete skull ossification (8 to 10
years). At the same time the fontanelles, if still open, will
become tense and bulging. The majority of conditions that
are discussed in this chapter result in hydrocephalus prior
to fusion of the cranial sutures; thus, an enlarging head
occurs concurrently with the hydrocephalus.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Signs and symptoms of postnatal hydrocephalus
depend on the expandability of the skull. As outlined ear-
lier, prior to fusion of the sutures the skull is able to
expand, resulting in an enlarged head circumference and
tense fontanelles. In addition to the finding of a tense or
bulging fontanelle, the separation of sutures can give rise
to the so-called “cracked pot” sound on percussion of the
skull. The scalp veins may be prominent, especially fron-
tally. The absolute head circumference measured at only
one time point cannot be used as a strict diagnostic guide;
instead, it is important to follow the trajectory of the head
circumference plot over a brief period of time. Any upward
crossing of percentiles over a few weeks is potentially
relevant and requires urgent investigation. Clinical signs
and symptomsmay be minimal or completely absent.3When
present, irritability, frequent crying, unexplained vomiting
(especially in the morning), and persistent or increasing
headaches may all signal hydrocephalus. Alternatively, as a
result of chronically increased intracranial pressure there
may be developmental delay, disinterest in the environment
with a “dull” affect, endocrine dysfunction, unsteady gait,
and increased tone in the legs.4 In the newborn period
bradyarrhythmia and apneic spells may be the only clinical
sign of overt hydrocephalus.

Ophthalmological signs often occur early and are impor-
tant to recognize. Disturbances of extraocular movements
include a supranuclear upgaze paresis, giving rise to the
“setting sun phenomenon” in infants. In this condition,
the eyes appear driven downward and the white of the sclera
is seen above the iris. This phenomenon is probably related
to aqueductal distention with compression of periaqueductal
structures, or by pressure on the quadrigeminal plate by a
dilated third ventricular subpineal recess. Unilateral or bilat-
eral abducens and trochlear paresis can also occur. Swelling
of the optic nerve head (papilledema) occurs in hydrocepha-
lus before closure of the sutures only with very rapidly pro-
gressive hydrocephalus. On the other hand, chronic and
long-standing hydrocephalus can lead to optic atrophy,
resulting in papilledema no longer being apparent. In neo-
natal hydrocephalus stretching of the optic radiations and
cortices can also result in a picture of cortical blindness.
Another unusual neurological manifestation of hydrocepha-
lus is the so called “bobble-head-doll” syndrome, in which
the patient shows rhythmical to-and-fro movements of the
head in the upright position. It is related to obstructive
lesions in and around the aqueduct as well as to cystic lesions
of the third ventricle, but its pathophysiology is unknown.

Long-standing untreated hydrocephalus has been asso-
ciated with a neuropsychological profile referred to as the
“cocktail-party syndrome.”5 Characteristic manifestations
include a fluent and profuse speech that lacks content and
is pragmatically deficient. Chronic hydrocephalus may also
result in precocious puberty. Earlier detection, primarily as
a result of improved imaging of the central nervous system,
along with advances in treatment and management have
resulted in these manifestations of chronic hydrocephalus
being relatively rare.

The special case, a hereditary form of hydrocephalus,
occurs in familial aqueductal stenosis, most frequently
inherited as an X-linked trait. Mutations in the gene for
L1-CAM, a neuronal surface glycoprotein implicated in
migration and fasciculation of neuronal cells,6 have been
identified in one subtype (linked to chromosome Xq28).
How mutations in this molecule lead to aqueductal stenosis
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is unclear. The condition should be considered in diagnosing
both infants and children with hydrocephalus because, in the
case of Xq28-linked familial aqueductal stenosis, in about
50% of affected males, mental retardation, spastic parapare-
sis, and adducted thumbs may not become apparent until
later in life.

DIFFERENTIAL DIAGNOSIS. Hydrocephalus does not
necessarily mean an enlarged head, although an enlarged
or enlarging head often is the presenting feature. The
converse is also not necessarily true; an enlarged head
(macrocephaly) is not equivalent to hydrocephalus. Several
metabolic disorders, hamartomas, and other genetic condi-
tions can be associated with macrocephaly independent
of hydrocephalus.7 If the brain itself is enlarged without a
significant component of hydrocephalus, the term megalen-
cephaly is appropriately applied. Examples include neuro-
fibromatosis type I, several of the overgrowth syndromes
such as Sotos syndrome, Alexander’s disease, metabolic
disorders such as Canavan’s disease, several of the gang-
liosidoses, and glutaricaciduria type I. Malformations and
disruptions with enlarged ventricles but without CSF flow
obstruction have to be differentiated by careful imaging.
Holoprosencephaly and hydranencephaly provide exam-
ples. In the newborn, congenital infections, especially tox-
oplasmosis, must be considered as well as the possibility of
preceding intracerebral hemorrhage potentially causing
aqueductal stenosis as well as diminished CSF absorption.
Space-occupying lesions around the midbrain, tectum,
and pineal region must also be excluded by appropriate
imaging studies.

EVALUATION. The diagnosis of hydrocephalus relies
on the application of neuroimaging techniques combined
with the clinical features outlined in the beginning of this
section.8 Plain radiographs of the skull may show an irre-
gular, shallow scalloping of the inner bone table. Although
hydrocephalus will be obvious on computed tomography
(CT) or cranial ultrasound, precise anatomical definition
of the blockage level is best investigated by magnetic reso-
nance imaging (MRI). Assessment of the cerebral aqueduct
in the sagittal plane, including evaluation of a flow void
through the aqueduct, is also possible via this technique.
On CT or MRI, CSF driven transependymally into the peri-
ventricular white matter may be apparent as low attenuation
on CT or high signal on T2-weighted MRI sequences.

Evaluation must take into account whether the cranial
sutures are open or closed. The ventricular size with an
expandable skull versus a fixed volume skull can be dra-
matically different even with an equal increase in intraven-
tricular pressure. In the case of open sutures, even
moderate rises of pressure can expand the ventricles enor-
mously and the surrounding brain may appear compressed
to a thin band. A dramatic reconstitution of the cerebral
mantle may be seen after shunting, sometimes with rever-
sion of some preexisting neurological deficits, in particular
impaired visual function. On the other hand, in the fixed
volume skull, even enormously elevated intraventricular
pressures may give rise to only moderate expansion of ven-
tricular size, especially with “communicating” hydrocepha-
lus. “Arrested” or inactive hydrocephalus with apparently
normal pressure measurements may pose a special problem
for management decisions, as spot-check measurements of
CSF pressure by lumbar puncture may not accurately reflect
chronic CSF dynamics. Longer, continuous monitoring of
intracranial pressure using a subdural or epidural device
has been advocated for such cases. These investigations
are not without risk for the patient and are not universally
recommended. Meticulous attention to clinical details in
order to decide whether the hydrocephalus is symptomatic
should guide treatment decisions.

Early prenatal detection of hydrocephalus is possible,
but it should be kept in mind that hydrocephalus may
develop only after 16 to 18 weeks’ gestation. Of paramount
importance is the detection of additional CNS and extra-
cerebral malformations, as these may heavily influence
the prognosis and management decisions.

MANAGEMENT AND PROGNOSIS. Shunting of the
CSF from the ventricles is the mainstay of therapy for
hydrocephalus.9 The predominant shunt systems currently
in use are ventriculoperitoneal shunting (VP) devices with
pressure-controlled valves placed under the scalp close to
the burr hole. The major complications associated with VP
shunt treatment involve mechanical problems, shunt-related
infections, and functional problems. Signs of increased intra-
cranial pressure with headache, lethargy, and vomiting will
be apparent in most of the situations in which shunting is
impaired. Functional overshunting can also occur, albeit less
frequently. Headache again is the most common clinical
symptom, but in contrast to the headache associated with
increased intracranial pressure, headache resulting from
overshunting tends to be relieved in the recumbent position.
Shunt infections are a serious complication and are most
often caused by Staphylococcus aureus. Unexplained fever,
which can sometimes be low-grade, is seen, and chronic or
frank meningitis usually is the presenting feature. Treatment
is with penicillinase-resistant antibiotics, but culturing the
pathogen for determination of drug susceptibility should be
attempted in all cases. Replacement of all hardware is fre-
quently necessary. Abdominal complications of VP shunting
include peritonitis, perforation of an abdominal organ, peri-
toneal cysts, and the development of hydroceles in boys.
Seizures, especially during the first year after shunting,
occur in approximately 5.5% of patients. The incidence of
developing seizures declines after the first year. In the
Xq28-linked familial aqueductal stenosis VP shunting is
indicated as well. Importantly, the development of mental
retardation and spastic paraparesis appears to be independent
from the ventricular dilatation per se and does not improve
with the treatment.

Under certain circumstances such as neonatal post-
hemorrhagic hydrocephalus, in which some patients may
show resolution of the hydrocephalus without more perma-
nent intervention, temporizing measures may be useful. Daily
lumbar punctures removing substantial amounts of CSF have
been used, but this treatment still requires more systematic
clinical evaluation. Pharmacological intervention consists of
a combination of high-dose acetazolamide with furosemide,
which can reduce CSF production considerably. Careful
monitoring for the development of nephrocalcinosis (parti-
cularly problematic in premature infants treated with this
combination of drugs) and electrolyte imbalances is essential.
Themanagement of neonatal posthemorrhagic hydrocephalus
is rather complex and beyond the scope of this chapter.10

The detection of a fetal ventriculomegaly by ultra-
sound has created a new problem in the management of
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hydrocephalus that requires insight into the natural history
of fetal ventriculomegaly.11,12 The prognosis is strongly
influenced by the coexistence of major neural and extra-
neural abnormalities. In one large series,12 50% of detected
cases died in utero or the pregnancy was electively termi-
nated, mainly because of the detection of major additional
anomalies. Of the remaining 50% only a small percentage of
cases were found to develop progressive ventriculomegaly
in utero on follow-up investigations. These infants were
shunted immediately after delivery and had relatively good
outcomes. In an even smaller percentage, the ventriculome-
galy resolved, also with a favorable outcome. Of the major-
ity that were stable in utero, a little more than half remained
stable postnatally and their ultimate prognosis was depen-
dent on the presence of additional associated anomalies
and malfunctions. The other group developed postnatal
progression of the hydrocephalus requiring shunting. The
outcome was good in the infants without additional anoma-
lies. This pattern also holds true for hydrocephalus detected
at birth.13 Given the importance of additional anomalies for
the ultimate prognosis, once fetal ventriculomegaly is identi-
fied, a complete workup should be conducted at an experi-
enced center. Currently no definite benefit to intrauterine
shunting has been demonstrated.
NEURAL TUBE DEFECTS

Defects in formation of the neural tube account for 0.001%
to 1% of all human malformations, depending on the refer-
ence population, making this group of disorders among the
most common major malformations. Neural tube closure
defects are also among the oldest recorded malformations.
For example, a mummy from ancient Egypt, investigated
by Etienne Geoffroy Saint-Hilaire, was determined to have
anencephaly. A curious observation in the 16th century of
a child with a froglike head and face, now believed to
represent anencephaly, was born to a woman who had a
frog placed on her hand during a febrile illness and repre-
sents the first indication that neural tube closure defects
may result from environmental factors.14 This example
of “maternal impression,” a theory widely postulated for
many centuries as the cause of some congenital anomalies,
including the “Elephant Man,” is noteworthy because of
the now recognized association of maternal hyperthermia
and neural tube closure defects.15

PATHOGENESIS AND PATHOPHYSIOLOGY. The pre-
vailing theory on the pathogenesis of neural tube defects
is that they result from a failure of the neural folds to come
together to form the neural tube as opposed to splaying
open of a closed neural tube. Experimental models and stu-
dies in humans have supported this contention. Although
monoallelic disorders are occasionally associated with
neural tube closure defects,16 most data implicate a multi-
factorial etiology for the occurrence of neural tube closure
defects. Neural tube closure defects are common in ani-
mals, including mice, in which mutant strains have been
invaluable in identifying many genes important for neural
tube closure. Strain differences in the susceptibility to
neural tube closure defects have been recognized, consistent
with the multifactorial model. Similarly, environmental
factors have been identified that result in neural tube closure
defects. Recent data also indicate that at least in the cranial
region, neural tube closure occurs not in a single continuous
closure, but at multiple sites and in a coordinated pattern.
Each defined site may be under the control of different
genes and be susceptible to different environmental factors
(Fig. 28-1).17,18

Given that several of the known environmental risk fac-
tors can be controlled, it is important to appreciate the
embryonic timing of neural tube closure and therefore
the gestational age at which these defects are believed to
arise. Closure of the neural folds begins on approximately
day 20 after fertilization and is complete by approxi-
mately day 28. This is approximately 1 to 2 weeks beyond
the time a women is expecting her normal menstrual cycle.
Thus, during this critical time of development for the
nervous system, a woman is frequently still unaware that
she is pregnant. As a result, preventive measures have to
be already in place before conception.

EPIDEMIOLOGY AND RISK FACTORS. The past dec-
ades have witnessed an overall decline in the incidence of
neural tube closure defects, although the etiology for this
decline remains elusive. Epidemiological and experimental
investigations into potential environmental risk factors, par-
ticularly in Wales and Ireland, have failed to identify an
obvious single source. Several environmental factors have
been linked to neural tube closure defects including maternal
diabetes, maternal hyperthermia, and some anticonvulsants
(valproic acid and carbamazepine in particular)19; however,
the elimination of some of these minor risk factors is not suf-
ficient to explain the overall declining incidence.20 Recently,
vitamin supplementation, particularly folate, has been linked
to a reduced risk for having a second child with a neural tube
closure defect.21,22 Preliminary data indicate that similar
supplementation may also reduce the risk for all mothers.23

The mechanisms by which vitamin supplementation pre-
vents neural tube closure defects are poorly understood,
but recent genetic evidence suggests that certain poly-
morphisms in folate metabolizing enzymes (MTHFR,
MTHFD1) confer a higher risk for neural tube defects, pro-
viding a basis for the effectiveness of folate replacement
therapy.24

As alluded to already, it is likely that many factors play
roles in the causation of neural tube closure defects, and
the actual etiology is more often than not multifactorial.
Additional genetic factors certainly play an important role
in at least conferring a predisposition to having a child
with a neural tube closure defect. These genetic and envir-
onmental factors are likely to act synergistically to incre-
ase a women’s risk for having a child with a neural tube
closure defect.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Neural tube defects can be divided into cranial and
caudal, although occasional cases may involve both (e.g.,
encephalocele in conjunction with myelomeningocele).
The terminology of a neural tube closure defect often pro-
vides a description of the type and location of the defect.
Anencephaly in the strict sense means absence of the head,
however, the term practically refers to an absence of the
brain and the calvarium covering the brain. Although some
cases have partial sparing of supratentorial or more com-
monly infratentorial structures, the vast majority of cases



Figure 28-1. Neural tube closure defects located at multiple sites along the neuroaxis. A CT scan (A) and clinical photograph (B) of a patient with a frontal
(nasal glioma) encephalocele (closure III). C, An encephalocele/anencephaly isolated to the occipital region (closure IV). D, This case showed an open
defect at the top of the encephalocele with extensive loss of neural tissue, placing this case in the category of anencephaly. E, A lumbosacral myelome-
ningocele with an intact membrane over the defect that involved the spinal cord. A model of neural tube closure defects. Defects in closures III, IV, and I
may account for the examples shown in parts A, B, C, and E, respectively. (From Golden J, Chernoff G: Intermittent pattern of neural tube closure in two
strains of mice. Teratology 1993;47:73–80.)
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show a complete absence of most of the brain. The anterior
pituitary, eyes and lower brain stem are usually spared.
Although the tissue fated to become the brain is present
in the embryo, it is generally believed that direct contact
between the neural epithelium and the amniotic fluid leads
to degeneration of the former. The remaining tissue cover-
ing the basal cranium is a highly vascular and friable mem-
brane referred to as the area cerebrovasculosa. Rachischisis
refers to cases of anencephaly with a contiguous spinal
defect involving at least the cervical spine region and
extending for varying degrees down the spinal column. In
the majority of cases there is associated polyhydramnious
and a significant proportion are stillborn. Infants born alive
do not survive, and their neurological function is primarily
limited to brain stem and spinal reflexes. Seizures, at times
resembling infantile spasms, have been observed in some
infants.

Encephaloceles and cranial meningoceles are distin-
guished from anencephaly by the former having an epidermal
covering over the cranial neural tube closure defects. Both
entities are associatedwith a defect in the skull with protrusion
of the leptomeninges alone in the case of a meningocele,
and leptomeninges and underlying brain in encephalocele.
The size of an encephalocele can vary from a barely visible
bulge to those larger than the infant’s head. Occasionally,
no clear bony defect or attachment to the underlying brain
can be identified, particularly with lesions located in the
inferior frontonasal region. This form of a frontal encepha-
locele is sometimes called a “nasal glioma,” although the
term is misleading because there is no neoplasm. These
lesions may not be immediately obvious on external exam-
ination and may present as intranasal masses, pharyngeal
obstruction, or with recurrent meningitis. Hypertelorism,
median cleft lip, or hypothalamic dysfunction can also
be associated. The location of an encephalocele can be
helpful in the diagnosis of specific syndromes. For exam-
ple, the Meckel-Gruber and Walker-Warburg syndromes
are frequently associated with occipital encephaloceles;
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anterior encephaloceles are found more commonly in
Roberts’ syndrome and as isolated malformations more
commonly in Southeast Asia. Parietal encephaloceles are
less common. The extent of the cortex “herniated” into the
cele correlates with the neurological deficits. Malformed
cortex within or adjacent to the cele, in addition, can give
rise to seizures.

Neural tube closure defects involving the spinal cord can
involve the meninges alone (meningocele) or the meninges
and underlying spinal cord (myelomeningocele). Most cau-
dal neural tube closure defects occur in the lumbar region,
followed by the lumbosacral region, but can also be located
in cervical, thoracic, or sacral regions. The terms spina
bifida occulta and spina bifida cystica are also used to
describe variations of these defects. These terms refer to
the bony changes of the vertebral column. Spina bifida
occulta is defined as a defect in the posterior bony compo-
nents of the vertebral column without involvement of the
cord or meninges. These defects are often found inciden-
tally on radiographic studies or are picked up because of
a subtle clinical finding such as a tuft of hair or a cutaneous
angioma or lipoma in the midline of the back marking the
location of the defect. On rare occasions a sinus tract may
communicate from the skin to the underlying dura.

The clinical presentation is largely dependent on level
and content of the defect. Pure meningoceles without
involvement of the spinal cord may be largely sympto-
matic. Neurological disability is greatest in patients with
myelomeningoceles. Infants with defects at or above L2
are more likely to have skeletal deformities, including
kyphosis and scoliosis, dislocated hips, and clubfeet (see
later discussion). The degree of motor paresis is dependent
on the level of the neural tube closure defect and is dis-
cussed in more detail under Management and Prognosis.
Involvement of the kidneys, urinary tract, and bladder with
various forms of incontinence and reflux is very common
and similarly depends on the level of the lesion (see the
following discussion).

Several disorders frequently included in the spectrum of
spinal neural tube defects are tethered cords, spinal lipo-
mas, and sacral teratomas, although these entities do not
arise as a result of a failed neural tube closure. Nonethe-
less, spinal dysraphisms are occasionally associated with
these lesions. The etiological relationship between these
disorders remains unclear. Tethering of the cord can pre-
sent late and insidiously with progressive gait disturbances,
atrophy of various muscle groups or the entire limb, loss of
reflexes, loss of sensation in particular in the sacral derma-
tomes, and sphincter disturbances.25 The gait abnormality
results from weakness and lower extremity spasticity. Pain
in the gluteal, perianal, and other pelvic areas as well as the
limbs associated with cramping can occur in particular
with later presentation. Early and seemingly fixed deformi-
ties as well as sudden and dramatic deteriorations can also
be seen. Deteriorations may occur in particular during per-
iods of rapid growth. Partial duplication of the spinal cord,
diastatomyelia, can give rise to a similar picture, although
the symptoms are often more strictly unilateral.

Myelomeningoceles, particularly those arising in the
lumbosacral regions, are frequently associated with other
defects along the neuroaxis and the surrounding mesoderm.
The cranial bones may show regional thinning resulting in
radiographic and transilluminative lucencies. These defects,
also known as Lückenschädel, are present in far greater
than 50% of term children with myelomeningoceles, but
are rarely diagnosed after 2 years of age. Although these
bony lucencies frequently occur in patients with myelomen-
ingoceles, especially in the additional presence of hydro-
cephalus, they are not specific for this disorder and may be
found incidentally or in association with hydrocephalus
only. The base of the skull is also abnormally flattened
(platybasia) in most patients with myelomeningoceles,
resulting in a shallow angle between the clinoid process
and the foramen magnum.

The cerebral hemispheres can showmalformations that are
not clearly linked to the neural tube defect. The associated
anomalies range from those that are found infrequently, such
as agenesis of the corpus callosum, polymicrogyria, and
pachygyria, to frequent findings such as an enlarged massa
intermedia. Probably the most common finding associated
with myelomeningocele is the Chiari II malformation, also
referred to by some authors as Arnold-Chiari malformation.
This hindbrain malformation is present in greater than 95%
of children with myelomeningoceles. Although a broad
spectrum of findings are part of the Chiari II malforma-
tion,26 the change found in virtually all cases includes
displacement of the cerebellar vermis (and to a lesser
extent the inferior lateral cerebellar hemispheres) over
the dorsal aspect of the cervical spinal cord (Fig. 28-2)
within the upper vertebral column. The fourth ventricle,
pons, and medulla are similarly elongated and partially
located within in the spinal canal. The lower medulla
may be kinked. Forking of the aqueduct, aqueductal ste-
nosis, or aqueductal atresia may be present. Less common
findings include fusion (beaking) of the inferior tectum
and anomalies of cranial nerve nuclei. Hydrocephalus is
a common complication of myelomeningoceles, and may
manifest pre- or postnatally. The etiology of the hydro-
cephalus is not always clear, although the aqueductal
changes could account for some of the cases. Clinically,
the Chiari II malformation may present with lower brain
stem and cranial nerve dysfunction. Dysphagia leading to
feeding difficulties, drooling, nasal regurgitation, strider,
vocal cord paralysis, and life-threatening apnea spells
may all occur. Cyanotic episodes are ominous, carrying
a considerable risk of death. Nystagmus, retrocollis, and
opisthotonus can also be seen. Later presentation of the
Chiari II malformation may include additional loss of
head control, newly arising weakness in the arms, and
increasing spasticity leading to quadriparesis.

In addition to dysraphism, other malformations may be
concurrently found in the spinal cord.26 The two most fre-
quent abnormalities of the spinal cord are hydromyelia
(dilations of the central canal) and syringomelia (a glial
lined cavity within the parenchyma of the spinal cord).
They may occur in isolation or may be found together
(hydrosyringomyelia). These disorders may be localized
to a short segment of the spinal cord or extend along great
distances. It is also important to recognize that these condi-
tions are not specific to dysraphisms and can even occur
post-traumatically. Partial (diastematomyelia) and com-
plete (diplomyelia) duplications of the spinal cord are
occasionally present in association with myelomenin-
gocele. These potentially associated anomalies are not
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Figure 28-2. Examples of several posterior fossa anomalies. A midsagittal MRI (A) and photograph (B) of a brain with Dandy-Walker malformations.
The cerebellar vermis is rotated anteriorly and there is a cystlike dilation of the fourth ventricle. C, A Chiari I malformation is characterized by a tongue
of cerebellar tonsils extending over the cervical spinal cord. The cerebellar vermis is intact and shows no displacement. D, The Chiari II malformation is
characterized by the cerebellar vermis extending as a tongue of tissue into the cervical spinal canal. The inferior vermis is white, corresponding to the
extreme gliosis usually seen in this disorder. Note the beaking of the inferior tectum, the elongated and distorted pons and medulla, with the kinking
of the lower medulla.
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specific for dysraphisms of the spinal cord, and each may
be found in isolation or with other CNS malformations.

DIFFERENTIAL DIAGNOSIS. The diagnosis of a neural
tube defect usually is quite obvious, except in rare cases
of small or hidden encephaloceles and with forme fruste
lesions such as dural sinus tracts. In some cases of aplasia
cutis congenita, there may be bony skull defects without
cystic outpouching of components of the CNS, making
the diagnosis of a neural tube defect diffficult. Tumors such
as caudal lipomas, teratomas, and dermoids may occasion-
ally mimic a neural tube closure defect. The amniotic band
sequence can also disrupt the neural folds and cranium,
resulting in a defect resembling a neural tube closure
defect.21 Disruptions due to the amniotic band sequence
are often easily distinguished from neural tube closure
defects by the asymmetry, the presence of facial clefts, and
the presence of extremity amputations. The signs and symp-
toms of tethering of the cord and related anomalies have to be
differentiated from other progressive spinal cord diseases,
including tumors, multiple sclerosis, spinal cord infarction,
and progressive spastic paraparesis.

EVALUATION. The diagnosis of anencephaly is readily
made on examination of the affected infant. The evaluation
of children with less dramatic neural tube defects is more
complex. Occipital encephalocelesmay be part of a syndrome
with important genetic and prognostic implications. For
example, the Meckel-Gruber syndrome and the Walker-
Warburg syndrome, both mentioned previously, are autoso-
mal recessive disorders with a poor prognosis. A special case
is the frontonasal encephalocele. Clear rhinorrhea from CSF
leakage following the removal of a nasal “polyp” requires
immediate evaluation with imaging and prophylactic antibi-
otic treatment instituted before surgical repair. A complete
endocrine evaluation is particularly important in sphenoidal
encephaloceles. In general, careful imaging, preferably using
both MRI and CT scanning with bone windows, is important
for the evaluation of encephaloceles to outline their content
and anatomical relationships for treatment planning.

In the evaluation of the infant with spinal dysraphism,
particularly the lumbosacral forms, it is important to be
aware of the commonly associated Chiari II malformation
as well as of the possibility of coexisting hydrocephalus.
Myelomeningoceles outside the lumbosacral region have
a less consistent association with hydrocephalus.

It is currently recommended that every child with
myelomeningoceles be screened for the presence of hydro-
cephalus with at least transfontanelle ultrasound, because
the development of signs and symptoms may be delayed.
Careful morphological and functional urological assess-
ment is of major importance in children with myelomenin-
goceles. Only in very low lesions at S3 will there be a
flaccid, and therefore relatively easy to manage, bladder.
Higher lesions are often associated with incoordination of
the detrusor and external urethral sphincter.
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MANAGEMENT AND PROGNOSIS. In anencephaly the
prognosis for survival without maximal support for an
affected infant is extremely poor, and a significant propor-
tion of infants are stillborn. Because survival of live-born
infants can be prolonged with the assistance of life support
systems, anencephalic infants are potential organ donors,
but purposeful life prolongation for this use is controversial.

The management for dysraphic disorders begins with the
planning of an atraumatic delivery. The avoidance of labor
by prelabor cesarean section significantly improves neuro-
logical outcome in children with myelomeningoceles.27

Larger encephaloceles are also managed in this fashion.
Decisions concerning the surgical management in the en-
cephaloceles are dependent on the clinical context in which
the encephalocele occurs, including the identification of
syndromes and other associations important for prognosis
and genetic counseling (see Van Allen and colleagues17

for a more complete list of associations and syndromes).
Most encephaloceles are sporadic, however, so that prog-
nosis and management are solely based on the extent of
the individual defect. Generally, surgical excision and clo-
sure are recommended, even if there are significant asso-
ciated malformations; the goal of surgery in these cases
may be simply to improve caregiving for the affected
infant. More urgent surgery may be indicated in the case
of CSF leaks to prevent meningitis. The prognosis and neu-
rological outcome are significantly better in anterior en-
cephaloceles as opposed to parietal and occipital lesions,
particularly those involving the posterior fossa contents
(see later discussion of Chiari III). Frequently a sporadic
encephalocele, frontal or occipital, can be surgically managed
with fairly good outcome.

The surgical treatment of spinal dysraphism in most cen-
ters is now directed at closing all but the prognostically
worst cases. Although early treatment is preferable, there
are no strong data supporting improved outcome from
emergency closure. Timely closure does, however, reduce
the rate of infectious complications. A planned operation
within the first 24 to 48 hours after delivery currently is
the standard of treatment, although some delay of the clo-
sure under antibiotic coverage does not seem to adversely
affect outcome. Concurrent shunting of coexisting hydro-
cephalus is often necessary and advisable even for what
might appear to be “arrested” ventriculomegaly. Prevention
of meningitis or ventriculitis is extremely important,
because the outcome for cognitive development is in-
versely related to the occurrence of such complications.
Therefore antibiotic prophylaxis is used before and around
the time of surgery, in particular with open defects. A new
surgical intervention that has shown significant initial pro-
mise is fetal surgery to close the defect, although further
studies are required to determine which patients are the
best candidates and to assess the safety and long-term
outcome of this intervention.

Surgical management of the Chiari malformation itself
may become necessary when prominent brain stem signs
persist despite adequate treatment of the hydrocephalus.28

In these selected cases decompression via suboccipital
craniectomy and cervical laminectomy can be beneficial.
Urological management plays a prominent role in the care
of these children.29 It is very important to avoid secondary
dilatation of the proximal urinary system creating the
potential for chronic pyelonephritis and renal damage. Uro-
logical complications continue to be a leading cause of
morbidity in children with myelomeningocele. Various
conservative (intermittent catheterization, anticholinergic
medication) and surgical regimens for bladder management
may be appropriate.30 Rectal incontinence can often be
successfully managed with conservative treatment such
as very regulated and scheduled emptying of the bowel.
Several late complications of myelomeningoceles can
arise. Scoliosis, especially with lesions at or above L2,
and traction on the cord may result from the defect alone.
Postsurgical complications include spinal cord infarction,
compression of the cord by subarachnoid cysts, and inclu-
sion cysts arising from trapped skin appendages.

The distribution of weakness and deficits on examina-
tion is an important predictor for later ambulation. Involve-
ment above the L3 level in general creates motor deficits
that preclude ambulation; lesions below S1 usually allow
for unaided ambulation. If the deficit level falls between
S1 and L3, a number of assisting devices may be useful
for ambulation.31

Tethering of the cord may be found as a late complica-
tion after meningomyelocele repair,32 but may also occur
as a “primary” abnormality (see the previous discussion).
In all cases surgical untethering of the cord is recom-
mended. The associated pain responds best to surgical
treatment, and ambulation and bladder function may imp-
rove as well. However, sphincter dysfunction often remains
a permanent problem even after complete release. Given
the potential for rapid deterioration with incomplete neuro-
logical recovery, even prophylactic surgery in an otherwise
asymptomatic child seems advisable.

Primary prevention of neural tube defects currently
focuses on dietary folate replacement around the time of
conception. Such a supplementation has been shown to
not only reduce the risk for the birth of a second affected
child, but may also be effective in reducing the primary
incidence of neural tube defects. Given the early timing
of the failure of neural tube closure, supplementation may
be too late when an unplanned pregnancy is noted. The
question of general diet fortification with folate is still
being debated.33

Prenatal detection of neural tube defects has become
routine through screening programs using serum and
amniotic chemistry and prenatal ultrasound. Elevated
serum or amniotic fluid alpha-fetoprotein (AFP) and ele-
vated acetylcholinesterase in the amniotic fluid are found
in almost all open neural tube defects. The peak of sensitiv-
ity for maternal serum AFP levels lies somewhat later
than the amniotic fluid determination and is optimal at 16
to 18 weeks’ gestation. Before that time, the levels may
be normal despite the presence of a neural tube closure
defect. The specificity of this test is much lower, so careful
follow-up testing needs to be done after the determination
of an elevated value. This surveillance commonly includes
a high-level fetal ultrasonography and often amniocen-
tesis to measure AFP and acetylcholinesterase in the amni-
otic fluid. This determination is highly sensitive for open
neural tube closure defects, but not always completely spe-
cific, since there are other causes for elevated AFP in the
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amniotic fluid. AFP levels combined with acetylcholines-
terase analysis in the amniotic fluid approaches a sensitiv-
ity of 100% with much improved specificity. In addition,
fetal ultrasonography can provide an additional level of
confidence with very high sensitivity in experienced hands
at even 14 to 16 weeks’ gestation. Indirect signs such as the
lemon sign, referring to a symmetrical bifrontal narrowing
of the skull, and cerebellar abnormalities are helpful in
addition to the often-difficult direct demonstration of
the defect. Fetal ultrasonography can also assist in dating
of the pregnancy, an important factor in the calculation of
the AFP values, as the normal and abnormal ranges are
dependent on the gestational age of the fetus.
SEGMENTATION, CLEAVAGE, AND MIDLINE DEFECTS

The group of disorders discussed in this section are
believed to arise from a defect in midline development.
The result is a failure of midline structures, such ase the
corpus callosum, to form. Included are also abnormalities
in the separation of the neural tube into two hemispheres.
This later defect is believed to result in holoprosencephaly
and the related disorders that will be discussed.

PATHOGENESIS AND PATHOPHYSIOLOGY. Comple-
tion of neural tube closure is followed by segmentation
in the anterior-posterior axis. Although these segments were
originally defined morphologically, recent data have demon-
strated a coordinated expression of a variety of developmen-
tally regulated genes, mostly members of transcription factor
families such as the homeobox genes. In more general terms
these data have suggested that the segmental organization of
the nervous system is established through a combinatorial
regional expression and regulation of specific developmental
genes.34,35 These segments form the progenitors to all struc-
tures recognized in the adult nervous system. Holoprosence-
phaly is now believed to arise from a defect in this early
dorsal-ventral patterning of the rostral neural tube midline.36

In addition to the anterior-posterior organization of the ner-
vous system, bilateral symmetry arises in the cerebral hemi-
spheres. At approximately 5 to 6 weeks after fertilization the
prosencephalon, the most rostral segment of the nervous sys-
tem, shows differential growth as two distinct hemispheres.
The most anterior point of the neural tube, the lamina termi-
nalis, is the location from which the major crossing fibers
between the cerebral hemisphere will arise. Both the anterior
commissure and the corpus callosum have their anlagen in
the lamina terminalis. From there the corpus callosum grows
back over the top of the third ventricle to form its genu,
body, and splenium. Failure of the prosencephalon to grow
into two symmetrical hemispheres and defects in the region
of the lamina terminalis are believed to give rise to the class
of defects commonly referred to as cleavage defects or
midline defects.

EPIDEMIOLOGY AND RISK FACTORS. Among the
midline defects, holoprosencephaly is the best character-
ized and studied, and this section will focus primarily on
this disorder as a model of a segmentation defect. Holopro-
sencephaly is a relatively rare malformation of the CNS,
frequently associated with specific craniofacial anoma-
lies including midline facial clefts, cyclopia, and nasal
anomalies. The incidence in live-born children with normal
chromosomes has been estimated to be approximately 0.48
to 0.88 per 10,000.37,38 In contrast, the rate among human
aborted fetuses was estimated at 40 per 10,000, indicating
a high rate of fetal loss.39

Several environmental/maternal factors have been asso-
ciated with the holoprosencephaly sequence. In humans,
the best recognized association is with maternal diabetes.
Maternal ethanol consumption has also been anecdotally
associated and is supported by experimental studies.36

Excluding those cases of holoprosencephaly resulting from
exposure to a teratogen, it is likely that the majority of
remaining cases will have a recognizable genetic etiology.
Furthermore, it is possible that even those cases associated
with a teratogenic exposure occur against the background
of a genetic predisposition, similar to the risk of a chroni-
cally alcoholic woman having a child with the fetal alcohol
syndrome.

Because the holoprosencephaly sequence can occur in the
setting of other well-recognized syndromes, the evaluation
of a fetus, infant, or child with holoprosencephaly must
include a complete investigation for other systemic anoma-
lies. It has been estimated that up to 25% of patients
with holoprosencephaly have a recognizable syndrome.37,38

Syndromes that may show holoprosencephaly as a feature
include pseudotrisomy 13, Smith-Lemli-Opitz, Pallister-Hall,
Meckel, velocardiofacial, Genoa, Lambotte, Martin, and
Steinfeld syndromes.36 As will be discussed in the following
sections, the Smith-Lemli-Opitz syndrome, due to a defect
in cholesterol biosynthesis40 at the level of 3ß-hydroxy-
steroid-D7-reductase, is of particular interest because it also
has a link to a specific signaling pathway involving the human
sonic hedgehog homolog (SHH) molecule. Affected patients
have severe hypocholesterolemia, and cholesterol is required
for normal SHH signaling.

In addition to these recognized syndromes, a number of
nonrandom chromosomal abnormalities have been found
in patients with holoprosencephaly. Chromosomal anoma-
lies have been reported in 24% to 45% of live-born
infants,37,38 the most common of which is trisomy 13. This
has been estimated to account for greater than 50% of the
chromosomal abnormalities in patients with cytogenetic
abnormalities, and up to 70% of children with trisomy 13
have holoprosencephaly. In addition to trisomy 13, several
other chromosomal anomalies have been identified in
patients with holoprosencephaly.36

Based on nonrandom cytogenetic rearrangements, at
least 12 chromosomal regions on 11 chromosomes may
contain genes that may play a role in the pathogenesis of
holoprosencephaly. Four of these loci have been designated
HPE1 (21q22.3), HPE2 (2p21), HPE3 (7q36), and HPE4
(18p).41 Since that time, SHH was found to map within
the minimal critical region for HPE3 and mutations identi-
fied. Confirmation that SHH plays a role in the pathogene-
sis of holoprosencephaly has come from mice that are
homozygous mutant for the SHH gene and show a holopro-
sencephaly-like sequence.42 Other genes that have been
identified to date while certainly not all include TGIF,
ZIC2, GLI2, FAST1, SIX3, and PTCH1.43 Overall, a cen-
tral role for the sonic hedgehog pathway emerges,44 but
other genes are likely to also be identified.
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Figure 28-3. Semilobar and alobar holoprosencephaly. A, In semilobar and lobar holoprosencephaly there is an apparent midline sagittal (interhemispheric)
fissure (coronal section of brain). However, coronal sections reveal the cerebral cortex to be continuous across the midline. Furthermore, no corpus cal-
losum is present. The thalamus is abnormally shaped with marked midline fusion. B, Alobar holoprosencephaly has no indication of a midline fissure on
coronal sections or when viewing the brain dorsally. Again there is no evidence of a corpus callosum, only subcortical white matter across the midline.
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CLINICAL FEATURES AND ASSOCIATED DIS-

ORDERS. Holoprosencephaly is frequently divided into
subtypes according to the extent of cerebral hemisphere
involvement, although these distinctions are probably arti-
ficial. The most commonly used classification scheme
defines three subtypes: alobar, semilobar, and lobar holo-
prosencephaly.45 Alobar holoprosencephaly is the most
severe of these (Fig. 28-3A). The brain shows no evidence
of a midsagittal fissure. The corpus callosum is absent and
the olfactory bulbs and tracts are almost always absent as
well. Varying degrees of fusion of the basal ganglia and
thalamus are present. This form of holoprosencephaly is
most frequently associated with severe facial malforma-
tions (see later discussion in this section). Semilobar holo-
prosencephaly is characterized by an incomplete fusion of
the cerebral hemispheres (Fig. 28-3B). The occipital and
parietal lobes tend to be more or less separated, whereas
the frontal lobes show varying degrees of fusion. Again,
the corpus callosum is absent in all cases and the olfactory
bulbs and tracts absent in most. The basal ganglia and thal-
amus are variably involved but at least partially fused in
all cases. In lobar holoprosencephaly a midline fissure is
present over the entire dorsal aspect of the brain; however,
in at least the medio-orbital region of the frontal lobe there
is fusion across the midline. The olfactory bulbs and tracts
are again absent in the vast majority of cases, as is the cor-
pus callosum. The posterior fossa contents are usually
unremarkable in holoprosencephaly. Only in the most
severe cases of alobar holoprosencephaly can anomalous
development of the cerebellum occasionally be seen. On
the other hand, absence of the corticospinal tracts is a com-
mon finding and is believed to be the consequence of the
severe malformation of the cerebral cortex with subsequent
failure of formation of proper motor projections. A spec-
trum of quite distinctive facial dysmorphisms can be part
of the holoprosencephalic malformation sequence. These
facial abnormalities are expressions of the underlying pro-
found disturbance of midline development, affecting pre-
chordal mesoderm important in facial development as
well. The facial phenotypes can be ranked in descending
order of their severity: (1) cyclopia (the eye and orbits
are fused or in various states of incomplete separation,
agnathia may also be present); (2) ethmocephaly (instead
of a nose, a proboscis is present and often located above
the incompletely separated, or severely hypoteloric, eyes);
(3) cebocephaly (the nose is between and below the hypo-
teloric eyes, but there is only a single blindly ending nos-
tril); (4) premaxillary agenesis or aplasia of the primary
palate, associated with hypotelorism and often midline
cleft lip and palate; (5) milder facial dysmorphism with
hypotelorism, flat base of the nose, and milder midline or
bilateral clefting; (6) minimal forms such as single central
incisor. While it is generally true in the holoprosencephaly
spectrum that the face predicts the brain,46 exceptions do
occur. In general, the severe facial dysmorphisms of cyclo-
pia, cyclopia with agnathia, ethmocephaly, cebocephaly,
and severe hypotelorism with agenesis of the primary
palate and a median cleft lip and palate usually go along
with the severe alobar form of holoprosencephaly. The cor-
relation of severity of the facial appearance and brain mor-
phology is less pronounced at the mild end of the spectrum
of facial phenotypes. Although the full-fledged facial
phenotypes seem to be always associated with holopro-
sencephaly, cases of, for example, agnathia (but without
cyclopia) or central cleft lip and palate have been seen in
patients with a morphologically normal-appearing brain
and also with brains that have malformations distinct from
the holoprosencephaly sequence. The reverse correlation,
namely, that a holoprosencephalic brain necessarily goes
along with an abnormal brain, is less strict, as a normal
face can be seen even in severe holoprosencephaly. Dis-
tinct genetic causes for holoprosencephaly with a normal
face are emerging (e.g., ZIC2 mutations). Thus, the brain
does not necessarily predict the face.

The clinical presentation of holoprosencephaly is very
much dependent on the degree of CNS involvement. Infants
with severe alobar forms often die shortly after birth.
Survivors frequently present with severe mental retarda-
tion, seizures with infantile spasms early on, severe motor
impairments, poikolothermia, and endocrine insufficiencies.
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In the milder forms of holoprosencephaly, longer survival
with various degrees of psychomotor retardation is possible.
Endocrine dysfunction may become apparent, with diabetes
insipidus and growth hormone deficiency often reported.
It should be re-emphasized that only the “classical” facial
phenotypes are predictive of the severe alobar holoprosence-
phaly with its associated very poor prognosis; a number of
partial facial phenotypes, such as midline cleft lip or midface
hypoplasia, are not necessarily associated with the most
severe malformations in the spectrum.17

In families with autosomal dominant holoprosencephaly,
carriers of the gene with minimal expression of the defect
(e.g., hypotelorism or a single central incisor) can be neu-
rologically normal. There may be considerable variability
of expression within a given family, with severely involved
cases occurring alongside milder ones. Autosomal reces-
sive holoprosencephaly has been reported as well and in
some families is associated with heart and limb defects.

EVALUATION. Most cases of holoprosencephaly occur
sporadically, but may also be a feature of one of several
malformation sequences or syndromes.17 Therefore, part
of the clinical evaluation of a patient with holoprosence-
phaly must include a careful workup for additional malfor-
mations, since this information may provide the diagnosis
of a specific syndrome with potentially far-reaching gene-
tic implications. Because of the associations with some
deletion/microdeletion syndromes, high-resolution karyo-
type analysis (þ/�FISH analysis) (see Chapter 25) with
special emphasis on chromosomes 2p21, 3p, 7q36, 13q,
18p11.3, and 21q22.3 is recommended in all cases of holo-
prosencephaly. Specific gene mutation analysis is also
warranted for SHH, TGIF, PTC, and SIX3 in selected
cases. If the affected proband is not available, chromosome
analysis in the parents is important to rule out a carrier sta-
tus for a balanced translocation. Possible misdiagnoses
in the severe forms of alobar holoprosencephaly include
hydranencephaly, hydrocephalus, and large, expanded
interhemispheric cysts that sometimes are associated with
agenesis of the corpus callosum. Expanded large posterior
third ventricular cysts can be mistaken for semilobar holo-
prosencephaly. Bridging of cerebral cortex across the mid-
line deep in the interhemispheric fissure can be missed in
very mild cases of lobar holoprosencephaly and is best
evaluated on coronal T1-weighted MRI. The prenatal diag-
nosis of holoprosencephaly is largely based on ultrasound
examination. A first trimester diagnosis is possible based
on ultrasound findings of a lack of a midline echo indica-
tive of a monoventricle, cyclopia or marked hypotelorism, a
flattened profile of the nose, and microcephaly. Transvagi-
nal ultrasound enhances the visibility of these findings,
especially early in gestation. Prenatal diagnosis by ultra-
sound of mild forms such as lobar holoprosencephaly
may be impossible.

MANAGEMENT AND PROGNOSIS. The management of
a patient with holoprosencephaly depends on the extent of
clinical involvement, and focuses predominately on seizure
control (see Chapter 52). The prognosis for all live-born
children with severe forms of holoprosencephaly is extre-
mely poor. The rare cases associated with true hydrocepha-
lus due to CSF flow obstruction need to be differentiated
from vetriculomegaly as a feature of the malformation
itself, and treated with VP shunting. Prognosis similarly
parallels the ability to control the seizures. Mental retarda-
tion may be mild in the least severely affected individuals,
but is almost always profound in the more severely
affected individuals. In cases of holoprosencephaly with
less complete CNS involvement, surgical correction of
the craniofacial malformations, such as cleft lip or palate,
may be appropriate. Endocrine dysfunctions respond to
hormone replacement therapy.
OTHER SEGMENTATION AND CLEAVAGE DISORDERS

Septo-optic dysplasia is pathologically defined as absence
of the septum pellucidum in combination with hypoplastic
optic nerves. This clinical constellation of symptoms and
signs has also been referred to as De Morsier syndrome.
Other abnormalities are variably reported, suggesting con-
siderable heterogeneity underlying this phenotype. Clini-
cally there is optic nerve hypoplasia resulting in visual
impairment, endocrine abnormalities resulting from
hypothalamic-pituitary insufficiency, and not infrequently
seizures, especially in cases where there has been disrup-
tion of cortical development as well. The degree of visual
impairment can vary from blindness leading to the devel-
opment of amaurotic nystagmoid eye movements a few
months after birth, to normal vision in a few cases. The
endocrine insufficiencies can cause symptomatic hypogly-
cemias and diabetes insipidus, and later growth hormone
deficiency may become apparent. These can and should be
treated by standard endocrine replacement protocols.
Although retardation of cognitive development occurs, espe-
cially in patients with obvious concomitant cortical anoma-
lies, a number of cases with normal cognitive development
are on record. Most cases of septo-optic dysplasia have been
sporadic; however, there are two observations in siblings
and in cousins suggesting the existence of a form with auto-
somal recessive inheritance, associated with mutations in the
homeobox gene HESX1. It is an important consideration in
the differential diagnosis in children presenting with optic
hypoplasia.47

Agenesis of the corpus callosum can be found as an
isolated malformation or in association with other mal-
formations and chromosomal anomalies.17 A pericallosal
lipoma may be associated with the agenesis of the corpus
callosum. A growing number of inborn errors of metabo-
lism also include agenesis of the corpus callosum as part
of their clinical spectrum. In complete absence of the cor-
pus callosum the cingulate gyrus is altogether absent and
sulci are found radiating down the medial aspect of the
brain from the dorsal surface to the high riding roof of
the third ventricle (Fig. 28-4). Coronal sections or images
often reveal slightly dilated ventricles with an irregular
“batwing” contour. A white matter tract, known as the
bundle of Probst, can frequently be found running in the
anterior-posterior direction just above the lateral ventricle
where the fibers of the corpus callosum would normally
collect into the commissure. Partial agenesis is recognized
by the absence to variable degrees of the posterior corpus
callosum with sparing of the rostrum and genu. In cases
of partial agenesis of the corpus callosum the cingulate
gyrus is present only to the extent that the corpus callosum
exists. The anterior commissure, also derived from the



CC D

BAA B

C D

Figure 28-4. Partial and complete agenesis of the corpus callosum.A,Midsagittal MRI of a patient with complete agenesis of the corpus callosum. The medial
gyri are seen radiating to the third ventricle.B,Midsaggital section of the brain from a patient with complete agenesis of the corpus callosum. A comparison of
parts A and B shows remarkably similar findings. C, Coronal MRI of another patient with agenesis of the corpus callosum. The lateral ventricles show the
classic batwing form, and dilation is seen in the temporal horns of the lateral ventricles and the third ventricle. D, Midsagittal section of a brain with partial
agenesis of the corpus callosum. The partial corpus callosum present (arrowheads) extends from the lamina terminalis posteriorly. The cingulate (partially
obscured by the arrowheads) extends the length of the corpus callosum. A sulcus (arrow) extends from the dorsal surface of the brain to the third ventricle only,
posterior to the formed corpus callosum.
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lamina terminalis, is absent in cases of complete agenesis
of the corpus callosum, but is usually spared in cases of
partial agenesis of the corpus callosum.

Isolated agenesis of the corpus callosum is sometimes
discovered incidentally either on imaging studies that were
obtained for other reasons or at autopsy. In isolation, the
abnormality can be clinically largely silent and deficits
may only be discovered on careful neuropsychological
assessment. Findings resembling disconnection syndromes
have been described in some patients, however, this is by
no means a constant feature and in the majority of patients
this cannot be demonstrated. Patients with agenesis of the
corpus callosum have a higher incidence of seizures and
mental retardation, partially reflecting the slightly higher
incidence of telencephalic migrational abnormalities also
seen in these patients. It should be noted however, that
patients with mental retardation or seizures are also more
likely to have CNS imaging that skews the ascertainment
of clinicopathological correlations in agenesis of the corpus
callosum toward more affected individuals.

Because it can be assumed that the clinical manifesta-
tions of agenesis of the corpus callosum most often depend
on the associated CNS anomalies rather than on the lack of
the corpus callosum itself, careful assessment for such
associated malformations is mandatory. Although agenesis
of the corpus callosum can be diagnosed on a CT scan
(high-riding third ventricle, parallel configuration of the
lateral ventricles, and colpocephaly), MRI is far superior
in diagnosing associated structural abnormalities such as
disturbances of neuronal migration. Partial agenesis of the
corpus callosum is also seen very clearly on sagittal MRI.
Midline cysts not associated with agenesis of the corpus
callosum, holoprosencephaly as well as extreme hydro-
cephalus with thinning or disruption but without agenesis
of the corpus callosum, need to be considered in the differ-
ential diagnosis. In secondary disruption of the corpus cal-
losum, associated developmental features such as lack of
the cingulate gyrus and presence of a bundle of Probst
are not found. The potential diagnosis of an underlying
metabolic disorder (e.g., nonketotic hyperglycinemia, in-
fantile lactic acidosis associated with pyruvate carboxylase
or PDH deficiency, Smith-Lemlie-Opitz syndrome, and
Zellweger syndrome) has to be considered, depending on
the clinical context. In patients with additional malforma-
tions of the brain or extraneural structures, a karyotype
should be performed as well. A special problem is posed
by the prenatal detection of absence of the corpus callosum
on ultrasound. The presence of additional abnormalities
and an abnormal karyotype is a poor prognostic indicator
for developmental outcome, whereas outcome can be fav-
orable if the agenesis of the corpus callosum is a truely iso-
lated malformation.48 However, subtle associated brain
malformations can be impossible to detect on prenatal
ultrasound.

Arrhinencephaly, or absence of the olfactory bulbs and
tracts, is also considered in the midline defects although
the pathogenesis may be quite distinct. Arrhinencephaly
can be found as an isolated malformation or in conjunction
with a variety of malformation syndromes. Clinically,
bilateral arrhinencephaly manifests as anosmia. Although
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arrhinencephaly is frequently included in the midline dys-
plasias and can represent a mild manifestation within the
holoprosencephaly spectrum, it would be incorrect to con-
clude that every isolated case of arrhinencephaly belongs
with this spectrum. Quite likely, arrhinencephaly can result
from a number of independent mechanisms. One example
of a non-holoprosencephaly-sequence syndrome associated
with arrhinencephaly is Kallmann syndrome. This syn-
drome is characterized by a combination of arrhinencephaly
resulting in anosmia with hypogonadotropc hypogonadism,
resulting from gonadotropin-releasing hormone (GnRH)
deficiency.49 Other neurological features may be associated.
The syndrome can be inherited in an autosomal dominant,
recessive, or X-linked recessive pattern. The gene for the
X-linked form has been identified. It shares homology with
neural cell adhesion molecules, and the developmental
defect has been linked to the failure of GnRH producing
neurons to reach the hypothalamus.49
NEURONAL MIGRATION DEFECTS

PATHOGENESIS AND PATHOPHYSIOLOGY. Anoma-
lous cerebral cortical development is generally character-
ized as a cortical migrational abnormality, although an
actual defect in migration has only been conclusively
demonstrated for a relatively few disorders. Recently
Rorke50 has hypothesized a variety of factors that must
be considered in the pathogenesis of cortical migrational
abnormalities. Among the various components of develop-
ment, cellular proliferation, cell death, postmigrational
intracortical growth and development, and extracellular
matrix abnormalities can each be implicated as a possible
pathogenetic mechanism.

The human cerebral cortical malformations classified as
disorders of neuronal migration include the lissencephaly/
pachygyria/subcortical band heterotopia spectrum, periven-
tricular nodular heterotopia, and polymicrogyria. The lissen-
cephalies and periventricular nodular heterotopia clearly
represent cell migration defects. However, other malforma-
tions, such as polymicrogyria, have pathogeneses yet to be
elucidated. Because the classification relies more on patho-
genic mechanisms than on clinical grounds, these divisions
are presented in this section.
Lissencephaly
Lissencephaly was derived from the Greek words “lissos”
(smooth) and “encephalos” (brain), and describes the smooth
appearance of an agyric brain. Microscopic examination of
the cerebral cortex is variable, but the normal six-layer
cytoarchitecture is absent in all cases. Lissencephaly has
become the paradigm of a neuronal migration disorder.
Classical Lissencephaly (Type I)
Classical lissencephaly, also known as type I lissencephaly
in the pathology literature, is a malformation in which the
surface of the brain is completely, or nearly completely,
devoid of gyri and sulci (Fig. 28-5). Macroscopically the
malformation spectrum ranges from agyria and pachygyria
to subcortical band heterotopia with a relatively normal
gyral pattern.51 Histologically classical lissencephaly
reveals a four-layered cortex replacing the normal six-
layered ribbon.49 The outermost layer is the molecular layer
(layer 1), layer 2 is a band of pyramidal neurons, layer 3 is
composed ofmyelinated fibers and fewer neurons. This layer
can be seen by neuroimaging. Finally, layer 4 is composed of
a broad band of disorganized neurons. More recently addi-
tional patterns other than these four layers have been iden-
tified and correlated with specific mutations.52 The white
matter occasionally contains gray matter heterotopia.
Anomalies of the inferior olivary nucleus, cerebellum, and
the corticospinal tracts may also be present.

Classical lissencephaly due to deletions or mutations of
the LIS1 gene on chromosome 17p13.3 is found in the
Miller-Dieker syndrome (MDS) and isolated lissencephaly
sequence (ILS). MDS is a contiguous gene syndrome and
is due to deletions of chromosome 17p13.3 involving the
LIS1 gene and presumably other specific genes at this
chromosomal locus including 14–3-3E.53 Patients have
distinct facial features and may have other associated con-
genital anomalies, such as omphaloceles or cardiac anoma-
lies. In contrast, ILS is associated with small deletions or
intragenic mutations of LIS1.

Patients with MDS usually have lissencephaly at the
severe end of the spectrum with complete agyria. In ILS
the cortical malformation ranges between agyria and pachy-
gyria. The cortical malformation with a LIS1 abnormality is
more severe posteriorly,54 whereas patients with lissence-
phaly and DCX mutations show a more severe involvement
of the frontal lobes (see discussion in the next paragraph).
The overall severity of the lissencephaly in ILS appears to
be related to the type and location of the mutation.

Mutations in the DCX gene located on the X chromo-
some are associated with subcortical laminar heterotopia,
also known as “double cortex,” in females.55,56 The assumed
mechanism for this anomaly is explained by the normal and
random X-inactivation that occurs in females. When the
chromosome carrying the mutated copy of DCX is inacti-
vated, that cell will presumably behave like a normal cell
and migrate to the cortical plate. In contrast, if the chromo-
some with the normal copy of DCX is inactivated, only the
mutant allele will be expressed. Thus, two populations of
cells exist in the ventricular zone. Those cells expressing
the mutant allele become localized in the white matter form-
ing a band of heterotopic neurons, whereas the cells expres-
sing the normal copy migrate to form the cortical plate in
the normal location. Males with DCX usually have classical
lissencephaly, but have also presented with subcortical lami-
nar heterotropia. Both the type of mutation and somatic
mosaicism have been associated with this milder phenotype
in males. In pedigrees in which females have subcortical
laminar heterotopia and males lissencephaly, a DCX muta-
tion has so far always been identified. In females with spo-
radic subcortical laminar heterotopia the figures vary, but
in those with bilateral diffuse bands, or thin frontal bands
only, the mutation rate appears to be high.

Other Lissencephaly Syndromes
Several other syndromes with lissencephaly as a compo-
nent have been identified (see www.geneclinics.org).

http://www.geneclinics.org
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Figure 28-5. Lissencephaly type I and type II. A, A brain from an 8-month-old infant with Walker-Warburg syndrome demonstrating type II lissencephaly.
Note the smooth surface of the brain; slight irregularities of the cortical surface can best be appreciated in areas of light reflection on the specimen. B, A
coronal section stained for myelin that demonstrates the four layers of type I lissencephaly (e.g., the Miller-Dieker syndrome): 1 corresponds to the mole-
cular layer, 2 is a cellular layer with mostly large neurons, 3 is a layer containing myelinated fibers, and 4 is a broad heterogeneous cell-rich layer. Note
that the cortical plate takes up more than half of the total thickness of the cerebral mantle. C, A histological section through the cerebral mantle of a 20-
week gestational age fetus with Walker-Warburg syndrome. One half of the thickness of this section is taken up by the totally disorganized cortical plates
(white bar). In addition there are subcortical heterotopias pointed out by the arrows. D, Age-matched control. Here the cortical plate (white bar) takes up
only a fraction of the whole thickness of the mantle. E, A T2-weighted coronal MR image of type I lissencephaly.
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The best characterized of these is lissencephaly with cere-
bellar hypoplasia. Recently linkage to RELN was found
in two consanguineous pedigrees. The similarity of the
brain defects to those seen in the Reeler mouse made this
a suitable candidate gene. Further studies identified distinct
RELN splicing mutations in each family.57 To date the
pathology of the lissencephaly and cerebellar hypoplasia
has not been reported in a patient with a known RELN
mutation. However, this does suggest that other genes in
the RELN pathway are good candidates for lissencephaly
with cerebellar hypoplasia and related disorders. Addi-
tional variants of lissencephaly have been identified radio-
graphically and pathologically; the genetic bases for these
have not yet been delineated.

X-linked lissencephaly with ambigous gentalia (XLAG)
has also been genetically characterized as mutation in
ARX.58 These males have the most severe phenotpye and
often exhibit severe epilepsy and do not live past the neo-
natal period. Heterozygous females may have agenesis
of the corpus callosum. Interestingly, other mutations in
ARX result in various neurological defects including infan-
tile spasms, mental retardation, and autism.59

Cobblestone Lissencephaly (Type II)
Cobblestone lissencephaly, also known as type II lissen-
cephaly in the pathology literature, is also referred to as
“cobblestone cortex.” It occurs in a group of disorders
associated with congenital muscular dystrophy and eye
abnormalities. The Walker-Warburg syndrome, muscle-
eye-brain disease, and Fukuyama congenital muscular
dystrophy are entities within this group and appear to be
autosomal recessive. In contrast to classical lissencephaly
in which there is a slowing or delay in cell migration, the
pathogenesis of cobblestone lissencephaly is believed to
be an overmigration. Disruption of the pial-glial limitans
results in cells migrating past the cortical plate proper
and into the leptomeninges, forming a rind of neurons
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admixed with the leptomeninges over the surface of the
brain (see Fig. 28-5). All the cobblestone lissencephalies
appear to be related to O-mannosyl glycosylation defects
specifically of a-dystroglycan, an extracellular matrix
receptor expressed both in skeletal muscle and in the
CNS.60,61 Agenesis of the corpus collosum, hindbrain
deformities including a small pons, cerebellar hypodyspla-
sia, and Dandy-Walker malformation are also frequently
associated with this spectrum of disorders. Neuroimaging
can identify these cerebral malformations, as well as
pachygyria and polymicrogyria, white matter abnormal-
ities, hydrocephalus, and posterior cephaloceles.62 It has
now become apparent that the following condition forms
a continous spectrum of disorders involving the brain, skel-
etal muscle and less consistently the eyes. Mutations in
fukutin related protein (FKRP) are capable of underlying
the entire spectrum of phenotypes.63

Walker-Warburg syndrome is the most severe of these
disorders. The eye abnormalities include microphthalmia,
cataracts, glaucoma, and retinal dysplasia. A congenital
muscular dystrophy is also a constant finding. Prognosis
is usually poor with death within the first few years of life.
The surface of the brain shows smooth and nodular areas,
appearing like a cobblestone street. In cross section, the
cortical band is thickened but not to the same extent as in
classical lissencephaly. The six-layer cerebral cortex is
replaced with two broad bands of neurons. The outer band
is a disorganized collection of neurons, glia, collagen bun-
dles, and blood vessels. The inner layer is a disorganized
collection of neurons thought to be the remnant of the true
cortical plate. The pial-glial limitans appears disrupted at
multiple points and can usually be found between these
two disorganized layers of gray matter. The original genes
identified in this condition are the O-mannosyltransferases
POMT1 and POMT2.

Muscle-eye-brain disease of Santavouri, most commonly
reported in the Finnish population, is generally milder than
Walker-Warburg syndrome, with a longer survival time.
Eye abnormalities can be similar to Walker-Warburg syn-
drome, with myopia being the most consistent feature. It
is also associated with a muscular dystrophy (Video 99,
Gower’s Sign). Muscle-eye-brain disease has been linked
to 1p32–34 in Finnish patients and the original gene iden-
tified as an enzyme involved in Golgi-based O-linked
glycosylation (protein O-mannose beta-1,2-N-acetylgluco-
saminyltransferase POMTn1).64

Fukuyama congenital muscular dystrophy is another dis-
order with some features that resemble Walker-Warburg
syndrome and muscle-eye-brain disease; however, the
involvement of the eye and brain is less severe, compared
to Walker-Warburg syndrome in particular. Patients show
psychomotor deficits and progressive loss of muscle func-
tion. Linkage to chromosome 9q31 was established in
Japan, where it is common; subsequently a novel gene
was identified encoding the protein now named fukutin.65

Fukutin also appears to have a role in O-mannosyl glycosyl-
ation, so that the defects in CNS development and in mus-
cle must be related to faulty glycosylation of specific
muscle and brain proteins such as a-dystroglycan in
particular. Fukuyama congenital muscular dystrophy is
extremely rare outside Japan. Interestingly, an ancient
30UTR retrotransposon insertion, yielding reduced but intact
mRNAexpression, has been identified as themolecular basis
for many of the Japanese cases.65 Others within Japan and
elsewhere may have mutations affecting the coding region,
then presenting as Walker-Warburg syndrome.
Periventricular Nodular Heterotopia
Heterotopia are ectopic collections of neurons. The patho-
genesis of heterotopia located in the cerebral white matter
is believed to be a failure of neurons to migrate to the cor-
tical plate. They may occur as single lesions adjacent to the
ventricle or in the more superficial white matter. In some
cases, there are multiple nodules lining the ventricles. This
latter entity is known as periventricular nodular heterotopia
(PVNH). Microscopic examination shows that many neu-
rons remain in the ventricular zone and accumulate as
nodules lining the ventricular surface.

Studies of families with women who have PVNH asso-
ciated with epilepsy and pregnancy loss consistent with
lethality in males pointed toward a PVNH locus on the X
chromosome. Linkage was found to Xq28 in a number of
families, and subsequently mutations in the gene coding
for the actin crosslinking protein filamin 1 or filamin A
(FLN1), were identified in patients with PVNH.66 The
majority of patients with FLN1 mutations have diffuse con-
tinuous heterotopia around the lateral ventricles, but the
cortex appears relatively normal. One of the mechanisms
explaining the phenotype of PVNH in females is random
X-inactivation resulting in two populations of neurons,
those expressing the mutant allele, which presumably
reside in the periventricular region as heterotopia and those
that express the normal allele and migrate out to the corti-
cal plate. A recessive PVNH locus has been identified
more recently, caused by mutations in the gene ARFGEF2
on chromosome 20, in this case often associated with
microcephaly.67

Single or multiple heterotopia are collections of disorga-
nized gray matter in inappropriate locations (Fig. 28-6).
Heterotopia in the cerebral hemispheres, other than the
subcortical band heterotopia and bilateral periventricular
heterotopia described previously, can take on one of many
patterns. They may occur as focal, isolated anomalies
found incidentally upon imaging or at autopsy, or they
may have clinical manifestations as described following.
Occasionally an isolated heterotopian or multifocal cere-
bral heterotopia is associated with an overlying cortical
malformation such as polymicrogyria.68 In addition to
white matter heterotopia, glial and neuroglial heterotopia
are often found in the leptomeninges overlying a cortical
anomaly or around the base of the brain. The displaced tis-
sue can form a radiographically and grossly identifiable
plaque over the surface of the brain.
Polymicrogyria and Other Disorders of Cortical
Development
Polymicrogyria is frequently recognized as a fine stubbling
on the surface of the brain (described as “Moroccan
leather” in appearance). By MRI and gross examination
of brain sections, the cerebral cortex shows a complex set
of small gyri that appear fused to each other. Microscopic
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Figure 28-6. Periventricular nodular heterotopia. A, MRI from a patient with extensive periventricular heterotopia. The heterotopia are the same signal
intensity as the cerebral cortex and scallop the margin of the ventricular surface. (Courtesy of Dr. C. Walsh.) Histological sections from a normal fetus
at 20 weeks’ gestation (B) and from a similar age fetus with periventricular heterotopia (C). The germinal tissue normal present around the angle of
the lateral ventricle is replaced by several nodules of maturing gray matter (heterotopia).
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examination confirms the gross impression, highlighting
the small complex gyri and fusion of layer 1. Controversy
exists as to whether polymicrogyria is a malformation or
a disruption of development. The answer is likely that both
mechanisms are involved in different forms of polymicro-
gyria. Given that polymicrogyria is almost always present
at the margins of disruptions such as porencephaly and in
the setting of malformation such as Zellweger’s syndrome
and triploidy, the conclusion often drawn is that polymicro-
gyria has multiple pathogeneses. The identification of
mutations in GPR56, a G-coupled receptor, in bilateral fron-
toparietal polymicrogyria lends further support to the
genetic basis in some cases.69 Additional genetic loci almost
certainly exist, in particular for the more commen peri-
sylvian form, for which X-linked inheritance has been
described.70 Although there are certain microscopic differ-
ences depending on whether the polymicrogyria is caused
by disruption or malformation, there still exists some over-
lap in the microscopic features of polymicrogyria regardless
of the presumed pathogenesis. Unlike lissencephaly/pachy-
gyria, the border between polymicrogyria and normal cortex
is quite distinct and layer 6 in adjacent normal cortex and the
deepest layers of the malformed polymicrogyric cortex are
contiguous (Fig. 28-7). Based on the pathological features
of polymicrogyria, the timing is later in neocortical develop-
ment, generally believed to arise from defects occurring
between 17 to 18 weeks’ and 24 to 26 weeks’ gestation.

Focal cortical dysplasias or cortical migrational anoma-
lies are another group of anomalies of cerebral cortical
development that are being recognized with increasing fre-
quency (Fig. 28-8). The increasing practice of surgery in
the management of intractable seizures has resulted in the
recognition of a variety of cortical malformations in a sig-
nificant number of cases. Although polymicrogyria and
pachygyria have been seen in many cases, the most frequent
anomaly has been labeled focal cortical dysplasia. This dis-
order is characterized by a disruption in the lamination
pattern and maloriented neurons in inappropriate layers
including layer 1 and in the cerebral white matter.71 The
pathogenesis remains unknown.

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of neuronal migrational abnormalities disorders is unknown.
Most of the cortical migrational disorders, particularly the
diffuse ones, show a variety of inheritance patterns.62 Other
cases show no clear inheritance and appear to be sporadic.
A variety of enviromental risk factors have been associated
with the development of neuronal migrational disorders,
including retinoic acids, methylmercury, and radiation.
In utero infections, particularly viral, are also known to
result in cortical migrational abnormalities. The pathogenesis
for viral-induced migrational disorders remains unknown,
although a destructive process is speculated to underlie the
defect.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The most striking clinical context in which type I
lissencephaly is seen is the Miller-Dieker syndrome. Clas-
sical facial features include bitemporal hollowing, a rather
short nose with a broad bridge and upturned nares, long
and thin upper lip, small chin, and mildly low-set and pos-
teriorly rotated ears. Although this constellation is referred
to as the Miller-Dieker facial dysmorphism, the findings
can be rather subtle. Most individuals with type I lissen-
cephaly present in the neonatal period with marked hypoto-
nia. Later, a spastic quadriparesis will dominate the picture.
Seizures are a constant part of the clinical picture; they can
start as neonatal seizures, but more commonly present as
infantile spasms with myoclonic and tonic seizures, that
later lead into a Lennox-Gastaut syndrome with the addi-
tional occurrence of atonic seizures. The electroencephalo-
gram (EEG) typically shows fast a- and ß-activity admixed
with high-amplitude slow activity. Mental and psychomo-
tor retardation are usually profound. Cardiac anomalies occur
in 20% to 25%, and there can be genital anomalies in about
70% of males.



Figure 28-7. Polymicrogyria. The border of polymicrogyria and normal
cortex. The border is extremely well delineated. The polymicrogyria is
characterized by fusion of layer 1, continuity of layer 4, and extensive
undulating folds of cerebral cortex.

Figure 28-8. Focal cortical dysplasia. A horizontal MRI from a patient with
focal cortical dysplasia. The left hemisphere shows a normal cortical rib-
bon; however, in the left hemisphere posterior frontal lobe, the cortical
ribbon is abnormally thickened and the sulcal pattern is lost. The underly-
ing white matter may be slightly thin.
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Type II lissencephaly occurs in a group of disorders asso-
ciated with congenital muscular dystrophy, often involving
the eyes as well. The Walker-Warburg syndrome, muscle-
eye-brain disease, and Fukuyama muscular dystrophy are
entities within this group, but they are best viewed as a con-
tinuous spectrum of severities.61

Walker-Warburg syndrome represents the most severe
form of these disorders with a high proportion of neonatal
fatality. The brain malformation often is complex with
associated hydrocephalus, cerebellar hypoplasia (and
occasionally Dandy-Walker malformation), and sometimes
an occipital encephalocele. Clinically Walker-Warburg
syndrome is characterized by profound hypotonia in the
neonatal period due to the combined muscle and CNS
involvement. The eyes can be affected in a number of
ways, most frequently by retinal dysplasia, although ante-
rior chamber malformations, cataracts, choroidal colobo-
mata, optic nerve hypoplasia, and microphthalmia can all
occur. Serum creatine kinase (CK) levels are elevated.
Arthrogryposis may be present, and additional contractures
may develop later.

Muscle-eye-brain disease of Santavouri has many fea-
tures that resemble Walker-Warburg syndrome but is
milder. The disorder is most prevalent in Finland72 but
clearly occurs worldwide. This condition also presents at
birth or during the first few months of life with hypotonia
and weakness. Serum CK levels are consistently elevated
after 1 year of age and often earlier. Subsequent psychomo-
tor development is markedly delayed; however, many
patients will acquire the ability to stand and walk. Mental
retardation and seizures are common. The EEG is usually
abnormal and progressively so after about 6 to 7 years of
age. Most patients show a progressive motor deterioration,
confounded by increasing spasticity and contractures by
5 years of age. The eye abnormalities consist of high myo-
pia, retinal degeneration, and optic atrophy. Congenital
glaucoma and juvenile cataracts may also be present. The
visual evoked potentials tend to be progressively delayed
and of abnormally high amplitude with an abolished ERG
at the same time. Neuroimaging often reveals less severe,
but comparable findings of muscle-eye-brain disease to
Walker-Warburg syndrome. A small pons and cerebellar
malformation are a fairly consistent finding. Hydrocepha-
lus is relatively frequent, and patchy white matter involve-
ment may be detected on T2-weighted MRI especially
early on.

Fukuyama congenital muscular dystrophy is the second
most common muscular dystrophy in Japan73; only Duch-
enne muscular dystrophy is identified more frequently.
It appears to be extremely rare outside Japan, although simi-
larities to the other conditions are obvious. In contrast to
muscle-eye-brain disease and Walker-Warburg syndrome,
eye involvement is generally less frequent and less severe.
When present, ocular findings include myopia and optic
atrophy. Patients show considerable psychomotor retarda-
tion and progressive muscular weakness and contractures.
Seizures occur in about 50% of cases. MRI of the brain
demonstrates the areas of pachygyria as well as polymicro-
gyria. Areas of abnormal T2 signal on MRI can be seen in
the white matter. The cerebellum is only mildly affected
and hydrocephalus is rare.

Polymicrogyria has a less heterogenous clinical presen-
tation than lissencephaly. For all practical purposes, the
different forms of polymicrogyria, independent of their
syndromic or etiological context, present with seizures
and potentially also mental retardation, depending on the
extent of the abnormality. Perisylvian polymicrogyria
may present with pronounced oromotor discoordination
(developmental Foix-Chavany-Marie syndrome). The var-
ious syndromic associations of polymicrogyria are discussed
later under Differential Diagnosis.
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Heterotopia can be sporadic, inherited as a simple men-
delian trait, or may be part of a more complex syndrome.
When in isolation, the main presenting feature is seizures
of various kinds, but they are by no means obligatory.
Onset of the seizures can be from childhood (most com-
monly) to adulthood. Focal, multifocal, and generalized
seizures can occur, with infantile spasms and the Lennox-
Gastaut syndrome seen at the severe end of that spectrum.
Other neurological problems such as motor impairments
and mental retardation may coexist, especially if micro-
cephaly is present as well. The risk for these additional
manifestations is lowest when the abnormality is localized
to the periventricular region, higher in the white matter
heterotopia, and highest in the diffuse subcortical band
heterotopia. However, even in the latter condition quite
normal psychomotor development can be seen, although
infrequently.

The initial presentation of cortical dysplasia is most com-
monly the onset of various types of seizures. With this pre-
sentation there are no clear signs or symptoms that would
predict a cortical dysplasia versus another cortical lesion.
The age of seizure onset tends to be in childhood, but can
be delayed into adulthood or can be as early as infancy.74

When presenting in infancy, the clinical picture can vary
from clearly focal appearing seizures to infantile spasm with
relatively minimal or no focal clinical or EEG features.
Later, the seizures may also include tonic seizures as well
as drop attacks. Onset during the first few days of life as an
early infantile epileptic encephalopathy has also been
described.75 EEG findings can be quite variable.74,76

DIFFERENTIAL DIAGNOSIS. Among the conditions
with lissencephaly type I, the Miller-Dieker phenotype
is distinguished from ILS by the lack of distinctive facial
features in the latter. However, some degree of bitemporal
hollowing and a small chin may be seen in ILS as well.
Furthermore, FISH analysis has demonstrated microdele-
tions in a significant number of ILS cases.77 However,
other probes appear to distinguish the two entities, suggest-
ing a difference in the physical extent of the deletions.
Whether the obvious contiguous gene hypothesis, invol-
ving the loss of multiple adjacent genes, accounts for the
additional anomalies in the Miller-Dieker syndrome awaits
more detailed analysis of such genes (as shown for 14-
3-3E). Other cases of ILS could possibly result from
mutations in other genes.
TABLE 28-2

Summary of Syndromes with Cortical Malformations*

DISORDER CEREBRUM CEREBELLUM HY

MDS A �
ILS A �
WWS A,P,E þ DWS
MEB A,P,E þ DWS
Fukuyama A,P þ
NL A,P þ
Zellweger’s A,P þ
NRS A þ

*Not a complete list.
A, agyria; DWS, Dandy-Walker malformation; E, encephalocele; ILS, isolated lissenc
NL, Neu-Laxova syndrome; NRS, Norman Roberts syndrome; P, pachygyria; WWS, Wa
The differential diagnosis of the lissencephaly II syn-
dromes can be quite difficult at times. These difficulties
are reflected in the many essentially synonymous designa-
tions of these syndromes, including the muscle-eye-brain
syndrome, HARD þ/� E (hydrocephalus, agyria, retinal
dysplasia, þ/� encephalocele) and CODM (congenital
ocular dysplasia/muscular dystrophy) syndromes, Walker-
Warburg syndrome, and Fukuyama congenital muscular
dystrophy, which vary in their degree of severity and invol-
vement. However, they can now all be included in the
genetically heterogenous group of disorders of O-mannosyl
glycosylation of mainly a-dystroglycan.61

Many other syndromes and associations may show vari-
able forms of lissencephaly, pachygyria, and polymicro-
gyria as features, and many cases are not easily classified
into any particular syndrome (Table 28-2).78 Discussions
of these rare disorders has recently been reviewed.62

A number of metabolic conditions can also be associated
with pachygyria/lissencephaly. The most frequent syndrome
to show such an association (along with polymicrogyria) is
the Zellweger syndrome.79 This is a disorder of peroxisomal
biogenesis that is characterized by marked neonatal hypoto-
nia, facial dysmorphism, wide-open fontanelles, and renal
and hepatic abnormalities. Neonatal adrenoleukodystrophy
and bifunctional enzyme deficiency are also peroxisomal
disorders that may show migrational abnormalities. Glutari-
caciduria type II, pyruvate dehydrogenase deficiency, non-
ketotic hyperglycenamia, and sulfite oxidase deficiency/
molybdenum cofactor deficiency are examples of other meta-
bolic disorders that occasionally include cortical dysplasia as
one of the manifesting features.

The differential diagnosis of conditions with polymi-
crogyria is extensive,61,62 reflecting the nonspecific nature
of the malformation. In addition to the lissencephaly II con-
ditions discussed already, Aicardi, Neu Laxova, Zellweger,
and Smith-Lemlie-Opitz syndromes could be mentioned as
monogenic conditions. Polymicrogyria can also occur with
a variety of chromosomal abnormalities. As outlined pre-
viously, disruptive and destructive disorders can have poly-
microgyria associated with them. The most common
association is with congenital cytomegalovirus (CMV), and
the timing of this is probably similar to the disruptions of
porencephaly and hydranencephaly. In fact, both of these
disorders have been reported with congenital CMV infection
as well as other congenital infections. Extensively fused
DROCEPHALUS EYE MUSCLE OTHER
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ephaly sequence; MDS, Miller-Dieker syndrome; MEB, muscle-eye-brain disease;
lker-Warburg syndrome.
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polymicrogyria can be difficult to differentiate from pachy-
gyria on imaging.

Periventricular as well as subcortical band heterotopia can
occur as X-linked inherited conditions, mapping to different
regions on the X chromosome.80 In familial band heteroto-
pia, affected females present with the heterotopia and often
seizures, whereas affected males show a more severe brain
malformation, including lissencephaly. This may be due to
random X-inactivation in females preventing full expression
of the defect, and also raises the possibility that a spectrum of
developmental disturbances, from focal heterotopia to lis-
sencephaly, exists with a common pathogenesis.77,81,82 In
familial periventricular heterotopia affected male family
members also have a more severe malformation and clinical
phenotype than affected female siblings.82 Recessive periven-
tricular heterotopia may be associated with microcephaly.67

Again, a number of syndromes include neuronal heterotopia
with some regularity. For example, in Aicardi syndrome het-
erotopia are as constant a feature as agenesis or hypoplasia
of the corpus callosum. Retinal lacunae, cerebellar abnormal-
ities, and hemivertebrae may also be found in this syndrome.
Aicardi syndrome is probably an X-linked dominant male
lethal condition, so that only girls are affected clinically.
The presentation includes severe early seizures (infantile
spasms) and profound psychomotor retardation. The list
of metabolic conditions associated with polymicrogyria
includes the peroxisomal disorders as well as Smith-Lemlie-
Opitz syndrome, an inborn error of cholesterol metabolism
diagnosed by demonstrating an elevated level of plasma
7-dehydrocholesterol.

Polymicrogyria and focal cortical dysplasia can be dif-
ficult to differentiate because of the similar clinical presen-
tation with seizures. Imaging is the mainstay of diagnosis
(see discussion in the Evaluation section). The so-called
“benign focal epilepsies of childhood” are important to
differentiate from “fixed” cortical malformations, because
the prognosis and management are different.

EVALUATION. The diagnosis of the Miller-Dieker syn-
drome and also the isolated lissencephaly sequence is
based on the finding of a smooth brain surface with widely
open sylvian fissures on neuroimaging studies, an appear-
ance that has been referred to as the figure 8 sign. The
broad cortex in relation to the extremely narrow white mat-
ter can be seen on MRI. Cytogenetically visible deletions
of the critical chromosomal region 17p13.3 are seen in
about two thirds of clinically convincing cases.77 More
than 90% of cases show loss of this critical region when
FISH analysis is employed.

Cobblestone (type II) lissencephaly has an appreciably
different MRI appearance, with a gray-to-white matter
ratio of 1:1. As for all of the other disorders of neuronal
migration, careful evaluation of the morphology of the cor-
tex by MRI is essential. In cases of cobblestone lissence-
phaly/pachygyria, especially in the presence of associated
CNS malformations or abnormalities of the eyes, the group
of congenital muscular dystrophies with eye and brain
involvement has to be considered. Determination of serum
CK levels and muscle biopsy may become necessary. Once
the diagnosis of a congenital muscular dystrophy with
structural brain abnormalities has been made, the differ-
ential diagnosis between the individual conditions should
follow the preceding considerations. Prenatal diagnosis of
the Walker-Warburg syndrome by ultrasound is possible,
though not always easy. The posterior fossa anomalies
and demonstration of retinal detachment are helpful.

The workup for focal cortical abnormalities of migration
also relies heavily on extremely high-quality MRI, as some
of these lesions can be very hard to detect. Clinical suspi-
cion must remain high and hints, such as delayed myelina-
tion in a cortical region, may be valuable in defining the
location of the abnormality. The value of functional ima-
ging techniques such as positron-emission tomography,
single-photon emission computed tomography, and perfu-
sion-diffusion MRI at this point cannot be generalized.
These techniques are under active development. Several spe-
cial MRI techniques, such as three-dimensional (3D) surface
rendering, are being evaluated for this purpose and also
appear quite promising. At a minimum, high-resolution
imaging with thin cuts and optimal gray to white matter
resolution for the age of the patient is essential. On EEG,
focal very high amplitude rhythmical activity is quite char-
acteristic of cortical dysplasias; however, it is recorded in
less than half of the cases. Other EEG patterns, such as
focal abnormal fast activity, have no particularly predictive
value for a focal dysplasia. At times the surface EEG can be
quite normal or appear to show primary generalized spike
and wave discharges. An additional important diagnostic
problem is the question whether the underlying lesion is
unifocal or multifocal. Multifocal discharges on the EEG
do not necessarily mean multifocality of the dysplasias,
though they certainly can. Conversely, electrographic evi-
dence for only one focus does not exclude the existence of
additional foci. Long-term videotelemetry monitoring may
be helpful in evaluating these questions. In cases in which
seizures are resistant to medical management and there is
a high degree of suspicion for a focal cortical abnormality
but lack of noninvasive evidence, intraoperative electrophys-
iology may prove useful. Guided by this approach, resected
pathological material will often show features of cortical
dysplasia.

MANAGEMENT AND PROGNOSIS. In general, the
prognosis for patients with Miller-Dieker syndrome and the
Walker-Warburg syndrome is very poor and many patients
do not survive infancy. Very little psychomotor development,
if any, takes place. Insertion of a gastric tubemay be necessary
to provide adequate nutrition, prevent aspiration, and facilitate
care. Treatment of the frequently prominent seizures follows
general guidelines. Whereas most cases have poor outcome,
milder cases are on record for both syndromes.

In the congenital muscular dystrophies with structural
brain abnormalities the brain malformation may require sur-
gical intervention for the hydrocephalus or sometimes for the
encephalocele in the Walker-Warburg syndrome. If the
hydrocephalus is due to aqueductal stenosis and a Dandy-
Walker anomaly is present, shunting of both the lateral ven-
tricles and the posterior fossa cyst may become necessary.
The prognosis is better in muscle-eye-brain disease, and
although patients often acquire the ability to walk, there
may be secondary deterioration because of increasing spasti-
city. In this condition, the ophthalmological management
becomes very important: high myopia, cataracts, glaucoma,
and retinal detachment may all require intervention.



TABLE 28-3

Selected Conditions Presenting with Megalencephaly/
Hemimegalencephaly

Isolated Familial Megalencephaly

Autosomal dominant
Autosomal recessive

Syndromes of Parenchymal Overgrowth

Neurocutaneous syndromes
Neurofibromatosis I
Tuberous sclerosis
Proteus syndrome
Klippel-Trenaunay-Weber syndrome
Riley-Smith syndrome
Shapiro-Shelman syndrome
Linear sebaceus nevus syndrome

Generalized overgrowth syndromes
Sotos syndrome
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Because the resulting epileptic syndrome in disorders
of neuronal migration is frequently medically intractable,
surgical extirpation of the lesion is often desirable, and ear-
lier surgical intervention may improve the overall develop-
mental prognosis by preventing the development of an
epileptic encephalopathy. For an isolated focus of poly-
microgyria or cortical dysplasia presenting with intractable
seizures, extirpation can be a curative option; however,
multifocality is not an automatic contraindication against
the surgery, because extirpation of a major focus may
result in overall improvement of seizure control. The pre-
surgical and intraoperative evaluation is essential for suc-
cess of the surgery and is dealt with in detail by
Wyllie.83 For isolated epileptogenic heterotopias, surgical
excision also is an option, whereas the drop attacks that
can be seen in the diffuse bilateral band heterotopias may
respond to callosotomy.84
Ruvalcaba-Myhre-Smith syndrome
Beckwith-Wiedemann syndrome
Weaver syndrome
Bannayan-Zonana syndrome

Metabolic Disorders

Alexander disease
Canavan disease (N-acetylaspartoacylase deficiency)
GM1 and GM2 gangliosidosis
Glutaricaciduria type 1

Other Associations

Achondroplasia
Agenesis of the corpus callosum
Other Disorders of Neuronal Migration and Cortical
Formation
Ulegyria is another distinct cortical anomaly. It is best
characterized as a fusion of layer 1 at the depths of sulci
with relative sparing of the crests of the gyri. The fusion
is frequently associated with gliosis in the cortex, neuronal
loss, and obliteration of the cortical lamination. The scar-
ring at the depth of a sulcus and sparing at the surface of
the brain results in a mushroom appearance when the gyrus
is viewed on cross section. These lesions have very well-
defined borders and discrete islands of preserved neurons
within the lesion. The histology and location, frequently
in an arterial zone, has led to the contention that ulegyria
arises late in gestation or in early neonatal life as a vascular
injury to the immature cortex, possibly related to a hypo-
perfusion. Ulegyria may be clinically silent or cause
seizures similar to polymicrogyria discussed previously.

Megalencephaly, or an enlarged brain volume, can be
sporadic, autosomal dominant, autosomal recessive, or
part of a recognized syndrome or disease (Table 28-3).7

In generalized megalencephaly, a diffuse broadening of
the cerebral gyri, an increased white matter and grey matter
volume, and frequently normal sized ventricles occur. The
brain is usually microscopically normal, although several
reports have suggested an increased cell volume. In the
familial megalencephaly with autosomal dominant inheri-
tance, the majority of cases are neurologically normal.
Hydrocephalus and extracerebral fluid collections have to
be ruled out by imaging in all cases.

Hemimegalencephaly (Fig. 28-9) may occur in isolation
or be associated with a specific syndrome, the most widely
recognized of which are the Beckwith-Wiedemann syn-
drome and the linear sebaceus nevus syndrome. The abnor-
mally large cerebral hemisphere shows regions of broad
and fused gyri. Cross sections of the hemispheres reveal
regions of thickened cerebral cortex and frequently hetero-
topia in the cerebral white matter. Microscopically the
hemisphere shows marked disorganization with regions
resembling pachygyria. In other regions the neurons of
the malformed cortex are abnormally spaced and disorga-
nized in orientation. The clinical presentation of hemime-
galencephaly is quite variable.85 One clue to the possible
existence of hemimegalencephaly is the identification of
body asymmetries, especially of the skull and face, or the
recognition of other features of a syndrome associated with
hemihypertrophy. Most patients with hemihypertrophy pre-
sent during the first year of life with frequent, focal sei-
zures or infantile spasms. Some infants show asymmetries
of motor development that can be subtle or present as frank
hemiparesis. The EEG is variable, showing a fast rhythmic
pattern in the alpha to beta range, burst-suppression pat-
terns, spike-wave, or repetitive triphasic complexes. Some
authors assign a poor prognosis to repetitive triphasic com-
plexes. Mental retardation is frequently associated with
hemimegalencephaly and appears to be primarily corre-
lated with the severity of the epilepsy. Patients with normal
development and intelligence and well-controlled partial
seizures have been reported. The association of hemimega-
lencephaly with Wilms’ tumor of the kidney is important
to recognize. Given the difficulties of medical seizure con-
trol in the majority of cases and the adverse effects that
ongoing seizures potentially have for developmental out-
come, early modified hemispherectomy has been repeatedly
advocated and successfully performed in these children.86

Microcephaly is defined by the head circumference
being two standard deviations (SD) below that predicted
by the body size. This definition does not provide any indi-
cation of the nature of the brain abnormality. The etiology
of microcephaly is complex (Table 28-4) and includes con-
ditions that restrict brain growth (such as the craniosynos-
tosis), destroy formed brain substance before completion
of brain growth (e.g., hypoxic-ischemic insults and some
infections), or intrinsically impair brain growth. The latter



Figure 28-9. Hemimegalencephaly. A horizontal T2-weighted MRI demon-
strates the moderately larger right hemisphere compared to the left. The
cerebral cortex is poorly defined on the right side and the T2 imaging
highlights the abnormal signal intensity of the cerebral white matter on
the same side.

TABLE 28-4

Various Conditions Associated with Microcephaly

Primary Small Brain Size

Nongenetic insults (pre-, peri-, postnatal)
Infectious
Vascular disruption, hypoxic-ischemic insult
Irradiation
Toxins and teratogens
Malnutrition
Metabolic
Trauma (including shaken baby)

Genetic conditions
Chromosomal disorders (e.g., trisomy 21, trisomy 13, 5p- [cri du
chat] syndrome)

Metabolic and degenerative conditions with onset before completion
of brain growth (e.g., phenylketonuria, Smith Lemlie-Opitz
syndrome, infantile neuronal ceroid lipofuscinosis)

Chromosomal instability and premature aging disorders (e.g., Bloom
syndrome, Cockayne syndrome, Nijmegen breakage syndrome)

Monogenic or sporadic “syndromic” disorders (e.g., Cornelia de
Lange syndrome, Meckel syndrome, Rubinstein-Taybi syndrome;
also microcephalia vera (MCPH1–6) and microcephaly “plus”)

Restriction of Brain Growth

Disorders of bone and cartilage
Nongenetic (endocrinopathies)
Genetic (craniosynostosis, skeletal dysplasias)

External restriction of skull growth in utero
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can be the result of a metabolic insult (exogenous or
inborn) or a defect within the developmental process of
brain formation itself (as is assumed to be the case in the
“primary” genetic microcephalies, the chromosome break-
age syndromes, and the majority of syndromes associated
with microcephaly). It should be kept in mind that a small
head circumference at birth does not rule out metabolic
conditions, nor does a normal head circumference at birth
rule out primary genetic causes of microcephaly. Micro-
cephaly is a manifestation of many syndromes and is
very common in syndromes that have mental retardation
and cortical migration abnormalities as a component.
Jones21 compiled 39 syndromes with microcephaly as a
frequent component and an additional 21 syndromes asso-
ciated occasionally with microcephaly. One hundred and
seventy-six syndromes have been reported with at least one
case of documented microcephaly.17 Patients who appear
to have a “primary” form of significant microcephaly, mean-
ing not associated with other malformative features, are
sometimes referred to as havingmicrocephalia vera. This het-
erogeneous condition (autosomal recessive and X-linked
forms have been identified) shows a striking reduction of head
circumference of more than 3 SD below the mean.
Six recessive genetic loci are known, two genes have been
indentified so far, including microcephalin (MCPH1) and
the more common ASPM.87 There is no facial dysmorphism
associated. Other forms are classified morphologically based
on the degree of associated cortical (such as pachygyria)
and hindbrain (such as cerebellar hypoplasia) abnormalities.
Individuals with striking microcephaly may be significantly
mentally retarded and have no recognizable speech, but are
often described as having a relatively preserved personality.
Although these patients often have a somewhat lumbering
gait, there is a paucity of other neurological findings. Skull
films at birth show the sutures to be present. The brains are
usually quite small, less than 300 g (normal, 1200 to 1500
g), and show a primitive appearing gyral pattern. In some
cases the cortex is thickened and disorganized without clear
lamination. Isolated microcephaly can also be transmitted as
an autosomal dominant trait. In this condition the degree of
microcephaly usually is not as pronounced, and intelligence
is relatively preserved. Given the preponderance of genetic
conditions presenting with isoloated microcephaly, Tolmie
and colleagues88 calculated an empirical recurrence risk of
19% after a single affected proband.
POSTERIOR FOSSA ANOMALIES

PATHOGENESIS AND PATHOPHYSIOLOGY. The
development of the brain stem and cerebellum has been
extensively investigated at the anatomic, cellular, and
molecular levels.43 The cerebellum is entirely derived from
the rhombic lip, a dorsal ridge of the developing neural
tube located at the junction between the midbrain and hind-
brain (rhombencephalon). Proliferation and migration at
the rhombic lip results in caudal growth of the cerebellar
anlagen, resulting in the cerebellum forming the roof of
the fourth ventricle. Complete aplasia of the cerebellum
is an extremely rare condition and most cases are believed
to represent secondary disruptions of normal development,
primarily on a vascular basis. Cerebellar hypoplasia on the
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other hand is more common and diverse in its etiology.
Single gene disorders are emerging for cerebellar hypopla-
sia, such as an X-linked form with mental retardation
caused by mutations in the gene oligophrenin.89

In the 1890s Chiari described a group of malformations
of the posterior fossa, each characterized by a displacement
of the cerebellum.90 Chiari II malformations, also known
as the Arnold-Chiari malformation, have been described
previously in this chapter (see Neural Tube Defects).
Chiari I malformations are distinguished from Chiari II
malformations by the displacement of the cerebellar tonsils
(as opposed to the vermis in cases of the Chiari II malfor-
mation) over the cervical spinal cord (see Fig. 28-2). The
Chiari I malformation is occasionally equated with hernia-
tion syndromes involving pressure coning and necrosis of
the cerebellar tonsils. These two entities, however, should
remain distinct, the Chiari I representing a malformation
with resultant cerebellar displacement and the other entity
the result of increased pressure within the posterior fossa.
Occasionally hydromelia or syringomyelia may be asso-
ciated with the Chiari I malformation, as with the Chiari
II malformation; however, myelomeningoceles are not
associated with Chiari I malformations.

The rare Chiari III malformation represents a displace-
ment of the cerebellum into an occipital encephalocele.
Occipital encephaloceles can involve either the occipital
lobes of the cerebral hemispheres or the posterior fossa
elements. As mentioned previously, encephaloceles involv-
ing the posterior fossa elements, and the cerebellum in
particular, frequently carry a poor prognosis.

The Dandy-Walker malformation, by the strictest defini-
tion, includes a cystlike dilation of the fourth ventricle, an
anteriorly rotated cerebellar vermis that is partially or com-
pletely absent, and an enlarged posterior fossa with an
elevated tentorial insertion.91 The Dandy-Walker malfor-
mation is not a true cyst of the fourth ventricle, but a
cystlike dilation of the ventricle resulting from the abnor-
mally anteriorly rotated vermis and an extended posterior
medullary vellum. This condition is extremely heteroge-
neous, in a subgroup of patients deletions of the zinc-finger
transcription factors ZIC1 and ZIC4 were detected.92

Joubert’s syndrome is due to absence or partial absence
of the cerebellar vermis, but this syndrome can be distin-
guished neuropathologically from the Dandy-Walker mal-
formation by the absence of a cystically dilated fourth
ventricle. Relatively few brains clinically diagnosed as
Joubert’s syndrome have been pathologically studied. One
problem related to understanding the pathological findings
in this syndrome is the difficulty of a clearly defining a
clinical syndrome, as the diagnosis relies on MRI findings.
Patients described as having Joubert’s syndrome have
shown a wide spectrum of clinical findings (see ldiscussion
later in the chapter), including variation among different
families, suggesting possibly more than one etiology and
clearly demonstrating genetic heterogeneity. Mutations in
two genes have been identified in patients with Joubert,
AHI1 and NPHP1, the latter gene being assiciated with
nephronophthisis.93 At least two additional gene loci exist
on chromosomes 9 and 11.

Möbius’ syndrome involves focal deficits primarily
involving cranial nerves VI and VII and can be unilateral
or bilateral. Although disagreements exist as to the precise
definition of this syndrome, the presence of bilateral defi-
cits of both cranial nerves VI and VII justify the designa-
tion. Whether unilateral deficits involving one or multiple
cranial nerves should be included as cases of Möbius’ syn-
drome remains controversial. Although very few cases
have been studied pathologically, most data agree that
destructive lesions, frequently assumed to be vascular in
origin, are the basis for most cases of Möbius’ syndrome.
Whether congenital absence of cranial nerve nuclei exists
as a distinct entity is unknown. The latter condition has
been genetically linked to chromosome 3 in some families.

Several clinical syndromes are believed to result from
a “miswiring” in the nervous system that is from the esta-
blishment of aberrant neural connections resulting from
failure of certain connections to form or be maintained.
Duane’s syndrome is discussed later. Another example of
this phenomenon is the Marcus Gunn phenomenon, in
which patients present with a jaw-winking and elevation
or drooping eyelids provoked by sucking in the infant,
smiling, swallowing, or speaking. Usually this phenom-
enon becomes less pronounced with age. This syndrome
is believed to result from misdirected neuronal connections
between cranial nerves III and V and other cranial nerves.

EPIDEMIOLOGY AND RISK FACTORS. Given the
diverse group of anomalies that afflict the posterior fossa,
it is impossible to give a concise estimate for the incidence
or prevalence of this group of disorders. Some of the
anomalies are found in almost constant association with
other malformations. For example, the Chiari II malforma-
tion (discussed with myelomeningoceles) is almost uni-
formly associated with lumbosacral neural tube closure
defects and thus the incidence parallels the incidence ofmye-
lomeningoceles. Other anomalies, like the Dandy-Walker
malformation, may be found either as an isolated malforma-
tion, in conjunction with other malformations (e.g., cardio-
vascular), or as part of a syndrome (e.g., Meckel-Gruber
syndrome, Walker-Warburg syndrome). Risk factors also
vary depending on the malformation in question. Möbius’
syndrome, for example, is found more frequently among
children born with congenital heart malformations than
in isolation. Dandy-Walker malformations have been asso-
ciated with maternal retinoic acid exposure and warfarin
exposure. A complete discussion of the risk factors and
associated syndromes involving the posterior fossa has
recently been compiled.17

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Cerebellar hypoplasia and aplasia may present with
any combination of hypotonia, motor delays, cognitive
delays, ataxia and head/truncal titubations, irregularities of
speech rhythm, and nystagmus. However, clinically asymp-
tomatic cases of cerebellar hypoplasia or even aplasia are
well documented in the older literature.

The Dandy-Walker malformation is clinically quite het-
erogeneous. In addition to cerebellar features, some cases
exhibit other CNS abnormalities such as agenesis of the
corpus callosum, brain stem anomalies, and migrational
abnormalities that will have bearing on the clinical picture.
Mental retardation is also variable and frequently correlates
with the presence of associated anomalies. Patients without
associated anomalies may have relatively normal intel-
ligence and development.94 The evaluation of an individual
with the Dandy-Walker malformation therefore requires a
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careful search for such associated abnormalities. Ataxia
and brain stem dysfunction are often the presenting fea-
tures and are believed to result from local pressure effects
on the brain stem and cerebellum. Due to pressure fluctua-
tions in the posterior fossa, these symptoms can occur
intermittently. Presentation can be as late as in adulthood
with headache and progressive neurological deterioration.
Although hydrocephalus is often included in the definition
of the Dandy-Walker malformation, it is often not present
at birth, and may develop and present in the first year of
life or later. Although occasionally a clear etiology for
the hydrocephalus, such as aqueductal stenosis, is identi-
fied, in most cases there is no clear obstruction of CSF
flow. Lack of patency of the foramen of Magendie and
the foramina of Lushka, once considered the pathogenesis
of the malformation, is rare and unlikely to be the etiology
of the hydrocephalus in most cases.

Joubert’s syndrome classically presents with abnormal-
ities of respiratory rate control in infancy (in particular epi-
sodic tachypnea, but also respiratory pauses), rhythmic
tongue protrusion, abnormal eye movements, ataxia, and
mental retardation.95,96 Structural eye abnormalities such
as chorioretinal colobomata have been described. The
degree of developmental delay can be quite variable and
is not uniformly as severe as initially thought. In variants
of Joubert’s syndrome there may be significant kidney
involvement (nephronophthisis in NPHP1)

Chiari I malformation has a clinical spectrum that has
broadened in recent years with the increasing use of MRI,
the imaging modality of choice for the diagnosis of this
condition. As opposed to the Chiari II malformation (see
previous discussion of neural tube closure defects), the
Chiari I malformation usually becomes symptomatic in
teenage to early adult years, although the initial presenta-
tion can also be in an infant or older adult. The initial com-
plaint is often neck pain, at times presenting with torticollis
or retrocollis. If cervical spinal cord syringomyelia coex-
ists, symmetrical, asymmetrical, or even totally unilateral
arm pain can be the initial complaint. Neurological symp-
toms and signs also are dependent on the neural structures
involved. Predominant impairment of the brain stem and
cerebellar tonsils by either compression at the level of the
foramen magnum or by extension of the syrinx into the
brain stem (syringobulbia) can lead to a variety of brain
stem and cerebellar signs. In the very young age group,
sleep apnea, stridor, and feeding difficulties may be the
presenting symptoms. Eye movement abnormalities are
relatively common. Oscillopsia is reported by the patient,
and a variety of forms of nystagmus can be seen on exam-
ination. Downbeating nystagmus (Video 31, Downbeat
Nystagmus), especially when accentuated by lateral down-
gaze, should alert the examiner to a potential problem at
the craniocervical/pontomedullary junction. Torsional nys-
tagmus may also be present, especially in the presence of
syringomyelia/syringobulbia. Lower cranial nerve impair-
ment can lead to dysphagia and aspiration, which may first
present as late as the eighth decade. When complicated by
syringobulbia, asymmetrical cranial nerve involvement up
to cranial nerve V may be present. Imbalance and vertigo
with truncal ataxia may indicate impairment of the vesti-
bulo- and spinocerebellar systems. With the coexistence
of syringohydromyelia this clinical picture becomes even
more complicated. Forty percent to 75% of cases of Chiari
I have an associated syringomyelia, depending on the se-
ries and method of ascertainment.97 When the patient is
presenting with symptoms referable to the spinal cord, sy-
ringomyelia can be demonstrated in over 90% of cases.
The most common location of maximal expansion is C4
to C6, though the cavity can expand up and down the entire
cord. The cavity often is centrally or slightly asymmetri-
cally located, thus first impairing crossing fibers in the
anterior spinal commissure. Since these fibers carry sen-
sory information for predominantly pain and temperature,
and the posterior columns can be relatively spared, a disso-
ciated sensory loss may result; thus, pain and temperature
sensation may be disturbed in a capelike distribution over
the shoulders and down the arms, while light touch and
joint position remain relatively unaffected. Compromise
of the anterior horn cells may result in patchy weakness,
amyotrophy, and loss of reflexes in the arms. These find-
ings are often asymmetrical or even unilateral. With expan-
sion of the cavity additional symptoms, including long tract
signs and symptoms, can become apparent. Another impor-
tant manifestation of syringomyelia, especially in child-
hood, is progressive scoliosis, sometimes the earliest sign
of a syringomyelia. Skeletal anomalies of the skull base
can be associated with the Chiari I malformation as well,
most frequently basilar impression (see discussion in Skull
Base and Neck Deformities section). Other skeletal anoma-
lies of the craniocervical junction associated with the
Chiari I malformation include the Klippel-Feil anomaly
and atlanto-occipital assimilation.

In contrast to these predominantly cerebellar syndromes,
other conditions have more clinical signs of brain stem
dysfunction. In the broadest clinical definition Möbius’ syn-
drome refers to a combination of bilateral symmetrical and
asymmetrical facial weakness associated with abnormal-
ities of horizontal gaze, most often deficiencies of abduc-
tion. Other cranial nerve functions can be impaired as well,
especially IX, XII, V, and occasionally III. The impairment
of lower cranial nerves can lead to early feeding difficulties,
problems with swallowing, and atrophy of the tongue that is
frequently unilateral. Neurosensory deafness may also be
associated. A variety of somatic anomalies may be present
in patients with Möbius’ syndrome.98 At least 50% of cases
have limb anomalies. Thirty percent have talipes deficien-
cies, and 20% exhibit hypoplasia of digits, transverse term-
inal defects, or syndactyly. The Poland anomaly (absence
of the pectoral muscle with or without radial ray abnormal-
ity of the upper extremities) and the Klippel-Feil anomaly
can also be associated. Concurrent congenital heart disease,
urinary tract anomalies, and hypogonadism/hypogenitalism
are less frequent. Mild mental retardation is reported in
10% to 15% of patients with Möbius’ syndrome; however,
psychomotor development can also be slowed because of
communication and social interaction problems that may
result from the cranial nerve palsies. Most cases of Möbius’
syndrome appear to occur sporadically, and may in some
cases indicate a disruptive sequence. The association with
Poland anomaly is sometimes referred to as Poland-
Möbius’ syndrome and may be familial.

Another syndrome involving cranial nerve nuclei is
Duane’s syndrome. This syndrome consists primarily of
limited abduction with widening of the palpebral fissure
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on attempted abduction and globe retraction on the affected
side on attempted adduction. It is due to deficient abducens
innervation to the lateral rectus with compensatory inner-
vation by cranial nerve III. Again, most of the described
cases have been sporadic; however, familial occurrences
have been seen in the context of a number of anomalies
such as limb anomalies, eye anomalies, and deafness.98

The combination of Duane anomaly, Klippel-Feil anomaly,
and perceptive deafness has been referred to as Wildervanck
(cervico-oculo-acoustic) syndrome. It is of uncertain inheri-
tance. Marcus-Gunn (jaw-winking) syndrome consists of
unilateral ptosis, with elevation of the ptotic lid to a position
higher than the opposite side upon opening of the mouth,
especially with deviation of the mouth to the opposite side.
This is often first noted in the infant while sucking. There
are a few families with a suggestion of a dominant mode
of inheritance with incomplete penetrance.

DIFFERENTIAL DIAGNOSIS. Cases of congenital cere-
bellar hypoplasia have been reported as autosomal reces-
sive and probably also with X-linked inheritance.99

Cerebellar hypoplasia and pontocerebellar hypoplasia have
been associated with a number of other syndromes.99

Together these findings indicate that cerebellar hypoplasia
is genetically heterogeneous. A member of a recently
recognized group of metabolic disorders of protein glyco-
sylation (CDG syndrome type Ia) can also present with a
picture of neonatal olivopontocerebellar atrophy.100 Prenatal
cytomegalovirus infection also needs to be investigated in
infants with congenital cerebellar hypoplasia or aplasia,
especially in cases with coexisting deafness and retinopathy.

Because the Dandy-Walker malformation may be part of
a considerable number of syndromes,17 evaluation of the
internal organs, particularly the heart and kidneys, as well
as a skeletal and muscular assessment101 is essential once
a Dandy-Walker malformation is recognized. Differential
diagnostic considerations have to include conditions that
can cause cystlike expansions in the posterior fossa. These
include arachnoid cysts, mega cisterna magna, and cystic
tumors. MRI is the imaging modality of choice given the
problems of visualizing the posterior fossa by CT scanning.
True cysts, such as arachnoid or ependymal cysts, in the
posterior fossa may mimic a Dandy-Walker malformation;
however, in contrast with the enlarged fourth ventricle
associated with Dandy-Walker malformations, the fourth
ventricle is compressed in the presence of a true cyst.

In Joubert’s syndrome there is no cystic dilatation in the
posterior fossa, so that the cerebellar hemispheres are seen
to lie closely opposed without an intervening vermis. The
characteristic MRI finding is the “molar tooth” sign, gener-
ated by the abnormally thick and straight superior cerebellar
peduncle. This sign in seen in a number of Joubert-related
conditions,102 including the oro-facio-digital syndrome type
VI of Papp-Varadi, as well as other syndromes with vermal
hypoplasia/agenesis.101 Patients with oro-facio-digital syn-
drome type VI of Papp-Varadi often have an unusual Y-
shaped partially duplicated metacarpal on hand x-rays, and
sometimes hamartomatous nodules under the tongue can be
found. An unequivocal distinction between these syndromes
is not always possible.

The differential diagnosis in the Chiari I malformation
with syringomyelia is broad given the protean range of
the possible clinical symptoms. Multiple sclerosis, spinal
muscular atrophy (Video 33, Spinal Muscular Atrophy),
amyotrophic lateral sclerosis (Video 236, ALS-Parkinson-
ism Dementia), spinocerebellar ataxias (Video 207, Spinal
Cerebellar Atrophy III), mononeuropathy multiplex, cervi-
cal disc and degenerative disease, and a variety of other
disorders of the spinal cord and cerebellum can all be con-
fused with the condition on clinical grounds. Imaging will
resolve the majority of these differential diagnostic points.
The situation can be more difficult in patients with promi-
nent neurological symptoms but only borderline abnormal
findings on imaging. Alternative diagnoses have to be con-
sidered seriously in that scenario. A cavity in the spinal
cord can also have a traumatic (hematomyelia), inflam-
matory (necrotizing myelopathy), metabolic (Leigh dis-
ease), or neoplastic (astrocytoma and ependymoma) basis.
Of the neurocutaneous disorders neurofibromatosis I and
von Hippel–Lindau disease can be associated with a syrinx.
Demonstration of a flow void within the cavity by MRI
can be helpful to demonstrate continuity with the CSF
spaces.

Möbius’ syndrome must be differentiated from neuro-
muscular diseases with a prominent component of facial
weakness, especially those with involvement of the extra-
ocular muscles. In boys, centronuclear myopathy in partic-
ular should be considered because of the congenital
presentation in the X-linked form. Mitochondrial myopa-
thies (Video 38, Facial Myopathy and Ophthalmoplegia),
myasthenic syndromes (Video 225, Myasthenia Gravis),
and in cases with only facial involvement, myotonic dys-
trophy and facioscapulohumeral dystrophy as well as some
of the structural congenital myopathies (Video 13, Myo-
pathic Gait) need to be considered. In cases with an unclear
history of symptom onset, a multitude of acquired causes for
multiple cranial nerve palsies has to considered. These causes
include trauma to the skull base and cranial nerves; infection
of the meninges, skull base, and cavernous sinus; inflamma-
tion of the nerves, brain stem, or cavernous sinus; tumors of
the skull base; and meningeal neoplastic spread.

Differentiation between Möbius’ and Duane’s syn-
dromes should be possible in most cases given the sparing
of the face and lower cranial nerve nuclei in the latter.
Duane’s syndrome itself needs to be differentiated from
other causes of abducens palsy in childhood, when the elab-
orate co-innervation phenomena of Duane’s syndrome are
usually not seen. More bizarre associated eye movement
abnormalities can be seen in Duane’s syndrome and may
confuse the picture. The globe retraction can sometimes
be difficult to appreciate, especially in infants.

EVALUATION. Imaging for posterior fossa malforma-
tions is best done with MRI. The relationship between the
cerebellar vermis and fourth ventricle and cisterna magna
needs particular attention. Diagnosis of cerebellar and pon-
tine hypoplasias can be difficult in mild cases and strictly
speaking requires age-matched control subjects for com-
parison. As mentioned before, for any unusual posterior
fossa anomaly, screening for additional malformations
may lead to a syndrome diagnosis. Ultrasound of the heart
and internal organs, a skeletal x-ray survey, and an ophthal-
mological evaluation are recommended. In cases of young
patients with Joubert’s syndrome an overnight sleep study
may alert to respiratory irregularities and apnea spells.
In cases of hydrocephalus associated with the Dandy-Walker
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malformation, evaluation should follow the guidelines
outlined in the section on hydrocephalus.

Diagnosis of the Chiari I malformation as well as of sy-
ringomyelia relies on clinical suspicion as well as on
adequate imaging. The imaging modality of choice is (as
previously mentioned) MRI, especially sagittal images.
The now routine inclusion of these images in any MRI
study of the head has led to the discovery of a number of
asymptomatic Chiari I malformations and asymptomatic
cases of syringomyelia. It has also become apparent that
the clinical picture is broader and more varied than the
classical clinical syndromes described. The question fre-
quently arises about the significance of low-lying tonsils
that are discovered incidentally on a cranial MRI examina-
tion. The tonsils normally retract upward with age so their
location must be interpreted in an age-dependent context.
The cut-off in the first 10 years of life appears to be 6 mm
below the level of the foramen magnum, from 10 to 30 years
it would be 5 mm, and after that 4 mm. Herniations greater
than 12 mm are almost invariably symptomatic; on the other
hand, about 30% of individuals with significant displace-
ments of 5 to 10 mm are asymptomatic.103 Similarly, syrinx
cavities can be quite large with minimal clinical symptoms.

Patients with the different brain stem syndromes need to
be evaluated in an effort to rule out disorders that may
mimic these syndromes (see Differential Diagnosis) and
also to define the extent of the abnormalities and establish
the presence of any associated malformations. In Möbius’
syndrome this may require (in addition to a careful neuro-
logical and ophthalmological examination) brain stem
auditory evoked responses; CK determination; imaging of
the brain, posterior fossa, and skull base by MRI; a skeletal
radiographic survey; and echocardiography.

MANAGEMENT AND PROGNOSIS. Treatment of the
Chiari I complex consists mainly of decompressing the
structures trapped in the foramen magnum. Surgical
approaches for pediatric104 and adult105 patients are compar-
able. Most often a suboccipital craniectomy, with or without
dural patch grafting, and cervical laminectomies are per-
formed, but anterior approaches may become necessary
in selected cases to achieve satisfactory decompression.
Occasionally, very large syrinx cavities require drainage
by fenestration or shunting into the subarachnoid space. In
general, the decompressive surgery at the foramen magnum
is the more successful of the two,105 and coexisting syrinx
cavities may even shrink or resolve postoperatively without
further intervention. Signs and symptoms referable to brain
stem compression respond better to surgery then symptoms
related to the spinal cord, even when syrinx decompression
is included in the operation. Major preexisting sensory
or motor deficits are poor prognosticators for functional
recovery.104

Treatment of the Dandy-Walker malformation is also
surgical by shunting of the hydrocephalus and the dilated
fourth ventricle via a double ventriculo- and cysto-
peritoneal shunt.106 This intervention may allow for normal
mental development in the absence of additional CNS
malformations.

The respiratory abnormalities associated with Joubert’s
syndrome usually improve after infancy. If significant and
life-threatening apnea periods occur, home ventilation may
be utilized successfully during the initial high-risk period.
In case of severe feeding difficulties the placement of a gas-
tric tube may be appropriate. Psychomotor retardation is not
as uniformly severe as initially thought, and efforts to ensure
best possible cognitive development should be undertaken.

Although disabilities resulting from the Möbius’ syn-
drome can initially be very significant, including feeding
difficulties and language problems, these tend to improve
with time. Therefore, temporary placement of a feeding
tube may be indicated in severe cases. The facial immo-
bility can cause a significant social handicap and needs to
be addressed in the management plan for such patients.
ABNORMALITIES OF THE SKULL AND SPINE

Craniosynostosis
PATHOGENESIS AND PATHOPHYSIOLOGY. Cranio-

synostosis refers to the premature fusion of one or more
of the cranial sutures.107 The premature fusion of cranial
sutures results in abnormal and often asymmetrical growth
of the cranium with resulting effects on both the underlying
brain and the outward appearance of the head. There may
be nonprogressive hydrocephalus in patients with cranio-
synostosis. Intracranial pressure may be elevated with or
without hydrocephalus, especially when the absolute intra-
cranial volume is increased (as can be the case in sagittal
synostosis). Significant advances in understanding the
pathogenesis of craniosynostosis are based on the recog-
nition that mutations in members of a family of genes
segregate with craniosynostosis and syndromes with cra-
niosynostosis as one of the features. Point mutations in
the fibroblast growth factor receptors (FGFRs) were first
recognized in the FGFR2 gene in Crouzon’s syndrome
and subsequently also in Apert’s, Jackson-Weiss, and
Pfeiffer’s syndromes. Mutations in FGFR1 are found in
Pfeiffer’s syndrome. These findings have clearly linked
these genes to the development of craniosynostosis.108

Many of these syndromes have overlapping defects in other
parts of the musculoskeletal system and other organ sys-
tems that are likely to result from the pleotropic expression
of the FGFRs. Mapping of the mutations in the FGFRs has
shown that mutations in different parts of these receptors,
including the intracellular, the extracellular, and the trans-
membrane domains, account for some of the variation in
clinical expression. FGFR2 mutations are the most com-
mon.107 Why mutations in different regions of these genes
have such unique phenotypes is currently speculative.
Some of the mutations render the receptor constitutively
active, explaining the dominant inheritance. Several syn-
dromes associated with a dwarfed stature can also result
from mutations in an FGFR. Specifically thanatophoric
dysplasia and achondroplasia/hypochondroplasia result
from mutations in FGFR3.108 Some cases of thanatopho-
ric dysplasia include a cloverleaf skull, a severe form of
craniosynostosis (see Clinical Features and Associated
Disorders section). It is already clear that other genes
are also involved in the development of craniosynosto-
sis.109 For example, mutations in the homeobox gene
MSX2 have been linked to the Boston type of craniosy-
nostosis110 but appear to be rare. Mutations in TWIST
underly Saetre-Chotzen syndrome. In addition to these



Figure 28-10. Craniosynostosis. A three-dimensional reconstruction of MRI
from a patient with Apert’s syndrome. The coronal sutures are prema-
turely closed and the sagittal suture is abnormally wide.

586 Etiological Categories of Neurological Diseases / 28
now molecularly characterized syndromes, there are many
cases of craniosynostosis that are of unknown etiology and
others arise from apparently nongenetic causes, such as the
amniotic rupture sequence.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. In 1988, Cohen111 reviewed all the syndromes with
craniosynostosis as one of the features recognized up to
that date. He found 64 described syndromes; over the sub-
sequent years many more have been added. About 80% to
90% of all cases of craniosynostosis are sporadic and not
part of a recognized syndrome. The sagittal suture is most
often affected, leading to an elongated appearance of the
skull with a normal face. This skull shape is referred to
as scaphocephaly or dolichocephaly. Girls are affected
slightly more often than boys and there are usually no neu-
rological deficits associated with this craniosynostosis.
Although the biparietal diameter is low, the actual head cir-
cumference is usually above the 95th percentile, so that the
actual intracranial volume is normal or even increased.
Impairment of brain growth usually does not occur,
although the intracranial pressure may be elevated in some
cases. Premature closure of the lambdoid sutures can occur
in an asymmetrical fashion (plagiocephaly) or symmetri-
cally (brachycephaly) (Fig. 28-10). Both conditions occur
more commonly in boys. Brachycephaly, in particular,
has a higher incidence of neurological complications and
mental retardation. Optic atrophy with resulting visual
impairment can be caused by traction of the chiasm and
optic nerves due to upward displacement of the chiasm in
the foreshortened skull. Increased intracranial pressure
may also develop in premature synostosis of the coronal
sutures and lead to optic atrophy as well as to more diffuse
neurological damage. The incidence of mental retardation
in brachycephaly remains high even in cases after surgical
correction of increased intracranial pressure. Metopic cra-
niosynostosis is rather rare and often occurs in a syndromic
context such as the Opitz trigonocephaly syndrome (C syn-
drome) or in conjunction with holoprosencephaly. Asym-
metrical closure of the lambdoid suture leads to another
form of plagiocephaly. These single suture synostoses can
be very mild phenotypically. A particularly severe situation
can result from the combined closure of the coronal and
sagittal sutures (oxycephaly). Here microcephaly and
crowding of the intracranial content may result. In the most
severe form, the sagittal, coronal, and lambdoid sutures are
affected, resulting in the cloverleaf, or trilobed, skull
(Kleeblattschädel). Patients with the cloverleaf skull anom-
aly show a bulging forehead, proptotic eyes, and severe
neurological impairment.

Syndromic craniosynostosis accounts for only about
15% of cases of craniosynostosis. The two most common
conditions are Crouzon’s and Apert’s syndrome, which
account for about two thirds of syndromic craniosynostosis
cases. In Crouzon’s syndrome synostosis of the coronal,
sagittal, and lambdoid sutures are the most common. Ocu-
lar proptosis resulting from shallow orbits is a constant fea-
ture. Visual impairment occurs in about half of the
patients.112 Traction and compression in the optic canals
leads to optic atrophy in 22% of cases and legal blindness
in 7%.113 Conductive hearing loss is quite common and
occurs in about 55% of patients.113 Headaches are a con-
cern in about one third of the patients, and seizures have
been reported in up to 12% of patients.113 Mental defi-
ciency is rare. This disorder follows autosomal dominant
transmission. Apert syndrome (acrocephalosyndactyly) is
an autosomal dominant disorder characterized by coronal
synostosis in conjunction with a malformed and short cra-
nial base resulting in a short and high skull (brachyturrice-
phaly) and hand anomaliles. Platybasia is often associated.
In infancy there is a wide and gaping defect in the region of
the sagittal and metopic sutures. Again visual impairment
is common.112 Optic atrophy and conductive hearing loss
can also occur in Apert syndrome. As opposed to Crouzon’s
syndrome, mental deficiency is common in this condition; in
one series half of the patients had an IQ below 70.114 How-
ever, normal or above average intelligence can certainly be
seen. The structure of the CNS can be affected in a number
of ways; the most frequent includes agenesis or hypoplasia
of the corpus callosum, migrational anomalies, and gyral
abnormalities. Ventriculomegaly does not necessarily mean
hydrocephalus, which is rather uncommon in Apert’s syn-
drome. Hand anomalies in Apert’s syndrome consist of fused
middle fingers involving at least digits 2, 3, and 4. For
most of the more severe craniofacial syndromes with cranio-
synostosis upper airway obstruction can become a problem
relevant for management.115

DIFFERENTIAL DIAGNOSIS. Craniosynostosis is a
defining feature of many syndromes.17 Metabolic condi-
tions that can lead to a premature fusion of cranial sutures
include hyperthyroidism, hypercalcemia, and hypophos-
phatasia. Asymmetries of the skull are also seen in other
conditions without craniosynostosis such as hemimegalen-
cephaly, hemiatrophy, and unilateral destructive lesions of
the brain that result in a marked size difference between



Figure 28-11. Thanatophoric dysplasia. A ventral view of the brain from a
20-week fetus with thanatophoric dysplasia. Radially oriented, deep fis-
sures in the medial temporal lobe replace the normal smooth surface at
this age and are pathopneumonic for this disorder.
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the two cerebral hemispheres. The amniotic band rupture
sequence can also give dramatic alterations in skull shape.
A small head per se does not mean premature closure of
the sutures, but retarded brain growth as a primary abnorm-
ality has to be considered. Earlier closure of the sutures can
be seen under these circumstances and this constellation
would not be considered a craniosynostosis. Severe con-
straint in utero can have the same effect. A number of other
position-dependent asymmetries of skull shape can be seen,
especially in hypotonic infants or infants with other exter-
nal restrictions of skull growth. Finally, there exists a long
list of syndromes that include unusual skull configurations
not based on premature fusion of cranial sutures.

EVALUATION AND MANAGEMENT. Although skull
films were traditionally the modality of choice for the eval-
uation of craniosynostosis, CT with 3D reconstructions are
now the method of choice for the evaluation of the cranial
skeleton and planning of management. The goal of evalua-
tion should not only be the delineation of the various ana-
tomical abnormalities, but also an attempt at a specific
diagnosis in a given case of craniosynostosis. This may
include the clinical recognition of a syndrome; direct muta-
tion analysis of selected FGFR genes may be appropriate in
selected cases.

Treatment for the craniosynostosis is surgical and
involves excision of the fused suture and separation of
the bony margins by an implanted matrix. Good results
can usually be obtained,116 especially when surgery is per-
formed before 6 months of age. Given that the intracranial
pressure can be elevated with single suture synostosis, the
indication for repair has moved away from purely cosmetic
indications. For the Kleeblattschädel deformity, early sub-
total craniectomy is the only reasonable attempt at correc-
tion, although the severity of the overall condition may
prohibit invasive treatment. The acrocephalosyndactyly
syndromes may require surgical approaches to the asso-
ciated hand malformations, in particular polydactyly and
syndactyly. Careful attention needs to be paid to vision
and hearing in craniosynostosis patients. Hearing aids
may be necessary for adequate communication and lan-
guage development. Shunting for hydrocephalus is rarely
necessary.
Other Disorders of the Skull and Spine
Dwarfism
Although dwarfism is primarily a defect of the musculo-
skeletal system, central and peripheral nervous system
manifestations are encountered in a variety of these dis-
orders associated with short stature, most of which are
beyond the scope of this chapter. The most frequent neuro-
logical manifestations are a result of impingement of the
nervous system as a result of narrowing of bony foramina.
For example, in some dwarfism syndromes, such as achon-
droplasia, narrowing of the foramen magnum can obstruct
CSF flow and result in hydrocephalus. In achondroplasia
the development of clinical symptoms usually requires a
narrowing of the foramen magnum to under �3 to 4 SD
(standard deviations are available in radiology texts).
Thanatophoric dysplasia, due to mutations in the same
genes as achondroplasia (see preceding discussion), has a
unique neuropathology of the brain117 with deep radial fis-
sures arranged as spokes on a wheel distorting the temporal
lobes (Fig. 28-11). Microsopically the temporal lobes, par-
ticularly medially, are disorganized, often showing poly-
microgyria. Polymicrogyria may also occur outside the
temporal lobes.

The diagnosis of thanatophoric dysplasia is important for
management decisions and for the purpose of genetic coun-
seling. Clinically there are short limbs, a narrow thorax
with short ribs, a short spine with flat vertebral bodies,
and large-appearing cranium with flat nasal bridge. There
are two subtypes: the more common type I with bowed
bones but no cloverleaf skull, and a second form (type 2)
with straight bones but with a complex craniosynostosis
giving rise to the cloverleaf skull. Hydrocephalus is com-
mon with the type II form. Both forms are associated with
mutations in FGFR3.

Achondroplasia can be associated with a number of neu-
rological complications.118 Stenosis at the level of the fora-
men magnum can cause a high cervical or lower medullary
myelopathy. In case of the latter apneic spells or respira-
tory insufficiency can result; the former can give rise to
long tract symptomatology including frank quadriparesis.
Stenosis of the spinal canal with myelopathy or radiculopa-
thy can occur at any level. Careful assessment for lower
extremity hyper-reflexia, clonus, and Babinski’s sign is
important for the early recognition of a myelopathy. Surgi-
cal decompression may become necessary in these cases.
The development of hydrocephalus in achondroplasia
may be due to stenosis at the level of the foramen magnum,
though this is not very common. A milder degree of hydro-
cephalus has been postulated to be due to impaired CSF
resorption because of diminished venous return from the
cranial compartment. A degree of macrocephaly, however,
is part of the “normal” clinical manifestations of achondro-
plasia and does not automatically imply hydrocephalus.
Thus, head circumference measurements should be com-
pared with head circumference charts specifically corrected
for achondroplasia. The numerous skeletal dysplasias,
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many of which have secondary neurological complications,
are beyond the scope of this chapter (see McKusick119 for
complete discussions).

Skull Base and Neck Deformities
Malformations and deformities of the skull base can be part
of a number of conditions. Included among these are cra-
niosynostosis syndromes (short and steep cranial base),
neurofibromatosis 1 (aplasia of the sphenoid wing), Chiari
type I and II (platybasia, flat cranial base), osteogenesis
imperfecta (basilar impression, invaginated cranial base),
and Hajdu-Cheney syndrome (basilar impression), as well
as others. They can also occur in isolation or in a familial
context. Other conditions such as Paget’s disease, rickets,
rheumatoid arthritis, and hypoparathyroidism have to be
considered in the differential diagnosis. Nuchal pain and
vertigo may be early and nonspecific complaints. If pre-
sent, downbeating nystagmus in primary position accentu-
ated by gaze position down and out may provide a
diagnostic clue for pathology at the craniocervical junction.
The neurological syndrome of basilar impression, includ-
ing platybasia and the more extreme convexobasia, can
begin insidiously with increasing spasticity in the lower
extremities, ataxic gait, and loss of proprioception also in
the upper extremities. In addition, lower cranial nerve
function, including dysphagia, may become impaired late
in the course.120 The neck may be short and cervical mo-
tility impaired, and there may be nuchal pain in addition
causing neck stiffness and torticollis at presentation. Symp-
toms and signs of associated conditions such as the Chiari
malformations and syringomyelia can complicate the pic-
ture. Sagittal CT reconstruction plus sagittal MRI is the
optimal imaging modality combination to confirm the
diagnosis and delineate the bony abnormalities. Surgical
decompression at the foramen magnum is the treatment
of choice, occasionally requiring additional laminectomies
of C2 and C3 with cervico-occipital fusion. Platybasia
(defined as the angle between planes of the anterior cranial
fossa and the clivus being greater than 140 degrees) in
isolation is generally asymptomatic.

Congenital fusion of the cervical vertebrae is known as
the Klippel-Feil anomaly. Presumably this reflects a failure
of segmentation rather than a secondary fusion. This anom-
aly can be part of a number of syndromes (such as Turner’s,
Noonan’s, and Wildervanck’s syndromes), but can also
occur sporadically or be inherited in isolation as an autoso-
mal dominant or autosomal recessive trait. The fusion of
vertebrae can extend beyond the cervical spine, but most
commonly is restricted to levels C2 and C3 or C5 and C6.
Clinically there is a short neck, low posterior hairline, and
limitation of neck movements, in particular rotation and
bending to the sides. Atlanto-occipital anomalies are fre-
quently associated with the Klippel-Feil anomaly and one
of the major reason for associated morbidity. Kyphosis and
scoliosis are often associated, as is spina bifida occulta in
some cases.121 Many patients also have a variety of geni-
tourinary anomalies, including unilateral renal agenesis.121

Hearing impairment can be seen in about 20%. Other skele-
tal malformations such as the Sprengel deformity can be
associated. The main neurological complications result from
craniocervical instability with the possibilty of spinal cord
compromise. It has also been noted that patients with the
Klippel-Feil anomaly may have mirror movements on neu-
rological examination,122 but the reason for this observation
is not clear.

Occipitalization of the atlas, or assimilation of the atlas,
refers to the fusion of the anterior arch and ring of C1
with the foramen magnum. A Chiari type 1 malformation,
Klippel-Feil anomaly, achondroplasia, and syringomyelia
may be associated. Atlantoaxial instability (atlas-dens
interval greater than 3 mm) can occur in rheumatoid arthritis
but also in a number of genetic conditions and syndromes,
most notably Down’s syndrome. It is recommended to
screen trisomy 21 patients at 5 and 10 years for atlantoax-
ial instability and if present restrict potentially harmful
physical activities.
REVIEWS AND SELECTED UPDATES

Barkovich AJ, Kuzniecky RI, Jackson GD, Guerrini R, Dobyns WB:
Classification system for malformations of cortical development.
Neurology 2001;57:2168–2178.

Cattaneo L, Chierici E, Bianchi B, Sesenna E, Pavesi G: The localization
of facial motor impairment in sporadic Möbius Syndrome. Neurology
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Degenerative and Compressive Structural
Disorders
Steven K. Feske and Thomas I. Cochrane
HISTORY AND DEFINITIONS

DEGENERATIVE STRUCTURAL

DISORDERS

Degenerative Disc Disease

Ankylosing Spondylitis

COMPRESSIVE STRUCTURAL

DISORDERS

Fibrous Dysplasia

Other Compressive Disorders

Compressive Neuropathies
Cervical Spondylosis Paget’s Disease
HISTORY AND DEFINITIONS

A variety of neurological disorders result from abnormal-
ities of bones, ligaments, muscles, and other mesenchymal
tissue that compress the nervous system. In many instances
the result is a focal disorder of nervous system function such
as a mononeuropathy, a root syndrome, or the compression
of intracranial contents by abnormalities of the skull. Much
of our clinical knowledge of the peripheral system is derived
from these kinds of lesions—for instance, the dermatomal
map, which every student of the nervous system carries in
his or her black bag, is in part derived from the study of
patients with a herniated disc and root compression. Much
of the standard neurological examination of the sensory
system is derived from studies carried out by Henry Head
80 years ago in patients (including himself) who had lesions
of individual peripheral nerves.

DEGENERATIVE STRUCTURAL DISORDERS

Degenerative Disc Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. The ver-

tebral disc is composed of the inner gelatinous nucleus pul-
posus and the surrounding annulus fibrosus. Vertebral disc
herniation refers to rupture of the annulus with displace-
ment of the central nucleus. In youth, the disc is highly
elastic. With age, the direct vascular supply to the verte-
brae and discs decreases, and they suffer the accumulated
effects of axial loading. The resulting decreases in water
content, oxygen content, and metabolic efficiency lead to
a disc that is more compressible, less elastic, and more
prone to rupture. Disc rupture and herniation can cause
pain by several mechanisms. The periosteum of the bony
spine, the ligaments, the outer fibrous annulus of the ver-
tebral discs, and the dura are all innervated by nociceptive
afferents from the spinal nerves. A ruptured fibrous disc
may generate local pain due to mechanical stress on these
pain-sensitive structures. Also, the exposed disc material
has a direct toxic effect and elicits a local inflammatory
response, which may promote increased pain sensitivity.
In addition to these local effects, the herniated disc mate-
rial may compress the spinal roots by protruding into the
lateral recess or the neural foramen. It may also protrude
into the spinal canal, compressing the spinal cord in the
cervical, thoracic, or upper lumbar region, or the cauda
equina in the lumbosacral region. Details of the mech-
anisms by which compression causes neurological dys-
function are complex and probably include mechanical
alteration of axonal membranes, impaired axonal flow,
and ischemia due to compromise of the microcirculation
with resultant edema and eventual demyelination. Finally,
regional muscle spasm may accompany other effects,
adding to the pain and disability.

The accumulation of degenerative lesions in the spinemay
compromise the area of the central canal available to the
spinal cord in the cervical region or to the cauda equina in
the lumbosacral region enough to cause symptomatic spinal
stenosis with or without discrete disc herniation. These
lesions include degenerative discs that bulge posteriorly,
a hypertrophied ligamentum flavum that bulges anteriorly,
and hypertrophied facet joints that crowd into the bony canal
posterolaterally (Fig. 29-1). Less common lesions may
contribute to the problem, hastening significant stenosis:
congenitally short pedicles, spondylolisthesis without spon-
dylolysis, or abnormal angulation of the bony spine.

EPIDEMIOLOGY AND RISK FACTORS. Vertebral disc
degenerative changes are a universal accompaniment of
aging. Teenagers rarely develop symptomatic disc hernia-
tion. The peak incidence of symptoms occurs between the
ages of 30 and 50. Patients often describe the onset of
low back pain, usually remittent and without specific fea-
tures in their 20s, perhaps after identifiable trauma, and
the specific symptoms that lead to the diagnosis of disc
herniation are often not preceded by further trauma.
The accumulation of degenerative changes to the annulus
and the preservation of the expansile gelatinous nucleus,
overlapping with a period of life when job and sports-related
activities increase the amount of mechanical stress on the
body, probably account for this peak in the incidence of
disease. The incidence then falls off in the older population,
probably due to lack of mobility of the desiccated disc
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Figure 29-2. Cervical disc herniation. At the cervical levels, roots emerge
from the spinal cord near their level of exit. Each root emerges above
its corresponding vertebra, with C8 emerging between C7 and T1. Poster-
olateral herniation at this level causes compression of the exiting root
(horizontal hatching). Hence, C6–C7 herniation causes C7 compression,
and so on. A large central herniation in this region can compress the spinal
cord and cause a cervical myelopathy (vertical hatching).
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Figure 29-1. Lumbosacral spinal stenosis. L4 vertebra in cross section. Pos-
terior bulging of the intervertebral disc, hypertrophy of degenerated facet
joints, and hypertrophy of the ligamentum flavum crowd into the central
canal to cause lumbar spinal stenosis.
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and the relative lack of physical activity. Women and men
are affected approximately equally.

There is a tendency toward disc herniation in some
families, such as those with congenital spinal anomalies,
including fused and malformed vertebrae and lumbar spinal
stenosis due to short pedicles. Patients with increased
weight and tall stature are at increased risk for this condi-
tion. Acquired spinal disorders, such as common degenera-
tive arthritis and ankylosing spondylitis, also predispose
to disc degeneration. Various behaviors that increase risk
include sedentary occupations, physical inactivity, motor
vehicle use, vibration, and smoking. In younger women,
pregnancy and delivery are associated with lumbosacral
herniation, and new symptoms of cervical disc herniation
may occur in part because of the bending and lifting
involved in child rearing.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The most common site of disc herniation in the
cervical region is the C6–C7 level, followed by C5–C6,
C7–T1, and C4–C5. Patients typically develop local pain
in the neck that radiates to the shoulders or the interscapu-
lar region. In the most common lateral herniations, radicu-
lar symptoms ensue. These symptoms include pain in the
shoulder and arm, which may follow a dermatomal pattern
but more typically is deep and aching and only roughly
corresponds to the involved dermatome. At the cervical
levels, the roots emerge laterally to exit through the neural
foramina above the correspondingly numbered vertebral
bodies. Because the spinal cord and bony vertebral levels
are roughly aligned in the neck, the level of herniation cor-
responds to the level of root irritation. Hence, C6–C7 her-
niation affects the C7 root (Fig. 29-2). Pain may be
exacerbated by coughing or straining. Numbness is more
likely to supply reliable localizing information than pain.
Compression of the C6 root typically causes numbness
in the thumb and index finger, and compression of the
C7 root typically involves the index and middle fingers.
When compression is severe, myotomal weakness, reflex
loss, and with time, fasciculations and atrophy may ensue.
With C6 compression, the biceps, brachioradialis, pronator
teres, and radial wrist extensors may be weak, and the
brachioradialis and biceps reflexes may be diminished or
lost. With C7 compression, the wrist and finger extensors
and the triceps are typically weak. The triceps reflex may
also be diminished or absent. With C8 compression, there
is often interscapular pain and pain in the medial aspect of
the arm and hand with weakness of the intrinsic hand mus-
cles. The finger flexor reflex may be lost. Lesions above
C6 are less common and are associated with correspondingly
more proximal sensory symptoms and weakness. Lesions of
the C5 root may cause shoulder pain and pain and numbness
in the lateral aspect of the upper arm. Muscles innervated by
the C5 root include infraspinatus, supraspinatus, deltoid,
and biceps. Lesions above this levelmay cause neck pain and
sensory loss in the neck, supraclavicular area (C3), and
acromioclavicular area (C4) of the shoulder. Lesions invol-
ving the spinal cord or roots above C4 may paralyze the
diaphragm and cause respiratory compromise (Table 29-1).

In the lumbosacral region, the most common site of her-
niation is the L5–S1 level, followed by the L4–L5 level
and then higher levels. Symptoms of lumbosacral hernia-
tion often follow lifting or twisting injuries, or they may
result from accumulated low-level trauma. Pain typically
occurs in the parasacral area and radiates to the buttocks.
Below C8, the roots exit through the neural foramina below
the correspondingly numbered vertebrae. With posterolat-
eral lumbosacral disc herniation—the most common
type—the emerging root usually escapes entrapment above
the protruding disc, and the affected root is one nervous seg-
ment lower. Hence, L5–S1 herniation affects the S1 root
(Fig. 29-3). With S1 root entrapment, pain and numbness
radiate to the posterior aspect of the thigh and, especially
when the root is stretched, into the posterolateral lower leg,
lateral heel, and sole. This pattern can sometimes be demon-
strated by straight-leg raising—the smaller the angle of
elevation required to elicit radicular pain, the greater the sug-
gestion that root compression is responsible.1Reproduction
of pain with elevation of the opposite leg (a so-called



TABLE 29-1

Cervical Radiculopathies

ROOT MUSCLE WEAKNESS ACTION LOCATION OF PAIN REFLEX CHANGE

C5 Deltoid Shoulder abduction (15–90�) Lateral shoulder Biceps
Biceps Elbow flexion Lateral upper arm
Supraspinatus Shoulder abduction (0–15�) Lateral epicondyle
Infraspinatus Humerus external rotation

C6 Brachioradialis (5,6) Elbow flexion in semipronation Posterior shoulder, lateral forearm Brachioradialis
Pronator teres (6,7) Pronation Thumb and index finger
ECR (6,7) Radial wrist extension

C7 Triceps (6,7,8) Elbow extension Posterior shoulder Triceps
ECR (6,7) Radial wrist extension Medial forearm
ED (7,8) Finger extension Index and middle fingers

C8 Flexor pollicus longus Thumb flexion Interscapular medial forearm Finger flexors
FDS, FDP Finger flexion Little finger

T1 Interossei Finger abduction Medial forearm None
Abductor digiti minimi Little finger abduction Medial epicondyle

Actual motor innervation is multisegmental. Most of the myotomal overlap is disregarded here to emphasize clinically useful localization. ECR, extensor carpi radialis;
ED, extensor digitorum; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis.

L4

L5

L4
L5

S1

Figure 29-3. Lumbosacral disc herniation. The most common posterolateral
herniation compresses the nerve root traveling downward to emerge one
level below the level of the exiting root. Hence, L5–S1 herniation most
commonly compresses the descending S1 root (horizontal hatching). More
lateral herniation may compress the root exiting at the level of herniation
(diagonal hatching). A large central herniation may compress multiple
bilateral descending roots of the cauda equina (vertical hatching).
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“crossed straight leg raise sign”) may be even stronger evi-
dence of root compression.2 Some patients with symptoms
that are exacerbated by root traction avoid full weight
bearing on the heel of the involved side, standing with the
knee flexed and the heel off the floor. When pain is less
severe, symptoms may be elicited by having the patient walk
on the heels. The gastrocnemius and hamstrings may be
weak, and the ankle jerk may be diminished or lost. More lat-
eral herniation of the L5–S1 disc or herniation of the L4–L5
disc may entrap the L5 root. Here the pain may be similar,
but with symptoms and findings corresponding to the L5 der-
matome and myotome. Numbness is most marked on the
dorsum of the foot. Weak muscles include the foot elevators
(tibialis anterior group), everters (peronei), and invertors
(tibialis posterior), and the toe extensors (extensor hallucis
longus). Herniation at higher levels in the lumbosacral
region causes pain, numbness, and weakness corresponding
to the roots involved (Table 29-2).

In addition to these radicular syndromes, patients with
central herniation in the cervical or thoracic region may
develop pain and acute myelopathy, with spasticity and
quadriparesis or paraparesis, sensory loss at or below the
segmental dermatome of the lesion, hyperactive reflexes,
and Babinski’s signs. Reflexes are sometimes decreased
in the hours or days after an acute lesion, later becoming
increased as expected. Patients with central lumbosacral her-
niation may develop acute compression of the cauda equina.
This causes radicular pain, paresthesias, and sensory loss
referable to multiple bilateral roots, bilateral leg weakness,
and loss of lower extremity reflexes. Bowel and bladder dys-
function may occur early. When subtle, this dysfunction
may be limited to asymptomatic bladder retention noted
only on postvoid catheterization. When compression is more
severe, there may be perianal and perineal sensory loss, loss
of anal tone and reflexes (reflex anal sphincter constriction
due to perianal skin stimulation or “anal wink” and the bul-
bocavernosus reflex), and fecal and urinary retention and
incontinence.

Degenerative herniation in the thoracic region is uncom-
mon, and symptoms and findings at these levels should
raise a suspicion of other underlying lesions, such as tumor
or abscess. Disc herniation at this level may cause radiating
dermatomal pain due to root compression, but spinal cord
compression and resultant myelopathy is more common.



TABLE 29-2

Lumbosacral Radiculopathies

ROOT MUSCLE WEAKNESS ACTION LOCATION OF PAIN REFLEX CHANGE

L1 Iliopsoas (sometimes but mainly L2,3) Hip flexion (mainly 2,3) Inguinal crease None
L2 Iliopsoas (2,3) Hip flexion Anterior and lateral thigh Cremasteric
L3 Adductor group Hip adduction Medial thigh and knee Knee

Quadriceps Knee extension
L4 Quadriceps Knee extension Medial lower leg Knee

Tibialis anterior Foot dorsiflexion Medial malleolus
L5 EHL, EHB Great toe extension Anterolateral lower leg Tibialis posterior

EDL, EDB Toe extension Dorsum of foot Internal hamstrings
Tibialis anterior Foot dorsiflexion
Peroneii Foot eversion
Tibialis posterior Foot inversion
Gluteus medius Hip abduction
Internal hamstrings Knee flexion

S1 Biceps femoris Knee flexion Lateral heel Ankle
Gastrocnemius soleus Foot plantar flexion Sole of foot
FDB Toe flexion
Gluteus maximus Hip extension

Actual motor innervation is multisegmental. Most of the myotomal overlap is disregarded here to emphasize clinically useful localization.
EDB, extensor digitortum brevis; EDL, extensor digitorum longus; EHB, extensor hallucis brevis; EHL, extensor hallucis longus; FDB, flexor digitorum brevis.
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The symptom most suggestive of lumbar spinal stenosis
is neurogenic claudication. Low back pain radiates to the
buttocks and thighs and may extend more distally along
the lumbosacral dermatomes. This pain is brought on by
walking. Unlike vascular claudication, rest in the upright
position does not relieve the pain, but rest while seated or
bending forward, such as leaning on a shopping cart, may
provide relief. Pain is exacerbated by spinal extension,
for example with downhill walking. When spinal stenosis
is severe, patients bend forward while walking. Pain may
be mechanical, due to bone, ligament, and joint involve-
ment, or radicular, due to compromise of nerve roots in
the lateral recesses or neural foramina.

Proximal root entrapment may increase the vulnerability
of peripheral nerves to dysfunction due to distal entrap-
ment. This “double crush” phenomenon is presumed to be
a result of disturbed axoplasmic flow and disrupted archi-
tecture of the neurofilaments. Therefore, when surgical
correction of a distal entrapment fails to provide the
expected relief, a superimposed compressive radiculopathy
should be considered.

DIFFERENTIAL DIAGNOSIS. Disc herniation must be
differentiated from other causes of neck, back, and extremity
pain; radiculopathy; and myelopathy. Malignant and benign
tumors affecting the spine; infection; epidural hematoma;
various arthritides, including rheumatoid arthritis, ankylosing
spondylitis, and Reiter’s syndrome; and other spondy-
loarthropathies may present with similar early symptoms
and signs. Various anomalies, such as conjoined spinal
roots and multiple roots emerging through a single foramen,
may also be confused with disc disease. Degenerative
arthritis of the spine can cause symptoms by many mecha-
nisms, including disc herniation, and the particular sources
of symptoms in a given patient should be differentiated
as clearly as possible to allow directed therapy.

EVALUATION. A careful history and physical examina-
tion are critical in the evaluation of disc herniation. Even
asymptomatic patients have a high incidence of anatomical
lesions detectable with imaging of the spine. To detect
clinically relevant illness properly, it is therefore essential
to correlate symptoms and signs as closely as possible with
anatomical findings on imaging studies. The initial history
should screen for problems that raise a suspicion of severe
underlying disease. All patients should be questioned about
trauma, cancer, infections, recent fever, and the use of
anticoagulant medications. Family history and risk factors
for tumor, infection, hematoma, and various disorders that
predispose to disc disease should be elicited. The physical
examination, likewise, is done to seek evidence of other
severe underlying disease and to localize and classify pain
or deficits as myelopathic, radicular, neuropathic, or mus-
culoskeletal. It is most important to immediately establish
the presence of major deficits that demand rapid diagnosis
and treatment. These include the cauda equina/conus
medullaris syndromes, acute or progressive myelopathy,
and severe radicular motor deficits. If, on the other hand,
history and findings are consistent with a ruptured disc
with either no deficit or a mild to moderate one, it is rea-
sonable to temporize before pursuing invasive or expensive
evaluations. If plain radiographs of the affected area reveal
no evidence of unexpected lesions, conservative therapy
for disc herniation may be tried before further imaging is
performed. This approach is justified by the good prog-
nosis for spontaneous recovery of patients with acute radi-
culopathy and mild to moderate deficits. When history and
clinical examination leave doubt about lesion localization,
electromyography (EMG) can confirm the diagnosis of radi-
culopathy or suggest other localizations, such as plexopathy
or neuropathy. EMG is more sensitive if it is delayed until at
least 10 to 14 days after the onset of a new deficit.

The tests available for imaging include plain radio-
graphs, computed tomography (CT), myelography with
or without CT, and magnetic resonance imaging (MRI).
X-ray studies can be used to screen for unexpected infec-
tion, tumor, or deformity of the bony spine. Radiographs
cannot show the neural tissues or the disc itself, but loss
of disc space height and other degenerative changes may
provide indirect diagnostic information. Interpretation of
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plain radiographs must be tempered by an awareness of the
high frequency of degenerative findings in asymptomatic
populations. Plain radiographs taken under conditions of
flexion and extension can also be used to assess spinal sta-
bility. Myelography is invasive, indirect, and nonspecific;
however, it retains certain advantages even in the era of
MRI, since it best defines the root sleeves. Although mye-
lography alone cannot distinguish between osteophytes and
a herniated disc compromising a foramen, when combined
with CT, it provides the best visualization of lateral pathol-
ogy and small osteophytes. It is now most commonly used
to answer specific questions that remain after the MRI
examination. CT is superior to MRI in distinguishing soft
tissue from bone. When imaging is required, however,
MRI is preferred in most cases. It demonstrates bone and
soft tissues directly, easily allows multiplanar visualiza-
tion, and is suited to the simultaneous visualization of mul-
tiple levels. The visual contrast between epidural fat and
the cerebrospinal fluid-filled thecal sac allows accurate
assessment of subtle compression in most cases.

Lumbar spinal stenosis is best evaluated by CT or MRI.
MRI best demonstrates the relationship of the bony and
neural structures. CT is more sensitive for compromise of
the lateral recess. Although the dimensions of the bony
canal can be used as guidelines, diagnosis of spinal stenosis
must ultimately be based on the correlation of stenosis with
the clinical findings. The transverse interfacet dimension
should be greater than 16 mm, with a dimension of less
than 10 mm indicating severe stenosis. An anteroposterior
dimension of less than 12 mm suggests stenosis; however,
this finding is less sensitive in patients with symptomatic
disease. A lateral recess of 3 mm or less suggests stenosis.

MANAGEMENT. The crucial initial step in management
of patients with disc herniation syndrome is to identify
those lesions that merit further evaluation and immediate
therapy. In the remaining cases, the good prognosis for early
recovery justifies a trial of conservative therapy before
definitive imaging is done. Conservative therapy includes
rest in a position of comfort followed by early remobili-
zation, gentle exercises, and analgesics for pain as needed.
Nonsteroidal anti-inflammatory agents probably provide
little relief in most cases. For severe pain, judicious time-
limited use of narcotics should be considered. Oral and
epidural corticosteroids can be helpful. Many other modal-
ities are available, but there are few reliable data about their
effectiveness in populations: medical and physical measures
(e.g., ice, heat, massage, ultrasound, transcutaneous electri-
cal nerve stimulation, acupuncture, exercise, and traction),
or medications intended for secondary muscle spasm.3 If
improvement within the initial 4 to 6 weeks is not satis-
factory, it is helpful to confirm the diagnosis by imaging.
This may provide a diagnosis of an unsuspected condition,
localization for epidural steroid injection, or information
about suitability for eventual surgery. Surgery for persistent
low back pain without radiculopathy is controversial at best;
spinal fusion may offer some benefit in carefully selected
patients.4

Clear indications for surgery include acute myelopathy,
cauda equina syndrome, severe or progressive motor defi-
cits, and intractable pain. When conservative measures fail
to provide a satisfactory response within 6 to 12 weeks,
surgery can also be considered. Studies comparing the
outcome of surgical therapy with conservative care for disc
herniation suggest that early recovery occurs more often
with surgery. Although the benefits of surgery are lost with
prolonged follow-up periods, it is important to point out
that in an often-cited study of lumbar disc herniation, sub-
jects receiving conservative therapy who did not respond
eventually underwent surgery.5 Newer microsurgical tech-
niques allow shorter hospitalization and rehabilitation
periods but have not been shown to improve long-term out-
come. The success rate of chymopapain chemonucleolysis
has not reached that of surgery in most hands; this treatment
carries significant risks and its use remains controversial.
Although techniques continue to evolve, percutaneous
nucleotomy has also been disappointing and should not be
pursued given the current level of experience.

For patients with lumbar spinal stenosis, initial therapy
is symptomatic, with analgesics, pain-modulating medica-
tions, and physical and occupational therapy. When signif-
icant disability and pain remain despite conservative
measures, referral for surgical decompression should be
considered.

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis for the relief of pain and a full functional recovery is
good. With bed rest alone, Weber found that 70% of
patients experienced decreased pain and improved function
within 4 weeks, and 60% had returned to work.6 Seventy
percent were functionally unrestricted at 1 year. With
selective surgery, 90% of patients should have a good func-
tional recovery within a year. Patients with psychosocial
problems tend to do worse with either therapy, but those
with appropriate indications respond better to surgery.
Sensory dysfunction does not recover as fully as motor
function, and a large proportion of patients retain some
sensory deficits. Patients in whom relapse occurs should
be re-evaluated for new lesions that are potentially amen-
able to surgery; however, the success rate of surgery
declines with repeated procedures, and a significant pro-
portion of patients with disc herniation experience relapse
and chronic low back pain.

Research into the mediators and biomechanics of pain
may further elucidate the mechanisms of pain in disc dis-
ease and lead to new conservative therapies. Improved
imaging techniques may further refine the selection of
patients for surgery. Improved surgical selection and further
refinements in surgical technique may continue to improve
outcome and shorten the period of disability.

Cervical Spondylosis
PATHOGENESIS AND PATHOPHYSIOLOGY. Degen-

erative changes of the spine universally accompany aging,
and the accumulation of these changes in the cervical
spine constitutes cervical spondylosis. These spondylotic
changes become clinically important when they cause pain
or neurological dysfunction. Aging leads to desiccation and
shrinkage of the intervertebral discs. The resultant loss of
vertebral height narrows the intervertebral foramina.
The weakening of the containing fibrous annulus allows
bulging of the desiccated discs, which may then form trans-
verse bars that protrude posteriorly, compromising the
spinal canal. Their protrusion more laterally into the fora-
mina may further compromise this space. Osteophytes
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Figure 29-4. Cervical spondylosis. C5 vertebra in cross section. Posterior
osteophytes of the vertebral endplate and hypertrophy of the ligamentum
flavum compromise the cervical spinal canal and cause flattening of the
spinal cord.
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and hypertrophic osteoarthritic changes of the facet and
uncovertebral joints may further impinge on the spinal
canal and foramina. Hypertrophy of the ligamentum fla-
vum, interposed between the vertebral laminae at each
level, and hypertrophy or ossification of the posterior long-
itudinal ligament, which runs along the anterior wall of the
spinal canal, may compromise this space even more
(Fig. 29-4).7 Intuition suggests that compression of the cer-
vical spinal cord and nerve roots by the stenosis of the
spinal canal and foramina is responsible for the myelopa-
thy and radiculopathies characteristic of cervical spondylo-
sis. However, a finer understanding of the pathogenesis
of this disorder has been elusive. Proposed explanations
of the neurological deficit include (1) direct compression
by stenosis adequate to compromise the cord and roots
and to cause disturbance of functions such as membrane
ion channel conductance and axonal transport, (2) rubbing
of the spinal cord and roots on protruding skeletal struc-
tures that may not themselves be severely compressive
but adequate to cause similar functional disturbances, and
(3) arterial or venous compromise.8 All of these factors
may play a role. Pathological study shows the presence of
distorted and flattened spinal cords that correspond to
spondylotic bars. Demyelination of the lateral columns
occurs at the stenotic site and caudally and of the posterior
columns rostrally. This demyelination corresponds to the
sites of rubbing: anteriorly and inferiorly with neck flexion
and posteriorly and superiorly with extension. In the cen-
tral gray matter ischemic changes with neuronal loss are
seen. Sometimes syringomyelia can be found. Root sleeves
may be thickened and rootlets adherent.

EPIDEMIOLOGY AND RISK FACTORS. The major risk
factor for cervical spondylosis is aging. Although trauma
may contribute, there is usually no history of significant
trauma. Screening of asymptomatic patients shows a high
frequency of spondylotic changes that increases with
advancing age. By age 59, 70% of women and 85% of
men have changes on radiographs, and by age 70, the num-
ber increases to 93% of women and 97% of men.9 Up to
75% of these patients have abnormal neurological findings
by age 65, but fewer have related symptoms.10 Heavy
labor and especially occupations that expose the patient to
vibration probably increase the risk of spondylosis.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The major clinical features are the symptoms and
signs referable to cervical myelopathy and radiculopathy.
Patients may complain of neck pain and pain radiating
into the arms. There may be weakness of the legs and sen-
sory loss, especially of position sense. The weakness or
sensory loss may be discovered when an elderly patient
presents for gait problems or falls rather than after a
direct complaint. Bowel and bladder dysfunction are un-
common complaints accompanying advanced cervical
myelopathy. Most commonly, the onset of symptoms is
insidious; however, occasionally an elderly patient with
spondylosis presents with catastrophic onset of quadriparesis
or paraparesis after a fall.

Typically, there is some limitation of neck mobility.
Examination of the cranial nerves should be normal,
although the jaw jerk may be increased in some cases.
Weakness is common in the lower extremities, especially
in the hip flexors, knee flexors, and extensors of the feet
and toes. Tone in the lower extremities is increased, and
Babinski’s sign may be present. Sensory loss to light touch,
vibration, and joint position is sometimes found. Deficits in
lower extremity motor function are determined by the
degree of myelopathy. Findings in the upper extremities
depend on the spinal level involved and the degree of cord
or root compression. Compression of nerve roots, and pos-
sibly anterior horn cell dysfunction from cord compression,
especially in the lower cervical region, can manifest as
atrophy, weakness, and fasciculations in the affected myo-
tomes—leading to a combination of lower and upper motor
neuron signs that can mimic amyotrophic lateral sclerosis.
Sensory loss in the upper extremities may also be seen, fol-
lowing a simple radicular pattern or, more commonly, a
patchy distribution, presumably due to multiple root and
cord involvement.

The main associated features are those of disorders that
compromise the cervical spine and predispose to osteoar-
thritis. These include prior trauma, prior disc herniation,
various congenital anomalies of the cervical spine, and
underlying systemic arthritic disorders.

DIFFERENTIAL DIAGNOSIS. Because cervical spondy-
losis is a common radiological finding in asymptomatic
patients, radiological tests can be misleading, and a proper
differential diagnosis is particularly important. When a
patient presents with a combination of radicular and mye-
lopathic sensorimotor signs and symptoms, the diagnosis
of spondylotic disease is not difficult. However, this clini-
cal presentation is not common, and in most patients either
myelopathy resulting from central protrusions or radicu-
lopathy resulting from lateral protrusions predominate.
The differential diagnosis must therefore include conditions
that cause pure myelopathy, pure radiculopathy, and com-
bined myelopathy and radiculopathy. Because compressive
myelopathy frequently causes patchy dysfunction at the
affected spinal level, the differential must also include dis-
eases that affect specific spinal cord subsystems (e.g. motor
neuron disease or combined systems degeneration).

The syndrome of slowly progressive spastic weakness
of the extremities, worse in the lower than in the upper
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extremities, may be produced by a variety of pathological
causes. Some of these are listed here along with clues that
may help to distinguish them from spondylotic myelopathy.

Multiple Sclerosis. Age of onset, gender, and types of
neurological findings do not reliably distinguish chronic
spinal multiple sclerosis. Visual complaints, mental status
changes, and early bowel or bladder dysfunction are help-
ful clues. Cranial MRI may demonstrate subcortical and
periventricular hyperintensities on T2-weighted images in
the majority of patients with multiple sclerosis. Visual
evoked responses and oligoclonal bands in the CSF, if
abnormal, are helpful (see Chapter 48).

Amyotrophic Lateral Sclerosis. In most patients with
amyotrophic lateral sclerosis, lower motor neuron signs
are evident from the beginning, but spasticity predominates
in a few. The finding of muscle atrophy and relatively
increased reflexes in the same myotome strongly suggests
amyotrophic lateral sclerosis. Bulbar symptoms or signs
should be carefully sought on examination and should be
evaluated with EMG. The sensory loss from radicular or
long tract involvement, common in cervical spondylosis,
should be absent in all forms of motor neuron disease.
In one recent series, 5% of patients with amyotrophic
lateral sclerosis underwent a cervical laminectomy in the
hope of arresting progressive spasticity, emphasizing how
commonly the two conditions coexist (see Chapter 36).

Primary Lateral Sclerosis. A few patients with a slowly
progressive, purely spastic condition are found to have a
degenerative disease allied to amyotrophic lateral sclerosis,
but without lower motor neuron features.

Subacute Combined Degeneration of the Spinal
Cord. Vitamin B12 deficiency, common, sometimes dis-
abling, and easily treatable, should never be overlooked.
Low serum vitamin B12 level, hypersegmented polymor-
phonuclear leukocytes, and macrocytic anemia are often
found in early cases. The lesions of vitamin B12 deficiency
begin in the cervical or thoracic cord, and deficits are often
primarily sensory, which is uncommon in patients with
cervical spondylosis (see Chapter 40).

Dural Arteriovenous Fistula. Several decades ago it
was believed that spinal arteriovenous malformations pre-
sented either as subarachnoid hemorrhage or as the lumbar
syndrome of painful cauda equina deficits. It is now known
that small arteriovenous fistulas in the spinal dura can cause
myelopathy with either a stepwise progression or abrupt
onset. Most malformations are seen on MRI or myelography;
however, some require selective angiography of the segmen-
tal arteries that supply the cord for definitive diagnosis.

Lyme Radiculomyelitis. Neuroborreliosis can cause a
combined polyradiculopathy andmyelopathy. Cranial neuro-
pathies, mononeuropathies, and radicular symptoms at more
than one spinal level commonly accompany the findings
attributable to the cervical spine and strongly discourage
a diagnosis of compressive myelopathy. Serum and CSF
antibodies to the causative spirochete and CSF lymphocytic
pleocytosis are typically present.

Myelopathy Associated with HIV/AIDS. Subacute
vacuolar change in the spinal cord may develop in patients
with human immunodeficiency virus infection, usually in
those with frank acquired immunodeficiency syndrome
(AIDS) and a history of multiple opportunistic infections.
Most patients are younger than the average patient with
spondylosis. This entity often manifests as an ascending
sensory disorder (see Chapter 44).

HTLV-I Myelopathy. Slowly progressive spastic para-
paresis with early bladder involvement in a patient from a
region endemic for human T-cell leukemia-lymphoma
virus (HTLV)-I infection should prompt suspicion of this
infectious cause. Patients typically have milder spasticity
of the upper extremities. Diagnosis can be made by identi-
fying the presence of antibodies to HTLV-I in serum (see
Chapter 41).

Familial Spastic Paraplegia. These patients can be
recognized by their family history of progressive leg weak-
ness and gait difficulty in several relatives. The most com-
mon inheritance pattern is autosomal dominant linked to
mutations in the spastin gene on chromosome 2p (SPG4).
However, other autosomal dominant (atlastin, SPG3,
SPG6), autosomal recessive (paraplegin, spartin), and
X-linked (SPG1, SPG2) types also occur. Commercial testing
for mutations in the spastin, atlastin, and NIPA1 (SPG6)
genes are now available.11

Syringomyelia. Cervical syringomyelia may occur in
isolation or in association with the Chiari malformation,
trauma, or tumor. Patients typically have lower motor neu-
ron signs in the upper extremities due to involvement of
the central gray matter and upper motor neuron signs in
the upper and lower extremities due to involvement of the
descending corticospinal tracts. Segmental (“suspended”)
loss of spinothalamic sensation, neck, back, and extremity
pain with a “neuropathic” quality, and the context of an asso-
ciated underlying problem suggest the diagnosis. MRI
demonstrates the syrinx.

Compressive Lesions at the Craniocervical Junction.
The Chiari malformation can cause myelopathy, vertigo,
and ataxia. There may be an associated syringomyelia.
Basilar impression due to instability of the atlanto-occipital
joint or atlantoaxial instability, as in rheumatoid arthritis,
may cause slowly progressive myelopathy. In achondro-
plasia, craniocervical myelopathy and spinal stenosis at
other levels are very common.12,13 These lesions often occur
in the context of spondylotic lesions, and it is very important
to clarify the source of progressive findings. Certain tumors,
such as meningiomas, schwannomas, or neurofibromas at
the craniocervical junction may also mimic the signs of cer-
vical spondylosis (Fig. 29-5). Often the history suggests a
loss of function on one side followed by progression of signs
to all four extremities. Downbeating nystagmus suggests
the localization. Imaging high enough to demonstrate the
craniocervical junction is crucial before cervical myelopathy
is attributed to spondylotic lesions.

EVALUATION. Evaluation begins with a careful history
and examination. This is especially important because of
the known high rate of radiological spondylotic abnormal-
ities in asymptomatic populations. It is very important to
establish the best possible correlations between the clinical
findings and the imaging abnormalities. Available imaging
modalities include plain radiographs, CT myelography, and
MRI. Plain films can show many of the degenerative
changes of bony elements, however, they do not reveal
the relationship of these to the neural structures. Simple
flexion and extension films performed with care can also
demonstrate spinal instability that is not apparent on MRI
or CT myelography. MRI can demonstrate the dimensions



Figure 29-5. Neurofibromatosis. Sagittal (A) and axial (B) T2-weighted MRI scan of the cervical spine. Intradural nodular neurofibromas are seen
compressing the spinal cord anteriorly at the C3–C4 and C6–C7 levels. This 27-year-old woman with neurofibromatosis had no symptoms but mild
myelopathic features on examination.
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of the spinal canal and foramina and distortion of the spinal
cord or roots caused by the impingement of bony structures.
Gadolinium enhancement can demonstrate the presence of
alternative lesions that may be under consideration. CTmye-
lography can be used to answer any questions that remain
after MRI. The myelogram may fail to show complete block
even when significant spondylotic myelopathy is present.

MANAGEMENT. Conservative management of cervical
spondylosis includes immobilization with a cervical collar
and the use of non-narcotic, nonsteroidal medications for
pain. The symptoms and signs in most patients stop pro-
gressing with this therapy, and in some patients they
improve. However, controlled studies evaluating the bene-
fit of immobilization are limited.14 When radicular pain is
the major problem demanding further intervention, epi-
dural steroid injections can be effective. We refer patients
for neurosurgical evaluation and surgical therapy when
their myelopathy is severe or if it progresses despite these
conservative measures, after careful consideration of other
diagnostic possibilities as listed earlier. There has been no
documentation of long-term benefit from surgery, although
many series have shown evidence of benefit in the short
term.14 Posterior decompressive laminectomy is the proce-
dure that has the longest history. However, unless it is per-
formed over many levels, it will not relieve multilevel
compression. Wide decompression performed over a num-
ber of segments may be complicated in later years by a
swan neck deformity owing to the loss of posterior support-
ing elements. The anterior approach with interbody fusion
is especially suitable for patients with single level nerve
root compression. Its benefits for cord compression are less
well defined. When radicular symptoms are due to bony
osteophytes, foraminotomy may relieve the symptoms and
signs of root compression. Although the benefit of surgery
has not been systematically validated, and many patients
improve spontaneously or with immobilization by a collar,
clinical experience with individual cases suggests that
selected patients do benefit and show marked improvement
shortly after decompressive surgery.
PROGNOSIS AND FUTURE PERSPECTIVES. The nat-
ural history of cervical spondylosis is not known. Although
the course of the disease is progressive andmost patients have
chronic symptoms, a large majority of patients remain stable
for many years and do not require surgical intervention.

MRI has greatly advanced the precision of diagnosis
while sparing patients the discomfort and risk of myelog-
raphy. Future advances in imaging may further facilitate
diagnosis. Rowland has pointed out our lack of knowledge
of the natural history of cervical spondylosis as well as the
need for controlled trials that demonstrate the effects of
surgery and clarify surgical indications.15 Such studies, if
they are done, will require a cooperative effort and careful
definition of clinically relevant questions.

Ankylosing Spondylitis
Ankylosing spondylitis (AS) is one of the seronegative
arthritides. This group includes Reiter’s syndrome and
psoriatic arthritis. There is a close association with the
HLA-B27 haplotype, and the disease is more than three
times more common in men than in women. In many
patients, the disease seems to progress slowly for years,
primarily with back pain, and then stabilizes without much
disability. In some cases the disease progresses to total
spinal fusion, producing a typical “bamboo spine” on
x-ray. In all patients, the presence of sacroiliac joint disease
on radiographs is required to make the diagnosis. There are
two major neurological complications of AS, cauda equina
syndrome of unclear etiology and several types of cervical
spinal cord compression due to dislocation or deformity
(Video 247, Akylosing Spondylitis).

Ankylosing spondylitis is less common in black popu-
lations and in people of Japanese ancestry, in parallel with
the lower expression of HLA-B27 in these groups. There is
a considerable familial incidence of AS. Approximately
20% of patients with AS have disease in peripheral joints,
not in the vertebral column or pelvis, and it is in this group that
the neurological complications seem to be most frequent.
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AS patients with cauda equina syndrome have gradual
and relatively symmetrical loss of function in the L5, S1,
and S2 roots.16 Both motor and sensory fibers are affected.
Foot drop, weakness of plantar flexion, and perianal sen-
sory loss are typical. Nearly all patients develop bladder
and bowel incontinence. The cervical spine disorder most
often associated with AS is instability at the craniocervical
junction because of ligamentous laxity at the level of the
odontoid process.17 Some patients have stepwise subluxa-
tion of the cervical spine, resembling that seen in seroposi-
tive rheumatoid arthritis. In either case, myelopathy may
develop, often with sensory loss in the hands as well as
quadriparesis. As in rheumatoid arthritis,, there may be
marked instability of the cervical spine or craniocervical
junction with much local pain, sudden changes in neurolo-
gical symptoms with postural change, and eventual need
for surgical fusion. Patients with AS may have uveitis or
cardiac disease. Fractures of the fully or partially fused
spine are common, especially if osteopenia exists.

The cauda equina syndrome can be confused with lumbar
disc disease, but the distinguishing features of the former are
symmetry and early loss of bladder function. The cranio-
cervical instability of AS produces a myelopathy that may
be insidious and difficult to distinguish from diffuse non-
neurological weakness, myopathy, or generalized neuropathy.

The diagnosis should be confirmed radiologically. There
are specific radiographic criteria for the diagnosis of AS.18

Cauda equina syndrome is accompanied by a distinctive
radiological change, consisting of a wide patulous disten-
tion of the subarachnoid space in the sacral region, often
with erosion of the overlying sacral bone. The cause of this
distended space is unknown, nor is it clear how this disten-
tion contributes to nerve root dysfunction.19 CSF examina-
tion does not suggest arachnoiditis. The cervical spine
should be fully visualized by MRI, and the position of
the odontoid should be carefully noted. In rheumatoid arthri-
tis patients, widening of the space between the odontoid and
the arch of C1 (normally 3 mm or less) is observed. In AS,
unrecognized fracture, odontoid dislocation, or atlantoaxial
dislocation can occur.

Unfortunately, no specific therapy is available for
patients with the cauda equina syndrome. A scattering of
case reports indicate that some authors have attempted
decompression of the thecal sac. Decompressive laminect-
omy is of no value. Fractures or cervical dislocations may
require fusion.
COMPRESSIVE STRUCTURAL DISORDERS

Fibrous Dysplasia
PATHOGENESIS AND PATHOPHYSIOLOGY. Our

understanding of the pathogenesis of fibrous dysplasia has
advanced greatly in recent years. Investigators have identi-
fied a missense point mutation of the gene that codes for
the alpha subunit of the G-protein, Gsa, in affected bone
and other tissues in patients with fibrous dysplasia and
the McCune-Albright syndrome (polyostotic fibrous dys-
plasia, café au lait spots, and precocious puberty in
females).20 The absence of this mutation in unaffected tis-
sues in patients with the disease suggests that a somatic
mutation occurs early in embryogenesis to create a genetic
mosaic. The mutated Gsa proteins activate adenylate cyclase
and increase signaling through the cyclic adenosine mono-
phosphate (cAMP)–protein kinase A pathway.21 Recent work
suggests that the resultant phosphorylation of transcription
factors enhances transcription of the proto-oncogenes c-fos
and c-jun and translation of their proteins in affected
tissues.22,23 These findings surely represent only part of the
molecular story, and it is likely that enhanced production
of other oncoproteins will be discovered.24

These molecular changes result in a gain of function that
probably underlies the bony and endocrine pathophysiol-
ogy of fibrous dysplasia. The functional result is a disorder
of lamellar bone remodeling and repair. The pathological
result is replacement of normal bone and marrow elements
by vascular fibrous tissue. This tissue is composed of whorls
of proliferating fibroblasts with haphazardly arranged tra-
beculae of metaplastic bone and fluid-filled cystic areas
lined by multinucleated giant cells. The appearance is simi-
lar to that of osteitis fibrosa cystica due to hyperparathyr-
oidism but is distinguished by the absence of osteoblasts.
The abnormal bone originates from the medullary cavity
and grows outward, thinning the bony cortex.25 The high
prevalence in puberty, the accelerated expansion of lesions
during pregnancy, and the association with precocious pub-
erty in females in the McCune-Albright syndrome26,27 sug-
gest a hormonal influence that is, so far, poorly understood.
Estrogen and progesterone receptors have been identified
in affected bone.28 Patients with fibrous dysplasia have
accelerated turnover of bone, and many have elevated serum
alkaline phosphatase levels, reflecting increased osteoblastic
activity. Those with extensive disease also have elevated
urinary hydroxyproline, reflecting increased turnover of col-
lagen, a measure of the activity of osteoclasts. Serum cal-
cium and inorganic phosphorus remain normal, reflecting
compensatory increases in bone formation and resorption.
Fibrous dysplasia is generally considered to occur sporadi-
cally. Sassin andRosenberg found no positive family histories
among 50 cases with cranial fibrous dysplasia.25 This result is
consistent with the current hypothesis that the disorder results
from a somatic mutation early in embryological development.

EPIDEMIOLOGY AND RISK FACTORS. The age of
onset is variable, but the disorder most commonly presents
in childhood, especially during the period of most rapid
bone growth. However, in one series of 50 patients with
fibrous dysplasia of the skull, over half came to medical
attention after age 18. There is no difference in incidence
based on race or sex for the most typical forms.25 However,
the McCune-Albright syndrome occurs more frequently in
females. As noted earlier, the bony lesions may expand at
an accelerated rate during pregnancy.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. About 70% of patients have the monostotic form
involving a single bone. The remainder have the dissemi-
nated polyostotic form, which is often predominantly uni-
lateral. Sites of involvement vary, the ribs and long bones
being the most common sites. The skull is involved in
about 50% of polyostotic cases and in 10% to 27% of
monostotic cases.25 Most of the clinical manifestations
that prompt neurological evaluation are due to skull
involvement. Table 29-3 shows the frequency of skull bone
involvement found in a series of 50 patients.25 A more



TABLE 29-3

Frequency of Skull Bone Involvement by Fibrous
Dysplasia

BONE NUMBER OF CASES (N ¼ 50)

Frontal 28
Sphenoid 24
Frontal þ sphenoid 18
Optic canal involved 10 (3 bilateral)
Temporal 8
Parietal 6
Occipital 2

Adapted from Sassin JF, Rosenberg RN: Neurological complications of fibrous dys-
plasia of the skull. Arch Neurol 1968;18:363–369.

Figure 29-6. Fibrous dysplasia. Sagittal T1-weighted MRI scan of the head.
Fibrous tissue is seen replacing bone of the occiput and skull base. This
patient presented with acute hoarseness that was presumed to be due to
compression of the accessory nerve in the skull base.
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recent series found the ethmoids to be most commonly
involved.29 Lesions causing complications may be overrep-
resented in these series, since they are more likely to be
referred for specialty care. Patients may present with a
variety of focal neurological findings secondary to the
compressive effects of the involved bone (Fig. 29-6).
Visual impairment followed by hearing loss and tinnitus
are the most common presenting neurological complaints.
Although various other cranial neuropathies may occur as
a result of the compressive effects of involved bone, these
are rare enough that none were seen in two large studies of
cases involving the skull.25,30 Optic nerve compression
with visual symptoms is common when the frontal and
sphenoid bones are involved. A proptotic and downward
displaced eye is often seen when these bones are involved
and should prompt questions about visual symptoms and a
radiological evaluation of the optic canal. Patients with ste-
nosis of the optic canal may complain of decreased acuity
or blurring of vision, scintillating scotoma, flashing light,
or graying of vision when pressure is applied to the globe.
Optic atrophy may be seen on funduscopic examination.
Visual symptoms may be slowly progressive, and they
have often been present for some time when the patient
presents. Patients may also have progressive facial asymme-
try and deformity resulting from facial nerve involvement.
Patients with hearing deficits typically have conductive loss
due to stenosis of the external canal and middle ear by the
involved temporal bone. A nonthrobbing headache may be
a common complaint as well. Sassin and Rosenberg’s patients
also had an increased incidence of seizures (6 of 50), con-
firming the findings of prior reports.25 The reason for this
association is not known.

Fibrous dysplasia has been associated with various other
disorders. Cutaneous hyperpigmentation occur in over 50%
of those with the polyostotic form. The McCune-Albright
syndrome consists of polyostotic fibrous dysplasia, usually
largely unilateral, with café au lait spots and various
forms of endocrine hyperfunction, especially precocious
puberty in females.26,27 Rarely, other endocrine abnorma-
lities, including hyperthyroidism, acromegaly, Cushing’s
syndrome, hyperparathyroidism, and diabetes mellitus
may occur. Some patients may have a progressive diffuse
facial deformity called leontiasis ossea; however, this
deformity may be caused by other disorders as well,
including Paget’s disease and craniometaphyseal dyspla-
sia.30 Malignant transformation to sarcoma occurs in about
0.5% of patients with fibrous dysplasia and 4% of those
with the McCune-Albright syndrome.31 This tumor is rare
in the skull.30

DIFFERENTIAL DIAGNOSIS. Fibrous dysplasia must be
differentiated from benign and malignant neoplasms,
including meningioma with adjacent hyperostosis, sarcoma
or fibroma replacing bone, bone cysts, and various orbital
masses, including eosinophilic granuloma, Hand-Schüller-
Christian disease, and orbital pseudotumor.30,32 In addition,
other metabolic diseases of bone must be considered,
including Paget’s disease, hyperparathyroidism, hyperosto-
sis frontalis interna, osteopetrosis, and craniometaphyseal
dysplasia (Pyle’s disease). In general, age of onset, other
clinical features, and radiological features easily distin-
guish these disorders. Rarely, the cranial hyperostosis
found in hematological disorders or cyanotic heart disease
causing bone marrow hyperplasia may cause confusion.

EVALUATION. Evaluation should seek to distinguish
fibrous dysplasia from other tumors or metabolic diseases
and to assess the presence of deficits that require follow-
up or surgical intervention. Plain x-ray, CT, and MRI can
distinguish fibrous dysplasia from tumors and characterize
other metabolic disorders. Meningioma with adjacent
hyperostosis is distinguishable on CT and MRI by its typi-
cal enhancement and its extension into the cranial cavity.
Fibrous dysplasia expands into the outer table, leaving the
inner table and cranial contents undisturbed.30 Imaging
dedicated to the optic foramina should be done when the
frontal and sphenoid bones are involved. Skeletal survey
and increased uptake on bone scintiscanning can identify
asymptomatic areas of involvement. Serum alkaline phos-
phatase levels are often elevated, but serum calcium and
inorganic phosphorus are normal, helping to differentiate
hyperparathyroidism. When following patients with frontal
and sphenoid involvement who have not had surgery,
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photographs of the head, quantitation of proptosis, docu-
mentation of acuity and visual fields, and funduscopic
examinations for optic atrophy should be performed along
with radiological views of the optic canal. These param-
eters may then be followed every 3 to 6 months until it is
clearly established that no progressive visual loss has
occurred. The onset of pain, increasing alkaline phospha-
tase levels, rapid growth, or invasion into cortical bone
should raise a suspicion of possible malignant transforma-
tion. Biopsy may be needed to distinguish progression of
fibrous dysplasia from malignant transformation.

MANAGEMENT. Because of a lack of medical therapies,
treatment has been primarily surgical. Recently bisphos-
phonates alone and in combination with surgery have been
shown to relieve bone pain, to prevent fractures, to lower the
levels of markers of disease activity, and to decrease dis-
ability.33–35 When visual symptoms are present in patients
with a small or diminishing optic canal, surgical decompres-
sion by unroofing of the optic canal can in most cases arrest
progression. Such treatment rarely leads to significant return
of function, therefore, patients at risk for visual loss must
be closely followed. The lesions are highly vascular, and
intraoperative bleeding and intrabony hematomas may com-
plicate surgery. Radiotherapy is contraindicated because it
greatly increases the risk of malignant transformation.
Because lesions may progress more rapidly during preg-
nancy, careful follow-up, especially for visual symptoms,
must be maintained. Decisions about surgery during preg-
nancy should be based on the neurological status of the
patient.

PROGNOSIS AND FUTURE PERSPECTIVES. The
course in most cases is benign. Leeds and colleagues fol-
lowed 15 patients for 6 to 39 years and found that radio-
logical progression was slight or equivocal in all but two
patients.30 Although the lesions become less active after
skeletal maturation, progression does not necessarily stop
with bone growth, and the lesions may reactivate during
maturity. The increased understanding of this disease and
the development of bisphosphonates have now provided a
promising new medical therapy for patients with signi-
ficant symptoms. Recent success in elaborating the mo-
lecular mechanisms of intracellular signaling and their
alterations in fibrous dysplasia and other diseases has made
it possible to deepen our understanding of the pathogenesis
of fibrous dysplasia. The elaboration of this work is likely
to clarify the endocrinological manifestations of fibrous
dysplasia and to lead to further refinements in therapy.

Paget’s Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. Paget’s

disease (osteitis deformans) is a metabolic bone disease
of unknown etiology characterized by increased osteoclast
size and activity, resulting in resorption of bone followed
by reactive new bone formation. This process produces
areas of bone resorption with new bone laid down in an
abnormally dense mosaic pattern. The osteoclasts in
affected bone contain nuclear and cytoplasmic virus-like
inclusions and paramyxoviral transcripts, and evidence
has been presented of an association with various paramyxo-
viruses, including measles virus, respiratory syncytial
virus, and canine distemper virus. However, the role that
viral infection may play in the pathogenesis remains
unclear. It has been speculated that the disorder represents
the late effect of viral infection on osteoclasts or their pre-
cursors and that affected osteoclasts tend to form multinu-
cleated syncytia, which have increased resorptive activity.
Normal osteoblasts may then be stimulated by the primary
pathological osteolytic disorder. Some familial and nonfa-
milial cases of Paget’s disease have been linked to muta-
tions in the SQSTM1 gene on chromosome 5q, which
encodes p62 protein, a ubiquitin-binding protein implicated
in some of the proposed mechanisms leading to Paget’s
disease.36 Although studies have suggested susceptibility
loci on chromosomes 6p and 18q in some families, subse-
quent studies have confirmed the genetic heterogeneity of
Paget’s disease and the infrequency of linkage to these
loci.37–39

EPIDEMIOLOGY AND RISK FACTORS. Paget’s disease
is the second most common metabolic bone disease in the
elderly population, after osteoporosis. It is most common
in patients of northern European ancestry and is uncommon
among Asians and Africans. Males predominate slightly.
The prevalence in the elderly population of the United
States is 1% to 3%, with 0.1% to 0.2% of patients having
significant symptoms.40 The risk is increased in relatives
of those affected, but pedigrees do not support direct
inheritance.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The disease typically begins in middle age or later
and varies from limited asymptomatic involvement of a
single or few sites to widespread symptomatic disease.
The femur, pelvis, and spine are most commonly affected,
although any bone may be involved. Skull involvement is
also common. The most typical presenting symptoms are
focal progressive bone pain, deformity due to expansion
of bone, and structural failure such as vertebral compres-
sion fracture or bowing of weight-bearing long bones.
Enlarging hat size due to progressive skull expansion is a
classic symptom. Other typical facial changes include
enlarged coarsened orbits and prognathism. Patients may
also notice focal increases in skin temperature due to
increased blood flow at affected sites. The most common
neurological symptoms are headache, deafness, and pro-
blems resulting from spinal disease. The cause of the deaf-
ness is unclear. Both auditory nerve compression and
involvement of the middle ear ossicles have been sug-
gested as mechanisms; however, autopsy studies have not
borne out either hypothesis.40,41 The main mechanisms
presumed to cause neurological symptoms are compression
of neural and vascular structures by overgrowth of bone
into limited spaces, traction on neural structures displaced
by bony deformity, and possibly a vascular steal phenom-
enon resulting from the local high blood flow demand of
pagetic bone (Table 29-4). Involvement of the skull may
cause basilar impression with consequent problems, includ-
ing headache, ataxia, hydrocephalus, myelopathy, or cra-
nial neuropathies. Patients may develop intervertebral
disc lesions and spinal stenosis and, rarely, extramedullary
hematopoiesis. These lesions may cause back pain or may
progress to cause spinal cord and nerve root compression.
Yet compressive symptoms due to spinal disease are
uncommon, and when they occur in patients with Paget’s
disease, the possibility of sarcomatous degeneration should



TABLE 29-4

Neurological Complications of Paget’s Disease of Bone

DEFICIT/LOCALIZATION PROPOSED MECHANISMS OF INJURY

Hearing Loss

Conductive Involvement of middle ear ossicles
Sensorineural Compression/traction of auditory nerve

Spinal Cord and Root Involvement Compression of central canal and foramina
Radiculopathy (esp. lumbosacral) Compression, traction
Myelopathy (esp. thoracic) Compression, vascular compromise (possible steal)

Cranial Nerve and Brain Stem

Olfactory nerve Sphenoid thickening compromising lamina cribosa
Optic nerve Optic canal stenosis, orbital compression, possible vascular steal
Ocular motor nerves Superior orbital fissure stenosis, possible vascular steal
Trigeminal nerve Foraminal compression, possible vascular steal
Facial nerve Facial canal stenosis, possible vascular steal
Lower cranial nerves, brain stem, cerebellum Foraminal stenosis, basilar impression, platybasia, and vertebral artery,

compression within the foramina transversaria

Major cateogories are listed in order of decreasing relative frequency. Among cranial nerve deficits, those of the lower cranial nerves are most common.

Figure 29-7. Paget’s disease of bone. Head CT bone windows show thick-
ening of the bony calvarium with osteosclerotic and lytic lesions.
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be considered. High-output heart failure due to shunting
within highly vascular bone is possible but rare.

From 1% to 5.5% of patients with Paget’s disease develop
osteogenic sarcoma.42 Other tumors, such as giant cell tumor
of bone, are less common. The pagetic osteogenic sarcoma is
osteolytic, and pathological fracture is the most common
presentation. Malignant degeneration should also be sus-
pected when pain or a rapid increase in growth is noted
or when compressive spinal findings emerge. About 5% of
patients have hyperparathyroidism, but the mechanism of
this association is not known. A complex array of vitamin
D–related disorders may also accompany Paget’s disease.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
differential diagnosis includes primary and metastatic bony
tumors, especially prostate cancer, and other metabolic
bone disorders that produce lytic lesions and hyperostosis.
Degenerative arthritis may cause diagnostic confusion as
to the source of symptoms, especially when the two
diseases coexist.

Plain radiographs are still the primary means of diagno-
sis. Affected bones are expanded, often with thickening of
the cortex. There may be a peripheral edge of lytic fronts
and a small intracortical lytic area. It is common to find
lytic lesions predominating in the skull. The most striking
feature is typically osteosclerosis, which may have a fluffy
appearance. The sclerosis is often intermixed with lytic dis-
ease. Uniformly sclerotic “ivory” vertebrae may be seen.
Radionuclide scanning demonstrates greatly increased
uptake and is the most sensitive test to establish the extent
of involvement. CT can be used to distinguish osteolytic
lesions missed on plain radiographs and can identify soft
tissue masses (Fig. 29-7). In this regard, it may be an
important adjunct in the differentiation of benign lesions
from tumor. The urinary hydroxyproline-creatinine ratio
is elevated, reflecting increased bone resorption. Greatly
elevated bone alkaline phosphatase levels reflect increased
osteoblastic activity and are characteristic. The relative ele-
vations of these values reflect the predominance of either
lytic (early) or blastic (late) disease. Serum calcium is
usually normal unless some other factor, such as immobiliza-
tion, tips the balance in favor of resorption and hypercalce-
mia. Inorganic phosphorus is normal or slightly elevated.
When malignant degeneration is suspected, as in a patient
with a pathological fracture, early biopsy should be pursued.

MANAGEMENT. The management of Paget’s disease
has changed in recent years. Both bisphosphonate and cal-
citonin attack the underlying metabolic disorder by inhibit-
ing bone resorption. Newer bisphosphonate derivatives
offer advantages that have made them emerge as the
favored therapy, yet both bisphosphonate and calcitonin
are still used to prevent the development of long-term com-
plications. Etidronate, the first bisphosphonate available,
provides definite benefit by inhibiting osteoclast activity.
However, it interferes with the normal mineralization of
new bone. The third-generation bisphosphonates, such as
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pamidronate, alendronate, and risedronate, are similarly
effective without impairing mineralization at effective
doses.43 These agents have longer half-lives than etidro-
nate, may be given in short courses intravenously, and
alendronate can be given chronically by mouth.44 The uri-
nary hydroxyproline level begins to fall within days of an
intravenous dose; serum alkaline phosphatase levels
decline later and more gradually. Bisphosphonates remain
in bone for a long time and may promote prolonged remis-
sions. Subcutaneous or nasally administered calcitonins
also inhibit osteoclasts, resulting in symptomatic relief.
However, the effect is short-lived, and the agents must be
continued to maintain this effect. A loss of effect during
therapy may be due to the formation of neutralizing antibod-
ies, which occurs in about one fourth of those treated, or
to the downregulation of calcitonin receptors.45 The cyto-
toxic agent plicamycin, used for hypercalcemia of malig-
nancy, causes a rapid improvement but is more toxic than
the bisphosphonates or calcitonins. Gallium nitrate has anti-
osteoclastic activity, but data on its clinical use do not sup-
port its use outside controlled trials. The goals of treatment
are to normalize metabolism as evidenced by biochemical
markers and to relieve symptoms. Most patients obtain
relief from bone pain. Stabilization of neurological deficits
often follows therapy and occasionally includes improve-
ment of hearing. There has been radiological evidence of
healing of osteolytic lesions. Patients who develop com-
pressive spinal cord syndromes unresponsive to medical
therapy require surgical intervention. Malignant lesions
should be treated aggressively with radical resection for
best results. Chemotherapy has not yet been shown to be
effective. Early detection of malignancy is currently the
only available way to improve survival. Patients require
life-long surveillance for tumor recurrence. With the cur-
rently available array of effective therapies for Paget’s
TABLE 29-5

Other Structural Disorders and Associated Neurological Syn

DISORDER

Hyperostosis frontalis interna
Anomalies of the craniocervical junction region

Basilar impression
Chiari malformation
Atlantoaxial subluxation (e.g., congenital, rheumatoid arthritis, Down’s syn

Congenital and acquired abnormalities of the spinal cord
Klippel-Feil syndrome
Scoliosis
Kyphosis

Generalized skeletal abnormalities
Achondroplasia
Mucopolysaccharidoses
Down’s syndrome
Osteoporosis
Osteopetrosis
Osteomalacia
Osteitis fibrosa cystica (hyperparathyroidsim)
Osteogenesis imperfecta

Miscellaneous disorders
Arachnoid diverticula
disease, it is most important that patients be properly
referred for expert care.

PROGNOSIS AND FUTURE PERSPECTIVES. Many
patients remain asymptomatic. Newer drug therapies can
now address bone pain and other rarer symptoms and
may offer long-term remission. However, as noted pre-
viously, prevention or early detection of neurological defi-
cits is essential to avoid loss of function, since therapy is
more likely to arrest than to reverse deficits. The prognosis
after malignant degeneration, however, remains poor, with
approximately 10% survival at 5 years.46 Research in
Paget’s disease has produced advances in the understand-
ing of the possible underlying etiology, genetic associa-
tions, the metabolic processes that promote the disorder,
and the application of new therapies. Further clarification
of the viral hypothesis, elaboration of genetic associations,
development of improved diagnostic metabolic markers,
and refinement of management with antiosteoclastic agents
are expected in the future.

Other Compressive Disorders
Numerous less common structural disorders are sometimes
associated with compressive neurological signs and symp-
toms, including hyperostosis frontalis interna, anomalies
of the craniocervical junction, congenital and acquired
abnormalities of the spinal cord, generalized skeletal
abnormalities, and miscellaneous disorders such as arach-
noid diverticula. The clinical signs and symptoms of these
disorders are summarized in Table 29-5.

Compressive Neuropathies
Compressive neuropathies should be distinguished from
focal neuropathies. Although all compressive neuropathies
dromes

NEUROLOGICAL SYNDROME

Headache

Brain stem, cerebellar, and cranial nerve compression
Brain stem, cerebellar, and cranial nerve compression

drome) Cord/lower brain stem compression

Cord and root compression
Cord and root compression
Cord and root compression

Spinal stenosis, disc disease, basilar impression
Cord and root compression, basilar impression
Atlantoaxial subluxation, basilar impression
Cord and root compression
Brain stem and cord compression
Cord and root compression, basilar impression
Basilar impression
Basilar impression

Cord and root compression



TABLE 29-6

Clinical and Electrodiagnostic Features of Common Nerve Entrapment Syndromes

NERVE LOCATION SENSORY MOTOR ELECTRODIAGNOSTIC

Median Wrist D1–lateral D4 Thumb abduction and opposition Reduced amplitude SNAP
Prolongation of distal sensory
and motor latencies

Ulnar Elbow Ulnar: Palmar medial D4–D5 þ
medial palm DUC: Dorsal
medial D4–D5 þ palm

Finger abduction (dorsal IO);
finger adduction (palmar IO)

Reduced amplitude ulnar-D5
and DUC SNAPs

Slowing of across-elbow motor
segment

Needle EMG abnormalities in
FDI and FCU

Peroneal Fibular head Lateral calf from knee to ankle;
dorsum of foot to web space
D1–D2

Foot dorsiflexion (TA) and
eversion (PL)

Reduced amplitude superficial
peroneal SNAP

Slowing of across-fibular head
motor segment

EMG abnormalities in TA, PL,
but not TP, GM

Lateral
cutaneous
nerve of thigh

Inguinal ligament Lateral thigh None Normal

DUC, dorsal ulnar cutaneous nerve; FCU, flexor carpi ulnaris; FDI, first dorsal interosseous; GM, gluteus medius; IO, interossei muscles; PL, peroneus longus; SNAP, sensory
nerve action potential; TA, tibialis anterior; TP, tibialis posterior.
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are focal, not all focal neuropathies are due to compression.
Other focal neuropathies may be ischemic, inflammatory,
neoplastic, due to stretch, or idiopathic. Furthermore, com-
pressive neuropathies are not synonymous with entrapment
neuropathies. Prolonged but self-limited compression, such
as may occur during anesthesia or other periods of uncon-
sciousness, may result in a focal compressive neuropathy
without entrapment. The common sites of nerve entrapment
are listed in Table 29-6.
Compressive Disorders of the Median Nerve
CARPAL TUNNEL SYNDROME

PATHOGENESIS AND PATHOPHYSIOLOGY. The car-
pal tunnel is formed by the transverse carpal ligament ante-
riorly and the bones of the wrist posteriorly, laterally, and
medially. The median nerve and finger flexor tendons pass
through the tunnel so that narrowing of the space or inflam-
mation of the tendon synovial sheaths (tenosynovitis) may
result in compression of the median nerve. Studies with
recording wicks placed in the canal show that flexion or
extension elevates the canal pressure, and it is clear clini-
cally that such wrist deviation typically worsens symp-
toms.47 Although nonspecific tenosynovitis is the most
common cause of rising canal pressure, other causes may
be relevant: amyloidosis may infiltrate the tendon sheaths,
rheumatoid arthritis may cause synovial tissue to invade
the canal, or hypothyroidism may cause tissue edema.

CLINICAL FEATURES. The median nerve may be com-
pressed at the wrist within the carpal tunnel, resulting in
the carpal tunnel syndrome (CTS). The principal symptom
of CTS is a sensation of nocturnal paresthesias in the hand.
The patient often awakens and feels the need to shake out
the hand. When unilateral, symptoms are typically in the
dominant hand, unless there is a history of a predisposing
factor such as a fracture or rheumatoid arthritis affecting
the nondominant wrist. With increased severity, there
may be intermittent pins and needles paresthesias in the
hands during activities such as driving a car or even contin-
uous numbness in several fingertips. When continuous sen-
sory symptoms are present, the clinical finding of a sensory
disturbance “splitting” the fourth digit is helpful in defin-
ing a median nerve lesion. Weakness of thumb abduction
(thumb movement perpendicularly away from the palm),
through action of abductor pollicis brevis (APB) or atrophy
of the thenar eminence is occasionally present, but in most
patients, the physical examination is normal. Signs of
mechanical irritability of a nerve, when elicited properly,
are helpful. In particular, induction of tingling or brief elec-
trical sensations in the tips of any of the second through
fourth digits with tapping of the wrist over the median
nerve (Tinel’s sign) is highly suggestive of CTS. Phalen’s
sign (sensory symptoms within 1 minute of sustained wrist
flexion) is most helpful when the symptoms include par-
esthesias in the sensory distribution of the median nerve.
When these maneuvers produce wrist pain alone, or vague
sensory symptoms, they should not be interpreted as inde-
pendent evidence of median nerve compression (Video
217, Anterior Interosseous Neuropathy, Pinch Sign).

ELECTROPHYSIOLOGICAL ASPECTS. Electrophysio-
logical studies (EMG and nerve conduction studies) can
be extremely helpful in establishing the diagnosis. Consid-
erable uncertainty remains, however, about appropriate
cut-off points of “normal” values because differing defini-
tions of the gold standard for normal function have been
applied in numerous studies.

Nonetheless, consensus does exist that sensory studies
are more sensitive than motor studies for detection of
CTS and that performance of any of three sensory compar-
ison studies is more sensitive than more routine sensory
tests.48 A reasonable approach to electrophysiological
diagnosis is to start with performance of median-second
digit and ulnar-fifth digit antidromic sensory studies.
If these studies are normal, a more sensitive comparison
study such as the median-ulnar mixed palmar interlatency
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difference can be performed.49 Median-APB motor studies
are also typically performed. The wide range of normal
values for all of these studies creates problems of interpre-
tation in some cases.50–53 The value of needle EMG studies
when nerve conduction studies are diagnostic for CTS has
been debated.54,55 There are electrophysiological severity
grading scales that depend on needle EMG results, but
because these scales are not clearly of value in determining
management, the additional discomfort to the patient is
usually a significant deterrent.56

TREATMENT. Many patients with CTS are managed
successfully by conservative means. Use of a wrist splint
at night and for particular activities, such as long periods
of driving, during the day, should be advocated. The splint
should hold the wrist in a relatively neutral position. Pro-
longed or continuous wrist splinting may lead to reduced
range of motion and should be discouraged.

The role of steroid injections for treatment is controver-
sial.57–59 It is clear that injections into the carpal tunnel may
damage the median nerve; short- or long-term benefit super-
ior to sham treatment or the use of wrist splints has not been
established. Some authors have advocated injections proxi-
mal to the carpal tunnel as an effective treatment, yet this
approach has not been compared to conservative therapy
with wrist splints or no intervention.60

Patients who have persistent symptoms following con-
servative management should be considered for surgical
treatment. The results of surgical release are generally
excellent. Forty percent of patients are asymptomatic fol-
lowing surgery, and another 40% have only trivial residual
symptoms. Postoperative long-lasting incisional pain,
slight weakness of the wrist, and neurological worsening
have been found in 10% of patients in surgical outcome
studies.61 Several procedures for endoscopic carpal tunnel
release have been introduced. Overall, these seem to
have efficacy that is about equal to that achieved with
standard release procedures.62 A recent comparison of steroid
injection with open surgery demonstrated improved
symptomatic and electrophysiological outcomes in patients
who underwent surgery.63
COMPRESSION OF THE MEDIAN NERVE AT SITES OTHER THAN
THE WRIST

Median neuropathies may occur in the axilla from crutches,
subclavian or axillary artery aneurysms, or hematomas.
In the upper arm, compression during deep sleep or uncon-
sciousness may occur. At the elbow, supracondylar spurs
and ligaments are rare causes of compression.

Many patients with forearm pain receive a diagnosis of
pronator teres syndrome. This syndrome has been variously
defined. A “true” pronator teres syndrome resulting in
compression of the median nerve by the pronator teres
muscle is extremely rare, with very few well-documented
cases published in the literature.64

Compressive Disorders of the Ulnar Nerve
ULNAR NEUROPATHIES AT THE ELBOW

PATHOGENESIS AND PATHOPHYSIOLOGY. The
ulnar nerve may be compressed at the region of the elbow,
either at the condylar groove or the cubital tunnel. Though
the terms “tardy ulnar neuropathy” and “cubital tunnel syn-
drome”65 have been used to refer to all ulnar neuropathies
at the elbow, they should be reserved for much more speci-
fic syndromes. Habitual elbow leaning and prolonged
elbow flexion, particularly during sleep, are the most likely
causes of ulnar compressive neuropathy. Alterations in
elbow anatomy, such as old fractures or the deformities
of rheumatoid arthritis, may predispose to the development
of ulnar neuropathy. Diabetes mellitus is a predisposing
factor.

CLINICAL FEATURES. The most common symptoms
are numbness and paresthesias in the medial hand, fifth
digit, and medial fourth digit. When there is significant
motor involvement (typically developing much later than
sensory symptoms) difficulty with fine movements such
as turning a key or buttoning may occur. Pain is of little
localizing value when present, though symptoms of focal
mechanical irritability, as with all compression neuropathies,
are much more specific (Video 218, Ulnar Neuropathy,
Wartenberg Sign).

The sensory examination is important, particularly in
early disease, where sensory abnormalities may be the only
findings. Involvement of the dorsal ulnar cutaneous and
ulnar sensory territories results in a sensory disturbance
that includes the dorsal and ventral medial hand up to the
level of the wrist, the medial aspect of the fourth digit,
and all of the fifth digit. Sparing of the dorsum of the hand
may suggest an ulnar neuropathy at the wrist, though the
selective fascicular involvement of the nerve when com-
pressed at the elbow makes this sign unreliable. Clinical
evaluation should include a careful study of the pattern of
weakness. Ulnar neuropathy causes weakness of adduction
of all fingers and abduction of the second through fourth
digits. Involvement of flexor digitorum profundus (FDP)
may result in weakness of flexion of the terminal phalanx
of the fourth and fifth digits, and wrist flexion, particularly
medially, may be weak from involvement of the flexor
carpi ulnaris (FCU). Weakness of ulnar-innervated forearm
muscles (FDP and FCU) is typically a very late sign,
because the fibers serving these muscles are centrally
located within the ulnar nerve as it passes through the
elbow.

With lesions of the ulnar nerve above and at the elbow,
there can be atrophy and flattening of the hypothenar emi-
nence and interossei. When attempting finger extension,
the hand may demonstrate a “claw-hand” deformity (main
en griffe), with the fifth, the fourth, and, to a lesser degree,
the third fingers hyperextended at the metacarpophalangeal
joints (MCP) and flexed at the interphalangeal joints
(Video 220, Ulnar Neuropathy, Main En Griffe). Hyperex-
tension across the MCP results from weakness of the inter-
ossei and ulnar lumbricals leaving the action of the long
finger extensors unopposed. This hyperextension results
in flexion at the interphalangeal joints due to tension from
the long finger flexors. Ulnar paresis or paralysis also
affects flexion at the distal interphalangeal joints of the
fourth and fifth fingers, adduction and abduction of the sec-
ond to fifth fingers, and abduction and opposition of the
fifth finger. Froment’s prehensile thumb sign (signe du
journal) may be present as a result of adductor pollicis
weakness (Video 219, Ulnar Neuropathy, Froment Sign).
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When grasping and pulling a piece of paper with the thumb
and index finger, the patient with ulnar neuropathy extends
the proximal phalanx of the thumb and flexes the distal
phalanx, rather than adducting the fully extended thumb
against the curled index finger.

ELECTROPHYSIOLOGICAL ASPECTS. The electro-
physiological evaluation should focus on the amplitudes
of the ulnar-fifth digit and dorsal ulnar cutaneous sensory
nerve action potentials (SNAPs), including comparison to
the contralateral side, and the ulnar-ADM (abductor digiti
minimi) and ulnar-FDI (first dorsal interosseus) across
elbow motor conduction velocities, including short-segment
incremental (“inching”) studies. Needle EMG studies of
ADM, FDI, and flexor carpi ulnaris are also helpful.
A common finding is reduction in the amplitudes of the
SNAPs without localizing across elbow slowing, resulting
in a nonlocalizing ulnar neuropathy by electrophysiological
criteria.

TREATMENT. Conservative management, consisting of
avoiding elbow pressure and prolonged flexion, is effective
in most patients.65 The decision to recommend surgical treat-
ment is almost always made with great reluctance, as clinical
experience with the benefits of surgical approaches is
often discouraging. Three surgical procedures are performed.
Cubital tunnel decompression is limited to sectioning of the
flexor carpi ulnaris aponeurosis. Anterior transposition of
the nerve involves sectioning of the aponeurosis followed
by mobilization of the nerve out of the condylar groove with
placement either subcutaneously or submuscularly. Medial
epicondylectomy removes the bony prominence against
which the ulnar nerve abuts and variously “stretches” the
aponeurosis.
COMPRESSION OF THE ULNAR NERVE AT SITES OTHER THAN THE
ELBOW

The ulnar nerve is occasionally compressed at the wrist or
in the palm and rarely in the upper arm or axilla. In the
palm, repeated external pressure rather than ongoing struc-
tural compression is usually the cause, though ganglionic
cysts in the hand and at the wrist are an important cause
to recognize. Because of the detailed pattern of branching
of the distal ulnar nerve, several distinct clinical syndromes
may occur, including palmar ulnar sensory loss (without
dorsal ulnar cutaneous involvement) and weakness of
hypothenar, other nonhypothenar ulnar innervated hand
muscles, or both. Electrophysiological studies may be of
significant value in distinguishing these cases from ulnar
neuropathy at the elbow.
Compressive Disorders of the Radial Nerve
In distinct contrast to the well-defined chronic structural or
compressive causes of median and ulnar neuropathies,
chronic compressive neuropathies of the radial nerve are
rare. Subacute or acute compression is much more common.
This may be caused by crutches in the axilla, by compres-
sion against the shaft of the humerus during deep sleep
or unconsciousness (“Saturday night palsy”), or by frac-
tures of the humerus. One chronic syndrome may occur,
affecting the superficial radial nerve, a purely sensory
branch that is vulnerable to compression near the wrist
from a bracelet or wrist watch. The clinical features of
the largely acute syndromes are straightforward and are
understood from the anatomy of the radial nerve. Weak-
ness of wrist and finger extension is the most obvious
clinical feature. Involvement of the brachioradialis, as
determined by its bulk when contracted, is important in
localization to the upper arm when the triceps is spared.
Apparent weakness of finger abduction with severe finger
extensor weakness should not be interpreted as ulnar nerve
involvement; the inability to extend the fingers results in
considerable loss of mechanical advantage for abduction.
Sensory loss is typically in the territory of the superficial
radial nerve in the dorsal web space.

There is a radial tunnel located beneath the extensor
carpi radialis, 3 to 4 cm distal to the lateral epicondyle,
and the “radial tunnel syndrome” has been variously used
to refer to a syndrome of compression of the posterior
interosseous nerve (PIN), the distal pure motor branch of
the radial nerve, in its course through the supinator muscle.
The existence of a compressive syndrome of the PIN is
uncertain. At best, it is extremely rare. When the “radial
tunnel syndrome” is limited to refractory forearm pain
and tenderness, terms such as “resistant tennis elbow” seem
more applicable. Attributing pain to compression of the
PIN without demonstrable weakness or electrophysiological
findings is usually a mistake and should be avoided.
Compression of the Medial Cord or Lower Trunk of the
Brachial Plexus: Thoracic Outlet Syndrome

CLINICAL FEATURES. It is important to distinguish
true neurogenic thoracic outlet syndrome (TOS) from other
syndromes labeled thoracic outlet syndrome, often as an
explanation for chronic pain.66 True neurogenic TOS is
rare and has a highly characteristic presentation. It results
from compression of the medial cord or lower trunk of
the brachial plexus due to a rudimentary cervical rib or
aberrant band between the transverse process of the C7
vertebra and the sternum or first or second rib.

Gradually progressive weakness and wasting of median
and, to a lesser extent, ulnar innervated hand muscles with
medial forearm and ulnar hand sensory disturbance is the
hallmark presentation of this disorder. This pattern of in-
volvement is so distinctive that little else besides a medial
cord or lower trunk plexus lesion can cause it—neurogenic
TOS should be considered whenever one encounters a pat-
tern of median weakness with ulnar sensory disturbance.
A T1 root lesion or intramedullary cord lesion, such as a
syrinx, might produce a similar picture; the presence of
Horner’s syndrome should alert one to these localizations
(Video 17, Horner’s Syndrome).

EVALUATION. Nerve conduction studies and EMG are
valuable in the evaluation of this disorder. The electrodiag-
nostic findings are distinctive. Reduction in amplitudes of
the ulnar, dorsal ulnar cutaneous, and medial antebrachial
cutaneous sensory nerve action potentials distinguish this
disorder from intraspinal (T1 root or cord) causes. Reduction
in amplitudes of median-APB and, to a lesser extent, ulnar-
ADM compound muscle action potentials and needle EMG
abnormalities in these muscles but not median-innervated
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Figure 29-8. A 23-year-old woman with true neurogenic thoracic outlet syndrome secondary to cervical ribs. She complained of 10 years of right hand,
forearm, and finger flexor cramps and 3 years of progressive right hand weakness and numbness of medial hand and forearm. Examination showed thenar
greater than hypothenar weakness and wasting. Electrodiagnostic studies demonstrated absent ulnar and medial antebrachial cutaneous sensory nerve
action potentials and absent median to abductor pollicis brevis compound motor action potential (CMAP), with normal amplitude for ulnar to abductor
digiti minimi CMAP. A, AP cervical spine view demonstrating bilateral cervical ribs. B and C, Oblique views demonstrating articulating ribs (arrows).
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middle trunk and lateral cord muscles (pronator teres and
flexor carpi radialis) are characteristic.

Radiological studies are also crucial in the evaluation of
this disorder. Plain cervical spine films may demonstrate a
rudimentary cervical rib (Fig. 29-8). These ribs may also be
seen on chest anteroposterior (AP) lordotic views, though
less well. MRI of the neck and plexus characteristically does
not show the ribs and may be falsely reassuring. However,
MRI may be of value in excluding other causes, such as
neoplastic invasion of the medial cord of the plexus.

TREATMENT. The treatment of true neurogenic TOS
requires surgical removal of the rib or aberrant band. Sur-
gical exploration may be indicated in a typical case without
a radiologically verified rib or ligamentous band.

Compressive Disorders of the Lower Extremities
With the exception of the common peroneal nerve at the
fibular head and the lateral femoral cutaneous nerve of
the thigh at the inguinal ligament, chronic compressive
neuropathies of the lower extremities are rare. Acute com-
pressive syndromes as with the upper extremity, however,
may occur. Acute major trauma, deep hemorrhage, tumor,
surgical complications, and ganglionic cysts account for
most of these. Some postoperative focal neuropathies are
caused by stretch injuries to nerves.

COMMON PERONEAL NEUROPATHY AT THE FIBULAR HEAD

CLINICAL FEATURES. Acute compression of the com-
mon peroneal nerve at the fibular head results from its
vulnerable fixed position against the fibula. Similar to
many acute compressive syndromes, vulnerable positioning
during deep sleep or prolonged unconsciousness with the
legs crossed or flexed at the knees is the most common
cause. Chronic compression from habitual or occupational
leg crossing or deep knee flexion is also common. Loss
of eversion of the foot, if the superficial division is
involved, or of dorsiflexion of the toes and ankle, if the
deep division is involved, or of both, may occur. Sensory
loss is much more apparent with lesions of the superficial
division. The sensory loss involves the distal two thirds
of the lateral calf, the lateral malleolus, the dorsum of the
foot, and the medial three or four toes up to the interpha-
langeal joint. With lesions of the deep division, the sensory
loss is smaller and involves the small web space area
between the first and second toes and the adjacent portion
of the dorsum of the foot. In common acute compressive
peroneal lesions, pain is not a typical complaint, and there
are few or no sensory symptoms. With compression from
ganglionic cysts or other masses, patients may experience
radiating pain and slowly progressive motor and sensory
disturbances.

ELECTROPHYSIOLOGICAL ASPECTS. Electrophysio-
logical evaluation of the peroneal nerve can be extremely
helpful in establishing a diagnosis of peroneal neuropathy
at the fibular head. The superficial peroneal sensory nerve
action potential may or may not be reduced, depending on
whether there is axonal degeneration or just focal demyeli-
nation at the fibular head. The peroneal-EDB (extensor
digitorum brevis) and peroneal-TA (tibialis anterior) motor
studies may demonstrate a focal segment across the fibular
head with conduction block or slowing. Needle EMG stud-
ies may show abnormalities in tibialis anterior and pero-
neus longus, but not other L5 muscles such as tibialis
posterior, hamstrings, or gluteus medius.
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COMPRESSION OF THE LATERAL CUTANEOUS NERVE OF THE THIGH

Lateral cutaneous neuropathy of the thigh, also referred to
as meralgia paresthetica, is also a common focal neuropa-
thy in the legs. This purely sensory nerve arises directly
from the lumbar plexus at the fusion of the dorsal divisions
of the ventral primary rami of L2 and L3. The nerve has a
variable course at the inguinal ligament, where it may
pierce the ligament or pass above or below it. Although
compression by the inguinal ligament is rarely docu-
mented, it is widely believed that entrapment or angulation
at the inguinal ligament is the cause of neuropathy in most
patients with this syndrome.

Pain and parethesias, often burning or stinging in the lat-
eral thigh, are the typical symptoms. There is no weakness
or alteration in the knee reflex. Electrodiagnostic studies
are helpful only if a femoral neuropathy is suspected,
because they are typically normal in meralgia paresthetica.
The natural history is often of spontaneous improvement,
though some patients do have long-lasting symptoms, and
surgical procedures are quite effective.67
OTHER COMPRESSIVE DISORDERS OF THE LOWER EXTREMITIES

There are other uncommon compressive neuropathies of the
lower extremities. The distal portions of the tibial and pero-
neal nerves in particular may be affected by chronic external
trauma. Two syndromes that are rare at best deserve dis-
cussion: the piriformis syndrome and the tarsal tunnel
syndrome.

The piriformis syndrome is often invoked to explain but-
tock pain of unknown cause; the implication is that com-
pression of the proximal sciatic nerve as it passes under
or through the piriformis muscle is the cause. Documenta-
tion in the literature of cases with clinical and electro-
diagnostic findings of a sciatic neuropathy is extremely
rare, and in an extensive survey, only two cases came close
to meeting rigid criteria.68 It has been suggested that, as
with neurogenic thoracic outlet syndrome, the diagnosis
of true neurogenic piriformis syndrome be reserved for
such extremely rare cases.

Similarly, the tarsal tunnel syndrome, consisting of pain
in the ankle with or without paresthesias in the sole of the
foot, has been attributed to compression of the distal tibial
nerve as it passes through the tarsal tunnel at the ankle.
Although referrals for tarsal tunnel syndrome are common
in electrodiagnostic laboratories, convincing cases clinically
or electrophysiologically are extremely rare.
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CHAPTER 30
Storage Diseases: Neuronal
Ceroid-Lipofuscinoses, Lipidoses,
Glycogenoses, and Leukodystrophies
Paul Maertens and Paul Richard Dyken
NEURONAL CEROID-

LIPOFUSCINOSES

LIPIDOSES

Gangliosidoses

Sphingomyelinoses

Cerebrosidoses

Mucopolysaccharidoses

Mucolipidoses

GLYCOGENOSES

LEUKODYSTROPHIES

Pelizaeus-Merzbacher Syndrome

Cockayne’s Syndrome

Alexander’s Disease

Canavan’s Syndrome

Krabbe’s Syndrome

Metachromatic Leukodystrophies

Peroxisomal Leukodystrophies:

Adrenoleukodystrophy

OTHER LIPIDOSES

Fabry’s Disease

Noninfantile Refsum’s Disease

Abetalipoproteinemia (Bassen-

Kornzweig Syndrome)

An a lipoproteinemia (Tangier’s
Disease)
The storage diseases are characterized by pathological re-
actions that lead to the intracellular accumulation of abnor-
mal material in the nervous system. They include disorders
that may affect the entire nervous system, primarily the gray
or white matter. Most, but not all, are pediatric conditions,
but adult variants are being recognized more often. This dis-
cussion deals primarily with the neurological aspects of
these diseases.
NEURONAL CEROID-LIPOFUSCINOSES

Neuronal ceroid-lipofuscinoses (NCLs) are a group of
lysosomal storage diseases characterized by neurological
symptoms and the accumulation of autofluorescent waxy
lipopigments within the lysosomes of neurons and other
cells. The conglomerate term neuronal ceroid-lipofuscinoses
was coined by Zeman and Dyken in 1969 to emphasize
the neurological involvement, clinically and pathologi-
cally.1 The disorders are linked to a number of celebrated
names in neurological history, including Batten, Jansky,
Bielschowsky, Santavuori, and Kufs, each of whom
described clinical variants of these multidimensional disor-
ders. In 1998, a classification of eight forms of NCLs
was developed to consolidate earlier clinical and genetic
descriptions (Table 30-1).2

PATHOGENESIS AND PATHOPHYSIOLOGY. In the
NCLs, waxy lipopigments, composed of ceroid and lipofus-
cin, accumulate in neurons and non-neuronal tissue. The cer-
oid composition of inclusion bodies varies in different forms
of NCL. “Subunit c” of mitochondrial ATP (adenosine
triphosphate) synthase accumulates in all forms of NCL,
except for the infantile form or Santavuori disease (NCL 1)
in which sphingolipid activator proteins, saposines A
and D, accumulate.3 In addition to proteins, storage material
includes lipids, metals, and dolichyl pyrophosphoryl oligo-
saccharides. All subsequent symptoms are based on this
accumulation, which activates cellular dysfunction and
death in differently maturing groups of neurons of the cere-
bral cortex and retina. It has been speculated that cellular
death is apoptotic.4 A combination of metabolic and me-
chanical factors also lead to the dysfunctional state. The lipo-
pigments accumulate first in the larger neurons and tend to
cluster around the axonal hillock. Inert lipopigments and
debris progressively accumulate in an area rich in inhibitory
synapses. Thereafter, the waxy pigments gradually spread to
other parts of the neuron, ultimately involving the rest of
the cell body while sparing the dendritic tree. Progressive
swelling of the neuron occurs, followed by cellular death,
subsequent disruption of the cell membranes, extracellular
extrusion of debris, and its accumulation within scavenger
cells. By this time, smaller neurons are involved as well as
glia, endothelium, and fibrocytes. Lipopigments accumulate
to a mild extent in almost all cells of the body, including
lymphocytes, eccrine cells, fibroblasts, endothelial cells,
ganglion cells of the rectum, and conjunctival cells. This
observation permits detection of the “diagnostic” cytosomes
without the need for brain biopsy. It must be emphasized,
however, that the absence of such material in non-neuronal
sites does not exclude the diagnosis, and the presence of
similar osmophilic bodies does not establish it.

The slow process of waxy pigment accumulation first in
the axonal hillock may account for the epileptogenesis that
is often present, particularly in the late infantile (NCL 2),
the classic juvenile (NCL 3), and the juvenile Northern epi-
lepsy (NCL 8) forms. It is speculated that classic seizures
are precipitated by an overriding glutaminergic state
caused by cancellation of the inhibitory influences at the
axonal hillock. Hyperglutaminergic states may also lead
to more rapid loss of other neurological functions.



TABLE 30-1

Neuronal Ceroid-Lipofuscinoses

TYPE NAME ENZYME DEFICIENCY
PROMINENT
CYTOSOME STORAGE GENETICS AGE OF ONSET MAJOR SIGNS

NCL 1 Santavuori’s
(acute infantile)

PPT1 GROD SAP 1p32(AR) 3–18 months Fulminating psychomotor
deterioration, seizures

NCL 2 Bielschowsky’s
(acute late infantile)

TPP1 CV Subunit c 11p15(AR) 2–4 years Seizures followed by acute decline
in motor and mental functions
with vegetative state in 2 years

NCL 3 Batten’s (juvenile
chronic form)

Battenin FP Subunit c 16p12(AR) 4–12 years Blindness, seizures, dementia;
mixed pyramidal and
extrapyramidal signs

NCL 4 Kufs’ (adult) Not known GROD, FP, RL Subunit c AR or AD Adult Chronic motor, cerebellar, or
extrapyramidal signs and mental
deterioration, seizures

NCL 5 Finnish variant
(childhood)

407 amino acids protein CV, RL, FP Subunit c 13q22(AR) 4–7 years Blindness, dementia, seizures

NCL 6 Lake’s (late infantile) Linclin CV, RL, FP Subunit c 15q21–23(AR) 2–8 years Blindness, seizures, chronic
myoclonus

NCL 7 Turkish variant
(late infantile)

Not known FP, CV, RL Subunit c AR 1–6 years Seizures, followed by psychomotor
decline

NCL 8 Northern epilepsy
(juvenile)

Lysosomal membrane
protein

RL, CV Subunit c 8p23(AR) 5–10 years Seizures, mental deterioration,
motor impairment

AD, autosomal dominant; AR, autosomal recessive; CL, curvilinear profile; FP, fingerprint profile; GROD, granular osmiophilic deposits; PPT1, palmitoyl protein thioesterase 1; RL, rectilinear profile; SAP, saposins A and D; Subunit c,
subunit c of ATP synthase; TPP1, tripeptidyl peptidase 1.

6
1
4



Maertens and Dyken / Storage Diseases 615
All NCLs are autosomal recessive except for the rare
families with the adult autosomal dominant form of Kufs’
disease as first described by Boehme in 1971. Six of the
eight genes underlying NCL have been identified. It is nota-
ble that the proposed gene defects are different for the differ-
ent forms of the disorder (see Table 30-1). The infantile form
(NCL 1) results from a lysosomal palmitoyl-protein thioes-
terase 1 (PPT1) deficiency due to mutations of the PPT1
gene on chromosome 1q32. Bielschowsky’s disease (NCL
2) results from a lysosomal tripeptidyl peptidase 1 (TPP1)
deficiency due to mutations in the TPP1 gene on chromsome
11p15. In the classic juvenile form (NCL 3) a genetic defect
exists in chromosome 16p12. The genes of the childhood
Finnish (NCL 5), early juvenile (NCL 6) and juvenile North-
ern epilepsy (NCL8) forms are carried on chromosomes
13p31–32, 15q21–23 and 8p23,5 respectively. In some
families, NCL 7 is allelic to NCL8.6 The proteins encoded
by these last four genes are proteins of predicted transmem-
brane topology (for NCL 3 the protein is called Battenin
and for NCL 6 the protein is called linclin). The function of
these proteins remains elusive. The loci for the adult form
(NCL 4) and the Turkish variant (NCL 7) are not known.

EPIDEMIOLOGY AND RISK FACTORS. These genetic
diseases are probably present in all ethnic and racial groups
around the world. One series in the United States found
that NCL 3 was the most common form, followed by NCLs
2, 1, 7, 4, and 6 (see Table 30-1), in that order. These data
agree with experiences in Germany, Britain, the Nether-
lands, and Sweden. In Poland, on the other hand, the late
infantile (NCL 2) form is encountered more frequently.
This may possibly hold true for the other Eastern European
countries as well. In Finland, the more common type is the
acute infantile Santavuori form. It is so common there and
so rare elsewhere that it is often called the Finnish form.
In Saudi Arabia, the vast majority of NCL patients suffer
from a form that is relatively uncommon in the United
States, the early juvenile NCL 6. All the families with
NCL 7 are from Turkey.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

The rapidly progressive infantile form or Santavuori’s dis-
ease (NCL 1) has its onset within the first year of life, after
a symptom-free period between birth and 3 months of age.
Then a sudden and dramatic psychomotor collapse occurs
with loss of neurological (irritability, hypotonia, ataxia)
and visual functions. The collapse may or may not be asso-
ciated with drug-refractory seizures or severe myoclonus.
After the age of 2 years, a brownish discoloration of the
macula, retinal degeneration, and optical atrophy are noted.
Death occurs between 8 and 13 years of age. Variants
mimicking late infantile and juvenile NCL have been
described.

In the acute late infantile form or Bielschowsky’s dis-
ease (NCL 2), on average, the first symptom seldom appears
after 4 years of age. The condition’s hallmark is a seizure
disorder that begins precipitously, progresses rapidly, and
ultimately becomes refractive to all anticonvulsant medica-
tions. The initial seizures are usually described as drop
attacks, myoclonic, partial, or generalized seizures, although
nearly all types of seizure often occur within a short period of
time. In this rapidly developing disorder, severe intellectual
and mental deterioration is seen. The child becomes nonam-
bulatory, usually before the age of 6 years. During this time,
vision is progressively lost, yet because of the general loss
of neurological function, such an isolated sign is often not
recognized. Compared to patients with the juvenile form, a
characteristic retinopathy occurs with striking retinal artery
attenuation, patches of retinal atrophy, and symmetrical
macular granular degeneration.

In the classic juvenile chronic form (NCL 3) or Batten’s
disease, onset, which includes neurological dysfunction,
usually occurs between the ages of 5 and 15 years.7 Patients
may be referred initially to an ophthalmologist or psychia-
trist. By age 10, the patient is most often referred to a neurol-
ogist. The obvious behavioral symptoms have progressed
from a learning deficiency to frank dementia. Likewise,
visual dysfunction has usually progressed to blindness.
There is a slow and steady progression of neurological
symptoms. Three stages of clinical deterioration occur. The
first phase involves visual and behavioral disturbances, and
the middle phase consists of seizures and motor dysfunction
related to a mixture of pyramidal and extrapyramidal symp-
toms (Video 114, Ceroid Lipofuscinosis). In the terminal
phase the preceding symptoms may become much worse,
and there may be changes in affect and motor signs includ-
ing myoclonus. The three phases are steadily progressive
and form an overall monophasic illness that distinguishes
NCL 3 from the other disorders described in this chapter
(Video 253, Batten’s Disease).

As a general rule, phase one lasts from 6 months to 5
years, phase two from 2 to 10 years, and phase three from
1 to 10 years. This pattern results in a life expectancy that
ranges from 3 to 25 years after the initial visual-neurological
symptoms are noted. The course of the disease is generally
directly proportional to control of the seizures. Once sei-
zures become refractory and frequent, the course proceeds
rapidly downhill to a vegetative state.

In Kufs’ adult form of NCL (NCL 4), the onset is usually
before age 40 years. Progressive dementia is preceded by
two major clinical presentations.8 Type A begins with late-
onset progressive myoclonic epilepsy (Video 46, Myoclonic
Epilepsy) and subsequent subacute loss of mental functions
but relative preservation of motor functions. Type B is
marked by predominant motor dysfunction. This dysfunc-
tion may become manifest as pure cerebellar ataxia or pro-
gressive rigidity or parkinsonism.9 NCL 4 is not associated
with retinal changes. Life expectancy is shortened.

The childhood form or Finnish variant (NCL 5) presents
with visuomotor problems or behavior problems between
4 and 7 years of age. Mental deterioration often precedes
the onset of retinal degeneration, seizures, and myoclonus.

The late infantile “gypsy” variant form or Lake’s disease
(NCL 6) has clinical features that overlap those of the late
infantile and juvenile forms. There may be fewer retinal
abnormalities than in NCL 2 or NCL 3, but other features
characteristic of both the juvenile and late infantile forms
are seen. Onset occurs between 18 months and 8 years of
age, and the course is subacute compared to the chronic
juvenile and acute late infantile forms of the disease.

The Turkish late infantile variant (NCL 7) has a phenotype
similar to Bielschowski’s disease. The juvenile Northern
epilepsy form of NCL is characterized by onset of epilepsy
(generalized tonic-clonic, complex partial seizures)
between 5 and 10 years of age. Mental regression is slow.
Retinal degeneration is never observed. Dysarthria and
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incoordination become severe in adulthood. Life expectancy
is normal.

DIFFERENTIAL DIAGNOSIS. Th e most import ant step
in the different ial diag nosis is to identify the order of the
char acteristic symptoms, taking into account the fact that
the retina l pictur e may be of greates t importanc e. This eva-
luati on separat es the retina l NCLs (NCL 1, 2, 3, 5, 6, and
8) from the nonre tinal NCLs (NCL 4 and 7). The differen-
tial diag nosis for the group include s all neuro degenera-
tive diseases characteri zed by epileps y, blindness, motor
failur e, and dementia, including the ganglios idoses and
sphi ngomyel inoses.

EVALUATION. A batter y of laboratory tests is important
in the wor kup of NCL patients. Neuroima ging stud ies show
abnor malities char acteristic of the type and stage of disease
and demonstrate that most NCLs are ultimately atrophic
poliodystrophies involving the cerebral cortex. Certain unique
types such as the spinocerebellar form show selective involve-
ment of the cerebellum in which autofluorescent storage
material accumulates in Purkinje cells.10 In NCL patients with
epilepsy, electroencephalography (EEG) shows epileptogenic
patterns. Electroretinograms are decreased or absent in
patients with the retinal NCL types. Particularly in NCL 2,
exaggerated evoked potential responses are seen, especially
following tactile or somatosensory stimulation. Evoked
potential exaggeration also occurs in some other NCLs.

Clinica l and histopa thological evaluat ions are essential
to mak e the specific diag noses . Ultr astructur al cellular
cyto some alterat ions are seen on ele ctron microscopy in
extrace rebral tissue such as gangl ion cells in the rectal sub-
muc osa, in eccr ine cells and fibrocytes of the skin, in
endot helial cells in vessels , in lymphoc ytes in the periph-
eral blood (N CL 3), and in conjunct ival cells. Extracer ebral
evalu ation may not be entirely infalli ble. Many current
diag nostic problems stem from confu sion about the cyto -
som es themselve s. Osmoph ilic inclusi ons occur fre quently
as an artifact of tissue prepa ration for electron micro scopy
and do not always represen t the diagno stic inclusion of the
NCL. Fo ur suggestive cyto somes are important, and two
of these are diag nostic (see Table 30-1 ). The osmophi lic
fingerp rint cyto somes (FPs) are highly charact eristic as
lymphoc ytic inclusions in NCL 3. FPs witho ut mem-
brane -bound v acuoles are seen in biopsy sam ples of NCL
4, 5, 6, and 7. The secon d diag nostic osm ophilic cytosom e
is the curviline ar bo dy (CL), which char acterize s NCL 2.
Some atypica l curvil inear profiles (CV) are seen in NCL
5, 6, 7, and 8. The third important ultras tructu ral cytosom e
are the “gra nular osmophi lic deposi ts” (GROD), which
are dominan t cytosom e in NCL 1, but can be seen in assoc ia-
tion with other inclusi ons in NCL 4 and 8. The fourth inclu-
sion is the recti linear body (RL). RL is seen in associa tion
with othe r inclusions in NCL 4, 5, 6, 7, and 8. Th e least
diag nostic cyto some is the classic lipofus cin body.

A large propor tion of the storage materia l involved in
NCL consists of the mitoc hondrial protein cal led subuni t c.
This materia l is found in very high quantitie s in NCL 2 but
is also seen in increas ed amounts in othe r NCLs excep t
NCL1. The most dir ect and prec ise mea ns of confirmi ng
the diagnosis of NCL 2 is based on the enzym e assa y of
TPP1 in fib roblasts. 11 Lymphobla st palmitoy l protei n
thioest erase (PPT) levels are less than 0.2 pmole/m inute/
mg in NCL1 (normal levels 1–3).
MANAGEMENT. Bone marrow transpl ant and embry-
onic ste m cell transplant may be shown to be beneficial
in select ive patients. Symptom atic treat ment, partic ularly
prope r anticon vuls ant therapy, is import ant in all NCL dis-
orders. So dium valproate has been used with success. Anti-
oxida nts may imp rove the symptoms in some case s, and
trials of thes e med ications have b een under taken in patient s
with NCLs 1, 2, 3, and 6. It has been sugges ted that long-
term antioxidant treatme nt and vitamin E may delay loss of
intelle ctual and mot or function and may be help ful in sei-
zure cont rol as well. Extr apyramidal sym ptoms such as
dysto nia and myoclon us are treated sym ptomatic ally, and
behavior al modifica tion techniques may be useful, partic u-
larly in the chron ic forms. If the sym ptomatol ogy is of long
standin g, palli ation of the symptoms may be extr emely
usefu l in supporting a long and often usef ul life for the
patient. School placem ent and modified educa tional pro-
grams are important in patients with the chronic forms of
disease .
LIPIDOSES

Gangliosidoses
As a group, the ganglios idoses ( Table 30-2 ) are auto somal
recessi ve lysosomal storage disorder s char acterize d bio-
chemic ally by accum ulation of gangl iosides , a molecu le
comp osed of ceramide and a sialic acid (an oligosa ccharid e
contain ing N-acetylneu ramin ic acid ). Blocks at vario us
intermediate steps of ganglioside catabolism cause accu-
mulation of specific gangliosides GM1, GM2, and GM3 in
nervous system and other tissues. GM1 gangliosides accu-
mulate when b-galactosidase, a component of the lysosomal
multienzyme complex (LMC), is deficient. This LMC con-
tains b-galactosidase, sialidase, N-acetylgalactosamine-
6-sulfate sulfatase, and the lysosomal carboxypeptidase
(cathepsin A). LMC is involved in catabolism of glycolipids,
glycoproteins, and mucopolysaccharides. GM1 gangliosido-
sis and Morquio type B disease are caused by mutations in
the b-galactosidase gene on chromosome 3p21.12 Galacto-
sialidosis is caused by mutations in the cathepsin A gene
on chromosome 20q13 and results in a b-galactosidase and
sialidase deficiency.13 N-acetylgalactosamine-6-sulfate sul-
fatase defici ency causes Morq uio type A disease (see muc o-
polys accharidose s). Sialid ase deficiency leads to sialidosis
(see mucolipi doses). GM2 gangliosides accumulate when
the activity of hexosaminidase A, a heteropolymer of a and
b polypeptides, is deficient or when the GM2 glycoprotein
activator is deficient. GM2 gangliosidoses with hexosamini-
dase A deficiency can result from mutations in either the a
subunit on chromosome 15q23 (type I GM2 gangliosidosis)
or the b subunit on chromosome 5 (type IIGM2 gangliosidosis
or Sandhoff’s disease).14 GM2 gangliosidosis with partial or
no hexosaminidase A deficiency results from mutations
in the GM2 glycoprotein activator gene on chromosome
5q32–33 (type III GM2 gangliosidosis).

15 GM3 gangliosides
accumulation results fromN-acetylgalactosaminyl transferase
deficiency, an enzyme important in the synthesis of GM1

and GM2 from GM3. In all forms, the ganglion cells in the
submucosal enteric plexus contain characteristic lysosomal
inclusions with various membranous and vesicular profiles.



TABLE 30-2

Gangliosidoses

TYPE NAME ENZYME DEFECT STORAGE PRODUCT GENETICS AGE OF ONSET PRIMARY CLINICAL FEATURES

GM1 gangliosidosis
type I

Infantile form b-Galactosidase GM1 Autosomal recessive Birth Cherry-red spot in 50%, edematous
face, hepatosplenomegaly,
seizures, mental and motor
retardation

GM1 gangliosidosis
type II

Late infantile form b-Galactosidase GM1 Autosomal recessive 6–18 months As above, but slower in evolution

GM1 gangliosidosis
type III

Adult form b-Galactosidase GM1 Autosomal recessive Adult Prominent extrapyramidal signs
without hepatosplenomegaly

b Galactosidosis b-Galactosidase and
sialidase

GM1 Autosomal Variable Same as GM1 gangliosidosis

GM2 gangliosidosis
type I

Tay-Sachs: infantile form Hexosaminidase A GM2 Autosomal recessive Infants Hyperexcitability, blindness,
cherry-red spot

GM2 gangliosidosis
type II

Juvenile form Hexosaminidase A GM2 Autosomal recessive 5 years Seizures, dementia, pyramidal and
extrapyramidal motor signs

GM2 gangliosidosis
type III

Adult form Hexosaminidase A GM2 Autosomal recessive Adult or
adolescence

Variable pictures, including
myelopathic, motor neuron, or
extrapyramidal signs

GM2 gangliosidosis:
Activator factor
abnormality

Partial hexosaminidase A
deficiency due to
activator factor
dysfunction

GM2 Autosomal recessive Childhood Similar presentation to Tay-Sachs
disease

GM2 gangliosidosis Sandhoff’s disease Hexosaminidase
A and B

Globoside and GM2

ganglioside
Autosomal recessive Infants Clinically similar to Tay-Sachs but

with hepatosplenomegaly
GM3 gangliosidosis Hematoside

sphingolipodystrophy
N-acetylgalactosaminyl

transferase
GM3 (hematoside) Autosomal recessive Infants Respiratory difficulties, seizures,

with delayed motor and mental
retardation

6
1
7
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PATHOGENESIS AND PATHOPHYSIOLOGY. All the
gangliosidoses are characterized by storage of abnormal
gangliosides in neurons and other parts of the nervous sys-
tem (see Table 30-2). In all of the gangliosidoses, there is a
dramatic accumulation of lipid that distends the neuronal
cell body; the resulting mechanical factors interfere with
metabolic function and ultimately destroy the cell. Differ-
ent neuronal populations are involved and produce dif-
ferent symptoms. The storage is primarily neuronal and
tends to occur mainly in the polioencephalon in large neu-
rons. The weight and volume of the affected brain increase
markedly during the second year of life; it can often weigh
well over twice the normal amount for age and sex. There-
after, cystic degeneration of the remaining cortex and sub-
cortex occurs. The neuropathological process is not limited
to the brain, and motor neurons of the anterior horn cells of
the spinal cord are also affected. Pathological examination
of these disorders reveals distorted and ballooned neurons.
Fusiform swelling of the axons, termed torpedoes, occurs,
and astrocytic proliferation is seen. White matter degenera-
tion occurs secondary to the neuronal dysfunction and cell
death. Electron microscopic studies show the gangliosides
usually tightly packed within the individual cells. In most
gangliosidoses, these cytosomes, or membranous cytoplas-
mic bodies, are osmophilic and often take on a loosely
“whorled” form.

EPIDEMIOLOGY AND RISK FACTORS. These exclu-
sively autosomal recessive genetic disorders are globally dis-
tributed. Because intermarriage among relatives increases
gene frequency, there are often pockets of these diseases in
certain sequestered populations. Thus, type I GM2 ganglio-
sidosis, or Tay-Sachs disease, has a high frequency among
Ashkenazi Jews. Although this disease was once considered
rare in black populations, it has been recently noted to occur
in the southernUnited States in areas with a history of consan-
guinity.16 In Saudi Arabia, which has high consanguinity and
reproduction rates, there is also a high gene frequency of the
GM2 gangliosidosis known as Sandhoff’s disease.

17

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. GM1 gangliosidoses, also known as generalized
gangliosidosis,18 affect the brain and organs outside the
central nervous system.19 Keratan sulfate, a mucopolysac-
charide, is the major storage material in the liver; GM1

ganglioside accumulates in nerve cells. Urine mucopoly-
saccharides are usually normal. Galactose-containing oli-
gosaccharides are excreted in urine20 and bone marrow
biopsy may show foamy histiocytes. There are clinical
similarities between children with these diseases and those
with mucolipidoses. In type I GM1 gangliosidosis (infantile
form), the onset of symptoms is at birth or shortly after. Non-
pitting edema of the face and extremities produces a dull,
heavy-appearing facies with frontal bossing, depressed nasal
ridge, low-set ears, and large maxilla. The gums and tongue
may be large. Ocular signs include a cherry-red spot in about
50% of such patients, but corneal clouding is unusual.
Macrocephaly may be noted. Hepatosplenomegaly is fre-
quently prominent. Intellectual and motor developments
are retarded from birth, and children eat poorly, gain weight
slowly, and are generally weak and uncoordinated. Joints
tend to be enlarged, and the long bones are wide in the center
and tapered at the ends; kyphoscoliosis and breaking of
vertebrae are usual. Myotactic hyperreflexia, hypertonus,
and flexion contractures occur. Seizures usually occur late
in the disease, and affected children, blind, deaf, and in
respiratory failure associated with infection, die by the age
of 2 years. A subgroup of patients with infantile GM1

gangliosidosis present with a cardiomyopathy resembling
Pompe’s disease.

Type II GM1 gangliosidosis (late infantile form) follows
a more prolonged course and shows a less precipitous
decline in activity. There is no visceral storage or bone in-
volvement. Vision is preserved. Onset of symptoms occurs
between 6 and 18 months. Incoordination, spasticity, mental
impairment, and seizures are progressive. The affected
patients may appear normal through the first years of life.
Death occurs before 10 years of age.

Type III GM1 gangliosidosis (adult type) is characterized
by a slowly progressive course with predominant extrapy-
ramidal signs of dystonia and postural reflex impairment.
Rigidity is common, and speech disturbances and increased
muscle tone are frequent additional features. Neuronal gan-
glioside storageoccurs in the basal ganglion,21 and in contrast
to the infantile form, no visceral or skeletal changes occur.
Magnetic resonance imaging (MRI) demonstrates symmetri-
cal high-intensity lesions in the putamen on T2-weighted
images. It has been suggested that the putaminal lesions
may be primarily responsible for the dystonia.22 Intellectual
deterioration is always present, usually in association with
incoordination, spasticity, myoclonus and seizures. Survival
is prolonged.

Galactosialidosis affects the neurons and organs outside
the nervous system. Gangliosides are stored in the nervous
system while sialyloligosaccharides and sialoglycoproteins
are stored in other tissues. Urine mucopolysaccharides are
normal. Sialyloligosaccharides are found in the urine20 and
bone marrow biopsy may show foamy histiocytes. Vacuo-
lated lymphocytes are frequently found in the blood smear.
Three clinical phenotypes are recognized. Type 1 (infantile)
resembles GM1 gangliosidosis, except for milder seizures
and corneal clouding as additional findings in 50% of
patients. Cherry-red spots are noted in half of the patients.
Type 2 (juvenile) is characterized by the triad: myoclonus,
ataxia, and angioketratoma. Mental deterioration and vis-
ceromegaly are not features of this disorder. Visual impair-
ment results from corneal clouding and cherry-red spots.14

GM2 gangliosidoses affects primarily the nervous sys-
tem where GM2 gangliosides are stored. Visceromegaly
and bone dysplasia are not a feature, except for Sandhoff’s
disease. Urine mucopolysaccharides are normal, except in
Sandhoff’s disease. Oligosaccharides are not found in the
urine, and bone marrow contains no storage cells. Vacuo-
lated lymphocytes are not in the blood smear. The clinical
features of all three types of GM2 gangliosidoses are essen-
tially identical with progressive dementia and cherry-red
spots as cardinal features. The symptoms in Tay-Sachs dis-
ease (infantile form) are uniform in type and timing of
development. The first clinical manifestations occur within
6 months of birth, yet the infant appears normal for the first
3 months. Initially, excessive hyperexcitability and irrita-
bility develop, and infants have a heightened startle reflex
to noises and tactile stimuli. Hypotonia and a delay in
motor and mental development are characteristic. During
the first 6 months of life the child’s visual acuity is usually
deficient and continues to deteriorate to the point of
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blindness by 1 year of age. The early blindness is thought
to be retinal in origin, since the GM2 ganglioside storage
lesion is within the ganglion cells of the macula, and nor-
mal pupillary responses persist. The macular cherry-red
spot, appearing in all cases within the first 3 months of life,
is highly characteristic, although it tends to disappear late
in the disease owing to total retinal atrophy. The color of
the macula has little pathophysiological significance com-
pared to the milky, whitish halo found around the macular
region.12 This finding is a result of the buildup of opaque
gangliosides. Because of this macular lesion, the baby has
fixation defects and searching conjugate eye movements.
At times, the extreme hyperexcitability and reactivity sug-
gest frank seizure activity. If seizures occur, they are of
a myoclonic character that closely resembles infantile
spasms (see Chapter 52). The progression of symptoms con-
tinues through the second and sometimes third year of life,
and most children die before the age of 4. Megalencephaly
is predominant even in the terminal stages.

A juvenile variant of type II GM2 gangliosidosis follows
a much different course. These children first become ill
after 5 years of age, and death occurs within 10 years fol-
lowing a course of seizures, progressive dementia, and cer-
ebellar, pyramidal, extrapyramidal, and spinal dysfunction
as well as optic atrophy.23 This form of the disease may
present as a progressive pure form of dystonia and demen-
tia that begins before 5 years of age. Later in life these
patients have a hypokinetic-rigid syndrome. These cases
differ from the classic form of GM2 gangliosidosis in the
regional preferences of the storage process.24 MRI shows
mild to moderate brain atrophy.

Adult-onset type III GM2 gangliosidosis has been
reported with a number of phenotypic patterns, and the
clinical picture may vary within families. Adults between
16 and 28 years of age, who have had very mild symptoms
in childhood, develop pronounced motor symptomatology.
In some patients, spinocerebellar degeneration is predomi-
nant.25 These individuals do not have seizures, funduscopic
abnormalities, or dementia. Other adult patients may show
predominant extrapyramidal abnormalities with dystonia
and choreoathetosis (Video 64, Generalized Dystonia;
Video 257, Post-Hemiplegic Athetosis).26 Some cases re-
semble juvenile spinal atrophy,27 and others have a pure psy-
chosis without cognitive decline.28 A burning dysesthesia
may be the presenting complaint.29

Patients with Sandhoff’s disease have clinical symptoms
that are similar to those characteristics of Tay-Sachs dis-
ease, with hyperacusis, decreased vision, a cherry-red
macular spot, decerebrate rigidity, and megalencephaly.
In addition, hepatosplenomegaly is seen, and the tubular
epithelial cells of the kidneys are filled with sphingolipids.
Cardiomyopathy and mitral insufficiency may be present,
and death usually occurs between 2 and 4 years of age.30

There are some variants of Sandhoff’s disease, including
a juvenile form in which patients are normal until 5 years
of age, when they develop a progressive cerebellar ataxia,
slurred speech, intellectual deterioration, and progressive
hyperreflexia and hypertonia. Funduscopic examina-
tion may be normal (Video 80, Hyper-reflexia; Video 91,
Cerebellar Ataxia).

A few cases have been reported of infants with severe
neurological and systemic problems that have been traced
to excessive accumulation of GM3 ganglioside (hemato-
side) in tissues23 without GM1 or GM2. In these cases,
there is a decrease in the enzyme N-acetylgalactosaminyl
transferase, which is important in the synthesis of GM1

and GM2 from GM3. These infants have pronounced
respiratory difficulties in the first weeks of life, when gen-
eralized seizures become prominent. Poor motor and men-
tal development is typical, and dysplastic features such as
an enlarged tongue, high-arched palate, inguinal hernia,
and loose skin are found. The hands and feet are broad,
and there is marked hirsutism. Generalized muscle hypoto-
nia, poor responses, and diminished reflexes develop, but
the optic fundi are normal, and the liver and spleen are
minimally enlarged. Because of dysphagia and difficulty
in feeding, death usually occurs within the first few months
of life. On autopsy, spongy degeneration in the brain stem
and diencephalon is evident, and intracytoplasmic bodies
are seen in astrocytes.

DIFFERENTIAL DIAGNOSIS. The other group of
degenerative disorders that should be considered in the
differential diagnosis is the cerebroretinal syndromes. In
patients with some variant forms, such as the neuronal
ceroid-lipofuscinoses, primary movement disorders and
spinocerebellar degeneration must be considered.

EVALUATION. The electroretinographical abnormalities
and delayed or absent visual evoked responses suggest a
retinal involvement. Urine oligosaccharides are abnormal
in GM1 gangliosidosis and galactosialidosis. Urine muco-
polysaccharides are abnormal in Sandhoff’s disease. Ele-
vated GM1 ganglioside levels in the cerebrospinal fluid
(CSF) are not specific of GM1 gangliosidisis. No biochem-
ical marker is found in other GM2 gangliosidoses. Definite
diagnosis requires testing of specific enzymes. In GM2

gangliosidosis, false-positive results are seen in patients
treated with oral steroids or pregnant. Pseudodeficiency
has also been reported in a non-Jewish patient; the diagno-
sis can be confirmed by DNA testing.31 False-negative
results are due to specific mutations in the hexosaminidase
gene32 or to GM2 glycoprotein activator gene deficiencies.
Identification of storage material in rectal biopsy may be
in helpful in such cases

Special testing is warranted for populations at particular
risk. Since approximately 80% of patients with Tay-Sachs
disease are of Jewish ancestry, massive population screen-
ing studies of white blood cell enzymes to detect the carrier
state have been successful. Amniotic fluid removed early
in pregnancy and chorionic villi may also be studied to
determine whether the Tay-Sachs disorder is present. Sev-
eral pitfalls should be avoided in diagnosing patients with
gangliosidosis. For example, there is often confusion
between Sandhoff’s disease and Tay-Sachs disease because
of similar clinical and biochemical results. DNA testing,
coupled with enzyme analysis, provides a good level of
sensitivity and specificity.

MANAGEMENT, PROGNOSIS, AND FUTURE PER-

SPECTIVES. Definitive treatment is not available for
patients with most of the gangliosidoses, but some experi-
mental approaches may be effective. Enzyme replacement
therapy with multiple laminar liposomes coated with human
IgG has not been effective.23 Bone marrow transplantation is
being used, but the attendant risks of radiation to the brain
and chronic immunosuppressive therapy are worrisome.
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Pallia tive therapies are help ful. The p rognosis remains dis-
mal. Future researc h with enzyme repl acement, inhibi tors,
and act ivators; identificat ion of new enzyme activa tors;
and genetic counseling are all indicated.

Sphingomyelinoses
As a group, the sphingom yelinos es are lysosom al storage
diso rders of auto somal recessive inhe ritance charact erized
bioc hemically by the accumulat ion of sphing omyelin, a
molecu le contain ing a cerami de, a phospho ric acid ester,
and chol ine.

There are at least four types of sphingo myelinose s or
Niem ann-Pick dise ase (types A, B, C, and D), all of which
are neuro degene rative disorder s excep t type B ( Table 30-3 ).
A promin ent visc eromegaly is the rule, excep t for som e
patient s with late onset type C and D disease s. A rapid
deteri oration is more frequent in patient s with early onset.
In contras t, late onset case s are characteri zed by a slow
progr ession. Appr oximatel y 50% of aff ected patient s
belo ng in the type A group, characterize d by severe neuro -
logical sym ptoms. Type A and B diseases resu lt from
molecu lar defects in the aci d sphi ngomyel inase (A SM).
The ASM gene is mapped to chromos ome 11p. Type A
and type B dise ases are caused by allel ic point mutation s
and deletions within the ASM gene. Ty pe C disease resu lts
from molecu lar defe cts in either NPC1 protein, a lyso somal
permea se belongin g to one of the super families of efflux
pump s, or in the HE1 protein, a protein that interact s with
NPC1. 33,34 Th e NPC1 gene has been identifi ed and maps to
chromos ome 18q11. The HE1 gene map s to chromos ome
14q24. Niem ann-Pick disease type C results from muta-
tions in the NPC1 gene (NPC1 ) or in the HE1 gene
(NP C2). Niemann- Pick d isease type D is an allelic variant
of NPC1. 35

Type A dise ase, or infantile form, is marked by failur e
to thrive, hypot onia, and hepatospleno meg aly. A mac ular
cher ry-red spot is noted in 50% of patients. Eye move -
men ts are normal. Seizu res are common . Dev elopme ntal
regress ion with loss of reactivi ty to the envi ronment is
relent less. Recurrent infect ion is often a major problem ,
and death occur s before 5 year s of age. In some case s, pe-
riphera l nervo us syst em involvemen t is dete cted wi th slow
nerve conduc tion velo cities. In such patients type C disease
can be classi fied into four major groups accor ding to the
onset of neurologic symptom s, that is, early infantile, late
infant ile, juve nile, and adult forms. In the early infant ile
form, chol estasis and biliary atresia are assoc iated with a
rapid neuro logic deteriora tion. In the late infant ile form,
the patient s usual ly seem normal until 2 y ears of age; psy-
chom otor deteriora tion with atax ia, dysarthria , and drool -
ing is slow. Most patients belo ng to the juvenile form,
also known as dyst onic juve nile lipidosis. These patient s
may pres ent with behavi or and motor diffi culties. Th ey
often devel op d ystonia with selective ly swo llen cel ls in
the basal gangl ia. Dystonia starts distally and gradu ally
becom es gener alized. Features of supra nuclear vertical
gaze palsy are noted whe n the patient is asked to look
down . Patient s may never develop viscerome galy. Deg en-
erati on of the macula may be assoc iated with a cherry- red
spot . In the adult form, cogni tive and psychi atric distur -
bance s (psychosi s, catat onia) may be promin ent. Vertica l
supra nuclear palsy leads to diffi culties negotia ting stairs.
Visce romegaly is mild when pres ent. Type D or Nova
Scotia variant, is char acterize d by early onset of hepat o-
splenom egaly and neurologic difficulties simi lar to those
seen in type C beginnin g between the secon d and the fourth
years of life. Th e clinical course is protracte d with survival
in adulthoo d. 36 In patients with Ni emann-Pick dise ase,
foamy histiocytes can be found in bone marrow and sple en,
and hepatic cells show small clusters of histiocyt es that
resemb le sea-blu e histi ocytes. 37 No unusua l char acteristic s
mark the plasma lipopro tein prof ile.

Most histol ogical inform ation has been obta ined from
studies of the infant ile or type A form. Very oft en the cen-
tral nervous syst em of these patient s is gliotic, small, and
atrophi c. The gray matter show s necroti c change s with
large neurons that are distend ed and balloone d with appar -
ent storage of sphingom yelin. In some patients, there are
extensi ve abnor maliti es in the spin al cord, mi dbrain, and
cerebel lum. Th e white matter is rarely aff ected. Chang es
in retinal cells simi lar to those in the brain are seen. Bio-
chemic al assay of membr anous cyto plasmic bodies reveals
large amoun ts of sphingom yelin and cholestero l.

The different ial diagnosi s rests with the othe r storage
disease s. In patients with type A (with hepat osplenom eg-
aly) and type C (with vertical supranucl ear palsy) separ a-
tion from the cerebrosido ses can be diffi cult. Dystoni a
with intel lectual deteriora tion has been repor ted in
NPC1, juvenile onset metac hromat ic leuk odystroph y and
the late onset gangl iosidos es. Diagnos is is suspecte d on
identi fying exces sive amo unts of sphi ngom yelin and the
foamy cells. The definite diagnosi s is made by measur ing
sphin gomyelinas e activity o r by linkage analysi s and
sequence analysis of the mutated genes. Antenatal diagno-
sis of types A and B disease can be made. Of the various
therapy approaches, hematopoietic stem cell–mediated
gene therapy and exogenous recombinant protein replace-
ment have attracted the most interest.

Cerebrosidoses
Cerebrosidoses are autosomal recessive diseases character-
ized by lysosomal storage of cerebroside, a molecule com-
posed of ceramide and hexose. Lipid-laden macrophages,
Gaucher’s cells, are found in most tissues. Gaucher’s cells
have an excentric nucleus and a wrinkled tissue paper cyto-
plasm. In the vast majority, the enzyme glucocerebrosidase
(glucosylceramide b-glucosidase) is deficient. The abnor-
mal gene is located on chromosome 1q21. Rare cases are
caused by a deficiency of Saponin C, a heat-stable cofactor
required for normal catalytic function of glucocerebrosi-
dase (see metac hromatic leukodyst rophy). Th ere are thr ee
forms of cerebrosidosis or Gaucher’s disease: type I
(adult), type II (infantile), and type III (juvenile) (see
Table 30-3). Gaucher’s disease is the most frequently
reported of the lysosomal storage disease, and particularly
frequent among Ashkenazi Jews.23 Type I disease, so-
named because it was first described by Gaucher, is the
chronic, non-neuropathic form.38 This form is usually
found in adults and is a predominantly chronic disease
involving the viscera (splenomegaly hypersplenism) and
blood-forming tissues (bone crisis). Type II, on the other
hand, is an acute neuropathic disease found in infants.



TABLE 30-3

Sphingomyelinoses (Niemann-Pick Disease) and Cerebrosidoses (Gaucher’s Disease)

TYPE NAME ENZYME DEFECT STORAGE PRODUCT GENETICS AGE OF ONSET PRIMARY CLINICAL FEATURES

Sphingomyelinoses

Type A Classic Niemann-
Pick disease

Sphingomyelinase Sphingomyelin Autosomal recessive:
prenatal detection
available

Infants Hepatosplenomegaly, Niemann-
Pick cells in bone marrow

Prominent neurological findings,
motor and mental retardation,
cherry-red spot in 50%

Type B Non-neurological
variant

Sphingomyelinase Sphingomyelin Autosomal recessive:
prenatal detection
available

Chronic
progressive

No neurological signs and massive
hepatosplenomegaly

Type C Childhood or adult NPC1 protein or HE1
protein

Sphingomyelin
and cholesterol

Autosomal recessive 2–4 years
chronic and
progressive
or adult
onset

Hepatosplenomegaly variably
present; Niemann-Pick cells in
bone marrow

Prominent neurological findings,
especially dystonia

Type D Nova Scotian
variant

NPC1 protein Sphingomyelin
and cholesterol

Autosomal recessive 2–4 years
chronic and
progressive

Clinically similar to type C. Most
neurological signs may be
secondary to hepatosplenopathy

Cerebrosidoses

Type I Classic Gaucher’s
disease, chronic,
non-neuropathic
form

Glucose cerebrosidase Glucose
cerebroside

Autosomal recessive Adults Chronic disease involving viscera
and blood-forming tissues,
non-neurological

Type II Infantile or
neurological
Gaucher’s disease

Glucose cerebrosidase Glucose
cerebroside

Autosomal recessive Infants Prominent neurological signs with
early opisthotonos, severe mental
and motor retardation and death
by age 2 years

Type III Juvenile Glucose cerebrosidase Glucose
cerebroside

Autosomal recessive Juveniles Variable hepatosplenomegaly and
moderate neurological signs of
motor and mental retardation

6
2
1
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It is almost always apparent by 6 months of age but
may present as early as the newborn period, frequently
with hyperextension or opisthotonic posturing of the head.
The posturing is believed to be due to Gaucher’s cells in
the meninges at the base of the brain. Affected babies have
early strabismus or heterotropia, generalized hypertonia,
and difficulty in swallowing, a fairly consistent neurologi-
cal clinical triad. Ichthyosis is the presenting symptom in
some patients. Profound psychomotor retardation develops,
and laryngospasm, myoclonus, bulbar impairment, supra-
nuclear vertical and horizontal gaze palsy, and seizures
may be evident. Brain MRI may be normal or show hydro-
cephalus. Rapidly progressive central nervous system
(CNS) deterioration occurs combined with splenomegaly.
Some children have relatively mild systemic symptoms.
Most patients with this form of cerebrosidosis die by the
age of 2 years. The course of disease is similar in many
respects to the fulminating course of type A sphingomyeli-
nosis. The infantile neuronal form of Gaucher’s disease
does not have a proclivity toward Jewish ancestry. Type
III cerebrosidosis is a subacute neuronopathic disease, most
often found in juvenile, associated with variable neurologic
and systemic features. Most patients present in childhood
with refractory seizures and mental decline. These patients
may also have myoclonus, and the diagnosis should be
considered in children with the progressive myoclonic
epilepsies (see Chapter 52). In other children, ataxia and
dystonia are the presenting symptoms. Horizontal supra-
nuclear gaze palsy is a predominant sign. Death may occur
between the second and fourth decades. Although this classi-
fication of Gaucher’s disease into three entities is accepted,
exceptions to it do occur,39 such as a rare non-neuronopathic
form occurring in early infancy and a neuronopathic form
with supranuclear gaze palsy and parkinsonism seen in
adults.40

Full clinical assessment of neuropathic cases includes a
careful neurological examination, eye movement examina-
tion, a detailed funduscopic examination, a family history,
neuropsychometric and neurophysiologic evaluations, and
brain imaging. Bone marrow aspirate can be used to identify
Gaucher’s cells. Definite diagnosis is made by enzyme anal-
ysis. The finding of sulfatides in the urine of a patient with
type II disease should suggest a prosaposin deficiency.

Intravenous enzyme replacement therapy is available
using recombinantly produced glucocerebrosidase. This
therapy improves the neurologic outcome in neuronopathic
cases.41

Mucopolysaccharidoses
Mucopolysaccharides (Table 30-4) are constituents of con-
nective tissue composed of alternating units of polymerized
hexuronic acids and hexose amines. As a group, mucopoly-
saccharidoses are characterized by somatic dysplasia,
slowly deteriorating mentation and motor control, storage
of mucopolysaccharide within cellular lysosomes, and uri-
nary excretion of glycosaminoglycans (heparin sulfate, der-
matan sulfate, or related compounds). It is generally agreed
that the causative defect in the mucopolysaccharidoses
(MPS) involves lysosomal hydrolysis. Because of faulty
breakdown of glycosaminoglycans, these products are
stored within the lysosomes, distending the lysosome and
the cell body. Mucopolysaccharides represent the major
component of the lysosomal storage material, particularly
in fibroblasts. In lymphocytes, storage vacuoles have been
called Reilly bodies. Because the brain is also a prime stor-
age site, mental retardation is a prominent feature of all
MPS. There are 13 subclasses of MPS (see Table 30-4).42

The mucopolysaccharidoses are inherited as autosomal
recessive diseases, with the exception of Hunter’s syn-
drome, which is sex-linked. The global frequency of the
varieties of MPS has not been clearly established. Popula-
tion studies in the Netherlands indicated that Sanfilippo’s
syndrome type A is the most common form, with an esti-
mated frequency of 1:24,000 in that population.43 In British
Columbia, the incidence of Hunter’s syndrome was esti-
mated at 1:78,000,44 but in Israel its frequency may be
higher. Sanfilippo’s syndrome type B is seen particularly
often in Greece,44 and in the Cayman Islands a high fre-
quency of Sanfilippo’s syndrome type A has been found,
with an estimated carrier frequency of 1:10.

As a group, these diseases are marked by striking somatic
dysplasia, slowly deteriorating neurological and systemic
symptoms, storage of mucopolysaccharides in the lyso-
somes, and excretion of mucopolysaccharides in the urine
(see Table 30-4). Although each type has a specific enzyme
deficit, the similar spectrum of clinical manifestations in all
MPS disorders makes biochemical differentiation essential.

Mucopolysaccharidoses I are caused by an a-iduroni-
dase deficiency. This enzyme is required for the hydrolysis
of a-iduronic acid from the terminal end of dermatan and
heparan sulfate. The gene has been assigned to 4p16.3.
Three clinical syndromes result from this defect. For many
reasons, Hurler’s disease (type 1) has become the prototyp-
ical MPS. Patients who have this syndrome in early
infancy may appear reasonably normal, but by 6 months
of age it is obvious that a severe disorder is present. The
abnormal facial appearance is one of the first signs noted,
and hepatosplenomegaly and umbilical and inguinal her-
nias are soon detected. Affected infants may have chronic
rhinorrhea associated with frequent colds, recurrent airway
infections, and otitis media. When children with Hurler’s
disease attempt to sit, a characteristic kyphoscoliosis is
often observed, which progresses with time. Ultimately, a
frank gibbus deformity, one of the earliest described clini-
cal features of the disease, develops. Vision is often
impaired in Hurler’s disease because of corneal clouding.
Although the infant with Hurler’s disease may develop
some sitting and walking skills as well as early language
skills, these are soon lost. Severe mental retardation be-
comes apparent, and patients are usually bedridden before
the end of the juvenile period. Patients with Hurler-Scheie
disease (type 2) have severe joint involvement, short sta-
ture, small thoraces, hepatosplenomegaly, coarse facial fea-
tures, and corneal clouding. They may have near-normal
mental abilities. The small thorax and cardiac involvement
in this disease often reflect mitral valve insufficiency.
Scheie’s syndrome (type 3) usually occurs in individuals
of normal size, and their neurological deficits are less
severe than those seen in patients with types 1 and 2 dis-
ease. These patients have only mild hepatosplenomegaly
with marked coarseness of the facial features or severe
mental retardation. Dysostosis multiplex or bony involve-
ment is also mild, although a common feature is carpal



TABLE 30-4

Mucopolysaccharidoses and Mucolipidoses

TYPE NAME ENZYME DEFECT STORAGE PRODUCT GENETICS
AGE OF
ONSET PRIMARY CLINICAL FEATURES

Mucopolysaccharidoses (MPS)

1 Hurler’s (MPS I) a-L-Iduronidase Heparan sulfate (HS) and
dermatan sulfate (DS)

Autosomal
recessive

Birth or by
6 months

Abnormal facial appearance,
hepatosplenomegaly, kyphoscoliosis,
corneal clouding, mental retardation

2 Hurler-Scheie’s
MPS V/I

a-L-Iduronidase Heparan sulfate (HS) and
dermatan sulfate (DS)

Autosomal
recessive

First year Severe joint involvement, coarse facial
features, hepatosplenomegaly, corneal
clouding, but near-normal mentation

3 Scheie’s (MPS V) a-L-Iduronidase Heparan sulfate (HS) and
dermatan sulfate (DS)

Autosomal
recessive

First year Normal stature and less severe neurological
deficits than in types 1 and 2

4 Hunter’s (MPS II) Iduronate 2-sulfatase Heparan sulfate (HS) and
dermatan suflate (DS)

X-linked First year Similar to Hurler, but without corneal
clouding

5, 6, 7, 8 Sanfilippo’s A, B, C, D
(MPS III)

A: Heparan sulfatase A: Heparan sulfate Autosomal
recessive

First year Hepatosplenomegaly and facial coarseness
less than in Hunter and Hurler. Mental
and motor retardation, death by age 10.

B: N-acetylglucosaminidase B: Heparan sulfate
C: N-acetyl-CoA-

acetyltransferase
C: Heparan sulfate

D: N-acetyl-a,
D-glucosamine-6-sulfatase

D: Heparan sulfate Among the subgroups, C is the mildest.
In all subgroups, patients excrete
heparan sulfate

9, 10 Morquio’s A, B
(MPS IV)

A: Acetylgalactosamine-6-
sulfatase

Keratan sulfate and
chondroitoin sulfate

Autosomal
recessive

First year Skeletal dysplasia with compressive
neurological signs (severe in A,mild in B).
No or little mental retardation. Corneal
clouding 50% and organomegaly less
prominent compared to other MPS.
Survival to middle age

B: b-Galactosidase Keratan sulfate

11 Maroteaux-Lamy
(MPS VI)

Arylsulfatase B Dermatan sulfate Autosomal
recessive

First year Growth retardation, coarse features,
myelopathy

12 Sly’s (MPS VII) b-Glucuronidase Dermatan sulfate and
heparan sulfate

Autosomal
recessive

First year
through
childhood

Hepatosplenomegaly, psychomotor
retardation, coarse features

13 Multiple sulfatase
deficiency

Arylsulfatase A, B, and C Dermatan sulfate and
heparan sulfate

Autosomal
recessive

First year Variable signs, including mental
retardation and coarse facial features

Mucolipidoses (ML)

1 Sialidosis type 1 (ML I) Neuraminidase (sialidase) Oligosaccharide,
glycolipids

Autosomal
recessive

Adolescence Cherry-red spot, myoclonic seizures,
painful neuropathy, mildly coarse facial
features

2 Sialidosis type 2 (ML I) Neuraminidase (sialidase) Oligosaccharide,
glycolipids

Autosomal
recessive

Infants More severe than sialidosis. Facial and
somatic dysmorphism, progressive
mental retardation

3 I-cell disease (ML II) N-acetylglucosamylphospho-
transferase

Oligosaccharide,
glycolipids

Autosomal
recessive

Infants Severe disease. Facial and somatic
dysmorphism, progressive severe mental
retardation, hepatosplenomegaly. Death
often by age 10

4 Pseudo-Hurler’s
(ML III)

N-acetylglucosamine–
1-phosphotransferase

Oligosaccharide,
glycolipids

Autosomal
recessive

Childhood Mild in comparison to I-cell. Corneal
clouding. Survival to adulthood

5 Berman’s
mucolipidosis
(ML IV)

Mucolipin I Oligosaccharide,
glycolipids

Autosomal
recessive

Childhood Most patients of Ashkenazi Jewish
extraction6

2
3
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tunnel symptomatology. It is rare for neurological pro-
blems to be severe enough to cause early complaints. Gen-
erally, ocular involvement, specifically corneal clouding or
retinal abnormalities suggesting degeneration, lead to sus-
picions of an MPS disorder. In most instances, the diagno-
sis is not made before the age of 10 years, and frequently it
is not recognized until age 20 or later.

Mucopolysaccharidoses II are caused by iduronosulfa-
tase deficiency. The gene maps on Xq28. Two types of
Hunter’s syndrome have been suggested, one with predom-
inant mental retardation and one not associated with
retardation. Children with Hunter’s syndrome may have a
facial appearance similar to that characteristic of Hurler’s
syndrome, but the cornea is not clouded in Hunter’s disease.
In fact, corneal findings are the most important features dis-
tinguishing Hunter’s from Hurler’s disease. Patients with
Hunter’s syndrome often have a macular skin rash over the
arms, shoulders, and thighs that may change in character.
Urinary excretion of heparan and dermatan sulfate is similar
in Hunter’s and Hurler’s diseases.

Mucopolysaccharidosis III or Sanfilippo’s syndrome
(MPS III, types 5–8) are caused by four enzymes defects:
heparan sulfatase (or sulfamidase) (type A), N-acetylgluta-
minidase (type B), acetyl-CoA N-acetyltransferase (type
C), N-acetylglucosamine-6-sulfatase (type D). Type A is
causes by sulfamidase gene mutations on chromosome
17q25.3.45 Type B is caused by N-acetyl-CoA N-acetyl-
transferase gene mutations on chromosome 17q21.1.46

Type D is caused by N-acetylglucosamine-6-sulfatase
mutations on 12q14.47 Clinical symptoms usually start after
2 years of apparently normal development and include
hyperactivity, aggressive behavior, delayed speech, sleep
disturbances, coarse hair, hirsutism, and diarrhea. There
are only mild somatic manifestations such as short stature,
slight coarsening of facial features, and mild contractures.
Hepatomegaly, when present, only appears late in the course
of the illness. Mental deterioration is progressive and motor
impairment soon leads to loss of ambulation. Myoclonus
appears late in the course of the illness. These children are
bedridden in the second decade, and death usually occurs
by the mid-teens. Patients with type D disease have a later
onset, an attenuated phenotype with normal stature, hyper-
activity, mental retardation, a slower progression and
prolonged survival. Sanfilippo’s syndrome is a classic exam-
ple of a neurodegenerative disease with a monophasic down-
hill course.

Mucopolysaccharidosis IV is caused by the deficiency of
two enzymes, components of the lysosomal multienzyme
complex (LMC): type A is caused by N-acetylgalactosa-
mine-6-sulfate sulfatase deficiency and type B is caused
by b-galactosidase deficiency. Mutations in the N-acetylga-
lactosamine-6-sulfate sulfatase gene on chromosome
16q24.3 cause type A disease and mutations in the b-galac-
tosidase gene on chromosome 3p2112 cause type B disease.
In 1929 Morquio48 described a syndrome characterized by
severe skeletal dysplasia. Clinically, the severe classic syn-
drome (type A) can be differentiated from mild variant
(type B). In both forms, mental symptomatology is absent
or only mildly present. Neurological symptoms may result
from compression of the spinal cord or medulla. The skele-
tal changes include joint laxity, shortness of stature, pectus
carinatum, shortened vertebrae, genu valgum, pes planus,
and enlarged joints. The neck is short, and the odontoid pro-
cess in the cervical region is often underdeveloped, account-
ing for the atlantoaxial subluxation seen.49 There are no
cherry-red spots. Corneal clouding is present in 50% of
cases, and hepatomegaly is less prominent than in other
forms of mucopolysaccharidosis. Cardiac involvement may
include aortic regurgitation. Patients usually survive until
middle age.

These disorders are most easily confused with the muco-
lipidoses and the GM1 gangliosidoses because of the asso-
ciated facial and somatic progressive dysmorphisms. Full
general and neurological assessments are necessary, and
even with a full family history, these recessive diseases
may not be fully expressed in an immediate family constel-
lation. Important laboratory evaluations include identifica-
tion of mucopolysaccharides in the urine and assays for
enzyme defects in leukocytes and cultured fibroblasts (see
Table 30-4).

Bone marrow transplant appears to slow down neurologic
deterioration. Symptomatic palliative therapies are avail-
able, but these are slowly progressive diseases, and life
expectancy is limited.

Mucolipidoses
The mucolipidoses (MLs) are a group of autosomal reces-
sive lysosomal storage diseases chacterized biochemically
by accumulation in tissues and brain of glycolipids and
glycoproteins. Each of the five types of mucolipidoses may
be confused phenotypically with the mucopolysaccharidoses
(see Table 30-4). However, urine mucopolysaccharides are
normal, differentiating them readily from mucopolysac-
charidoses. There is no specific race or ethnic predilection
except for the ML type 4.

Mucolipidosis type 1 (or sialidosis) is caused by a siali-
dase (neuraminidase) deficiency. Sialidase is a component
of the lysosomal multienzyme complex (LMC) (see GM1

gangliosidosis). Sialidosis is caused be several mutations
in the sialidase gene on chromosome 6p.12 Bone marrow
aspirate shows foamy histiocytes and vacuolated lym-
phocytes. Urine mucopolysaccharides are normal. Oligosac-
charides and glycoproteins are found in the urine. Sialidosis
may have two phenotypes. Sialidosis type 1 or nondys-
morphic type is also known as the cherry-red spot–myoclo-
nus syndrome.50 Patients present in the second decade with
a progressive visual impairment, myoclonus, and gait
abnormalities. Once visual pathology is evident, including
night blindness or loss of color vision, the disease becomes
progressive.50 A cherry-red spot is uniformly present. Lens
opacities may occur. Myoclonus is typically generalized.
Exacerbation of themyoclonus is triggered by stimuli, smok-
ing, and menstruation. Intellectual deterioration may be a
late occurrence. Painful neuropathy, delayed nerve conduc-
tion velocity, generalized convulsive seizures, ataxia, and
dysostosis multiplex ensue. Facies may be coarse but to a
lesser extent than in the mucopolysaccharidoses.

In sialidosis type 2 or dysmorphic type the onset of
symptoms always occurs early in life. Babies may be born
with hydrops fetalis. The somatic and facial features are
invariably coarse. Dysostosis multiplex, periosteal cloak-
ing, and hepatosplenomegaly dominate, and contractures
of major bony articulations, inguinal hernias, and mild
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hepatosplenomegaly are common findings. Angiokeratoma
corporis diffusum may be prominent. Neurological impair-
ment is slowly progressive and is marked by dementia and
other signs such as ataxia, hypotonia, reduced muscle
mass, and cherry-red spots.

Mucolipidosis type 2 and 3 are caused by a N-acetylglu-
cosaminyl phosphotransferase, resulting in a deficient tar-
geting and phosphorylation of the mannose in newly
synthetized glycoprotein acid hydrolases. The gene for this
enzyme has been designated GNPTA and maps to 4q21-
q23.51 Assaying lysosomal enzymes in plasma shows
increased activity of lysosomal enzymes. Bone marrow
aspirates shows vacuolated plasma cells and lymphocytes.
Vacuoles are also seen in fibroblasts. Mucolipidosis type
2 or I-cell disease presents in the neonatal area with coarse
facial reminiscent of Hurler’s disease, hepatosplenomeg-
aly, umbilical hernias, kyphoscoliosis, and lumbar gibbus.
Mild forms of dysostosis multiplex are seen, but these are
much less severe than those seen in patients with Hurler’s
disease. The thorax is usually small, joint movement is
restricted, and the tongue is large, often with gingival
hyperplasia. Corneal haziness is common, and cardiac
involvement includes cardiomegaly and aortic insuffi-
ciency. Both intellectual and motor retardation become
obvious in the first months of life. These children are
severely ill and frequently die in the first decade of life
from cardiopulmonary failure.

Mucolipidosis type 3 or pseudo-Hurler’s disease is a
milder form characterized by a later clinical onset, usually
in childhood, and some may live into adulthood but are
mentally retarded. Linear growth is severely affected, cor-
neal clouding and aortic regurgitation are common, and
older patients show joint stiffness. Facial coarseness is
minimal.

Mucolipidosis type 4 is caused by defect in mucolipin 1,
a membrane protein involved in endocytosis and showing
homology to a group of calcium channels of the TRP/
TRPL family. Mucolipin 1 deficiency is caused by muta-
tions in the MCOLN1 gene on chromosome 19p13.3-
p13.2.52 Fibroblats are similar to those seen in I-cell dis-
ease. Patients with mucolipidosis type 4 lack dysmorphic
features, hepatosplenomegaly, and bony changes. Visual
impairment and severe corneal clouding appear in the first
year of life. Myopathy and psychomotor retardation are
profound.

The mucolipidoses are most easily confused with the
mucopolysaccharidoses. They are biochemically distinguish-
able by the lack of the mucopolysacchariduria characteristic
of the MPS. There are some clinical and biochemical simila-
rities with the GM1 gangliosidoses. Detailed and skilled
clinical evaluation of systemic as well as neurological fac-
tors is essential in addition to assays for lysosomal enzymes
and mucopolysaccharides in the urine. No specific therapy is
available.
GLYCOGENOSES

PATHOGENESIS AND PATHOPHYSIOLOGY. The gly-
cogenoses or glycogen storage diseases are disorders in
which glycogen accumulates within a number of tissues;
These diseases are named for the specific enzyme deficiency
that occurs in the glycogen metabolic pathway (Table 30-5),
and their ordering follows the enzymatic steps involved in
glycogen synthesis and catabolism.53,54 Most enzymes are
cytosolic except for the lysosomal acid a-glucosidase. If
the deficient enzyme is expressed predominantly in the liver,
hypoglycemia usually accompanies the clinical signs. If the
deficient enzyme is expressed predominantly in muscles,
the disease presents either as a pure myopathy or as a cardio-
myopathy. Most glycogenoses are inherited as autosomal
recessive traits, although an autosomal dominant inheritance
has been documented in few families with McArdle disease,
and a X-linked inheritance is seen in type VIII and IX.

EPIDEMIOLOGY AND RISK FACTORS. Most of the
glycogenoses are inherited as autosomal recessive diseases.
However, an X-linked inheritance has been demonstrated
in the most frequent form of liver phosphorylase kinase
deficiency (Hug’s disease), in some patients with muscle
phospholylase kinase deficiency (Ohtani’s disease), and in
phosphoglycerate kinase deficiency (Bresolin’s disease).
An autosomal dominant transmission has been suggested
in a few families with myophosphorylase deficiency
(McArdle’s disease). The gene responsible for most glyco-
genoses has been mapped (Table 30-5). Several mutations
have been identified for each disorder. The molecular het-
erogeneity of the glycogenoses frequently results in a clin-
ical heterogeneity. For instance, although in most patients
with debranching enzyme deficiency (Cori-Forbes’ dis-
ease) the disease involves the liver and the muscle, some
patients (about 15%) have only liver involvement without
muscle disease. This rare clinical phenotype is associated
specifically with exon 3 mutations. There are pockets of
these diseases in certain population. For instance, most
patients with muscle phosphofructokinase deficiency (Tar-
ui’s disease) in the United States are related to the Ashke-
nazi Jews. The most common mutations responsible for
each disorder differ in various ethnic groups. For instance,
the most common mutation in North American patients
with myophosphorylase deficiency (McArdle’s disease)
seems to be R49X. This mutation is only seen in a minority
of Mediterranean patients and it has never been observed in
Japan. Knowledge of the most common mutation in a spe-
cific ethnic group allows the use of molecular genetics ana-
lysis in the blood for diagnostic purposes, thus avoiding the
need for a muscle biopsy.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. In Von Gierke’s disease (glycogenosis type I),
hypoglycemia causes many of the clinical difficulties seen
in patients during the first year of life. In this period sei-
zures are frequent, and long-standing hemiplegia and
mental retardation occur. Failure to thrive, xanthomas,
and isolated hepatomegaly are common, and excessive
subcutaneous fat over the buttocks, breasts, and cheeks
develops. Affected children usually have a protruding
abdomen due to enlargement of the liver. Patients often
have recurrent stomatitis frequent infections and may have
isolated chronic inflammatory bowel disease.

There are three phenotypes of acid maltase deficiency
(glycogenosis type II). The infantile form or Pompe’s dis-
ease54 usually presents, after normal development during
the first weeks or several months of life, with hypotonia
and associated weakness. A pseudohypertrophy of calf
muscles is seen. Spontaneous movement declines, the cry



TABLE 30-5

Glycogenoses

TYPE DISEASE NAME ENZYME DEFICIENCY LOCATION GENE AND CHROMOSOME INHERITANCE

Ia Von Gierke Glucose-6-phosphatase (G6P) Liver 1p21 AR

Ib Von Gierke G6P transporter1 Liver 11 AR

II Pompe Acid maltase Liver, heart, muscle, brain

III Cori-Forbes Debranching enzyme Muscle 1p21 AR

IV Andersen Branching enzyme Muscle, heart, liver, brain 3 AR

V McArdle Myophosphorylase Muscle 11 AR or AD

VI Hers Phosphorylase Liver 14 AR

VII Tarui Phosphofructokinase Muscle 1 AR

VIII Hug Phosphorylase B kinase Muscle PHKA1: Xq12-q13 XR

Liver PHKA2: Xp22 XR

Muscle, liver PHKB: 16q12-q13 AR

Muscle PHKG1: 7p12-q12 AR

Liver PHKG2: 16p11-p12 AR

IX Bresolin Phosphoglycerate kinase Muscle Xq13 XR

X Tonin Phosphoglycerate mutase Muscle 7p12–7p13 AR

XI Tsujino Lactate dehydrogenase Muscle 11 AR

XII Kreuder Aldolase Muscle 16q22-q24 AR

AD, autosomal dominant; AR, autosomal recessive; XR, X-linked recessive.
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becomes weak and struggling, and swallowing is dys-
functional. Respiratory difficulty results from the skeletal
muscular weakness and inability to handle pooled naso-
pharyngeal secretions. Massive cardiomegaly develops,
and a soft, systemic murmur is often heard at the left ster-
nal border. Ultimately, hepatomegaly appears, and the ton-
gue may be enlarged and protrude awkwardly. Palpation of
the muscles reveals them to be firm, and muscle stretch
reflexes are suppressed. Progressive debilitation occurs,
and patients usually die by 1 to 2 years of age.

In the late infantile form of acid maltase deficiency
or Smith’s disease,55 symptoms and signs may simulate those
of Duchenne muscular dystrophy. In such patients, the
gastrocnemius and deltoid muscles are firm and rubbery on
palpation. There is accompanying hypertrophy of the gastroc-
nemius muscles, and Gowers’ sign is often present. Toe
walking develops with ankle contractures, and the gait is
unsteady and wobbling owing to lumbar lordosis. Cardiomeg-
aly is absent. In the adult form with acid maltase deficiency or
Engel’s disease,56 weakness of the muscles develops during
the third through sixth decades of life. Weakness is more
prominent proximally than distally, and the pelvic girdle is
involved more than the shoulders. Intercostal and diaphrag-
matic muscles are involved in many patients. Adults do not
show enlargement of the liver, heart, or tongue. Frequently,
symptoms suggesting polymyositis or late-onset muscular
dystrophy cause confusion in the initial clinical diagnosis.

Three types of debranching enzyme deficiency syndrome
(glycogenosis type III) have been identified: infantile, child-
hood, and adult. In the infantile type, early symptoms are
similar to, but less marked than, those typical of Von Gierke’s
disease, which is associated with hypoglycemia, failure
to thrive, and hepatomegaly. Patients with the infantile
type are hypotonic and weak and have poor head control.
Juvenile-onset debrancher enzyme deficiency begins between
the ages of 2 and 15 with exercise intolerance and associated
heart failure. These patients are hypotonic and have a protu-
berant abdomen. Adult patients develop progressive chronic
distal myopathy and neuropathy in middle age.

Clinical manifestations of the infantile branching en-
zyme deficiency (glycogenosis type IV) or Andersen’s dis-
ease are generally seen in the first 6 months of life and are
related to weakness, feeding difficulties, muscle wasting,
tachypnea, failure to thrive, and hepatosplenomegaly. Such
patients have poor motor and mental development, muscu-
lar hypotonia, and hyporeflexia. More benign forms of this
variant present later in life with only mild hepatomegaly
and elevated liver enzymes. The adult “polyglucosan body
disease,” characterized by diffuse peripheral and central
involvement is allelic to this disorder.57

Children affected with classic McArdle’s disease (myo-
phosphorylase deficiency) initially show decreased stamina
and easy fatigability. Although onset usually occurs in
childhood, neonatal presentations have been reported.
Severe cramping pain, usually in the distal skeletal mus-
cles, develops after exercise and is often associated with
renal impairment. In adolescence and adulthood, patients
may develop persistent weakness and moderate loss of
muscle bulk. Patients with Hers’ disease have no specific
neurological or muscle findings but display varying
degrees of growth retardation, hypoglycemia, ketosis, and
hepatomegaly. In Tarui’s disease,58 motor development is
normal during the first decade, but decreased muscle exer-
cise tolerance, myoglobulinuria, and easy fatigability
develop in childhood. An unusual infantile syndrome char-
acterized by limb weakness, seizures, cortical blindness,
and corneal opacifications occurs; microscopic studies
reveal typical findings of neuron axonal dystrophy.59
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Mild cases of hepatophosphokinase deficiency (Hug’s
disease)60 have been associated with hepatomegaly, attacks
of ketonuria with fasting, and intermittent diarrhea. Hypo-
tonia in infancy can occur. Pure muscle disease with
exercise intolerance, myalgia, cramps, and weakness is
reported in some other patients.

In patients with some other glycogenosis defects, such as
phosphoglycerate mutase, phosphoglycerate kinase, and
lactate dehydrogenase deficiencies, a link between exercise
intolerance and myoglobinuria has been found. In patients
with the phosphoglycerate kinase or Bresolin’s disease61

deficiency, the defect is sex-linked, and hemolytic anemia,
seizures, mental retardation, and exercise intolerance with
myoglobinuria have been prominent features. In adults,
phosphoglycerate mutase deficiency or Tonin’s disease62

has been associated with myalgia, cramps, and myoglobi-
nuria following exercise. Lactate dehydrogenase deficiency
or Tsujino’s disease63 has been reported in one patient who
suffered from severe myoglobinuria with exercise.

DIFFERENTIAL DIAGNOSIS. Most of the glycogen
storage disorders must be differentiated from various myo-
pathies and muscular dystrophies. In the former, abnor-
malities are seldom limited to the muscle. Liver failure
problems and other systemic symptoms are often obvious.
Because of the liver problems present in most of these dis-
eases, one must always consider other storage diseases
such as the mucopolysaccharidoses, mucolipidoses, sphin-
gomyelinoses, cerebrosidoses, and gangliosidoses in the
differential diagnosis.

EVALUATION. These diagnoses can usually be made by
performing assays of enzymatic activity in the particular tis-
sue most affected, such as the liver, peripheral white blood
cells, muscle, and even brain. Since severe hypoglycemia
is the best screening indicator of this class of disease, post-
prandial and glucose tolerance tests are particularly useful.
A variety of other biochemical tests, such as uric acid, cho-
lesterol, fatty acids, triglycerides, lipid profiles, and liver
function tests, should be performed, as well as bone studies
in specific instances. Oligosacchides are identified in urine
of patients with Pompe disease.20

MANAGEMENT, PROGNOSIS, AND FUTURE PER-

SPECTIVES. Correction of Pompe disease by enzyme
replacement with a recombinant human acid maltase is pre-
sently under clinical trial and initial results have been pro-
mising.64 Liver transplantation has been performed with
apparent beneficial results in Von Gierke’s disease,
Forbes’s disease, Andersen’s disease, Most therapies have
been supportive depending on the particular syndrome
involved. In Von Gierke’s disease, small amounts of free
glucose can be given to maintain normal glucose concen-
trations; dietary carbohydrates are also given, but because
excessive glucose leads to glycogen storage in the liver
and kidneys, small feedings of carbohydrates is the pre-
ferred method of treatment. Dietary substitution of med-
ium-chain for long-chain triglycerides has been used, and
diazoxide has been beneficial in some cases. Portal caval
shunts have been used to bypass the liver. Preoperative
intravenous hyperalimentation appears to eliminate some
of the metabolic problems that occur following surgery.

In the debrancher syndromes, growth failure and hepatic
dysfunction, including hypoglycemia, appear to improve
with the administration of oral cornstarch. Similarly, symp-
toms can be controlled with frequent small carbohydrate
meals in Hers’ disease.

In patients with McArdle’s disease and Tarui’s dis-
ease, a ketogenic diet has shortened the muscle recovery
period from an acute physical load. High protein diet and
aerobic exercise are also somewhat beneficial. Vitamin B6

supplementation may be effective in McArdle’s disease.
Despite any of these interventions, the prognosis is guarded
for patients with all of the glycogenoses.
LEUKODYSTROPHIES

The leukodystrophies (Table 30-6) are genetic diseases that
show morphological changes in the white matter of the
central nervous system. Each of the leukodystrophies most
likely represents an inborn error of metabolism due to a
defective gene that produces an enzymatic abnormality
and metabolic derangement that affects myelin. Myelin
dysfunction is the basic feature of all these disorders, and
demyelination or destruction of normally formed myelin
can occur as well as loss of defective myelin, called dys-
myelination. Simple demyelination is typical of many
sudanophilic leukodystrophies. Dysmyelination is related
to an underlying genetic or metabolic disturbance, and in
this type of leukodystrophy, abnormal lipids incorporated
into the defective myelin sheath tend to be metachromatic
when stained. Leukodystrophies may be caused by enzy-
matic defects that produce aberrations in peroxisome or
mitochondrial function, which induces demyelination, or
to enzymatic defects at specific points in the metabolic
pathways of the sphingolipids.

Pelizaeus-Merzbacher Syndrome
Pelizaeus-Merzbacher syndrome is a particular type of
demyelinating sudanophilic leukodystrophy and has many
subtypes.64 In all, sudanophilia is produced when neutral
fat stains such as Sudan black react with the neutral fat
breakdown products of myelin. Since this breakdown of
myelin is the result of a variety of metabolic or acquired
insults, sudanophilia provides no useful information about
the pathogenic origin of the insult. Most of the early
reports were based on the pathological process rather than
on the clinical picture, and the common denominator histo-
logically is the presence in the CNS of patches of dysmye-
lination interspaced with perivascular islands of relatively
intact myelin. This pattern produces a striped or tigroid
appearance and is the origin of the term tigroid leuko-
encephalopathy, the pathologic hallmark of all forms of
Pelizaeus-Merzbacher syndrome.

Classic Pelizaeus-Merzbacher disease has a strong ten-
dency to be more prominent in males, suggesting but not
proving a sex-linked inheritance. This degenerative disor-
der is a primary genetic disorder of the oligodendrocytes,
Oligodendrocytes are one of the major cell types in the
CNS white matter. Each oligodendrocyte myelinates up
to 50 axonal segments. The hallmark of the syndrome is
the pathological finding of patchy losses of groups of oli-
godendrocytes with little sudanophilic dysmyelination.



TABLE 30-6

Leukodystrophies

TYPE NAME ENZYME DEFECT STORAGE MATERIAL GENETICS AGE OF ONSET SPECIAL COMMENTS

Pelizaeus-Merzbacher Syndrome

1 Classical Proteolipid protein Sudanophilic material X-linked Infantile Frequently confused with cerebral palsy
(slow progression)

2 Connatal Not known Sudanophilic material Not known Birth More severe than type 1
Seitelberger’s disease

3 Transitional Not known Sudanophilic material Sporadic Infantile Death by age 5–10 years
Lowenberg-Hull
disease

4 Adult Not known Sudanophilic material Autosomal dominant Adult No ocular abnormalities
5 Variant Not known Sudanophilic material Not known Variable

Cockayne’s Syndrome

6 Classic DNA repair Sudanophilic material Autosomal recessive 6–12 months Dwarfism with CNS and PNS signs

Alexander’s Disease

7 Classic infantile GFAP GFAP Sporadic Infants Psychomotor retardation, megalocephaly
8 Juvenile GFAP GFAP Autosomal dominant

or sporadic
Children 7–14
years

Prominent bulbar dysfunction with normal
mentation

9 Adult GFAP GFAP Autosomal dominant Young adults Presentation of multiple sclerosis

Canavan’s Syndrome

10 Classic infantile Aspartoacylase N-acetylaspartate in
plasma

Autosomal recessive Infants Hypotonia, megalocephaly, blindness

11 Neonatal Aspartoacylase N-acetylaspartate in
plasma

Sporadic Newborns Hypotonia, poor swallowing, death within
first weeks of life

12 Juvenile Aspartoacylase N-acetylaspartate in
plasma

Sporadic Children 5 to
teenage years

Ataxia, tremor, mental retardation with loss
of vision, endocrine and cardiac
disorders

6
2
8



Krabbe’s Syndrome

13 Classic, infantile Galactocerebroside
b-galactosidase

Galactocerebroside Autosomal recessive Infants Irritability followed by hypertonicity, optic
atrophy, and signs of neuropathy

14 Late onset Galactocerebroside
b-galactosidase

Galactocerebroside Autosomal recessive Usually
childhood, but
may be adults

Cortical blindness, optic atrophy, spasticity

Metachromatic Leukodystrophy

15 Greenfield’s, classical, or
late infantile

Arylsulfatase or SAP-B Sulfatide Autosomal recessive Late infantile
1–24 months

Ataxia, hypotonia, bulbar signs, intellectual
decline, and peripheral neuropathy

16 Scholz’s Arylsulfatase A Sulfatide Autosomal recessive Juvenile 4–10
years

Gait instability, tremor, ataxia, spasticity

17 Austin’s Arylsulfatase A Sulfatide Autosomal recessive Adult Mental instability, progressive dementia

Adrenoleukodystrophy

18 Multiple peroxisomal
enzyme deficiency,
Zellweger’s syndrome

Peroxins (1, 2, 5, 6, 12) Excessive very
long-chain fatty acids

Autosomal recessive Neonatal Dysmorphic features, hypotonia, seizures
and feeding difficulties, with
hepatosplenomegaly

19 Ulrich’s disease Acyl-CoA oxidase Excessive very
long-chain fatty acids

Autosomal recessive Neonatal Coarse features, seizures, poor mental
development, visual impairmentPseudoneonatal

adrenoleukodys-
trophy (NALD)

20 X-linked Siemerling-
Creutzfeldt’s

ABC protein Excessive very
long-chain fatty acids

X-linked recessive Childhood onset is
classic

Classic form: progressive
psychomotor decline; variant can be
adrenomyeloneuropathy with slowly
developing spastic paraparesis of
adulthood

CNS, central nervous system; PNS, peripheral nervous system; GFAP, glial fibrillary acid protein; SAP-B, sapanin B.

6
2
9
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Axonal degeneration accompanies dysmyelination and no
axons are demonstrated where myelin sheaths are absent.
Neurons are usually well preserved.65 The X-linked Peli-
zaeus-Merzbacher disease (PMD) results from a defect in
the oligodendrocytic synthesis of the proteolipid protein
(PLP). PLP is the major CNS myelin protein, and makes
up about 50% of the protein mass in the myelin. In the pe-
ripheral nervous system, the PLP is synthetized by Schwann
cells and constitutes less than 1% myelin protein. PLP gene
mutations on Xq22 cause PMD.66 A prenatal diagnosis of
the X-linked PMD has been made by DNA testing.67 Con-
trary to the classic X-linked PMD, the transitional type
of disorder (type 3) occurs sporadically. Lowenberg-Hill
disease (type 4) shows autosomal dominant transmission.

Classic Pelizaeus-Merzbacher disease usually begins in
the first few months of life, heralded by nystagmus and
head tremor. Motor development delay occurs, and even-
tually ataxia, attention tremor, and choreathetosis develop.
Other signs include lower extremity spasticity, dysarthria,
and optic atrophy. Motor and ocular impairments are
severe compared with the mild degree of dementia. Dete-
rioration assumes an even slower pace after 5 to 6 years
of age. Clinical seizures (generalized or focal) usually
appear during the later stages of the disease. Death is usually
delayed until the second decade of life or early adulthood.
Although not always present, a very characteristic early
clinical finding may be a slow, rotary “cogwheel” nystag-
mus. As the patient becomes older, the nearly diagnostic
ocular motility sign changes to a nonspecific movement
disorder of the eyes. Jerk nystagmus is invariable.

Among the variants, in the connatal form hypotonia is
severe and accompanied by feeding difficulties. Laryngeal
stridor is frequently noted. Optic atrophy can be identified
early. The clinical deterioration is rapid leading to death
within months to a few years of life. In transitional or type
III disease (Seitelberger’s disease), the clinical severity
falls somewhere between that of the connatal and classic
infantile forms. Invariably there is moderately severe men-
tal retardation, and the average age of death is between 5
and 10 years. Lowenberg-Hill disease, the adult form, has
a very slow course. In contrast to all other forms, no ocular
features are seen, and episodic psychotic events are charac-
teristic. It is now well accepted that one of the X-linked
forms of hereditary spastic paraplegia (SPG2) is allelic to
PMD. Some patients present a pure form involving only
the lower extremities while others have in addition nystag-
mus, dysarthria, and ataxia.68

Abnormalities of the brain stem auditory-evoked re-
sponses and sleep EEG are seen in some patients.68 Cranial
computed tomographic (CT) scans in long-standing cases
have demonstrated cerebellar atrophy and focal areas of
demyelination. MRI demonstrates a decreased thickness
of the corpus callosum and persistent myelin islands and
a reversal of the normal gray-white matter signal relation-
ships consistent with dysmyelination.

All the leukoencephalopathies, genetic and nongenetic,
should be included in the differential diagnosis. There is
no specific curative therapy for Pelizaeus-Merzbacher
disease, and diligent supportive care is essential for both
patients and families. While the search for treatment con-
tinues, specific clinical genetic characterization and research
into the biochemical basis for the diseases continue.
Cockayne’s Syndrome
Cockayne’s syndrome (see Table 30-6) is sometimes clas-
sified as a variant of Pelizaeus-Merzbacher disease because
of the similar pattern of patchy demyelination among pre-
served islands of myelin.69 However, in this disease there
is pronounced involvement of multiple systems, suggesting
a different pathogenic mechanism. The brain is small, and
the white matter is atrophic. Calcifications are frequently
present in the globus pallidus and cerebellum, along with
mineralization of small arteries. The brain may contain a
diffuse proliferation of astrocytes of bizarre appearance,
predominantly in the cerebral cortex. Occasionally, Alzhei-
mer-type neural fibrillary tangles are seen. The peripheral
nervous system is also involved, with segmental demye-
lination with preservation of the axon cylinders. Patients
with Cockayne syndrome are hypersensitive to sunlight.
Cultured cells are hypersensitive to ultraviolet (UV) radia-
tion. The protein products deficient in the various forms of
Cockayne’s syndrome are involved in different aspects of
the repair of damaged DNA. The common problem in
patients with Cockayne’s syndrome is a failure to repair oxi-
dation-induced damage to DNA bases. Patients with Cock-
ayne’s syndrome suffer from defects in the “transcription-
coupled repair” (TRP). Cockayne’syndrome can arise from
mutations in one of five genes. Two genetic complementary
groups have been isolated in classic Cockayne syndrome.
Cockayne’s syndrome type A (CSA) is characterized by
deficiencies in the WD repeat protein, a subunit of RNA
polymerase II TFIIH. The CSA gene is encoded on chromo-
some 5. Cockayne’s syndrome type B (CSB) is caused by
deficiency in a helicase member of the SW12/SNF2 family
of ATPases. Several mutations in the CSB gene have been
described on chromosome 10q11. Another class of patients
with Cockayne’s syndrome shows concurrently clinical fea-
tures of xeroderma pigmentosum (XP). Three mutated
genes have been identified in this group of patients: XPB,
XPD, and XPG.69,70 All forms of Cockayne’s syndrome
are inherited as an autosomal recessive traits. Both the
central and the peripheral nervous system are involved.

Patients with this syndrome are often normal at birth, but
in the first 6 months of life they develop a photosensitive
dermatitis. In the second year, growth retardation, dwarf-
ism, and kyphosis become apparent.71 A facial rash and a
facial-somatic dysplasia with a beaklike nose are part of
the early picture. Microcephaly, mental retardation, retini-
tis pigmentosa, and optic atrophy soon develop. Following
infancy, cerebellar dysfunction, sensorineural hearing loss,
and upper motor neuron signs characterize the progressive
neurological syndrome. Reflexes may be difficult to elicit.
Other typical features are joint deformities, abnormally
advanced bone age, dental caries, and renal disease. Ophthal-
mic findings include retinal involvement, poor pupillary
response, lenticular cataracts, corneal opacities, and impaired
lacrimation. Normal pressure hydrocephalus has been impli-
cated as a possible mechanism for some of the neurological
deterioration seen in these patients, although this has not been
a consistent finding.72

Neuroimaging procedures reveal calcification of the
basal ganglia and cerebellum, and neurophysiological test-
ing shows nerve conduction velocity. It is probably easier
to confuse this syndrome with a dysplastic cytogenetic
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disturbance than with the pediatric neurodegenerative dis-
orders or other leukodystrophies because central demyeli-
nation is one of the least striking clinical manifestations.
Case reports indicate that treatment of the normal pressure
hydrocephalus, when it occurs, may be beneficial (see
Chapter 25). No specific curative therapy is available,
and only supportive treatment may be offered.

Alexander’s Disease
This degenerative disorder is a primary genetic disorder of
astrocytes, one of the major cell types in the CNS white mat-
ter (see Table 30-6). As a result, there is a global dysmyelina-
tion or demyelination of the CNS. The pathologic hallmark
of all forms of Alexander’s disease is the presence in astro-
cytes of cytoplasmic einophilic hyaline bodies, called
Rosenthal fibers. These inclusions are particularly numerous
beneath the pial arachnoid membranes, beneath the epen-
dyma and around the cerebral blood vessels, and are found
throughout most of the brain. Rosenthal fibers contain the
glial fibrillary acid protein (GFAP), an intermediate filament
protein. Rosenthal fibers occur especially in the optic nerves,
optic tracts, optic chiasm, cerebral peduncles, and spinal
cord. Abnormal astrocytes are also observed in the basal
ganglion, thalamus, and hypothalamus. Although the astro-
cytes become distended, there is no evidence of abnormal
storage material within neurons. The white matter is soft
and retracted and shows a variable loss of myelin, which
appears more marked and diffuse in infantile cases. Axon
cylinders are preserved. Rosenthal fibers in Alexander’s dis-
ease result from overproduction of GFAP due to molecular
alterations in the GFAP. Alexander’s disease has been
shown to result from multiple mutations in the GFAP gene
on chromosome 17.73 In all patients, the GFAP mutations
are dominant. The mutations usually arise de novo or from
germinal mosaicism in cases with early onset. In adult,
milder mutations are autosomal dominant.74

The rare neonatal form is characterized by early, often
intractable, multifocal seizures, hydrocephalus due to aque-
ductal stenosis by the propagation of astrocytes containing
excessive amounts of eosinophilic cytoplasmic material,
lack of developmental maturation, and elevated CSF protein
content.75

The most frequent form of Alexander’s syndrome is the
infantile form, which has an average onset at 6 months of
age. However, onset may occur at any time from shortly
before birth to as late as 2 years of age. The average dura-
tion of disease is 2 to 3 years, but it can vary from a few
months to several years. Predominant psychomotor retarda-
tion exists initially, and progressive spasticity and seizures
in the context of megalencephaly, with or without frank
hydrocephalus, develop.

In the juvenile form, which is much less common than
the infantile form, onset usually occurs between 7 and
14 years of age, and the duration is approximately 8 years.
Bulbar and pseudobulbar dysfunction predominates, with
dysphagia, dysarthria, nystagmus, ptosis, full facial palsy,
and tongue atrophy.76 Generalized spasticity and weak-
ness may also occur, but unlike the severe mental retar-
dation characteristic of the infantile form, mentation
tends to remain intact. The adult form of Alexander’s syn-
drome has an early stuttering course mimicking multiple
sclerosis and characterized clinically by blurred vision,
spasticity, nystagmus, dysarthria, and dysphagia. Other
reported neurologic manifestation include palatal and
ocular myoclonus.77

CT changes include low attenuation in the deep cerebral
white matter, most extensively in the frontal lobes and sub-
ependymal regions. The ventricles are variably enlarged.
There is inconsistent abnormal enhancement of the caudate
nuclei, anterior columns of the fornix, optic radiations, and
periventricular areas.

Since the types of Alexander’s disease are phenotypically
distinct, the differential diagnosis varies by age. If one
encounters an infant with chronically developing megal-
encephaly or macrocephaly with mild regression in psycho-
motor milestones in the absence of any other obvious cause,
Alexander’s syndrome is a highly probable diagnosis. Juve-
nile leukoencephalopathy must be considered in children
and multiple sclerosis in adults.

No specific therapy is available for Alexander’s syn-
drome.Much supportive care, however, is necessary, includ-
ing good nutrition and generous use of antibiotics and
antiepileptics. Despite these measures, the prognosis for
infants and children with this disease at present is poor.
Recent advances in positron emission tomography (PET)
scanning and single-photon emission computed tomography
(SPECT) indicate that there is an abnormal flow of spinal
fluid through the blood-brain barrier. Our better understand-
ing of this disorder may aid in developing interventions.

Canavan’s Syndrome
Canavan’s syndrome (see Table 30-6) is a spongy degen-
eration of the CNS with abnormalities found particularly
in the white matter. Vacuoles accumulate in a variety of
brain cells, particularly astrocytes, and produce the spongy
appearance. The vacuoles result from excessive fluid accu-
mulation in astrocytes, apparently from metabolic distur-
bances that produce dysmyelination.78 Chemical changes
are limited to the white matter, notably myelin, and are non-
specific. There are increased water content and decreased
total lipids in the white matter. Myelin breakdown products
are not found. Dysmyelination is extensive, but axonal fibers
and the oligodendroglia are not extensively affected. The
precise cause of these abnormalities frequently remains
uncertain.

The term Canavan’s disease is used to describe an auto-
somal recessive spongy degeneration of the brain, occur-
ring mainly among Ashkenazi Jewish individuals, and
characterized by increased levels of N-acetylaspartic acid
in the urine and plasma and aspartoacylase deficiencies in
cultured skin fibroblasts.79 It is caused by a deficiency of
aspartoacylase (ASPA), an enzyme playing a role in mye-
lin synthesis. Elevated levels of N-acetylaspartic acid
(NAA) are found in urine, serum, and CSF. Canavan’s dis-
ease results from mutations in the ASPA gene on chromo-
some 17p13.80 DNA analysis is the method of choice for
prenatal diagnosis.81

The three types of Canavan’s disease are characterized
by abnormal white matter signal on MRI and lack of in-
volvement of peripheral nerves. Large amounts of NAA
are found in urine (see Table 30-6). The infantile form, or
classic Canavan’s disease, begins within a few months of
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birth, and death generally occurs by 3 to 4 years of age. The
infant initially is hypotonic and has poor head and neck con-
trol. Megalencephaly is common by 6 months of age, and
arrested development is consistent. In the second 6 months,
hypotonia is replaced by spasticity and often by decorticate
and decerebrate posturing. Some hyperreactivity is precipi-
tated by auditory, visual, and tactile stimuli. Vision deterio-
rates as optic atrophy and nystagmus develop. Seizures of
various types, including focal and myoclonic seizures, are
usual, and choreoathetotic or dystonic movements can
occur. Dysautonomia in the form of paroxysmal episodes
of sweating, hyperthermia, vomiting, and hypotension are
terminal manifestations.

The neonatal form of Canavan’s disease is deadly within
a few weeks and is characterized by lethargy, hypotonia,
diminished spontaneous movement, and difficulty in swal-
lowing. The rare juvenile form develops after 5 years of
age and extends into adolescence. Ataxia, tremor, ptosis,
and mental deterioration are characteristic. The course is
characterized by progressive cerebellar symptoms, dysar-
thria, dementia, seizures, spasticity, and loss of vision.
There is no correlation between the severity of the morpho-
logical white matter changes and the clinical presenta-
tion.82 Gene therapy is under investigation. Symptomatic
support includes nutritional therapy and generous use of
antiepileptic drugs and antibiotics. Whereas currently the
prognosis is poor, future research efforts utilizing clois-
tered populations with the disease, such as those found in
Saudi Arabia, may lead to new discoveries.

Krabbe’s Syndrome
In contrast to other leukodystrophies, Krabbe’s syndrome
appears to be purely neurological. In these patients, there
is a deficiency of the lysosomal enzyme galactocerebroside
b-galactosidase (GALC). The disease is inherited as an
autosomal-recessive trait. The various forms of the disease
result from multiple mutations in the GALC gene on chro-
mosome 14q24.3-q32.1.83 Assays of amniotic fluid allows
prenatal diagnosis, and enzymatic assays on white blood
cells or serum may detect the carrier state. A saposin A
deficiency is expected to be responsible for some cases of
Krabbe’s syndrome with near normal GALC activity.

In the CNS, the white matter is decreased in mass and is
gliotic, firm, and rubbery to palpation. In the areas of
demyelination, oligodendroglial cells are severely reduced
in number. Globoid cells, found deep in the white matter
around and within vessels, are distinctive. Their abundant
cytoplasm stains positively with periodic acid–Schiff
(PAS) and only faintly with Sudan black. No metachroma-
sia is present. The small globoid cells are round and mono-
nuclear, while the large one (varying from 20 to 50 mm)
become irregular and multinucleated. Electron microscopy
reveals within the cytoplasm of the cells cytoplasmic inclu-
sions containing both electron-dense linear or curved tubu-
lar profiles, a distinctive sign in Krabbe’s disease.84

Neurons in the pons, thalamus, and dentate nuclei show
varying degrees of degeneration, but the neuronal pro-
cesses of the cerebral cortex are reasonably well preserved.
Involvement of the peripheral nervous system varies, and
segmental demyelination has been reported.85 Globoid
cells are not seen in peripheral nerves, but histiocytes with
foamy cytoplasm and tubular inclusions have been demon-
strated. Krabbe’s disease is distributed worldwide and has
no gender, racial, or ethnic proclivities.

There are two primary forms of Krabbe’s disease, the
early-onset or classic form, and the late-onset form.
The early-onset type usually appears clinically between
the third and eighth months of life, although biochemical
and pathological changes are present in the early gesta-
tional period. Initially, the patient is irritable and has inter-
mittent fever for no discernible reason. Episodic limb or
trunk rigidity may occur, and a heightened startle response
to noise, light, or touch may be apparent. Feeding problems
and seizures occur frequently. Myoclonic seizures may
suggest infantile spasms. Macrocephaly is uncommon,
and hepatosplenomegaly is absent. There are usually no
cherry-red spots. Early in the course, EEG shows a severe
slowing of the background activity and abundant paroxys-
mal discharges. By 6 months of age, the infant develops
severe hypertonus with obvious opisthotonos and decorti-
cate-decerebrate rigidity. Reflexes may be hyperactive or
hypoactive if advanced peripheral neuropathy is present.
Babinski’s signs are usually present along with optic atro-
phy. By 9 months of age, the baby is usually blind and
deaf. In light of these characteristic clinical features, there
is very little confusion between the diagnosis of classic
Krabbe’s disease and other infantile-onset degenerative
conditions (Video 105, Myoclonic Seizure).

The late-onset type of Krabbe’s disease is extremely
uncommon. These patients first develop difficulties later
in infancy, in childhood, or even in adult life.86 The late
infantile form is characterized by the onset between 6
months and 3 years of developmental regression with
ataxia and stiffness, feeding difficulties, irritability, and
loss of vision. The juvenile or adult form is usually char-
acterized by a progressive amaurosis starting in late child-
hood, followed years later by a progressive gait impairment
with spasticity or dystonia, and finally dementia. Optic
atrophy and peripheral neuropathy are consistent findings
late in the course of the illness.

Periventricular hyperdensities demonstrated on CT scans
have been reported, particularly in the terminal phases of
the classic form. MRI scans demonstrate white matter
involvement of the cerebrum and cerebellum,87 and elec-
trophysiological evidence of peripheral nerve demyelina-
tion is prominent. Treatment at this time is limited to
allogenic hematopoietic stem cell transplantation that
appears to slow the progression of the disease and improve
magnetic resonance images. Studies using stem cells and
viral vectors to transduce transplantable cells are under
way.88

Metachromatic Leukodystrophies
The metachromatic leukodystrophies (see Table 30-6), also
known as sulfatide lipidoses, are a group of lysosomal stor-
age disorders recognized by the accumulation of excessive
amounts of lipid sulfatides. The term metachromatic, as a
description of the diseases, derives from the staining prop-
erties of the stored lipid sulfatides, which develop a brown
or gold hue with toluidine blue rather than the usual blue of
myelin. In the central nervous system, the sulfatides are
stored in lysosomes of microglia and neuronal cells. In



Maertens and Dyken / Storage Diseases 633
the peripheral nervous system, the lysosomal storage of
sulfatide within Schwann cells leads to a segmental demye-
linating neuropathy. Outside the nervous system, the sul-
fatide is stored in other organs and tissues such as the
kidneys, pancreas, adrenal glands, liver, and gallbladder.89

In the classic form of metachromatic leukodystrophy,
sulfatide content in the white matter is four to eight times
that found in normal control subjects. Large amounts of
sulfatides are found in the urine. The deficient enzyme in
the classic metachromatic leukodystrophy is arylsulfatase
A (ASA). A “sphingolipid activator protein” (SAP), sapo-
sin B, is a heat-stable nonenzymatic protein necessary for
the normal catalytic function of ASA. The late infantile,
juvenile, and adult forms of the syndrome are caused by
mutations in the ASA gene located on chromosome
22q13.31.90 Patients with metachromatic leukodystrophy
due to saposin B deficiency (SAP-1 deficiency) have a near
normal ASA activity and excrete in addition to sulfatides,
globotriosylceramide and digalactosylceramide.91 SAP B
deficiency is caused by specific mutations in the prosapo-
sin gene on chromosome 10q21.92 This condition is allelic
to SAP C deficiency causing Gaucher’s syndrome. All
forms of metachromatic leukodystrophy are inherited as
an autosomal recessive trait. Aryl sulfatase A deficiency
is not unique to metachromatic leukodystrophy. Aryl sulfa-
tase A is also deficient in a mucopolysaccharidosis: multi-
ple sulfatase deficiency, in which activity of the three
isoenzymes of arylsulfatase (A, B, and C) is markedly
reduced.

EPIDEMIOLOGY AND RISK FACTORS. All forms of
metachromatic leukodystrophy are inherited as autosomal
recessive traits. This condition is globally distributed. The
prevalence of all forms of metachromatic leukodystrophy
is approximately 1 in 100,000 live births. The genes re-
sponsible for the various forms of metachromatic leuko-
dystrophy have been mapped. Several mutations have been
identified for each disorder. The molecular heterogeneity
of the metachromatic leukodystrophies frequently results
in a clinical heterogeneity. For instances, two distinct types
of arylsulfatase A mutations can be distinguished. Type O
mutations tend to eliminate completely any functional gene
product. Patients homozygous or heterozygous for type O
mutations have invariably the infantile form of metachro-
matic leukodystrophy. Type R mutations tend to be asso-
ciated with a small amount of residual enzyme activity.
Most patients homozygous for type R mutations present
an adult form of metachromatic leukodystrophy. Mixed
heterozygosity between type O and type R mutations most
often resuts in a juvenile form. Only a single phenotype
generally occurs in families with more than one affected
member: the age of onset, clinical presentation, and pro-
gression of the illness are similar among members of a
single family. Several ethnic groups have a higher fre-
quency of this disease. The Habbanite Jewish community
in Israel has a particularly high frequency of late infantile
metachromatic leukodystrophy (1.3%).

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Clinically, according to the age of onset, three forms of
metachromatic leukodystrophies have been recognized.
The late infantile form of metachromatic leukodystrophy
usually begins between the ages of 18 and 24 months,
although onset may occasionally be delayed until as late
as age 4 years.93,94 These children develop a gait distur-
bance that may appear as ataxia or weakness.95 Hypotonia
is very prominent during this time. A lazy eye may be the
presenting complaint. Thereafter, a rather rapid decline
continues over a period of 6 months or more until steady
regression persists and bulbar signs become apparent. The
hypotonia becomes much worse as the disease continues,
and weakness dominates during these phases. Intellectual
deterioration occurs reasonably rapidly over a 6- to 12-
month period. By the terminal stage, hypotonia has reverted
to hypertonia and frank spasticity. Involuntary movements
are obvious. Another characteristic of the classic form that
distinguishes it fromother forms of metachromatic leukodys-
trophy is the presence of megalencephaly, although this
finding is not as striking as it is in the gangliosidoses or
in Alexander’s and Canavan’s syndromes.

A peripheral neuropathy may exist even in the early
stages of this disease when absence of reflexes or hypore-
flexia is evident. This is a result of peripheral segmental
demyelination and the deposition of sulfatide within the
nerve fibers. As the CNS sulfatide deposits increase with
disease progression, one can account for the turnaround
in muscle tone. The hypotonia is first accentuated because
of suprasegmental shock influences. These in turn are
altered when suprasegmental release occurs. This is the
switching point of the change from clinical hypotonia to
clinical hypertonia and its associated phenomena. Seizures
are a late manifestation. Patients with the classic form
often die by 8 to 10 years of age. Yet other patients reach
a vegetative trough and live well into their teens. By this
time, such patients are indistinguishable from those with
the later-onset forms of the disease.

Onset in the juvenile form occurs between 4 and 10 years
of age. Themajority of patients show the first symptoms dur-
ing their early years at school. The first observed symptoms
are usually bradykinesia and poor school performance. In
the very early periods, daydreaming, confusion, and emo-
tional lability are frequently reported. Unsteadiness of gait,
usually because of pyramidal tract involvement, may be
noted. Extrapyramidal dysfunction such as postural abnor-
malities and tremor may develop. Myotactic reflexes are
usually increased even in the early stages. The rate of dete-
rioration is usually slow and is much more variable than that
of the late infantile form of the syndrome. Patients often are
not bedridden even 5 to 10 years after the initial symptoms
appear.

In this form usually early motor findings such as spastic
gait and ataxia may be the most prominent symptoms; they
are secondary to intellectual impairment. There is little
tendency for hypotonia to appear. When it is manifest, a
greater degree of peripheral neuropathy is evident, although
even then brisk reflexes and extensor toe signs are frequently
present. In spite of this, nerve conduction times are
decreased. Dementia occurs but is slower to develop than
in the late infantile form. Decerebrate posturing and general-
ized convulsions occur as a late manifestation. When the
late infantile form is subacute, the juvenile form is chronic,
and patients usually live for 20 years or longer.

Onset of the adult form occurs at any time after puberty.
Initial symptoms frequently consist of personality and
mental changes that signal the impending dementia. Other
presenting symptoms include seizures and behavior changes.
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Patients may show a hypospontaneity and a blunted affect
or inattention and hyperactivity. Such symptoms are often
misdiagnosed as schizophrenia or manic depressive illness.
There are usually no clinical signs of peripheral neuropathy.
Disorders of movement and posture appear later. Frank
dementia becomes the central feature, occurring most fre-
quently by the third or fourth decade of life. Often these men-
tal symptoms in the adult are accompanied by progressive
corticobulbar, corticospinal, and cerebellar changes. Visual
and somatosensory evoked potentials are delayed. Even in
this form, nerve conduction velocities are markedly lowered.

DIFFERENTIAL DIAGNOSIS. In any disorder showing
progressive manifestations such seizures, dementia, and
motor failure, the diagnosis must be considered when signs
of peripheral neuropathy are found. Consideration of other
leukodystrophies depends on their phenotypic expression,
as well as a variety of peripheral neuropathies without prom-
inent central nervous system. Many variants of meta-
chromatic leukodystrophy as well as other conditions
should be considered in the differential diagnosis. Among
these are multiple sulfatase deficiency that is not associated
with striking leukodystrophy, should not be confused with
metachromatic leukodystrophy. Also, metachromatic leu-
kodystrophy, in which there is no clear demonstration of
a deficiency in arylsulfatase A, is due in some families to
deficiency of cerebroside sulfatase activator. Additionally,
all leukodystrophies should be entered in the differential
diagnosis. Consideration of other leukodystrophies depends
on their phenotypic expression as well as a variety of
peripheral neuropathies without prominent central nervous
system symptoms.

EVALUATION. Spinal fluid protein concentration is
usually moderately elevated, with concentrations in
the 150 to 300 mg/100 mL range. There are no qualita-
tive abnormalities in the protein profile. Demonstration
of a deficiency of arylsulfatase A activity either in urine
or in leukocytes confirms the diagnosis in the majority
of cases. Decreased gallbladder function may be detected
by a simple cholecystogram or ultrasonography examina-
tion and may be a useful adjunct in the workup. The pre-
sence of metachromatic granules in the urine is of some
help and gross inspection of an office urine sample can
be suggestive of the diagnosis. Brain stem, auditory,
visual, and somatosensory evoked responses show some
abnormalities, but the results are variable. The most con-
sistent finding is the characteristic decreased nerve conduc-
tion velocities found in almost all forms of metachromatic
leukodystrophy.

MANAGEMENT. Bone marrow transplantation in
patients with late infantile metachromatic leukodystrophy
due to arylsulfatase A deficiency or saposin B deficiency
has reported to have little impact on long-term outcome
except perhaps in patients with juvenile or adult onset.
The effectiveness and safety of this therapy need further
evaluation.
Peroxisomal Leukodystrophies:
Adrenoleukodystrophy
The peroxisomal leukodystrophies (see Table 30-6) repre-
sent a relatively new concept for neurologists. Peroxisome
refers to the subcellular organellae in the cell body that are
deranged by being absent, malformed, or dysfunctional.
These conditions include neonatal disorders such as Zellwe-
ger’s disease and adrenoleukodystrophy as well as later-
onset adult conditions such as Refsum’s disease. The pio-
neering work ofMoser, Schutgens, and associates on the per-
oxisomal entities has established the fact that peroxisomal
dysfunction does not invariably produce the clinical or
pathological features of leukodystrophy. The peroxisome is
ubiquitous in its clinical and pathological expression. In an
excellent short review of these disorders, Moser96 gives a list
of 14 major peroxisomal diseases to illustrate the two cate-
gories of peroxisomal defects. One of these categories is
identified as a disorder of peroxisome assembly or biogen-
esis (PBG). Another category encompasses disorders with
a single peroxisomal enzyme defect, the prototypes being
noninfantile Refsum’s disease (see infra) and sex-linked
adrenoleukodystrophy (XALD).97

The pathologic hallmark of the disorders of peroxisomal
biogenesis (PBG) is the finding of ghost peroxisomes. As a
result, there is a concomitant loss of activity in multiple
peroxisomal enzymes. Multiple biochemical abnormalities
are observed: plasma very long chain fatty acids (VLCFA),
phytanic acid, and trihydroxy-cholestanoic acid (THCA)
are increased; the plasmalogen synthesis is decreased.
The overlapping phenotypes representative of this category
are Zellweger’s syndrome and Ulrich’s disease or neonatal
adrenoleukodystrophy, and infantile Refsum’s disease.
These autosomal recessive conditions have their onset
early in life. Patients have severe neurologic and hepatic
dysfunction, craniofacial abnormalities, and hypotonia
(Video 252, Neonatal Adrenoleukodystrophy). Dysmorphic
features are always present. Adrenal insufficiency is subcli-
nical. Neuropathology shows a sudanophilic leukodystro-
phy with signs of brain (cerebral and/or cerebellar)
dysgenesis. Mutations of either of five genes encoding per-
oxins (PEX1, PEX2, PEX5, PEX6 and PEX12) are respon-
sible most of these phenotypes.98,99

Zellweger’s disease is a severe, rapidly fatal disorder
characterized by cerebrohepatorenal syndrome. Hepatomeg-
aly, renal cysts, hypotonia, and seizures are accompanied
by prominent dysmorphic features (giving these infants the
premature appearance), eye findings (retinitis pigmentosa,
glaucoma, cataract, and sometimes Brushfield’s spots),
deafness, aberrant calcific stippling of the patellae, and ab-
normal genitalia (hypoplasia of labia major or hypo-
spadias). Neonatal adrenoleukodystrophy and infantile
Refsum’s disease differ from Zellweger’s disease by their
milder dysmorphic features and a very protracted course
with failure to thrive and minimal psychomotor gains. Sen-
sory hearing loss, retinal degeneration and hepatomegaly
may be present. Occasionally, the symptoms occur at a
somewhat later period than expected.97 Subdural hema-
toma may be the presenting symptom.100 One patient pre-
sented at 23 months with frequent emesis and acute
mental deterioration, followed very quickly by refractive
seizures. A long history of developmental, mental, and
motor delay had previously been observed in this child.
There tends to be a staggering course, sometimes with
developmental stagnation or regression preceded or fol-
lowed by improvement in stasis, visual impairment, truncal
hypotonia, and limb spasticity.



Maertens and Dyken / Storage Diseases 635
The pathologic hallmark of all the peroxisomal disorders
with single enzyme deficiency is the presence of peroxisomes
and, inmost cases, a normal plasmalogen synthesis. Only one
peroxisomal enzyme is deficient and therefore metabolic
abnormalities are selective, involving in general only one
metabolic pathway. However when the deficient enzyme
is necessary for the normal function of multiple metabolic
pathways, the finding of multiple metabolic derangements
may suggest a PBG disorder. Both bifunctional enzyme
deficiency and oxoacyl CoA thiolase deficiency are asso-
ciated with VLCFA and THCA and present with the clinical
phenotype of “pseudo-Zellweger’s disease.”

The acyl-CoA oxidase deficiency is responsible for a
selective elevation of VLCFA and a phenotype called
“pseudo-neonatal adrenoleukodystrophy” due to dysmor-
phic features, hypotonia, feeding difficulties, intractable
neonatal seizures, and the minimal psychomotor develop-
ment observed during the first 2 years of life. Adrenal
insufficiency is subclinical. Brain imaging may show con-
trast enhancement surrounding the demyelinated areas.101

In the X-linked adrenoleukodystrophy (X-ALD), the
genetic abnormality has been mapped to the Xq28 region.
The disease results from mutations in the ALDP gene,
which encodes a peroxisomal membrane protein member
of the ATP-binding cassette (ABC) family. It has been pos-
tulated that this protein transports acyl-CoA synthase to its
site of action.102 The saturated VLCFA (C:25 and C:24)
are increased. Adrenal insufficiency frequently leads to
shin hyperpigmentation or addisonian crisis.

Among the variants of X-linked adrenoleukodystrophy,
the childhood form is usually the more fulminating disor-
der. Patients are completely normal until 4 to 10 years of
age, when behavioral problems such as failure in school
become manifest. This first sign is the result of rapid
regression of auditory discrimination, spatial orientation,
speech, and fine motor skills. Seizures occur in less than
a third of the patients reported by Naidu and Moser.100

Typically, there is a rapid clinical deterioration to spastic
paraparesis, swallowing difficulties, and visual loss, culmi-
nating in a vegetative state within 2 years of the appear-
ance of symptoms. Neuroimaging typically demonstrates
a symmetrical periventricular demyelination, more promi-
nent initially over the occipital regions, with characteristic
contrast enhancement at the rim of the lesion.

In the adolescent cerebral X-ALD syndrome, signs and
symptoms of cerebral involvement are manifest, yet the
onset of disease usually occurs between the ages of 10
and 21. The adult form usually presents with dementia,
psychiatric disturbances, seizures, spinocerebellar degen-
eration or spastic paraparesis with onset at some time after
the age of 21. Such patients have presentations similar to
those of other problems such as multiple sclerosis, schizo-
phrenia, and brain tumor. They show a reasonably rapid
regression. After many years, a demyelinating peripheral
neuropathy may present the features of a hypertrophy
neuropathy with onion bulb formation.

Included in the differential diagnoses are most of the
leukoencephalopathies and dystrophies as well as other
processes, depending on the phenotypic expression of the
disorder. All early-onset disorders in which there is degen-
eration and dysplastic status should be considered.
Very long chain fatty acids in plasma and cultured fibro-
blasts are elevated in all forms of ALD and in Zellweger’s
syndrome. Probably the presence of very long chain fatty
acids and the other biochemical abnormalities noted pre-
viously are the major methods of making the diagnosis.
However, all evaluations consistent with the severe dys-
morphic and degenerative states of such patients are probably
indicated.

The potential for therapy is, of course, limited for this
group of diseases. In most cases, therapy is primarily
directed toward supportive care. Treatment for liver dys-
function or the prothrombin deficiency with vitamin K is
indicated in PBG disorders. Rehabilitative approaches
are sometimes helpful. One should consider the probability
of complications such as subdural hematoma and its
treatment. Attempts to mediate some of the biochemical
abnormalities with lipid therapy or dietary restriction of
very long chain fatty acids have been tried, but they do
not normalize plasma levels of the fatty acids, or red blood
cell plasmalogen synthesis. Peroxisomal proliferators such
as clofibrate do not induce formation of catalase-containing
peroxisomes nor improve clinical status of PBG disorders.

Therapy for X-linked adrenoleukodystrophy is under
active investigation at this time. Steroid replacement ther-
apy is effective for adrenal insufficiency but does not alter
the rate of progression of neurological disability. Dietary
therapy with a 4:1 mixture of glycerol trioliate and glycerol
trieriogate (Lorenzo’s oil) has normalized levels of very
long chain fatty acids and plasma within 4 weeks. The
results in symptomatic patients have been disappointing.103

Therapeutic plasma exchanges are successful in reducing
VLCFA, but without altering the clinical course. Various
immunosuppressive therapies have been unsuccessful. Bone
marrow transplantation is of benefit to patients with early
neurological involvement.104
OTHER LIPIDOSES

Fabry’s Disease
This X-linked lipidosis is characterized biochemically by
the intralysosomal accumulation of globotriaosylceramide,
galabiosylceramide, and other glycosphingolipids. The
enzymatic deficiency is a-galactosidase A. The molecular
structure of the gene encoding the enzyme was first identi-
fied as the full-length cDNA clone and is localized to
Xq21.33-q22.105 Both point mutations and deletions have
been described for this gene. The majority of the glyco-
sphingolipids is synthesized in the liver or bone marrow
and thereafter is transported to cells by lipoproteins.
The major substrate burden in Fabry’s disease appears to
be on cellular membranes that depend on glycosphingoli-
pids for their integrity and function. Organ storage occurs
presumably because of permeable membranes that permit
accumulation of high levels of circulating lipids.

In the majority of affected males, the clinical symptoms
begin in late childhood or adolescence with the develop-
ment of painful neuropathy, which is most pronounced in
the extremities, syncopal episodes and hypohydrosis asso-
ciated with heat intolerance and low-grade fever, corneal
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and lenticular opacities and characteristic skin lesions,
known as angiokeratoma. These dermatological features
consist of ectatic blood vessels covered by thin skin
and appear as discrete, slightly raised, blue or dark red
spots that cluster in the groin, umbilical area, and thighs.
The neurological signs are usually vascular in origin and
include transient ischemic attacks, ischemic strokes, and
cerebral hematomas. Renal failure and vasculopathy of
the heart and brain lead to early death in adulthood.
In the minority of affected males, the main manifestation
is a hypertrophic cardiomyopathy. Most female carriers
are asymptomatic. A minority presents with isolated acro-
paresthesia, cardiac symptoms or corneal dystrophy. Patho-
logically, storage of glycolipids in the systemic vascular
system leads to progressive cardiac, CNS, and renal in-
volvements. The CNS shows lipid accumulation in the auto-
nomic nervous system neurons and several other regions
including supraoptic, preoptic, and paraventricular nuclei.
The nucleus basalis, anterior thalamus, and the hippocampus
are also characteristically loaded with glycolipid, and when
the cerebral cortex is involved, layers 5 and 6 demonstrate
the neuronal lipid storage. In the peripheral nervous system,
lipid accumulation can be observed in neurons of sensory
and autonomic ganglia, in Schwann cells, and in endothelial
cells and pericytes of endoneurial capillaries. Loss of small
caliber myelinated and unmyelinated fibers occurs.106

Because the disease is rare, carrier testing is not routinely
performed. In affected pedigrees, however, a-galactosidase
A analysis identifies affected males and often heterozygous
females. Affectedmales cannot pass the disease to their sons,
but all daughters are carriers.

The differential diagnosis includes conditions associated
with angiokeratoma, including metabolic disorders such as
neuraminidase deficiency, galactosialidosis, fucosidosis,
and GM1 gangliosidosis. Drugs that can cause corneal opa-
cification include chloroquine and amiodarone. The treat-
ment of Fabry’s disease focuses primarily on abatement
of the painful neuropathy, and carbamazepine and diphenyl-
hydantoin, as well as neurotropin have been used with suc-
cess.107 Renal transplantation has also been used in patients
with severe renal failure. Recombinant a-galactosidase
A replacement therapy clears microvascular endothelial de-
posits of globotriaosylceramide in affected tissues, reversing
the chief clinical manifestations of the disease.108

Noninfantile Refsum’s Disease
This autosomal recessive nonlysosomal lipidosis is charac-
terized biochemically by an isolated peroxisomal phyta-
noyl-CoA a-hydroxylase (PAHX) deficiency resulting in
a cytoplasmic accumulation of phytanic acid. The sequence
of PAHX gene is known and localized on chromosome
10p. Both point mutations and deletions have been des-
cribed in the PAHX associated with Refsum disease.109

Phytanic acid is a branched-chain fatty acid that is primar-
ily derived from a diet rich in dairy products, some meat
and fish. The mechanism of phytanic acid toxicity is
unclear.

Clinically, Refsum’s disease is known as heredopathia
atactica polyneuritiformis and is characterized by retinitis
pigmentosa, peripheral neuropathy, cerebellar ataxia,
and high protein levels in the cerebrospinal fluid without
pleocytosis. Cardiac involvement, anosmia, nystagmus
and nerve deafness occur in almost all patients as well. Ich-
thyosis and skeletal abnormalities, particularly pes cavus
and the bilateral shortening or elongation of metatarsals
and metacarpals, are inconsistent systemic features. The
first clinical symptoms are usually night blindness and
clumsiness. Most patients have a bilateral constriction of
the visual fields by the time they present. Rapid weight
loss, fever, and pregnancy have been associated with acute
or subacute presentations mimicking Guillain-Barré syn-
drome and chronic inflammatory demyelinating neuropathy.
Pupillary miosis makes the funduscopic examination diffi-
cult. Neuropathy develops slowly and is associated with pro-
prioceptive sensory loss, absent myotactic reflexes, distal
muscle wasting, and foot drop. Nerve conduction findings
include slowed conduction velocities. Although neuropathy
may contribute to some of the cerebellar findings, there
appears to be true cerebellar ataxia in this condition. The
age of neurological disability onset is highly variable from
childhood to the sixth decade but usually occurs in adoles-
cence and young adulthood. In association, cardiac involve-
ment is of clinical significance, and tachycardia, systolic
murmurs, and conduction disturbances occur. Fatal cardiac
arrhythmias may be responsible for several cases of docu-
mented sudden deaths in untreated patients with Refsum’s
disease.

Markedly raised plasma levels of phytanic acid and
occurrence of plasma phytanyl triglycerides are consistent
in noninfantile Refsum’s disease. Phytanic acid accumula-
tion is not unique to Refsum’s disease and is also seen in
peroxisomal biogenesis defects (infantile Refsum’s disease,
neonatal adrenoleukodystrophy, Zellweger’s syndrome and
rhizomelic chondrodysplasia punctata) and isolated peroxi-
somal branched chain oxidation defects. In Noninfantile
Refsum’s disease, pristanic acid is low/normal due to lack
of production from phytanic acid, distinguishing this con-
dition from peroxisomal biogenesis defects and from iso-
lated peroxisomal branched chain oxidation defects. Some
patients with non infantile Refsum’s disease may have ele-
vated pipecolic acid levels.110 Pathologically, in noninfan-
tile Refsum’s disease, the peroxisomal structure is normal,
distinguishing this condition from peroxisomal biogenesis
defects characterized by an abnormal peroxisomes. Nerve
biopsy shows “onion bulb” formation and targetoid cyto-
plasmic inclusion in the Schwann cell. In the central ner-
vous system phytanic acid accumulates in neurons, glial
cell of the globus pallidus and substancia nigra, ependymal
cell, choroid plexus, and leptomeninges.

The differential diagnosis of Refsum’s disease includes
other neurological syndromes with neuropathy and ataxia,
such as some mitochondrial diseases (Friedreich ataxia
and neuropathy, ataxia, retinitis pigmentosa), abetalipopro-
teinemia, vitamine E deficiency, and Charcot-Marie-Tooth
disease and their variants. Elevated plasma phytanic acid
levels eliminates these diagnoses.

The diet should contain enough calories to prevent
weight loss and fish, beef, lamb, and dairy products should
be avoided.111 Improvement is slow, and plasmapheresis
is used as an adjunct to hasten clinical recovery. Retinal
damage and nerve deafness do not improve, but the other
signs may substantially abate over a very prolonged
period.
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Abetalipoproteinemia (Bassen-Kornzweig Syndrome)
This autosomal recessive lipid disorder is characterized
biochemically by extremely low levels of serum choles-
terol and triglycerides due to a defect in the intestinal
microsomal triglyceride transfer protein (MTP), a protein
necessary for the assembly of apolipoprotein B–-containing
lipoproteins (low density lipoproteins and chylomicrons).
Without MTP, the apolipoprotein B is not properly lipi-
dated and undergoes presecretory degradation. The result
is absence of plasma chylomicrons and very low density
lipoproteins. Intestinal fat absorption is deficient. The
MTP gene is sequenced and localized on chromosome 4q.
Both point mutations and deletions in the MTP gene are
responsible for abetalipoproteinemia.112,113

Clinical manifestations develop in the first decade of life
with steatorrhea, distal sensorimotor neuropathy, and reti-
nitis pigmentosa. Ataxia is accompanied by dysarthria, are-
flexia, and proprioceptive sensory loss. The presence of
extensor Babinski’s responses may suggest the diagnosis
of Freidreich ataxia. A generalized muscle weakness and
wasting accompanied by ptosis and ophthalmoparesis
may also develop.114 Serum cholesterol and triglyceride
levels are low, low density lipoproteins (LDL) are com-
pletely absent, and erythrocytes take on the appearance of
acanthocytes. Because of the reduced chylomicrons, severe
deficiencies of fat-soluble vitamins, namely A, K, and E,
occur. Systemic signs can include cardiomyopathy and fail-
ure to thrive. Normal villi are seen in small bowel biopsies
but the mucosal cells are filled with lipid droplets.

The differential diagnosis includes disorders that have
combined neuropathy and ataxia, and include Friedreich
disease and the hereditary sensorimotor neuropathies.
Laboratory analysis and electromyographic (EMG) studies
suggesting axonal neuropathy are helpful in directing the
clinician.115 The differential diagnosis also includes those
disorders with acanthocytes, namely neuroacanthocytosis,
although typically the latter disorder has tics and dystonia
rather than profound neuropathy and ataxia. Finally, the
differential diagnosis includes all conditions associated
with vitamin E deficiency because neurological abnor-
malities in Bassen-Kornsweig disease resemble vitamin E
deficiency in other situations.

There is strong evidence, both clinically and in the
laboratory, that the neurological findings relate directly to
vitamin E deficiency. Vitamin E supplementation can
arrest the progression of both retinal and neurological def-
icits.116 Other dietary treatments are important to overall
rehabilitation status and include restricted intake of long-
chain fatty acids and supplementation of other fat-soluble
vitamins.

An a lipoproteinemia (Tangier’s Disease)
This autosomal recessive nonlysosomal lipid storage disor-
der characterized biochemically by near or complete
absence of circulating high density lipoproteins (HDLs)
and by the cytoplasmic accumulation of cholesteryl esters
and phospholipids in histiocytes, Schwann cells, neurons
(spinal ganglion and spinal cord), nevus cells, smooth mus-
cle cells, and fibroblasts. The virtual absence of circulating
plasma high density lipoprotein is caused by molecular
defects in the ATP-binding cassette (ABC) transporter 1
(ABCA1), a permease belonging to one of the superfami-
lies of efflux pumps. The human ABCA1 gene maps on
chromosome 9q31. Point mutations, insertions and deletion
in the ABCA1 gene cause Tangier’s disease.117

Tangier’s disease is associated with a nonspecific peri-
pheral neuropathy that may be motor, sensory, or mixed
in type. The neuropathy presents in childhood or adult-
hood, but the distinctive clinical feature about affected per-
sons is their dramatically enlarged and orange-tinged
tonsils. Atherosclerosis resulting in cardiovascular disease
is a common systemic complication. Plasm HDL choles-
terol is extremely low or absent.
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CHAPTER 31
Aminoacidopathies and Organic Acidopathies,
Mitochondrial Enzyme Defects, and Other
Metabolic Errors
Generoso G. Gascon, Pinar T. Ozand, and Bruce Cohen
AMINOACIDOPATHIES AND

ORGANIC ACIDOPATHIES

Neonatal Disorders

Disorders of Later Infancy with

Recurrent Metabolic Crises

Progressive Diseases of Infancy and

Childhood

INHERITED DISORDERS

RELATED TO VITAMIN

METABOLISM

Biotin-Responsive Basal Ganglia

Disease

Disorders of Vitamin B12 Metabolism

Methylenetetrahydrofolate Reductase

Deficiency

MITOCHONDRIAL ENZYME

DEFECTS

Subacute Necrotizing

Encephalomyelopathy

(Leigh’s Disease)

Progressive Infantile Poliodystrophy

(Alpers’ Disease)

Primary Lactic Acidoses

Myoclonic Epilepsy and Ragged Red

Fibers Syndrome

Mitochondrial Encephalopathy, Lactic

Acidosis, and Strokelike Episodes

Chronic Progressive External

Ophthalmoplegia and Kearns-Sayre

Syndrome

Leber’s Hereditary Optic Neuropathy

Malignant Migraine

Neuropathy, Ataxia, Retinitis

Pigmentosa Syndrome

Mitochondrial Myopathies

Reye’s Syndrome

FATTY ACID OXIDATION

DISORDERS

Medium-Chain Acyl-CoA

Dehydrogenase Deficiency

Carnitine Transport Defect: Primary

Generalized Carnitine Deficiency

Carnitine Palmitoyl Transferase II

Deficiency

OTHER METABOLIC DISORDERS

Various Transporter Defects

Lesch-Nyhan Disease (Hypoxanthine-

Guanine Phosphoribosyltransferase

Deficiency)

Congenital Disorders of Glycosylation

(CDG) (Carbohydrate-deficient

Glycoprotein Syndrome)

Porphyrias
Neurotransmitter-related Disorders
A large number of diseases, at least 70, involve the meta-
bolism of organic and amino acids. Some diseases present
as repeated episodes of acute metabolic decompensation,
and the central nervous system (CNS) involvement is
usually secondary to the accompanying acidosis, hypogly-
cemia, or hyperammonemia or to the elevated concentra-
tion of amino acids. Nevertheless, it is the secondary
involvement of the CNS that is important and is the main
problem requiring management. Another group of these
disorders involves the CNS primarily, with the systemic
disease being negligible. Such disorders are difficult to
label at the time of initial encounter as either an organic
or amino acid disorder because there are no episodes of
acid-base disturbance or disturbance of glucose or ammo-
nia metabolism. They can only be diagnosed by specialized
biochemical tests. The recent advent of tandem mass
spectrometry is changing the practice of neurometabolic
diseases since it provides a rapid diagnosis.1,2 In many
instances the child will become neurologically crippled
before the diagnosis is suspected and ascertained. A third
group of disorders have an impact on both the CNS and
peripheral tissues. Likewise, mitochondrial enzyme defects
treated later in the chapter can be classified by age of pre-
sentation. Childhood disorders are classified in Table 31-1
according to their main presenting features and age.1,2 The
porphyrias are primarily adult-onset disorders.
AMINOACIDOPATHIES AND ORGANIC
ACIDOPATHIES

Neonatal Disorders

The Advent of Neonatal Screening Programs
It has been more than 35 years since a neonatal screening
test program was established for phenylketonuria (PKU).
These initial efforts were based on an inhibition assay devel-
oped by Dr. Robert Guthrie.3 In the 1980s, several other dis-
eases were added to such screening programs.4 The major
breakthrough came from the adoption and modification of
a tandem mass spectroscopy system (MS/MS)5–7 that now
can fit the needs of mass screening programs.8–10 The
method is easy to use and yields rapid results. The analytic
time is approximately 90 seconds and preparation time for
a batch of 96 samples is approximately 2 hours. In one ana-
lytic panel, 30 or more organic and aminoacidemias can
be screened (Table 31-2). The method is nearly always
free of false-negative and false-positive results. Some
abnormal values, either elevations or depressions, are
very specific and pathognomic of inborn errors if other
causes are excluded. For example, high octanoyl carnitine
levels occur in medium-chain acyl-CoA dehydrogenase
(MCAD) deficiency. Depressed methionine levels occur
in methylenetetrahydrofolate reductase deficiency. Clinical



TABLE 31-1

Different Clinical Presentations of Amino Acid and
Organic Acid Disorders According to Age and Symptoms

Neonatal Disorders with Devastating Metabolic Disease

Maple syrup urine disease (MSUD) (branched-chain aminoacidemia)
Urea cycle disorders
Nonketotic hyperglycinemia
Propionicacidemia, methylmalonicacidemia, and isovalericacidemia
Certain phenotypes of 3-hydroxy-3-methylglutaryl-CoA lyase

deficiency
Holocarboxylase synthetase deficiency
Pyruvate dehydrogenase and pyruvate carboxylase deficiencies
Cytochrome-c oxidase deficiency
Carnitine/carnitine-acyl translocase deficiency
Long-chain acyl-CoA dehydrogenase (LCAD) deficiency
Medium-chain acyl-CoA dehydrogenase deficiency (MCAD) with early

neonatal death
Multiple acyl-CoA dehydrogenase deficiency
Certain phenotypes of 3-methylglutaconicacidurias

Later Infancy Disorders with Recurrent Metabolic Decompensation

Intermittent, or intermediate MSUD
Late-onset urea cycle disorders
Arginase deficiency
Certain phenotypes of 3-hydroxy-3-methylglutaryl-CoA lyase

deficiency
Certain phenotypes of propionicacidemia and methylmalonicacidemia
Ethylmalonicaciduria and malonicaciduria
Certain phenotypes of 3-methylglutaconicacidurias
b-Ketothiolase deficiency

Later Infancy and Childhood Disorders with Prominent Neurological
Manifestations

Classic and biopterin-dependent hyperphenylalaninemia
Homocystinuria due to cystathionine b-synthase deficiency
Disorders of folate and vitamin B12 metabolism with homocystinuria
4-Hydroxybutyricaciduria
Glutaricaciduria type 1
Certain phenotypes of 3-methylglutaconicacidurias
Carnitine palmitoyl transferase (CPT) I and II deficiencies
Adenosine triphosphate synthetase deficiency
Certain phenotypes of MCAD and LCAD deficiencies
Biotinidase deficiency

TABLE 31-2

Disorders That Can Be Screened by Tandem Mass Spectrosc

ORGANIC ACIDEMIAS AMINO

Propionicacidemia Hyperp
Methylmalonicacidemia Hyperp
Isovalericacidemia Branch

inter3-Hydroxy-3-methylglutaryl-CoA lyase
deficiency Citrull

b-Ketothiolase deficiency Argini
Multiple carboxylase deficiency Argini
Short-, medium-, and very long-chain acyl- CoA

dehydrogenase deficiencies
Lysinu

Carnitine/acylcarnitine translocase deficiency
Hyperl
Hyperp

Carnitine palmitoyl- CoA transferase deficiency
types 1 and 2

Nonke
Homoc

Multiple acyl-CoA dehydrogenase deficiency Disord
Pyroglutamicaciduria Methy
Pipecolicaciduria

*Several of these disorders have been identified in the metabolic service of King Faisel Specia
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interpretation is essential, however, because the biochemical
results are extremely accurate but still do not always indicate
a primary inborn error of metabolism. For example, eleva-
tion of octanoyl carnitine might also be observed under
valproate treatment, and hypomethioninemia might also
reflect general protein malnutrition. Therefore, these screen-
ing tests require clinical interpretation.

The impact of screening programs and early intervention
is increasingly clear worldwide. Patients with glutarica-
ciduria identified in the early neonatal period are growing
as normal children under treatment. A large number of
children with organic and aminoacidemias detected by neo-
natal screening are today developing clinically as healthy
children. Certain other disorders such as 3-hydroxy-3-
methylglutaryl-CoA lyase deficiency, b-ketothiolase defi-
ciency, methylenetetrahydrofolate reductase deficiency,
isovalericacidemia, PKU of both types, methylmalonic-
acidemia,MCAD, citrullinemia, and argininosuccinicaciduria,
when identified in the neonate, almost always can be
treated with rewarding results. In spite of this progress, some
identified disorders remain untreatable. Severe phenotypes
of propionicacidemia and methylmalonicacidemia, severe
phenotypes of other fatty acid oxidation disorders, and glu-
taricaciduria type 2 cases still experience severe morbidity
or an early death despite management.

Maple Syrup Urine Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. In 1962,

Menkes and colleagues observed an unusual odor, like that
of maple syrup, in the urine of four infants who died of
progressive encephalopathy in the first few weeks of life
(Fig. 31-1).11 Maple syrup urine disease (MSUD) is a dis-
order of branched-chain amino acid (BCAA) metabolism,
in which the concentrations of L-leucine, L-isoleucine,
and L-valine, as well as their corresponding �-ketoacids,
are elevated in body fluids. The branched-chain �-ketoacid
dehydrogenase (BCKAD) is deficient, and the disorder is
inherited as an autosomal recessive trait. It is a multien-
zyme complex that contains three major subunits: E1,
opy (MS/MS)*

ACID AND OTHER DISORDERS

henylalaninemia, classic
henylalaninemia, biopterin dependent
ed-chain amino acidemia (maple syrup urine disease); classic,
mittent, and intermediate variants
inemia
nemia
nosuccinicacidemia
ric protein intolerance
ysinemia
rolinemia
totic hyperglycinemia
ystinuria
ers due to cobalamin mutations
lenetetrahydrofolate reductase deficiency

list Hospital and Research Center, Saudi Arabia, during the past 8 years throughMS/MS.



Figure 31-1. Maple syrup urine disease and
homocystinuria. Clockwise, from left
upper corner. The facial and generalized
erythematous, scaly, weeping rash in acute,
untreated maple syrup urine disease
(MSUD). Spastic quadriparetic posture
and increased fat pads in cheeks of an
infant with poorly managed MSUD. CT
of the brain showing left occipital infarct
in patient with homocystinuria. Gangre-
nous fingertips in homocystinuria.
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a decarboxylase; E2, an acyltransferase; and E3, a lipoamide
dehydrogenase (dihydrolipoic dehydrogenase). The activity
of BCKAD is regulated either by inhibition of reaction pro-
ducts or substrate analogues by reversible phosphorylation/
dephosphorylation of the E1 subunit or by the regulation of
gene expression through such hormones as insulin and corti-
costeroids, or l-carnitine, or by glucose. The chromosome
location of the genes of the subunits and of complementary
DNAs is established (Table 31-3). Mutations of the subunits
from different ethnic groups have been identified.

The severe CNS symptoms of the disease have been
attributed to brain edema, caused by elevatedBCAAs, partic-
ularly L-leucine. The neuropathological finding in patients
who die is generalized spongy CNS degeneration, similar
to other disorders such as nonketotic hyperglycinemia.

EPIDEMIOLOGY AND RISK FACTORS. The worldwide
frequency based on routine screening data from 26.8 mil-
lion newborns is about 1 in 185,000.12 The disease is com-
mon in consanguineous communities; for example, among
the Mennonites of Pennsylvania, the incidence is 1 in 176.
It is encountered frequently in the Middle East, particularly
in the Arabian peninsula, where its frequency may be as
high as 1 in 2000.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The classical form of MSUD usually presents within
the first 2 weeks of life and rarely beyond 1 month of age.
The prodromal symptoms include refusal to feed, vomiting,
increasing lethargy, and seizures, with eventual coma.
Because the cerebral peduncles and the dorsal part of the
brain stem are the earliest parts of the CNS involved, the
patient develops opisthotonus and primitive reflexes are
usually absent. The initial clinical diagnosis is commonly
meningitis or sepsis; because such patients frequently have
associated sepsis, the primary diagnosis may be missed for
many days. Cerebral edema leads to tone disturbances, alter-
nating between increased tone and hypotonia. Seizure activ-
ity is usually clonic or myoclonic with eyes rolling upward.
Early optic atrophy is usual and recedes only if the therapeu-
tic intervention is prompt. When the presence of disease is
not recognized at this stage, or the neonate is not managed
appropriately, the infant becomes blind and has severe spas-
tic quadriplegia (see Fig. 31-1). Undiagnosed patients
usually develop apnea and die. When treated appropriately,
the symptoms will gradually disappear. In well-managed
patients, mild to moderate hypotonia (particularly axial
hypotonia) persists during the first year of life; eventually,
mild to moderate cerebellar ataxia will remain as the only
neurological sequela.

The symptoms of MSUD reappear as overwhelming
illness and coma in patients with disorders that lead to pro-
tein catabolism, especially infections and diarrhea. When
these conditions are not managed appropriately, they lead
to further neurological deterioration or death. Clinical
symptoms and the course of the disease are milder in
infants who are diagnosed through neonatal screening and
treated before the initial metabolic crisis. In contrast, a
patient with late-diagnosed MSUD experiences frequent
recurrent episodes, requires prolonged hospital care, and
poses significant management problems without ever
improving.



TABLE 31-3

Chromosomal Locations of Diseases

DISEASE AND ENZYME(S) CHROMOSOME LOCATION

Maple syrup urine disease: branched-chain alpha-ketoacid dehydrogenase
(E1, E2, and E3 subunits)

E1�: 19q13/1–q13/2: E1b: 6p21–p22; E2: 1p31; and E3:
7q31-q32

Propionicacidemia: propionyl-CoA carboxylase � Subunit: 13q32; b subunit 3q13–3q22
Methylmalonicacidemia: methylmalonyl-CoA mutase, hydroxycobalamin

reductases, adenosyl transferase and cobalamin A–F groups
Mutase: 6p12–p21.2; others are unknown

Urea cycle disorders: carbamoylphosphate synthetase (CPS), ornithine
transcarbamylase (OTC), argininosuccinicacid (ASA) synthetase, ASA lyase

CPS: 2p
OTC: Xp21.1
ASA synthetase: 9q34
ASA lyase: 7cen–p21

Classic PKU: phenylalanine hydroxylase 12q22–224.1
Biopterin-dependent PKU: GTP cyclohydrolase, 6-pyruvoyl-tetra-hydropterin

synthase (6PTS), dihydropterin reductase (DHPR), and 4�-carbinolamine
dehydratase (PCD) deficiencies

GTP cyclohydrolase: 14q22.1–q22.2
6PTS: cDNA available
DHPR: 4p15.3
PCD: 10q22

Homocystinuria: cystathionine b-synthase 21q21–q22.1
Glutaricaciduria type 1: glutaryl-CoA dehydrogenase 19p13.2
Biotinidase deficiency: biotinidase 3p25

TABLE 31-4

Differential Diagnoses of Coma in Neonate: Clinical Findings

DISEASE TONE SEIZURES DYSMORPHIA LIVER DISEASE
INFECTIOUS
COMPLICATIONS

Maple syrup urine
disease (MSUD)

Alternating tone Myoclonic or clonic Absent Absent Almost always present

MSUD (recurrent
crisis)

Not specific May be present Absent Absent May be present

Urea cycle disorders Severe hypertonia Usually myoclonic Absent Absent May be present
Various organic

acidemias
Hypotonia (propionic-

acidemia), hypertonia
(methylmalonicacidemia
and isovalericacidemia)

Myoclonic or clonic Facial and CNS
dysmorphia
present in
propionicacidemia
and pyruvate
dehydrogenase
deficiency

Present in
cytochrome-c
oxidase deficiency
or oxidative
phospho-rylation
diseases

Almost always present

Fatty acid oxidation
disorders

Myopathy or
cardiomyopathy

As caused by
hypoglycemia

Only type 2 glutaric
aciduria

Only type 2 glutaric-
aciduria

Usually absent

Nonketotic
hyperglycinemia

Severe hypotonia, stridor,
hiccups

Severe, usually
myoclonic

CNS dysgenesis such
as absent corpus
callosum

Absent Usually absent

Zellweger’s
syndrome

Severe hyopotonia Severe, usually
myoclonic

Facial, CNS
dysgenesis, cysts
in organs

Severe liver
involvement

Usually absent

Nesidioblastosis None As caused by
hypoglycemia

None None None
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The odor of infants is that of burnt sugar, or maple syrup.
It is easily recognized in the urine, hair, axillae, and
perineum or in cerumen; it is best appreciated on frozen
urine, because the smell is caused by compounds with oily
characteristics accumulating on the frozen surface.

When the levels of BCAA are not monitored frequently
during dietary management, abnormal ratios of leucine/iso-
leucine or of valine ensue. This situation manifests as
severe dermatitis, described as scalded skin syndrome
(see Fig. 31-1). The dermatitis will resolve when the ratios
of amino acids are normalized. A number of MSUD variants
have been described.13
DIFFERENTIAL DIAGNOSIS. Clinically, the most
important differential diagnoses are other causes of neona-
tal coma, and many can be differentiated by clinical
(Table 31-4) or by simple laboratory observations
(Table 31-5). In the neonate, MSUD is almost always con-
fused with sepsis or meningitis, and the disease is usually
associated with either one. The diagnosis of MSUD is sus-
pected only after the sepsis or meningitis workup reveals
normal results. Precious therapeutic time will be lost, caus-
ing severe neurological crippling or death. MSUD must
always be ruled out in any neonate with lethargy progress-
ing to coma; with alternating tone changes; in the absence



TABLE 31-5

Differential Diagnoses of Coma in Neonate: Laboratory Findings

DISEASE BLOOD pH BLOOD GLUCOSE BLOOD AMMONIA BLOOD LACTIC ACID URINE KETONES SPECIAL FINDINGS

Maple syrup urine
disease (MSUD)

Normal Normal Normal Normal Trace or absent Elevated branched-chain
amino acids and
branched-chain ketoacids
in urine

MSUD (recurrent crisis) Acidosis Moderate/severe
hypoglycemia

Normal Normal Moderate/severe
ketonuria

As in neonatal period

Urea cycle disorders Alkalotic or normal Normal Rapid elevation High in argininosuccinic-
aciduria and citrullinemia

Absent Citrulline values
differentiate various
types; high oroticaciduria
in certain types

Various organic
acidemias

Overt/compensated
acidosis w/large-base
excess

May be mild/moderately
low

Usually elevated Usually elevated Trace/strong (þ) in
various disorders

Urine organic acids, blood
acylcarnitines

Fatty acid oxidation
disorders

Usually normal Usually moderately/
severely low

Variable, but usually
normal

May be elevated Absent Urine organic acids, blood
and urine acylcarnitines

Nonketotic
hyperglycinemia

Normal Normal Normal Normal Normal Elevated glycerine in blood
and cerebrospinal fluid

Zellweger’s syndrome Normal Normal Normal Normal Normal Elevated liver enzymes and
very long-chain fatty
acids in blood; pipecolic
acid in urine

Nesidioblastosis Normal Low with inappropriately
elevated insulin levels

Normal Normal Normal Blood glucose and insulin
determined at the same
time

6
4
5
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of changes in blood pH, glucose, and ammonia; and
regardless of the presence of an infection. In variant forms
of the disease, the diagnosis is usually reached when either
blood amino acids or urine organic acids are studied in a
child with periodic coma or in a child with pyramidal or
cerebellar signs.

EVALUATION. Test findings should be grouped into
two age categories: one for neonatal and one for episodes
after 6 months of age. In the neonatal period, the disease
almost never causes significant hypoglycemia, nor acido-
sis, ketonuria, or hyperammonemia. Therefore, the pres-
ence of coma in a neonate who has nearly normal
clinical biochemical findings should immediately suggest
MSUD. Definite diagnosis is through determination of
amino acids in plasma or in urine, which shows significant
elevations of L-leucine, isoleucine, and valine. Leucine
concentration in blood is always higher than that of the
other BCAAs. BCAAs or BCKAD can be measured either
by chromatographic techniques or more rapidly by MS/MS
determinations. A quick spot test of the ketoacids in the
urine is a strongly positive yellow flocculation when
2,3-dinitrophenylhydrazine is added. After 6 months of life,
when recurrent acute metabolic decompensation occurs, it is
accompanied by mild to moderate hypoglycemia, severe
acidosis, and ketonuria.

The electroencephalogram (EEG) of the newborn with
MSUD has a characteristic sharp wave pattern described
as comblike rhythm.14 After proper management, the EEG
may be normal between attacks or there may be a general-
ized slowing of the background and paroxysmal discharges,
indicative of the ongoing metabolic disease. In older
patients, leucine loading may lead to EEG abnormalities.
Even in well-controlled patients, seizure disorder may
appear later during childhood, requiring anticonvulsive
treatment.

Neuroimaging is a valuable tool, particularly when
amino acid determination is not immediately available. In
the neonate, it causes a characteristic appearance of white
matter attenuation suggestive of brain edema that appears
as early as 9 days of life despite dietary treatment. The
MSUD edema initially involves the deep cerebellar matter,
the dorsal part of the brain stem, the cerebral peduncles,
and the dorsal limb of the internal capsule. Eventually,
marked generalized diffuse edema appears in the central
white matter and is particularly prominent in the frontal
areas. The edema subsides after several months of treat-
ment, with mild to severe atrophy of the brain remaining,
as evidenced by enlarged ventricles and prominent sulci.
The severity of these findings depends on the stage of the
disease at which the treatment is initiated. In well-managed
patients, the neuroradiological sequelae may be increased
cerebellar foliation, cerebellar white matter disease, or cer-
ebellar atrophy supporting the clinical presence of ataxia;
this last finding may be the only neurological sequela in
such children.

MANAGEMENT. Treatment consists of emergency
reduction of increased BCAAs in blood. In patients diag-
nosed early, peritoneal dialysis or hemodialysis should be
attempted. A secure central line must be placed, because
intensive parenteral nutrition and antibiotics are used for
several weeks to prevent catabolism and prompt anabo-
lism. Specific amino acid solutions without BCAA for par-
enteral nutrition, in MSUD and other disorders of BCAAs,
are available from PharmThera (Memphis, TN).15 Insulin
drip, using diluted insulin solutions, must be initiated to
ensure anabolism. Blood levels of BCAAs must be mea-
sured initially once or twice daily to monitor the reduction
of the level of BCAAs; this is best done by MS/MS. A sim-
ple clinical guideline to therapy is to follow weight gain in
a nonedematous neonate. The treatment usually leads to
daily weight increments for about 10 days, at which time
the blood leucine level is reduced below 1000 mM. Oral
intake of special mild formulas with restricted BCAAs
must then be resumed, and parenteral nutrition must be dis-
continued gradually. A neonate with MSUD is usually dif-
ficult to feed, and either a nasogastric tube or temporary
button gastrostomy may be used for this purpose.

Once the acute metabolic decompensation is controlled,
the patient is placed on BCAA-restricted formulas such
as Ketonex or other MSUD formulas. Chronic manage-
ment is difficult because it requires provision of BCAAs
in amounts that permit growth but that do not cause signif-
icant BCAA elevations. This requires frequent amino acid
analysis and can be achieved only in tertiary care centers
where easy access to high-performance liquid chromato-
graphy or MS/MS is available. Patients should receive thia-
mine supplementation and L-carnitine; when metabolic
decompensation occurs, leucine should be restricted.

PROGNOSIS, PREVENTION, AND PRENATAL DIAG-

NOSIS. Prognosis depends on early detection and treat-
ment. Patients whose disease is diagnosed before the
initial metabolic attack will grow as nearly normal chil-
dren, despite recurrent attacks in later infancy. Successfully
managed patients will have a near-normal IQ and normal
school performance.16,17 A neonatal screening should be
mandatory in countries where the disease is prevalent.
The safety window of classic MSUD is only a few days;
therefore, newborns should be screened for this disease at
24 to 48 hours of life. This can be achieved either by a
Guthrie test or, more easily, by MS/MS. The BCKAD
activity can be measured in cultured amniotic cells.18 If
the mutation is known, this can be achieved by molecular
genetic studies.

Urea Cycle Disorders
PATHOGENESIS AND PATHOPHYSIOLOGY. Recog-

nized only during the past 40 years, the urea cycle disor-
ders (UCDs) include argininosuccinicaciduria (ASA uria;
ASA lyase deficiency),19 citrullinemia (ASA synthetase
deficiency),20 ornithine transcarbamoylase (OTC) deficien-
cies,21 and carbamoylphosphate synthetase (CPS) defi-
ciency (Fig. 31-2).22 Ammonia is detoxified through five
synthetic enzymes and one enzyme that synthesizes an
activator for the initial step. The initial three enzymes
are in the mitochondria, and the latter three are in the cyto-
sol. This cyclic process both generates and hydrolyzes
L-arginine, which is an essential amino acid in infants and
important for normal development of the brain. When only
one of the activities on this pathway is deficient, hyperam-
monemia and CNS symptomatology ensue. This usually
occurs during the first few days to weeks of life and is
one of the major causes of devastating metabolic disease
of the newborn.
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Figure 31-2. Algorithm for approach to neonatal-onset hyperammonemia. AL, argininosuccinate lyase; AS, argininosuccinate synthetase; ASA, arginosuc-
cinic acid; CPS, carbamoylphosphate synthetase; NAGS, N-acetylglutamate synthetase; NKHG, nonketotic hyperglycinemia; OTC, ornithine transcarba-
mylase; THAN, transient hyperammonemia of the newborn. (From Batshaw ML: Errors of urea synthesis. Ann Neurol 1994;35:133–141. Copyright 1994
John Wiley & Sons. Reprinted by permission of John Wiley & Sons, Inc.)
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The UCDs cause hyperammonemia, and the clinical pic-
ture is similar in all forms of neonatal UCD. The gene loca-
tions of urea cycle enzymes are shown in Table 31-3, and
complementary DNA is available for most of them.

When any of the aforementioned enzymes is deficient,
ammonia cannot be converted into urea, leading to hyper-
ammonemia within the first week of life. Unlike hepatic
coma, in which ammonia is only one of the many putative
toxins, in neonatal UCD, ammonia is the only cause of
encephalopathy. Blood ammonia concentrations exceeding
300 mM are highly neurotoxic, particularly when pro-
longed. Primate models with induced hyperammonemia
closely mimic the clinical, neurophysiological, and neuro-
pathological findings observed in human neonatal UCD.
In late-onset forms of ASA synthetase and lyase defi-
ciencies, levels of citrulline, ASA, and ASA anhydride
are elevated between crises when the patient is asympto-
matic. This suggests that the acute neonatal symptoms of
these diseases are due to hyperammonemia and not to
elevated levels of urea cycle amino acids. Support for
this theory is the family reported by Issa and associates23

in which one neonate with citrullinemia died with hyper-
ammonemia while her twin brother remained asympto-
matic with elevated levels of citrulline. This point is of
paramount importance for the management and prognosis
of UCDs.

The swelling of astrocytes in UCDs is due to hyperam-
monemia and might be caused by the concomitant elevation
of glutamine. When glutamine synthetase is inhibited, cere-
bral edema caused by hyperammonemia can be prevented.
In OTC deficiency, the hyperammonemia encephalopathy
is shown to be related to brain glutamine accumulations, as
demonstrated by magnetic spectroscopic studies.

EPIDEMIOLOGY AND RISK FACTORS. Fortunately,
the UCDs are rare disorders. All, except OTC deficiency,
are inherited as autosomal recessive traits. The OTC gene
is on chromosome X, and its severe form is encountered
only in males. The heterozygote female is discussed among
UCDs of late onset. The cumulative frequency of all types
of neonatal UCDs in Japan is 1 in 46,000 births; and the
frequency for OTC deficiency in Japan was reported to
be 1 in 80,000. In the Massachusetts screening program,
the incidence of ASA lyase deficiency was 1 in 70,000,24

and in a Quebec screening program, it was 1 in 77,000.25

Approximately 65 cases of ASA lyase deficiency have
been reported. The incidence of ASA synthetase deficiency
(citrullinemia) in the Quebec program was 1 in 250,000
births.25 In the Middle East, the most common forms of



TABLE 31-6

Mitochondrial Enzyme Defects*

Infantile

Subacute necrotizing encephalopathy or Leigh’s disease (I, II)
Progressive infantile poliodystrophy or Alpers’ disease (IV)
Lethal infantile mitochondrial disease (I)
Others

Hypertrophic cardiomyopathy and myopathy (II)
Infantile bilateral striatal necrosis and Leber’s hereditary optic
neuropathy (II)

Mitochondrial myopathies (I)
Benign infantile mitochondrial myopathy and cardiomyopathy (I)
Lethal infantile cardiomyopathy, X-linked or Barth’s syndrome (I)
Benign infantile mitochondrial myopathy (I)

Childhood

Myoclonic epilepsy and ragged red fiber disease (II)
Mitochondrial encephalomyopathy, lactic acidosis, and strokelike

episodes (II)
Chronic progressive external ophthalmoplegia, autosomal dominant (I)
Kearns-Sayre syndrome, autosomal dominant (I)
Others

Mitochondrial myopathy (II, IV)
Idiopathic dystonia (IV)
Myoneurogastrointestinal disorder and encephalopathy (IV)
Luft’s disease (nonthyroid hypermetabolism) with generalized
myopathy (IV)

Adolescence

Leber’s hereditary optic neuropathy (II)
Kearns-Sayre syndrome (III)
Chronic progressive external ophthalmoplegia (III)
Others

Leber’s hereditary optic neuropathy plus multiple system
degeneration (II)

Inherited exertional myoglobinuria (I)

Adulthood

Malignant migraine (III)
Neuropathy, ataxia, retinitis pigmentosa syndrome (II)
Others

Hypertrophic cardiomyopathy and myopathy (II)
Mitochondrial myopathy (II, IV)

*Diseases are listed by order of most likely age presentation. The molecular genetics
class is given in parentheses.
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neonatal UCD are ASA lyase and synthetase deficiencies
and they might occur in 1 in 2000 to 3000 births.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. All forms of neonatal UCDs manifest nearly identi-
cal clinical symptoms. The infant is usually the product of
normal pregnancy and delivery, with normal Apgar scores,
and remains normal usually for 24 to 72 hours. Shortly
thereafter, however, the infant becomes lethargic and
refuses to feed; this quickly progresses to coma and is asso-
ciated with hypothermia, hyperventilation, and respiratory
alkalosis. Because cerebral edema appears early in the acute
event, the bulging fontanelle erroneously leads to a diagno-
sis of meningitis with sepsis or pneumonia. If a coma
workup is neglected, the neonate will die within a few days
with a missed diagnosis. Brittle hair showing trichorrhexis
nodosa in ASA lyase deficiency is encountered later during
infancy and is not a prominent feature if the infant is given
adequate amounts of L-arginine. Patients with ASA lyase
deficiency might also have moderate to severe hepatomeg-
aly. Phenotypical variability is the function of different
mutations. Metabolic consequences also depend on the
availability of compounds that might serve as an ammonia
sink; for example, OTC deficiency is less severe than CPS
deficiency and ASA synthesis that proceeds normally from
citrulline might serve as a store for waste nitrogen.

DIFFERENTIAL DIAGNOSIS. The diagnosis is quickly
reached by the uniform clinical presentation of the neonatal
UCD.Differential diagnosis for neonatally important organic
acidemias is bymeasurement of blood pH, lactic acid, ketone
bodies, and glucose (Table 31-6; see also Table 31-5). The
hyperammonemia observed in organic acidemias is asso-
ciated with overt or compensated metabolic acidosis,
whereas in UCDs the blood pH is usually normal or alkalotic.
Blood glycine and urine ketones are elevated in the major
ketotic organic acidemias of the neonate, which is not the
case in UCDs. It is important to differentiate various types
of UCD from CPS and OTC deficiencies. This differential
diagnosis is essentially reached by measurements of specific
amino acids in plasma and of orotic acid in the urine. N-ace-
tylglutamate (NAG) synthetase deficiency may be proven
clinically by normalization of ammonia after administration
of 250 to 500 mg/kg/day NAG in a suspect case. It is now
possible to diagnose citrullinemia and ASA uria rapidly
within a few hours in a suspected case byMS/MS. The simul-
taneous measurement of acylcarnitines with amino acids par-
ticularly eliminates any confusion rising from other diseases
with coexistent lactic acidemia.

EVALUATION. Any neonate with coma and devastating
metabolic disease should receive a battery of clinical bio-
chemical tests, including a determination of ammonia in
addition to blood gases, pH, blood glucose, urea, and lac-
tate (see Table 31-5). These data provide a provisional
diagnosis of a UCD within hours, and a definite diagnosis
can be made by the measurement of specific amino acids
and orotic aciduria.

MANAGEMENT. Prompt intervention before the emer-
gence of significant hyperammonemia is beneficial. The
treatment consists of two phases: (1) rescue of the neonate
from hyperammonemic coma and (2) maintenance of normal
physical and intellectual growth between metabolic crises
with recurrent hyperammonemia. The essential medications
for both phases of treatment in UCD are phenylacetate or phe-
nylbutyrate and L-arginine. These medications bind and
remove ammonia through alternate pathways as hippurate (1
Mammonia permole of benzoate) and phenylacetylglutamine
(2 M of ammonia per mole of phenylacetate or phenylbuty-
rate). In ASA synthetase and lyase deficiencies, L-arginine is
used because it is converted into citrulline and ASA, respec-
tively, and thus provides an ammonia sink. To avoid cerebral
edema, recurrent episodes of hyperammonemia should be
treated vigorously at the earliest clinical sign of decline, such
as lethargy, irritability, vomiting, or behavior change, or
before the plasma ammonia level increases to three times its
normal limit.26

Treatment between episodes of metabolic decompensa-
tion provides enough protein to ensure adequate growth
but avoids hyperammonemia and elevated plasma gluta-
mine levels. In CPS and OTC deficiencies, during the first
6 months of life, a diet that contains a 0.7-g/kg/day mixture
of essential amino acids (using UCD formulas available
from Mead Johnson, Princeton NJ, or Milupa, Hillington,
Middlesex, UK) together with normal milk protein 0.7 to
2 g/kg/day is given and the plasma amino acid levels are
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monitored. More recently, orthoptic liver transplantation
has been recommended for the definitive treatment of
UCD; the rewarding results of this treatment in seven
patients with UCD have been reviewed.27

Fatality relates directly or indirectly to the consequences
of acute brain edema. Even if this complication is pre-
vented, acute hyperammonemia either initially or intermit-
tently can lead to intracerebral and subdural hemorrhage.
No infant with a UCD should be given valproate because
it may cause liver failure and death.28

PROGNOSIS AND PREVENTION. Neurological outcome
and morbidity depend on early diagnosis and appropriate
treatment. Long-term studies suggest that use of phenylbuty-
rate with diet therapy offers the best chance of survival.
Hyperammonemia of acute decompensation in ASA lyase
and synthetase deficiencies is easily controlled by intrave-
nous or oral administration of L-arginine; with subsequent
use of diet and phenylbutyrate, the survival rate is 90%.

The neurological outcome in CPS and OTC deficiencies,
even when treated appropriately, is only fair, with an aver-
age IQ score of 53� 6.29 Spastic gait is the eventual neurolog-
ical sequela. The relatively poor prognosis in these two
diseases is due to the unusual severity of hyperammonemia,
its early onset, and its difficult management with frequent
recurrent hyperammonemic episodes. On the other hand, both
argininosuccinicaciduria and citrullinemia have a better neu-
rological prognosis if they are identified before the initial
acute metabolic decompensation and treated appropriately.

No large-scale study for the neonatal screening of UCD
has been reported. The short safety window requires
screening procedures that provide rapid results. The
method should also have low false-negative results and
be able to identify the milder forms of the disease. The
newly described MS/MS procedure using dried blood spots
has been able to identify both citrullinemia and arginino-
succinicaciduria before the emergence of hyperammone-
mia and thus is useful for such mass screening of these
two disorders. When the MS/MS-based orotic acid screen
becomes possible, OTC deficiency should also be screen-
able. At present, there is no possibility of screening for
the CPS deficiency. All subsequent newborns in a family
with a previous newborn with UCD should be treated as
such, until proved otherwise.

Propionicac idemia
Of the disorders that present as devastating neonatal meta-
bolic disease listed in Table 31-1, propionicacidemia and
methylmalonicacidemia are encountered more frequently
than the others.

PATHOGENESIS AND PATHOPHYSIOLOGY. Propioni-
cacidemia was first described by Nyhan and associates
in an infant with episodic ketoacidosis, elevated plasma
glycine (ketotic hyperglycinemia), and protein intoler-
ance.30 The disease is caused by the deficiency of pro-
pionyl-CoA carboxylase (PCC) and the inheritance is
autosomal recessive. Propionyl-CoA is generated through
the breakdown of L-isoleucine, valine, threonine, methio-
nine, cholesterol, and odd-numbered, short-chain fatty acids.
The enzyme is a polymer composed of nonidentical subunits
(� and b), with the native enzyme being a hexamer. Its
cofactor is biotin, which is bound to an epsilon-amino group
of lysine in the � subunit. The chromosomal locations of
subunits are known, and complementary DNA is available
(see Table 31-3). The deficiency of either subunit causes
propionicacidemia.

Deficiency of PCC results in the accumulation of propio-
nyl-CoA, which passes into circulation as propionylcarni-
tine or propionylglycine. Alternate pathways generate
methylcitric acid, 3-hydroxypropionic acid, and tiglic acid.
The toxic effects in CNS, bone marrow, and other tissues
may be due to the accumulation of excess propionyl-
CoA, depletion of the intramitochondrial free CoA pool,
or toxic effects of compounds formed secondarily. Hyper-
glycinemia may be nonspecific and be due to inhibition
of glycine cleaving enzyme. Hyperammonemia might be
due to the inhibition of CPS I by the accumulating propio-
nyl-CoA. Hypoglycemia might be due to the inhibition of
pyruvate carboxylase or malate shuttle by elevated intrami-
tochondrial propionyl-CoA. Despite the association of
severe ketoacidosis during metabolic crisis, the mechanism
of excess ketone body generation is not clear.

EPIDEMIOLOGY AND RISK FACTORS. The disease
may be rare in the United States and Canada, affecting
1 in 250,000 to 500,000 births. However, in the Middle
East, particularly in Saudi Arabia, it may be as high as
1 in 1000 births.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The disease manifests from newborn to late infancy
with acute decompensation as seen in other organic acid-
urias. A prodrome of vomiting and refusal to feed progresses
to lethargy and coma within days. The infant becomes
quickly dehydrated and may experience clonic, myoclonic,
or grand mal seizures. Physical examination reveals severe
central hypotonia, both during and in between crises. The
oral mucosa, angles of the mouth, and perineal area usually
show evidence of candidiasis. Facial appearance is usually
typical, with depressed nasal bridge and long philtrum;
there may be associated abnormalities of the nipple.31

Vomiting may be so severe that the infant might be operated
on for pyloric stenosis or intestinal obstruction. Approxi-
mately 30% of the infants might present with immune defi-
ciency, seizure disorder, or acute extrapyramidal signs such
as choreoathetosis and dystonia.31

DIFFERENTIAL DIAGNOSIS. Two organic acidemias,
methylmalonicacidemia and isovalericacidemia, in the neo-
nate cause severe ketoacidosis, but both show increased
muscle tone, whereas the tone in propionicacidemia is
severely decreased. Patients with isovalericacidemia in cri-
sis usually have a “sweaty feet” smell known to be associated
with the disease. Propionicacidemia associated with immune
deficiency might be confused with other disorders with
immune deficiency.31 The urine and blood in infants with
multiple carboxylase deficiency will show other intermedi-
ates, such as methylcrotonylglycine or isovalerylcarnitine.

All neonates with organic acidemia, all infants with
symptoms suggestive of immune deficiency in association
with thrombocytopenia or ketosis, and all infants with idio-
pathic seizure disorder or acute extrapyramidal tract signs
should be tested for propionicacidemia, particularly where
its prevalence is high.

EVALUATION. In early neonatal form, hyperammone-
mia is severe, usually exceeding 1 mM; in repeated epi-
sodes, it is usually moderate, rarely exceeding 300 mM;
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there is severe acidosis with accumulation of massive
amounts of ketone bodies. Lactic acidosis is mild, rarely
exceeding 6 mM. Hypoglycemia is usually moderate,
rarely decreasing below 2 mM. Propionicacidemia has se-
rious deleterious effects on bone marrow cells; neutropenia
and thrombocytopenia are common. The platelet count
usually drops several days after the onset of coma, while
ketonuria is waning.31 If it is not appreciated, the patient
will have bleeding, particularly intracranially. Propionic-
acidemia causes severe depletion of T lymphocytes, and
the patient will experience frequent infections and sepsis
due to unusual gram-negative organisms or Candida.

The diagnosis is made by detecting 3-hydroxypropionic
acid, propionylglycine, and methylcitrate in the urine by
gas chromatography/mass spectrometry or by estimating
elevated glycine and propionylcarnitine and decreased
free carnitine levels in blood through MS/MS. Propionyl-
carnitine will be elevated both in propionicacidemia and
methylmalonicacidemia; if desired, PCC activity can be
measured in leukocytes and cultured fibroblasts. Biochem-
ical findings of propionicacidemia are also seen in multiple
carboxylase deficiency owing to holocarboxylase synthe-
tase or biotinidase deficiencies.

MANAGEMENT. Treatment of initial or acute crisis is
by administration of high amounts of glucose and bicarbon-
ate, together with insulin drip, intravenous L-carnitine (50
to 75/mg/kg every 6 hours), and optimum antibiotic cover-
age to treat sepsis, if present. When amino acid mixtures
with restricted BCAAs are available, they can be added
to the total parenteral nutrition. Vomiting during or
between crises is controlled by intravenous or oral admin-
istration of ondansetron. Platelet count should be moni-
tored daily during acute episodes; when it decreases
below 50,000/mL, platelet transfusions should be given. It
is advisable to place a gastrostomy with fundoplication
during the first few years to manage chronic anorexia and
vomiting. Once the patient’s condition has stabilized, oral
feeding with special propionicacidemia formula restricted
in isoleucine and valine should be resumed, together with
oral carnitine, 100 to 200 mg/kg/day, and Polycitra solu-
tion, 2 to 4 mL/kg/day. The patient should never be
permitted to fast because excessive odd-numbered, short-
chain fatty acids stored in the adipose tissue of propi-
onicacidemia patients will mobilize and prompt a crisis.
Metronidazole at a dose of 7.5 mg/kg/day should be
used to decrease intestinal sources of propionate. Human
growth hormone has been used as an adjunctive treatment.
Sepsis, intracranial bleeding, and pancreatitis are dreaded
complications.

PROGNOSIS AND PREVENTION. The prognosis in pro-
pionicacidemia is usually poor, with 50% of the patients
dying and at least 25% showing mental retardation. Chronic
hypotonia causes delayed acquisition of motor milestones.
A routine neonatal screening test is not uniformly available.
Preliminary results of a tandem mass spectrometry–based
procedure indicated its value in detecting the disease within
24 to 48 hours, before the initial crisis.

Methylmalonicacidemia
PATHOGENESIS AND PATHOPHYSIOLOGY. Methyl-

malonicacidemia was first described by Oberholzer and
co-workers in 1967 in infants critically sick with profound
ketoacidosis and accumulation of methylmalonic acid in
blood and urine.32 The disease is a family of disorders
caused by defective activity of methylmalonyl-CoA mutase
(mutase [0] or mutase [–] complementation groups) or by
defective intramitochondrial processing of vitamin B12

(cblA and cblB complementation groups). Other disorders
of vitamin B12 will cause methylmalonicaciduria but are
not associated with the periodic acidotic crisis of methyl-
malonicacidemia. They are associated with homocystinuria
and are presented in the section on neurological diseases
associated with homocystinuria.33

Genetic heterogeneity of the disease is evidenced by
some phenotypes being responsive to large doses of vita-
min B12 whereas no response is observed in others. The
defects in the mutase are either (0) with no, or (–) with lit-
tle, residual activity. The cofactor of the enzyme is 50-
deoxyadenosylcobalamin, and complementation groups
cblA and cblB represent its defective synthesis. The toxic
effects of intracellular accumulating methylmalonyl-CoA
are similar to those of propionyl-CoA. All variants of meth-
ylmalonicacidemia are determined by autosomal recessive
genes. The chromosome location of the mutase is known,
and its complementary DNA is available (see Table 31-3).

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of methylmalonicacidemia in the Massachusetts screening
program was 1 in 48,000.24 The disorder is more common
in the Middle East, probably occurring in 1 in 1000 or 2000
births.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The usual presentation in the neonate is as a typical
organic acidemia with overwhelming illness, similar to the
presentation of propionicacidemia or isovalericacidemia.
These episodes recur either as a consequence of excessive
protein intake or from increased protein catabolism through
vomiting or infections. The acidosis is usually so severe
that the patient will be admitted in shock and might die.
Mucocutaneous candidiasis is common, disappearing with
appropriate management. The patient usually has increased
muscle tone. Seizures, when present, are clonic or myoclo-
nic. As in propionicacidemia, patients with methylmalonic-
acidemia are prone to a variety of infections and sepsis
by unusual organisms. Facial dysmorphia includes high fore-
head, epicanthal folds, and a triangular mouth. Between
episodes, the patient will appear normal, with only mild or
no developmental delay.

Patients who are poorly managed, particularly those with
vitamin B12–unresponsive variants, might suffer infarcts
(metabolic stroke) in the globus pallidus or internal capsule
and may develop hemiplegia and acute dystonia. Failure to
thrive and failure of linear growth are common. As in pro-
pionicacidemia, anorexia and chronic vomiting are usual.
The patient may develop acute pancreatitis.34 Poorly man-
aged children with methylmalonicacidemia will develop
nephropathy due to tubulointerstitial nephritis or less often
to urate nephropathy.

DIFFERENTIAL DIAGNOSIS. Most considerations
listed for propionicacidemia are also true for methylmalo-
nicacidemia; both propionicacidemia and isovalericacide-
mia present with massive ketonuria during crisis, the
differential diagnosis of which is given in the previous sec-
tion on propionicacidemia. The same criteria that are listed
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under propionicacidemia should be used to evaluate any
child for possible methylmalonicacidemia.

EVALUATION. The acute episode is characterized by
severe acidosis with massive ketone body accumulation.
Initial episode in a newborn is always accompanied by sig-
nificant hyperammonemia, whereas blood ammonia values
are only mildly elevated in repeated episodes. Hypoglyce-
mia is usually moderate and rarely below 3 mM. There
may be mild elevation of plasma glycine levels. During
acute episodes, neutropenia and thrombocytopenia are
common. Poorly controlled patients show hyperuricemia.
A definite diagnosis of the disease is made by detecting
massive methylmalonicaciduria; a neonate may excrete
up to 1 g/day (normal adult, <5 mg/day). Plasma concen-
trations of methylmalonic acid in crisis may be as high as
0.2 to 2.5 mM (normally not detectable). Levels of propio-
nylcarnitine in blood are elevated both during and between
crises. Other organic acids in urine are those seen in pro-
pionicacidemia. Mutase activity may be measured in a
variety of ways in specialized laboratories. The cblA and
cblB mutants are identified by complementation studies.
Clinical follow-up is by determination of blood levels of
methylmalonic acid.

MANAGEMENT. The treatment of acute metabolic crisis
is similar to those measures described for propionicacid-
emia. Exceptions for methylmalonicacidemia are the use
of overhydration with adequate calories and no require-
ment for insulin drips. A patient with methylmalonicacid-
emia in crisis should be given excessive amounts of
intravenous fluids, to clear the circulation from methylma-
lonic acid. Acidosis in methylmalonicacidemia is usually
more severe than in propionicacidemia, requiring very
large amounts of bicarbonate, which might quickly lead
to hypernatremia. In such instances, tromethamine (Tham)
40 mL/kg/day in six divided doses may be used for 2 to 3
days. The intravenous use of carnitine shortens the crisis
significantly.

All patients with methylmalonicacidemia are restricted
in their intake of isoleucine, valine, threonine, and methio-
nine, using the same diet for patients with propionicacid-
emia. Every patient with methylmalonicacidemia should
be tested for response to vitamin B12 by administering
daily 1 mg hydroxycobalamin intramuscularly. Patients
with cblA, methylmalonicacidemia with mutase (–), and
half of the patients with cblB or mutase (0) will respond
to vitamin B12. The outcome in the responsive patient is
favorable, requiring less stringent control of protein intake.
Protein requirement of vitamin B12–unresponsive patients
must be individualized, providing a minimal amount of
the restricted amino acids that will permit growth but that
will not lead to frequent decompensation. Generous
amounts of calories are supplied through lipids and carbo-
hydrates. Management of unresponsive methylmalonic-
acidemia is not easy, requiring enormous effort from
physician, dietitian, and parents. Other therapeutic mea-
sures include metronidazole, 7.5 mg/kg/day; oral carnitine,
100 to 200 mg/kg/day; Shohl’s solution, 2 to 4 mL/kg/day;
and intramuscular hydroxycobalamin, 1 mg every other
day. Patients with methylmalonicacidemia tend to be short
and obese; human growth hormone has been used to in-
crease growth and lean body mass and to decrease adipose
tissue.
There is no treatment for renal disease due to interstitial
nephritis. Allopurinol may be used in patients with high
uricacidemia. Patients with methylmalonicacidemia who
have basal ganglia infarcts might have cblC or cblD muta-
tions, and homocystinuria should always be investigated
in any patient with methylmalonicacidemia. No therapeutic
measures, other than standard supportive therapy, are
available for pancreatitis.

PROGNOSIS. The addition of L-carnitine and metronida-
zole to the management of this disorder has changed the
prognosis. Van der Meer and colleagues35 have pointed
out that although most patients before 1985 died, those
after 1985, when these drugs were introduced, survived with
improved general health. The lifestyle of a well-managed
patient with methylmalonicacidemia will be normal, without
mental retardation, or developmental or motor delay.
Disorders of Later Infancy with Recurrent
Metabolic Crises
Late-Onset Urea Cycle Disorders

PATHOGENESIS AND PATHOPHYSIOLOGY. Late-
onset disease has been described in patients with CPS,
OTC, ASA synthetase, ASA lyase, and arginase deficien-
cies. They will appear from the first year of life to adult-
hood with abrupt episodes of acute hyperammonemia.
Initial crisis will occur usually when the infant is weaned
from breast milk or from low-protein formulas to cow’s
milk formulas. Decompensation can also occur when the
patient ingests a high protein load or experiences increased
catabolism (e.g., infection). These episodes readily abate
with cessation of protein intake.

EPIDEMIOLOGY AND RISK FACTORS. Patients with a
late-onset UCD are rare. The heterozygote female for OTC
deficiency is at risk of developing symptoms; when a male
infant with OTC deficiency is born, the mother has to be
instructed for possible late-onset disease. Terheggen and
associates, in 1969,36 described argininemia in two sisters
with spastic paraplegia (arginase deficiency). Arginase de-
ficiency is rare. The mechanism for the toxicity of excess
arginine is not known.Whether this is due to impaired neuro-
transmitter metabolism or to excess nitric oxide production
from elevated arginine is not clear. Two forms of arginase
are known: A-I and A-II. The A-I isozyme contributes 98%
of the liver activity and is deficient in patients with arginine-
mia. It is inherited as autosomal recessive.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The symptoms are remarkably similar among var-
ious types of late-onset UCD. Sudden hyperammonemia
leads to such neurological signs as seizures and apnea. It
may be preceded by vomiting and lethargy progressing to
disorientation, ataxia, amblyopia, and eventually coma.
The late-onset CPS deficiency is rare. On the other hand,
OTC deficiency may be mild in a male and may first man-
ifest as early as 6 weeks or as late as 6 years. Since infec-
tions trigger hyperammonemia, late-onset OTC deficiency
may be confused with Reye’s syndrome. In symptomatic
heterozygotes or mild OTC deficiency, growth and mental
retardation are seen in half of patients. The use of valproate
in OTC carriers may also cause liver toxicity. Late-onset
OTC deficiency is associated with a high mortality rate.
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ASA synthetase deficiency was first reported in a
9-month-old girl with mental retardation. In Japan, a variant
form of this disease is found to occur as late as 48 years
of age. The symptoms in such cases are nonspecific and
include bizarre behavior, psychotic episodes, delusions,
hallucinations, insomnia, and endocrine disturbances, such
as delayed menarche. ASA lyase deficiency may also occur
late in infancy or adults. These cases present as mental
retardation or ataxia, or the patient might be totally asymp-
tomatic. This heterogeneity might be explained by the studi-
es of McInnes and colleagues, which indicated at least 12
allelic mutations leading to extensive genetic heterogene-
ity.37 Immunoblot analysis shows a wide variation in size
and amount of enzyme protein in patients. The presentation
of arginase deficiency is heterogeneous. Early development
is usually unremarkable, but developmental delay and psy-
chomotor retardation will definitely appear by 3 years. Pro-
gressive spastic diplegia is by far the most common motor
deficit, seen by 5 years.38 Seizures are present in half of the
patients and are often generalized tonic-clonic. These symp-
toms improve or regress on dietary restriction of arginine.

DIFFERENTIAL DIAGNOSIS. The clinical presentations
of all of late-onset UCDs are alike, because only the
laboratory findings will identify exact diseases. Oroticaci-
duria is a common feature except for partial CPS I defi-
ciency. By definition, the mother of a patient with OTC
deficiency is a carrier; the presence of the mutant gene in
other females related to the mother must be ruled out by
allopurinol testing, provided that other diseases that give
a positive result are absent.39 Although it is the most com-
mon presenting symptom of arginase deficiency, spastic
diplegia has many other causes (e.g., periventricular hemor-
rhage in a premature infant or hypoxic brain injury). In these
conditions, spasticity is either static or progresses slowly.
When spastic diplegia is progressive, familial spastic para-
plegia, worsening of an existing hydrocephalus, spinal cord
cysts, or tumors should be ruled out.

Hyperammonemia is encountered in other disorders.
Reye’s syndrome can be differentiated by the elevated
transaminase and high plasma lysine levels. Patients with
liver failure usually have elevated plasma methionine and
tyrosine levels, which are not observed in UCDs of various
types. Patients with valproate toxicity have elevated val-
proylcarnitine levels and deficiency of free carnitine in
studies with tandem mass spectrometry.

Any infant or child who develops sudden lethargy or
coma after a high-protein meal, infection, and prodrome
of vomiting should be immediately evaluated for changes
in blood gases, ammonia, lactic acid, and ketones. Argi-
nase deficiency should be ruled out in all children with
spastic diplegia. The definite diagnosis of a UCD, or an
organic acidemia, will be reached by using high-pressure
liquid chromatography, gas chromatography/mass spectrom-
etry, and MS/MS techniques in blood and urine samples.
Any infant or child with psychomotor retardation or seizures
with no clear cause, or with progressive encephalopathy,
should be studied by measurement of plasma amino acids
and in some cases by the study of urinary organic acids.

EVALUATION. The laboratory findings are the same
as those described for neonatal onset UCD, except the
hyperammonemia and elevation of specific amino acid
and orotic acid levels are only prominent during the acute
metabolic crisis. Both ASA synthetase and ASA lyase defi-
ciencies are readily diagnosed by the plasma amino acid
profile during the acute episode. Plasma arginine is ele-
vated 2 to 10 times normal in arginase deficiency, and argi-
nase in red blood cells is deficient. Hyperammonemia is
not a constant feature of arginase deficiency but is found dur-
ing a catabolic event (e.g., an infection or consumption of
high-protein diet). A urine sample may show oroticaciduria
and increased excretion of arginine.

MANAGEMENT. The treatment is approximately the
same as that for UCD in the neonatal period: protein re-
striction, sodiumphenylbutyrate, and L-arginine in doses pre-
viously described. Such patients should receive low-protein
diets. No specific treatment exists for arginase deficiency.
Reduction of protein intake might lead to improvement of
the continued disease progression and at times dramatic
resolution of the symptoms. Cognitive dysfunction appears
to be amenable to diet therapy, and improvement of spastic-
ity has been observed in 30% of patients with arginase defi-
ciency. Late-onset UCDs show the same complications as
described for the acute neonatal form.

PROGNOSIS AND PREVENTION. Prognosis depends
on rapid identification and adequate management. A sur-
vey of 12 patients with late-onset ASA lyase deficiency
indicated no eventual impairment in intellectual and psy-
chomotor development. Arginase deficiency may be mana-
ged with success and arrest of the disease. All subsequent
newborns of a family with UCD should be investigated
for the disease. The maternally related female members
of the extended family with OTC deficiency must be inves-
tigated for the presence of the mutated gene either by
molecular genetic studies or by allopurinol loading.

Progressive Diseases of Infancy and Childhood
A large number of amino and organic acid disorders appear
primarily with neurological symptoms. Only four disorders,
phenylketonuria (classic form and biopterin-dependent
variant), homocystinuria, glutaricaciduria type 1, and bio-
tinidase deficiency are presented here.

Defic iency of Phenylalanine Hydroxylase
PATHOGENESIS AND PATHOPHYSIOLOGY. Although

phenylalanine hydroxylase (PAH) is a liver enzyme, the
clinical manifestations of classic PKU relate to the CNS.
There are no abnormal metabolites formed in classic
PKU but only excessive amounts of normal compounds.
Therefore, it is logical to assume that elevated levels of
blood phenylalanine are responsible for the toxicity. Both
animal models and magnetic spectroscopic studies in
human brain indicate that phenylalanine levels exceeding
1.3 mM affect the brain metabolism adversely and account
for acute phenylalanine toxicity. The threshold for chronic
toxicity may be much lower. Acute and chronic adverse
effects of high blood phenylalanine on brain can be pre-
vented by high doses of BCAAs. Because both phenylal-
anine and BCAAs share the same transport system, it
is conceivable that mutual competition of neutral amino
acids at the L-transport system may account for some
of these toxic effects. Some patients diagnosed to have
mild hyperphenylalaninemia in the past might have had
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carbinolamine dehydratase deficiency. Fair features and
hypopigmentation are caused by the inhibition of tyrosinase
by hyperphenylalaninemia. Location of the PAHgene is given
in Table 31-3, and its complementary DNA is available.

EPIDEMIOLOGY AND RISK FACTORS. The disease
occurs at varying frequency. The highest frequency is in
Turkey with 1 in 2600 births; it is lower among Japanese
at 1 in 140,000. Ashkenazic Jews and Finns each have an
incidence of 1 in 200,000 births.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. PKU usually manifests after 1 year of age as mental
retardation. The late emergence of physical findings is the
rationale for screening tests in all newborns. The safety
window is approximately 6 weeks; by 1 year of age, the
untreated child might lose 50% on IQ measurements. The
infant is usually born prematurely and has a fair complexion
and eczematoid lesions. Myoclonic seizures might occur as
early as 4 months of age, and developmental delay appears
between 6 and 18 months of age. Some patients develop
normally until 1 year but then lose the milestones. Despite
severe CNS involvement, no pyramidal or extrapyramidal
signs are usually detected.

Children with untreated or poorly managed PKU usually
end up in institutions. A review of 51 never-treated patients
followed for more than 20 years indicated 25% had seizure
disorders, half were profoundly retarded, and about half
were moderately impaired.40 Approximately two thirds of
untreated patients develop microcephaly. Autistic behavior
may also emerge. Aggressive, hyperactive behavior is
common in poorly managed patients, which becomes less
noticeable on lowering the blood phenylalanine level. In
well-controlled patients, ingestion of food with high phenyl-
alanine content at any time during life will cause confusion
and a clear-cut fall in school performance.

DIFFERENTIAL DIAGNOSIS. In neonates with severe
liver disease, levels of most plasma amino acids, notably tyro-
sine and methionine, are elevated; at times, that of phenyla-
lanine may also be moderately high. Occasionally, isolated
elevation of the blood phenylalanine level (up to 250 mM)will
occur transiently in a normal neonate. In such infants, a repeat
study at 4 to 6 weeks usually indicates normal phenylalanine,
and the infant will not develop any signs of PKU later in
life. The reasons for this transient hyperphenylalaninemia
remain obscure.

Other common causes of childhood mental retardation
include hyperprolinemia, homocystinuria, and fragile-
X syndrome. Clinically, hyperprolinemia cannot be distin-
guished from mild PKU except by the amino acid analysis.
Patients with a missed diagnosis of homocystinuria will
have its classic phenotype, which is not observed in classic
PKU. Patients with fragile-X syndrome are mostly males
with typical facial features of the disease, severe autism,
or mental retardation; molecular genetic studies identify
the disease (Video 254, Fragile X).

Many developing countries do not have a neonatal PKU
screening program. Therefore, any infant with seizures,
developmental delay, or fair features in a community with
dark complexion, and any child with mental retardation,
hyperactivity, and aggressive behavior should be evaluated
for classic PKU.

EVALUATION. The blood phenylalanine level is ele-
vated (>120 mM), usually more than 1 mM, and the blood
phenylalanine/tyrosine ratio is higher than 2, as determined
by high-protein liquid chromatography or tandem mass
spectrometry techniques. The green color produced by
acidic ferric chloride in the urine of PKU patients is caused
by the presence of phenylpyruvic acid. This compound is
labile, disappearing from urine stored cold or frozen in
1 to 2 days. This test must be done on freshly collected
urine. Computed tomography (CT) or magnetic resonance
imaging (MRI) reveals demyelination or dysmyelination
in central white matter, disappearing on treatment and
reappearing if treatment is discontinued.

PROGNOSIS AND PREVENTION. Well-controlled stu-
dies indicate that prognosis is extremely rewarding if treat-
ment is started in the first month of life. The North
American Collaborative Study of patients to 12 years of
age indicates that the longest treated patients who had phe-
nylalanine values less than 900 mM had the best IQ and
psychological test scores.41 Numerous studies indicated
deterioration of IQ, deviant EEG findings, and emergence
of demyelination on MRI if the treatment is discontinued
at or about school age. It is prudent to continue the treat-
ment as long as possible, well into adolescence. Parents
should be warned that a well-treated patient will function
normally in daily life but may show significant deficits
in conceptual, visuospatial, and language-related tasks;
in reading and arithmetic skills; in attention span; and in
problem-solving abilities.

Classic PKU was one of the first inborn errors of metab-
olism for which neonatal screening was applied.3 Hyper-
phenylalaninemia and disturbed ratio of phenylalanine/
tyrosine in a neonate with classic PKU may be apparent
as early as 24 hours but definitely by 3 to 7 days of life.
Given the 6-week safety window, neonatal screening for
PKU may be done during the first month. Any positive
screening result should be rechecked within 1 month. The
conventional procedure for PKU screening is the Guthrie
test. The problem of false-positive results and the anxiety
created in the family recalled for repeat testing led to the
exploration of other techniques. More recently, MS/MS-
based screening procedures have been described that have
less problems with false-negative and false-positive results,
because, in addition to phenylalanine estimation, they pro-
vide an accurate phenylalanine/tyrosine ratio.1,2

The principle of treatment is to restrict dietary intake of
phenylalanine. There are numerous formulas for this pur-
pose that have been in use since the mid-1950s. Treatment
should be monitored by monthly or bimonthly measure-
ment of plasma amino acids, to ensure that phenylalanine
and other essential amino acids are not lower than normal.
Given the beneficial effects of BCAAs in preventing the
adverse CNS manifestations of hyperphenylalaninemia,
they may be used to supplement the diet. Patients with
PKU should avoid consuming food or drinks that contain
aspartame, an artificial sweetener (N-aspartylphenylalanine),
because intestinal hydrolysis liberates phenylalanine.

Successful management of many females with PKU has
resulted in normal lifestyle, marriages, and child bearing.
Infants born to mothers with PKU, however, have numer-
ous congenital defects, such as microcephaly, impaired
somatic growth, and heart disease.42 Because similar defects
are not seen among offspring of fathers with PKU, it is ap-
parent that high blood phenylalanine levels in the mother
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are the cause. Although no threshold is agreed on, fetal out-
come is satisfactory if the maternal blood phenylalanine
levels are maintained at less than 600 mM throughout the
pregnancy.

Biopterin-Dependent Hyperphenylalaninemia
PATHOGENESIS ANDPATHOPHYSIOLOGY.Defective

synthesis of biopterin (BH4) causes disruption in several
biochemical functions. Deficiencies of the first two steps,
that is, guanosine triphosphate cyclohydrolase (GTP-CH)
and 6-pyruvoyltetra-hydropterin synthase (6PTS), are
known as synthetic defects. The hydroxylase reacts with
BH4, converting it to its hydroxy form 4�-carbinolamine,
which is then dehydrated by primapterin carbinolamine
dehydratase (PCD) to quininoid dihydrobiopterin, which is
labile and must be reduced back to BH4 through a reaction
that uses reduced nicotinamide adenine dinucleotide and is
catalyzed by dihydropteridine reductase (DHPR). The defi-
ciencies of the latter two enzymes are known as recycling
defects. Because primapterin is excreted in PCD deficiency,
the disease is also called primapterinuria. BH4 is a cofactor
for enzymes of the initial step in dopamine and serotonin
synthesis; when it is not available, neurotransmitter and
autonomic function, both in the CNS and periphery, are dis-
turbed. In addition, BH4 is a cofactor for the generation
of nitric oxide in the CNS, which is a neurotransmitter/
modulator. Deficiency ofBH4 causes severe autonomic irreg-
ularities and mental retardation and, ultimately, is not com-
patible with life. Severe cardiopulmonary dysrhythmia,
fluctuating blood pressure, sleep irregularities, and early
unexpected death may be explained by these considerations.
Because 4�-carbinolamine can be spontaneously dehy-
drated, PCD deficiency does not cause severe disease. In
BH4-dependent PKU, neurological manifestations are severe
in the presence of mild hyperphenylalaninemia, suggesting
that trace BH4 levels are sufficient to promote the phenylala-
nine hydroxylase reaction in liver but not high enough for
adequate hydroxylation of tyrosine and tryptophan in the
CNS. All four diseases are inherited as autosomal recessive.
The location of their genes is shown in Table 31-3.

EPIDEMIOLOGYANDRISKFACTORS.Hyperphenylala-
ninemia due to BH4 deficiency is rare and accounts for 2%
of all PKU cases. An international database in 1995 for abnor-
mal BH4 metabolism indicated the following43: 12 patients
with GTP-CH deficiency, 182 with 6PTS deficiency, 87 with
DHPR deficiency, and 12 with PCD deficiency. The overall
frequency is estimated to be 1 in 106 births. In some parts
of the world these defects occur more frequently (e.g., 10%
in Italy, 15% in Turkey, 19% in Taiwan, and 68% in Saudi
Arabia).

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The signs seen in this disorder are remarkably simi-
lar except for PCD deficiency.44 The classic presentation is
an infant, usually of low birth weight, who develops nor-
mally for 2 to 3 months. Then myoclonic seizures appear
approximately at 3 months, probably due to serotonin
depletion. Bradykinesia is apparent particularly when the
infant is naked. The infant lies expressionless. Initially,
there may be hypotonia, but soon after “lead pipe” or “cog-
wheel” rigidity appears (Fig. 31-3). These are parkinsonian
features caused by deficient dopamine. In fact, extensor
posturing of the extremities, opisthotonic arching of the
back, and pronation of hands are common. Oculogyric cri-
sis, involuntary dystonic movements, and tremors may be
observed. Feeding is difficult owing to difficulties in swal-
lowing, and the patient drools because of inability to man-
age secretions. Early failure to thrive and fair features of
PKU are observed. Development arrests at 2 to 3 months,
unless the disorder is treated. The patient suffers from
severe bronchopneumonia from respiratory irregularities
and is often admitted to an intensive care unit for cardiore-
spiratory difficulties, usually dying before 5 years of age.
Those children who survive remain profoundly retarded.
Episodes of hyperthermia without infection, fluctuating
high blood pressure, and reversed diurnal rhythm of sleep
have been described. Deficiency of DHPR, in general, shows
a more severe progression of the disease, whereas GTP-CH
deficiency might be milder and missed in some instances.
The clinical picture of PCD deficiency is essentially that
of a mild PKU, and it is not unusual for such a patient to be
classified as having transient hyperphenylalaninemia.

DIFFERENTIAL DIAGNOSIS. All infants with parkinso-
nian signs, myoclonic seizures, unexpected fair features,
unexplained failure to thrive, unexplained severe broncho-
pneumonia or cardiopulmonary arrest, unexplained hyper-
thermia, and fluctuating blood pressure should be studied
for the presence of 6PTS and DHPR deficiencies. Blood
amino acids, particularly phenylalanine, should be deter-
mined in all children with mental retardation. Even when
mild hyperphenylalaninemia is found, BH4 loading, DHPR
activity in red blood cells, and pterin measurement in urine
should be performed.

EVALUATION. Hyperphenylalaninemia is usually not as
severe as in classic PKU. The end products of catechol-
amine and serotonin metabolism in cerebrospinal fluid
(CSF) and urine, such as 5-hydroxyindoleacetic, homova-
nillic, and vanillylmandelic acids, are considerably lower
than normal. The characteristic findings are in the urinary
pterin metabolites. In GTP-CH deficiency, both neopterin
and biopterin are low in the urine. In 6PTS deficiency,
the urine neopterin level is very high and that of biopterin
is very low or undetectable, leading to a greatly elevated
neopterin/biopterin ratio. The urinary excretion of pterins
may range from normal to massively elevated in DHPR
deficiency. In PCD, an unusual pterin, primapterin, is
detected in the urine. The pterin assay has been adapted
to be used with dried urine spots on filter paper.45

Another option is to perform a BH4 loading dose, given
2 mg/kg IV or 7.5 to 20 mg/kg orally in divided doses. This
will lower plasma phenylalanine to within normal limits
within 8 to 12 hours if a patient has BH4-dependent PKU.
In 6PTS deficiency, the excretion of neopterin will rapidly
decrease on BH4 loading. The BH4 loading must be done
while the patient is on a normal diet. An occasional patient
with 6PTS deficiency with normal CSF finding but abnor-
mal plasma and urine phenylalanine and pterin values has
been described. This milder form of the disease is called
the peripheral type. It is important to measure the red
blood cell DHPR activity to rule out DHPR deficiency,
because a BH4 loading test might miss an occasional
patient. Levels of prolactin are elevated in various forms



Figure 31-3. Glutaricaciduria, biotinidase deficiency, and
biopterin-dependent phenylketonuria. Clockwise from left
upper corner: Infant with glutaricaciduria type 1 (GAT1)
showing dystonic posture and rigidity in flexion. MRI of
the brain showing open operculum sign and frontotemporal
atrophy in infant with GAT1. Alopecia in a biotinidase-
deficient 9-month-old infant with frequent myoclonic sei-
zures from age 3 months. Infant with biopterin-dependent
phenylketonuria due to 6-pyruvoyl-tetra-hydropterin synthase
(6PTS) deficiency showing dystonic grimacing and fisting
of hands and hypotonic pithed frog posture of legs.
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of BH4 deficiency and might provide a rapid clue to the
presence of these diseases.

MANAGEMENT. The patients with BH4 deficiency
should be treated with BH4, which is available from either
Milupa, Hillington, Middlesex, UK, or Schirks Laboratories,
Jona, Switzerland. The standard therapy is 20 mg/kg/day
BH4 given in three to four equal doses. All patients with
proven diagnosis should be immediately placed on neuro-
transmitter precursors, which do not require hydroxylation.
These are levodopa, 15 mg/kg/day and L5-hydroxytrypto-
phan, 4 mg/kg/day, together with 2 to 4 mg/kg/day carbi-
dopa. The best results are obtained when neurotransmitter
therapy is combined with BH4. Therapeutic results should
be followed by plasma phenylalanine, prolactin and, when
possible, urine pterins. Additional supplementation of folate
is given in DHRP deficiency because it results in reduction
of synthesis of tetrahydrofolate.

PROGNOSIS AND PREVENTION. Certainly the majority
of the patients with 6PTS deficiency will respond well to the
therapy and will grow as normal children. However, prog-
nosis in all BH4-dependent PKU is guarded, particularly in
DHPR deficiency, because many patients have neurological
impairment despite vigorous and early therapy. The hyper-
phenylalaninemia of various forms of BH4 deficiency can
be identified in routine screening tests; however, the diagno-
sis in a patient with GTP-CH deficiency was missed in the
neonatal screening. Prenatal diagnosis has been achieved
in DHPR and 6PTS deficiencies.
Homocystinuria: Cystathionine ß-Synthase Deficiency

PATHOGENESIS AND PATHOPHYSIOLOGY. Two
important groups of diseases involving methionine metab-
olism are ( 1) homo cystinuri a due to the defici ency of
cystat hionine b-synthas e (CB S) and ( 2) homo cystinuri c
syndromes with abnormalities of folate or vitamin B12

metabolism with or without methylmalonicaciduria.46 CBS
deficiency, commonly known as homocystinuria, was
reported in 1962.47 The recognition of homocystinuric
syndromes is more recent.48

The primary metabolic consequence of CBS deficiency
is intracellular homocysteine accumulation. The cells then
excrete the compound to plasma where the elevated levels
exist either as free or as oxidized to homocystine, to mixed
disulfides with cysteine, or with other sulfhydryl groups in
proteins. When homocysteine is elevated in plasma, homo-
cystine is excreted through the urine. Homocysteine is
located at the crossroads of important biochemical reactions.

Homocysteine is an end product of biochemical reac-
tions that utilize methylation. Biological methylations
are achieved by activated methionine, S-adenosylmethio-
nine. Once the methyl group is transferred, remaining
S-adenosylhomocysteine is hydrolyzed into homocysteine
and adenosine. Homocysteine must then either be recon-
verted into methionine or condensed with serine by CBS
into cystathionine and excreted. These two paths are cata-
lyzed by several different enzymes. The cystathionine
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synthesis is catalyzed by CBS, whereas the remethylation
through the use of methyltetrahydrofolate is catalyzed by
5-methyltetrahydrofolate–homocysteine S-methyltransfer-
ase (methionine synthetase) or through other enzymes from
betaine if the latter compound is used as a therapeutic
agent. When CBS is deficient, homocysteine is elevated
and thus hypermethioninemia and homocystinuria ensue;
urine contains no cystathionine. Hypermethioninemia is
due to increased methylation of homocysteine in liver by
folate-dependent methylating enzymes. Numerous physio-
logical disturbances account for the symptoms of CBS
deficiency.

High homocysteine may cause undesirable disulfide
cross-linkages, disrupting fibrillin. Among other vasoactive
properties, homocysteine impairs the protein C–activating
cofactor activity of thrombomodulin, and this feature may
be involved in thrombotic events. In addition, both L-homo-
cysteic acid and homocysteine-sulfinic acids derived from
homocysteine are present in the urine of CBS-deficient
patients. These two compounds are potent agonists for
N-methyl-D-aspartate (NMDA) receptors and might cause
neuronal damage as a result of excessive stimulation of
NMDA receptors. Two primary groups of patients are iden-
tified, based on their response to pyridoxine. In pyridoxine-
responsive patients, a small residual activity of CBS is
present that is enhanced by large doses of pyridoxine.
Although the control activity does not attain control levels,
it becomes sufficient to maintain a low level of the homo-
cysteine pool. The CBS gene is mapped (see Table 31-3).

In 1967, it was shown that the biochemical abnormalities
in some patients with CBS deficiency could be corrected
by administering large doses of pyridoxine.49 Large inter-
national surveys indicate that approximately half of the
patients are pyridoxine responsive. These patients are clini-
cally heterogeneous, with some showing a clear-cut res-
ponse and others a less dramatic response. Even the most
responsive patient will have elevated plasma methionine
and homocystinuria when loaded with methionine; there-
fore, they should be kept under continuous treatment.

Because of interactions between folate and vitamin B12

with homocysteine metabolism, homocystinuria occurs in
acquired or inherited disorders of folate or vitamin B12.

EPIDEMIOLOGY AND RISK FACTORS. The cumula-
tive frequency of CBS deficiency for countries with screen-
ing programs is 1 in 344,000. In parts of New South Wales
in Australia this might be as high as 1 in 65,000 to 1 in
75,000. The disease is common in the Middle East, possibly
occurring in 1 in 1000 to 1 in 2000 births. Approximately 75
patients with cblC and 30 with methylenetetrahydrofolate
reductase deficiency are known.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The phenotype of few diseases is as impressive as
that of CBS deficiency, because numerous organs are
involved. The main systems affected are the eye, the vascu-
lar system, the CNS, and the skeletal system.

Eye. Dislocation of the lens, ectopia lentis, is a constant
feature but occurs usually after 2 years. The rate of lens
dislocation is higher among patients who do not respond
to pyridoxine. Marked myopia is associated with the loos-
ened or subluxated lens. Cataracts, acute pupillary block
glaucoma, and retinal degeneration may be additional
complications.
Vascular System. Thromboembolic phenomena are
dreaded complications of the disease, accounting for high
morbidity and mortality rates (see Fig. 31-1). They can occur
at any age and in any vessel. Thrombosis in CNS causes neu-
rological signs, such as hemiplegia, dystonia, or seizures; in
the eye, optic atrophy; and in the kidney, severe hyperten-
sion. The risk of thrombosis is less in pyridoxine-responsive
patients.

Central Nervous System. Mental retardation and neuro-
logical abnormalities are the main features. The develop-
mental delay is usually apparent by the second year of
life. Patients with pyridoxine-responsive disease are less
affected. The degree of mental retardation varies between
severe to normal, and it is not unusual to encounter an
occasional pyridoxine-unresponsive child with normal or
high IQ. Besides the neurological findings related to
thrombotic events in the CNS, approximately 20% of the
patients will suffer from seizures, mainly generalized con-
vulsions. It is common for these individuals later in life to
suffer from episodic depression, behavior disorders, and
other personality disorders.

Skeletal Findings. Osteoporosis is a common late com-
plication, and half of the patients will show some evidence
of it by 20 years of age. It is more severe and appears earlier
in pyridoxine-nonresponsive patients. Biconcave vertebrae
are seen. The maturation of the skeleton is abnormal and
leads to lengthening of the long bones (dolichostenomelia),
which accounts for the marfanoid appearance of patients.

Other Features. Females with CBS deficiency experi-
ence frequent fetal loss. The offspring of men with CBS
deficiency are normal. The risk factors for early vascular
disease among heterozygotes and those individuals with
mild homocystinemia have been investigated in detail. Since
the pioneering publication by Wilcken and Wilcken,50

numerous reports and reviews support that preceding homo-
cystinemia in normal subjects with mild homocystinemia
may be responsible for vascular disease. However, most
obligate heterozygotes do not have overt clinical athero-
sclerotic disease, and more studies are needed to conclude
the risk factor for carriers.

DIFFERENTIAL DIAGNOSIS. Several symptoms of
CBS are shared by other disorders. Lens abnormalities
are encountered in a number of ophthalmological diseases.
Another abnormality of sulfur metabolism, sulfite oxidase
deficiency, also causes ectopia lentis. Thromboembolic
phenomena and mental retardation are encountered in a
large number of clinical conditions and are not detailed.
The neurological symptoms of folate or vitamin B12 meta-
bolic abnormalities are not specific. Their presence is first
suspected either by macrocytic anemia or by a positive
urine homocystine test.

All children with lens, vascular, and CNS signs of CBS
deficiency should be evaluated for homocystinuria. Any
child with macrocytic anemia or neurological symptoms
associated with a positive urine homocystine test should
be evaluated for a possible defect in folate or vitamin B12

metabolism.
EVALUATION. The most consistent laboratory feature is

homocystinuria. An easy test is urinary sodium nitroprusside
reaction. If positive, homocystine should be identified by
other procedures because most sulfur amino acids will yield
a positive test. Some patients with pyridoxine-responsive
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disease will showmarked responses to low doses of pyridox-
ine and the urine in such patients might give false-negative
results. In most patients, blood methionine levels will be
significantly elevated, which is a clue to CBS deficiency,
unless a liver pathological process exists. Whereas in CBS
deficiency homocystinuria is accompanied by elevated
blood levels of methionine, other diseases associated with
homocystinuria have accompanied hypomethioninemia
and cystathioninuria. Some of these disorders show other
laboratory findings, such as methylmalonicaciduria and
megaloblastic anemia.

MANAGEMENT. The medical management of CBS
deficiency requires correction of biochemical abnormal-
ities, with the goal of preventing or halting the disease or
improving the reversible clinical manifestations. This is
best achieved in a newborn before any complication of
the disease becomes apparent. Patients who are pyridoxine
responsive require the administration of large amounts of
pyridoxine. A patient should not be considered unrespon-
sive until a dose of 500 to 1000 mg/day is given for several
weeks. The dose of pyridoxine recommended varies from
as little as 25 mg/day to as large as 1200 mg/day. The neu-
ropathy and ataxia resulting from the toxic effect of pyri-
doxine is not encountered in doses of 500 mg/day for at
least as long as 2 years. Although it is not uniformly agreed
on, pyridoxine-responsive patients should be given a
methionine-restricted, cystine-supplemented diet, since
they have reduced tolerance for high doses of methionine.
Folate repletion may be necessary for pyridoxine respon-
siveness, and folate, 5 to 10 mg/day, should be provided.
The preventive use of anticoagulants such as aspirin is
also controversial; if used they should be given in small
quantities, such as 325 mg/day or less to an adolescent.

Patients who are not pyridoxine responsive and who are
diagnosed later during childhood should be treated with
large doses of betaine, 50 to 100 mg/kg/day. The com-
pound increases the rate of homocysteine methylation by
the action of a liver enzyme, betaine homocysteine methyl-
transferase. It reduces plasma homocystine and increases
methionine. In conjunction with diet therapy, it usually
improves the clinical condition and retards the progression
of disease. The best results are obtained in newborns
detected to have the disease by providing a diet restricted
in methionine and supplemented with cystine. At least four
such formulas are commercially available and, when used
together with betaine, ensure normal growth and psycholog-
ical development. Experience is limited for the outlook
of pyridoxine-responsive infants identified neonatally.

PROGNOSIS AND PREVENTION. Untreated patients
with CBS deficiency die as a result of thromboembolic
phenomena; death occurs much less often in pyridoxine-
responsive patients. The outcome is excellent in early-
diagnosed and treated pyridoxine-responsive children.
The mental development is normal, and thromboembolic
phenomena are minimal or absent. The best one can hope
for in a pyridoxine-unresponsive patient diagnosed late is
to arrest the progression of the disease by treatment. By
strict adherence to the therapy outlined, it is possible to
normalize mental development in neonatally diagnosed
pyridoxine-unresponsive patients.

In other syndromes associated with homocystinuria, the
prognosis depends on early detection, early treatment, and
the degree of the responsiveness of the disease to treat-
ment. The neurological prognosis for the cblG and methy-
lenetetrahydrofolate reductase–deficient group is not as
good as the others. Approximately 50 million newborns
in the world, mainly in Japan and the United States, have
been screened for CBS deficiency. The disease may be
screened through blood methionine or urine homocystine
tests. The drawback of methionine-based screening is that
only a few patients with the pyridoxine-responsive variant
have so far been identified, whereas these are the patients
that will benefit most from early detection. Screening
based on homocystine detection in urine has also been dis-
appointing. The efficiency and false-positive and false-
negative results of screening tests for CBS deficiency have
not yet been settled.

Disorders of Lysine and Tryptophan Metabolism:
Glutaricaciduria Type 1

PATHOGENESIS AND PATHOPHYSIOLOGY. Glutaric-
aciduria type 1 (GAT1) (see Fig. 31-3) was first described
in 197551 and is caused by deficiency of glutaryl-CoA
dehydrogenase (GCDH), which is on the catabolic path-
ways of L-lysine and L-tryptophan. The presence of glu-
taric, 3-hydroxyglutaric, and glutaconic acids in urine is
pathognomonic for the disease. Excess glutaryl-CoA leads
to the formation of glutarylcarnitine, which can be detected
both in blood and urine. The concentration of acids in the
blood is not high enough to disturb the acid-base balance;
because there is no inhibition of ketone body and lactate
utilization, or of urea formation, the disease does not
usually cause acidosis or hyperammonemia. Its significant
metabolic sequel is solely in the CNS. Chromosome
location of GCDH is shown in Table 31-3.

The mechanism of toxicity of glutaric acid in the CNS
is beginning to be understood. Neither the degree of
GCDH deficiency nor the amount of glutaric aciduria cor-
relates with the severity of the disease. 3-Hydroxyglu-
taric acid induces excitotoxic cellular injury by activating
N-methyl-D-aspartate receptors. Glutaric and 3-hydroxyglu-
taric acids indirectly modulate glutamaergic and GABAer-
gic neurotransmission, which results in an imbalance of
excitation and inhibition. Potentiation of this neurotoxicity
is probably effected by cytokine-stimulated nitricoxicd
production, decrease in energy metabolism, and lowering
of cellular creatine phosphate levels. Maturation-dependent
changes in the expression of neuronal glutamate receptors
may influence vulnerability to 3-hydroxyglutaric and gluta-
ric acids.52 Autopsy of brain in advanced cases shows
severe neuronal loss and fibrous gliosis in basal ganglia,
with some spongy degeneration of cortical white matter,
indicating these as the target areas.

EPIDEMIOLOGY AND RISK FACTORS. The disease is
not rare but might be underdiagnosed. Over 100 patients
have been described, 20 of whom are from the Middle East.
It is estimated to affect 1 in 30,000 persons in Sweden. It is
especially common in consanguineous communities, such
as in Saudi Arabia, among the Saulteaux/Ojibway Indians
in Canada, and in the United States among the Amish
community in Pennsylvania.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The infant is normal at birth, and the only detectable
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symptom might be macrocephaly (Video 92, Glutaric
Aciduria Type 1). A typical history is rapid neurological
deterioration and loss of developmental milestones after
an infectious episode, which is usually mistaken for menin-
gitis or encephalitis because a slight increased CSF protein
level is usual. Seizures, dystonia (see Fig. 31-3), and cho-
reoathetosis appear soon after and worsen, leading to a
diagnosis of choreoathetoid cerebral palsy or postencepha-
litic cerebral palsy. Repeated viral infections each cause
further deterioration, and the patient will eventually be
severely crippled. Almost all patients show absolute or
relative macrocephaly. In some patients, the clinical pic-
ture will be mild and no further deterioration will occur,
particularly if no intercurrent viral infection takes place.
An occasional infant identified through screening will
show no or minimal neurological signs and will have
macrocephaly and neuroradiological findings of GAT1,
suggesting prenatal onset of the disease.

EVALUATION. All infants with acute or chronic extra-
pyramidal signs should be investigated for GAT1. Results
of routine blood cell counts, blood chemistries, and amino
acid determinations are normal even in the most advanced
patient; unless the neurologist suspects and orders special
tests, the disease remains undiagnosed. The characteristic
biochemical findings are the presence of glutaric, 3-hydro-
xyglutaric, and glutaconic acids in the urine and of glutar-
ylcarnitine in blood and urine. Use of MS/MS to detect
glutarylcarnitine in blood and urine has proved to be an
unfailingly rewarding means of diagnosis.

The neuroradiological studies reveal a widened sylvian
fissure or the “open opercular” sign (see Fig. 31-3), dense
basal ganglia, total atrophy of the caudate heads in
advanced disease, and evidence of mild white matter dis-
ease in the centrum ovale.53 These occur before the emer-
gence of neurological deterioration. Findings on MRI or
CT of the brain are characteristic of GAT1, and an experi-
enced neuroradiologist will report the presence of the dis-
ease before the results of biochemical tests become
available.

DIFFERENTIAL DIAGNOSIS. Among infants and young
children with striatal necrosis, some have other definable
causes, such as 3-methylglutaconicaciduria, propionicacid-
emia, or oxidative phosphorylation disease. Their clinical
and laboratory presentations are different, and macroce-
phaly and the wide opercular signs are absent. Other causes
of macrocephaly in infancy include Canavan’s disease,
Alexander’s disease, and L-2 hydroxyglutaricaciduria.
These conditions are progressive pyramidal tract diseases
and should not be confused with GAT1.

MANAGEMENT.Treatment may be rewarding if initiated
before the clinical manifestations of the disease. The treat-
ment of choice is reducing lysine and tryptophan intake.
Such formulas are available. The medications used
are L-carnitine orally, 100 to 200 mg/kg/day; riboflavin,
50 mg/kg/day; and baclofen, 5 to 10 mg three times daily.
The exact mechanism of action of baclofen is not known,
but it has been effective in some instances. In one patient,
vigabatrin caused significant clinical improvement. All
intercurrent infections, particularly those with viral etiol-
ogy, demand immediate intervention by administering
L-carnitine intravenously (50 to 100 mg/kg repeated every
6 hours) and providing adequate calories through glucose
and insulin drip. These treatments will be of little value
in patients who have already suffered significant damage
to striatum.

PROGNOSIS AND PREVENTION. Prognosis is poor for
patients who have been diagnosed late, although the treat-
ment might slow the progression of the disease. Limited
information is available for patients diagnosed early. Pre-
natal diagnosis of the disease is made through study of
organic acids in amniotic fluid or by measuring GCDH in
cultured amniotic cells. MS/MS-based neonatal screening
identifies GAT1.
Succinic Semialdehyde Dehydrogenase Defic iency
(4-Hydroxybutyric Aciduria)

PATHOGENESIS AND PATHOPHYSIOLOGY. Succinic
semialdehyde dehydrogenase (SSADH), together with
g-aminobutyric acid (GABA) transaminase, converts GABA
to succinic acid, which enters the Krebs’ cycle. In patients
with SSADH deficiency, GABA is converted instead into
4-hyroxybutyrate (g-hydroxybutyrate or GHB), the neuro-
toxic agent which accumulates in urine, serum, and CSF.
It may act as a neurotransmitter. The SSADH gene maps to
6p22 and some mutations have been found.

EPIDEMIOLOGY AND RISK FACTORS. Age at diagno-
sis ranges from neonates to 21 years and the disorder is
probably autosomal recessive. About 350 patients had been
identified by 2002.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Typically SSADH deficiency is a static or slowly
progressive encephalopathy, with onset in late infancy or
early childhood somewhat nonspecifically as developmen-
tal delay, hypotonia, and mental retardation. In addition,
seizures, disproportionate delay in speech and language
development, and ataxia occur in about one half. There
also may be inattention, hyperactivity, aggression, self-
injurious behavior, hallucinations, and autistic behavior.

EVALUATION. The clue to this diagnosis is brain MRI,
where there are T2-weighted hyperintensities symmetri-
cally in the globus pallidus, but which may also be seen
in multiple areas. Magnetic resonance spectroscopy (MRS)
is normal. Tandem mass spectroscopy (tandem MS or MS/
MS) should pick up the 4-hydroxybutyric acid peak. Stan-
dard organic acid assays done with gas chromatography-
mass spectrometry (GCMS) often miss it, because it is a
volatile compound, which may be lost during extraction,
and will be obscured within a large urea peak in a total
ion chromatogram. Standard organic acid testing needs
to be modified by adding a selective ion monitoring
mass spectrometry screen which specifically searches for
4-hydroxybutyrate.

DIFFERENTIAL DIAGNOSIS. Any patient with mental
retardation and ataxia of unknown etiology, particularly if
absence or tonic-clonic seizures occur and particularly if T2

hyperintensities in basal ganglia, but particularly globus
pallidus, are seen in brain MRI.

MANAGEMENT. There is no standard therapy. Rational
strategies include using vigabatrin, which is a GABA trans-
aminse inhibitor, and therefore would reduce formation of
succinic semialdehyde, the substrate for SSADH and pre-
cursor of 4-hydroxybutyrate. However, vigabatrin would
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also increase GABA levels, whose effects may not be desir-
able. Limited experience has shown inconsistent results.
GABA-B antagonists, taurine, GHB receptor antagonists,
and naloxone are being tried in animal models.

PROGNOSIS AND PREVENTION. The disorder is under-
recognized, mainly because routine organic acid screens by
GCMS miss the GHB peak. The disorder is probably more
comon than thought, and increased diagnostic accuracy has
potential for rational therapy and prenatal diagnosis. As an
aside, GHB was originally developed as an anesthetic and
sedative, and is used to manage cataplexy and alcohol and
opiate withdrawal syndromes, as a recreational drug of
abuse, and notoriously, to subdue victims for the purpose
of sexual assault.54

Biotinidase Deficiency
Biotinidase deficiency was first recognized in 1983, among
patients with late-onset multiple carboxylase deficiency.55

The worldwide frequency among 8 million newborns is 1
in 112,000 (Video 93, Biotinidase Deficiency).56 Biotin
is the cofactor for such carboxylases as propionyl-CoA,
3-methylcrotonyl-CoA, acetyl-CoA, and pyruvate carbo-
xylase. The most important source of biotin is through
biotinidase; hence, when biotinidase is absent, a state of
biotin deficiency gradually emerges. Biotinidase activity
in brain is very low,57 and the brain totally depends on
the transfer of biotin across the blood-brain barrier. When
biotin is deficient, pyruvate carboxylase in the CNS might
decrease, leading to localized lactic acidosis. Biotinidase-
deficient patients suffer from central deafness before
treatment, and hearing usually does not improve after treat-
ment. The reason for selective targeting of the auditory
center is unknown. Alopecia (see Fig. 31-3) and dermatitis
in these patients are possible owing to depletion of fatty
acids as a result of deficient acetyl-CoA carboxylase act-
ivity. Approximately 55% of patients develop clonic
or myoclonic seizures, hypotonia, and developmental
delay between 3 and 6 months of age. Hearing abnormality
coincides with the emergence of seizures. Dermatitis,
visual problems, and ataxia are the final events. The
changes in acylcarnitines and organic acids appear only
during acute decompensation, and the disease cannot
be identified through these compounds. Individuals with
partial deficiency might be at risk only for cutaneous
symptoms. Immunological dysfunction manifests as can-
didal dermatitis as described for propionicacidemia and
methylmalonicacidemia.

Colorimetric and fluorometric procedures are available
for measurement in serum. Prenatal diagnosis has not yet
been reported. During acute decompensation, the blood
acylcarnitine and urine organic acid profiles are the same
as seen in holocarboxylase synthetase (HCS) deficiency.
Biotin-responsive mild forms of HCS deficiency and
milder forms of propionicacidemia must be ruled out by
clinical and laboratory observations. Alopecia and rash
can be encountered in deficiency of zinc or essential fatty
acids. Biotinidase deficiency might be confused with
severe combined immune deficiency.

Deafness persists even in a well-treated patient, but
alopecia and other symptoms disappear with treatment.
As little as 5 to 30 mg of biotin will be curative.
INHERITED DISORDERS RELATED TO VITAMIN
METABOLISM

Certain disorders result from inborn errors of metabolism
involving vitamins. Some of these disorders lead to severe
neurological crippling unless recognized early and treated.
Three such disorders that are of neurological interest will
be discussed.

Biotin-Responsive Basal Ganglia Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. This is a

novel disease described recently.58 A gene locus on chromo-
some 2q36.3 has been shown, with mutations in SLC19A3,59

thought to be related to the biotin transporter in brain.
EPIDEMIOLOGY AND RISK FACTORS. The disease

has been described among consanguineous communities
of the Arabian peninsula and Middle East58 (Saudi Arabia,
Yemen, and Syria). Initially 10 patients were reported.
More recently five more Saudi children with the disease
were added to this list. One or two new patients are diag-
nosed per year at one tertiary care center, but the disease
is probably underrecognized.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. This disorder usually presents with confusion, dysa-
rthria, and signs of a subacute encephalopathy between
ages 5 and 14 years. It evolves into rapid coma with sei-
zures, pyramidal and extrapyramidal signs, such as facial
paralysis, severe cogwheel rigidity, dystonic and oculogy-
ric posturing, and choreoathetosis. The eye-grounds remain
normal. In the Arab families in which the disease was
described, 80% of the parents were products of first-cousin
marriages, and the remaining of second-cousin marriages.
When untreated the disease was lethal. In 80% of the
families, additional childhood deaths could be attributed
to this disease retrospectively, although the diagnosis was
not specifically established. There were no significant co-
morbid associations; in one family a brother had a tic
disorder, in another the patient had a complex congenital
heart disease, and in a third family there was a brother with
mental retardation of unknown cause. This disease presents
as an acute encephalopathic crisis that resolves within 1 or
2 days when the appropriate treatment is given. The acute
neurological manifestations reappear within 1 month if
treatment is discontinued. The longest follow-up is now
15 years. All of the patients except one remain neurologi-
cally healthy on treatment, and the older ones are either
university students or are leading a successful professional
life.

DIFFERENTIAL DIAGNOSIS. Several diseases of child-
hood should be considered, including dopa-responsive dys-
tonia,60 idiopathic dystonia of childhood, and childhood
parkinsonism resembling dopa-responsive disease but
without diurnal variation and only a mild response to
dopa.61 Postinfectious benign acute basal ganglia destruc-
tion is preceded and precipitated by an infectious process.
It is an extrapyramidal tract disease sharing many features
of biotin-responsive encephalopathy, except chorea and
seizures are absent. It usually disappears within 1 month.
Finally, biotinidase deficiency62 usually manifests with
myoclonic seizures in early infancy with hair loss, rapid
hearing loss, and dermatitis. In contrast to biotin-responsive



Figure 31-4. The brain MRI of a patient with biotin-responsive encephalo-
pathy showing bilateral symmetrically increased T2 signal intensity within
the central parts of the caudate nuclei and in the putamen.
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encephalopathy, at presentation there are no extrapyramidal
signs in biotinidase deficiency. The diagnosis is easily and
rapidly diagnosed by the determination of biotinidase in
serum.

EVALUATION. The evaluation usually starts with the
clinical assessment and a consideration of the differential
diagnosis for other childhood extrapyramidal diseases. In
this disorder, all chemistries, lactate, pyruvate, ammonia,
amino acid profile, cholesterol, uric acid, very long-chain
fatty acids, phytanic acid, biotinidase, MS/MS studies for
blood, urine organic acids by gas chromatography/mass
spectroscopy (GC/MS), EEG, brain stem auditory evoked
potentials, visual evoked potentials, nerve conduction stu-
dies, electromyogram (EMG), and in fibroblasts, pyruvate
carboxylase and propionyl-CoA carboxylase activities are
unremarkable. The pathognomonic finding is the MRI of
the brain that shows degeneration of the centers of the cau-
date heads and of putamina (Fig. 31-4). During an acute
crisis, central white matter disease, as well as these struc-
tures, shows edema. Upon treatment, the changes observed
in the basal ganglia persist despite total resolution of the
neurological manifestations. In the oldest patient, now 23
years of age, despite a normal neurological status, these
changes are still present with no further deterioration.

MANAGEMENT. The treatment is oral biotin 10 to 15
mg/kg/day. If detected early, even the most severe neurolog-
ical signs will disappear within 24 to 48 hours with a
return to normalcy. This response is not observed in any
other basal ganglia disease of childhood. The symptoms
will reappear within 1 month if the patient discontinues this
treatment.

PROGNOSIS AND PREVENTION. The prognosis
depends on provision of biotin. A missed diagnosis for
more than 7 to 10 days after the first crisis or many repeated
neurological crises due to noncompliance with biotin treat-
ment or misdiagnosis results in permanent neurological
crippling. As revealed by the family histories, a prolonged
course of untreated disease leads to death. The pathogno-
monic MRI findings may be detected in totally asymptom-
atic siblings as early as 24 months. Such children must
be placed on preventive treatment with biotin to prevent a
neurological crisis. At present there are three such cases,
all siblings to an index case who have been under treatment
for 2 to 8 years, without abnormal neurological signs.

Disorders of Vitamin B12 Metabolism
PATHOGENESIS AND PATHOPHYSIOLOGY. Vitamin

B12 follows a complex metabolic route before its conver-
sion into an active form that functions in the metabolism
of methylmalonic acid and homocysteine. Intrinsic factor
is necessary for gastrointestinal absorption. A specific
receptor, cubilin, is required for its internalization and a
specific globulin in plasma, transcobalamin II, is required
for its transport to cells where it is stored in lysosomes as
transcobalamin II–B12 complex. Defective cytoplasmic
release leads to cobalamin (Cbl) F complementation with
stored lysosomal vitamin B12, causing a condition remi-
niscent of cystinosis. Vitamin B12 must be converted to a
chemical form that can attach for further conversions
(cobalamin C and D mutation groups) and then attach to
a specific methyltransferase. Methyltransferase deficiency
leads to absent methylcobalamin. Mitochondrial vitamin
B12 participates in the formation of adenosylcobalamin, a
cofactor for methylmalonyl-CoA mutase.

The defects in intrinsic factor, cubilin,63 transcobalamin
II, CblF, CblC, and CblD result in deficient methylation
function as well as defective metabolism of methyl-
malonyl-CoA. Thus, such disorders are characterized by a
combination of homocystinuria and methylmalonic-
aciduria. In contrast, defects in mitochondrial adenosyl-
cobalamin formation (CblA and CblB) result only in
methylmalonicacidemia.

Among these disorders, cubilin defect (Imerslund-Graesbeck
syndrome),63 transcobalamin II deficiency,64 and CblC defi-
ciency65 cause significant neurological morbidity.

EPIDEMIOLOGY AND RISK FACTORS. The congenital
deficiency of intrinsic factor has been described mainly in
Mexican kindred. The prevalence of cubilin deficiency is
high among Arabs1 and Scandinavians; it is primarily a
Finnish disease. The CblC deficiency accounts for most
of the inborn errors of cobalamin metabolism. Because
some of these disorders manifest in late childhood, a
younger sibling might be asymptomatic and should be
tested for the possible presence of the disorder.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Phenotypic expression may be varied. In an early
infantile form, the presentation includes failure to thrive,
hypotonia, and lethargy with pancytopenia and hepatic dys-
function. Renal involvement includes thrombotic microan-
giopathy due to hyperhomocysteinemia. Diffuse hepatic
steatosis, early pigmentary retinopathy, facial dysmorphia,
congenital heart disease, microcephaly, hydrocephalus, and
hip dislocation can be associated features.
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In the late-onset phenotype of adolescence or early
adulthood, the child develops normally in early life and
may even start school in good health. In a typical case,
school performance deteriorates and dysarthria, unsteady
gait, pyramidal tract signs, and lethargy progress to demen-
tia. Atypically, the presentation may be psychosis and pro-
gressive peripheral neuropathy severe enough to require
mechanical ventilation.66 Relapsing-remitting or subacute
myelopathy develops with the pattern of subacute com-
bined degeneration of the cord, leading to impaired vibra-
tion and position sense, and extensor Babinski responses.

DIFFERENTIAL DIAGNOSIS. The early infantile form
can be confused with other infantile diseases that cause
failure to thrive, especially mitochondriopathies, and per-
oxisomal diseases. The presence of dysmorphic features
may suggest a chromosome abnormality but pancytopenia
and abnormalities in urine homocystine screening tests will
identify the CblC disease. Many disease features are also
present in methylenetetrahydrofolate reductase deficiency
(MTHFR). A GC/MS study, however, indicates methylma-
lonicaciduria and MS/MS indicates elevated propionylcar-
nitine, which will be absent in MTHFR deficiency.

The later childhood phenotype in a boy will be confused
mainly with X-linked adrenoleukodystrophy (X-ALD),
X-linked adrenomyeloneuropathy, L-2-hydroxyglutaricacid-
uria, childhood-onset metachromatic leukodystrophy, and
amyotrophic lateral sclerosis. Megaloblastic anemia,
thrombocytopenia, hypersegmented polymorphonuclear
leukocytes, elevated lactate dehydrogenase, homocystin-
uria with elevated cystathioninemia and cystathioninuria,
methylmalonicaciduria, elevated propionylcarnitine, and
normal levels of C-26 fatty acids in blood and normal
plasma corticotropin readily differentiate the CblC defi-
ciency from these other diseases. The white matter changes
on brain MRI of X-ALD cases are primarily localized
around the posterior ventricular horns, whereas the leuko-
dystrophy in CblC is generalized. Childhood-onset meta-
chromatic leukodystrophy shows characteristic tigroid
white matter on MRI; the leukodystrophy in CblC does not
have a specific pattern. L-2-Hydroxyglutaricaciduria is
associated with seizures and mental retardation but not
with progressive mental deterioration. Pyramidal signs pre-
dominate the neurological examination. The brain MRI
shows a centripetal leukodystrophy with loss of U-fibers.

EVALUATION. Any infant with hypotonia or with a
family history of prior infantile death should be studied
for CblC disease. A simple urine homocystine determi-
nation and blood panel for pancytopenia will identify the
general category of metabolic derangement; when these
tests are positive, urine GC/MS for methylmalonicaciduria
and blood MS/MS for propionylcarnitine and hypome-
thioninemia should be conducted. Because phenotypic
manifestations overlap with other Cbl defects, fibroblast
complementation studies should also be performed.67

Any child showing a late-onset encephalopathy should
be evaluated for CblC disease. An MRI of the spinal cord
is essential to document the subacute combined degenera-
tion of the cord. Again, a positive test on the simple urine
screen for homocystine justifies further workup.

MANAGEMENT. Treatment should include hydroxyco-
balamin injections, the active form of vitamin B12, 1 mg
daily. Carnitine 100 to 200 mg/kg/day should be provided
to decrease the accumulation of propionylcarnitine. Homo-
cystinemia should be managed by betaine 100 to 200 mg/
kg/day. To stimulate methionine synthetase, folic or folinic
acid must be given.

PROGNOSIS. In a young infant, unless homocysteinemia
can be managed, the disease will be lethal with hemolytic-
uremic syndrome and kidney, liver, or respiratory failure.
The prognosis in a late-onset disease varies.67 When
patients respond well to treatment, regression of neurolog-
ical findings occurs rapidly. In other similarly treated
subjects, no ameliorative response has been observed, pre-
sumably due to more complete metabolic derangements or
involvement of pathways unaffected by available treatment
agents.
Methylenetetrahydrofolate Reductase Deficiency
PATHOGENESIS AND PATHOPHYSIOLOGY. MTHFR

(EC 1.5.1.20) deficiency is an inborn error of metabolism
of folic acid. MTHFR catalyzes the reduction of methylene-
tetrahydrofolate to methyltetrahydrofolate. The latter is one
of the two cofactors for methionine synthetase (MeS), the
enzyme that re-methylates homocysteine produced from
the hydrolysis of S-adenosylmethionine (SAH). The SAH
in turn is the end product of S-adenosylmethionine (SAM)
used for several anabolic reactions of methylating nucleic
acids and proteins. The remaining homocysteine residue
must be methylated again and converted into methionine,
which is used to synthesize SAM, and thus the cycle is com-
pleted. The MeS that catalyzes this reaction plays a pivotal
role in the body, particularly in the brain, assuring a steady
supply of methionine for protein synthesis and nucleic acid
methylation. MeS requires two cofactors: methyltetrahy-
drofolate and methylcobalamin. Deficiency of methionine
occurs either when the enzyme is deficient (very rare) or
more commonly when there is a defect in the metabolism
of folic acid or vitamin B12. Among these latter possibilities,
the absence of MTHFR causes a very severe neurological
disease in an infant. A defect with similar consequences
was discussed in the errors of vitamin B12 metabolism.
The partial deficiency of MTHFR in an adolescent or young
adult has been implicated in homocystinuria leading to
strokes, miscarriages, and neural tube defects. While a low
methionine arrests brain growth, hypermethioninemia can
occur without any neurological symptoms.

EPIDEMIOLOGY AND RISK FACTORS. Absence of
MTHFR is panethnic and has been described in different
populations. The partial deficiency is due to a thermola-
bile mutation in MTHFR and is observed frequently in
many populations, especially Koreans. The disease process
caused by such a mutation and its consequences in the
young adult or adolescent populations are not included
in this section. The severe infantile form is encountered
frequently among Arabs in the Middle East.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The phenotypic expression of this disorder varies
from severe early infantile to late infantile forms. The severe
early infantile presentation includes intractable hiccups,
central hypotonia, myoclonic seizures associated with fre-
quent apneic attacks, early onset microcephalus, micro-
ophthalmia, and retinitis.68 This acute encephalopathy is
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rapidly progressive, leading to cessation of crying and swal-
lowing. Because absent folic acid function also impairs
leukocyte function, intercurrent fungal and bacterial infec-
tions are common. These complications as well as the severe
encephalopathy lead to death by 3 to 4 months of age if the
disease is untreated. The family history may include pre-
vious early infantile deaths with a similar presentation. The
later-onset infantile form is more indolent and has such non-
specific symptoms as seizures, progressive pyramidal and
cerebellar signs, and cognitive decline.69,70 No associated
disorder was observed in four consanguineous families
encountered in Saudi Arabia.

DIFFERENTIAL DIAGNOSIS. The early infantile form
may be confused with nonketotic hyperglycinemia,
4-hydroxybutyricaciduria, multiple acyl-CoA dehydrogenase
deficiency, molybdenum cofactor or sulfite oxidase defi-
ciency, and peroxisomal and early-onset oxidative phos-
phorylation diseases. Rapid biochemical testing is available
to identify MTHFR deficiency.

In MTHFR deficiency, there will be neutropenia and
homocystinuria, both readily detectable in a clinical bio-
chemistry laboratory. In contrast to classic homocystinuria
due to a deficiency of cystathionine synthetase, in MTHFR
deficiency, cystathioninuria and cystathioninemia occur.
In nonketotic hyperglycinemia, which can be confused
because of the constellation of hiccups, severe hypotonia,
and early myoclonic seizures, the CSF glycine will be ele-
vated. In 4-hydroxybutyricaciduria, the urine GC/MS assay
for organic acids will identify the disease. Multiple acyl-
CoA dehydrogenase deficiency usually presents as a devas-
tating metabolic disease of the newborn with acidosis and
hypoglycemia. In sulfite oxidase or molybdenum cofactor
deficiency, the blood uric acid will be very low and the
brain MRI reveals subcortical cysts. In early-onset mito-
chondrial diseases such as cytochrome-c oxidase defi-
ciency, there will involvement of other systems such as
heart and liver with prominent lactic acidosis. Finally, in
neonatal forms of peroxisomal diseases, there will be hepa-
tomegaly, patellar x-ray stippling, and brain ultrasound
abnormalities showing corpus callosum hypogenesis and
brain cysts.

EVALUATION. A complete blood count (CBC) for neu-
tropenia and a homocystine screening test in the urine must
immediately be secured in any newborn with evolving
encephalopathy. If either of these tests is abnormal, an
MS/MS or an amino acid profile should be obtained to
detect hypomethioninemia. MS/MS is a unique proce-
dure among all other screening tests because it can detect
low levels of amino acids, including methionine.68

Blood homocystine level must be determined because the
renal threshold for homocystine is approximately 50 mM.
Furthermore, blood MS/MS will indicate elevated propio-
nylcarnitine in the case of a vitamin B12 metabolic defect;
this elevation is not observed in MTHFR deficiency. If
needed, urine GC/MS tests should be performed for
methylmalonic and methylcitric acids to rule out a vitamin
B12 defect. If other disorders are considered, additional
studies should be performed as needed. If available, posi-
tron-emission tomography (PET) brain scans with 18F-
fluoro-2-deoxyglucose are advisable68 and reveal absent
cerebral and cerebellar glucose uptake. The metabolic pat-
tern returns to normal gradually after appropriate treatment
with methionine. The white matter changes on MRI are
nonspecific.

MANAGEMENT. The two management goals are to pro-
vide enough methionine for adequate brain growth and to
reduce homocystine levels in blood. These goals are
achieved by providing 100 to 150 mg betaine/kg/day and
200 to 300 mg/kg/day methionine. The blood methionine
level must be closely monitored biweekly to achieve a level
of 200 to 400 mM.68 Some physicians hesitate to use methio-
nine for fear of producing high levels of homocysteine in
the blood, but in the authors’ experience, if enough betaine
is used, hyperhomocysteinemia is not a major problem.
On general principles, to stimulate a defective enzyme activ-
ity to an appreciable level, weekly injections of folinic acid
15 mg and vitamin B12 1 mg may be added.

PROGNOSIS AND PREVENTION. The outcome depends
on early detection and early, aggressive treatment. Unless
an aggressive treatment is given, the infant will develop
microcephaly. When the above protocol is not applied,
the infant will likely suffer severe neurological crippling
and will expire. With appropriate treatment, however, the
child will develop normally or within near-normal limits.
The authors are aware of three such normal children 1 to
5 years of age.
MITOCHONDRIAL ENZYME DEFECTS

Mitochondrial DNA (mtDNA) was first discovered in
1963, and in the following 20 years the basic principles
of mitochondrial genetics were established.71 These are
maternal inheritance, replicative segregation, threshold
expression, high mtDNA mutation rate (compared with
nuclear DNA genes), and accumulation of somatic muta-
tions with aging and oxidative stress. Diseases such as
Kearns-Sayre syndrome, Leber’s hereditary optic neuropa-
thy, and chronic progressive opthalmoplegia have been
described for several decades, but the genetic basis, spe-
cifically the identified mutations on the mtDNA chromo-
some, for them was not proved until the late 1980s and
early 1990s.

For all practical purposes, the only mtDNA that is inher-
ited is from the mother. Although sperm cells have mito-
chondria surrounding the tail, any paternal mtDNA that
enters the ovum is inactivated. Therefore, the mtDNA of
the mother is transmitted to all her children through the
egg cytoplasm, containing 200,000 to 300,000 mtDNAs.
The number of mitochondria increases a hundredfold,
whereas the mtDNA copy number per mitochondrion
decreases from 2 to 10 to 1 to 2 mtDNAs during oogenesis.
After fertilization, the early embryo goes through nuclear
DNA replication and cell cleavage without significant
increase in number of mitochondria or mtDNAs. The
mtDNA copy number per mitochondrion varies according
to cell type, with an inverse relationship between mito-
chondrial density and copy number. The highest mtDNA
copy number is in brain mitochondria. Mutations in cellu-
lar mtDNAs result in mixed intracellular populations of
mutant and normal genomes, a situation called hetero-
plasmy. When heteroplasmic cells (those with mixed popu-
lations of wild mtDNA and mutant mtDNA) divide,
different mtDNAs partition randomly into daughter cells
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(replicative segregation), resulting in variation of cell
genotypes.

The oxidative phosphorylation (OXPHOS) molecular
system is embedded in the lipid bilayer of the mitochon-
drial inner membrane. It consists of two mobile electron
carriers, coenzyme Q10 and cytochrome c, and five multi-
subunit protein complexes (complex I–V). The mitochon-
dria itself comprises over 800 nuclear-encoded gene pro-
ducts. The mitochondrial DNA contains 37 genes, 13 of
which encode for some of the subunit components of com-
plexes I, III, IV, and V, as well as the two rRNAs and 22
tRNAs required for mitochondrial protein synthesis. The
remainder of the OXPHOS system, including the majority
of the subunit components of complexes I, III, IV and V,
as well as all four subunits of complex II is encoded by
the nuclear DNA. With few exceptions all human nuclear
cDNA’s/genes’ encoding structural OXPHOS subunits
have been characterized. The mtDNA mutations account
for less than 5% of the OXPHOS defects in the pediatric
age group. Most OXPHOS defects occur in nuclear sub-
units or in the enzymes required to assemble the complexes
that make up the electron transport chain.72

The mtDNA is a 16,569 base pair double-stranded cir-
cular molecule with two strands: heavy (H) and light (L).
It encodes seven subunits of complex 1, one subunit of
complex III, three subunits of complex IV, two subunits
of complex V, 22 tRNAs, and 2 rRNAs. The nuclear gene
component consists of at least 40 genes for complex I, four
for complex II, 10 for complex III, and 10 each for com-
plexes IV and V. They are randomly distributed over the
genome with no clustering on any one chromosome or por-
tion of a chromosome. Mitochondrial DNA has two differ-
ent promoters involved in the expression of its 13 structural
genes. Transcription of mtDNA generates two large poly-
cistronic mRNAs. As a consequence mRNAs coding for
12 of the 13 mtDNA subunits are transcribed stoichio-
metrically. Only the ND6 gene of the L strand is transcribed
independently. However, under pathological conditions
only few transcripts change. Very likely post-transcriptional
mechanisms, including mRNA stability, play a role.73

Nuclear transcription is not coordinated by mitochon-
drial transcription. However, the transcription of all nuclear
genes (i.e., nuclear OXPHOS gene expression) is finely co-
regulated. The transcriptions of nuclear genes are regulated
by several transcription factors such as NRF1 or NRF2,
Oxbox, Rebox, and Mt family factors.74 Some of these fac-
tors may serve as nuclear signals to control mitochondrial
gene expression.

The clinical phenotype a mitochondrial disease
expresses depends on the specific mtDNA mutation, the
percentage of mutant mtDNAs, and the differing energy
requirements and reserve of tissues. The organs most
affected share the fact that they are primarily all postmito-
tic at birth as well as have a high energy demand per gram
of tissue. Each tissue requires a different minimum level
of mitochondrial adenosine triphosphate (ATP) produc-
tion (a threshold) to sustain normal cell function. In a family
with heteroplasmic mtDNA mutations, different family
members can inherit different percentages of mutant
mtDNAs and therefore present with different clinical symp-
toms. The phenotypical effect of the mutations depends on
the severity of the damage to the protein the gene encodes.
Cells with the lowest potential to replicate, like neurons,
appear to be the ones most susceptible to degenerative
changes in proteins, lipids, nuclear DNA, and mtDNA.
Which neurons accumulate mtDNA mutations is propor-
tional to the metabolic rate. Thus, cerebral cortex, which in
PET shows a high glucose utilization rate, and basal ganglia,
which also have dopaminergic neurons that generate hydro-
gen peroxide and oxygen radicals, are the brain areas most
susceptible to accumulation of mtDNA damage. Accumula-
tion of mtDNAmutations is also known to occur after events
such as a myocardial infarction, suggesting that anoxia
itself, or the oxidative damage caused by anoxia, may pro-
mote further mitochondrial injury.

Among the many disorders of oxidative phosphoryla-
tion, clinical classifications that focus on the most severe
organ system presentations are misleading.71 Because the
expression of mtDNA defects of oxidative phosphorylation
depends on the quantitative principles stated earlier, com-
plete phenotypes are rarely exhibited. Biochemical classifi-
cations have the same shortcomings because the type and
severity of the enzyme defect varies with the percentage
of mutant mtDNA in heteroplasmic families. A molecular
genetic classification is therefore the most useful. It in-
cludes four categories: class I, nuclear DNA mutations;
class II, mtDNA point mutations; class III, mtDNA dele-
tions and duplications; and class IV, genetics not yet
defined. In keeping with the previous section of aminoacid-
opathies and organic acidopathies, major diseases are
listed in Table 31-6 by order of most likely age presenta-
tion. Table 31-7 lists OXPHOS diseases by respiratory
complexes involved.

Subacute Necrotizing Encephalomyelopathy
(Leigh’s Disease)

PATHOGENESIS AND PATHOPHYSIOLOGY. At the
molecular level, Leigh’s disease (LD) can be caused by
both mendelian (autosomal recessive nuclear coded DNA)
and mtDNA defects.72,75 Areas affected are primarily the
basal ganglia, brain stem, and cerebellum. The cerebral
cortex and retinal pigment are less involved. Pathologi-
cally, there is spongy degeneration, demyelination, gliosis,
necrosis, relative sparing of neurons, and capillary prolif-
eration. It is suggested that the common final pathway that
leads to Leigh’s disease is a deprivation of ATP at critical
developmental stages. Several enzyme complexes involved
in mitochondrial respiratory metabolism show defects, sin-
gly or in combination. These are in cytochrome-c oxidase
(COX; complex IV), NADH dehydrogenase (complex I),
pyruvate dehydrogenase complex (PDHC), and pyruvate
carboxylase. The most commonly reported defect is within
the ATPase 6 gene at mtDNA position mt8993, a T to G or
T to C mutation, resulting in severe defects of ATP produc-
tion.76 This is the same gene defect that causes the NARP
syndrome (neuropathy, ataxia, and retinitis pigmentosa) in
adults, and in many instances the mothers of infants with
these mutations may go on to later develop the NARP syn-
drome. Most pathogenic mtDNA mutations cause disease
only at high mutant loads, usually greater than 90%.
A new ND5 mutation, G13513A, was found in three un-
related patients with complex I deficiency and LD was pre-
sent at mutant loads of 50% or less in all tissues, including



TABLE 31-7

OXPHOS Diseases: Genes Involved and Clinical Presentations in Various Disorders of OXPHOS Complexes

DEFECT IN COMPLEX GENE INVOLVED CLINICAL PHENOTYPE

Complex 1 NDUF4, NDUF7, and NDUF8 Leigh’s or Leigh-like disease
Complex 1 NDUFV1 (at Xq24) Leukodystrophy, macrocephaly, and myoclonic epilepsy
Complex 1 G4.5 (at Xq28) Barth syndrome (ccardiomyoptahy, cyclic neutropenia)
Complex 2 Fp Leigh’s or Leigh-like disease
Complex 3 Nuclear genes are OK Cyt

b unit of MtDNA
CNS hypotonia, intrauterine growth retardation, growth failure, cardiomyopathy,
deafness, retinopathy, and acidosis

Complex 4 SURF1 Leigh’s syndrome
Complex 4 SCO1 Encephalopathy, hepatic failure
Complex 4 SCO2 Cardioencephalomyopathy
Complex 4 COX10 De Toni-Fanconi syndrome
Complexes 1 and 4

combined
Hep60 Combined clinical features of complexes 1 and 4

Complex 5 F0, F1, ATP synthetase,
mtDNA subunit 6 and 9

Ataxia, retinitis pigmentosa when heteroplasmic, also severe lactic acidotic and lethal
when homoplasmic

Mitochondrial
transport defect

DDP gene Mohr-Tranebjerg syndrome, transport of protein between outer and inner membrane;
dystonia, sensorineural hearing loss, optic atrophy, dementia, and psychosis
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muscle and brain, and disrupted complex I assembly or
turnover. This new mutation can cause disease at unusually
low mutant load and may act dominantly.77 SURF-1, one
of the four proteins responsible for assembly of the COX
complex, is deficient in LD.77,78

EPIDEMIOLOGY AND RISK FACTORS. LD is a rela-
tively common neurometabolic disease. About one half of
patients are diagnosed in the first year of life, usually
before age 6 months; in a fourth, the onset is early in the
second year of life. Males are predominantly affected,
which may in part be due to the fact that pyruvate dehydro-
genase deficiency, an X-linked disorder, most often pre-
sents as Leigh’s syndrome in boys. There is a juvenile
and an adult forms of Leigh’s syndrome.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The usual age at onset is before the age of 1 year, with
death usually occurring before age 5 years. A previously
healthy, normal infant exhibits a progressive encephalo-
pathy, with an early characteristic central hypoventilation
syndrome. Central hypotonia is prominent early and may
later be followed by spasticity. Brain stem findings are
shown as poor feeding, sucking, and swallowing and as
nuclear or supranuclear ophthalmoplegia. There may be
optic atrophy but also pigmentary degeneration of the retina.
If the onset occurs after the infant has obtained some upright
posture, ataxia becomes evident. Seizures occur in the early-
onset form, particularly when due to PDHC deficiency or the
NARP mt8993 mutation. Movement disorders may occur
later in the course and consist often of multifocal myoclonus.
Serial CSF lactate and pyruvate levels are elevated. The
diagnosis can usually be made by the combination of a typi-
cal course, elevated CSF lactate and pyruvate, and typical
lesions on MRI.

DIFFERENTIAL DIAGNOSIS. Included is any infantile-
onset chronic or subacute progressive encephalopathy, but
particularly the organic acidurias that present as progres-
sive encephalopathy: glutaricaciduria type 1, biotinidase
deficiency, and biopterin-dependent phenylketonuria. Other
mitochondrial disorders such as the primary lactic acidoses,
atypical peroxisomal disorder, and infantile neuraxonal
dystrophy should be considered.
EVALUATION. (Fig. 31-5) The most useful ancillary
study is brain MRI and magnetic resonance lspectroscopy
(MRS). On T2-weighted sequences of brain MRI images,
areas of increased intensity are seen in brain stem, cerebel-
lum, and basal ganglia, more or less symmetrically. Brain
MRS shows an elevated lactate peak. In LD blood amino
acid screening may show nonspecific aminoaciduria. Blood
and, more definitively, CSF lactate and pyruvate levels are
elevated, with lactate/pyruvate ratios not always at 25:1,
but are made unnecessary by demonstrating elevated tissue
lactate in brain MRS. Blood ammonia and glucose values
are usually normal, as are those of urine organic acids.
Other useful tests include serum biotinidase determination,
blood sampling for very long chain fatty acids and red
blood cell catalase, and pipecolic acid determination for
excluding peroxisomal disorders. An EEG may show only
background slowing consistent with a nonfocal encephalo-
pathy. Specific cause is investigated by enzyme analysis
for COX and PDHC activity in cultured skin fibroblasts
or muscle biopsy, and muscle biopsy is performed for
mtDNA analysis (see Fig. 31-5).

MANAGEMENT. Supportive and symptomatic manage-
ment includes nasogastric tube or gastrostomy for feeding
problems to prevent aspiration, tracheostomy and ventila-
tory support for respiratory failure, prompt treatment of
infections, frequent changes of position in bedridden
patients to prevent skin ulceration, and the use of antiepi-
leptic and antispastic drugs when appropriate. Metabolic
treatment can be attempted, even while waiting for a defi-
nitive diagnosis, by starting with broad-spectrum cofactor
supplementation therapy. This assumes that if the patient
has a treatable mitochondrial disease, it will respond to fac-
tors that increase mitochondrial ATP production. Biotin
(50 mg/day or more) and thiamine (300 mg/day or more)
can be given in megadoses, in combination with the multi-
vitamins. At least a 2-month trial should be given to de-
termine therapeutic efficacy, although this approach is
difficult to assess because of the phenotypical and genetic
heterogeneity of these diseases. Dichloroacetate is avail-
able for lowering of lactic acid levels in research protocols,
and it is hoped that it will soon be approved by the Food



Pedigree analysis to evaluate for
evidence of Mendelian or maternal

inheritance

Clinical exam
History and physical exam

Metabolic evaluation
1. Blood quantitative organic acids,
    amino acids, and carnitine analysis 
2. Urine (24-h collection) for
    quantitative organic acids, amino acids,
    and carnitine analysis
3. CSF organic and amino acids (optional
    depending on the clinical situation)

Muscle biopsy
1. Histochemistry and 
    electron microscopy
2. OXPHOS biochemistry
    (isolation of mitochondria
    immediately from fresh
    sample)
3. mtDNA analysis

Consider establishing cell lines (lymphoblasts or myoblasts) for
more detailed biochemical and genetic analyses. This may be
useful in investigating further whether an OXPHOS defect is
caused by nuclear DNA mutations or mtDNA mutations.

Blood

OR

1. Direct mtDNA analysis for
    pathogenic mutations

Depending on the clinical
situation, decide whether to
begin by analyzing blood
or muscle.

Figure 31-5. Algorithm for general approach to the investigation of diseases
of oxidative phosphorylation. (Reproduced with permission from The
McGraw-Hill Companies, from Scriver C [ed]: The Metabolic and Mole-
cular Bases of Inherited Disease, 7th ed. New York, McGraw-Hill, 1995, p
1579.)
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and Drug Administration. Doses of 15 to 200 mg/kg/day
have been used in infants and children, with about a 20%
fall in lactic acid levels. Coenzyme Q10, vitamin K, and
vitamin C may also be tried, but their effectiveness has
not been demonstrated in controlled trials. Patients with
PDHC deficiency will often respond to the ketogenic diet,
which essentially generates acetyl-CoA by b-oxidation of
fats and bypasses the PDHC (which generates acetyl-CoA
by the decarboxyation-activation of pyruvate.

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis for Leigh’s disease is grave: death is inevitable. The
course at times may spontaneously remit, and therapies
may seem to arrest the disease for periods of time. Death
usually occurs by respiratory failure or complications such
as sepsis.

Progressive Infantile Poliodystrophy
(Alpers’ Disease)

PATHOGENESIS AND PATHOPHYSIOLOGY. Alper’s
syndrome, also referred to as Alpers-Huttenlocher
syndrome is a progressive illness characterized by neuronal
degeneration and liver disease. The main clinical features
are psychomotor regression, seizures (often epilepsia par-
tialis continua) and liver failure. The CNS locations
affected by Alpers’ disease are the same as those of
Leigh’s syndrome but in reverse order: with the gliosis
most severe in cerebral cortex, then cerebellum, basal
ganglia, and brainstem. Lesions show diffuse neuronal
degeneration, characteristic spongiform or microcystic
degeneration, and, in common with Leigh’s syndrome,
gliosis, necrosis, and capillary proliferation.79 The bio-
chemical abnormalities reported in Alpers-Huttenlocher
syndrome have not been specific, and have included
decreased pyruvate dehydrogenase activity, decreased uti-
lization of pyruvate and NADH (substrates that donate
reducing equivalents into complex I of the respiratory
chain), and tricarboxylic acid cycle dysfunction. Until
recently, until recently the genetic abnormality and
mechanism of transmission was unknown, and it was even
disputed whether Alpers’ disease was a mitochondrial dis-
ease at all. However, increasing numbers of cases of classic
Alpers-Hunttenlocher syndrome have been attributed to
mutations in POLG1, the gene encoding the catalutic sub-
unit of DNA polymerase gamma (pol-gA), the only
polyrase that is used by the mitochondrial DNA to
replicate. There is no one specific allelic mutation that
causes Alpers-Huttenlocher syndrome. Although many
cases are due to inheritance of identical mutations in
the same gene, in some cases complex heterozygosity
may play a role in this syndrome. Different mutations
case a clear differential alteration of function in terms
of decreased catalytic activity (mutation affecting the
C-terminus) or accuracy in nucleotide selectivity (the N-
terminus), which explains the different syndromes asso-
ciated with mutations in this gene. In addition to AHS,
mutations are known to cause autosomal recessive progres-
sive external opthalmoplegia, ataxia-epilepsy syndromes
and SANDO (sensory atactic neuropathy with dysarthria
and opthalmoplegia).

EPIDEMIOLOGY AND RISK FACTORS. Alpers first
described the syndrome of infantile poliodystrophy in the
early 1930s, and in 1976 Huttenlocher and associates
described a syndrome with an identical neurologic pathol-
ogy and pathophysiology to Alpers’ syndrome but with asso-
ciated hepatic necrosis.80 This has become known as
both the Huttenlocher variant as well as Alpers-Huttenlocher
syndrome, but it is not clear if there is a difference in terms
of etiology or genetics. Certainly with the advent of
improved medical care, many children may live longer to
develop the hepatic complications. Valproate has been
implicated in the rapid development of liver failure in
children with AHS.81

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Age at onset and duration are similar to those of
Leigh’s disease. However, there is usually psychomotor
delay before the abrupt onset of seizures.82 The seizures
may be focal status epilepticus and epilepsia partialis con-
tinua, but they evolve into multifocal myoclonus. Areflexia
and hypotonia are initially present, with some signs of
spasticity later. Ataxia and nystagmus may worsen, with
all other neurological signs and symptoms, during infec-
tions. Approximately 40% of patients in older historical
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series have associated hepatic dysfunction, but the use of
valproate may induce the rapid development of liver fail-
ure. The course is rapidly progressive after onset of
seizures. Blindness and optic atrophy occur late.

DIFFERENTIAL DIAGNOSIS. This includes any of the
infantile or late infantile progressive encephalopathies with
primary involvement of cortical gray matter and presenta-
tion with refractory epilepsy. Probably the most common
of these diseases is neuronal ceroid lipofuscinosis
(Jansky-Bielschowsky or Batten-Spielmeyer-Vogt presen-
tations), which can be ruled out by looking for appropriate
inclusion bodies in skin, conjunctival, or full-thickness
rectal (ganglion cell) biopsy specimens with electron
microscopy. Another mitochondrial disease with severe
epilepsy is the myoclonic epilepsy and ragged red fibers
(MERRF) syndrome (see discussion later in the chapter).
Other storage diseases at this age, such as atypical GM2

gangliosidosis (Tay-Sachs disease, Sandhoff’s disease),
infantile sialidosis, and galactosialidosis, could be diag-
nosed by testing for lysosomal enzyme activity, preferably
on cultured skin fibroblasts, rather than blood. Other rare
causes of a progressive encephalopathy with refractory sei-
zures at this age, but important because they are treatable
and reversible, are later-onset pyridoxine dependency and
nonketotic hyperglycinemia (both usually neonatal-onset
diseases), biotinidase deficiency, and disorders of biogenic
amine metabolism, such as folate-responsive seizures. Sul-
fite oxidase deficiency and Menkes’ disease usually present
earlier in infancy. The former can be screened for by a com-
mercially available sulfite oxidase urine dipstick test, the
latter, by measuring serum copper and ceruloplasmin. Ex-
tremely rare at this age are slow virus (subacute sclerosing
panencephalitis) diseases. Within the differential diagnosis
are epileptic syndromes that appear to be progressive at the
onset but that usually plateau into developmental arrest
and retardation. These include the syndrome of severe
myoclonic epilepsy and the Lennox-Gastaut syndrome.

EVALUATION. Until recently, genetic testing was avail-
able on a research-only basis, but in the last year there a
number of clinical laboratories will perform routine muta-
tional analysis of the entire POLG1 gene. Because there
is no one pathognomonic clinical sign, Alpers’ disease pri-
marily is a diagnosis of exclusion. Therefore, all rapidly
progressive infantile encephalopathies need to be consid-
ered if appropriate by clinical story, followed by appropri-
ate laboratory testing. Measurement of amino acids,
organic acids, lactate, and pyruvate should be done in
CSF as well as in plasma. Mitochondrial biochemical and
DNA studies should be performed, looking specifically
for the MERRF mutation, as well as functional neuroim-
aging studies (i.e., MR spectrometry, single photon emission
computed tomography [SPECT], and PET if available), to
garner evidence for defective energy metabolism and oxi-
dative phosphorylation and to determine the biochemical
geography. In Alpers’ disease EEGs are markedly abnor-
mal, showing a diffuse encephalopathy. A characteristic
EEG pattern consists of high-voltage, very slow d waves
mixed with low-voltage polyspikes. Serial visual evoked
potentials extinguish over time. Structural neuroimaging
studies (CT, MRI) show progressive marked cortical atro-
phy. Results of liver function tests are abnormal at the onset
of seizures, before clinical features of hepatic degeneration.
MANAGEMENT. There is no specific treatment. The
broad-spectrum approach described earlier for Leigh’s dis-
ease should be applied in order not to miss a treatable pro-
gressive encephalopathy. A trial of pyridoxine, 50 mg
twice a day orally, can be done to rule out pyridoxine-
dependent/deficient seizures. If the serum and CSF glycine
levels are elevated, the glycine cleavage enzyme activity
should be assessed by liver biopsy in a laboratory qualified
to do this test; treatment should be started with dextro-
methorphan, leucovorin, and sodium benzoate for nonketo-
tic hyperglycinemia. In symptomatic treatment of the
seizures, valproic acid should be avoided, because the risk
of accelerating the course and a resultant fatal toxic hepa-
titis is very high. Other treatments of refractory, nonsurgi-
cally treatable epilepsy at this age, such as corticotropin
or prednisone, ketogenic diet, and intravenous IgG, are
unproven and may be harmful.

PROGNOSIS AND FUTURE PERSPECTIVES. This is a
fatal disease. Future treatment approaches depend on eluci-
dation of the underlying biochemical and molecular pathogen-
esis. Because of the inheritance pattern, genetic counseling
is recommended.83

Primary Lactic Acidoses
PATHOGENESIS AND PATHOPHYSIOLOGY. The

pathogenesis lies primarily with liver involvement. Three
common causes often emerge as part of the evaluation:
( 1) cyto chrome- c oxida se (COX deficiency , the main cause
of lac tic aci dosis in Middle Eastern popul ations; ( 2) mito-
chondrial depletion syndrome, which may be due to Alpers’
disease ; ( 3) ATP synt hetase 6 subunit deficiency . Howeve r,
not a single mutation has been described in nuclear or mito-
chondrial genes in this syndrome. Other factors, such as the
dialogue between nucleus and mitochondria to finely tune
OXPHOS, probably are at work here. As molecular diagnos-
tic methods improve, the actual enzymatic etiology of these
cases will be clarified. However, even with the most modern
investigations, at times neither a specific biochemical defect
or molecular gene mutation can be identified.

EPIDEMIOLOGY AND RISK FACTORS. These diseases
are rare, and their epidemiology is unknown. Because the
respiratory chain is influenced by mitochondrial and nuclear
genomes, inheritance is either mendelian or mitochondrial .

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Presentation is usually in or shortly after the neona-
tal period, with marked hypotonia and weakness, failure to
thrive, respiratory difficulty, and severe lactic acidosis. The
hypotonia/weakness is due to a myopathy with lipid and
glycogen accumulation and abnormally shaped mitochon-
dria without inclusions but only rare, ragged red fibers.
Death occurs ordinarily by 5 months, usually because of
the uncorrectable lactic acidosis. Hepatic dysfunction is
highly associated, with lesser involvement of kidneys (prox-
imal tubule abnormalities and generalized aminoaciduria)
and a myocardiopathy. The brain itself is rarely involved,
but when it is, bilateral basal ganglial abnormalities are
shown on neuroimaging.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
includes other infantile causes of lactic acidosis: primary
defects of pyruvate metabolism, such as pyruvate dehydro-
genase deficiency, or secondary disturbances, such as in
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various organic acidurias and fatty acid oxidation defects;
Krebs’ cycle defects; and defects of gluconeogenesis.84

Before the serum lactic acid levels are known, the clinical
picture resembles the hyperammonemia syndromes due to
urea cycle defects.

EVALUATION. Important tests to order include blood
levels of amino acids; urine levels of organic acids; serum
and CSF levels of lactate, pyruvate, and ammonia; liver
and renal function tests; blood creatine kinase (skeletal
and cardiac fractions); ultrasound evaluation of the heart;
neuroimaging of the brain; and EEG to document a toxic/
metabolic encephalopathy.

MANAGEMENT. Supportive treatment of liver, renal,
and cardiac failure is important, along with consultation
with a center using experimental protocols. For respiratory
chain defects, megadoses of vitamins K and C, coenzyme
Q10, L-carnitine, and folic acid have all been tried with con-
troversial benefit, but there are no controlled studies avail-
able. If pyruvate dehydrogenase (PDH) deficiency is the
cause, there are several patient reports demonstrating thia-
mine- and lipoic acid- responsive subtypes, as these are
two cofactors for PDHC, so these vitamins may be thera-
peutic If biotinidase deficiency or multiple carboxylase
deficiency is the cause, 50 mg of biotin daily can be given.
Fructose-1,6-biphosphatase deficiency and glucose-6-
phosphatase deficiency, both gluconeogenic defects, res-
pond to frequent daily and continuous nocturnal feedings
to prevent hypoglycemia. There is no effective treatment
for pyruvate carboxylase (PC) deficiency or partial defects
of the Krebs’ cycle, although ensuring proper continuous
or near-continuous nutrition may retard the progression of
the disease. Correction of the metabolic acidosis and low-
ering of serum lactic acid is most effective with sodium
dichloroacetate (DCA), 15 to 200 mg/kg/day administered
intravenously or orally. DCA crosses the blood-brain bar-
rier and inhibits the PDH-specific kinase, activating the
PDHC and lowering brain and blood lactate levels. The
use of DCA continues to be explored in several experimen-
tal trials. Although it is effective in reducing lactic acid
levels, it is not clear if this alters the course of the disease,
especially in respiratory chain defects where there may
be a benefit for the redox state to be shifted by the higher
lactic acid levels.

PROGNOSIS AND FUTURE PERSPECTIVES. Primary
lactic acidosis of the neonate usually ends in death within
months. In an occasional infant, the lactic acidosis be-
comes less severe, and the infant will develop nearly nor-
mally until adolescence, when neurodegeneration may be
observed. If definite nuclear gene mutations are identified
in the future in patients with primary lactic acidosis, prena-
tal diagnosis using chorionic villus sampling or amniocen-
tesis should be feasible. The prognosis of the other
congenital lactic acidoses depends on the underlying bio-
chemical defects—best with biotinidase deficiency and
the gluconeogenic defects, less with PDH, PC, and Krebs’
cycle defects.

Myoclonic Epilepsy and Ragged Red Fibers Syndrome
PATHOGENESIS AND PATHOPHYSIOLOGY. Eighty

percent to 90% of patients with MERRF syndrome have
a heteroplasmic A8344G mutation in the tRNALys gene.85
Two other mutations, T8356C and G8363A, in the same
gene account for most of the other cases of MERRF. Re-
cently, a novel heteroplasmic G611A mutation in another
gene, the mitochondrial DNA tRNA phenylalanine
(tRNAPhe) gene, has been found in typical MERRF.86

These result in protein synthesis defects involving primar-
ily complexes I and IV, which have the greatest number
of mtDNA-coded subunits. Any quantitative measure of
energy metabolism—31P-NMR, anerobic threshold deter-
mination, or biochemical analysis of skeletal muscle—
shows decreased ATP-generating capacity. When mutant
mtDNAs exceed 85% in a tissue, the patient becomes
symptomatic. Neuropathologic examination shows degen-
eration of cerebellar cortex, substantia nigra, dentatorubral
and pallidoluysian systems, locus ceruleus, inferior olivary
nucleus, and pontine tegmentum.

EPIDEMIOLOGY AND RISK FACTORS. The exact inci-
dence is not known. Familial occurrence with maternal
inheritance, usually before age 20, is the rule. Commonly,
symptoms and signs overlap among MERRF, mito-
chondrial encephalopathy, lactic acidosis, and stroke-like
episodes (MELAS), and Kearns-Sayre syndrome (KSS).

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The classic presentation is usually in late childhood,
although it may begin in early adulthood, with progressive
myoclonic epilepsy, ataxia, and action-induced polymyoc-
lonus. Weakness and hypotonia due to a mitochondrial
myopathy and a progressive dementia follow. Hearing loss
may be associated. This presentation resembles the histori-
cal Ramsay Hunt syndrome of dysergia cerebellaris my-
oclonica. One clinical feature quite unique to MERRF is
the appearance of cervical (neck) lipomatosis. As with
other disorders due to mtDNA mutations, the spectrum of
severity of this disorder is enormous.

DIFFERENTIAL DIAGNOSIS. MERRF is differentiated
clinically from MELAS (see next section) by the lack of
stroke-like episodes in MERRF. Benign essential familial
myoclonus is nonprogressive. The principal differential is
with other causes of progressive myoclonic epilepsy in late
childhood/early adolescence. These are storage diseases—
neuronal ceroid lipofuscinosis (Kufs’ type) and neuramini-
dase deficiency (sialidosis type 1); diseases of unknown
etiology—Lafora’s disease, Baltic myoclonus; and slow virus
and prion diseases—subacute sclerosing panencephalitis and
early-onset spongiform encephalopathy.

EVALUATION. Tests to be ordered include serum and
CSF lactate, pyruvate, and alanine levels; EEG and visual
evoked potentials; MRI of the brain, which often shows
areas of increased intensity in T2-weighted sequences;31

P-NMR of muscle; muscle biopsy for biochemical tests
of oxidative phosphorylation and for visualizing ragged
red fibers, by light microscopy using the Gomori’s trichrome
stain, and by electron microscopy; and mtDNA analysis,
looking for the MERRF and MELAS point mutations.

MANAGEMENT. Seizures can be symptomatically
treated with valproate (using levocarnitine presymptomati-
cally to prevent a carnitine deficiency from developing)
and clonazepam. There is a dearth of data as to whether
measures for refractory myoclonic epilepsy—ketogenic
diet, corticotropin or corticosteroids, or L-5-hydroxytrypto-
phan plus carbidopa—have been effective. Corticosteroids
have been used for the myopathy and improvement has
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been noted, but this is not generally recommended at pre-
sent. Because coenzyme Q10 improves electron transfer
from complex I and riboflavin serves as a cofactor for elec-
tron transport in complex I (and II), these agents are reason-
able to try (see Fig. 31-5). Use of vitamin K (menadione and
phytonadione) has less rationale.

PROGNOSIS AND FUTURE PERSPECTIVES. The
course is chronic and slowly progressive. Different family
members may become symptomatic, with different pheno-
types, at different ages, depending on the percentage of the
mutant DNA in muscle and brain. It would be important
for all maternal relatives to have blood analyses for the
mutant DNA and, if negative on muscle, to determine the
risk of becoming symptomatic with age. Prenatal diagnosis
by amniocentesis or chorionic villus sampling for mtDNA
point mutations is unreliable presently because the geno-
type of that tissue may not reflect that of the embryo’s
muscle and brain.
Mitochondrial Encephalopathy, Lactic Acidosis, and
Strokelike Episodes

PATHOGENESIS AND PATHOPHYSIOLOGY. About
80% ofMELAS patients exhibit a heteroplasmic A to G point
mutation in the dihydrouridine loop of the tRNALeu(UUR)

gene at the 3243 nucleotid position.87 Two other mutations
in the same gene, at -np3250 and -np3271, have been iden-
tified in the remaining cases, though recently a new mito-
chondrial DNA mutation (G12147A) has been described
in a MELAS/MERRF phenotype.88 The MELAS3243 muta-
tion alters the dihydrouridine loop of the tRNALeu(UUR) gene
and changes a nucleotide at the binding site for a nuclear
DNA-encoded transcription termination factor. It is
hypothesized that the mutation reduces the binding affinity
of the transcription termination factor. Another possibility is
that this mutation impairs protein synthesis by interfering
with polypeptide chain elongation. The cerebral infarcts are
nonvascular, owing to transient dysfunction of oxidative
phosphorylation within parenchyma. Areas of neuronal loss,
demyelination, and astrocytic proliferation are found in the
infarct-like brain areas. PET studies show reduced cerebral
metabolic rates for oxygen but normal glucose utilization.
Mitochondrial abnormalities of endothelial cells and smooth
muscle cells produce a mitochondrial angiopathy. The vascu-
lar metabolic dysfunction may cause increased production of
free radicals, which could damage vasodilators such as
nitrous oxide, causing vasoconstriction.

EPIDEMIOLOGY AND RISK FACTORS. The exact inci-
dence is unknown. Most cases occur before age 20, and
about a fourth of patients have a positive family history
consistent with maternal inheritance.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Patients may present sporadically or in maternal
pedigrees, in infancy, childhood, or adulthood. The overall
course is of a progressive degenerative disease with stroke-
like episodes and a mitochondrial myopathy. Various
symptoms appear singly or in combination and include
hemiplegia, sudden cortical blindness, hemianopia, epi-
sodes of confusion and hallucination with fever, aphasia,
migraine headaches in a maternal lineage preceding stroke-
like episodes, and maternally inherited diabetes mellitus
type II and deafness. Multisystem complaints and signs
include myalgia, fatigability, weakness, ophthalmoplegia,
pigmentary retinal degeneration, cardiomyopathy, cardiac
conduction defects and block, dementia, deafness, ataxia,
myoclonus, seizures, lactic acidosis, and proximal renal
tubule dysfunction. Some families with MELAS seem to
have only diabetes and deafness, suggesting that other
mitochondrial or nuclear factors may modulate the severity
of this mutation.

DIFFERENTIAL DIAGNOSIS. Conditions to exclude
include any other causes of stroke in childhood, infancy,
or adulthood; other mitochondrial multisystem disorders,
such as MERRF or KSS/chronic progressive external
ophthalmoplegia (CPEO), or other uncharacterized disor-
ders; and any neurological disease in adulthood with an
overall progressive course but relapses that leave residuals,
such as multiple sclerosis or other demyelinating diseases.

EVALUATION. In the general diagnostic approach (see
Fig. 31-5), the best diagnostic clues are found on CT and
MRI, which show cortical infarcts that are not wedge-
shaped but cut across several vascular territories, usually
located in the posterior quadrants initially. Basal ganglia
calcifications, in particular, occur and are seen better by
CT than MRI. Ventricular dilation and cortical atrophy
are also seen. With a history of strokelike episodes, these
neuroimaging findings, associated with lactic acidosis and
a myopathy, should strongly suggest the diagnosis. Serial
MRI, EEG, and SPECT studies show a temporal and spa-
tial progression of the strokelike lesion during the acute
stage over a few weeks, which may reflect ongoing neuro-
nal metabolic derangement with vasogenic edema,
provoked by prolonged epileptic seizures.89 Functional
neuro imaging studies, such as SPECT using N-isopro pyl-
p-[123 I]-iod oamph etamine tracer can dete ct regional hypo-
perfusion when structural studies (CT, MRI) are unreveal-
ing. SPECT is useful not only in delineating the lesion
but also in following the course. Analysis of mtDNA for
the known point mutations on blood and muscle confirms
the diagnosis.

MANAGEMENT. Coenzyme Q10 in doses up to 300 mg/
day may be needed for optimal benefit, starting at 4.3 mg/
kg/day. Corticosteroids and a novel quinone, idebenone,
have shown some benefit. Recent evidence suggests DCA
is not helpful in MELAS.

PROGNOSIS. MELAS is a progressive neurodegenera-
tive disease with a highly variable prognosis.

Chronic Progressive External Ophthalmoplegia and
Kearns-Sayre Syndrome

PATHOGENESIS AND PATHOPHYSIOLOGY. These
conditions are discussed together because of a common
overlap.90 Most cases are spontaneous and have a common
5 kB deletion in the mtDNA, which is almost one third of
the entire mtDNA chromosome. Over 100 different dele-
tions have been identified; 90% occur between the large
arc between the two points of replication. Deleted mtDNAs
localize to distinct regions along muscle fiber, whereas
normal mtDNAs are evenly distributed, resulting in a peri-
odic respiratory deficiency along the muscle fiber. The loss
of tRNAs is rate limiting in these areas, causing deficits
in protein synthesis and oxidative phosphorylation.
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Duplications may occur spontaneously or be maternally
inherited and are detected in quiescent (muscle) and
actively dividing tissue (lymphocytes). The mechanism of
their generation is unclear. There is new data to suggest
that many cases of CPEO are due to several mutations in
the POLG1a gene, which is the gene that encodes for the
DNA polymerase gamma, the polymerase required for
mtDNA synthesis. This is the same gene that is responsible
for many cases of Alpers’ syndrome (although different
mutations are responsible for CPEO).

EPIDEMIOLOGY. The exact incidence of these condi-
tions is unknown. Most cases are sporadic.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. If ophthalmoplegia before the age of 20 years is
accompanied by atypical retinitis pigmentosa, mitochon-
drial myopathy, along with cardiac conduction defects, a
cerebellar syndrome, or elevated CSF protein (above 100
mg/dL), this constellation is termed KSS (Video 38, Facial
Myopathy and Ophthalmoplegia). Chronic progressive
ophthalmoplegia with onset after age 20 is termed CPEO
and, if coupled with a variety of other manifestations,
CPEO-plus. These manifestations are many: lactic acid-
emia; eye and ear findings, including pigmentary retinopa-
thy, optic atrophy, and hearing loss; cardiac conduction
defects, arrhythmias, and dilated or hypertrophic cardio-
myopathies; CNS dysfunction, including dementia, sei-
zures, and ataxias; peripheral nervous system damage,
including motor/sensory neuropathies; mitochondrial myo-
pathy; and multisystemic organ involvement in the form of
diabetes mellitus, hypoparathyroidism, glomerulosclerosis,
proximal renal tubule dysfunction, gastrointestinal motility
problems, and respiratory failure.

DIFFERENTIAL DIAGNOSIS. Conditions to exclude
include other mitochondrial diseases, primarily MERRF
and MELAS; any disease causing ophthalmoplegia when
that is the sole presenting symptom, especially myasthenia
gravis; other diseases that cause multisystem involvement,
such as collagen vascular diseases, particularly systemic
lupus erythematosus; and in the appropriate setting, Lyme
disease (caused by infection with Borrelia burgdorferi) or
Whipple’s disease. The diagnosis is confirmed by muscle
biopsy, which will often demonstrate ragged red fibers.
Southern blot on mtDNA extracted from muscle tissue will
often reveal the smaller mtDNA. If the mtDNA Southern
blot is normal, sequencing the POLG1 gene can be
performed.

MANAGEMENT. The most treatable cause of death in
patients with KSS are cardiac arrhytmias, which can be
prevented with the insertion of a pacemaker before the
patient develops a potentially fatal heart block. Patients
may progress within months from a normal sinus rhythm
to a third-degree heart block, so frequent examination and
ECG monitoring is essential. No specific treatment has
been proved to delay the progression of this disease,
although coenzyme Q10, creatine, and levocarnitine, as
well as high-dose vitamin therapy, have been used. Asso-
ciated endocrine abnormalities—growth hormone defi-
ciency, diabetes mellitus, or hypoparathyroidism—can be
treated medically. Hearing loss is not preventable but qual-
ity of life can be improved by the use of a hearing aid.

PROGNOSIS. Although these conditions are considered
chronic, complete heart block may result in sudden death.
Leber’s Hereditary Optic Neuropathy
PATHOGENESIS AND PATHOPHYSIOLOGY. Leber’s

hereditary optic neuropathy (LHON) was the first human
disease proved to be due to an mtDNA point mutation.91

Pedigrees may be heteroplasmic or homoplasmic. Eleven
different missense mutations have been identified. Approxi-
mately 80% are accounted for by mutations at bp11,778 and
bp3460. Manganese superoxide dismutase and OPA-1, a
dynamin-related GTPase located in the inner mitochondrial
membrane have been implicated.92–94 There is much genetic
heterogeneity, because the remaining cases reveal novel,
complex mtDNA mutations that are primary or synergistic.
Multifactorial etiopathogenesis probably exists.

EPIDEMIOLOGY. The exact incidence of LHON is
unknown. It is maternally inherited, has variable penetrance,
and has male predominance. An X-chromosome locus has
not been proved, with the gender differences being explained
more by gender-related physiological differences.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. LHON is essentially an optic nerve disease, though
it may coexist with multisystem degeneration and as infan-
tile bilateral striatal necrosis. Cardiac conduction defects,
including Wolff-Parkinson-White syndrome, have been
reported with LHON and patients should be screened by
ECG. LHON presents as loss of central visual acuity in
adolescence or early adulthood, acutely or subacutely,
although it rarely can occur in children. Funduscopic exam-
ination shows telangiectatic microangiopathy and swelling
of the nerve fiber layer around the optic disc in acute presen-
tations and optic atrophy in subacute to chronic presenta-
tions.. In addition to blindness, complex neurological
features include signs suggestive ofmultiple sclerosis, multi-
system atrophy, or MELAS. Extrapyramidal features like
dystonia may develop with bilateral striatal necrosis.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
includes other causes of optic neuropathy, multiple sclero-
sis, MELAS, Leigh’s disease, subacute combined degen-
eration due to vitamin B12 deficiency, Friedreich-like
ataxia, and other causes of multisystem degeneration.

EVALUATION. The general paradigm should be fol-
lowed, but in leukocyte/platelet analysis, for major manifes-
tations, MTNDI*LHON4160 and MTND4*LHON11778
should be assessed. For minor manifestations, MTND4*
LHON11778 and MKTND1*LHON3460 and MTND6*
LHON14484 are assessed. If any of these are positive, then
haplotype analysis is indicated. Laboratory evaluations
necessary to rule out disorders in the differential diagnosis
should be done simultaneously.

MANAGEMENT AND PROGNOSIS. Up to almost one
fourth of patients regain vision. Recovery from blindness
depends on the mutation involved—5% in the most com-
mon and 22% in the second most common mutation.
Malignant Migraine
Various oxidative phosphorylation defects occur in the
brain, although how they relate to the production of
migraine is speculative. Migraine affects as much as 25%
of the population and is frequently seen in maternal relatives
of patients with diseases of oxidative phosphorylation.
Malignant migraine refers to three situations: migraine
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patients who turn out to have MELAS; migraine patients
who are maternal relatives of patients with oxidative phos-
phorylation diseases and who are unresponsive to the usual
prophylactic medications; and migraine patients who
develop strokes. Blood should be tested for biochemical
and mtDNA defects of oxidative phosphorylation. If the
blood tests are negative, muscle biopsy should be done for
routine pathology, histochemistry and electron microscopy,
oxidative phosphorylation biochemistry, and mtDNA anal-
ysis to include Southern blot analysis for mtDNA rear-
rangements. Management is nonspecific. The prognosis is
unknown and may depend on whether more specific
mutations are found to be associated.

Neuropathy, Ataxia, Retinitis Pigmentosa Syndrome
The neuropathy, ataxia, retinitis pigmentosa syndrome is
due to a point mutation at bp8993 in the ATPase 6 gene
(MTATP6*NARP8993), which changes a highly con-
served leucine at position 156 to an arginine. The exact
incidence is unknown, but this is a rare illness, with vari-
able systemic expression, adult-onset progressive disease.
Presentation is with neuropathy or neurogenic weakness,
ataxia, and pigmentary retinopathy. It can also be asso-
ciated with dementia, generalized seizures, cerebellar and
brain stem atrophy, and corticospinal degeneration. The
first presentation is usually nyctalopia, followed by loss
of peripheral vision. The differential diagnosis includes
multisystem atrophy, familial ataxias in mid to late life;
any other causes of retinitis pigmentosa, such as adult-
onset neuronal ceroid lipofuscinosis; and peroxisomal dis-
orders such as Refsum’s disease. The evaluation includes
specific analysis for MTATP6*NARP8993 and MTTL1
*MELAS3243. Unless complex V activity is measured or
a functional study of fresh mitochondria are performed by
polarography, results of metabolic and muscle investiga-
tions are usually normal or slightly abnormal, with lactic
acidemia only in the more severe cases. It is important to
remember that a higher mutant load of the NARP8993
mutation will cause Leigh’s syndrome, so finding both
these syndromes in the same family is expected.

Mitochondrial Myopathies
Mitochondrial myopathies are a ubiquitous accompaniment
of most diseases of oxidative phosphorylation in all classes
(I to IV) but can occur as the sole symptom, owing to dis-
orders of class I, II, and IV.95 In class I there may be auto-
somal dominant or recessive presentations with tissue-
specific presentations; in class II these may or may not
have ragged red fibers; and in class IV the distribution of
the myopathy is variable: fascioscapulohumeral, limb-girdle,
generalized, with childhood, adolescent, and adult-onset
forms. Class IV presents usually as singleton cases; familial
cases suggest class I and II disorders. Darras and Friedman
have prepared diagnostic algorithms to simplify the clinical
and laboratory evaluation of mitochondrial myopathies.

Reye’s Syndrome
Reye’s syndrome is defined by the Centers for Disease
Control and Prevention as an acute, noninflammatory
encephalopathy with altered levels of consciousness and
liver dysfunction.96 The liver disease must include either fatty
metamorphosis of the liver or at least a threefold increase in
alanine aminotransferase, aspartate aminotransferase, or
serum ammonia.

PATHOGENESIS AND PATHOPHYSIOLOGY. A grow-
ing body of evidence suggests that Reye’s syndrome may
be a multiorgan disease due to diffuse mitochondrial injury
of unknown origin.97,98 Mitochondria in hepatocytes, brain
capillary endothelial cells, neurons, cardiac and skeletal
muscle fibers, and pancreatic cells show histological
damage. Liver mitochondrial enzyme activity is low.99 In
one study, several depressed electron transport enzymes
and lowered adenosine triphosphate/adenosine diphosphate
ratios were documented.96 Epidemiological studies str-
ongly associate three virus infections (influenza B, influ-
enza A, and varicella-zoster (see Chapter 41) with Reye’s
syndrome, although the mechanism of their involvement
with the pathogenesis of the condition is unclear. There is
no evidence of full viral replication in the two primary
organs of damage: liver and brain. It has been suggested
that viral proteins are toxic, that the infection causes
release of toxins, or that the viral infection plus endogen-
ous or exogenous cofactors, such as salicylates, aflatoxins,
insecticides, or certain oils, combine to damage liver and
brain.

EPIDEMIOLOGY AND RISK FACTORS. Reye’s syn-
drome occurs worldwide. In the United States, from 1982
to 1985, the incidence was approximately 0.3 in 100,000
persons, and the rate has been relatively stable since then.96

There is no solid evidence to establish a genetic basis for
Reye’s syndrome, and only a few cases occur within
families.100 There may be two epidemiological patterns:
( 1) an epid emic form, not noted since the 1980s, that
occurred mainly in winter and early spring, clustering in
time and geographic region, and associated with outbreaks
of influe nza B and A, and ( 2) endemi c Reye’s syndr ome
with sporadic occurrence and associated with other viral
infections, specifically varicella. Most Reye’s syndrome
cases associated with varicella occur in children between
ages 5 and 9, whereas influenza type B–associated disease
occurred in children aged 10 to 14. Salicylate usage has
been associated with Reye’s syndrome, and the reduction
in cases seen in the past years has been specifically linked
to reduced salicylate ingestion in children.101

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The clinical manifestations can be divided into a
prodromal phase and the syndrome itself. During the pro-
drome, there is an upper respiratory tract infection in
60% to 80% of cases, and most documented cases have
demonstrated influenza B, influenza A, or varicella-zoster
virus. During stage I of Reye’s syndrome, vomiting is the
primary feature. It is not known whether this effect is due
to brain stem dysfunction or a systemic cause, but it is
usually abrupt in onset and unremitting. The child becomes
irritable and gradually lethargic. Most patients recover
from this stage and never develop severe agitation and
coma. With stage 2, restlessness and disorientation predom-
inate, along with signs of dysautonomia, tachycardia,
sweating, and dilated pupils. Seizures may develop, but sta-
tus epilepticus is rare. With stage 3, coma ensues, with
papilledema developing over 2 to 3 days but without
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lateralizing signs of focal neurological damage. Seizures
develop in approximately half of these patients. In stage 4,
there is cerebrate posturing and respiratory dysfunction.
The coma of stage 5 is associated with flaccid tone and no
response to painful stimuli. Brain stem reflexes, such as
cold caloric testing (see Chapter 1), are minimal or absent.

EVALUATION AND DIFFERENTIAL DIAGNOSIS.

Laboratory studies during the prodromal phase are not
diagnostic. Once vomiting develops, alanine aminotrans-
ferase and aspartate aminotransferase levels are often very
high, often 20 to 30 times normal, but ammonia levels are
in the normal range. As coma develops, ammonia levels
increase threefold or more over the normal range. Other
abnormalities of laboratory tests occur with increases in
lactic acid and organic acids, suggesting a blend of respira-
tory alkalosis and metabolic acidosis, sometimes with
hypoglycemia, especially in children younger than 3 years
of age. Prolonged prothrombin times develop, but hemor-
rhaging is rare. The EEG is abnormal with diffuse slowing,
and sometimes, burst suppression activity (see Chapter 24),
but there is no specific pattern of diagnostic value. Liver
biopsy shows highly characteristic fatty metamorphosis
without inflammation. Neuroimaging with CT or MRI
shows a normal brain or diffuse cerebral edema with ven-
tricular compression. Diseases that should be excluded in
the diagnosis are encephalitis and meningitis, UCDs,
BCAA disorders, and other enzyme deficiency states,
including propionicacidemia, glutaricaciduria, and disor-
ders of ketogenesis. Finally, inadvertent intoxication with
insecticides, salicylates, methyl bromide, margosa oil, and
lead can give a combined picture of encephalopathy and
hepatic damage in a young child.

TREATMENT AND PROGNOSIS. There is no specific
therapy, and management is aimed at monitoring vital
functions, correcting liver abnormalities, and controlling
increased intracranial pressure until the disease runs its nat-
ural course. Hospitalization in an intensive care unit is
recommended, because mental status and respiratory func-
tion can change abruptly. Salicylates must not be used, and
serum glucose levels must be monitored. Vitamin K is
often administered, and anticonvulsants are used to treat
clinical seizures and sometimes subclinical epileptic activ-
ity that is evident on the EEG. Treatment of the hyperam-
monemia is particularly problematic because dialysis and
exchange transfusions do not markedly reduce ammonia
levels or improve outcome. Increased intracranial pressure
is a major danger, and some centers use monitoring tech-
nology (see Chapter 26) to provide a constant assessment
of shifts in pressure gradients. The goal is usually to keep
intracranial pressure below 20 mmHg with a mean cerebral
perfusion pressure (mean blood pressure minus mean
intracranial pressure) maintained at 60 to 90 mmHg.

Overall, the mortality rate currently is 30% to 35%. Pre-
dictors of poor outcome appear to be young age, especially
infants younger than 2 years old; high clinical stage at the
time of hospital admission; rapid progression from vomit-
ing to coma; maximal clinical stage; high creatine kinase
levels; and ammonia levels above 300 mg/dL at the time
of hospital admission. In those surviving, hepatic recovery
is full but nervous system residua are many. Behavioral
problems include attention difficulties, retardation, and
aggressive impulsivity. Neurological problems include
hemiparesis and quadriparesis, dysarthria, cortical blind-
ness, and seizures. Even among children believed to have
full recovery, 34% had measurable deficits in school
achievement, visuomotor integration, sequencing, and
problem solving.102
FATTY ACID OXIDATION DISORDERS

Besides the mitochondrial enzyme defects characterized
by disordered oxidative phosphorylation, 12 disorders of
fatty acid oxidation and ketogenesis are known (Table
31-8).103 Medium-, long-, and short-chain acyl-CoA dehy-
drogenase deficiencies (MCAD, LCAD, SCAD) are caused
by defects of the b-oxidation spiral; the rest, except long-
chain L-3 hydroxyacyl-CoA dehydrogenase (LCHAD) defi-
ciency, are due to defects in the carnitine cycle. The
mutations responsible for very long chain acyl-CoA dehy-
drogenase (VLCAD) deficiency have recently been
described.104 In this class of disorders there are three main
pres entations: ( 1) acute toxic encephal opathy with episodes
of nonketotic hypoglycemia in the first 2 years of life pro-
voked by fasting (MCA D), (2) skeletal and card iac myopa-
thies with weakness and low plasma carnitine levels
(carnitine palmitoyl transferase [CPT] I and II deficiencies,
LCAD , LCHAD, and SCAD ), and ( 3) the syndr ome of
nonketotic hypoglycemia plus very low plasma carnitine
levels (<10 mM) and absent dicarboxylicaciduria (carnitine
transport defect).

As outlined by Treem, the clinical spectrum now also
includes sudden infant death syndrome (SIDS), fulminant
hepatic failure, and complications during pregnancy.
Approximately 5% of 313 cases of SIDS were due to
defects in fatty acid oxidation.105 A careful protocol for
postmortem diagnosis of fatty acid oxidation disorders
has been published.106 Because MCAD can be detected in
asymptomatic siblings, all siblings of infants who die of
SIDS should be tested for a fatty acid oxidation disorder.

Some patients with fatty acid oxidation defects can sus-
tain severe liver injury with cirrhosis, necrosis, or liver
failure, eventually leading to the need for liver transplanta-
tion.107 Recent reports cite an association between fatty
acid oxidation disorders and complications of preg-
nancy.108,109 All infants born of mothers with acute fatty
liver of pregnancy or hemolysis, elevated liver enzymes,
low platelet count (HELLP syndrome), often associated
with severe preeclampsia, should be screened for fatty acid
oxidation defects. A neonatal blood acylcarnitine profile
analysis by MS/MS and genetic screening for the G1528C
mutation in the � subunit of the trifunctional protein are
available.

The diagnostic approach includes history; physical/
neurological examination; routine laboratory studies, parti-
cularly including liver and urine function tests and determi-
nation of electrolytes, pH, lactate, pyruvate, ammonia,
blood glucose, and urine ketones; blood free carnitine and
acylcarnitines; and urine GS/MS for organic acids. These
evaluations are followed by specialized techniques, includ-
ing specific biochemical enzymatic analysis and molecular
analysis. Because the enzymes in the b-oxidation spiral
exist in different forms with chain specificities that overlap
and because oxidation of unsaturated fatty acids requires



TABLE 31-8

Fatty Acid Oxidation Disorders

Infantile

Medium-chain acyl-CoA dehydrogenase deficiency (MCAD)*
(newborn to 14 years)

Long-chain acyl-CoA dehydrogenase deficiency (LCAD,
VLCAD)

Short-chain acyl-CoA dehydrogenase deficiency (SCAD)
CPT II deficiency (severe infantile form)

Childhood

Carnitine transport defect* (3 months to 7 years)
CPT I deficiency
Long-chain L-3 hydroxyacyl-CoA dehydrogenase (LCHAD,

trifunctional enzyme)

Adulthood

CPT II deficiency (classical exercise-induced myoglobinuria)*
(adult)

*Discussed in text.
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different enzymes, it is expected that other diseases of fatty
acid oxidation involving enzymes in these steps will be
described in the future.

Medium-Chain Acyl-CoA Dehydrogenase Deficiency
The optimal chain length specificity of MCAD is 8 car-
bons. The ability to oxidize fatty acids beyond medium-
chain length is impaired 20% or less of control rates in
cultured fibroblasts. Light microscopy of liver in acute
cases shows steatosis, which disappears on recovery. The
hepatic mitochondria show increased matrix density and
intracristal widening, giving a condensed appearance.
There may be crystalloids in the matrix. These are in con-
trast to the findings of Reye’s syndrome, in which electron
microscopy shows matrix swelling and rarefaction. MCAD
is the most common mitochondrial b-oxidation disorder,
with an estimated frequency being 1 in 10,000 to 1 in
20,000. Previous unexplained sibling deaths should raise
MCAD as a possible diagnosis.

Most patients present between ages 3 and 15 months,
rarely after 4 years. Phenotypical heterogeneity prevails,
ranging from SIDS, to recurrent Reye’s-like syndrome, to
episodic nonketotic hypoglycemic coma. A common pre-
sentation is vomiting and lethargy, followed by fasting,
associated with a prior viral respiratory or gastrointestinal
infection. Presentation is usually to an emergency depart-
ment as an acute toxic encephalopathy or coma, with hypo-
ketotic hypoglycemia, hyperammonemia, and abnormal
liver function tests. The serum carnitine value is low, and
urine acylcarnitines are increased, with a specific profile.
Enzyme assay for MCAD activity can be done on cultured
skin fibroblasts, muscle, liver, or blood lymphocytes. The
differential diagnosis includes other fatty acid oxidation
disorders, exogenous toxic encephalopathies, and true
Reye’s syndrome. Specific management involves intrave-
nous dextrose 10%, avoidance of fasting with frequent
short feeds, L-carnitine 100 mg/kg/day in divided doses
orally, and preventive management by neonatal screening
of subsequent siblings and screening with acylcarnitine
profiles of present siblings. The risk of death with the first
episode (SIDS presentation) is about 20%. In delayed treat-
ment, there is a risk for developmental retardation, speech
and language delay, behavioral problems and attention deficit
disorder, muscle weakness, seizures, and failure to thrive.

Carnitine Transport Defect: Primary Generalized
Carnitine Deficiency
Carnitine fails to be taken up in muscle, heart, and kidney
but not liver, leading to insufficient carnitine to support
fatty acid oxidation.110 The kidney fails to conserve carni-
tine by reabsorption, resulting in very low plasma carnitine
levels, which then causes decreased passive diffusion into
liver, impairing ketogenesis. Accumulating acyl-CoA com-
pounds become substrates for peroxisomal b-oxidation,
which produces medium-chain fatty acids and dicarboxylic
acids, which do not require carnitine for mitochondrial
entry. They are then completely oxidized in mitochon-
dria, which is the reason for lack of dicarboxylicaciduria
in disorders of the high-affinity carnitine transporter.
Treatment with L-carnitine restores plasma levels to normal
(40 to 60 mM) but not skeletal muscle. Muscle function can
be restored, however, with less than 10% normal muscle
carnitine levels. This is a rare disorder, and the exact inci-
dence is unknown. There are two major types of presenta-
tion, an early one (3 months to 2 years) with nonketotic
hypoglycemia, and a later one (1 to 7 years) with cardio-
myopathy. The nonketotic hypoglycemia in the early pre-
sentation is accompanied by hyperammonemia and
elevated alanine and aspartate aminotransferase levels,
which may present after a short fast, particularly if the
patient is being fed a carnitine-free formula. The cardio-
myopathy in the later presentation is progressive, with car-
diac decompensation and respiratory distress, and is often
accompanied by skeletal muscle weakness. Mild to moder-
ate anemia, nonresponsive to iron, may be present. Very
low plasma carnitine levels (<10 mM) and absent dicarbox-
ylicaciduria are practically pathognomonic of a carnitine
transporter defect. The differential diagnosis includes car-
nitine deficiencies secondary to other disorders of the
carnitine cycle, in which medium- and long-chain acylcar-
nitines that accumulate from the metabolic block may
induce a defect in tissue uptake of free carnitine. In this
primary disorder the diagnosis is established by measuring
carnitine uptake by fibroblasts and leukocytes (<10% of
control rates). In the nonketotic hypoglycemia presenta-
tion, management involves the intravenous use of glucose
and the long-term oral administration of L-carnitine at
100 to 120 mg/kg/day in two to three divided doses. Oral
L-carnitine doses can be higher in the cardiomyopathy
presentation, up to 175 mg/kg/day.

Carnitine Palmitoyl Transferase II Deficiency
In CPT II deficiency, long-chain acylcarnitines are trans-
ported across the inner mitochondrial membrane but cannot
be converted to their corresponding long-chain acyl-CoAs.
They accumulate in the mitochondrial matrix and are trans-
ported out into plasma. These elevated levels may produce
cardiac arrhythmias. Dicarboxylicaciduria is absent, be-
cause of the same explanation given for carnitine transport
defect. The exact incidence is unknown, but the adult form
is more common than the infantile form. Risk factors are
fasting and prolonged exercise.
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There are two presentations: the adult muscular form, in
which prolonged exercise induces weakness and myoglobin-
uria, and a severe infantile form, in which nonketotic
hypoglycemic coma without dicarboxylicaciduria, seizures,
hepatomegaly, cardiomegaly, and cardiac arrhythmia are
accompanied by low plasma and tissue levels of carnitine
with increase in long-chain acylcarnitines. The classic
adult form is autosomal recessive and usually affects males
between 15 and 30 years of age. The serum creatine kinase
value is normal between episodes, carnitine levels are
usually normal in plasma and tissues, and long-term mus-
cle weakness is rare, although lipid storage may be seen
on muscle biopsy. The differential diagnosis includes other
carnitine cycle disorders. Management involves supportive
treatment of the renal failure and measures to remove
the myoglobin from kidney and avoidance of triggering
factors—prolonged exercise, exposure to cold, infections,
and fasting. Presentation in the neonatal period usually ends
in death. In the adult form, about a fourth of patients develop
renal failure secondary to the episodic myoglobinuria.
OTHER METABOLIC DISORDERS

Various Transporter Defects
Hartnup’s Disease
Hartnup’s disease is an autosomal recessive transport dis-
order of neutral amino acids, affecting the kidney and
small intestine and leading to excessive neutral aminoac-
iduria 5 to 20 times normal.111 These monoamino/monocar-
boxylic amino acids include alanine, glutamine, histidine,
serine, phenylalanine, tyrosine, tryptophan, asparagine,
leucine, isoleucine, and valine but not proline. Plasma
levels are normal. These same amino acids, particularly
tryptophan, are retained in the gut and broken down by
bacteria; their breakdown products, indolic compounds,
are excreted in the urine. Because tryptophan is excessively
excreted in urine and not reabsorbed in the gut, it is not
available for synthesis of niacin. Many subjects are disco-
vered to have the aminoaciduria but have no clinical mani-
festations (Hartnup’s disorder). When the disorder is
symptomatic, it is called Hartnup’s disease; the main clinical
manifestations are probably due to niacin deficiency,
although the excessive indolic compounds may contribute
to a metabolic encephalopathy. The actual carrier in the
transport system or the gene responsible has not been iden-
tified. The biochemical phenotype is common, occurring
in 1 in 30,000 newborns screened. However, only 10%
or less actually develop the classical clinical phenotype.
To develop the disease, multiple factors are probably
involved—environmental, such as poor nutrition or intest-
inal diarrhea, and polygenic, such as low plasma amino acid
levels that interact with the primary monogenic defect.
Males and females are equally affected. Consanguinity in
parents and affected siblings occurs not uncommonly. The
disorder is worldwide and not associated with other genetic
disorders.

The earliest clinical findings are photosensitive skin,
leading to the pellagra-like rash in late infancy or early
childhood. Later, episodic neuropsychiatric symptoms
appear—intermittent cerebellar ataxia and emotional
lability to psychoses—together or separately and often trig-
gered by poor nutrition and diarrhea, fever, or sun expo-
sure. EEGs are nonspecific, and CSF studies are normal.
Partial expressions, such as intestinal or renal tubular
defects alone, may be seen. The differential diagnosis
includes any cause of acute cerebellar ataxia in childhood:
postinfectious cerebellitis, brain stem encephalitis, poster-
ior fossa tumor, and vestibular neuronitis. When attacks
are intermittent, particularly with the mental symptoms,
episodic disturbances such as nonconvulsive status epilep-
ticus, acute confusional migraine, other toxic-metabolic
encephalopathies, or demyelinating disease should be con-
sidered. The rash with neurological signs should bring to
mind other vitamin deficiency diseases, such as thiamine
or biotinidase deficiency.

The evaluation involves simple urine amino acid chro-
matography, which will detect the neutral aminoaciduria,
and oral loading tests with L-tryptophan, which will detect
the indoluria. No consistent picture of abnormalities has
arisen from brain CT, MRI, and PET studies. To treat
symptomatic subjects, nicotinamide, rather than nicotinic
acid, is given orally at 50 to 300 mg/day. Both the rash
and ataxia respond. A high-protein diet may help prevent
attacks in those with low plasma amino acid resting levels.
Although mental retardation may occur, dementia does
not. There may be learning difficulties, but most patients
have normal mentation. Further specific therapy awaits
elucidation of the specific membrane transport carrier sys-
tem and whether the defect is of transport activation, regu-
lation, or direct transporting, as well as mapping and
cloning of the gene. As yet there are no animal models.

Menkes’ Disease
Menkes’ disease, an X-linked disorder in which insuffi-
cient intestinal absorption of copper leads to deficiency
of copper-requiring enzymes, is now known to be due to
a gene located at Xq13.3.112 The gene product belongs
to a highly conserved family of cation-transporting
ATPases, which function in the transport of ions across cel-
lular and intracellular membranes. The low serum copper
levels, the high tissue levels (particularly intestinal mucosa,
except liver), and studies from patients’ cultured cells
strongly suggest that the basic pathogenetic defect is the
failure of a plasma membrane pump that usually extrudes
copper from cells or the failure of a pump that ordinarily
transports copper into an intracellular organelle-like endo-
plasmic reticulum. Deficient activity of copper-requiring
enzymes explains the symptoms and signs. Deficiency of
dopamine b-hydroxylase, critical to the catecholamine
synthesis pathway, may be related to autonomic abnormal-
ities due to decreased sympathetic adrenergic function.
Cytochrome-c oxidase deficiency probably can be related
to hypotonia, weakness, and the lesions similar to those
seen in Leigh’s disease, without severe lactic acidosis asso-
ciated with complex IV respiratory chain defects. Reduced
lysyl oxidase activity relates to the arterial tortuosity and
other connective tissue disorders. Reduced tyrosine hydro-
xylase leads to lack of pigmentation. Partial loss of copper-
zinc superoxide dismutase (Cu-Zn SOD) could lead to oxi-
dant stress and cytotoxicity because of lack of defense
against oxygen free radicals. The incidence is estimated
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to be 1 in 100,000 to 250,000 live bir ths, a rar e condi -
tion. One third of the estimat ed 15 to 30 affected infant s
born annual ly in the United States are predicted to be
nonfa milial new mutation s.

Male infant s usually present at 2 to 3 months with devel-
opme ntal arrest and regress ion, hypotonia , sei zures, and
failur e to thrive . Seizures are an early pres entation, are fre-
quent , and are mul tifocal myoc lonic jerks that are o ften
stim ulus-pr ecipitated. Recurrent hypo thermia and infec-
tions occur . Th e n ear-pathogno monic clini cal sign is
scarce, colo rless, wiry, friable hair on scalp and eyebrow s
and, under the microscope , the char acteristic appearanc e
of pili tor ti (twist ed hair shaft). Seconda ry microcepha ly
occur s later . A mild Menkes’ disease variant occurs, with
later onset and milde r n eurological findings. Th e occipital
horn syndr ome , anot her variant, has few mental or neurolog-
ical signs but calcified occi pital horns , change s in clavi-
cles and long bones, and som etimes chron ic diarrhe a
and arterial changes. The dif ferential diagnosis include s
any early infant ile progress ive encep halo pathy pres enting
with sei zures, such as storage disease (Tay-S achs disease ,
Sandhof f’s disease , infantile neuro nal ceroid lipofusci nosis),
aminoa cidu rias (nonke totic hyper glycine mia), disorder s
of bioge nic amine metabo lism (folinic acid–respons ive
seizure s), mitoc hondrial diseases (Alpe rs’ disease ), sulfite
oxida se defici ency, gluc ose transpor ter deficiency , or the
nonpro gres sive infant ile myoc lonic epileps ies. To mak e the
diag nosis, the clinical pictur e, alon g with typical radiologi-
cal featur es (osteopo rosis, scal loping of vertebr al bodie s,
exces sive wormian bone format ion), microscopi c exam ina-
tion of the hair, and very low levels of seru m copper and
ceru loplasmi n after the neonatal period, is sufficien t. Cul-
tured skin fibrobl asts show increased copper cont ent. In
famili es at risk, prena tal diagnosi s and heteroz ygote carrie r
detect ion can be done by biochem ical and mutation al analy-
sis of cultured amn iocytes or chorionic villi. The therape utic
strat egies must ( 1) bypass the bloc k in intestin al copper
absor ption; ( 2) suppl y copper to intracellul ar enzymes that
require it for a cofa ctor; and ( 3) identify and treat patient s
early, prefera bly presymp tomat ically. Intravenou s copper
histi dine bypass es the intestin al bloc k but produc es no sub-
stanti ve neurologi cal improv ement nor increas es life
span. Th erapy with vitam ins C and E has been ineffe ctive.
Suppo rtive care include s max imizing cal oric intake, p hysi-
cal and occupational therapy, psycho social support of
famili es and, mos t important ly, genet ic counse ling. Children
usual ly die by age 3. Future treatme nts mi ght explore the
princi ple that lipid-solu ble com plexes can increas e copper
transpor t through cellular membr anes. Gene therapy would
be difficul t becau se of the widesp read, multisys tem involve-
men t and awaits functional char acteriza tion of the transpor t
protei n and progress in devel oping gene deliver y system s
to the brain.
Glucose Transporter Type 1 Deficiency Sy n drome
(Devivo Disease)
The erythro cyte gluc ose transpor ter is homo logous to
that in the brain , with both facil itating the diffusio n of glu-
cose across lipo philic plasma membr anes. 113 This condi -
tion is d ue to defective funct ioning of the type 1 gluc ose
transpor ter (GLUT1) in brai n microvess els at the blood -
brain barrie r, causing low CSF gluc ose (hypog lycorrh a-
chia) and theref ore decrease d cerebra l ener gy metabo lism
and brain function. GLU T1 is coded by a gene loca lized
to chromos ome 1 and is d evelopment ally regulat ed, with
the messeng er RNA in brain increas ing with increas ing
cerebra l metabo lic rate for glucose in infancy and child-
hood. Sy mptoms occur when this rate increas es in early
infancy, doubl ing or tripling that in the neonat al and fetal
periods. This is a very rare condi tion, origina lly reported
as spora dic, then associa ted with hapl oinsuff iciency, but
recently, behaving as an autosomal dominant disorder in
cases of familial epilepsy.114 Numerous mutations in the
GLUT1 (SLC2A1) gene, which encodes the major glucose
transporter in mamallian blood-brain barrier, include dele-
tions, missense mutations, insertions, splice site, and
nonsense mutations.115

At about age 3 months, a perfectly normal infant develops
seizures—myoclonic, atypical absence, or unclassifiable—
that are refractory to antiepileptic drugs. Developmental
delay occurs the longer seizures are uncontrolled and the
diagnosis is undiscovered, which can culminate in mental
retardation and secondary microcephaly. The differential
diagnosis includes any disease or condition causing refrac-
tory seizure s in early inf ancy (see sectio n on Menke s’ dis-
ease). In this diso rder, CSF glucose is 30 mg/dL or lower,
with a reduced CSF/blood glucose ratio (about 0.33). CSF
lactate is also low (0.97 mM/L or less). EEGs and neuroima-
ging studies are normal. Treatment involves seizure control
with a ketogenic diet, because the diet provides ketone
bodies as an alternative source of fuel for brain metabolism.
The prognosis for seizure control and normal development
is excellent with early diagnosis and treatment. It is likely
that the defect becomes less consequential with age as the
cerebral metabolic rate for glucose slows down to adult
levels.
Lesch-Nyhan Disease (Hypoxanthine-Guanine
Phosphoribosyltransferase Deficiency)
Lesch-Nyhan disease is an X-linked recessive disease in-
volving abnormal purine metabolism. The disorder is due
to complete deficiency of hypoxanthine-guanine phosphor-
ibosyltransferase (HPRT), an enzyme necessary for the
recycling of free purine bases and reconversion into their
nucleotide forms, after nucleotides are metabolized during
DNA or RNA synthesis or after serving as coenzymes.116

Specifically, if HPRT is deficient, hypoxanthine, a free
purine base, cannot be reconverted back to inosine 50-
monophosphate, from which adenosine 50-monophosphate
and guanosine 50-monophosphate are synthesized by sepa-
rate pathways. There is an acceleration of the de novo
purine biosynthesis pathway, so hypoxanthine is converted
by xanthine oxidase to uric acid, resulting in hyperurice-
mia. However, the hyperuricemia does not explain the
neurological symptoms, the pathophysiology of which is
essentially unknown. Based on animal models, speculation
is that self-injurious behavior may be related to supersensi-
tivity of the D1 subclass of dopamine receptors. Autopsies
have revealed no specific cerebral gross anatomical or
histopathological findings.



Gascon, Ozand, and Cohen / Aminoacidopathies and Organic Acidopathies 675
Incidence is low, perhaps 1 in 380,000 births. The disor-
der occurs in many racial groups equally and is not more
frequent in consanguineous populations. Patients are nor-
mal at birth, but by 6 months, developmental delay is
evident. Axial hypotonia but appendicular spasticity and
choreoathetoid movements appear in late infancy, and
“cerebral palsy” is usually diagnosed at this time. The
diagnosis is usually suspected in the toddler and early
childhood years, when various kinds of compulsive self-
mutilation, usually biting of lips, cheeks, or fingers, occur.
Dysarthria makes communication difficult, and excitation
may stimulate opisthotonus or torsion dystonia. Compul-
sive aggression can be directed toward anyone near the
patient, including family members, and includes hitting as
well as abusive language. Associated disorders are various
hematological disorders, growth retardation, renal stones,
and gouty arthritis if patients survive to adulthood.

Before the self-mutilating symptoms, other causes of
nonprogressive or progressive extrapyramidal “cerebral
palsy” should be considered, such as kernicterus, glutaric-
aciduria type 1, biopterin-dependent phenylketonuria, or
biotinidase deficiency. Although some severely mentally
retarded children of any etiology have self-abusive behav-
iors, such as head-banging, the relentlessness and compul-
siveness of the self-injurious behavior in Lesch-Nyhan
disease is extreme and unique.

The main clinical sign is self-injurious behavior result-
ing in tissue loss. Enzyme activity of HPRT can be assayed
by radiochemical methods from dried blood spots, cultured
skin fibroblasts, and hair follicle cells in probands and
suspected female carriers. Biochemical analysis must be
confirmed by molecular genetic analysis, particularly for
female carriers. The entire HPRT locus has been sequenced,
and the mutations in Lesch-Nyhan disease are extremely
heterogeneous. The majority are detected by polymerase
chain reaction–based techniques, usually amplification
of genomic DNA and direct sequencing. In a small percent-
age, Southern blot analysis using HPRT complementary
DNA as a probe is necessary to detect translocations or
duplications.

Allopurinol, a xanthine oxidase inhibitor, decreases
blood uric acid effectively but has no effect on the neuro-
logical symptoms. The following have been ineffective:
folate, glutamine, magnesium, chlorpromazine, L-trypto-
phan, and clomipramine. Treatment with L-5-hydroxytryp-
tophan plus carbidopa has been temporarily beneficial,
but self-injurious behaviors re-emerge after discontinuing
treatment or tolerance develops. Behavior modification—
extinction, reinforcement of alternative behavior, or aver-
sion therapy—shows inconsistent results. Physical restraints
to prevent tissue injury are the most effective and include
upper extremity splints to keep the arms straight, tying
legs to wheelchairs so they cannot be brought up to the
mouth, and dental guards to avoid teeth extraction as an
extreme preventive measure.

Most patients are mentally retarded and do not stand or
walk. Death frequently occurs during childhood. A patient
with Lesch-Nyhan disease should be an ideal candidate for
gene replacement therapy. The problem is to transfect an
appropriate vector that would target brain cells, because
neurological signs would not likely be affected by simple
transplantation of infected cultured bone marrow cells into
receptive hosts. Prenatal diagnosis using mutation detection
and linkage analysis can detect 100% of affected males
and excludes women who are suspected carriers if that
family’s HPRT mutation is known.
Congenital Disorders of Glycosylation (CDG)
(Carbohydrate-deficient Glycoprotein Syndrome)

PATHOGENESIS AND PATHOPHYSIOLOGY. These
disorders are clinically and biochemically heterogenous.
They result from impaired synthesis of N-linked oligosac-
charides, complex multisugars attached to proteins that
function in cell-to-cell recognition and glycoprotein turn-
over. Strokelike episodes may be due to coagulation factors
and their inhibitors, many of which are N-linked glycopro-
teins. Decreased levels of antithrombin III and protein C
and decreased activity of factor XI, protein S, and heparin
cofactor II have been reported, particularly during cata-
bolic challenges such as fever and infection. However, spe-
cific coagulopathies have not been associated with the
actual strokelike episodes, and ischemia or vasculopathy
have not been demonstrated by MRI/MRA. Type Ia is
due to phosphomannomutase deficiency. At least 11 CDGs
have been discovered.

EPIDEMIOLOGY AND RISK FACTORS. These are rare
disorders with undetermined incidence and prevalence,
but they have probably been underrecognized.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Affected infants develop severe CNS and other sys-
tem deficits. Signs include not only developmental delay,
hypotonia, failure to thrive, and mental retardation, but also
oculomotor abnormalities, especially ocular bobbing, retinal
pigmentary degeneration, cerebellar ataxia, and peripheral
neuropathy. Systemic features are inverted nipples, female
hypogonadism, abnormal fat distribution in perineal areas,
and pericardial effusions without facial dysmorphia. Sei-
zures and strokelike episodes occur in about one half of
patients, often triggered by fever and infections. Recovery
from stupor and coma is usually complete, but permanent
residuals can occur.

EVALUATION AND DIFFERENTIAL DIAGNOSIS. Sug-
gestive laboratory features are evidence of coagulopathy,
elevated liver function tests, low albumin, and low thyrox-
ine and thyroxine-binding globulin levels. The diagnosis is
confirmed by a characteristic serum transferrin isoelectric
focusing pattern measured on frozen serum. The initial dif-
ferential diagnosis is wide and includes any causes of
metabolic strokelike episodes and seizures. Mitochondrial
oxidative phosphorylation disorders, such as MELAS
and MERRF, can be exluded by normal lactate peaks on
magnetic resonance spectroscopy (MRS). The decreased
N-acetylaspartic acid peak on MRS is nonspecific, and any
of the epilepsy syndromes that present with febrile seizures
or febrile status epilepticus are in the differential diagnosis:
severe myoclonic epilepsy syndrome of Dravet, which itself
is being conceptualized as part of the familial febrile sei-
zures; generalized epilepsy syndrome; and subtle malforma-
tions of cortical development. Various neurometabolic
diseases with stuttering or progressive courses should be
considered, depending on symptom presentation. In case of
coma, fatty acid oxidation disorders, some organic acidurias,
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and UCDs are possible. If ataxia and a small cerebellum are
present, abetalipoproteinemia, ataxia-telangiectasia, or
ataxia-oculomotor apraxia syndrome should be evaluated.
When hypotonia and seizures occur, peroxisomal dis-
orders such as neonatal adrenoleukodystrophy or infantile
Refsum’s disease are possible. Retinal pigmentary degenera-
tion and refractory seizuresmay also suggest neuronal ceroid
lipofuscinoses. Finally, in cases of recurrent hemiplegia, the
syndromes of hemiplegic migraine or recurrent familial
hemiplegia are within the differential diagnosis.

TREATMENT AND PROGNOSIS. There is no specific
etiological treatment yet, except for oral D-mannose in
CDG-Ib, so management is symptomatic and supportive.
Such treatments include prompt defervescence of fever
and treatment of infections; prevention of catabolic events;
and intravenous lorazepam, fosphenytoin, and/or phenobar-
bital for status epilepticus or frequent repetitive convulsions.
The course is usually that of a static encephalopathy from
birth, punctuated by paroxysmal neurological events that
may be followed by recovery or residual neurological defi-
cit. However, normal early development with regression in
infancy proceeding to severe motor and mental deficiency
has been reported.117–119
Porphyrias
PATHOGENESIS AND PATHOPHYSIOLOGY. Porphyr-

ias are caused by enzymatic defects in the heme pathway.
There are several forms, each with similar neurological
findings, highlighted by abdominal pains and peripheral
neuropathy. Those with autosomal dominant inheritance
include acute intermittent porphyria (AIP), due to porpho-
bilinogen deaminase deficiency, hereditary coproporphyria
(HCP) due to coproporphyrinogen oxidase deficiency, and
variegate porphyria (VP), due to protoporphyrinogen oxi-
dase deficiency. An autosomal recessive condition charac-
terized by deficiency in d-aminolevulinic acid dehydratase
has been described.

EPIDEMIOLOGY AND RISK FACTORS. Although the
crises of AIP may be spontaneous in onset, certain risk fac-
tors are identified, including infection, ingestion of alcohol,
and use of a large variety of drugs, including anticonvulsant
medications.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. In AIP, although the enzymatic defect is constant
throughout life, neuropathic crises are interspersed between
long periods of near-normal function. Abdominal pain
usually is the initial symptom of a neuropathic attack, fol-
lowed by a subacute motor neuropathy that may ascend
from the feet, resembling Guillain-Barré syndrome. Facial,
bulbar, and extremity weakness develops in most cases. In
addition to these typical neuropathic signs, dysautonomia
may be pronounced and lead to cardiac arrhythmias, blood
pressure instability, and urinary retention. Neurobehavioral
signs indicative of CNS involvement include psychotic
behavior, delirium, and seizures, although the seizures are
usually due to hyponatremia and inappropriate release of
antidiuretic hormone.120

EVALUATION. The diagnosis of AIP depends on the clin-
ical presentation of intermittent painful crises, behavioral
alterations, and neuropathy with excessive urinary excretion
rates of d-aminolevulinic acid and porphobilinogen. EMG
studies help in distinguishing AIP from demyelinating neu-
ropathy, since in the former, denervation and evidence
of axonal neuropathy is more pronounced than slowed
conduction velocities.

MANAGEMENT. Treatment involves special dietary
changes at the earliest sign of an attack. Patients must
immediately increase their carbohydrate intake; if this
maneuver does not abort the crisis, intravenous dextrose
and hematin should be given to prevent activation of he-
patic d-aminolevulinic acid synthetase. In light of the large
number of drugs associated with exacerbation of AIP
crises, the control of the painful abdominal cramps is prob-
lematic, although low-dose narcotics may be used in many
patients, sometimes supplemented with very low doses of
benzodiazepine derivatives.121

HCP is much rarer than AIP. The neuropathic and sys-
temic clinical manifestations of the two conditions are the
same, except that a distinctive cutaneous photosensitivity
occurs in one third of the HCP patients. Like AIP, HCP
is punctuated with crises of neurological dysfunction
that are precipitated by drugs, infections, and alcohol.
HCP has a characteristic metabolic profile with elevated
urinary and fecal coproporphyrins. Similar to AIP, d-
aminolevulinic acid and porphobilinogen are found in the
urine, but coproporphyrin, a product not found in AIP, is
also present in urine. Enzyme assays for coproporphyrin
oxidase will demonstrate the deficiency, but this test is
not readily available.122

VP is particularly found in southern Africa. It mimics AIP
and CHP clinically, and photosensitivity is common.121 In
addition, a variety of skin lesions, including hyperpigmenta-
tion, hypertrichosis, vesicles, and bullae, are seen in patients
with VP. Excretion patterns are similar to those of HCP,
except the excreted amount of porphobilinogen exceeds
coproporphyrin in VP whereas they are approximately equal
in HCP. Treatment is the same as for AIP and HCP.

Finally, d-aminolevulinic acid dehydratase deficiency is
unique in being an autosomal recessive disorder. Neuro-
logical findings, as well as systemic and dermatological
signs, mimic those of the other porphyrias, and the differ-
entiation is made exclusively on the biochemical findings
of enzyme deficiency and the high urinary excretion of
d-aminolevulinic acid without porphobilinogen.122

Neurotransmitter-related Disorders
Normal brain function requires a bewildering complex
neural circuitry in which a single nerve cell may have an
enormous array of both excitatory and inhibitory inputs
arising from different sources within the central nervous
system. The essential feature of a normal nerve output
(and therefore a normal human response) requires a metic-
ulous balance of both excitatory and inhibitory transmis-
sion mediated by a variety of chemicals referred to as
neurotransmitters. Excessive or deficient amounts of either
excitatory or inhibitory neurotransmitters will result in
pathology causing neurologic illness and a wide variety
of clinical syndromes (Table 31-9).

One of the most important groups of neurotransmitters
is the biogenic amines, which include serotonin and two
catecholamines, dopamine and norepinephrine. These are
major neurotransmitters within the central nervous system



TABLE 31-9

Clinical Signs and Symptoms of Neurotransmitter-
related Disorders in Children

Neonatal seizures
Dystonia (postural or action induced)*
Tremor (postural or action induced)*
Limb rigidity (can fluctuate)*
Progressive gait disturbance
Ataxia
Hypotonia
Expressive speech delay
Oculogyric crisis
Convergence spasm
Intermittent ocular movement abnormalities
Autonomic symptoms (excessive sweating, temperature instability,
hypoglycemia, Hypothermia, or ptosis)

*Variation of the movement disorder can show a diurnal variation. Adapted from
Hyland K: The lumbar puncture for diagnosis of pediatric neurotransmitter diseases.
Ann Neurol 2003;54(suppl 6):S13–S17.
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and enzymatic defects that interfere with their production
can have a major impact on the normal functioning of the
brain. The different phenotypic expressions caused by the
metabolic defects in neurotransmitter synthesis have not
yet been entirely defined, so the nomenclature of the so-
called “neurotransmitter-related disorders” is not mature.
The disorders that are referred to in this section are due
to relative deficiency in a neurotransmitter, and cause a
large spectrum of neurologic illness in children, with the
most common symptoms related to seizures, encephalopa-
thy, and movement disorders. Of course, the particular syn-
drome will often be defined by the neural pathway most
affected by the abnormal level of neurotransmitter.

A number of factors make it difficult to identify those
children affected by disorders of neurotransmitters. First,
the rather complicated biosynthetic pathways responsible
for these disorders may be overwhelming to the clinician
caring for these children. Diagnosis requires a cumbersome
evaluation. For the most part these disorders require cere-
bral spinal fluid obtained under rigid conditions and metic-
ulously handled prior to analysis in one of a few highly
specialized laboratories. A breach in technique will render
results meaningless. Any comorbid state such as anoxia
or seizures (which may be part of the phenotype) can result
in abnormal values that make interpretation difficult.
Finally the symptoms displayed by these patients overlap
enormously with many static and neurodegenerative dis-
orders including cerebral palsy, anoxic injury, the spinocer-
ebellar atrophies, and disorders of intermediary energy
metabolism.

Disorders of dopamine deficiency tend to cause parkin-
sonian-type symptoms, including exercise-induced dys-
tonia, oculogyric crises, bradykinesia, hypophonia, and
tremor. If the condition is due to a deficiency in tetrahydro-
biopterin (BH4) or if more than one neurotransmitter is
involved, then the syndrome can be more severe and cause
more severe dystonia, appendicular hypertonia, axial hypo-
tonia, abnormal ocular movements, delayed development,
and autonomic nervous system syndromes. Seizures and
encephalopathy are another phenotype that may result.

As one nomenclature, Swoboda and Hyland have broken
these disorders into four groups:
Neurotransmitter deficiencies associated with hyper-
phenylalaninemia

Neurotransmitter deficiency states without hyperphenyl-
alaninemia

Secondary neurotransmitter deficiency states
Disorders of neurotransmitter metabolism

Pathogenesis and Pathophysiology
The synthesis of the catecholamines (dopamine and norepi-
nephrine) and serotonin involve a complex number of
metabolic steps that require the amino acids arginine, phenyl-
alanine, tyrosine, and tryptophan; the enzymes nitric
oxide synthase, phenylalanine hydroxylase, tyrosine hydro-
xylase, and tryptophan hydroxylase; as well as the cofactor
tetrahydrobiopterin (BH4). Tyrosine hydroxylase and tryp-
tophan hydroxylase are the rate-limiting steps of catechol-
amine synthesis and both require BH4 to function. Defects
in BH4 synthesis are now well-known to cause many of
the syndromes that will be described. BH4 itself is synthe-
sized in a multistep process, starting with GTP. BH4 is
necessary to convert tryptophan into 5-HTP (a substrate
for serotonin synthesis) and itself is converted into pterin
4a-carbinolamine, whereupon a specific dehydratase con-
verts this to qBH2 (quinonoid dihydropteridine) and then
dihydropteridine reductase regenerates BH4. Defects in
the primary synthesis of BH4, or its regeneration, can lead
to a number of clinical syndromes. Both L-dopa and
5-HTP, formed from the decarboxylation of tyrosine and try-
tophan, respectively, are decarboxylated by aromatic
L-amino acid decarboxylase (AADC), which is a vitamin
B6–dependent enzyme into dopamine and serotonin, respec-
tively. In the noradrenergic neurons the dopamine can be
hydroxulated to norepinephrine. In the pineal gland, seroto-
nin is acetylated and hen methylated to produce melatonin.
Dopamine is ultimately converted into homovanillic
acid (HVA), serotonin into 5-hydroxyindoleacetic acid
(5-H1AA), and norepinephrine into vanillylmandelic acid
(VMA); all of which can be measured in the CSF.
Defects in Tetrahydrobiopterin Metabolism
BH4 is an essential cofactor for the phenylalanine hydroxy-
lase in the liver, the enzyme that converts phenylalanine to
tyrosine. Defects in tetrahydrobiopterin will usually be
detected by newborn screening programs because of ele-
vated plasma levels of phenylalanine. If the child was not
tested soon after birth by neonatal screening, these defects
are often uncovered by finding elevated phenylalanine on
plasma amino acid analysis. However, defects in BH4 will
not always cause elevated phenylalanine levels and ele-
vated phenylalanine levels do not necessarily mean there
is a BH4 deficiency. Therefore, all infants and children
with pathologic levels of phenylalanine should be tested
for the far more common cause of hyperphenyalanine
levels, a defect in phenylalanine hydroxylase, which occurs
in about 1 in 14,000 infants. Between 1% and 3% of all
children with hyperphenylalaninemia have a BH4 defi-
ciency, and in these cases identification and treatment with
BH4 can improve outcome.

In defects of BH4 metabolism the CSF will show marked
decrease in the amounts of the neurotransmitters.
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The enzymes necessary for BH4 synthesis include gua-
nosine triphosphate cyclohydrolase, 6-pyruvoyltetrahy-
dropterin synthase (6-PTS), sepiapterin reductase, and
dihydropteridine reductase. Deficiencies in these enzymes
are inherited in an autosomal recessive genetic manner.
Infants with these disorders will manifest the early onset
of intractable seizures, including grand mal, tonic-clonic,
and myoclonic types. The clinical course also included
hypotonia, poor feeding, severed developmental delays,
irritability, bulbar dysfunction, oculomotor disturbance,
and temperature fluctuations. In the common form of
6-PTS deficiency the infants have low levels of catechol-
amine and serotonin metabolites, with elevated neopterin
to biopterin levels in the CSF. Most of these children do
not respond well to treatment but there is a peripheral form
of 6-PTS that has an excellent chance of normal develop-
ment if the high phenylalanine levels are corrected with
diet and supplementation with BH4.

One disorder that deserves special mention, because it is
treatable with L-dopa/carbidopa, is a dominantly inherited
form of guanosine triphosphate cyclohydrolase deficiency
in which the phenotype is a progressive dystonia. This dis-
order is often termed Segawa disease. The dystonia is
dopa-responsive, and other symptoms such as seizures
and developmental delay are not present. In this disorder
the early development is entirely normal and a progressive
gait disturbance due to dystonia develops when the child is
about 5 years old. Other features that may predate the gait
disturbance include torticollis, arm dystonia, and lack of
coordination. These symptoms are absent or mild in the
morning and worsen throughout the day. Guanosine triphos-
phate cyclohydrolase deficiency may also be inherited as
a result of compound heterozygosity, in which case the
neurotransmitter levels are low but not absent, seizures
are not present and the remaining phenotypic elements
are not as severe as seen in the autosomal recessive form.
In general, these children have a generalized dystonia in
the presence of a variable degree of developmental delay.

Tyrosine hydroxylase is the enzyme that converts tyro-
sine into L-dopa, and a deficiency can present soon after
birth with a severe encephalopathy, parkinsonism, or spas-
tic paraparesis, as well as generalized dystonia. Seizures
are uncommon in this disorder.

The enzyme aromatic L-amino acid decarboxylase
(AADC) converts L-dopa into dopamine (and 5-HTP into
serotonin). In AADC deficiency the L-dopa is instead con-
verted into 3-O-methyldopa, which will ultimately result in
formation of vanillylacetic acid, detectable by way of urine
organic acid analysis. This is the only disorder in which
levels of 3-O-methyldopa will be elevated. Levels of BH4

will be normal in this disorder. This will usually present
in the neonatal period with temperature instability,
lethargy, failure to thrive, ptosis, and miosis. As the child
approaches 2 months of age the temperature instability will
continue, hypotonia will become apparent and new symp-
toms emerge including paroxysmal movements (limb
extension), eye rolling, cyanosis, and severe irritability.
The children will then develop myoclonic jerks, conver-
gence spasm and oculogyric eye movements, and a variety
of extrapyramidal movements. The EEG is usually normal
and seizures have been rarely documented, although the
movements will often be interpreted as epileptic events.
Milder variants of this disorder have been described includ-
ing mild motor delay and autism. In one study, children
with AADC were treated with vitamin B6, nonselective
monoamine oxidase (MAO) inhibitors to potentiate cate-
cholamine and serotonin transmission, a dopamine agonist
to potentiate dopaminergic transmission, with variable use
of melatonin, anticholinergics and intranasal sympathomi-
metics. About one half of the group responded to the treat-
ment with developmental progress, with a disproportionate
number of boys in the treatment-responsive group and a
disproportionate number of girls in the treatment-resistant
group.

Dopamine b-hydroxylase converts dopamine into nor-
epinephrine. In the newborn period children may have pto-
sis, hypotension, hypothermia, and hypoglycemia but
develop neurologically normal, only to develop orthostatic
hypotension as young adults. Seizures and other neurologic
problems are not described in this disorder.

Deficiencies in monoamine oxidase A have been
described in a number of disorders. MAO-A is necessary
for the formation of serotonin and the catecholamines. Nor-
rie disease is an X-linked disorder associated with deficient
MAO-A levels and is the triad of blindness, hearing loss,
and mental retardation of varied degrees. Other syndromes
include severe mental retardation, autistic behaviors,
autonomic neuropathy, and seizures.
Succinic Semialdehyde Dehyrogenase Deficiency
(SSADH)
A deficiency in SSADH will result in low levels of GABA
(4-gamma-aminobutyric acid). The clinical features of this
disorder included global developmental delays, hypotonia,
visual impairment, and intractable seizures. The use of
vigabatrin has been helpful in some patients.

Serine-Deficiency Syndromes
Defects in the synthesis of the amino acid L-serine can lead
to a syndrome of mental retardation, seizures and micro-
cephaly. L-serine is a precursor for the neurotransmitters
D-serine and glycine as well as for the nucleotides and phos-
pholipids crucial for brain function. The first metabolic step
ion L-serine synthesis is the conversion of 3-phosphoglyc-
erate to 3-phosphohydroxypyruvate by the enzyme 3-phos-
phoglycerate dehydrogenase. A deficiency in this enzyme
will result in low plasma and CSF levels of serine. These
children are born with microcephaly, are noted to have
developmental retardation in the first few months of life,
and then go on to have seizures. Treatment with serine (doses
escalating to 600 mg/kg/day) often result in seizure control.
In those cases in which seizures are not controlled, adding
glycine at a dose of 200 to 300 mg/kg/day will often help.
It is not clear if early diagnosis and treatment would be
beneficial to preventing the mental retardation.

Nonketotic Hyperg lycinemia
Nonketotic hyperglycinemia represents a broad group of
disorders cause by defects in the various components
of the mitochondrial glycine cleavage enzyme system.
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The enzyme required to cleave glycine has four subunits
and a defect in any of those can cause clinical disease.
The most severe presentation occurs soon after birth with
lethargy, hypotonia, myoclonus, and apnea. EEG shows a
burst-suppression pattern. This disorder is often fatal in
early infancy and those that do survive are profoundly
retarded and have intractable seizures. Milder forms may
present with varying degrees of mental retardation, inter-
mittent encephalopathy, and vertical gaze palsy. Progres-
sive spastic diplegia and optic atrophy without seizures or
mental retardation are the features of the late-onset presen-
tation. In the infantile form, CSF glycine is massively ele-
vated to 30 times normal. The CSF-plasma ratio of glycine
is also greater than 0.08.
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HISTORY AND DEFINITIONS

During the past several decades, information about chromo-
somal abnormalities has increased rapidly. Until recently,
however, identified aberrations were limited to quantitative
abnormalities of increased or decreased chromosomal mate-
rial. Newer techniques have enabled us to identify numerous
deletions and highly specific duplications, or translocations,
which ultimately result in qualitative abnormalities of genes.
Recombinant DNA techniques provide powerful tools for
the definition of inherited neurological diseases and allow
us to identify and define regulatory events that are the basis
of cellular differentiation and embryogenesis.

Cognitive impairment is the primary neurological ramifi-
cation of chromosomal abnormalities; however, most early
reports of this finding were based on the study of individuals
who were severely retarded. These individuals may have had
multiple congenital anomalies with or without associated
chromosomal disorders. Furthermore, various chromosomal
anomalies may occur in seemingly normal adults with no
obvious intellectual deficits.

This chapter focuses first on a number of clinical syn-
dromes in which there are conspicuous neurological seque-
lae of chromosomal abnormalities and then on the most
common neurocutaneous syndromes.
CHROMOSOMAL ANOMALIES

Autosomal Abnormalities
Trisomy 21 (Down’s Syndrome)

PATHOGENESIS AND PATHOPHYSIOLOGY. Several
cytogenetic variants can produce Down’s syndrome, and
trisomy 21 is the most frequent. In this variant, Down’s
syndrome is due to an extra chromosome 21 or parts of it.1

Trisomy of subbands 21q22.1 to 22.3 of the distal part of
the long arm of chromosome 21 is the smallest component
sufficient to cause Down’s syndrome. In patients with tri-
somy 21, the genes on the extra segment of the chromosome
are not found in a double dose as is normal but are tripled. In
approximately 1% or 2% of cases, Down’s syndrome occurs
in the setting of mosaicism, in which there are two or more
cell populations. Each cell population has a different karyo-
type, and one has a trisomy 21. The fusion of chromosome
21 with another acrocentric chromosome, most commonly
chromosome 14, 21, or 22, may also result in a clinical syn-
drome that does not differ from that produced by the triplica-
tion of the subband 21q22. Finally, a rare familial form of
Down’s syndrome has been reported that may result from
familial mosaicism, maternal trisomy 21, or other cytoge-
netic causes. The exact method by which these chromosomal
anomalies cause the clinical sequelae of Down’s syndrome
has yet to be determined.2,3

EPIDEMIOLOGY AND RISK FACTORS. Down’s syn-
drome is the most common autosomal chromosomal
abnormality in human live births that results in structural
malformations associated with developmental retardation.
This disorder occurs in approximately 1 in 1000 neonates,
and the frequency of trisomy 21 increases with maternal
age. Although familial forms of Down’s syndrome are rare,
the risk of a mother having a second affected infant is
approximately 0.5%. In a child with a translocation, chro-
mosomal karyotyping should be performed in both parents
since if one parent has the translocation, the risk of having
a similarly affected child is much higher.

CLINICAL CHARACTERISTICS AND ASSOCIATED

DISORDERS. The physical characteristics of patients with
Down’s syndrome are commonly recognized in the first
month of life, if not in the newborn nursery. Common fea-
tures include brachycephaly with a round face, Brushfield’s
spots, a small mouth and a large protruding tongue, small
ears, epicanthal folds with upslanting palpebral fissures,
and a flattened or depressed nasal bridge. Although epi-
canthal folds and a transverse simian palmar crease are con-
sidered characteristic of Down’s syndrome, they are found
in only 50% of these patients. Brachydactyly and clino-
dactyly of the fifth finger are observed more commonly than
the simian palmar crease. There is a widened space between
the first and second toes.

In addition to the typical phenotypic features of the syn-
drome, associated congenital cardiac and gastrointestinal
abnormalities may be present. One third to one half of
patients with Down’s syndrome have congenital cardiac
defects, of which one-third are endocardial cushion defects
and the remainder are ventricular septal defects. Tetralogy
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of Fallot and atrial septal defects also occur, and there is an
increased incidence of moyamoya disease. More than half
of patients have bilateral hearing loss, of which many cases
are attributable to anomalies of the inner and middle ear.
Malformations of the gastrointestinal tract, including intest-
inal atresia and imperforate anus, occur in approximately 5%
to 7% of patients, and there is a reported increased incidence
of Hirschsprung’s disease. Although abnormalities of T lym-
phocyte function have been reported, no specific relation-
ship of these to the infection rate has been established.
Other associated abnormalities include gastroesophageal
reflux, pulmonary hypertension, upper airway obstruction,
obstructive sleep apnea, and an increased incidence of thy-
roid dysfunction, diabetes mellitus, cataracts, and leukemia.

The major neurological features of Down’s syndrome
are developmental delay and severe, diffuse muscular
hypotonia, which affects most patients. Convulsive disor-
ders are also more commonly present in these patients.
The pathogenesis of the convulsive activity in this popula-
tion is probably multifactorial and may result from a com-
bination of medical risk factors and inherent neurological
abnormalities. As individuals with Down’s syndrome age,
however, other neurological signs may appear (Video
262, Down’s Syndrome). Approximately 20% of patients
complain of neck pain or discomfort, and they may demon-
strate torticollis, gait impairment, or corticospinal tract
dysfunction. These features are believed to be related
to atlantoaxial subluxation and instability and result in
compression of the medulla and spinal cord.

By approximately the fourth decade of life, additional
deterioration of cognitive function may become apparent.
This deterioration has been attributed to dementia, which
results from a degenerative process that has neuropatho-
logical similarities to Alzheimer’s disease.2 Olfactory abnorm-
alities may also appear, and these can predate the onset of
dementia by 10 to 15 years.3

DIFFERENTIAL DIAGNOSIS. It is impossible to distin-
guish the clinical features of Down’s syndrome resulting
from the “typical” trisomy 21 from those resulting from
translocation. Other chromosomal abnormalities should be
considered, but the phenotypic features and neurological
signs generally make the diagnosis clear.

EVALUATION. The diagnosis of Down’s syndrome is
made by the presence of the typical physical abnormalities
and can be confirmed by chromosomal karyotype. Radio-
logical studies such as plain skull films may demonstrate a
brachycephalic skull in which the anterior fontanelle and
metopic suture close late. Computed tomography (CT)
may show calcifications in the basal ganglia and a large
opercula, whereas magnetic resonance imaging (MRI)
reveals evidence of delayed myelination in some cases.4

Other MRI studies have demonstrated smaller hippocampal
and neocortical structures in patients with Down’s syndrome
compared to controls.5 Additionally, these investigations
suggest that patients with Down’s syndrome develop signs
associated with brain aging at an earlier age than normal;
these signs include increased rates of ventricular dilatation,
peripheral atrophy, and deep white matter lesions. The elec-
troencephalogram (EEG) may be abnormal and can become
progressively disorganized with the evolution of Alzhei-
mer’s type dementia. Reports of postmortem evaluations
have noted the presence of a small, spherical brain and a
cerebellum that is reduced in size. Microscopic abnormal-
ities include reduced neuronal density in cortical regions, a
loss of cortical interneurons, a reduction in the number
of spines along pyramidal cells, and an accumulation of
undifferentiated fetal cells in the cerebellum. Abnormalities
in the basal nuclei of the brain include a reduced cell count
that shows a continued steady decline with age. In nearly
all patients who die after reaching the age of 35, changes
consistent with Alzheimer’s disease are found.

MANAGEMENT AND PROGNOSIS. There is no specific
treatment for Down’s syndrome. Compared to the general
population, these patients have increased morbidity and
mortality, primarily from cardiac causes.

Trisomy 18 (Edwards’ Syndrome)
Edwards’ syndrome6 is the second most common autoso-
mal chromosomal abnormality associated with an extra
autosome. The incidence of trisomy 18 is 0.3 per 1000 live
births, and females are affected more often than males
(3:1). In the majority of patients, the entire chromosome
18 is trisomic, whereas other affected patients may have
a mosaic state of partial trisomy. This anomaly is more fre-
quent in the offspring of older mothers. A history of
decreased in utero activity is typical, and there is an even
distribution of premature, normal term, and postmature
neonates with this disorder. Affected infants have a feeble
cry, decreased adipose and subcutaneous tissue, and a pau-
city of muscle bulk. The face is generally small with a high
nasal bridge, short palpebral fissures, ptosis, small mouth,
narrow palate, and micrognathia. The hands are clenched,
with the second finger overriding the third and the fifth
overriding the fourth. The nails are hypoplastic, especially
those on the fifth fingers and toes. Other commonly asso-
ciated findings include rocker-bottom feet, a short sternum,
small pelvis, umbilical and inguinal hernias, and diastasis
recti. The skin can be redundant, and hirsutism of the head
and back is notable. Cardiac malformations include ventric-
ular and atrial septal defects and patent ductus arteriosus.

No consistent central nervous system (CNS) abnormal-
ities are found in this disorder, but agenesis of the corpus
callosum is the most common anomaly and may be asso-
ciated with cerebellar or cerebral white matter heterotopias.
In those individuals who survive early infancy, severe
mental retardation may occur. No specific therapy is avail-
able for patients with this syndrome. Approximately half
of patients die before the age of 6 months, and only 10%
survive 1 year.

Trisomy 13 (Patau’s Syndrome)
The incidence of this trisomic syndrome, which occurs pri-
marily in the offspring of older mothers, is approximately
1 in 7000, and it affects mainly females.7 It should be noted
that translocation can also result in this syndrome, but
mothers of these children are usually younger. The clinical
characteristics of this syndrome include multiple congenital
anomalies with varying degrees of midfacial anomalies.
Infants may have ophthalmic abnormalities, including
anophthalmia, cyclopia, microphthalmia, and colobomas.
Facial defects, such as cleft palate and lip and micro-
gnathia, can also occur. A variety of congenital cardiac
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abnormalities, such as ventricular or atrial septal defects
and patent ductus arteriosus, may be present. Intestinal
malrotation, Meckel’s diverticulum, and a spectrum of uro-
genital structural abnormalities are commonly seen. Poly-
dactyly, with the third and fifth fingers overlapping the
fourth, occurs in most affected infants. Neurologically,
patients have developmental retardation as well as an
increased frequency of neural tube defects and micro-
cephaly. Pathologically, the most common abnormalities
include arrhinencephaly and holoprosencephaly, which can
be associated with the absence of the interhemispheric fis-
sure and the olfactory bulbs and tracts as well as with a single
ventricle. Sample case reports have also noted the presence
of corpus callosum lipomas and frontal cranial defects. As
in infants with trisomy 18, heterotopias in the cerebellum
and cerebral white matter may be observed. As is true of
other trisomic conditions, no specific therapy is available.
The average length of survival is approximately 9 months,
and approximately 90% of affected patients die before the
age of 12 months.

Prader-Willi Syndrome
The Prader-Willi syndrome is a sporadic disorder that
occurs in approximately 1 in 20,000 live births and has a
risk of recurrence in the same family of approximately 1
in 1000. The responsible abnormality on chromosome 15
can be documented by cytogenetic studies, and in approxi-
mately 70% of patients there is a deletion at 15q11-q13.
The disorder that produces Angelman syndrome has the
same gene locus. The use of cytogenetic techniques and
DNA polymorphisms has made it possible to discern the
origin of the parental deletion. Patients with Prader-Willi
syndrome inherit the chromosomal disorder from their
father, whereas patients with the Angelman syndrome
inherit the chromosomal abnormality from their mother.8,9

Mothers of infants with the Prader-Willi syndrome note
decreased in utero fetal activity, and often these neo-
nates are born in breech presentation. The affected indivi-
duals are of short stature and have small hands and feet
and a narrowed cranial bifrontal diameter.9 Their eyes are
almond-shaped, and they often have strabismus. The face
is long, and nearly 50% of patients have hypopigmentation
of the skin. Other common features include a small phal-
lus, cryptorchidism, and hypogonadism with a small flat
scrotum. Affected infants have a feeble suck and severe
hypotonia, which commonly requires the use of a feeding
tube. Near the end of the first year of life, however, the hypo-
tonia may become less severe. The degree of mental retarda-
tion may seem more prominent in early life and may be
correlated with the severity of the hypotonia. From 1 to 3
years of age, patients gain considerable weight and become
obese because of hyperphagia. As the hypotonia becomes
less severe, they also seem to be more mentally alert, yet
the intelligence level usually ranges from an IQ of 40 to
60. Although the primary explanation for the short stature,
hyperphagia, and hypogonadism has not been specifically
defined, there is evidence that suggests the presence of pri-
mary hypothalamic dysfunction. Recent improvements in
MRI scanning techniques have demonstrated anomalous
cortical growth on the banks of the sylvian fissure in some
children with Prader-Willi syndrome.10 These “growths”
are seen even more frequently in children with Angelman
syndrome and are thought to represent misrouting of long
projection axons. Electrophysiological studies and muscle
biopsies have failed to reveal any clues to the cause of
the severe hypotonia seen in these patients. No direct
therapy is available for the neurological aspects of this
disorder.10
Sex Chromosomal Abnormalities
Klinefelter ’s Syndrome
This syndrome, characterized by a 47XXY chromosomal
karyotype, is the most common human sex chromosomal
aberration and is associated with the sex chromatin-positive
form of seminiferous tubular dysgenesis. The frequency of
the 47XXY karyotype is reported to be 0.9 in 1000; 0.15 in
1000 have a mosaic form. Approximately half of patients
with a 47XXY disorder die in utero.

Affected children have small, firm testes, and adult
patients have azoospermia.11 This disorder is a common
cause of primary hypogonadism and male infertility.
Although a male phenotype is typical, delayed or poorly
developed secondary sex characteristics are present, and
approximately half the patients have varying degrees of
gynecomastia, androgen deficiency, and eunuchoid fea-
tures. These patients tend to be tall and have long legs,
and adults have an increased incidence of pulmonary dis-
ease, varicose veins, diabetes mellitus, and breast cancer.
Serum levels of follicle-stimulating hormone and lutein-
izing hormone are increased early in the second decade,
whereas testosterone concentrations are normal to low.
Plasma levels of estradiol are normal or high. Affected
individuals have cognitive abnormalities, including
impaired auditory sequential memory with delayed lan-
guage development and associated learning disorders.12

There is a slight lowering of the mean IQ and an increased
incidence of behavioral and personality abnormalities.
A higher than normal prevalence of postural tremor has
been reported, but the findings have not been replicated.

If androgen deficiency is present, administration of tes-
tosterone may produce an improvement in the secondary
sexual characteristics and increase the general well-being
of the patient. Testosterone therapy may also lessen the
degree of gynecomastia, but in those patients with notable
breast enlargement, surgical reduction of the breast tissue
may be important for cosmetic reasons.
XYY Syndrome
The incidence of this abnormal sex chromosomal karyotype
is approximately 1 in 1000 live male births. These patients
have a normal male phenotype, although cryptorchidism
and hypogonadism have been known to occur. Tall stature
and acneiform eruptions are common characteristics.
Although earlier studies suggested that affected patients
had inordinately aggressive, impulsive behavior, this finding
has not been reliably substantiated. Most patients have nor-
mal behavior, and their intelligence tends to be low normal.
Delayed acquisition of speech and language skills may
also be present. Other minor neurological findings include
postural tremor and motor incoordination.13
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Turner’s Syndrome
Turner’s syndrome, a form of gonadal dysgenesis resulting
from a 45,X karyotype (X-chromosomal monosomy), is
characterized by female phenotype, short stature, a shield-
like chest, a short and sometimes webbed neck, low-set
ears, high-arched palate, small mandible, and sexual in-
fantilism.14 The frequency of 45,X in female live births is
0.1 to 0.6 per 1000. A variety of other malformations can
be associated, including congenital lymphedema, particu-
larly of the hands and feet; cardiac and renal defects; skeletal
anomalies; and abnormalities of the nails. An increased
number of pigmented nevi has also been reported. Other dis-
orders have been associated with this disorder, including
Hashimoto’s thyroiditis, obesity, inflammatory bowel dis-
ease, and rheumatoid arthritis. Nerve deafness occurs in
approximately half the patients, and olfactory as well as taste
deficits have been described. Eighteen percent of patients
studied in one series were mentally retarded, although this
high prevalence may be due to selection bias. The absence
of the X chromosome does not cause intellectual impairment
per se, but the majority of these patients have right-left
disorientation and defects in perceptual orientation.15

Psychological tests demonstrate that girls with Turner’s
syndrome perform poorly on visuospatial and intellectual
measures and have difficulty with attention and social behav-
iors compared with age-matched controls.16 Others have
reported that Turner’s syndrome patients have significantly
lower scores on all the Wechsler adult intelligence scale tests
except verbal comprehension and reading level.17 The most
significant difference is found in the visuospatial construc-
tion. Volumetric brain measures derived from MRI reveal
no differences in overall cerebral or subcortical volume,
yet the regional distribution of gray and white matter varies
in the two groups. In general, girls with Turner’s syndrome
have a smaller proportion of tissue in the right and left parie-
tal regions and a larger amount in the right inferior parietal-
occipital region.16,17 Additional MRI studies have shown that
measured volumes of the hippocampus; the caudate, lenticular,
and thalamic nuclei; and the parieto-occipital brain matter
bilaterally are smaller.18

Treatment of patients with Turner’s syndrome is directed
at facilitating growth by administering recombinant growth
hormone,19 correcting associated congenital anomalies,
and carefully managing hormonal replacement therapy for
sexual infantilism.
Fragile-X Syndrome
Second only to Down’s syndrome, the fragile-X syndrome is
the most common cause of mental retardation in males and
has a frequency of approximately 1 in 1500males. It is found
in all ethnic groups and has been identified in patients with
other chromosomal abnormalities. The higher incidence of
mental retardation in males and reports of families in which
only males are affected suggest a nonspecific X-linked
inheritance, termed the Martin-Bell or Renpenning’s syn-
drome.19,20 No cytogenetic abnormality had been found in
this heterogeneous subgroup of the mentally retarded popu-
lation until a fragile site in the terminal region of the long
arm of the X chromosome (Xq27.3) was demonstrated when
the cells were cultured without folic acid.
The hereditary transmission of the fragile-X syndrome
has been described by Tarleton and Saul, and the fragile-
X gene has been isolated, cloned, and characterized.21 It
contains a trinucleotide sequence (CGG) that repeats in
the normal genome 6 to 45 times, whereas the repeat is
expanded to several hundred copies in patients with fragile-
X syndrome. Carriers of the fragile-X syndrome, who are
asymptomatic, have approximately 50 to 230 copies of
this sequence. The expansion of the CGG repeat sequence is
associated with methylation-induced inactivation of a se-
quence (CpG island) that is contiguous but separate from the
FMR-1 gene.22 This region is thought to initiate gene tran-
scription. The degree of methylation correlates with the
number of repeats, suggesting that the fragility of the site of
the fragile-X (FRAXA) is related to the triplet repeats.23

The characteristic physical features of affected males
with fragile-X syndrome include a long face, prominent
mandible, large ears, and macro-orchidism with no evi-
dence of endocrine dysfunction. All signs may not be pre-
sent in prepubertal males and are not always prominent in
adults. Although affected children may be unusually tall,
the adult male with fragile-X tends to be shorter than
average. Other associated features include joint hyper-
extensibility, flat feet, scoliosis, mitral valve prolapse, and
dilatation of the aortic root. Although no specific abnor-
mality of connective tissue metabolism has been identified
in patients with this syndrome, abnormal elastin fibrils
have been observed in skin biopsies of some patients. Some
heterozygote females may also have a long face, prominent
ears, and joint hyperextensibility. These features are more
commonly observed in mentally subnormal females than
in those with normal intelligence (Video 254, Fragile-X).

The majority of adult males with fragile-X syndrome
have mental abilities that are moderately retarded, but
approximately 30% have severe mental impairment. A
small number of males have low-normal or mildly retarded
intelligence, albeit with a variety of specific learning dis-
abilities. There may be a delay in acquisition of speech
and language skills, and older patients often have a low-
pitched, somewhat hoarse voice with features of persevera-
tion, cluttering, and staccato speech. The degree of mental
impairment in females is somewhat less than that in males,
with approximately one third of patients having mental
abilities in the retarded range and approximately one half
demonstrating specific learning disabilities. Attentional
deficits, hyperactivity, and impulsive and aggressive behav-
iors are known to occur. Patients may additionally have
macrocephaly, hypotonia, oculomotor dysfunction, and
inordinate clumsiness with impairment of fine and gross
motor movements.24 An increased incidence of convulsive
disorders may occur in nearly 25% of patients. These sei-
zures are generally simple or partial complex seizures and
tend to occur more frequently during the first 10 to 15
years of life. The seizures are usually well controlled by
the administration of standard antiepileptic medications
and appear to have no relationship to the degree of mental
retardation. Tic disorders have also been reported in
patients with fragile-X syndrome and their families.

There is no specific treatment for fragile-X syndrome
other than providing special educational programs tailored
to the specific disabilities of each patient. For patients
with attentional deficit disorder and hyperactivity, these
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behaviors are sometimes improved by the administration of
CNS stimulants.
NEUROCUTANEOUS DISORDERS

The neurocutaneous syndromes comprise a group of het-
erogeneous disorders characterized by dysplasia and a ten-
dency to form tumors.25,26 The CNS and skin are primarily
involved, but other organ systems can be affected. Since
the skin and nervous tissue originate from the same germ
layer, the ectoderm, these disorders have been variously
called congenital ectodermoses and congenital neuroecto-
dermal dysplasias. Van der Hoeve believed that the ocular
findings of neurofibromatosis and tuberous sclerosis were
similar and suggested that they be classified together under
the inappropriate term phakomatosis (Greek phakos: lentil,
mole, or birthmark).27 He later added von Hippel-Lindau
disease and Sturge-Weber syndrome to this category, and
in 1941 Louis-Bar proposed that ataxia-telangiectasia
should also be considered as one of the phakomatoses.28–30

During the past 50 years, a wide variety of disorders, all of
which are unusual and many of which lack dysplastic or
TABLE 32-1

Selected Neurocutaneous Syndromes

DISEASE CLINICAL FEATURES

Autosomal Dominant Inheritance

Incontinentia pigmenti
achromians
(hypomelanosis of Ito)

Bilateral asymmetrical areas of hypopigment
bone anomalies

Rendu-Osler-Weber disease Multiple angiomas of skin and mucous mem
nose, gastrointestinal, pulmonary, and uri

Waardenburg’s syndrome (I) Frontal patch of white hair, heterochromia ir
Waardenburg’s syndrome (II) Clinical findings are similar to type I witho

Autosomal Recessive Inheritance

Ataxia-telangiectasia Ataxia and telangiectasias of the bulbar conj
of respiratory infections, lymphomas, Hod
hypoplastic or absent; there is decreased I
ionizing radiation of fibroblasts and lymp

Chédiak-Higashi syndrome Rare, partial oculocutaneous albinism, photo
are observed

Refsum’s syndrome Retinal pigmentary degeneration, polyneuro
are usually present; abnormalities of the e

Rothmond-Thomson
syndrome

Erythematous skin lesions in early life follo
ectodermal dysplasia; body hair is sparse
abnormalities are common; intelligence is

Rud’s syndrome Icthyosis and hypogonadism are major featu
hypoplastic teeth and nails are less freque

Sjögren-Larsson syndrome Congenital icthyosis associated with mental
Xeroderma pigmentosum Defect in DNA repair results in premature a

ocular changes, corticospinal tract dysfun

X-Linked Inheritance

Fabry-Anderson disease A glycolipid lysosomal storage disease with
feature; lancinating limb pain is often the
arthritis; ocular, cardiac, and gastrointesti
young adults; neuropathy; renal disease m
nocturia

Incontinentia pigmenti
(Bloch-Sulzberger
syndrome)

Seen almost entirely in females; characteriz
erythematous, macular, papular, vesicular
or keratotic; third stage, lesions are notab
system, hair, teeth, and bone are common
neoplastic characteristics, have been considered to belong
to this heterogeneous group of disorders. The major neuro-
cutaneous syndromes are considered herein, and others are
noted in Table 32-1.
Autosomal Dominant Diseases
Neurofibromatosis (Von Recklinghausen’s Disease)

PATHOGENESIS AND PATHOPHYSIOLOGY. Neurofi-
bromatosis is no longer considered a single clinical entity
and has been divided into at least two distinct forms.31,32

The common form, once known as peripheral neurofibro-
matosis (NF), is called NF-1, and the rare form, once
termed central NF, is NF-2. Both are inherited as autoso-
mal dominant traits, and the gene locus responsible for
NF-1 is on chromosome 17 (17q11.2), whereas that for
NF-2 is on chromosome 22 (22q11.1–22q13.1).31 These
disorders are due to abnormalities in the development
of neural crest cells that produce hyperplasia, neoplasia,
and dysplasias of the neuroectodermal elements and their
supporting structures. Recently, the gene for NF-1 was
found to code for a large, ubiquitously expressed protein
ed whorls (“marbling”); central nervous system, eye, tooth, skin, nail, and

branes that are dilations of capillaries and venules; bleeding from any site:
nary systems
idis, lateral displacement of inner canthus and, at times, cochlear deafness
ut the lateral displacement of inner canthus; deafness is more common

unctivae, malar eminences, ear lobes, and upper neck; increased incidence
gkin’s disease, acute leukemia, and a variety of cancers; thymus gland is
gA and IgG; increased chromosomal breakage and increased sensitivity to
hocytes
phobia, neuropathy, and recurring infection; giant cytoplasmic organelles

pathy, and ataxia; sensorineural deafness, anosmia, and cardiomyopathy
yes, skin (icthyosis), and bone are often present
wed by telangiectasias, atrophy, hypo- and/or hyperpigmentation,
or absent; cataracts, short stature, hypogonadism, and skeletal
normal
res; microcephaly, sensorineural deafness, polyneuropathy, and
nt
subnormality and corticospinal tract dysfunction
ging of tissues exposed to sunlight; microcephaly, mental subnormality,
ction, ataxia, and movement disorders may be present

a wide spectrum of clinical findings: angiokeratosis is a characteristic
first symptom; joint pain may resemble that of juvenile rheumatoid
nal symptoms may be present; cerebrovascular accidents can occur in
anifests as inability to concentrate urine, urinary frequency, polyuria, and

ed by skin lesions present during the first few weeks of life that are
, or bullous; second stage, skin lesions are variably verrucous, lichenoid,
le for hyperpigmentation; abnormalities of the eyes, central nervous
ly associated



Figure 32-1. A 9-year-old patient with multiple café au lait spots of varying
sizes, which are more common on the trunk than on the limbs.
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(neurofibromin).33 This protein has structural and func-
tional similarity to a family of proteins that has guanosine
triphosphatase activation properties. This family of pro-
teins is involved in the regulation of the proto-oncogene
ras. It has been speculated that the functions of the NF-1
gene product may be related to its ability to regulate
ras-mediated cell proliferation.

EPIDEMIOLOGY AND RISK FACTORS. NF-1 occurs in
approximately 1 in 4000 to 5000 individuals. Approxi-
mately half the cases appear to be sporadic, and the muta-
tion rate has been estimated at 1 in 10,000 gametes per
generation, one of the highest mutation rates in humans.
Approximately 50% of patients have affected relatives,
and in nearly all instances the distribution of cases is con-
sistent with an autosomal dominant mode of inheritance.
NF-1 is observed in all regions of the world and affects
men and women equally. The frequency of NF-2 is not
known, and its natural history has been derived from
studies of a large Pennsylvania family.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. NF-1 is characterized by cutaneous pigmentation,
multiple tumors within the central and peripheral nervous
systems, and lesions of the vascular and other organ sys-
tems34 (Table 32-2). Focal hyperpigmented areas and café
au lait spots, ranging in size from a few millimeters to cen-
timeters, are more commonly found on the trunk than on
the limbs, and they are not found on the scalp, soles, or
palms (Fig. 32-1). These spots are light brown and result
from an aggregation of neural crest-derived pigmented
melanoblasts in the basal layer of the epidermis. Café au
lait spots are present at birth and become more apparent
with time. The number of café au lait spots probably does
not significantly increase after the first several years of life,
although the degree of hyperpigmentation usually does.
The presence of six or more café au lait spots larger than
15 mm in greatest diameter is required for a diagnosis of
NF, a criterion that is most useful when applied to the post-
pubertal patient. It should be recognized, however, that
approximately 10% of the general population have café
au lait spots without other stigmata of the disease. Less fre-
TABLE 32-2

Diagnostic Criteria for Neurofibromatosis

Diagnostic Criteria for Neurofibromatosis 1

Six or more café au lait macules over 5 mm in greatest diameter in
prepubertal individuals and over 15 mm in greatest diameter in
postpubertal individuals

Two or more neurofibromas of any type or one plexiform neuroma
Freckling in the axillary or inguinal region
Optic glioma
Two or more Lisch nodules (iris hamartomas)
Distinctive osseous lesion such as sphenoidal dysplasia or thinning

of long bone cortex with or without pseudoarthrosis
First-degree relative (parent, sibling, or offspring) with

neurofibromatosis 1 by these criteria

Diagnostic Criteria for Neurofibromatosis 2

Bilateral cranial nerve VIII masses seen with appropriate imaging
techniques

First-degree relative with neurofibromatosis 2 and either unilateral
cranial nerve VIII mass or two of the following: neurofibroma,
meningioma, glioma, schwannoma, and juvenile posterior
subcapsular lenticular opacity
quent cutaneous changes in NF-1 include diffuse axillary
or inguinal freckling and large areas of faintly increased
pigmentation (melanoderma) (Fig. 32-2).

Fibroma molluscum, soft or firm papules found in or just
below the dermis that vary in size from a few millimeters
to 1 or more centimeters, may also occur (Fig. 32-3). They
are violaceous in color and vary in configuration from flat
or sessile forms to pedunculated or lobulated forms. When
compressed, these skin lesions tend to invaginate into the
subcutaneous tissue. Hypopigmented spots similar to those
observed in patients with tuberous sclerosis, discrete areas
of skin hypoplasia, and angiomas may also be present in
Figure 32-2. Axillary and inguinal freckling, as observed in this patient, is
common in patients with neurofibromatosis.



Figure 32-3. An example of fibroma molluscum, which is a soft or firm
papular or polypoid lesion found in or just below the dermis and which
ranges in size from a few millimeters to 1 cm or more. (Courtesy of
Dr. Mary Williams, Department of Dermatology, University of California
Medical Center, San Francisco).

Figure 32-4. Lisch nodules are age-dependent iridic melanocytic hamarto-
mas that are commonly observed in patients with neurofibromatosis.
(Courtesy of Dr. Creig Hoyt, Department of Ophthalmology, University
of California Medical Center, San Francisco).

Figure 32-5. An older teenage patient with numerous neurofibromas (short
arrow) as well asmultiple lesions typical of fibromamolluscum (long arrow).

Figure 32-6. An 8-year-old girl with a large plexiform neuroma affecting
her left shoulder and arm. Note the enlargement of the left superior thorax
and areola.
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NF-1. All dermatological abnormalities may appear well
before any neurological signs or symptoms occur.

Lisch nodules are iridic melanocytic hamartomas that
are age dependent and are found in 10% of patients
younger than 6 years of age, 50% of patients younger than
30 years old, and in virtually all affected patients by the
age of 50 years (Fig. 32-4).34 Optic gliomas, reported in
15% to 20% of patients, can present with decreased visual
acuity or visual field defects. These tumors can involve
the optic chiasm and hypothalamus and rarely become
manifest as the diencephalic syndrome of infancy. There is
some controversy about the nature of the tumor, but optic
gliomas of childhood are probably congenital, indolent,
and slowly growing hamartomas.35,36 Congenital glau-
coma may also be a complication of NF-1 and is sometimes
associated with neurofibromas of the superior eyelid.

Neural tumors, or neurofibromas, can involve any nerve
from the dorsal root ganglia to the terminal twigs of the
peripheral nerves, and any organ can be involved. Periph-
eral neurofibromas vary in size and occur more frequently
on the trunk than on the limbs (Fig. 32-5). Plexiform neu-
romas are composed of an overgrowth of neural elements
of tumor and connective tissue that infiltrates normal tis-
sue. These larger tumors can be superficial, affecting the
skin and subcutaneous tissue, or deep, affecting visceral
and adjacent tissues (Fig. 32-6). Intracranial tumors occur-
ring in NF-1 are primarily meningiomas and gliomas.
There is an increased incidence of optic gliomas and neuro-
fibromas in these patients, and schwannomas may also
occur and may involve other cranial nerves. Intraspinal
tumors can be present and are sometimes accompanied
by spinal cord anomalies. Although most tumors in this
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disorder are benign, some neurofibromas may undergo
malignant transformation.

The diagnostic criteria for NF-2 require one or more
of the following: bilateral cranial nerve VIII masses; a
parent, sibling, or child with NF-2; and either a unilateral
cranial nerve VIII mass or any two of the following—
neurofibroma, meningioma, glioma, schwannoma, or juve-
nile posterior subcapsular lenticular opacity. Bilateral
acoustic neuromas become manifest in more than 95% of
affected individuals. Symptoms of acoustic neuromas are
usually referable to pressure on the vestibulocochlear and
facial nerves, and patients may complain of tinnitus, buzz-
ing, or background noise in the head. Alternatively, the
initial symptom may be unilateral loss of hearing, which
is noticed when the patient uses the telephone. Typically,
symptoms begin in the second or third decade, but patients
may become symptomatic in the first decade or as late as
the ninth. Other features of NF-2 include café au lait spots
and neurofibromas, although these are less commonly
observed than in patients with NF-1. Presenile lens opaci-
ties or subcapsular cataracts have been found in nearly
50% of patients and may precede the symptoms of acoustic
neuromas. Patients with NF-2 may have Schwann cell
tumors of other cranial nerves or spinal roots, and meningio-
mas, astrocytomas, and ependymomas may present in the
same patient. Optic gliomas, astrocytomas, and hamartomas
are usually not found in this form of NF.

Associated features of NF include mental retardation or
seizures. In a controlled study of 81 children affected with
NF-1 compared with 49 unaffected siblings, 81% of chil-
dren with NF-1 had moderate to severe impairment in sev-
eral areas of cognition. Fifty percent of affected children
performed poorly in reading, spelling, and mathematics.
Evidence of specific learning disabilities was demonstrated
in 20% of children, and 38% had atentional deficit hyper-
kinetic syndrome.37 Occlusive cerebrovascular disease,
although rare, can sometimes be demonstrated by angio-
graphy, which shows occlusive changes of the supraclinoid
segment of the internal carotid artery associated with the
telangiectasiae characteristic of moyamoya disease.

Macrocephaly and short stature are reported in 10% to
40% of NF patients, and a variety of bony changes may
also be present, including “ballooning” of the middle fossa,
an enlarged or J-shaped sella, and dysplastic changes of the
sphenoid. Patients with optic gliomas may have enlarged
optic foramina, and bony defects of the orbit and other cra-
nial bones are not uncommon. Scoliosis has been reported
in 10% to 40% of patients and usually becomes manifest
after the age of 6 years. Anterior meningocele, kyphosis,
enlarged intervertebral foramina, bowing of the tibia and
fibula, and bony overgrowth occur. Precocious puberty
may occur in NF-1 patients with gliomas or hamartomas
of the hypothalamus.

NF may be associated with a number of other neoplastic
processes with a more than random frequency. These
include leukemia, Wilms’ tumor, neuroblastoma, multiple
endocrine neoplasias, and pheochromocytoma. Of patients
with pheochromocytomas, 4% to 23% are reported to have
neurofibromatosis, whereas fewer than 1% have pheochro-
mocytomas. Hypertension may also result from intimal
proliferation and fibromuscular changes of the media of
the small renal arteries or from a pheochromocytoma.
DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of NF-1 is limited to the presence of a family history of the
disease and the typical neurological and dermatological
findings. NF-2 should be distinguished from sporadic, uni-
lateral acoustic neuroma (SUAN). NF-2 usually presents
prior to 40 years of age and is distinguished by the presence
of brain and spinal tumors, café au lait spots, fibromas, and
posterior capsular lens opacities. In contrast, SUAN presents
after 40 years and has no associated findings.

EVALUATION. The diagnostic tests used in patients
with NF should be determined by the findings in the clini-
cal examination because most studies will not be valuable
in the asymptomatic NF patient. MRI can be useful in the
evaluation of patients with possible intracranial, extracra-
nial, and nerve root neoplasms. This neuroimaging study
may also demonstrate incidental “bright areas” in patients
with NF-1 that are consistent with “hamartomas” that
may represent focal areas of heterotopic or dysplastic tis-
sue. These focal areas of increased signal intensity on T2-
weighted images are not associated with vasogenic edema
and are primarily seen in the basal ganglia, internal cap-
sule, midbrain, cerebellum, and subcortical white matter.
They are not visualized on contrast-enhanced CT. MRI
findings suggestive of gliomas include the presence of
vasogenic edema, mass effect, cavitation, enhancement
with gadolinium, and decreased signal intensity on T1-
weighted images. When optic nerve gliomas are suspected,
MRI with fat suppression techniques is a useful adjunctive
study. The spine of a patient with NF-1 should also be
imaged with MRI if there are symptoms or signs of intra-
spinal or nerve root compression. Isolated neurofibromas
may involve the neural foramina and spinal canal, forming
the so-called dumbbell tumor. Neoplasms involving the
spinal canal and cord are best demonstrated with the use
of gadolinium.

Patients who are at high risk for NF-2 should undergo
MRI with gadolinium of the head, paying special attention
to the cerebellopontine angle and internal acoustic meatus.
Careful ophthalmic assessment should be performed to
document the presence or absence of posterior capsular
lenticular opacities and papilledema. Tests of vestibular
and auditory function as well as brain stem auditory evoked
potentials should be considered in the evaluation of these
patients.

If symptoms suggest the presence of a pheochromocy-
toma, abdominal and mediastinal imaging should be per-
formed, and neurotransmitter metabolites should be
measured. Patients who are having problems with academic
achievement should undergo neuropsychological studies
to detect the presence and nature of any specific learning
disabilities.

MANAGEMENT. Treatment of patients with NF is sup-
portive and symptomatic. Patients with specific learning
disabilities should receive the benefit of special education
programs. Patients with seizures should be treated with
standard antiepileptic agents. Peripheral neurofibromas
are generally indolent and do not require surgical removal
unless they are subjected to repeated trauma and abrasion
or show rapid growth. Plexiform neuromas may be removed
for strictly cosmetic reasons. Intracranial and intraspinal
tumors should be treated with neurosurgical interven-
tion, irradiation, or chemotherapy when appropriate. Most



TABLE 32-3

Diagnostic Criteria for Tuberous Sclerosis Complex
(TSC)

Primary Features

Facial angiofibromas
Multiple ungual fibromas
Cortical tuber (histologically confirmed)
Subependymal nodule or giant cell astrocytoma (histologically
confirmed)

Multiple calcified subependymal nodules protruding into the ventricle
(radiographical evidence)

Multiple retinal astrocytomas

Secondary Features

Affected first-degree relative
Cardiac rhabdomyoma (histologic or radiographic evidence)
Other retinal hamartomas or achromic patch
Cerebral tubers (radiographical confirmation)
Noncalcified subependymal nodules (radiographical confirmation)
Shagreen patch
Forehead plaque
Pulmonary lymphangiomyomatosis (histological confirmation)
Renal angiomyolipoma (radiographical or histological confirmation)
Renal cysts (histological confirmation)

Tertiary Features

Hypomelanotic macules
“Confetti” skin lesions
Renal cysts (radiographical evidence)
Randomly distributed enamel pits in deciduous or permanent teeth
Hamartomatous rectal polyps (histological confirmation)
Bone cysts (radiographical evidence)
Pulmonary lymphangiomyomatosis (radiographical evidence)
Cerebral white matter “migration tracts” or heterotopias (radiographical
evidence)

Gingival fibromas
Hamartoma of other organs (histological confirmation)
Infantile spasms

Definite TSC

One primary feature, two secondary features, or one secondary plus two
tertiary features

Probable TSC

Either one secondary plus one tertiary feature or three tertiary features

Suspect TSC

Either one secondary feature or two tertiary features
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investigators suggest managing optic gliomas conservatively,
with serial MRI scans and visual field and acuity examina-
tions, rather than by immediate surgery or chemotherapy.35,36

The clinical course of patients with NF-2 may be relatively
benign, and indications for acoustic neuroma surgery must
be made on an individual basis. The presence of an acoustic
neuroma does not inevitably lead to deafness and facial disfig-
urement; moreover, surgery in the region of the cerebellopon-
tine angle is not without risk. Partial removal may be
appropriate to preserve useful hearing in some cases. Coun-
seling should address the issues of prognosis, genetics, and
psychological and social adjustment.

PROGNOSIS. Neurofibromatosis is a progressive disor-
der that requires continuous surveillance. The overall prog-
nosis is determined by the location, number, and severity
of the tumors that are present. It is important to note that
most patients with the disease retain good function.

Tuberous Sc lerosis
PATHOGENESIS AND PATHOPHYSIOLOGY. Tuberous

sclerosis, or tuberous sclerosis complex (TSC), is inherited as
an autosomal dominant trait. The TSC is the result ofmutation
of two genes, namely TSC 1, which is cloned from human
chromosome 9, and TSC 2, which is cloned from chromo-
some 16. The TSC 1 and TSC 2 encoded proteins have been
named hamartin and tuberin, respectively.38 Other cases
have been attributed to a gene mutation. Although the
genetic basis of the disease has been established, the patho-
genesis remains unknown. The lesions involve cells
derived from the ectoderm and mesoderm, and the cellular
elements demonstrate abnormalities in number and size.

EPIDEMIOLOGY AND RISK FACTORS. Tuberous
sclerosis has been identified in all races in all areas of the
world. Both sexes are equally affected, and heredity is evi-
dent in 50% of cases. Prevalence is estimated at 1 in
50,000 to 1 in 300,000 people. This disorder accounts for
nearly 1% of the institutionalized population in the United
States and for 0.3% of patients with epilepsy.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Although Bourneville39,40 is credited with the first
description of the disease, probably von Recklinghausen
described it initially. Bourneville believed that the cerebral
“scleroses” and renal tumors were associated findings,
but he failed to recognize the importance of the typical
facial skin lesions. Vogt41 believed that a triad of clinical
findings—seizures, mental retardation, and adenoma
sebaceum—were characteristic of the disease, but the cri-
teria for diagnosis have been revised (Table 32-3). TSC is
characterized by a variety of clinical findings, including
seizures; varying degrees of mental subnormality; and
dysplastic or neoplastic changes of the skin, nervous
system, and other organ systems.

The clinical expression of the disease is dependent on
which organs are affected and the extent of their involvement.
Seizures, either partial or generalized, are the most common
symptom of the disease, and infantile spasms are particularly
frequent during the first several years of life. The early onset
and severity of the seizure disorder are correlated with the
degree ofmental abnormality.Mental function is notably vari-
able, however, and approximately one third of patients have
normal intelligence. Some patients develop normally during
their early years only to experience a deterioration in mental
function in the latter part of the first decade.

The most common skin lesion is the hypopigmented
macule, which is found in approximately 90% of patients.42

According to Fitzpatrick,43 the most frequent shape is
the polygonal or “thumb-print” lesion, followed by the
“ash leaf” spot and, finally, groups of multiple “confetti-
like” hypopigmented macules (Fig. 32-7). Adenoma seba-
ceum, which is an angiofibromatous lesion, had been
generally considered the most common skin change in
tuberous sclerosis, but the lesions occur in only 50% of
patients (Fig. 32-8). The lesions appear in patches or in a
butterfly distribution about the nose, cheeks, and chin. They
are rarely apparent at birth, usually first observed between
the ages of 1 and 4 years, and tend to enlarge over time.
Other skin changes include the “shagreen” patch
(a “leathery” plaque), which is usually found over the lum-
bosacral or gluteal region; café au lait spots; fibromas; and
angiomas. Subungual or periungual fibromas (Koenen



Figure 32-7. A typical ash leaf-shaped area of hypopigmentation (arrows)
found in most patients with tuberous sclerosis.

Figure 32-8. Adenoma sebaceum occurs as angiofibromatous lesions about
the nose. The nasolabial folds and chin were also involved.
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tumors) are found in approximately 20% of patients and
affect the toes more commonly than the fingers. These
lesions are usually first noted during adolescence. Gingival
fibromas can also occur, as well as pitting of the dental
enamel.

Retinal tumors, which seldom affect vision, can occur
and are thought to be astrocytic hamartomas. They are nod-
ular or mulberry-like in configuration and may be solitary
or multiple; they tend to calcify. Other associated ocular
findings include retinal gray-yellow glial patches, and
iridic hypomelanotic spots, cataracts, and colobomas of
the iris, lens, and choroid. Renal tumors occur in approxi-
mately half of patients with TSC and are primarily renal
cysts or renal angiomyolipomas. These tumors can occur
separately or in combination, and they are typically multi-
ple, involving both kidneys. Although they can be symp-
tomatic because of renal enlargement, they are usually
indolent. Angiomyolipomas are also thought to be benign,
yet they may result in hemorrhage and can cause serious
morbidity or mortality.44 Early onset and severe hyperten-
sion can occur in patients with numerous renal cysts, and it
has been suggested that patients with TSC have an increased
risk of renal cell carcinoma. Cardiac rhabdomyomas are
present in approximately half of patients and can be solitary,
multiple, or infiltrative, diffusely affecting the myocardium.
Newer techniques of echocardiography have facilitated early
recognition of this tumor.

The lungs can also be affected in patients with TSC; they
demonstrate multicystic lesions that have been shown to
be similar pathologically to lymphangiomyomatosis. Pul-
monary abnormalities occur almost entirely in females,
presenting as dyspnea, spontaneous pneumothorax, and
pulmonary hypertension. Endocrine abnormalities have also
been reported.

DIFFERENTIAL DIAGNOSIS. The clinical features of
TSC just described are characteristic, and although other
neurocutaneous syndromes may have some similar features,
it is rarely difficult to make the correct diagnosis. Infants
who show developmental delay and intracranial calcifi-
cations and seizures should be evaluated for the possible
presence of intrauterine infections such as toxoplasmosis
and cytomegalovirus.

EVALUATION. Visualization of these hypomelanotic
macules is enhanced by using a Wood light because mela-
nin absorbs light of that frequency (360 nm), and areas
deficient in melanin are visually accentuated.42,43 Imaging
studies of affected patients can be effectively used to assist
in diagnosis. Intracranial calcifications, commonly found
in the region of the foramen of Monro or the periventric-
ular region, are present in approximately 60% of skull
radiographs in these patients. CT may demonstrate cerebral
hamartomas, subependymal nodules, ventriculomegaly,
and areas of demyelination. The calcified subependymal
nodule (the tuber) is the most reliable finding on CT head
scans, but periventricular calcifications can also be obser-
ved in patients with toxoplasmosis, cytomegalic inclusion
disease, and Fahr’s syndrome.45 MRI demonstrates with
greater specificity not only the uncalcified subependymal
nodules but also the distortion of the normal cerebral
cytoarchitecture.46

Other characteristic radiographic abnormalities include
cystic changes of the phalanges and metacarpals, sclerotic
areas in the long bones, and areas of increased or decreased
bone density in the skull. Renal changes can be demon-
strated by CT, MRI, or renal angiography, and the presence
of a cardiac tumor is readily demonstrated by echocardi-
ography. Patients with rare pulmonary involvement show
a fine reticular infiltrate or multicystic changes on chest
radiographs. EEG and examination of the cerebrospinal
fluid are of little help in establishing the diagnosis.

The tubers can be located anywhere in the cerebral
hemisphere but are commonly found in the cortical gyri.
Smaller nodules can be located in the region of the sulcus
terminalis or the basal ganglia, protruding into the ventri-
cle. Those tubers situated in the region of the foramen
of Monro or the aqueduct of Sylvius may become large
enough to obstruct the normal flow of cerebrospinal fluid,
resulting in hydrocephalus. The tuber is characterized
pathologically by a decreased number of neurons with
large, bizarre, and sometimes vacuolated “monster” neu-
rons. A proliferation of fibrillary astrocytes, areas of demye-
lination, and abnormalities of cortical cytoarchitectonics
are seen. Some vessel walls may show hyaline degeneration.
The subependymal nodules are fibrocellular with round or
oval cells and whorls of fibrillary glial tissue. Calcium
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and amyloid deposits may be present within the tuber or the
subependymal nodule; cerebellar calcification rarely occurs.

MANAGEMENT. Convulsive disorders are treated by
the administration of standard anticonvulsant medications;
however, control cannot be ensured. The individual TSC
patient with recurrent partial seizures may experience some
improvement with the excision of carefully identified epi-
leptogenic foci. No specific treatment is available for the
angiofibromatous lesions of adenoma sebaceum. They
may be surgically removed if subject to repeated irritation
or trauma, as is true of lesions obstructing the nares.
Patients with TSC must not only receive careful medical
management but also should be evaluated and followed
by social workers and psychologists. Genetic counseling
for the family is mandatory.

Von Hippel-Lindau Disease
Von Hippel-Lindau disease, which is inherited as an autoso-
mal dominant trait, is characterized by hemangioblastomas
of the retina and cerebellum. Von Hippel thought the retinal
lesion was a hemangioblastoma, but he labeled it angio-
matosis retinae.47 Lindau first recognized the associa-
tion between the retinal and cerebellar hemangioblastomas;
moreover, he was aware that patients could have other
lesions, including spinal cord angiomas and cystic tumors
of the pancreas, liver, and epididymis.48 Linkage analysis
has localized the gene defect to chromosome 3p25–26.49,50

Additional findings include cysts of the pancreas, liver,
and spleen as well as renal tumors. Compared with other
neurocutaneous disorders, skin lesions are not associated
with the disease.51

The retinal hemangioblastoma is one of the earliest
manifestations of the disease, and although it is reported
to occur in childhood, it is usually found during or after
the third decade. Aneurysmal dilation of the peripheral reti-
nal vessels appears to be the earliest characteristic feature
of the lesion, but, later, tortuous vessels marked by an
afferent arteriole and venule leading to a raised retinal
lesion appear (Fig. 32-9). Some retinal lesions are small
and easily overlooked. The retinal abnormalities have been
divided into three stages: first, a pinkish red vascular lesion
found in the midperipheral retina with visible “feeder”
Figure 32-9. A typical elevated, round whitish-red retinal lesion as
observed in von Hippel-Lindau disease. Note the tortuous artery-vein pair
coursing toward the lesion.
vessels and variable exudate; second, a pale gray lesion
in which the feeder vessels can be observed on fluorescein
retinal angiography; and third, retinal vascular lesions that
are similar to diabetic microaneurysms but have no retinal
vascular connections. These peripheral retinal lesions may
not result in any visual impairment; however, if the lesion
involves the macula or optic disc, progressive visual loss
can occur.

The diagnosis of a cerebellar hemangioblastoma is
usually made during the third or fourth decade, but there
are reports of its occurrence before puberty. The presenting
signs and symptoms are those of cerebellar dysfunction and
increased intracranial pressure. These tumors may also
involve the medulla and spinal cord, and approximately
80% of patients have an associated syringomyelia. Supra-
tentorial hemangioblastomas, although uncommon, have
been reported in the region of the pituitary gland and the
third ventricle as well as the cerebral hemispheres.

Associated renal lesions are found in von Hippel-Lindau
disease and include benign cysts, angiomas, and hyper-
nephromas, which are common and are a significant cause
of morbidity and mortality in the disease. Benign cysts
may also be found in the pancreas, adrenal gland, and
epididymis; they are usually asymptomatic. There is an
increased frequency of pheochromocytomas in patients
with von Hippel-Lindau disease.52 Retinal hemangioblasto-
mas are recognized by careful ophthalmoscopy, and fluo-
rescein angiography can show the vascular characteristics
of the lesion. CT and MRI demonstrate the lesions of the
cerebellum and spinal cord. The intra-abdominal lesions
are shown by abdominal CT and ultrasonography.

Some retinal lesions are recognized because of visual
impairment and retinal detachment. Obliteration of these
lesions has been accomplished with cryocoagulation or
photocoagulation. Cerebellar hemangioblastomas are re-
moved surgically in approximately 90% of patients, who
have a risk of recurrence of approximately 15%. Small renal
tumors should be judiciously removed because the presence
of multiple tumors is a possibility. In patients with cystic
renal disease, nephrectomy should be considered, followed
by dialysis.
Autosomal Recessive Disease
Ataxia-Telangiectasia
Syllaba and Henner53 first reported three adolescent
patients with progressive choreoathetosis and ocular telan-
giectasia in 1926, but it was not until 1964 that Martin54

recognized their clinical description as ataxia-telangiectasia
(AT). A report in 1941 by Louis-Bar described a young boy
with progressive cerebellar ataxia and extensive cutaneous
telangiectasias; she identified the syndrome as one of the
phakomatoses.30 After the 1958 descriptions by Bean,55

Boder and Sedgwick,56,57 and Centerwall and Miller,58 AT
became recognized as a distinct disease, and multiple reports
appeared in the literature.

AT is an autosomal recessive disorder characterized by
a constellation of signs and symptoms associated with pro-
gressive cerebellar dysfunction, conjunctival and cutaneous
telangiectasias, severe immune deficiencies, premature
aging, and a predisposition to cancer.59 AT is inherited as



Figure 32-10. Note the typical conjunctival telangiectasie as observed in
ataxia-telangiectasia disease.
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a single mendelian locus on chromosome 11q22–23. Stu-
dies have identified the mutated gene in AT, and its identi-
fication provides answers to the link between the mutated
gene product in AT and the signaling pathways that regu-
late the cell cycle.60 In the normal cell cycle, surveillance
checkpoints are used to arrest cells during the cell cycle,
allowing either completion of certain events that are
required at that point or repair of damage. During these
delay periods, damaged DNA can be repaired so that sub-
sequent cycles can occur normally.61 Clinical and labora-
tory work has suggested that the AT gene product is
involved in maintaining the integrity of chromosomal
DNA and in signal transduction mechanisms that operate
to regulate the cell cycle or DNA repair. The exact bio-
chemical roles of the gene product in these processes,
however, remain unknown.

AT occurs equally among the sexes and is reported in
all races and in all areas of the world. The prevalence of
this disorder ranges from 1 in 40,000 to 100,000 births.
Although AT is a multisystem disorder, progressive neuro-
logical deterioration is the hallmark of the syndrome. The
early neurological features of AT are characterized by
signs indicative of a progressive cerebellar degeneration,
including ataxia and dysarthric speech. Ataxia is mani-
fested by a swaying of the head and trunk and becomes
apparent soon after affected children begin to walk. It pro-
gresses and becomes severe enough to warrant the use of
a wheelchair by 10 to 15 years of age. By this time, dys-
synergia and intention tremor of the extremities interfere
with normal activity. Speech is initiated slowly and slurred,
and words are articulated poorly. Choreoathetosis can be
present in older children and can even mask the ataxia.
Myoclonic jerks, rigidity, dystonic posturing, muscular
hypotonia, drooling, and arrest of cognitive development
are also typical. These patients also have characteristic
facies, described as relaxed, dull, sad, and inattentive when
unstimulated. The examination also reveals oculomotor
abnormalities, including slowly initiated voluntary hori-
zontal movements of conjugate gaze with nystagmus-like
jerks with fixation and refixation. The deep tendon reflexes
are diminished, the plantar response is flexor, Romberg’s
sign is absent, and deep and superficial sensation is normal.
Later neurological features may be dominated by spinal
cord dysfunction, including abnormalities of position and
vibratory sensation. Other patients demonstrate neuromuscu-
lar deficits with diffuse weakness, muscle atrophy, fascic-
ulations, and absent tendon reflexes with intact sensory
findings. Finally, in some patients there is a more mixed
clinical picture including abnormalities of both sensory and
motor function.

Non-neurological features vary and include vasculocuta-
neous, immunological, and neoplastic manifestations. The
characteristic telangiectasias usually appear later than
ataxia, typically at approximately 3 to 6 years of age in the
region of the conjunctival angles of the eye (Fig 32-10).
Once present, they steadily progress and spread in a sym-
metrical pattern across the exposed portion of the bulbar
conjunctivae. These telangiectasias are bright red horizon-
tal streaks that cause the eyes to look “bloodshot” and
eventually involve the rest of the conjunctivae, eyelids,
adjoining facial regions, external ears, neck, and antecubi-
tal and popliteal spaces. Rarely, the telangiectasias may
be present on the dorsum of the hands and feet and on
the mucosal surfaces of the palate. These abnormal vessels
are not symptomatic and appear to be of venous origin,
branching from subpapillary venous plexuses in the skin
and dilated connecting venules in the conjunctivae.

Patients with AT also demonstrate progeric changes of
the hair and skin, including early graying of the hair and
atrophic, hidebound facial skin. Pigmentary changes are
also frequent and consist of hyperpigmentation and hypo-
pigmentation with cutaneous atrophy. A few patients may
demonstrate partial albinism, vitiligo, and café au lait
spots. Seborrheic dermatitis occurs in nearly all patients,
and senile keratoses, atopic dermatitis, and eczema are also
reported. Another prominent feature of AT is frequent
sinopulmonary infections. These may range from infection
of the ears, nose, and sinuses to chronic bronchitis and
recurrent pneumonia. The latter two may result in bronchi-
ectasis and pulmonary fibrosis. Chronic infections are typi-
cally due to common bacteria; however, they are
sometimes poorly responsive to antibiotic therapy. The
predisposition to infection is associated with the presence
of an abnormal thymus and a marked deficiency of IgA,
which is the predominant immunoglobulin in respiratory
secretions. Neoplasms occur in an estimated 10% to 15%
of patients with AT and are second only to pulmonary dis-
orders as a cause of death. The most common neoplasms
include Hodgkin’s disease, malignant lymphomas, reticu-
lum cell sarcoma, and histocytosarcomas. Various other
tumors have been associated with AT, including medullo-
blastoma, basal cell carcinoma, acute lymphocytic leuke-
mia, and gliomas. These patients also have retarded
somatic growth with dwarfing and various skeletal disor-
ders. Endocrine abnormalities are also prominent, and
female hypogonadism with sexual infantilism is found
consistently. Male hypogonadism also occurs but is less
prominent and is characterized by a delay in puberty,
incomplete spermatogenesis, and decreased Leydig cells.
Other studies report an unusual type of diabetes mellitus
that appears in late adolescence as well as anterior lobe
pituitary abnormalities.

The laboratory evaluation of patients with AT reveals
normal results on routine studies of the urine, blood (except
for lymphopenia), and spinal fluid. Although glucose



Figure 32-11. A 14-month-old male with a facial angioma (“port-wine
stain”) involving the upper face primarily in the distribution of the ophthal-
mic division of the left cranial nerve V. In addition, he had glaucoma of the
left eye.
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studies may reveal evidence of an insulin-resistant diabetes
mellitus, thyroid function studies are normal. Elevations in
serum a-fetoprotein and plasma carcinoembryonic antigen
are typically, but not invariably, present and are not required
diagnostic criteria. Humoral or cellular immunological
defects are also helpful in the diagnosis of AT, including
low or absent levels of IgA, IgG2, and IgE, yet these are
not invariable. Plain films of the skull may show decreased
or absent nasopharyngeal adenoidal tissue, and CT and
MRI studies of the head show cerebellar atrophy. Muscle
and nerve biopsies may reveal evidence of denervation
atrophy and axonal degeneration, respectively.

Treatment of patients with AT is supportive and includes
treatment of infections and the use of sunscreens to retard
the cutaneous progeric changes. Early institution of pul-
monary physiotherapy and physical therapy is important.
Prenatal diagnosis is possible through the measurement of
a-fetoprotein levels in amniotic fluid and the documenta-
tion of increased spontaneous chromosomal breakage of
amniotic cell DNA.
Unknown Inheritance Patterns
Sturge-Weber Syndrome
Sturge62 is credited with the first report of this syndrome,
which appeared in a 6-year-old girl who had a facial
angioma, buphthalmos, and contralateral partial seizures.
Sturge surmised that she had an underlying cerebral
angioma, but it was not until 18 years later that a cerebral
angioma affecting the leptomeninges of these patients was
first described. Weber reported the presence of intracranial
calcifications in skull radiographs of these patients, Dimitri
noted double serpentine calcifications, and Krabbe cor-
rectly pointed out that the calcifications were located pri-
marily in the cerebral substance rather than in the vessel
walls. Van der Hoeve believed that this syndrome was
the “fourth phakomatosis.”

Sturge-Weber syndrome (SWS) is characterized by a
congenital facial angioma (nevus flammeus, port-wine
stain) that is associated with signs and symptoms of an
ipsilateral leptomeningeal angioma. The facial angioma is
usually unilateral, although it can be bilateral, and involves
at least the upper face, superior eyelid, or periorbital region
(Fig. 32-11). Angiomas can also occur in other areas of
the head, including the nasopharynx, palate, lips, gingiva,
and tongue, as well as the neck, trunk, and extremities.
The facial angioma conforms to the sensory divisions of
the trigeminal nerve, but its configuration may be deter-
mined by the embryological facial development. Leptomen-
ingeal angiomas can also occur in the absence of any
facial angioma. In this case, although the signs are similar
to those of SWS, the patients should be considered to have
a different disorder referred to as leptomeningeal angioma-
tosis. SWS has no known recognized pattern of inheritance,
but there is one report of a father and son who had facial
angiomas and glaucoma.

Most patients with SWS have seizures, often beginning
in infancy, that are primarily partial motor seizures, but
some patients have secondary generalization. Other seizure
types, such as myoclonic, tonic, and atonic seizures as
well as infantile spasms, can occur less frequently. Earlier
studies noted a seizure frequency of 70% to 90%. In a ret-
rospective study of 102 patients, 88 patients had a lepto-
meningeal angioma affecting one cerebral hemisphere,
and 14 patients had bilateral hemispheric involvement. Sei-
zures occurred in 75% of these patients. Among the
patients with unilateral involvement, 63 had seizures, with
a mean age of seizure onset of 24 months. Thirteen of the
14 patients with bilateral involvement had seizures, with
a mean age of onset of 6 months.63

At least half of patients with SWS are mentally subnor-
mal, and behavioral problems are common. As seizures of
early onset increase in frequency and severity, mental func-
tion and behavior often regress. In the retrospective study
noted previously, 25 of 88 patients with unihemispheric
leptomeningeal involvement who did not have seizures
were of average intelligence; 1 of 14 patients with bilateral
hemispheric involvement was unaffected by seizures, and
that patient was of average intelligence. Others have docu-
mented that SWS patients with seizures have a notably
higher incidence of developmental delay and emotional
and behavioral problems, and these patients need special
education. These observations are important considerations
in patient management. Hemisensory deficits can occur but
are sometimes difficult to document reliably in very young
and mentally subnormal patients. Homonymous hemiano-
pia has been noted in approximately one third of patients,
and glaucoma secondary to choroidal angioma is found in
one-fourth. Other ocular abnormalities include iridic het-
erochromia in which the hyperpigmented iris is ipsilateral
to the facial angioma, optic atrophy, and strabismus.

Electroencephalographic studies often show decreased
amplitude and frequency of electrocerebral activity over-
lying the affected hemisphere. Other commonly noted
abnormal EEG features include multiple and independent
spike foci. Intracranial calcifications on skull radiographs
are present in approximately 90% of patients, are usually
found in the occipital or parieto-occipital region, and have
a serpentine linear, parallel configuration (“tram sign”).
They are rarely observed on plain skull radiographs during
infancy but are present in most patients by the end of the
second decade. CT of the head demonstrates intracerebral
calcifications and cerebral atrophy more readily than do
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plain skull radiographs, and it has documented calcific
deposits during the first few months of life. MRI, however,
is the neuroimaging study of choice to show the extent of
structural abnormalities of SWS.

Cerebral angiography demonstrates decreased cerebral
venous drainage and dilation of the deep cerebral veins.64,65

A variety of vascular abnormalities, including thrombotic
lesions, dural venous sinus abnormalities, and arteriovenous
malformations, have been observed in approximately one
third of patients. Positron emission tomography (PET) can
provide some measure of cerebral metabolic impairment,
and serial PET scans can demonstrate the progression of
the disease process.66,67 Moreover, PET scans can provide
important information that can be used to guide careful
selection of patients for focal cortical resection or hemi-
spherectomy. Single-photon emission computed tomogra-
phy can also reveal useful information about cerebral
perfusion.

Characteristic pathological features of SWS include
thickened hypervascularized leptomeninges, which primar-
ily affect the occipital, parietal, or temporo-occipital lobes.
Meningeal vessels are small and tortuous, producing a
dark, purplish blue color. These abnormal vessels rarely
enter the underlying atrophic cerebral hemisphere. Calcific
deposits are primarily located in the molecular and outer
pyramidal cortical layers, but small calcific spicules can
be found in some small cerebral vessels. The pathogenesis
of calcium deposition in the brain substance is not well
understood.

Management of patients with SWS requires careful
attention not only to the patient’s neurological deficits but
also to the associated behavioral and emotional problems.
Convulsive disorders are treated by administration of stan-
dard antiepileptic drugs, but seizures in some patients
may be refractory to medical management. These patients
should be considered for focal cerebral resection of the
affected lobes or hemispherectomy.68–70 Management of
the associated problems of mentally subnormal patients or
those with behavioral or emotional disturbances requires
the skills not only of the physician but also of competent
psychologists and social workers.
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The term dementia has an intellectually constricting effect
on differential diagnostic considerations and should be
applied with care. A confused elderly person seen for the
first time might be described as demented but may in fact
be confused because of toxicity from a narcotic analgesic
received postoperatively. A more generic term that is less
diagnostically constricting is encephalopathy. Encephalop-
athy can be acute, subacute, or chronic, and there are reversi-
ble and irreversible etiologies. Dementia is a type (or types)
of chronic encephalopathy that can have many causes, in-
cluding irreversible degenerative and potentially reversible
nondegenerative causes.

The most important diagnostic step in evaluating
dementias is to determine whether a chronic encephalopathy
results from a degenerative or other potentially reversible
cause. Clues may exist at any level of the diagnostic ladder,
although typically only a subset of clues is found in any one
patient. Historical clues suggesting a reversible process
include fluctuating severity, altered level of consciousness
or hypersomnolence, and visual hallucinations (although
fluctuating severity and visual hallucinations are also typical
in dementia with Lewy bodies, which is a degenerative dis-
ease). Clues on mental status testing include finding the
patient to be inattentive, disoriented, and somnolent but
not particularly amnestic. Clues on physical examination
include a variety of findings that may be common in elderly
patients but are not part of the typical picture of Alzheimer’s
disease, such as ataxia, hyper-reflexia, and tremulousness.

Laboratory evaluation should be directed toward com-
mon medical ailments, and a reasonably recent complete
physical evaluation should be available or obtained in all
patients suspected of having a significant brain-related dis-
ease. Practice parameters from the American Academy of
Neurology for the diagnosis of dementia specify thyroid
function studies and serum vitamin B12 levels be per-
formed.1 Serological tests for syphilis should be considered
in the appropriate medical setting, but this is no longer
routinely recommended. All patients being evaluated for
dementia should undergo structural neuroimaging with com-
puted tomography (CT) or magnetic resonance imaging
(MRI) of the brain.1 When a nondegenerative-based chronic
progressive encephalopathy is suspected, electroencephalogra-
phy (EEG) may be helpful in demonstrating severe dysrhyth-
mic slowing. Cerebrospinal fluid (CSF) examination may
show evidence of a chronic meningoencephalitic process such
as an elevated IgG index and synthesis rate, and occasionally
oligoclonal bands, suggesting an intrathecal inflammatory
reaction. Autoimmune and paraneoplastic serologies may be
helpful in such patients as well. Ultimately, if suspicion
remains high based on noninvasive tests for a nondegenerative
cause, cerebral angiography and meningeal and brain biopsy
can be considered, or in the absence of such invasive testing,
an empirical therapeutic trial of prednisone could be considered
for a possible steroid-responsive inflammatory meningoen-
cephalitis. In short, encephalopathy is a serious condition that
warrants a thorough diagnostic and therapeutic approach.

If a degenerative disease is ultimately diagnosed, then it
must be realized that an incurable, invariably progressive,
and ultimately fatal condition has been diagnosed.

Chronic progressive encephalopathies can be divided
into potentially reversible and irreversible diseases. More
important than remembering a few specific diseases is to
keep pathophysiological categories in mind. Some revers-
ible causes of subacute and chronic widespread progressive
encephalopathy include the following:

1. Inflammatory: nonvasculitic autoimmune inflamma-
tory meningoencephalitis (NAIM), sarcoidosis, pri-
mary and secondary central nervous system (CNS)
vasculitides, CNS complications of systemic lupus
erythematosus, and paraneoplastic limbic encephalitis

2. Infectious: chronic meningitis due to fungi, tuberculo-
sis, Listeria monocytogenes, Lyme disease, syphilis,
and CNS Whipple’s disease

3. Nutritional: vitamin B12 deficiency
4. Toxic: drugs (particularly prescription medications)
5. Mass lesion: subdural hematoma, communicating (nor-

mal pressure) hydrocephalus, meningioma, and other
tumors

6. Complex partial status epilepticus



Figure 33-1. Alzheimer’s disease. Note the generalized cerebral cortical
atrophy. (Courtesy of J. E. Parisi, Mayo Clinic, Rochester, MN.)

Figure 33-2. Photomicrograph of entorhinal cortex in Alzheimer’s disease.
The neuritic plaque is composed of an amyloid core surrounded by dis-
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Some irreversible causes of chronic widespread progres-
sive encephalopathy include the following:

1. Degenerative: Alzheimer’s disease, frontotemporal
lobar degeneration (FTLD), dementiawith Lewy bodies
(DLB), progressive supranuclear palsy (PSP), Hunting-
ton’s disease (HD), and Parkinson’s disease (PD)

2. Vascular: vascular dementia, disseminated intravas-
cular coagulation, and cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoence-
phalopathy

3. Metabolic: storage diseases and leukodystrophies
4. Neoplastic: meningeal metastases and gliomatosis

cerebri

With this perspective in mind, this chapter considers
the subset of irreversible causes of chronic progressive
encephalopathies referred to as neurodegenerative dement-
ing diseases, which affect adults. Previous classification
schemes (including our own previous editions of this chap-
ter) have relied on the presence of clinical features that are
traditionally regarded as cortical (e.g., aphasia) or subcorti-
cal (e.g., psychomotor slowing) and so categorized demen-
tias into three broad categories: cortical, subcortical, and
mixed. Essentially all neurodegenerative dementias have
both cortical and subcortical pathology, but those that
primarily target the cerebral cortex are clinically distin-
guishable from those that primarily target subcortical struc-
tures, so the distinction had both heuristic and practical
value. However, progress in many different areas, includ-
ing genetic, imaging, pathophysiologic, and clinical, has
led us to the current point where a revision in our classifi-
cation scheme is appropriate, and so will now include the
three broad categories of Alzheimer’s disease, parkinson-
ism with dementia (and related disorders), and the tauo-
pathies. Undoubtedly, with further progress, there will be
more to come.
trophic neurities. The dark “flame-shaped” fibrillar structures are neurofi-
brillary tangles, which are mainly composed of paired helical filaments.
Each filament is approximately 11 to 24 nm in diameter, and periodic
twists occur roughly every 85 to 93 nm (Bielschowsky silver stain, 200�).
(Ksiezak-Reding H, et al: Ultrastructure and biochemical composition
of paired helical filaments in corticobasal degeneration. Am J Pathol
1994;145:1496–1508; courtesy of J. E. Parisi, Mayo Clinic, Rochester, MN)
ALZHEIMER’S DISEASE

The terms Alzheimer’s disease (AD) and Alzheimer’s
dementia are related but not synonymous. AD is the patho-
logically defined disease process that ultimately results in
the clinical syndrome of Alzheimer’s dementia. Alzheimer’s
dementia has a characteristic cognitive pattern that includes
specific cognitive domains and consequent disability. Early
in a patient’s course, AD may cause nondisabling memory
loss described as “mild cognitive impairment” rather than
dementia. Other patients with ADmay have a pattern of cog-
nitive or somatic deficits (e.g., progressive aphasia or pro-
gressive apraxia) that are uncharacteristic of Alzheimer’s
dementia and instead may mimic another degenerative
dementia. Most often, however, AD causes Alzheimer’s
dementia.

PATHOGENESIS AND PATHOPHYSIOLOGY. AD is
characterized by generalized cerebral cortical atrophy
(Fig. 33-1) with widespread cortical neuritic (or senile)
plaques (NPs) and neurofibrillary tangles (NFTs) (Fig. 33-2).
Other typical pathological findings include neuropil
threads, granulovacuolar degeneration, lipochrome accu-
mulation, and Hirano bodies. NPs are composed of an
amyloid core surrounded by dystophic neurites, whereas
paired helical filaments are the major constituent in NFTs,
neuropil threads, and dystrophic neurites. None of these his-
tological findings individually are entirely specific for AD
because NPs can be seen in clinically nondemented
patients,2 and NFTs can occur in other neurodegenerative
and prion disorders. The current neuropathological criteria
for the diagnosis of AD are based on the frequency of NP
and topography of NFT.

Synapse loss appears to be the most important correlate
of dementia severity,3 but the number of NPs and NFTs
and the density of a b-amyloid load have each been asso-
ciated with dementia severity. Mesial temporal structures,
particularly the hippocampal formation, are involved early
in AD, and this accounts for the amnestic syndrome in
these patients. AD produces a lamina-specific pattern of
damage to the entorhinal cortex that disrupts cortical input
to the hippocampal formation from association and limbic
cortices, and it disrupts hippocampal outflow from the
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cornu ammonis (CA) sectors and subiculum to the associa-
tion cortices, diencephalon, basal forebrain, and amygdala.
Hence, AD effectively disconnects the hippocampus from
its major input and output pathways.4

The plaque core in AD in isolation or occurring with
Down’s syndrome is composed of insoluble b-amyloid,5

and the gene for amyloid precursor protein (APP) has been
mapped to chromosome 21. APP is normally expressed in
multiple cells of neural and non-neural origin and has sev-
eral putative cellular functions. APP can be processed
by nonamyloidogenic and amyloidogenic pathways. The
fragment of APP formed by the latter pathway, termed
b-amyloid or Ab, is a soluble secretory product composed
of 39 to 43 residues. This pathway may generate Ab at the
cell surface, in the lysosomes, or in the Golgi apparatus,
and the precise mechanism of Ab processing may be cell-
type specific.6 The form secreted in highest quantity is
Ab1–40, with lesser amounts being in the Ab1–42 form.
Each form is secreted in varying amounts in cognitively
normal and abnormal individuals, and levels of each can
be measured in both plasma and CSF. The insoluble
Ab1–42 form is contained in plaques. Additional amyloid-
associated proteins are believed to interact with Ab, which
can also promote amyloid fibril formation and deposition
as plaques.

Plaques, in which amyloid deposition is diffuse and dis-
tended neurites are absent, have been termed diffuse non-
NPs. These plaques are present in nondemented aged and
Down’s syndrome patients. With the appearance of dis-
tended neurites, the plaques are then classified as diffuse
NPs. Insoluble amyloid fibrils surrounded by distended
neurites constitute a dense-core NP, which is equivalent
to the classic NP. A “burnt-out” plaque is a dense core of
amyloid without the surrounding distended neurites. The
accumulated evidence favors the amyloid cascade hypoth-
esis in the pathogenesis of AD (Fig. 33-3). This hypothesis
states that the initial abnormality in AD pathogenesis is
amyloid deposition in the neuropil (forming plaques) and
cerebral vessels (forming amyloid angiopathy).6,7 This
deposition is neurotoxic, leading to cytoskeletal derange-
ment with neurofibrillary tangle formation, leading, in turn,
to neuronal degeneration. Studies from several laboratories
suggest that Ab1–42 is the crucial form of Ab involved in
this cascade. Ab1–42 has been shown to form insoluble
amyloid fibrils faster than Ab1–40 in vitro. This form is
deposited in the diffuse plaques of Down’s syndrome
patients far in advance of Ab1–40, and this peptide is the
primary form of Ab deposition in the NPs of sporadic
AD. Plasma Ab1–42 is elevated in approximately 12% of
patients, and CSF Ab1–42 is reduced in patients with clini-
cally diagnosed AD.8 The reduction of Ab1–42 presumably
reflects diminished clearance and subsequent deposition.
It is hoped that interfering with Ab1–42 formation or
deposition may impact AD pathogenesis.

The six human isoforms of the microtubule-associated
protein tau are derived from a single gene on chromosome
17. Tau normally binds to microtubules when dephosphory-
lated or only partially phosphorylated. Hyperphosphorylated
tau is the major component of paired helical filaments,
which are the major constituents of neurofibrillary tangles,
neuropil threads, and dystrophic neurites. Accumulated
paired helical filaments or microtubule destabilization, or
both, may disrupt axonal transport and lead to NFT forma-
tion and neuronal death. In AD, tau concentration is elevated
in the CSF.9

The association between the type 4 allele of apolipopro-
tein E (ApoE e4) and late-onset familial10,11 and sporadic
AD11 was recognized in 1993. An increased risk of devel-
oping sporadic AD and a decreased age of onset has been
associated with the ApoE e4 allele, whereas risk decreases
and age of onset increases with the ApoE e2 allele.12 How-
ever, ApoE e4 does not directly cause AD because it can
occur in the absence of even one copy of the ApoE e4
allele, and two copies of this allele have been documented
in cognitively and neuropathologically normal individ-
uals. Disease progression does not appear to be reliably
associated with ApoE status.

The mechanism of ApoE’s effect on AD susceptibility is
not known. ApoE is found in the NPs, vascular amyloid,
and NFTs of AD. Amyloid deposition in NPs and blood
vessels has correlated with ApoE e4 dosage (i.e., whether
there is one or two copies of the ApoE e4 allele), whereas
the frequency of NFTs has not.13 ApoE promotes amyloid
filament formation in vitro.14 ApoE e3, but not ApoE e4,
binds to microtubule-associated protein tau, which may
slow the rate of tau phosphorylation and self-assembly into
parahelical filaments. More recently, it has been shown
that intracellular degradation of the e4 isoform generates
a toxic carboxyl fragment.15

There are four types of ApoE receptors in the brain. One
type, the low-density lipoprotein receptor-related protein
(LRP), is found in hippocampal pyramidal cells and den-
tate granule cells. It is a highly conserved protein found
also in nematodes, and it functions in membrane mainte-
nance. LRP binds and internalizes not only ApoE but also
several other ligands, all of which have been associated
with NP. LRP internalization of its associated ligands
may be impaired in AD, thus resulting in Ab-ApoE com-
plex aggregation and NP formation.16 The specific interac-
tions between the various ligands and ApoE isoforms
remain to be determined, but the potential may exist for
developing therapeutic interventions that manipulate these
interactions.

Neuropathological, clinical, and epidemiological studies
have supported a role for immunological activation as an
intrinsic component of the neurodegenerative process.17

The number of activated microglia is high in diffuse
plaques and higher in diffuse NPs, but there are fewer
microglia in more mature plaques with amyloid cores, sug-
gesting that the inflammatory response may have a primary
role in the early steps of plaque formation.

Chronic aluminum exposure was once thought to play
a role in AD mainly due to encephalopathy occurring in
dialysis patients who were exposed to toxic levels of alu-
minum. The possible mechanisms by which aluminum
could lead to AD histopathology include promoting hy-
perphosphorylation of tau and subsequent formation of
NFTs; altering processing of the APP, which would lead
to the formation of NPs; and initiating the inflammatory
response.18 However, aluminum exposure is not thought
to be a major risk factor for AD.

The oxidative stress hypothesis of neurodegeneration
holds that free radical generation from metabolism is neu-
rotoxic, and there is evidence that Ab may promote free
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a soluble and nontoxic form of amyloid (2A, 2B). b- and g-secretase activity cleaves APP into b-amyloid (Ab), which fibrillizes, aggregates, and deposits
in the brain (2C, 2D). The 42-amino acid fragment (Ab42) tends to deposit in the brain parenchyma and is the major constituent of amyloid plaques; the
40-amino acid fragment (Ab40) tends to deposit in blood vessels and cause amyloid angiopathy, thereby increasing friability and the tendency to hemor-
rhage. Mutations in APP, presenilin-1, and presenilin-2 all act to increase production of Ab (1A). Ab interacts with apolipoprotein e4, lipoprotein-related
protein, cholesterol, a2 macroglobulin, and other compounds to increase aggregation and/or decrease clearance of amyloid or diffuse plaques (1B).
The plaques presumably lead to microglial activation and the associated inflammatory response and free radical formation (1C, 1D). Tau-positive neurites
then develop around the amyloid core resulting in neuritic plaques. The amyloid cascade hypothesis posits that the series of events described here affects
healthy neurons to degenerate (1E); the mechanisms underlying this process have not been adequately characterized. The microtubule-associated protein
tau becomes hyperphosphorylated (1F), causing impaired intracellular processing and neurofibrillary tangle formation (1G). The affected neurons
degenerate, ultimately causing dementia.

Several steps in this cascade could potentially be manipulated to affect AD pathogenesis. b- and g-secretase inhibitors may decrease Ab production and
potentially prevent the development, delay the onset, and delay the rate of progression on AD (1A, 2C, 2D). Promotors of a-secretase activity (2A) could
decrease the proportion of APP that is processed via steps 2C and 2D. Immunotherapy (i.e., amyloid vaccine), cholesterol-lowering agents, and b-pleated
sheet breakers may decrease amyloid plaque development and/or increase amyloid clearance (1B). Epidemiologic studies have suggested that nonsteroidal
anti-inflammatory drugs (NSAIDs) are protective against AD, which has been presumed to be due to their anti-inflammatory properties (1C). Data indicate
that certain NSAIDs actually decrease Ab levels independent of their anti-inflammatory properties (1B). There is continued hope that NSAIDS and other
agents with anti-inflammatory properties may decrease the inflammatory response to amyloid plaques (1C). Free radical scavengers such as a-tocopherol
and selegiline have been shown to delay the rate of progression in patients with AD, presumably by affecting free radical formation (1D). The complex
interactions between amyloid and tau processing could be manipulated (1E). Decreasing tau kinase activity and/or increasing tau phosphatase activity
could decrease development of neurofibrillary tangles (1F, 1G).
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radical formation.19 This has led some to propose the use
of antioxidants clinically and in experimental trials in
patients with clinically diagnosed AD.17

Levels of acetylcholine, noradrenaline, serotonin, g-
aminobutyric acid (GABA), glutamate, somatostatin, neuro-
peptide Y, and substance P have all been documented to be
reduced in the brains of AD patients. However, reductions
in acetylcholine and choline acetyltransferase are the most
profound, and therefore they have been thought to be the
most important. Such reductions are due to neuronal loss in
the basal forebrain, which is the major region from which
cholinergic projections originate.20 Only modest improve-
ments in cognitive functions have been achieved with cho-
linergic agonists, presumably due to neuronal loss in the
cortical targets that receive cholinergic input.

Pathological variants of AD include limbic AD, plaque-
only AD,21 and DLB (in which AD pathology coexists
with neocortical and subcortical Lewy bodies).

There are four genetic variants of AD. AD1 results from
a mutation in the APP gene on chromosome 21, resulting
in increased amyloid formation and deposition in the brain
and cerebral vasculature, causing autosomal dominantly
inherited familial AD, as well as amyloid angiopathy.
AD2 is genetic subtype of late-onset familial AD reflecting
the type 4 allele of ApoE located on chromosome 19.10 AD3
is a form of early onset familial AD (EOFAD) resulting from
mutation of an integral membrane protein (presenilin-1)
gene located on chromosome 14. Mutations in this gene
may be responsible for more than 75% of cases of EOFAD
with a mean onset before age 50 years.22 Finally, AD4 is
another early onset familial form of AD related to a mutation
of another transmembrane protein (presenilin-2) located on
chromosome 1 in seven related families of Volga German
ancestry (and one Italian kindred) with autosomal dominant
AD.23 Evidence suggests that presenilin is the major compo-
nent of g-secretase. Additional loci on chromosome 10 and
12 have been associated with late-onset AD, but the specific
genes have not been identified.24,25 The genetic variants of
AD1, AD3, and AD4 seem to exert their pathogenetic effect
through increased production and deposition of insoluble
b-amyloid.

EPIDEMIOLOGY AND RISK FACTORS. AD is the most
common cause of dementia overall, accounting for more
than half of all cases, and it increases in frequency with ad-
vancing age. Epidemiological age-specific estimates of
incidence and prevalence vary by region and study due to
differences in diagnostic criteria and population demo-
graphics. Figures 33-4 and 33-5 show the incidence and
prevalence rates for dementia (all causes) and AD in par-
ticular in Olmsted County, Minnesota.26 There is an expo-
nential increase in both with advancing age at least through
the ninth decade. Whether this trend continues into the tenth
decade is unknown. The prevalence of severe dementia
over the age of 60 years is estimated at 5%, and over the
age of 85 years it is estimated to be between 20% and 50%.
The lifetime risk of developing AD is estimated to be
between 12% and 17%.26,27

Following age, ApoE status is the second most important
risk factor. In both familial late-onset10 and sporadic11

cases, the ApoE e4 allele increases risk and the e2 allele
decreases risk.12 The lifetime risk of AD in people without
a family history increases from 9% without an ApoE
e4 allele to 29% with one copy of the ApoE e4 allele.28

ApoE e4 homozygotes comprise approximately 2% of the
population, but approximately 83% are estimated to
develop AD in their lifetime,29 similar to the 91% reported
in familial late-onset cases.10,11 In limited populations, other
genetic factors play a determining role, such as Down’s
syndrome (trisomy 21)30 and EOFAD kindreds.

Other purported risk factors are weaker and some are
more controversial in that not all well-controlled epidemio-
logical studies have found them to be significant. These
risk factors include limited education, depression, gender,
estrogen replacement therapy, use of vitamin E, head
trauma, use of anti-inflammatory drugs, and a history of
thyroid disease.



Dementia

Age groups

Alzheimer’s

2,500

2,000

1,500

1,000

Total = M + F

1960–1964
1965–1969
1970–1974
1975–1979
1980–1984

500

0–
44

45
–5

4

55
–6

4

65
–7

4

75
–8

4

85
+

3,000

0

In
ci

de
nc

e 
ra

te
 (

/1
00

,0
00

 p
yr

s)

3,000

2,500

2,000

1,500

1,000

Total = M + F

1960–1964
1965–1969
1970–1974
1975–1979
1980–1984

500

0–
44

45
–5

4

55
–6

4

65
–7

4

75
–8

4

85
+

0
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CLINICAL FEATURES ANDASSOCIATEDDISORDERS

Mild Cognitive Impairment. The clinical symptoms
and signs of AD reflect the underlying topography of the
disease. Memory loss is a cardinal feature of Alzheimer’s
dementia but it is not the only abnormality in most patients.
Early in the course of AD, patients may not yet be func-
tionally impaired. The diagnostic term mild cognitive
impairment (MCI) was originally introduced to define
a progressive monosymptomatic amnestic syndrome, and
many patients present in this fashion.31 The criteria for
the diagnosis of MCI are shown in Table 33-1. The mem-
ory loss in these patients should be distinguished from
the milder memory problems of normal aging. MCI has
the same profile of risk factors as AD, including advanced



TABLE 33-1

Diagnostic Criteria for Mild Cognitive Impairment

I. General
1. Symptomatic cognitive complaint
2. Normal activities of daily living
3. Normal general cognitive function
4. Objective cognitive impairment
5. Does not meet DSM criteria for dementia

II. Single Domain (symptomatic and objective impairment in one of
these categories)

1. Memory
2. Language
3. Visuospatial
4. Executive

III. Multiple Domain (symptomatic and objective impairment in two or
more of the above categories)

IV. Etiology
1. Degenerative
2. Vascular
3. Other
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age and ApoE,32 and patients who have come to autopsy
often prove to have AD. Such patients also have radiologi-
cally demonstrable hippocampal atrophy. More than half of
patients who present with MCI develop features of demen-
tia over a 4- or 5-year period.32 The practice parameter on
MCI suggests that patients with forgetfulness should be
evaluated and monitored.33 Recognition of patients with
MCI will become increasingly important as many agents
will be tested to potentially delay the rate of progression
of MCI to AD.

MCI has evolved by consensus into an entire classifica-
tion scheme for early, nondisabling cognitive disorders.34

These constitute amnestic MCI (single domain), amnestic
MCI-multiple domains, nonamnestic, MCI-single domain,
and nonamnestic MCI-multiple domains. Each MCI
subtype can then be classified according to the presumed
etiology—degenerative, vascular, psychiatric, etc. Amnes-
tic MCI is the originally conceived monosymptomatic
amnestic form and is often applied to those with a pre-
sumed underlying degenerative etiology. Nonamnestic
MCI-single domain refers to monosymptomatic syndromes
other than memory loss, such as anomia, visual disorders,
apraxia (Video 40, Apraxia), executive disorders, or essen-
tially any deficit that can be considered to be confined to a
single cognitive domain. Finally, amnestic and nonamnes-
tic MCI-multiple cognitive domains refer to patients with
impairment in multiple cognitive domains with and without
memory impairment. MCI-amnestic is the most specifi-
cally correlated with AD,35 but it may be less prevalent
overall than MCI-multiple cognitive domains.36 The utility
of MCI as a diagnostic category, particularly amnestic
MCI, is that it has been used operationally to define a “pre-
dementia” state amenable to therapeutic interventions
whose efficacy can be defined by “conversion rate” of
MCI to dementia.

Longitudinal studies of patients with MCI have shown a
conversion rate to dementia of approximately 10% to 15%
per year,32,37 although conversion rates vary considerably
between studies in part due to different operational defini-
tions of MCI. After 5 years, approximately half of all
patients with MCI will meet the criteria for dementia, par-
ticularly AD, and after a 10-year period, most will have
AD or another dementia syndrome. At autopsy, approxi-
mately 80% of patients originally diagnosed with MCI
prove to have AD.37 Other diagnoses that have been found
include cerebrovascular disease, frontotemporal lobar
degeneration, argyrophilic grain disease, and a variety of
less common diseases.38 Thus, in most cases, amnestic
MCI can be regarded as an early clinical stage of AD.

Although MCI has gained widespread acceptance, chal-
lenges remain. The most glaring is the absence of a uni-
form quantitative or systematic definition of functional
impairment. The Clinical Dementia Rating Scale39 has
been used in research studies and has proven to be a valu-
able instrument for the definition of functional impairment.
However, it is too long and cumbersome for practical
clinical application. Also, because of the relatively recent
redefinition of MCI, our understanding of the incidence,
prevalence, and conversion rates to AD of the various sub-
types is currently in flux as new studies are designed to
address these new definitions.

Alzheimer’s Dementia. The clinically defined syn-
drome, Alzheimer’s dementia, has been considered the
paradigm of a cortical dementia syndrome. The hallmarks
of cortical dementia include not only memory loss, which
is common to most dementia syndromes, but also elements
of aphasia, apraxia, and agnosia (Video 101, Dissociation
Apraxia). Furthermore, there is an absence (or lack of pro-
minence) of subcortical features, particularly parkinsonism.
Some patients with pathologically proven AD, however,
also exhibit features of mild parkinsonism, emphasizing
that diagnostic boundaries are relative, not absolute.

Table 33-2 shows the National Institute of Neurological
and Communicative Disorders and Stroke and the Alzhei-
mer’s Disease and Related Disorders Association
(NINCDS-ADRDA) Work Group’s diagnostic criteria for
AD.40 Definite AD is defined by tissue confirmation. Prob-
able AD is defined by the clinical picture of dementia in
the absence of certain atypical features such as focal neuro-
logical abnormalities and for which another cause cannot
be found. Possible AD is defined by the clinical picture
of dementia, but with either atypical features in the course
of the illness or with a second potentially contributory dis-
ease not believed to be the primary cause. In the absence
of histological confirmation, therefore, the clinical picture
of dementia is the most important diagnostic feature.

Dementia is not a homogeneous clinical syndrome. It is
defined as disabling impairment of multiple cognitive
domains. Hence, memory loss alone does not equal demen-
tia, even though it may be the heralding symptom of a
dementing illness and is the most commonly impaired cog-
nitive domain among all dementia syndromes (cortical and
subcortical). Degenerative dementia further implies disease
progression over time. The pattern and evolution of cogni-
tive deficits defines the syndrome of Alzheimer’s demen-
tia, even though pathologically defined AD may rarely
not present in this way. Nonetheless, the overall clinical-
pathological correlation of Alzheimer’s dementia with
AD at experienced centers is now approximately 87%.41

Most clinical studies are in agreement that the earliest
clinical sign of AD is memory loss, which precedes the
actual dementia. Abnormal cerebral metabolism, demon-
strated by positron emission tomography (PET), may pre-



TABLE 33-2

NINCDS-ADRDA Criteria for the Diagnosis of
Alzheimer’s Disease*

I. Clinical Diagnosis of Probable Alzheimer’s Disease
1. Dementia established by clinical examination and mental status

testing and confirmed by neuropsychological testing
2. Deficits in at least two cognitive domains
3. Progressive cognitive decline, including memory
4. Normal level of consciousness
5. Onset between ages 40 and 90 (most common after 65) years
6. No other possible medical or neurological explanation

II. Probable Alzheimer’s Disease Diagnosis Supported by
1. Progressive aphasia, apraxia, and agnosia
2. Impaired activities of daily living
3. Family history of similar disorder
4. Brain atrophy on CT/MRI, especially if progressive
5. Normal CSF, EEG (or nonspecifically abnormal)

III. Other Clinical Features Consistent with Probable Alzheimer’s
Disease

1. Plateau in course
2. Associated symptoms: depression; insomnia; incontinence;

illusions; hallucinations; catastrophic verbal, emotional, or
physical outbursts; sexual disorders; weight loss; during more
advanced stages increased muscle tone, myoclonus,
and abnormal gait

3. Seizures in advanced disease
4. CT normal for age

IV. Features That Make Alzheimer’s Disease Uncertain or Unlikely
1. Acute onset
2. Focal sensorimotor signs
3. Seizures or gait disorder early in course

V. Clinical Diagnosis of Possible Alzheimer’s Disease
1. Dementia with atypical onset or course in the absence of another

medical/neuropsychiatric explanation
2. Dementia with another disease not felt otherwise to be the cause

of dementia
3. For research purposes, a progressive focal cognitive deficit

VI. Definite Alzheimer’s Disease
1. Meets clinical criteria for probable Alzheimer’s disease
2. Tissue confirmation (autopsy or brain biopsy)

VII. Research Classification of Alzheimer’s Disease Should Specify
1. Familial?
2. Early onset (before age 65)?
3. Down’s syndrome (trisomy 21)?
4. Coexistent other neurodegenerative disease (e.g., Parkinson’s

disease)?

*National Institute of Neurological and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders Association Work Group’s report
summarizing the criteria for a diagnosis of Alzheimer’s disease.
CSF, cerebrospinal fluid; CT, computed tomography; EEG, electroencephalogram;
MRI, magnetic resonance imaging.
Reprinted from McKhann G, Drachman D, Folstein M, et al: Clinical diagnosis of
Alzheimer’s disease: Report of the NINCDS-ADRDAWork Group under the auspices
of Department of Health and Human Services Task Force on Alzheimer’s Disease.
Neurology 1984;34:939–944. By permission of Little, Brown and Company, Inc.
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cede even mild memory loss.42 A few studies have corre-
lated other relative cognitive inefficiencies occurring much
earlier in life with the subsequent development of demen-
tia, although interpretation of these findings has been a
source of controversy.

Recent memory is easier to assess reliably than remote
memory and is thought to be disproportionately severely
involved. Nonetheless, remote memory is also abnormal,
and there is a gradient effect regarding recall over a
retrograde time interval: The oldest memories appear to
be the best preserved, with proportionately greater for-
getting as the retrograde interval shortens.43 In contrast,
procedural memory appears to be relatively spared. Alzhei-
mer’s patients are able to learn simple skills as easily as
normal controls and better than patients with subcortical
patterns of dementia or patients with various types of senso-
rimotor deficits.44 Although apraxia is one of the defining
features of cortical dementia, it is rarely severe in mild to
moderate stages of AD and can be very difficult to distinguish
from impaired comprehension in these patients. One very
important skill that needs to be addressed clinically is driving.
Despite the relative preservation of procedural memory,
patients with mild Alzheimer’s dementia have a higher rate
of collisions and moving violations than age-matched con-
trols,45 although estimates of risk vary, especially during
the first 2 years of the disease. Whether this actually results
from impaired procedural memory, attentional factors, other
cognitive aspects, or a combination is unclear, although
visual tracking, memory, and Mini-Mental State score all
correlate with a laboratory-based driving score.

Aphasia, apraxia, and agnosia are the other categories
of cognitive impairment that typically occur in cortical
dementia syndromes and particularly in AD (Video 103,
Conceptual Apraxia). In Alzheimer’s dementia, these
aspects do not usually dominate the clinical picture, but
they can in variant syndromes. A patient with a predomi-
nant aphasic syndrome (progressive aphasia) should not
be assumed to have AD, although some do (see section
on Tauopathies). Rather, these aspects of cognitive pathol-
ogy occur in discrete apportionments that define the
dementia syndrome as typical Alzheimer’s dementia. In
patients with such an apportionment, clinicopathological
correlation rates are high.41 In mild to moderate stages of
dementia, anomia is prominent and readily detectable with
neuropsychological testing using a variety of naming tests
(see Chapter 27). However, patients are fluent and may
have relatively good comprehension, so clinical detection
is not always easy. As the disease progresses, the predomi-
nantly anomic aphasia gives way to a more fluent, or Wer-
nicke’s, type of aphasia with impaired comprehension
(Video 96, Conduction Aphasia). Nonfluent aphasia does
not generally occur in AD, although preterminally patients
become mute (see Chapter 6). This should not be the case
in a patient who is still ambulatory, however.

Apraxia can be confused with impaired comprehension
in mild to moderate stages of Alzheimer’s dementia (Video
103, Conceptual Apraxia). Patients have difficulty per-
forming tasks at which they were previously adept, such
as repairing a household appliance or doing carpentry
work. They also have difficulty learning new procedures,
such as operating a new car, new appliance, or remote
control device. They have some difficulty pantomiming
gestures in the office setting but also have constructional
apraxia (Video 40, Apraxia). In moderately advanced
stages, patients have trouble dressing and performing other
activities of daily living. Patients with clinically evident
apraxia typically also have significant perceptual diffi-
culties (see later discussion in Asymmetric Cortical Degen-
eration Syndrome section) and definitely should not be
driving a motor vehicle (Video 102, Ideomotor Apraxia).

Anosognosia, the failure to recognize illness, is a cardinal
feature of Alzheimer’s dementia and is typically present,
even in mild stages of the disease. It is a useful sign to dis-
tinguish progressive amnesic syndromes from Alzheimer’s
dementia. A typical patient with AD is brought or sent for
evaluation rather than coming of his or her own accord,
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although appreciation of memory impairment may still be
preserved in those with amnestic MCI. In AD, he or she may
deny significant memory problems and will actively try to
explain away the observations of concerned family members
and friends, even to the point of becoming hostile and accu-
sative. This is one of the most difficult aspects of the disease
because such patients often should not be driving or man-
aging their own finances but will do so anyway, sometimes
to their detriment.

In moderate to advanced stages, patients exhibit other
so-called agnosic types of disturbances. Arguably, the dif-
ficulty such patients have in recognizing familiar people
reflects prosopagnosia, save that they are not reliably bene-
fited by voice recognition either. Difficulty finding their
way could be compared with topographagnosia, another
visual agnosic syndrome, but again this is not occurring
in the pure form given the wealth of other cognitive pro-
blems accompanying it. Rarely, patients with histologically
documented AD present with a disabling, primarily visual
syndrome termed simultanagnosia, in which there is an
inability to view all parts of a complex visual scene in a
single coherent time-space frame. Such patients fail to
see a target object that is right in front of them, especially
if it is surrounded by potentially distracting stray objects.46

Strictly speaking, this is not an agnosic disorder but, rather,
another type of complex visual disturbance that resembles
agnosia and can occur in this setting. It is rarely the pre-
senting feature. More commonly, it is a mild accompanying
feature.

Psychiatric symptoms include both affective and psy-
chotic disturbances. Depression interferes with a person’s
functional status and an accurate cognitive assessment,
erroneously leading to the diagnosis of dementia; such is
the nature of pseudodementia, which has been estimated
to account for 4% or 5% of dementia cases.47 More com-
monly, depression may complicate the course of AD and
other dementing illnesses. Antidepressant therapy should
be strongly considered in such patients. Psychotic symp-
toms most commonly involve paranoid delusions and, less
commonly, hallucinations. AD should be in the differential
diagnosis of an elderly patient presenting de novo with an
organic delusional syndrome or hallucinosis. Common
paranoid themes involve infidelity and stealing. Hallucina-
tions are generally complex, involving people (familiar or
unfamiliar), animals, or both. The combination of anosog-
nosia, paranoid delusions, and mild cognitive decline is
potentially dangerous and very difficult to manage, espe-
cially if such individuals live alone, yet a significant
minority of AD patients have exactly that combination.

Sleep-wake cycle disturbances are common and may
be present even during relatively mild stages of the illness.
They become more common and more severe during
moderately severe stages. There are two aspects to the
sleep-wake cycle disturbance. The first is the so-called sun-
downing effect, which means that the patient becomes
more confused, agitated, and difficult to manage during
the evening hours. The second regards not sleeping at
night, waking up during very early hours, or going to sleep
very early in the evening. Sleep becomes fractionated into
shorter segments throughout the 24-hour period. As the dis-
ease progresses to more advanced stages, patients may
become generally less active, sleep more, and eventually,
in terminal stages, are bedbound with little apparent con-
scious activity. Weight loss is common during the latter
stages as well. Incontinence (both urinary and fecal) is
uncommon in mild stages but becomes increasingly
frequent as the disease progresses and is universal in late
stages. Early on, it may inadvertently result from voiding
in the “wrong place” rather than actual sphincter control
problems, but in later stages, sphincter control is lost.

Late and preterminal stage AD ensues after approximately
a 5- to 10-year course but is highly variable and can be shorter
or longer. In very advanced stages, patients are no longer
ambulatory, become mute and incontinent, and are totally
dependent on their caregiver or nursing attendant. Eventually,
dysphagia signals the terminal phase, and unless a feeding
tube is placed, patients eventually die from inanition or aspira-
tion or both. Death can also result from urosepsis and pulmo-
nary embolism. Few patients live to these latter stages, with
death resulting from intercurrent illnesses in most.

Down’s syndrome has a strong association with AD. If a
patient with Down’s syndrome (trisomy 21) lives beyond
the age of 40 years, it is a near certainty that there will
be neuropathological evidence of AD at autopsy.30 Clinical
dementia increases with age and peaks at approximately
40% to 75% over the age of 60 years.30 Analysis of the
amyloid plaques has shown that trisomy 21 predisposes to
larger plaques, presumably reflecting increased production
of Ab, in contrast to ApoE e4, which leads to greater num-
bers of plaques presumably reflecting increased probability
of senile plaque initiation.47

DIFFERENTIAL DIAGNOSIS. AD is one disease among
many, both degenerative and nondegenerative, that can
produce the categorical syndrome of a chronic progressive
encephalopathy. All-encompassing, indiscriminant differ-
ential diagnostic inclusion of 100 conditions encompassed
by this broad category is inefficient and impractical. So,
too, is the reflex assumption that memory loss in an elderly
individual equals dementia equals AD. Simply determining
that a disease is degenerative already accomplishes the
most important goal of excluding any possible or more
effectively treated etiology.

Reversible forms of dementia are truly chronic enceph-
alopathies and often cause one or several of the following:
hypersomnolence, acute or subacute deterioration, fluctuat-
ing severity, severe electroencephalographic abnormalities,
visual hallucinations, tremulousness, or unsteadiness. It
may be accompanied by non-neurological symptoms aswell.
Such symptoms may occur within the context of another
disease process known to sometimes cause neurological
problems, such as hypothyroidism, or may occur in speci-
fic circumstances such as immunosuppression. Irreversible
forms of dementia are generally more slowly progressive
(more than 1 or 2 years), fluctuate much less, do not occur
within the context of another potentially causative dis-
ease, have recognizable clinical and cognitive profiles,
and are not accompanied by many of the aforementioned
clues of a reversible chronic encephalopathy. When ana-
lyzed in this way, a more realistic differential diagnosis of
AD include s ( 1) other degene rative disease s, such as Pick’s
disease, dementia lacking distinctive histopathology, fronto-
tempor al d ementia, and DLB; and ( 2) vascular dem entia
resulting from small vessel disease due either to athero-
sclerotic small vessel disease or amyloid angiopathy. In mild
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to moderate stages, clinical cognitive patterns can be very
helpful in distinguishing various dementing illnesses. In
late stages, however, patients are more diffusely impaired
both cognitively and somatically, making it difficult to
distinguish one degenerative brain disease from another.

EVALUATION. Because the recognition of distinctive
clinical cognitive patterns can be difficult, a practical
approach must take into account some of the chronic en-
cephalopathic causes as well as degenerative and related
causes. Neuroimaging is essential. MRI is preferred, if pos-
sible, but CT is generally adequate. Structural processes
such as chronic (or subacute) subdural hematomas, tumors
(frontal lobe meningiomas and temporal lobe gliomas
in particular), cerebrovascular lesions, prior traumatic
encephalomalacia, relevant focal atrophy (see tauopathy
section), and meningeal enhancement are among the many
important diagnostic clues that mitigate against a diagnosis
of AD. Bilateral medial temporal or more generalized atro-
phy may be discernible, but this is nonspecific, and in the
absence of quantitation it is difficult to use for diagnostic
purposes. Physiological neuroimaging is not recommended
for routine evaluation of patients suspected of having AD
but may be helpful in patients with focal or asymmetric
cortical degeneration syndromes such as Alzheimer var-
iants and tauopathies. Nonetheless, single-photon emission
computed tomography (SPECT) and PET have shown
bilateral temporoparietal and posterior cingulate hypome-
tabolism and hypoperfusion in AD, and in some cases they
are now accepted by third-party payors as indicated for the
assessment of AD.

Cognitive examination is essential, but whether formal
neuropsychological assessment is required depends on the
examining physician’s skill in clinical cognitive assess-
ment. In general, neuropsychological assessment is highly
desirable in mild to moderate stages of dementia for both
qualitative description of the dementia pattern (which has
diagnostic significance) and quantitative estimation of cog-
nitive disability. Although variable, a typical neuropsycho-
logical profile will show severe learning and memory
impairment, anomia, and impaired semantic fluency. Fre-
quently, there is also evidence of impaired aural comprehen-
sion, a generally reliable indicator of significant cognitive
disability. Psychomotor speed is generally preserved,
although with longitudinal assessment, it also declines.

Basic laboratory and general health measures are also
essential. Cognitive decline has very different implications
in a smoker with active lung cancer, severe anemia, or dis-
seminated intravascular coagulation, for example, than in a
previously healthy octogenarian. Recent chest x-ray study,
electrocardiogram, urinalysis, complete blood counts, and
a chemistry profile (which should include electrolytes, cal-
cium, fasting blood glucose, and renal and liver function
tests) are not specifically neurological but can be very rele-
vant if they disclose a severe abnormality. Thyroid func-
tion tests and vitamin B12 should be assessed. The actual
frequency of B12 deficiency-related dementia is question-
able, however. In patients with severe vitamin B12 deficien-
cies, anemia and combined systems disease with prominent
myelopathic features seem to predominate. Cognitive
decline in such a setting should certainly prompt considera-
tion of B12 deficiency, but in cases of mild B12 deficiency
without accompanying features, its significance is doubtful
(see Chapter 40). CNS syphilis has become rare but
again should be screened with rapid plasma reagin or other
syphilitic serological tests. The erythrocyte sedimentation
rate is an arguably useful screening test for a variety of
diseases that result in a systemic inflammatory response,
and when the rate is highly elevated, it may be an important
diagnostic clue.

The previously mentioned laboratory measures are the
core tests to consider in essentially all patients. Additional
tests that may not be necessary in every patient include
EEG, spinal fluid examination, overnight oximetry, psy-
chiatric evaluation, small bowel biopsy, Lyme disease se-
rology, human immunodeficiency virus serology, various
connective tissue disease serologies, and paraneoplastic
serologies. Ultimately, invasive testing including cerebral
angiography and meningeal or brain biopsy also have their
place in the diagnostic armamentarium for chronic pro-
gressive encephalopathy but not when AD is the leading
diagnostic consideration.

Degenerative diseases other than DLB and depression are
rarely accompanied by severe EEG disturbances. In con-
trast, EEG abnormalities are often severe (and usually non-
specific) in toxic, metabolic, inflammatory, infectious, and
neoplastic encephalopathies. Complex partial status epilep-
ticus and Creutzfeldt-Jakob disease may produce patho-
gnomonic patterns. When in doubt, an EEG is a simple,
noninvasive screening test for a wide variety of diseases,
many of which are reversible. Patients suspected of having
a chronic encephalopathy, perhaps reinforced by a severely
abnormal EEG, should undergo spinal fluid examination,
and tests should include immunological indices such as
IgG index, IgG synthesis rate, and oligoclonal bands.
Although these tests are nonspecific, they are markers of
intrathecal inflammation, which does not generally occur
in AD or any other degenerative neurological diseases.
Other tests, including cytology, cultures for fungi and
mycobacteria, and routine tests such as total protein, glu-
cose, cell count, and syphilis serology, should also be
obtained when a spinal tap is performed. Quantification
of neuron-specific enolase (NSE) and the 14-3-3 protein
may also be helpful in the assessment of those with sus-
pected prion disease, although importantly, values are not
entirely sensitive nor specific for Creutzfeldt-Jakob dis-
ease. Opening pressure should be recorded, especially in
patients suspected of having communicating, normal
pressure hydrocephalus.

Overnight oximetry is a useful screening test for obstruc-
tive sleep apnea, a common cause of hypersomnolence
with secondary inattentiveness and mild memory impair-
ment. Psychiatric evaluation should be considered if
depression is suspected and if psychotic symptoms compli-
cate the clinical picture. Small bowel biopsy should be
considered if CNS Whipple’s disease is suspected. Various
serological tests should be considered for specific infec-
tious diseases (e.g., Lyme disease, particularly if a patient
is from an endemic area), autoimmune diseases, and para-
neoplastic conditions in patients with prior or known pro-
vocative malignancies (especially oat cell lung cancer and
ovarian cancer).

MANAGEMENT

Prevention. To date, there have been no reproducible
studies demonstrating the efficacy of any putative primary
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prevention therapy for AD. Studies of putative agents that
have concluded more harm than good include those of
steroids, NSAIDs, and estrogen. Studies that have shown
little to no benefit include those of vitamin E, gingko, and
hydergine. Ongoing studies include statins and B vitamins
(to lower homocysteine levels).

Intellectual Decline. Two classes of drugs have shown
modest cognitive enhancing effects in AD. The first are
centrally acting acetylcholinesterase inhibitors that are
thought to partially reverse the decline in cortically pro-
jected acetylcholine that results from degeneration of the
cholinergic basal forebrain. The first of this class to be
released was tacrine, although its use has declined in favor
of newer agents (donepezil, rivastigmine, and galantamine)
that have been less toxic and less complex to titrate despite
similar efficacy. The symptomatic benefits of all of these
drugs are modest, but rate of cognitive decline seems to
slow somewhat as well for reasons that are not well under-
stood, so their use has been advocated even in the absence
of overt symptomatic benefit. Nonetheless, they can result
in functionally important gains in some patients and should
be particularly considered in patients with mild to moder-
ate stages of the disease. There is accumulating evidence,
however, that modest gains can occur in more advanced
stages of disease, although their use in such patients
remains controversial. Relatively common side effects
include gastrointestinal upset such as nausea, anorexia,
and diarrhea. More severe side effects are less common
but generally reflect systemic cholinergic effects. They
should either not be used or be used with caution in
patients with cardiac conduction defects, liver disease, or
seizures. Another drug of a different class that boasts mod-
est cognitive efficacy is the N-methyl D-aspartate (NMDA)
receptor antagonist memantine. Memantine has been
approved for use in patients with moderate to severe
dementia, and therapeutic endpoints have included simple
activities of daily living, including dressing, bathroom use,
and eating. Although not approved for patients with MCI
or mild dementia, memantine is nonetheless used in many
such patients either alone or together with a cholinesterase
inhibitor with uncertain benefit.

Behavioral Disorders. Three very broadly defined
treatable categories of behavioral disturbance that affect
dementia patients are psychosis, depression, and anxiety.
Paranoid delusions and other psychotic symptoms are dis-
ruptive, pose extraordinary obstacles to effective caregiv-
ing, and are probably the most common reasons patients
are sent to nursing homes. Small doses of neuroleptic med-
ications may produce sufficient relief as to permit care-
givers to continue to keep the patient at home, and these
medications should be part of the therapeutic armamentar-
ium. Haloperidol at doses ranging from 0.5 to 2 mg a day is
often sufficient, but sometimes higher doses are required.
Extrapyramidal side effects, however, can become dose-
limiting problems (Video 51, Parkinsonism in Alzheimer’s
Disease). Due to the severe neuroleptic sensitivity often pre-
sent in those with DLB, conventional neuroleptics such as
haloperidol and chlorpropazine should be avoided. There
are no agents that have received Food and Drug Administra-
tion (FDA) approval for the specific treatment of agitated,
delirious, psychotic elderly patients with dementia. In the
absence of definitive clinical trials, anecdotal experience
and meta-analysis48 have suggested that atypical antipsy-
chotic agents (e.g., quetiapine, olanzapine, and risperidone)
may be the preferred agents, especially in patients with par-
kinsonism, because they can be effective and because they
are less likely to cause or exacerbate extrapyramidal syn-
dromes. They currently lack FDA approval for such an
indication, however, so clinical judgment is essential.
Furthermore, the FDA recently required a black box warning
label on the use of atypical antipsychotics in the treatment of
elderly patients with dementia because of unpublished data
suggesting an increased risk of mortality (www.fda.gov/
cder/drug/advisory/antipsychotics.htm). Alternate recom-
mendations were not given, and in the absence of a clear
alternative, many clinicians continue to believe that these
medications remain an important therapeutic option for
managing severe behavioral problems. A more recent analy-
sis suggested mortality associated with neuroleptic use in the
older dementia population is more frequent in those treated
with conventional neuroleptics compared to the newer atypi-
cal neuroleptics.49 Therefore, use of atypical neuroleptics
can be justified, provided that the patient’s family and other
physicians involved in a patient’s care believe the benefits
outweigh the risks.

Regarding depression, antidepressants with anticholiner-
gic side effects, including all the tricyclic antidepressants,
often exacerbate the confusion in these patients and are
generally not recommended. Rather, selective serotonin
reuptake inhibitors (SSRIs), such as fluoxetine, sertraline,
and citalopram, can enhance energy levels (and possibly
attentiveness as a result in some patients) and have antide-
pressant effects without the risk of anticholinergic side
effects. They should not be used, however, in agitated
patients or in patients with psychotic symptoms because
SSRIs can exacerbate these behaviors. For anxiety, buspi-
rone, although it is generally less effective than benzodia-
zepines, has much less risk of paradoxical agitation and
should be tried first. Atypical neuroleptic agents can also
be considered for anxiety in some patients, especially if
there are accompanying psychotic symptoms.

Sleep. Sedative hypnotic agents can be used in patients
in whom sleep-wake disturbances are disrupting their home
care. Agents that have few side effects or risks of exacer-
bating confusion and agitation include zolpidem, zaleplon,
and chloral hydrate. Trazadone is sometimes used as a
longer acting agent, especially in the presence of comorbid
depression. Many patients fall asleep without difficulty but
awaken at an early hour. In such instances, the sleeping aid
may be given when they waken rather than at bedtime.
These medications help patients fall asleep, but they will
not reliably keep them asleep for prolonged periods, which
is in part why they are more advisable than longer acting
agents. There is insufficient clinical experience, and no
published controlled trials, to know the safety and efficacy
of newer agents such as eszopiclone, ramelteon, and sodium
oxybate for management of sleep-wake disturbances in this
population.

Abrupt Decline. A sudden decline in cognitive status
or other neurological function, such as ambulation, in a
patient with AD generally implies a secondary disease
process, often one that is non-neurological, such as a uri-
nary tract infection, pneumonia, and fluid and electrolyte
disturbances. Medication side effects (particularly those

http://www.fda.gov/cder/drug/advisory/antipsychotics.htm
http://www.fda.gov/cder/drug/advisory/antipsychotics.htm
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associated with tricyclic antidepressants, benzodiazepines,
and narcotic analgesics) or complications from improper
medication administration should be sought, especially if
the patient has continued to administer his or her own
medications without adequate supervision. Common neuro-
logical causes include subdural hematoma, stroke, and
complex partial seizures. The differential diagnosis is
extensive and is that of an acute encephalopathy.

Driving Cessation. One of the more difficult lifestyle
changes for patients with dementia to accept is not driving.
The Clinical Dementia Rating (CDR) is a widely utilized
clinical tool for grading the relative severity of dementia
with scores that range from 0 (no impairment) to 3 (severe
impairment).39 Patients with MCI typically have a CDR
of 0.5 and comprise an identifiable subgroup of patients
who can be distinguished from those with significant func-
tional impairment or with impairment of multiple cognitive
domains that include but are not confined to memory.
According to the Practice Parameter of the Quality Stan-
dards Subcommittee of the American Academy of Neuro-
logy, patients with MCI and CDR of 0.5 should be
cautioned, but in the absence of overt driving impairment
reported either by the patient or by a reliable observer,
there is no absolute restriction that must be placed on them.
However, the practice parameter advises they be reassessed
periodically (every 6 months) until they have declined to a
CDR of 1.0 (or the equivalent), and at that point, the stan-
dard changes to no driving. Therefore, according to the
practice parameter, a patient with mild AD and a CDR of
1.0 is to be advised not to drive.50

There are many simple reasons why patients with
dementia may not be able to drive. Patients with visual var-
iant AD have disabling visual impairment. Patients with
progressive apraxia related to corticobasal degeneration
have severe motor impairment, and some additionally have
visual impairment. Patients with primary progressive apha-
sia are sometimes capable of driving but due to the speech
disturbance occurring within the context of a dementing
degenerative brain disease would be ill equipped to explain
themselves in the event of a mishap and legally would be
difficult to defend if challenged. (Hence, it is probably best
that they not drive.) Impaired attention, inability to “multi-
task,” and other cognitive disturbances in addition to mem-
ory loss all impair driving skills, as shown on actual road
tests45 as well as on driving simulation tests,51 resulting in
a two- to eightfold increase in rate of collisions in patients
with AD who continue driving.50

Simply telling a patient with dementia not to drive often
is not sufficient, and many continue to drive even after they
develop evident driving impairment despite admonitions
not to drive.52 Patients may take a driving test, and when
they do, 40% to 60% fail,53 but losing their license only
makes it illegal for them to drive. The most effective way
to stop a patient from driving is to remove their access to
car keys or the car. This is not always easy to accomplish
and has caused some patients to become belligerent, so
care must be used in managing this very difficult but
important issue.

Weapon Storage. There has been relatively little written
about proper handling of weapons in dementia households,54

save that the issue exists and would seem to pose a serious
risk. One study found that gun ownership was prevalent
in 60% of “dementia households,” and that the guns were
known to be deliberately kept in an unloaded state in only
17% of those households with guns. Common sense would
argue that weapons should be addressed at least as consis-
tently as driving, and perhaps with even greater sensitivity.
Secured storage sites, unloading the weapons, and similar
measures should be considered.

Assisted Living and Skilled Nursing Facilities. Patients
with dementia require assistance with activities of daily
living, behavioral supervision, assistance with medication
use, and essentially assistance with every aspect of daily
life. This is a 24-hour per day job and one that is taxing
on a caregiver so that caregiver burnout and depression is
a common comorbidity of dementia.55 Support groups
and adult day care can provide some emotional support
and respite but are often not enough. As long as a caregiver
or family is able to cope with a patient’s needs, there are
few absolute reasons that mandate placement of a patient
into a supervised assisted living or nursing home setting.
However, as might be anticipated, predictors of such place-
ment include increasing severity of dementia, increased
burden of need, and reduced availability of caregivers.56

Someone living alone is at very high risk and thus most
likely to require placement, whereas a patient with multiple
family members who are available to help with nighttime
as well as daytime behaviors are least likely to require
placement. Some studies have shown that treatment with
cholinesterase inhibitors delays nursing home placement
by between 1 and 2 years.57

Other important lifestyle issues include living wills,
power of attorney, and legal guardianship. These provide
for the disposition of care in the absence of current patient
competency, the protection and management of a patient’s
estate, and the ability of a trusted caregiver to become the
legal guardian of the patient.

PROGNOSIS AND FUTURE PERSPECTIVES. AD, like
all degenerative neurological diseases, is relentlessly pro-
gressive. Because the patients are elderly, and susceptible
to a variety of other disease processes, AD is not the most
common cause of death. However, if no other disease pro-
cess supervenes, death usually ensues approximately 6 to
10 years after onset (there is great variability).

Increasing emphasis has been placed on early diagnosis
in anticipation of preventive or retardant therapy. At the
extreme of this approach is the fact that those individuals
destined for AD have measurable differences throughout
their lives,58 and one such study correlated certain aspects
of verbal skills at the mean age of 22 years with the subse-
quent development of AD 50 to 60 years later.58 The pre-
vailing paradigm, however, is that AD is a disease that
begins in later life, but that various types of cognitive59

and metabolic42 derangements can be measured at least
several years in advance of clinically evident cognitive
decline. Possible strategies for preventive and retardant
therapy include

� interfering with a critical step in the amyloid/tau/
ApoE pathway that results in plaque formation or
in the pathway that results in the hyperphosphory-
lation of tau leading to cytoskeletal disruption.
Early phase trials of secretase inhibitors, particularly
those affecting b-secretase, to decrease formation of
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b-amyloid, are under way. Other agents that affect
plasma Ab levels and/or the amyloidogenic cascade
of presumed pathophysiology are also in progress.

� administration of ApoE e2 or analog to promote
whatever salutary effect it appears to have in
preventing AD.

� use of a large family of growth factor compounds
that normally function during embryogenesis, some
of which promote neuronal growth and retard neu-
ronal death.

� use of antioxidants to interfere with the generation of
free radicals that cause cellular damage.

� immunologic therapies such as vaccination against a
key antigen such as b-amyloid.

� other ongoing primary and secondary prevention
trials, including statin and B vitamin trials.

Until a very effective treatment or cure is found, another
important agenda item for the future lies in the realm of
public policy. How to deal with the burgeoning elderly
population and the growing number of AD patients, many
of whom require expensive chronic institutional care, will
be issues of increasing societal and political focus.
PARKINSONISM AND DEMENTIA

Dementia with Lewy Bodies
PATHOGENESIS AND PATHOPHYSIOLOGY. Lewy

bodies are intracytoplasmic fibrillar aggregates of
a-synuclein and ubiquitin, a signature feature of PD, and a
defining feature of DLB.60 Neuropathological studies have
shown that cortical Lewy bodies are a common feature in
patients with PD (32% with hematoxylin and eosin [H&E]
stains, up to 76%with ubiquitin stains) and a defining feature
in the setting of concurrent parkinsonism and dementia.60

Distinctions currently made between Parkinson’s disease
with dementia (PDD) and DLB are based on the duration
of parkinsonism preceding the onset of cognitive symp-
toms, but neuropathological findings are similar whether
dementia occurs as an early or late feature. Dementia cor-
relates with cortical Lewy body burden whether or nor
not there is concurrent AD pathology.61 Distinguishing
the relative contributions to DLB and AD pathology in
PDD and DLB patients is difficult. More than half of
patients with clinically diagnosed DLB have AD pathology
in addition to neocortical Lewy bodies at autopsy,62 and
among patients with clinically diagnosed AD, neocortical
Lewy bodies are found in 15% at autopsy.63 ApoE e4, a
major genetic risk factor for AD, does not correlate with
risk for sporadic PD, but some studies have suggested a
correlation with dementia in patients with PD64 (possibly
reflecting concurrent AD in these cases). Conversely,
ApoE e4 also correlates with neocortical Lewy body bur-
den in patients with AD.65 Therefore, ApoE status, as a
genetic risk factor for AD, may also be identifying a popu-
lation at risk for DLB due either to its primary association
with AD or its influence on Lewy body pathology.

Between 20% and 30% of brains of patients with a
degenerative dementia have concomitant AD and PD
changes, therefore making Lewy body-related pathology
the second most common histopathology after AD. A much
smaller percentage have neocortical Lewy bodies without
AD changes. Therefore, the dementing disorders associated
with Lewy bodies can be categorized into three groups:
PD without cortical Lewy bodies or AD changes, PD with
cortical Lewy bodies but not concomitant AD changes,
and PD with cortical Lewy bodies and AD changes. The
McKeith consensus criteria led to dementia with Lewy
bodies as the preferred term for patients with cortical Lewy
bodies and dementia with or without concurrent pathologi-
cal evidence of AD66 (the published revision of the original
criteria is described later in the chapter). Numerous data
indicate that PD and AD have distinctly separate clinical,
pathological, pathophysiological, and genetic correlates.
However, there is a significant proportion of patients with
combinations of the classic features of PD and AD, which
suggests that there is a pathophysiological relationship
between them.

Pathologically, the gross appearance of the brain is nor-
mal to slightly atrophic. The substantia nigra is pale. In
the LBV of AD, there are sufficient numbers of NPs to
apply the neuropathological diagnosis of AD. NFT counts
are more variable. Lewy bodies, if present in the cortex,
are almost invariably also present in the brain stem. The
Lewy bodies in the brain stem are easily seen on sections
stained with hematoxylin-eosin, where they tend to reside
in the substantia nigra, locus caeruleus, and raphe nuclei.
Cortical Lewy bodies often lack the surrounding halo that
is typical of those in the brain stem, and they are more dif-
ficult to visualize unless immunostains for ubiquitin or
a-synuclein are used (Fig. 33-6). The locations of maximal
numbers of cortical Lewy bodies include the cingulate
gyrus, insular cortex, and parahippocampal gyrus. Ubiqui-
tin- and synuclein-positive neuritic changes are also pre-
sent in the CA2/CA3 region of the hippocampus, whereas
Lewy bodies are rarely found in the hippocampus. The
degree of neuronal loss in the hippocampal CA subfields
is variable in LBV and DLB. These findings suggest that
the type of ubiquitin- and synuclein-positive changes may
be site specific. The cholinergic neurons in the nucleus
basalis are markedly depleted.

As noted previously, a subgroup of AD cases with pri-
marily plaque-only changes were found to have numerous
extranigral Lewy bodies.21 In those cases with more typi-
cal NPs and NFTs, the number of NFTs tends to be less in
AD plus PD brains than in AD-only brains. All of these
cases had sufficient numbers of NPs to apply the neuro-
pathological diagnosis of AD. However, because frequent
NPs have also been observed in cognitively normal in-
dividuals, debate has surrounded the issue of whether
these cases represent a variant of AD (thus the name
LBV of AD) or a distinct entity (thus the name DLB) with
coexisting AD changes.

Katzman and colleagues67 provided several lines of evi-
dence suppor ting the LBV of AD conce pt: ( 1) The clinical
featur es of AD and LBV are similar, (2 ) the LBV has been
obser ved in several famili al AD1 cases, (3) the LBV has
also been observed in rare Down’ s cases, and (4) the
LBV is frequently observed in ApoE e4 carriers. Other
investigators have observed an association between ApoE
e4 dosage and PD-related changes, but interestingly, the
severity of ubiquitin-positive neuritic changes in the hip-
pocampus correlated with ApoE e4 dosage, whereas the



Figure 33-6. Photomicrograph of cortical Lewy bodies using an anti-ubiquitin
immunostain. The core is composed of 7- or 8-nm filaments (hematoxylin and
eosin, 400�). (Courtesy of J. E. Parisi, Mayo Clinic, Rochester, MN.)
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frequency of cortical Lewy bodies did not.68 It has been
suggested that the LBV of AD may represent the result of
a coexistent gene that promotes LB rather than NFT in
degenerating neocortical neurons.67

The cardinal features of DLB involve dementia and mild
to moderate parkinsonism. The extrapyramidal symptoms
reflect basal ganglia and nigral degeneration. The nature
of cognitive impairment in DLB is likely multifactorial.
The degree of neurofibrillary degeneration is less than in
pure AD. Although supportive data are lacking, the pre-
sence and frequency of cortical LB may be a contributor,
and the effects of LB and AD changes may be additive.
Subcortical degenerative changes underlie the psychomotor
slowing. Prominent hallucinations, delusions, illusions, and
behavioral dyscontrol are also characteristic clinical fea-
tures (Video 89, Hallucinations). It is unclear whether the
neuropsychiatric features reflect unique qualities of cortical
Lewy bodies themselves; the topographic distribution of
LB or cortical degeneration or both; or neurochemical
abnormalities.

The nucleus basalis atrophy and marked cholinergic
deficiency in brains affected by LBV and DLB mirror
those noted in brains affected by AD only. Choline acetyl-
transferase activity has been found to be lower in patients
with LBV than in those with AD only.69 The brains of
patients with AD plus PD changes have also been found to
have reduced levels of dopamine and homovanillic acid
compared with normal brains and those affected by AD only.

EPIDEMIOLOGY AND RISK FACTORS. The synuclei-
nopathies are a group of disorders that include PD, DLB,
and multiple system atrophy (MSA).60 Dementia com-
monly occurs within the context of parkinsonism but is
an infrequent accompaniment of MSA. PD is the second
most common degenerative brain disease after AD, and it
is the most common presenting phenotype of the synuclei-
nopathies.60 The estimated prevalence of PD is 107 to 187
per 100,000,70 with a lifetime risk that is greater in men
(2%) than women (1.3%).71 Prevalence estimates of the
co-occurrence of dementia and parkinsonism vary widely
between studies but average approximately 20% to 30%,
and annual incidence rates of dementia in established parkin-
sonism also vary but average approximately 5% or 6% per
year.72 Following AD, dementia within the context of par-
kinsonism is the second most common form of dementia.73

The relationship among DLB, AD, and PD is debated
because there is evidence to support all points of view—
that is, DLB is related to AD and to PD and can be a dis-
tinct entity unrelated to either. Hence, it is unclear whether
epidemiological data that relate to AD and PD are relevant
for DLB. There are no large epidemiological studies, but
autopsy series suggest that the mean age of onset of DLB
is 57 years, that it affects men more often than women
(male-to-female ratio, 1.7:1), and that death ensues after
approximately 10 to 15 years.74 In this series, there were
20 patients who died with PD and 8 who died with DLB,
suggesting that the prevalence of DLB is, very roughly,
30% that of PD.74 Extrapyramidal findings occur with
increasing frequency as AD progresses (in approximately
30% of patients),75 but how often this reflects Lewy body-
related pathology is uncertain. In an autopsy series of AD,
15% of patients had some type of Lewy body-related path-
ology.76 The relationship of ApoE to DLB depends on
how closely DLB is related to AD, and although ApoE gen-
otype appears relevant, the relationship is weaker than
that for AD.77

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

AD and PD are both part of the nosological spectrum of
DLB, which seems to bridge the cortical and subcortical
degenerative dementias. Parkinsonism adds to the se-
verity78 and cost of care of dementia patients.79 Either par-
kinsonian or cognitive symptoms can present first, and
both are important components.

The proposed core features of DLB include fluctu-
ating cognition, visual hallucinations, and parkinsonism80

(Table 33-3; Video 232, Dementia with Lewy Bodies);
two features are required for the diagnosis of clinically
probable DLB and one is required for the diagnosis of
clinically possible DLB. In the new criteria, rapid eye
movement (REM) sleep behavior disorder and neuroleptic
sensitivity are now considered “suggestive” clinical fea-
tures, meaning that the presence of either feature plus only
one (or more) of the core features warrant the diagnosis of
clinically probable DLB (see Table 33-3). In general, the
clinical picture of a mild parkinsonian syndrome with a
more severe dementia and prominent visual hallucinations
and paranoid delusions should prompt consideration of
DLB. Although the parkinsonism is typically levodopa



TABLE 33-3

Diagnostic Criteria for Dementia with Lewy Bodies (DLB)

Central Feature

Progressive cognitive decline of sufficient magnitude to interfere
with normal social and occupational function

Prominent or persistent memory impairment may not necessarily
occur in the early stages but is usually evident with progression

Deficits on tests of attention, executive function, and visuospatial
ability may be especially prominent.

Core Features (two core features essential for a diagnosis of probable,
one for possible DLB)
Fluctuating cognition with pronounced variations in attention and
alertness

Recurrent visual hallucinations that are typically well formed and
detailed

Spontaneous features of parkinsonism

Suggestive Features (one or more present in addition to one or more
core features is sufficient for a diagnosis of probable DLB, and in
the absence of any core features is sufficient for possible DLB)
REM sleep behavior disorder (which may precede onset of dementia
by several years)

Severe neuroleptic sensitivity
Abnormal (low uptake) in basal ganglia on SPECT or PET dopamine
transporter scans

Supportive Features (commonly present but not proven to have
diagnostic specificity)
Repeated falls and syncope
Transient, unexplained loss of consciousness
Severe autonomic dysfunction (e.g., orthostatic hypotension and
urinary incontinence)

Hallucinations in other modalities
Systematized delusions
Depression
Relative preservation of medial temporal lobe structures on
CT/MRI scan

Generalized low uptake on SPECT/PET perfusion scan with reduced
occipital activity

Abnormal (low uptake) MIBG myocardial scintigraphy
Prominent slow-wave activity on EEG with temporal lobe transient
sharp waves

A diagnosis of DLB is less likely:
In the presence of cerebrovascular disease evident as focal neurologic
signs or on brain imaging

In the presence of any other physical illness or brain disorder
sufficient to account in part or in total for the clinical picture

If parkinsonism only appears for the first time at a stage of severe
dementia

CT, computed tomography; EEG, electroencephalogram; MIBG, metaiodobenzyl-
guanidine; MRI, magnetic resonance imaging; PET, position emission tomography;
SPECT, single-photon emission computed tomography.
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responsive, levodopa may exacerbate the psychosis, and in
the early to middle stages the neuropsychiatric disturbance
is generally the more disabling feature. As the disease pro-
gresses, however, both components worsen, and the patient
may eventually develop severe parkinsonian symptoms and
become wheelchair bound. Rest tremor is less frequent
(approximately 29% of patients)74 than in PD, but bradyki-
nesia is a predictable feature. The quality of the dementia
resembles the subcortical pattern, with pronounced psycho-
motor slowing; the absence of severe aphasia, agnosia, or
apraxia; and concurrent parkinsonism. Atypical features,
including impaired vertical gaze and progressive spasticity,
have been described further, highlighting the clinicopatholo-
gical overlap that occurs among many of the degenerative
dementias. Importantly, approximately 20% to 30% of cases
with autopsy-proven neocortical-predominant Lewy body
disease failed to exhibit any parkinsonism in life, so the
absence of parkinsonism should not dissuade one from
making a DLB diagnosis if the other core � suggestive
features are present.

Clinically, the AD and DLB components may be separa-
ble in some cases. We reported a patient with autopsy-
confirmed mixed DLB-AD in whom the first 6 years were
dominated by progressive aphasia (caused by the AD com-
ponent) and the final 3 years by new-onset psychosis and
parkinsonism (caused by the LB component).81 It is there-
fore possible to distinguish the clinical contributions of each
pathological component in some cases.

Evidence suggests that REM sleep behavior disorder
(RBD) is a frequently associated feature of DLB (as well
as PD and MSA) but is rarely present in AD and the tauo-
pathies.82–84 RBD is a parasomnia manifested by dream
enactment behavior, in which the normal paralysis REM
sleep is lost and patients appear to “act out their dreams”
(Video 241, REM Behavioral Disorder). Clinicians can
usually elicit a history suggesting RBD by simply asking
spouses whether their bed partners have repeatedly acted
out their dreams, even if such behavior was more frequent
and severe years or decades earlier. The underlying neuro-
logic substrate for RBD clearly localizes to the brain stem,
but which specific neuronal networks are involves is not
known. The Braak staging system for the neuropathologic
characterization of Lewy body pathology posits an ascend-
ing pattern of synuclein deposition, beginning in the
medulla (and olfactory structures) and then pons, midbrain,
limbic, and neocortical structures.85 This schema is there-
fore consistent with the tendency for RBD to be present
for years or decades, followed by the variable degrees of
parkinsonism and/or dementia.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of DLB is particularly broad because of its overlap with
cortical and subcortical degenerative dementias, as well
as the clinical similarities with nondegenerative dementing
illnesses. Dementia and mild parkinsonism is perhaps the
most common presenting symptom complex of small
vessel-type multi-infarct dementia (another, and perhaps the
most common, cause of subcortical dementia). Prominent
visual hallucinations can be an important clinical feature
of certain reversible chronic progressive encephalopathies,
including chronic inflammatory meningoencephalitis,
chronic meningitides occurring on infectious or neoplastic
bases, and many toxic-metabolic encephalopathies (Video
41, CarbonMonoxide Intoxication Parkinsonism). Although
they do occur in other degenerative dementias, includ-
ing AD and PD, they are less frequent and should not be
considered typical early features.

EVALUATION. The neuropsychological pattern of
impairment in DLB is quite different from that of AD, with
significantly worse mental speed, visual perceptual organi-
zation, sequencing, and letter fluency but significantly bet-
ter confrontation naming and verbal memory.86,87 When
diagnostic clarification for the diagnosis of RBD is nec-
essary, particularly when the risk for injury is high, polysom-
nography (PSG) with simultaneous video-PSG monitoring
is warranted. In addition to the usual tests for dementia eval-
uation (MRI, neuropsychological testing, and laboratory
studies, as described in the section on AD), the EEG is
particularly useful. Many reversible chronic progressive
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encephalopathies produce severe dysrhythmic slowing,
whereas most degenerative diseases, at least in early stages,
produce mild or no dysrhythmic slowing. Although a
severely abnormal EEG can occur in DLB, it should prompt
strong consideration of more exhaustive laboratory studies
searching for unusual autoimmune causes and other sys-
temic medical causes of encephalopathy, as well as a CSF
examination. CSF tests should include microbiological,
cytological, and immunological studies (including IgG
index, IgG synthesis rate, and oligoclonal bands). These
immunological studies may provide evidence of an intrathe-
cal immunological response that, although nonspecific, may
be more sensitive than fungal cultures or cytology and there-
fore may be the only sign of an autoimmune process. If the
patient has a so-called psychotic delirium with minimal par-
kinsonian features, a severely dysrhythmic EEG, and a CSF
profile that suggests an inflammatory-mediated process, in
the absence of another obvious cause, meningeal and brain
biopsy should be considered, observing for NAIM, CNS
vasculitis, CNS infection, and meningeal carcinomatosis.
Because NAIM is very steroid responsive, an empirical trial
of corticosteroid therapy could be considered, especially if
there is reticence to perform a brain biopsy.

MANAGEMENT. As noted previously, treatment of the
parkinsonian syndrome may exacerbate the neuropsychia-
tric disorder, and treatment of the neuropsychiatric disorder
may exacerbate the parkinsonian syndrome. Therefore, a
decision must first be made regarding whether treatment
is necessary at all and, if so, what symptoms warrant treat-
ment. Generally, the neuropsychiatric syndrome is the most
disabling aspect in mild to moderate stages, and selective
neuroleptic therapy with quetiapine should be considered
as a first choice. Treatment of the parkinsonian syndrome
is similar to that of PD, generally beginning with Sinemet
at a very low dose and gradually titrating the dose to symp-
toms and side effects. Other nonpharmacological aspects of
caregiving are similar to those described for AD except
that physical and occupational therapies are of greater
importance at an earlier stage due to the extrapyramidal
syndrome. However, benefits are generally modest.

PROGNOSIS AND FUTURE PERSPECTIVES. As noted
previously, the mean age of onset of DLB is 57 years,
and death ensues after approximately 10 to 15 years.74

Treatment and caregiving are especially difficult because
of the psychosis and parkinsonism.

DLB is an important nosological entity because it
appears to occupy an intermediate position between AD
and PD, two common degenerative diseases that are gener-
ally thought to have little in common. Therefore, under-
standing the genetics and disease mechanisms of DLB
may provide important insights into its more frequent cous-
ins as well. Also, this group of patients will be an impor-
tant testing ground for newer antipsychotic agents with
greater selectivity. Since RBD is often associated with
DLB, and the onset of RBD often precedes the onset of cog-
nitive impairment or parkinsonism, isolated RBD may re-
present the earliest clinical manifestation of DLB (or PD
or MSA). Thus, the presence of RBD may be particularly
relevant early in the course of a neurodegenerative disease
when intervention may bemost critical; treatment of patients
with isolated RBD could potentially delay or prevent the
development of cognitive impairment or parkinsonism.
Parkinson’s Disease with Dementia
Many considerations regarding PDD have been discussed
previously. The primary distinction between PDD and
DLB is simply one of the duration of delay between the
onset of parkinsonism and the subsequent appearance of
dementia. If dementia occurs more than 1 year after the
onset of parkinsonism, the term PDD is used. Neuropatho-
logical findings are the same in each. It is therefore unclear
whether they are two different diseases or variations of the
same disease.

In familial cases of PDD, genetic defects and pathologi-
cal changes differ between kindreds, so it is difficult to
generalize to sporadic PD. In each case of PD, however,
when dementia is described, it is most consistent with a
“subcortical pattern” to distinguish it clinically from typi-
cal Alzheimer’s dementia (Video 67, Parkinsonian Rest
Tremor).

PATHOGENESISANDPATHOPHYSIOLOGY.Cognitive
performance in nondemented and demented patients with
PD is qualitatively different,86,87 suggesting that cognitive
impairment in nondemented and demented PD patients
reflects different anatomical or neurochemical systems or
separate pathogenetic processes. Histological components
of the Parkinson’s dementia picture include both Parkin-
son- and Alzheimer-type pathology. Therefore, one must
consider the roles of cortical Lewy bodies, concomitant
AD pathology, and cholinergic deficiency in the pathogene-
sis of dementia in PD (see the section on DLB). Studies
using ubiquitin staining in previous pathologically diag-
nosed PD demonstrate that 76% of cases have neocortical
Lewy bodies compared to only 32% of cases studied only
with routine hematoxylin-eosin stains.88 Concomitant AD
changes meeting diagnostic criteria for AD diagnosis have
been found in up to 50% of patients with PD dementia.
Immunostaining with a-synuclein is more sensitive and
specific than ubiquitin, and a-synuclein immunocy to
chemistry has rapidly become viewed as essential in the
neuropathological characterization of demented individuals.

PD is characterized by nigral degeneration with Lewy
bodies in the pigmented brain stem nuclei, but the contri-
bution of medial substantia nigra neuronal loss, the most
consistent pathological finding in PD, to dementia is
unclear. The basal ganglia interfaces with the limbic sys-
tem through a subset of structures collectively referred to
as the ventral striatum and ventral pallidum. Cortical input
to the ventral striatum is from the hippocampal formation
through the precommissural fornix, and dopaminergic
input comes from the ventral tegmental area (part of the
mesocorticolimbic dopaminergic system). Analogous to
the concept that the dorsal or neostriatum and its neocorti-
cal targets are part of a so-called motor loop, so too have
the ventral striatum and its allocortical or paralimbic tar-
gets been termed a cognitive loop.89 However, the role of
the cognitive loop remains speculative, and it is unknown
whether any cognitive alterations in PD or dementia reflect
this loop.

EPIDEMIOLOGY AND RISK FACTORS. Considering
the heterogeneity of parkinsonian syndromes, potential
co-occurrence of AD, and the cognitive side effects of anti-
parkinsonian treatment, estimates of dementia prevalence in
PD vary considerably. Most range between 20% and 30%.90
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One population-based study found that almost 80% of PD
patients develop dementia within 8 years.91 Based on
autopsy studies, approximately half (or more) of demented
parkinsonian patients have coincident AD pathology.92

CLINICALFEATURESANDASSOCIATEDDISORDERS.

Although PSP was the original model for subcortical
dementia, this model is applicable to PD, which is much
more common than PSP. The concept was intended to dis-
tinguish subcortical dementia from the cortical dementia of
AD. Subcortical dementia-related memory impairment
benefits more by cuing than the memory disturbance of
cortical dementia. Patients have equal or greater difficulty
learning new material but have relatively less difficulty
retrieving it, possibly due to disturbed frontal or frontos-
triatal function involved in attending to and organizing
the memory task. Subcortical dementia is not usually
accompanied by aphasia, apraxia, and agnosia. However,
it is accompanied by psychomotor slowing, an early feature
of Parkinson’s dementia.86,87 Patients perform dispropor-
tionately poorly on timed tests whether the tests use motor
responses (e.g., the digit symbol substitution subtest of the
Wechsler Adult Intelligence Scale-Revised) or whether
they are purely cognitive (e.g., the controlled oral word
association test). PD results in disproportionately poor per-
formances on visuospatial tasks, although this aspect does
not seem to be a major source of clinical disability, and
the cause is debated. Depression is more common in PD
with or without dementia than in AD. Finally, the noncog-
nitive (motor) parkinsonian features make distinction from
AD and related cortical degenerative syndromes generally
possible. The distinction has clinical value, despite overlap
with cortical dementia on both clinical and pathological
grounds that blur nosological boundaries. For example, a
subset of patients with AD have mild extrapyramidal fea-
tures, and there is important subcortical pathology in the
basal forebrain of AD. The coincidence of Alzheimer’s
pathology in patients with PD with so-called subcortical
dementia was alluded to previously. There are certain
kindreds in which a parkinsonian syndrome is invariably
accompanied by severe dementia. Nondegenerative quasi-
parkinsonian syndromes in which cognitive impairment is
present can have many etiologies, including multi-infarct
dementia, normal pressure hydrocephalus, and postencepha-
litic parkinsonism.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of PD is extensive, and dementia can occur in many of the
conditions discussed in the section on PD. Some of the dif-
ferential diagnoses that are of particular note that are also
degenerative include PSP, MSA, DLB, and corticobasal
degeneration (CBD). Occasionally, frontal lobe disorders
may be mistaken for parkinsonian syndromes with demen-
tia, including both degenerative etiologies, such as Pick’s
disease, and nondegenerative etiologies, such as frontal
lobe meningiomas. Other progressive, nondegenerative dis-
eases that have loosely fitting parkinsonian features include
multi-infarct dementia and normal pressure hydrocephalus.
Occasionally, parkinsonian features occur in patients with
AD (see the sections on AD and DLBD).

EVALUATION. MRI is generally preferable to CT, in
part because of the multifocal areas of increased T2 signal
(often missed or poorly defined by CT) in periventricular,
basal ganglia, and other locations that may signify a small
vessel multi-infarct state. Evaluation is similar to that
described for AD except that response to therapy offers
additional diagnostic information.

MANAGEMENT. Dopaminergic therapy is discussed in
the section on PD, but special considerations apply here.
First, dopaminergic therapy is more likely to cause hallu-
cinations and delusions in parkinsonian patients with
dementia, as well as in patients with related parkinsonian
syndromes, than in those with uncomplicated PD. Second,
neuroleptic therapy is more likely to cause an exacerbation
of parkinsonian symptoms. Third, so-called on-off motor
fluctuations may be accompanied by mild fluctuations in
cognitive status as well. There are no perfect solutions,
and antipsychotic therapy with atypical agents such as que-
tiapine, which produce fewer parkinsonian side effects
than standard agents, will need to be tried cautiously if
absolutely required (although note FDA warnings des-
cribed for AD). Cholinesterase inhibitors could be consid-
ered given the frequency of Alzheimer-type pathology,
including cholinergic deficiency, although again there is at
least the theoretical risk that increasing central cholinergic
tone could mildly exacerbate the parkinsonian syndrome
(rarely seen in clinical practice).

PROGNOSIS AND FUTURE PERSPECTIVES. Prognos-
tic considerations are similar to those discussed for AD
except that the combination of parkinsonism and dementia
is a more difficult management problem, and because
dementia is usually a late complication of PD, it may sig-
nify a shorter lifespan than for patients with either uncom-
plicated PD or AD.

There is ongoing development of more highly selective
neuroleptic agents with less toxicity than clozapine. One
report suggested that selective serotonin receptor blockade
may offer one such strategy. See the section on movement
disorders.

Vascular Dementia
Cerebrovascular disease and its relationship to dementia is
covered more fully in the chapters on cerebrovascular
disease, but we focus here on the intersection between vas-
cular and degenerative mechanisms in patients with the
syndrome of vascular dementia.

PATHOGENESIS AND PATHOPHYSIOLOGY. Cogni-
tive decline has been linked to cardiovascular disease and
atherosclerotic risk factors, including diabetes mellitus,
hypertension, and high blood pressure. Various genetic
and nongenetic factors known to increase the risk of vascu-
lar disease, including ApoE and angiotensin I converting
enzyme 1 genotypes, total cholesterol, lipoprotein A, dia-
betes mellitus, atrial fibrillation, hypertension, serum ApoE
levels, and atherosclerosis, have been evaluated as risk
factors for AD and vascular dementia.93

Vascular mechanisms of cognitive loss include the direct
consequences of brain infarctions, hemorrhages, and global
hypoxia-ischemia. The two major subtypes of vascular
pathology in patients with vascular dementia are multiple
large artery territory infarctions (and/or hemorrhages) and
small vessel cerebrovascular disease caused either by arteri-
olosclerosis or by amyloid angiopathy. In the large artery
type, clinically evident strokes occur with consequent
accrual of deficits. This is not a slowly progressive disease
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but one of defined events. An ongoing controversy, how-
ever, is whether AD develops at an accelerated rate fol-
lowing (and, by implication, as a result of) cerebral
infarction (or hemorrhage).94,95 Investigations have also
established that risk factors for atherosclerotic vascular
disease are also risk factors for AD, and that there is a
statistically significant association between AD and ather-
osclerosis of major intracranial arteries.96

Small vessel cerebrovascular disease, however, is more
subtle, often with no defined events (or with few as a minor
component). Within this context, a mixed pathological
picture with both vascular and AD is common whether
the underlying vasculopathy is atherosclerotic97 or amyloid
based.98

EPIDEMIOLOGY AND RISK FACTORS. Incidence and
prevalence rates of vascular dementia are affected by the
definition used. For example, the prevalence of post-stroke
vascular dementia ranged from 11.3% using the NINDS-
AIREN criteria to 20.1% using the ICD-10-NA criteria,
and the incidence ranged from 2.6% with the ADDTC to
5.2% with the ICD-10-NA.99 In one longitudinal popula-
tion-based study, among patients with MCI who progressed
to dementia, 60% progressed to AD and 33% to vascular
dementia.100 Others have found that midlife hypercho-
lesterolemia and hypertension increased the risk for
AD,101,102 whereas physical exercise such as walking
reduces the risk.103 The incidence rate of AD is higher
among individuals with prevalent cardiovascular disease
(34.4 per 1000 person-years) than among those without it
(22.2 per 1000 person-years).104

CLINICALFEATURESANDASSOCIATEDDISORDERS.

There are multiple proposed diagnostic criteria for the diag-
nosis of vascular dementia, with poor agreement among
them.105–107 Patients have a more subcortical pattern of
dementia with psychomotor slowing, a poor learning curve,
and relative preservation of naming and other language
skills.108,109 The degree of impairment, however, correlates
better with the degree of neurofibrillary pathology than
with cerebrovascular pathology at autopsy (Video 233,
Vascular Parkinsonism).110

DIFFERENTIAL DIAGNOSIS. There is a broad range of
cerebrovascular disorders that may result in cognitive
impairment. Multiple large artery territory infarctions and
hemorrhages may result in more extensive physical dis-
ability and cortical cognitive signs such as aphasia. Non-
atherosclerotic forms of cerebrovascular disease may have
their own disease associations that, in turn, may influence
cognition. For example, amyloid angiopathy may cause
subcortical small vessel territory infarctions, recurrent
lobar hemorrhages in posterior hemisphere locations (re-
sulting in severe visual impairment), and be associated with
AD. Cerebral vasculitis may present as a rapidly progres-
sive fulminant encephalopathy, a subacute course of recur-
rent cerebral infarctions (and/or hemorrhages), or a more
chronic dementia-like course. Finally, given the frequent
finding of small vessel disease on brain imaging, essen-
tially any cause of cognitive impairment and dementia in
an elderly patient should be considered in the differential
diagnosis of vascular dementia.

EVALUATION. Considerations are the same as for AD
except that causes of cerebral infarction also need to be
included.
MANAGEMENT. Considerations are the same as for AD
except that treatment for causes of cerebral infarction and
the physical as well as cognitive disabilities produced also
need to be included.

PROGNOSIS AND FUTURE PERSPECTIVES. Perhaps
more than any other form of dementia, basic clinicopathologi-
cal correlation studies are still important in deciphering
the prevalence of “pure” vascular dementia and the con-
tributory role played by concomitant cerebrovascular disease
in patients with other primary forms of dementia such as AD.
Other Extrapyramidal Disorders with Dementia
Multip le System Atrophy
This is an uncommon and heterogeneous group of disor-
ders generally characterized by atypical, relative dopa-
mine-unresponsive parkinsonism with variable degrees of
cognitive impairment. MSA includes olivopontocerebellar
atrophy (OPCA), striatonigral degeneration, and parkinson-
ism with orthostatic hypotension and dysautonomia (Shy-
Drager syndrome) (Video 235, Multiple System Atrophy,
Striatal-Nigral Degeneration).

PATHOGENESIS AND PATHOPHYSIOLOGY. Neuro-
psychological studies in both sporadic and familial cases
of OPCA have demonstrated frontostriatal dysfunction.111

A similar profile of frontostriatal impairment occurs in
MSA with predominantly striatonigral degeneration fea-
tures, which is qualitatively different from PD and
PSP.112 Therefore, it appears that the cognitive impairment
in the various forms of MSA results, at least in part, from
frontostriatal dysfunction. Cerebellar dysfunction may play
an additional role in OPCA.

EPIDEMIOLOGY AND RISK FACTORS. Of five clinical
subtypes of OPCA that have been described on both
genetic and sporadic bases, mild to moderate decline has
been described in types III, IV, and V.111 Approximately
60% of familial and 35% of sporadic cases have accompa-
nying cognitive impairment.113

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Patients with dominantly inherited OPCA (type
IV) have frontal lobe-related cognitive impairments,111 but
the apparent mild intellectual decline in most OPCA cases
may be related more importantly to motor impairment and
depression without actual dementia and without evidence
of aphasia, agnosia, or apraxia (Video 234, multiple System
Atrophy, Cerebellar Type).114 MSA of the Shy-Drager vari-
ety has been less studied. Given the clinical similarities to
other parkinsonian syndromes, as well as its clinical hetero-
geneity, mild “subcortical” patterns of cognitive impairment
are possible, but it should not be regarded as a cause of severe
dementia.

MANAGEMENT. Considerations are similar to those dis-
cussed for Parkinson’s dementia, but additional considera-
tion must be given to symptomatic orthostatic hypotension
and other autonomic disturbances.
Huntington’s Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. The cog-

nitive impairment in HD, like other subcortical dementias,
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primarily reflects frontostriatal dysfunction, and there is
evidence of both subcortical and cortical pathology.
Grossly, the cortical gyri appear normal to slightly
atrophic. Coronal sections reveal striking caudate greater
than putamen and pallidum atrophy. Neuronal loss and
gliosis follow the same regional distribution. The med-
ium-sized spiny type I striatal neurons are preferentially
affected, whereas the aspiny type I neurons that contain
somatostatin and neuropeptide Y are unaffected. Several
neurotransmitters are decreased in the striatum, most nota-
bly GABA and acetylcholine. Glutamic acid decarboxylase
and choline acetyltransferase are also diminished.

Milder degenerative changes occur in the neocortex
and thalamus. Cross-sectional areas within the frontal, tem-
poral, and parietal lobes were decreased compared with con-
trols, with atrophy in HD being greater than in PSP.115

Quantitative analysis in HD patients compared with that of
controls has revealed moderate to severe neuronal loss in
the cortex and striatum, which was differentially distributed
in the cortical laminae in primary sensory and association
cortices.116 Ubiquitin-reactive dystophic neurites were iden-
tified in all cortical but no subcortical areas,117 and these
neurites have been hypothesized by some to correlate with
dementia. Evidence exists for excitotoxic damage and mito-
chondrial DNA mutations and oxidative stress118 in the
pathogenesis of cortical pathology in HD.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

Lieberman and associates90 found that 90% of patients
were demented by a mean age of 48.3 years, and that
dementia preceded the onset of chorea in 24% (Video 15,
Facial Chorea). There are discrepant studies with regard
to the existence of preclinical cognitive abnormalities,
although preclinical metabolic abnormalities are detectable
with PET.119 Whether or not it is the critical determinant
of cognitive decline, cognitive decline correlates patho-
logically and radiologically with degree of caudate atro-
phy120 and hypometabolism.121 Three areas of particular
interest in the dementia of HD are frontal lobe-related or
frontostriatal-related neuropsychiatric deficits, declarative
memory impairment, and motor learning difficulties. Vi-
suospatial disturbances have been demonstrated in some
studies. With regard to frontostriatal neuropsychiatric defi-
cits, patients may present initially with either primarily
psychiatric or cognitive disturbances, although both may
occur together. Regarding cognitive disturbances, prospec-
tive study of cognitive decline in early cases has shown
that psychomotor slowing is a characteristic early fea-
ture,122 and memory impairment, although present early
on, does not deteriorate as rapidly, or correlate as well with
caudate atrophy, as does psychomotor speed.122 Patients
with HD have greater perseveration and less initiation than
AD patients, and they have greater problems with concen-
tration and sustained attention. The overall pattern of fron-
tal lobe-related deficits nonetheless appears qualitatively
distinct from purely frontal cortical damage and has instead
been attributed to frontostriatal dysfunction.

Regarding declarative memory impairment, much work
has focused on the qualitative differences between HD
and amnesic patients, including both AD and Korsakoff’s
patients. HD causes memory loss, but it appears to be less
severe compared with that of AD at matched stages of
dementia severity, although this factor has been more con-
sistent at milder stages of dementia. Most studies have
found that patients with HD have greater difficulty learning
a task (e.g., a list of words), but they benefit more by cued
recall or recognition compared with free or unassisted
recall. This has been thought to reflect greater impairment
of retrieval than storage mechanisms, and it affects remote
memory retrieval as well as more recently learned mate-
rial.43 There are many similarities in the memory dis-
turbance between HD and PD, suggesting similarities
between the subcortical dementia illnesses, but overlap is
imperfect. For example, patients with HD have greater
impairment of learning and free recall, better recognition
memory, and more perseveration than PD patients.123

In contrast to the mild impairments of verbal learning,
motor learning is severely impaired. There is a “double dis-
sociation” between the performance of AD and HD
patients on tests of these two memory systems: AD patients
do poorly on verbal and well on motor learning, and HD
patients do well on verbal and poorly on motor learning.44

Demented PD patients perform poorly on both,44 which is
interesting to consider in light of known overlap with AD
pathology in a large subset of these patients. The most
likely anatomical substrates, supported by the overlap with
PD, are the basal ganglia, their frontal lobe connections,
and related motor structures.

DIFFERENTIAL DIAGNOSIS. See Chapter 34. In the
absence of chorea, the family history is critical in reaching
a diagnosis. In the absence of both chorea and a family his-
tory, the differential diagnosis is that of other subcortical
dementias and chronic progressive encephalopathies.

EVALUATION. The clinical examination may provide
compelling evidence for HD, which can be confirmed
genetically. Ancillary tests include MRI or CT to ascertain
caudate atrophy, and (optionally) SPECT or PET to ascertain
caudate hypoperfusion or -metabolism. Neuropsychological
assessment is useful to document the nature and severity of
cognitive decline, particularly in mild to moderate stages
of the illness.

MANAGEMENT. See Chapter 34. Pharmacological man-
agement of dementia and chorea often involves dopaminer-
gic antagonists including neuroleptic drugs but is far from
adequate.

PROGNOSIS AND FUTURE PERSPECTIVES. Death
occurs within 10 to 20 years after onset, although suicide
is more prevalent in at-risk and early onset HD patients.
Aspiration and inanition result from severe dysphagia, as
well as from an apparent increased metabolic demand in
patients with HD.
ASYMMETRIC CORTICAL DEGENERATION
SYNDROMES AND THE TAUOPATHIES

This is a clinically heterogeneous group of disorders that
produce distinctive cortical syndromes, including aphasia,
apraxia, and agnosia, and that have a more focal appear-
ance than Alzheimer’s dementia. They can be roughly
localized by the more focal features, although only a small
subset are truly focal. The frontotemporal lobes degenera-
tion (FTLD) syndromes reflect this asymmetry as regards
frontal and temporal cortices.



TABLE 33-4

Asymmetric Cortical Degeneration Syndromes

SYNDROME MAJOR TOPOGRAPHY MAIN PATHOLOGY COGNITIVE SIGNS OTHER EARLY NEUROLOGICAL SIGNS

Progressive Aphasia

Nonfluent Dominant frontal
operculum

FTLD/Pick Nonfluent aphasia Dysarthria, reflex asymmetry, memory loss

Fluent Dominant temporal FTLD/AD Fluent aphasia Acalculia, apraxia, other parietal signs,
memory loss

Anomic-semantic
dementia

Dominant anterior
temporal

FTLD/Pick Anomia Abulia and other frontal lobe signs,
memory loss

Mixed Dominant perisylvian FTLD/AD All aspects of speech Memory loss, dysarthria, acalculia, apraxia

Perceptual-Motor

Visual Asymmetric bilateral
P-T-O

AD Asimultanagnosia Alexia, memory loss

Motor Asymmetric
parietofrontal

CBD/PLS/PSP Apraxia/spasticity Hemiakinetic-rigid syndrome/spasticity,
psychomotor slowing

Mixed Asymmetric P-F and P-O CBD/AD variant Asimultanagnosia,
apraxia

Memory loss, aphasia, and any of the above

Frontotemporal

Neuropsychiatric Bilateral prefrontal,
orbitofrontal

FTLD/Pick Abulia, disinhibition Memory loss, anomia, anosognosia

Semantic dementia Dominant anterior
temporal

FTLD/Pick Anomia Abulia and other frontal lobe signs,
memory loss

Spasticity Bilateral paracentral Nonspecific (PLS) Psychomotor slowing Spasticity, dysarthria
Mixed Bilateral frontal PSP Spastic-dementia

syndrome
Dysarthria

Bitemporal

Amnesia Bilateral mesial temporal AD Amnestic MCI
Semantic dementia Dominant anterior

temporal
FTLD/Pick Anomia Abulia and other frontal lobe signs,

memory loss
Prosopagnosia Right inferior temporal

(bilateral)
FTLD/Pick/other Prosopagnosia Memory loss, alexia

Neuropsychiatric Nondominant anterior
temporal

FTLD/Pick/other Anomia, amnesia,
abulia

Psychomotor slowing, anosognosia

AD, Alzheimer’s disease; CBD, cortical basal ganglionic degeneration; F, frontal; FTLD, frontotemporal lobar degeneration; MND, motor neuron disease; O, occipital; P,
parietal; PLS, primary lateral sclerosis; T, temporal.
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There are four primary categories, each with several
subtypes: progressive aphasia, progressive frontal lobe/
frontotemporal dementia (FTD) syndromes, progressive
perceptual-motor syndromes, and progressive bitemporal
syndromes (Table 33-4). Since this original clinical clas-
sification, many of the individual asymmetric cortical
degeneration syndromes (ACDS) have been shown to be
genetically and pathophysiologically related to each other
reflecting tau-based cytoskeletal pathology and so leading
to the new term, the “tauopathies.” Not all members of
the ACDS group are tauopathies, however, but both tau-
and non-tau-based entities are presented here to preserve
the heuristic value of the ACDS classification scheme.

PATHOGENESIS AND PATHOPHYSIOLOGY. Despite
the semiological and pathological diversity of the ACDS
group, there is a common clinicopathological theme
among all members: Clinical presentation is dictated by
the topographical distribution of degeneration. Routine
H&E staining reveals nonspecific degenerative changes
consisting of neuronal loss, gliosis, and vacuolation of
neuropil predominantly affecting superficial cortical lami-
nae (Fig. 33-7) that are common to all clinical subtypes.
These nonspecific changes with and without ubiquitin-
positive inclusions probably account for the overall
majority of pathological findings in ACDS. Tauopathy-
based cases also stain for intracytoplasmic hyperpho-
sphorylated neurofilaments.

PROGRESSIVE APHASIA

Nonfluent Aphasia. This is now recognized as one of
the member syndromes of frontotemporal lobar degenera-
tion and is generally tauopathy based. The degenerative
focus centers on anterior perisylvian language cortices
(Broca’s area). Neuropathology of progressive aphasia
has include d ( 1) non specific degene rative change s, includ-
ing increased neuronal lipofuscin,124 neuronal loss, astro-
cytosis, and perineuronal microvacuolation in superficial
laminae with or without occasional amyloid plaques125;
( 2) tau-posi tive neuro nal and/ or glial path ology and non-
specific degenerative changes with focal accumulations of
achro matic neuro ns 126 ; and ( 3) unusua l com binations of
Pick/Alzheimer127 and Alzheimer/Pick/Lewy body disease
type pathology in one family (without Pick bodies).127 The
hippocampal formation is involved by the asymmetrical
degeneration, but the nucleus basalis is spared.126 Addition-
ally, pigmented brain stem nuclei may be affected.126

Fluent Aphasia. The degenerative focus is more poste-
riorly placed, including Wernicke’s area, although usually
the entire left temporal lobe appears atrophic. Neuropathology
is similar to that of nonfluent aphasia, including nonspecific
degenerative changes withmoderate spongiosus of superficial



Figure 33-7. Photomicrograph of frontal cortex demonstrating nonspecific
histology. Note the neuronal loss and gliosis, with spongiosis involving
the superficial cortical layers (ematoxylin and eosin, 25�). (Courtesy of
J. E. Parisi, Mayo Clinic, Rochester, MN.)

Figure 33-8. Pick’s disease. Note the circumscribed frontotemporal cortical
atrophywith relative sparing of the posterior one-third of the superior temporal
gyrus. The marked gyral thinning is often described as “walnut” or “knife-
edge” in appearance. (Courtesy of J. E. Parisi, Mayo Clinic, Rochester, MN.)
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cortical layers and involvement of the amygdala,126 but some
patients have been found to have AD.127

Semantic Dementia and Anomic Aphasia. This is also
one of the member syndromes of FTLD and thus one of the
tauopathies. The responsible degenerative focus is in the
left anterior temporal lobe. Neuropathologically, Pick’s
disease may cause generalized atrophy that is more severe
in the left hemisphere, particularly the left anterior tem-
poral lobe and insula, with sparing of the nucleus basalis
of Meynert.128

Mixed Aphasia. Again, the degenerative focus appears
to involve the left perisylvian cortices, particularly the left
temporal lobe diffusely. Neuropathological findings include
nonspecific degenerative changes with focal spongiosus of
superficial cortical layers129 and AD.130

FRONTOTEMPORAL LOBAR DEGENERATION

SYNDROMES

Frontotemporal Dementia and Pick’s Disease. Arnold
Pick originally introduced the concept of a lobar atrophy
with relevant progressive focal symptoms in his description
of a patient with progressive aphasic dementia, who at
autopsy had, in addition to generalized cortical atrophy,
focally accentuated atrophy of the left temporal lobe. The
specific histological findings were later appreciated by
Alzheimer in 1911, who observed distinctive intraneuronal
inclusions, which were termed “Pick bodies.” Swollen,
ballooned, and poorly staining (chromatolytic) neurons
were subsequently called “Pick cells.”

During the following decades, most investigators have
included three pathological varieties of Pick’s disease:
lobar atrophy with swollen chromatolytic neurons (SCN)
and Pick bodies (Pick’s disease type A), lobar atrophy with
SCN but not Pick bodies (Pick’s disease type B), and lobar
atrophy without SCN or Pick bodies (Pick’s disease type C
or nonspecific degeneration).131 Whether the findings in
Pick’s disease types B and C are indeed variants of Pick’s
disease or different disease processes is debated, although
Pick’s type B may represent what we now term cortico-
basal degeneration and type C likely represents FTLD �
ubiquitin positive inclusions.

The cardinal pathological changes in Pick’s disease type
A are lobar atrophy with corresponding neuronal loss that
is most apparent in the first three cortical layers (Fig. 33-8).
The maximally involved cortical gyri are very thin, and they
are often described as walnut or knife-edge in appearance.
When the temporal lobe atrophy is focally accentuated,
the posterior one-third of the superior temporal gyrus
appears relatively preserved. Marked caudate and hippo-
campal atrophy are also typical findings. Variable degrees
of coexisting subcortical gliosis and degeneration of other
subcortical nuclei can occur as well, although the basal
forebrain tends to be spared. Pick bodies are argentophilic,
eosinophilic, rounded cytoplasmic masses that appear
densely black on silver stains (Fig. 33-9). They are com-
posed of 10- to 20-nm straight filaments that share antigenic
properties with neurofilaments. Pick bodies tend to predomi-
nate in the most severely atrophic cortical regions and in the
hippocampi. Pick cells also immunostain positively to neu-
rofilaments, but they are not regarded as diagnostic of Pick’s
disease because similar-appearing cells have been observed
in several other disorders. The nucleus basalis is spared or
only mildly affected in both Pick’s disease and in FTD.132

Pick’s disease usually involves the frontal and anterior
temporal lobes, but rare cases with preferential parietal



Figure 33-9. Photomicrograph of frontal cortex in classic Pick’s disease
(Pick’s type A). The argentophilic, rounded cytoplasmic masses are Pick
bodies, which are principally composed of 8- to 20-nm straight filaments
(Bielschowsky silver stain, 200�). (Courtesy of J. E. Parisi, Mayo Clinic,
Rochester, MN.)
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lobe atrophy have also been described. Therefore, patients
with Pick’s pathology have exhibited FTD, semantic
dementia, progressive aphasia syndrome,128 and progres-
sive perceptual-motor syndrome (CBD).133 There are a
few kindreds with autosomal dominant Pick’s disease with
mutations in tau.134

Progressive Spasticity (Primary Lateral Sclerosis).
Primary lateral sclerosis (PLS) is primarily a motor syn-
drome rather than a cause of dementia. Nonetheless, there
are some cognitive changes that occur in PLS that conform
to the frontal lobe spectrum and therefore are included here
with FTD syndromes. Neuropathologically, there is highly
circumscribed atrophy of the precentral gyrus with loss of
Betz cells, decreased numbers of pyramidal neurons, and
laminar gliosis in the external and internal pyramidal cell
cortical layers.135 No lower motor neuron abnormalities
are typically found in hypoglossal or spinal gray nuclei,
and the substantia nigra is generally unaffected.135

PROGRESSIVE PERCEPTUAL-MOTOR SYNDROMES

Visual. Neuropathological studies of patients with dorsal
visual syndromes have generally shown senile plaques and
neurofibrillary tangles, which is typical of AD.46 The topo-
graphic distribution, however, differs from that seen in
Alzheimer’s dementia, with heaviest involvement of pri-
mary and association visual cortices in the occipital lobes
and, to a slightly lesser degree, in the parietal lobes. The
nucleus basalis is involved in these cases. Other pathologies
include nonspecific degenerative changes (gliosis, neuronal
loss, and vacuolation of superficial cortices), Creutzfeldt-
Jakob disease (Heidenhain variant), and CBD.136 To date,
one published pathological study of a patient with pro-
gressive prosopagnosia revealed argyrophilic grain dis-
ease,137 but impaired facial recognition is common among
patients with asymmetric right greater than left bitemporal
degeneration, one of the FTLD variants.

Motor. This syndrome has been most typical of CBD
with neuronal achromasia (one of the tauopathies) or non-
specific degenerative changes (see section on CBD). Other
histological patterns have included Pick’s disease,133 AD
with involvement of the nucleus basalis,138 and PSP.139

There is generalized but asymmetrical atrophy, with the
most severe focal degeneration generally occurring in super-
omedial frontoparietal regions, primary motor cortex, and
parietal convexity cortex; however, other cortical regions,
including Wernicke’s area, sometimes can be severely
involved as well. The substantia nigra is also involved, but
the nucleus basalis is spared in the absence of AD.140

Mixed. Pathological findings include CBD and AD.
PROGRESSIVE BITEMPORAL SYNDROMES

Progressive Amnesia. See Alzheimer’s Disease, Mild
Cognitive Impairment section.

Progressive Prosopagnosia. See Progressive Visual
Syndromes section.

Progressive Bitemporal Neuropsychiatric Syndromes.
Patients usually have either Pick’s disease or a related FTLD
variant, and they often have concurrent prosopagnosia.

EPIDEMIOLOGY AND RISK FACTORS. There are no
incidence and prevalence studies of this group of disorders,
but clinical experience (at a tertiary care referral center)
suggests that they are, as a group, perhaps a tenth as com-
mon as AD. Although many cases appear to be sporadic,
studies of familial cases, some occurring in association
with parkinsonism, have been associated with mutations
of the tau gene on chromosome 17, and the term tauopathy
has since been coined. Kindreds can be quite complex and
include diverse phenotypes.141 Of theACDSs, frontotemporal
degeneration, progressive aphasia, CBD, and PSP (which
can mimic CBD) are all part of the tauopathy spectrum.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

There are four broad categories of ACDS, each of which
can be further subdivided, and topographical and pathologi-
cal correlations could be made for each (see Table 33-4).
In most cases, there are three properties of the atrophy
topog raphy that are radiol ogically disc ernible: ( 1) There is
a lateral ized major atrophi c focus, ( 2) there is a contralat -
eral area of focal atrophy in the homologous region that is
less sever e than the prima ry focus, and (3 ) ther e is milde r
generalized atrophy. Metabolic abnormalities reflect this
pattern as well.142

Several types of ACDS are associated with amyotrophic
lateral sclerosis (ALS), including progressive aphasia,143

frontotemporal dementia,144 and bitemporal syndromes145

(all of which are part of the FTLD spectrum). In such
cases, longevity is determined by the ALS component.
Occasional patients with apparent PLS may have mild
lower motor neuron abnormalities, and they appear to have
a slower course than typical ALS. Finally, subtypes of
ACDS may occasionally overlap in the same patient, such
as progressive aphasia and a progressive perceptual-motor
syndrome.

PROGRESSIVE APHASIA. Although original credit
should probably go to Arnold Pick for correlating lobar
atrophy with aphasic dementia,146 Mesulam’s 1982 report
of progressive aphasia124 essentially refocused modern
neurology on the relationship of focal cortical degeneration
to a progressive cortical syndrome. Because most patients
are left hemisphere dominant for language, most patients
have left-sided asymmetrical atrophy. However, occasional
patients are found who are left handed and who have right
hemisphere asymmetrical atrophy accompanying progres-
sive aphasia. Cognitive deficits other than those directly



Figure 33-10. Progressive nonfluent apha-
sia. MRI (top) and SPECT (bottom)
showing left frontal opercular atrophy.
(Adapted from Caselli RJ, Jack CR Jr:
Asymmetric cortical degenerative syn-
dromes: A proposed clinical classifica-
tion. Arch Neurol 1992;49:770–780.)

TABLE 33-5

Clinical Diagnosis of Progressive Nonfluent Aphasia

Core Features

Insidious onset and gradual progression
Disorder of expressive language dominant feature initially and
throughout the disease course

Nonfluent spontaneous speech with at least one of the following:
agrammatism, phonemic paraphasias, anomia

Other aspects of cognition intact or relatively well preserved

Supportive Features

Speech and language
Stuttering or oral apraxia
Impaired repetition
Alexia, agraphia
Early preservation of word meaning
Late mutism

Behavior
Early preservation of social skills
Late behavioral changes similar to frontotemporal dementia

Physical signs
Late contralateral primitive reflexes, akinesia, rigidity, and
tremor

Investigations
Neuropsychology: nonfluent aphasia in the absence of severe
amnesia or perceptuospatial disorder

Electroencephalography: normal or minor asymmetrical slowing
Brain imaging (structural and/or functional): asymmetrical
abnormality predominantly affecting dominant (usually left)
hemisphere

Data from Neary D, Snowden JS, Gustafson L, et al: Frontotemporal lobar degenera-
tion: A consensus on clinical diagnostic criteria. Neurology 1998;51:1546–1554.
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attributable to language may also occur, especially memory
impairment and constructional apraxia.

Nonfluent progressive aphasia is part of the FTLD spec-
trum and generally reflects anterior perisylvian cortical
degeneration (Fig. 33-10). It should be readily distinguished
from typical AD. Speech is effortful, halting, and sometimes
dysarthric. Naming ability is marked by phonemic parapha-
sic errors (e.g., “calicopter” for helicopter), repetition is gen-
erally severely impaired, and although writing sometimes is
easier than speaking, it is also usually abnormal. Aural and
reading comprehension are less impaired in mild to mod-
erate stages but deteriorate in most patients with disease
progression. Some patients have orofacial apraxia but
not gestural or limb apraxia. Verbal memory tests are dif-
ficult to administer, but verbal memory is typically
impaired. The criteria for the clinical diagnosis of pro-
gressive nonfluent aphasia are shown in Table 33-5.

Fluent aphasia involves degeneration of temporal and pos-
terior perisylvian cortices. Contiguous involvement of
neighboring cortices may complicate the clinical picture,
making it difficult to distinguish a focal left temporoparietal
syndrome (with aphasia, amnesia, apraxia, and acalculia)
from a so-called diffuse cognitive disorder, or Alzheimer’s
dementia. The nonlanguage impairments, however, are
much less disabling than the language impairment in pro-
gressive fluent aphasia. Fluency, articulation, and prosody
are normal, but comprehension and naming are impaired.
Sentence repetition appears to be impaired less consistently.
The characteristic naming errors are semantic paraphasias,
but phonemic paraphasias occur as well. Typically, a patient
may recognize and describe the object or action he or she
cannot name (e.g., “something that flies” for a helicopter)
or give a generic descriptor. Spelling errors are frequent.

Semantic dementia is another of the FTLD syndromes,
and it presents as a progressive anomic aphasia due to
degeneration of anterior temporal cortices. Anomia results
initially from a dissociation of lexical and semantic knowl-
edge, but in later stages there is a frank loss of seman-
tic knowledge (associated with more posterior extension
of degeneration and visualized atrophy). Patients are flu-
ent, comprehend well, and can repeat, read, and write with
minimal difficulty. However, their speech lacks seman-
tic precision. They substitute generic terms for specific
words (e.g., “machine” for computer) and make semantic
paraphasias (e.g., “staple” for paper clip). Anomia is a



TABLE 33-6

Clinical Diagnosis of Semantic Dementia and Associative
Agnosia

Core Features

Insidious onset and gradual progression
Language disorder characterized by

Progressive, fluent, empty spontaneous speech
Loss of word meaning, manifest by impaired naming and
comprehension
Semantic paraphasias

and/or
Perceptual disorder characterized by

Prosopagnosia: impaired recognition of identity of familiar faces
Associative agnosia: impaired recognition of object identity

Preserved perceptual matching and drawing reproduction
Preserved single-word repetition
Preserved ability to read aloud and write to dictation orthographically

regular words
Autobiographical memory intact or relatively well preserved

Supportive Features

Speech and language:
Press of speech
Idiosyncratic word usage
Absence of phonemic paraphasias
Surface dyslexia and dysgraphia
Preserved calculation

Behavior
Loss of sympathy and empathy
Narrowed preoccupations
Parsimony

Physical signs
Absent or late primitive reflexes
Akinesia, rigidity, and tremor

Investigations
Neuropsychology
Profound semantic loss, manifest in failure of word comprehension
and naming and/or face and object recognition

Preserved phonology and syntax, and elementary perceptual
processing, spatial skills, and day-to-day memorizing

Electroencephalography: normal
Brain imaging (structural and/or functional): predominant anterior
temporal abnormality (symmetrical or asymmetrical)

Data from Neary D, Snowden JS, Gustafson L, et al: Frontotemporal lobar degenera-
tion: A consensus on clinical diagnostic criteria. Neurology 1998;51:1546–1554.
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common feature of both AD and Pick’s disease, but verbal
memory is usually impaired even in the absence of demen-
tia (Video 260, Memory Testing). Hodges first applied the
term semantic dementia to patients with prominent anomia
associated with focal anterior temporal lobe atrophy; the
criteria for the diagnosis of semantic dementia are shown
in Table 33-6.

Mixed progressive aphasia is a more nonspecific pattern
involving degeneration of left temporal and perisylvian
cortices. Patients with this condition have impairment of
all aspects of language, making classification into a single
taxonomic category impossible. They are nonfluent, with
impaired comprehension, naming, repetition, writing, and
reading.

PROGRESSIVE PERCEPTUAL-MOTOR SYNDROMES.

Although many patients have a mixed sensorimotor syn-
drome (including visual or somatosensory systems or both),
there are a few patients who have a pure sensory (typically
visual) or pure motor syndrome (typically a hemiakinetic
rigid syndrome).
Progressive visual syndromes involve degeneration of
parieto-occipital or parietotemporal visual association cor-
tices or both. Visual association cortices can be broadly
divided into dorsal (occipitoparietal) and ventral (occipito-
temporal) pathways, and disorders of visual association
cortices reflect this dichotomy. The occipitoparietal path-
way is more concerned with localizing an object in space
(where), and the occipitotemporal pathway is more con-
cerned with object identification (what). Two broad types
of complex visual disturbance have been described with
ACDS. The more commonly reported is progressive simul-
tanagnosia, reflecting dysfunction of the dorsal cortical
visual pathway. Patients cannot integrate the numerous
components of an ordinarily complex scene into a coherent
whole. When viewing a street scene, for example, they
might describe a car or a person or a lamppost but overlook
the fact that it is an inner city rush hour. Occasional asso-
ciated problems that also reflect posterior parietal and tem-
poral involvement include alexia, acalculia, right-left
disorientation, and mild deficits of memory and language
(fluent aphasia). Eventually, patients may be found to have
inferior quadrantanopia, although typically visual field
testing produces inconsistent responses.

The second type of complex visual disorder resulting
from ACD is visual agnosia, of which there are fewer
reported examples.147 Visual agnosia results from dysfunc-
tion of the ventral cortical visual pathway. Some patients
have been described with progressive prosopagnosia, which
is a failure to recognize familiar faces.147 Rarely, patients
may describe progressive topographagnosia, the inability
to recognize familiar places. In later stages, both ventral
and dorsal visual pathways become involved, and a more
globally encompassing visual agnosia results.

The term posterior cortical atrophy has also been
applied to cases with dysfunction in the occipitoparietal
pathway, and those with more occipitotemporal dysfunc-
tion have been coined associative agnosia (Table 33-7).

PROGRESSIVE MOTOR SYNDROMES. See also section
on CBD. Progressive motor syndromes are marked by
two major clinical characteristics, both slowly progressive
in onset, that make this disorder distinctive and easily
recognized. The first is lateralized somatic deficits, includ-
ing hemispasticity, hemiparesis, hemisensory impairment
(usually in the form of astereognosis or tactile agnosia with
less consistent impairment of more basic somatosensory
modalities), and myoclonic jerks. Some patients may have
a hemirigid or hemidystonic syndrome with tremor. The
second is severe and disabling apraxia, including limb
apraxia (inability to use the limb in a meaningful way, such
as to use a comb), gestural apraxia (inability to pantomime
or imitate symbolic movements), dressing apraxia, construc-
tional apraxia, and apraxic agraphia. If the lateralized limb
defects reflect dominant hemispheric dysfunction, then a
mild fluent aphasia may be present that is milder than that
seen in progressive fluent aphasia.When the lateralized limb
defects reflect nondominant hemisphere dysfunction, it is
uncommon (but possible) for a hemineglect syndrome to
result.

Additional clinical abnormalities may include acalculia,
psychomotor slowing, aphasia, and supranuclear oculomo-
tor disturbances. Although patients with severe apraxia,
psychomotor slowing, and mild aphasia may appear demen-



TABLE 33-7

Proposed Diagnostic Criteria for Posterior Cortical
Atrophy

Core Features

Onset of signs/symptoms is insidious and course is progressive
Absence of primary ocular dysfunction that could account for visual
impairment

Two or more of the following symptoms
Unable to follow lines while reading
Poor depth perception
Often fails to appreciate objects in direction of gaze
Unable to navigate in stores, while driving, in own home
Illusions
Hallucinations
Misidentification errors
Micropsia
Macropsia
Metamorphopsia

Two or more of the following signs
Quadrant or hemifield defect
Achromatopsia in quadrant or hemifield
Hemispatial neglect
Constructional dyspraxia
Simultanagnosia
Ocular apraxia
Optic ataxia
Cortical blindness

Supportive Features

Relatively preserved visual acuity early
Preserved insight and expressive language functioning
No significant behavioral abnormalities or memory impairment early in
course

Absence of focal motor findings, parkinsonism, or frontal release signs
early in course, although parkinsonism and/or motor neuron disease
can evolve later in course

Investigations

Neuropsychologic deficits referable to parietal and/or occipital regions
Focal or asymmetric atrophy in parietal and/or occipital regions on CT
or MRI

Focal or asymmetric hypoperfusion/hypometabolism in parietal and/or
occipital regions on SPECT/PET

CT, computed tomography; MRI, magnetic resonance imaging; PET, position emis-
sion tomography; SPECT, single-photon emission computed tomography.
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ted according to neuropsychological testing, they are usually
rational, insightful, and upset by their condition. In late
stages, patients can barely move or speak despite preserved
consciousness. This constellation of clinical features is
termed corticobasal syndrome by some, and criteria for the
diagnosis have been proposed.148

Many patients have both a sensorimotor and a visuospa-
tial disorder, combining features of both of the previously
mentioned groups (Fig. 33-11).

FRONTOTEMPORAL LOBAR DEGENERATION

SYNDROMES. The three main syndromes of the FTLD
spectrum that are popularly recognized include nonfluent
aphasia (considered under progressive aphasia), semantic
dementia (also considered under progressive aphasia), and
frontotemporal dementia. However, it seems appropriate to
include as well progressive spasticity (primary lateral sclero-
sis), and the right hemisphere equivalent of semantic dementia
(sometimes called progressive prospagnosia, or right greater
than left bitemporal variant) because they are both equally
part of the anatomical and pathological FTLD spectrum.
The progressive neuropsychiatric syndrome is the best
known example of this group and has been referred to
as frontal lobe or frontotemporal dementia (Fig. 33-12).
Pick’s disease is prominently represented in this group.
Brun149 and Gustafson150 have described a similar clinical
syndrome in the absence of Pick bodies. The proposed
criteria for the diagnosis of frontotemporal dementia are
shown in Table 33-8. Although the clinical picture is char-
acteristic, many clinicians have difficulty distinguishing
these patients from those with Alzheimer-type dementia.
Another common misdiagnosis is depression. The errors
made by these patients tend to be omissions rather than
commissions, and the term that describes this condition is
abulia. They fail to change their clothes, to brush their
teeth, to pursue their former interests, and to initiate many
activities that constitute a normal day. Just as they fail to
start something new, they may fail to stop what they are
doing and perseveratively fixate, in a seemingly idiosyn-
cratic fashion, on some particular activity, such as going
to the bathroom, sorting through their wallet, or watching
television. Some patients have greater disinhibition and
emotional lability, crying at the least provocation or laugh-
ing loud and long. They may complain that they are hungry
yet be unmoved to fix themselves a snack. Some may per-
severatively want to eat repeatedly. Memory and language
(especially naming) are typically impaired. Despite their
sometimes reduced temporal latency in responding to the
examiner (they may start answering a question before the
physician has finished asking it), their answers are brief
and often consist of “I don’t know.” Patients with FTD
may stay close to their caregiver and generally cause fewer
disruptions than patients with AD, particularly in mild to
moderate stages (although there are notable exceptions).

Associated clinical abnormalities reflect dysfunction of
other frontal lobe functions, including spasticity and non-
fluent aphasia. Because Pick’s disease has a predilection
for the temporal as well as the frontal lobe, some patients also
develop signs referable to the temporal lobe, particularly
anomia.

The syndrome of progressive spasticity has been termed
PLS, and historically, the nosological focus has been on its
relationship to ALS (see Chapter 36) rather than other fron-
tal lobe degenerations. PLS reflects degeneration of the
precentral gyrus and primary motor cortex.135 Cognitive
impairment is minimal but can include emotional lability,
mild frontal lobe-related cognitive deficits, and mild
memory impairment.151

Some patients present early in their course with a combi-
nation of both spasticity and FLD/FTD. One of our patients
was found at autopsy to have PSP, but further cases are
needed for study.

PROGRESSIVE BITEMPORAL SYNDROMES. The
three syndromes in this category are progressive amnesia
(amnestic MCI), progressive prosopagnosia, and progres-
sive neuropsychiatric syndrome. MCI is discussed in the
section on AD, and progressive prosopagnosia is discussed
in the section on progressive visual syndromes. Patients
with a progressive neuropsychiatric syndrome due to bitem-
poral degeneration (Fig. 33-13) have severe anomia and
amnesia, relative indifference to their condition, and mild
perseverative behaviors that are shared with patients in
the FTD group. Psychomotor speed is normal or only mildly



Figure 33-12. Progressive frontotemporal dementia. MRI (top) and SPECT (bottom) showing right greater than left frontal and anterior temporal atrophy
in a patient with autopsy documented Pick’s disease. (Adapted from Caselli RJ, Jack CR Jr: Asymmetric cortical degenerative syndromes: A proposed
clinical classification. Arch Neurol 1992;49:770–780.)

Figure 33-11. Progressive perceptual-motor syndrome. MRI (top) and SPECT (bottom) showing right greater than left parietal atrophy. (Adapted
from Caselli RJ, Jack CR Jr: Asymmetric cortical degenerative syndromes: A proposed clinical classification. Arch Neurol 1992;49:770–780.)
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impaired. Neuroimaging shows bilateral severe anterior
temporal atrophy (typically worse on the right) and hypoper-
fusion with relative sparing of the frontal lobes.

DIFFERENTIAL DIAGNOSIS. The two broad categories
to consider are nondegenerative structural focal brain le-
sions, such as a slowly growing tumor, and other degenerative
conditions. Regarding the first, a slowly progressive neurolo-
gical syndrome that can be reasonably localized could be neo-
plastic, whether malignant or benign. Rarely, high-grade
arterial stenoses cause stuttering infarction mimicking a
slowly progressive degenerative cortical syndrome. Other
pathological processes that could occur focally, including in-
fection or abscess and demyelinating or vasculitic conditions,
should also be considered. Other degenerative illnesses
include Creutzfeldt-Jakob disease in rapidly progressive
cases and the wide variety of degenerative pathologies dis-
cussed previously in the section on pathogenesis and patho-
physiology (Video 33, Spinal Muscular Atrophy; Video 50,
Myoclonus in Creutzfeldt-Jakob Disease). For example, a
patient suspected of CBD may have AD at autopsy. Among
the frontal lobe, aphasic, and bitemporal varieties of ACDS,
an association with ALS must also be considered.



TABLE 33-8

Clinical Diagnosis of Frontotemporal Dementia (FTD)

Core Features

Insidious onset and gradual progression
Early decline in social interpersonal conduct
Early impairment in regulation of personal conduct
Early emotional blunting
Early loss of insight
Instrumental functions of perception, spatial skills, praxis, and memory
intact or relatively well preserved

Supportive Features

Behavioral disorder
Decline in personal hygiene and grooming
Mental rigidity and inflexibility
Distractibility and impersistence
Hyperorality and dietary changes
Perseverative and stereotyped behavior
Utilization behavior

Speech and language
Altered speech output
Aspontaneity and economy of speech
Press of speech
Stereotype of speech
Echolalia
Perseveration
Mutism

Physical signs
Primitive reflexes
Incontinence
Akinesia, rigidity, and tremor
Low and labile blood pressure

Investigations
Neuropsychology: significant impairment on frontal lobe tests in the
absence of severe amnesia, aphasia, or perceptuospatial disorder

Electroencephalography: normal on conventional EEG despite
clinically evident dementia

Brain imaging (structural and/or functional): predominant frontal
and/or anterior temporal abnormality

Data from Neary D, Snowden JS, Gustafson L, et al: Frontotemporal lobar degenera-
tion: A consensus on clinical diagnostic criteria. Neurology 1998;51:1546–1554.

Figure 33-13. Progressive bitemporal neuropsychiatric syndrome: MRI (top) and
(From Caselli RJ: Focal and asymmetric cortical degeneration syndromes. The
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EVALUATION. The most important diagnostic test is
adequate structural neuroimaging. MRI is preferable to
CT, but either will generally suffice to evaluate the possi-
bility of a tumor. In addition to excluding nondegenerative
structural abnormalities, a magnetic resonance angio-
graphic study could be included, if available, to search for
a potentially relevant high-grade arterial stenosis. Patients
with ACDS usually, but not invariably, have radiologically
discernible focal atrophy in the symptomatic region. It is
often subtle and of insufficient severity to permit blinded
diagnosis of ACDS. However, in a patient with progressive
anomic aphasia, for example, focal left anterior temporal
atrophy should be considered important not only because
of the absence of a tumor but also because it shows the
responsible lesion to be an atrophic one, presumably
degenerative. Formal neuropsychological assessment can
be helpful to assess quality and severity of cognitive impair-
ment to a greater extent and usually demonstrates a pattern
that is not typical for Alzheimer’s dementia. It is also useful
for monitoring disease progression. Other laboratory studies
are less helpful because of the apparent focal nature of the
ACDS. Metabolic encephalopathies do not usually cause
the syndrome of slowly progressive aphasia, which is diffi-
cult to confuse with a diffuse encephalopathy. Nonetheless,
it is still reasonable to make certain that basic laboratory
data are normal, as was discussed for AD.

MANAGEMENT. Considerations similar to those dis-
cussed for AD are applicable here with minor additions.
First, patients with ACDS are usually aware of their limita-
tions and are not likely to get themselves in trouble unwit-
tingly by wandering, refusing medications, and so forth.
They require nursing home placement less often if there is
a caregiver. Physical therapy is important for patients with
CBD and PLS, especially because of the complications
resulting from altered muscle tone and gait unsteadiness.
Occupational therapy is particularly important for ACDS
SPECT (bottom) showing right greater than left anterior temporal atrophy.
Neurologist 1995;1:1–19.)
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patients with apraxia and spatial disorders to assist with dres-
sing, eating, and other activities of daily living. Speech ther-
apy is appropriate to consider for progressive aphasia not
only because of the aphasia but also because of dysphagia,
particularly in later stages of nonfluent aphasia. Late-stage
complications are similar for AD but perhaps are most
severe for CBD. In this condition, because all avenues of
communication are lost, including speech and praxis, and
becausemuscle tone contorts them into painful dystonic pos-
tures with contracture formation, there remains relative pre-
servation of insight, perhaps compounding their suffering
further. Trials of carbidopa and levodopa (Sinemet) in
CBD should be considered, even though it is usually of mini-
mal efficacy at best. In patients with CBDwith severe myoc-
lonus, small doses of clonazepam can also be considered.
Finally, in cases with severe dystonic posturing, especially
hand closure, selective botulinum toxin injection can be con-
sidered to accomplish limited goals, such as allowing the
hand to be opened for maintenance of skin hygiene and to
retard contracture formation.

PROGNOSIS AND FUTURE PERSPECTIVES. All of the
ACDSs are progressive and follow a similar time course to
AD. Most patients have a more generalized cortical degen-
erative process that becomes more significant in later
stages, but occasionally patients have a highly focal pro-
cess with minimal evidence of generalized decline, even
at the time of their death. Prognosis is better in the group
with the highly focal process. Otherwise, ACDSs of all
types, like AD and other degenerative brain diseases, result
in death after relentless progression.

The following question is begged by this group of disor-
ders: What determines the topographic distribution of neu-
rodegeneration? Indeed, this is a question shared by all
neurodegenerative diseases. If the determinants of selective
neuronal vulnerability could be identified, so too might
novel prevention and therapeutic strategies be formulated.
ALS-DEMENTIA COMPLEX

PATHOGENESIS AND PATHOPHYSIOLOGY. The
nosological distinction between FTD, FTD with motor neu-
ron disease (MND), and classic MND has been debated,
with some arguing that FTD with MND is a distinct disorder
and others suggesting each represents a phenotype along a
continuum of the same disease.152 The histological findings
do not clarify nosology because in the majority of cases they
are nonspecific: neuronal loss, gliosis, and microvacuolation
or spongiform changes predominantly affecting the superfi-
cial cortical layers and subcortical white matter. Degenera-
tion is usually greatest in frontotemporal regions and, less
commonly, in perisylvian language cortices. The nucleus
basalis of Meynert appears normal, as do cortical levels
of choline acetyltransferase and somatostatin.153 Variable
degrees of degeneration also occur in the amygdala, hippo-
campus, thalamus, caudate nucleus, and substantia nigra.

EPIDEMIOLOGY AND RISK FACTORS. Some degree of
cognitive impairment can be demonstrated in most individ-
uals with ALS, although this is often mild and nondisabling.
Frank dementia rarely occurs in patients with ALS, although
known associations include the Parkinson-ALS-dementia
complex of Guam, which occurs in the indigenous Chamorro
population,154 and familial and sporadic cases. Pathogenesis
in most patients is uncertain, and histopathological features
are generally nonspecific.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Frontotemporal dementia is the most common dementia
pattern, followed by aphasic dementia. Bulbar symptoms
are typically prominent. Among patients presenting with
FTD, some studies have suggested that between 10% and
15% may have or develop ALS, and among patients with
ALS, approximately one-third have subtle signs of frontal
lobe-based cognitive impairment with a similar pattern
of frontotemporal atrophy.155 Pathological criteria that
emphasize biochemical analysis of insoluble tau and
ubiquitin immunochemistry to define motor neuron disease
type inclusions continue to find overlap between ALS-
dementia patients and other degenerative syndromes
(Video 236, ALS-Parkinsonism Dementia).156

DIFFERENTIAL DIAGNOSIS. Certain types of the ALS-
dementia complex may be rapidly progressive, with anar-
thria within 1 year and death within 2 years. Given the
severity, rapid progression, and sometimes paucity of limb
abnormalities, Creutzfeldt-Jakob disease should be consid-
ered. In rapidly progressive cases, carcinomatous meningi-
tis can also cause encephalopathy and polyradiculopathy,
which might be mistaken for ALS-dementia complex, so
CSF evaluation can be useful. Head and neck tumors, par-
ticularly carcinoma of the posterior tongue with CNS
metastases, can cause severe dysarthria and mental status
changes, and they should not be overlooked, particularly
when dysarthria is the main finding. Finally, neuromuscu-
lar weakness due to ALS, myasthenia gravis, acid maltase
deficiency, myotonic dystrophy, and any other disease of
sufficient severity to compromise ventilatory capacity
may lead to a hypoxic encephalopathy that, in the absence
of a corroborating history, might be mistaken for ALS-
dementia complex, so arterial blood gases should be
considered in some cases.

EVALUATION. Both the nature of the neuromuscular
disorder and the cognitive disorder must be established.
Electromyography is important for the neuromuscular dis-
order and an essential diagnostic step but may not be con-
clusive, especially in bulbar cases. Further evaluation of
the ALS aspect of this disorder is considered in the section
on ALS but may include acetylcholine receptor antibody
and creatine phosphokinase, among other tests. Regarding
the cognitive disturbance, formal mental status assessment
is the first step, and if there is any doubt, formal neuropsy-
chological assessment focusing particularly on frontal
lobe and language function should be performed. Eval-
uation of the dementia should then proceed with similar
considerations, as discussed for AD, with particular atten-
tion to neuroimaging. In this context, MRI is preferable
to CT because imaging of lower brain stem structures in
particular is better accomplished by MRI. In selected
circumstances, additional consideration should be given to
EEG, CSF examination, consultation with an otolaryngolo-
gist, and arterial blood gas evaluation.

MANAGEMENT. Treatment considerations overlap
those for ALS. Caregiving for the demented patient was
discussed in the section on AD. This is a particularly difficult
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condition because of the combination of neuromuscular,
bulbar, and cognitive problems that confront the patient.

PROGNOSIS AND FUTURE PERSPECTIVES. As with
other neurodegenerative diseases, progression is inevitable
and generally more rapid than in AD, with death occurring
within 3 to 5 years in typical cases. Unlike uncomplicated
ALS, in which the mind is preserved, causing some individ-
uals to opt for feeding tubes, external ventilatory support,
and other life-sustaining measures, ALS-dementia complex
also produces severe intellectual decline, making justifica-
tion of such measures difficult.

Ongoing refinement of molecular and neurochemical
techniques promises to further resolve nosological distinc-
tions between patients within the FTLD spectrum.
PROGRESSIVE SUPRANUCLEAR PALSY

PATHOGENESIS AND PATHOPHYSIOLOGY. PSP is
another of the tauopathies. Although the anatomical sub-
strates underlying the parkinsonian and oculomotor dis-
turbances are relatively well understood (see Chapter 34),
those underlying the cognitive symptoms are not. In addi-
tion to mesocorticolimbic dopaminergic alterations (see
the section on Parkinson’s disease dementia), there is evi-
dence of more pronounced frontal lobe dysfunction than
in other subcortical dementias on the basis of neuropsycho-
logical tests157,158 and PET.159 These findings have been
attributed to primary striatal damage, which disrupts normal
processing in the frontostriatal “cognitive” circuit such that
frontal deafferentation occurs.157 Striatal damage could
also explain disruption in the anterior cingulate attention
and lateral-orbitofrontal social affect circuits (Video 55,
Supranuclear Gaze Paresis).157

Rarely, patients with PSP have variable degrees of apha-
sia, anomia, alexia, apraxia, or hemineglect, and some have
had a frank progressive perceptual-motor syndrome similar
to CBD.139 Anatomical distribution of degeneration is atyp-
ical in such cases and may be maximally present in the
parietal cortex. All 10 cases in another report had neocor-
tical tangles and neuropil threads; the density of tangles
was highest in Brodmann’s area 4.160 Pronounced transen-
torhinal and entorhinal cortical degeneration resulting in
hippocampal-isocortex disconnection similar to that occur-
ring in AD has rarely been observed in PSP with severe
dementia.

In summary, the typical subcortical pattern of dementia
probably reflects substrates that are similar to those found
in Parkinson’s dementia with greater physiological dis-
ruption of frontal lobe function, but atypical cases have
presented as definite cortical patterns of dementia due to
predominantly cortical patterns of pathology.

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of PSP is approximately three new cases per million per
year, and the prevalence is 1.5 cases per million, making
it approximately 1% as common as PD.161 Median survival
after symptom onset is approximately 6 or 7 years.161

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

In addition to the extrapyramidal and oculomotor abnorm-
alities that characterize PSP (Video 55, Supranuclear Gaze
Paresis) (see Chapter 34), certain cognitive features occur
that led to the characterization of subcortical dementia
and are discussed in the section on Parkinson’s dementia.
In addition, there are frontal lobe features that appear to
be more prominent than in other types of subcortical
dementia.158

DIFFERENTIAL DIAGNOSIS. PSP is part of the differ-
ential diagnosis of the patient with atypical parkinsonism
with dementia and is usually distinguished clinically on
the basis of the oculomotor disturbance and levodopa unre-
sponsiveness. PSP should also be considered in the differ-
ential diagnosis of other tauopathies, such as FTD and
CBD. Also, PSP can present in atypical ways, such as
FTD and nonfluent aphasia.162,163

EVALUATION. In addition to the evaluation outline for
PD and AD, SPECT and PET may show frontal and basal
ganglia hypometabolism.

MANAGEMENT. Severe dementia and psychosis is less
common in PSP than in PDD, although treatment consid-
erations are otherwise similar for Parkinson’s dementia.

PROGNOSIS AND FUTURE PERSPECTIVES. Disease
progression is similar (relentless) to that of other neurode-
generative conditions. Median survival after symptom
onset is 6 or 7 years, and patients are typically wheelchair
bound at least 1 year before death.
CORTICOBASAL DEGENERATION

PATHOGENESIS AND PATHOPHYSIOLOGY. The
characteristic pathological changes in CBD include asym-
metrical frontoparietal cortical atrophy with corresponding
neuronal loss and gliosis, substantia nigra degeneration,
swollen achromatic neurons, and tau-positive neuronal
and glial pathology.164,165 Variable degrees of degenera-
tion in other subcortical nuclei also occur. The achromatic
neurons immunostain positively to neurofilaments (Fig.
33-14). Some have regarded these neurons to be related
to Pick cells, although immunohistochemical and ultra-
structural analyses suggest that CBD can be differentiated
from Pick’s disease, PSP, and AD.165 CBD is a diffuse
cytoskeletal process characterized by the accumulation of
pathologic tau proteins. Impaired neurofilament phosphor-
ylation, transportation, or degradation or distal axonal
damage may be involved in the pathophysiology of neu-
ronal achromasia. Neuronal achromasia may therefore re-
present the end result of one or more pathophysiological
processes.

The profile of cognitive impairment reflects dysfunction
predominantly of frontal and parietal cortices, including
apraxia, psychomotor slowing, and visuoperceptual distur-
bances. Memory is also impaired. However, CBD pathol-
ogy has also been observed in occasional patients with
FTD and progressive aphasia.

EPIDEMIOLOGY AND RISK FACTORS. CBD was
originally described in 1967 by Rebeiz and colleagues.166

There are few data regarding epidemiology or risk factors,
although clinical experience suggests that the prevalence
may be similar to that of PSP or approximately 1% that of
PD. There has been little evidence of a familial tendency.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

The vast majority of cases have exhibited a progressive



Figure 33-14. Photomicrographs of achromatic neurons typical of cortical-
basal ganglionic degeneration using hematoxylin and eosin (H&E) (A)
and an immunostain for phosphorylated neurofilaments (B). Note the
swollen and pale appearance on H&E. The filaments in CBD are 13 to
28 nm in width, with periodic twists occurring every 169 to 202 nm (Part
A, H&E, 400�; Part B, monoclonal anti-neurofilament protein (2F11)
stain [DAKO Corporation], 400�). (Both courtesy of J. E. Parisi, Mayo
Clinic, Rochester, MN.)
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perceptual-motor syndrome, and the terms progressive
asymmetrical rigidity and apraxia syndrome and corticoba-
sal syndrome (CBS) have been proposed (Video 231, Corti-
cal Basal Degeneration).148,167 Less common presentations
with a similar histology include frontotemporal dementia
and progressive aphasia. Asymmetrical hyper-reflexia,
postural instability, frontal release signs, oculomotor impair-
ment, and hypokinetic dysarthria commonly occur. Dyspha-
gia begins insidiously in the latter stages of the disease, and
eventually aspiration pneumonia and death ensue.

Characteristic CBD histological findings have been
reported to coexist with Pick’s disease, PSP, and AD, and
alternate presentations with the same histology have
included FTD and progressive aphasia, as noted previously.

DIFFERENTIAL DIAGNOSIS. See the section on ACDS.
The most common misdiagnoses are stroke, PD, PSP, and
perhaps AD. CBD falls within the spectrum of ACDS, and
clinicopathological correlations are far from perfect, as pre-
viously discussed. Other degenerative histologies under-
lying a progressive apraxic or perceptual-motor syndrome
include nonspecific degeneration, AD, Pick’s disease, and
PSP.

EVALUATION. Neuroimaging is the most important
aspect in evaluating any focal-appearing cerebral syn-
drome, as discussed in the section on ACDS. A fairly con-
sistent finding on CT and MRI is asymmetrical cortical
atrophy, which is predominantly parietal with variable in-
volvement of contiguous regions in patients with a progres-
sive perceptual-motor syndrome. The laterality of atrophy
correlates with the laterality of clinical impairment.

Asymmetrical cortical (and subcortical) hypoperfusion
on SPECT is usually more extensive than the MRI appear-
ance of atrophy. Asymmetrical fluorodeoxyglucose corti-
cal hypometabolism and asymmetrical striatal fluorodopa
hypometabolism on PET are also found in this disorder,
but these tests should be regarded as ancillary.

The neurological and neuropsychological pattern of
deficits is distinctive and should not be mistaken for an
Alzheimer- or Parkinson-type pattern of dementia.

MANAGEMENT. Pharmacotherapy generally provides
minimal if any improvement in most symptoms,168 but an
empirical trial of levodopa is nonetheless reasonable and
will occasionally result in modest symptomatic ameliora-
tion of rigidity. Clonazepam may yield modest improve-
ment in myoclonus, but it may cause sedation with
worsening of balance and cognitive function. Botulinum
toxin injection can permit a clenched dystonic hand to be
opened for hygiene maintenance (Video 231, Cortical
Basal Degeneration). Pharmacotherapy should be supple-
mented with physical, occupational, and speech therapies.
Passive range of motion exercises may retard the develop-
ment of contractures. Ambulation becomes impaired in all
individuals at some point, hence the need for gait assis-
tance devices. Apraxia is often the most debilitating feature
of the disorder (Video 40, Apraxia). A home assessment by
an occupational therapist can aid in determining which
changes can be made to facilitate functional independence,
although experience to date has been disappointing. Speech
therapy and communication devices can optimize commu-
nication when dysarthria, apraxia of speech, or aphasia is
present, although they are generally of minimal benefit.
Therapists also counsel patients and families on swallow-
ing maneuvers and food additives to minimize aspiration
when dysphagia evolves. Decisions regarding placement
of feeding gastrostomy tubes should be discussed before
dysphagia becomes problematic.
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PROGNOSIS AND FUTURE PERSPECTIVES. Most
patients succumb to the disease in 7 to 10 years. Death
usually results from aspiration pneumonia or urosepsis.

The nosology of CBD167 and its relationship to other
tauopathies remains a point of controversy that may be
further clarified by ongoing molecular and neurochemical
strategies.156
HIPPOCAMPAL SCLEROSIS DEMENTIA

PATHOGENESIS AND PATHOPHYSIOLOGY. In a sub-
set of elderly individuals with dementia, hippocampal
sclerosis (HS) is the only remarkable autopsy finding.169

The cause of HS associated with dementia (HSD) is un-
known; there is rarely a history of seizures or of a global
cerebral hypoxic-ischemic event, which are known causes
of HS in other settings. It has been suggested that HSD is
due to occult hypoxic/ischemic episodes or limbic enceph-
alitis. A large subset of HSD cases have a distinctive
cerebral neuronoglial tauopathy170 that suggests that this
condition should be classified as neurodegenerative.

EPIDEMIOLOGY AND RISK FACTORS. The frequency
of HS in autopsy series of elderly demented people has
been reported to be as low as 0.4% and as high as 26%.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

During life, these cases are usually diagnosed as AD since
they typically present with memory loss that progresses to
dementia. To date, antemortem distinction of HSD from
AD has not been reliable, even with extensive neuropsycho-
logic test batteries.170 Some patients have been thought to
resemble FTD as well.

DIFFERENTIAL DIAGNOSIS. Alzheimer’s disease and
FTD currently appear to be the most similar clinically,
but so little is known that further refinement should be
expected in the future.

EVALUATION. As for Alzheimer’s disease.
MANAGEMENT. As for Alzheimer’s disease.
PROGNOSIS AND FUTURE PERSPECTIVES. Basic

clinicopathological correlation is probably most needed at
this early stage. With increasing numbers of well-studied
cases, the clinical characteristics of this condition will be
more clearly defined.
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Startle Syndromes
Other Tic Disorders
HISTORY

Because they attract visual attention, movement disorders
have been described in both medical and nonmedical histor-
ical material for hundreds of years. Early etiological expla-
nations reflected the knowledge and prejudices of their
times, with various life forces and demonic possession being
cited as common causes. The original clinical descriptions of
these disorders, however, extend far beyond historical inter-
est and are important documents rich in details of phenome-
nology and natural history. Gilles de la Tourette syndrome,
although not named until the 19th century, was vividly
described in the Malleus Maleficarum (1489), and Paracel-
sus described various forms of chorea in careful detail. Par-
kinson’s disease, the prototypical movement disorder, was
first reported by James Parkinson in 1817, and his succinct
and vibrant description of the disease in the context of the
pollution of London during the industrial revolution not only
covered the major clinical features of the disease but also
suggested the possibility of a causative role of environmental
toxins. Specifically, in the United States, the country practi-
tioner George Huntington extensively described Hunting-
ton’s chorea in the 1800s, basing his description on his and
his father’s experiences with a large New York kindred.
Clear phenomenological descriptions occupied primary
attention during the 19th century, largely steered by the
supervision of Charcot and other European neurologists. In
the first half of the 20th century, a clearer focus was placed
on the basal ganglia due to early histological and biochemical
studies. The molecular, biological, and physiological bases
of both hypokinetic and hyperkinetic disorders have received
primary attention during the past “decade of the brain.”

HYPOKINETIC MOVEMENT DISORDERS

Parkinson’s Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. Patho-

logical findings of Parkinson’s disease (PD) include
depigmentation and neuronal loss in the substantia nigra
(SN) and the presence of Lewy bodies and pale bodies
(Fig. 34-1). Because the degenerating cells in the SN
normally synthesize the neurochemical dopamine, the
pathophysiological hallmark of PD is dopaminergic under-
activity at the site of these cells’ axonal projection—that is,
the striatum (caudate nucleus and putamen) (Fig. 34-2).
Lewy bodies are eosinophilic inclusions composed of
neurofilament, tubulin components, a-synuclein, and ubi-
quitin. Pale bodies are composed of neurofilament inter-
spersed with vacuolar granules. Besides the substantia
nigra, they are also present in the basal ganglia, cortex,
brain stem, spinal cord, and even in the sympathetic gang-
lia, myenteric plexus, and cardiac plexus. Although charac-
teristic of PD, Lewy bodies are also seen in Alzheimer’s
disease, neurodegeneration with brain iron accumulation
(Hallervorden-Spatz disease), ataxia-telangiectasia, and,
rarely, in patients without clinical neurological disease.

The mechanism of Lewy body formation and cell death
in PD is not known, but the degenerative process is highly
localized at the beginning of the illness. Anatomical studies
have found that the area first affected in the disorder is
the pars compacta in the ventrolateral SN (SNpc), with its
fibers projecting to the putamen. Neurochemical changes
resulting from this selective neurodegeneration consist
mainly of loss of dopamine (DA), and it is estimated that
60% to 85% of nigral neurons and striatal DA is lost prior
to the development of PD symptoms. The traditional view
that the pathological process in PD starts with degeneration
of dopaminergic neurons in SNpc has been challenged by
Braak and colleagues,1 who proposed a six-stage patho-
logical process. During the presymptomatic stages 1 and
2, the Lewy bodies remain confined to the medulla oblon-
gata and olfactory bulb. In stages 3 and 4, the SN and basal
forebrain become involved, and in stages 5 and 6, the
pathological process encroaches upon the telencephalic
cortex. Although the Braak staging has gained widespread
popularity, no cell counts have been done to correlate with
the described synuclein pathology.
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Figure 34-1. (A) An isolated Lewy body and (B) a distinctive eosinophilic
cytoplasmic inclusion body found in the substantia nigra of Parkinson’s
disease.
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The most actively studied hypothesis of the origin of PD
has focused on the possibility that the natural proteasomal
activity in the brains of patients with PD may be impaired,
thus leading to abnormal protein aggregation. Postmortem
studies of brains of patients with PD have provided evi-
dence that proteasomal function is selectively impaired in
the SN.2 Aggresomes, centrosome-associated structures
that sequester proteasomal components, normally localize
in the perinuclear area presumably to guard the nucleus
and protect other organelles from exposure to the poten-
tially toxic proteins, but in PD the normal aggresome for-
mation is impaired and therefore these cells do not
benefit from the potentially cytoprotective response. This
finding is one piece of growing evidence that inhibition
of the ubiquitin-proteasome pathway leads to altered pro-
tein handling and Lewy body formation. Thus, as a result
of an age-related or disease-related impaired proteasomal
system, both normal and abnormal proteins accumulate
and aggregate to form Lewy bodies. Although Lewy bodies
were once considered to be toxic, they are now thought to
actually serve a protective role by absorbing the unwanted
proteins. The neuronal loss in PD is presumably due to a
failure of ubiquitination and proteasomal degradation
resulting in accumulation of aggregated proteins that pro-
mote oxidative stress, disrupt intracellular processes, and
induce apoptosis. Metabolic pathways for DA generate
numerous by-products that include hydrogen peroxide,
superoxide anions, and hydroxy radicals. Interaction
between these chemicals and membrane lipids leads to
lipid peroxidation, membrane disruption, and, potentially,
cell death. In support of this hypothesis, several observa-
tions are pertinent: (1) Glutathione peroxidase, a tripeptide
normally present in brain that is reduced with oxidative
stress, is markedly reduced in the SN of patients with
PD; (2) elemental iron, which can facilitate the formation
of free radicals in the nervous system, is increased in the
brains of PD patients; (3) the iron-chelating protein ferritin
is decreased or of normal concentration in PD so that com-
pensatory increases to handle elemental iron do not occur;
and (4) specific enzymatic activity defects in complex 1 of
the mitochondrial respiratory chain appear to occur in the
SN of the brains of patients with PD. Although all these
events develop and probably reflect or provoke oxidative
stress in the SN, the actual precipitant, whether genetic,
environmental, dietary, or multifactorial, remains to be
determined.

Although the cardinal motor signs of PD, such as tremor,
bradykinesia, rigidity, and postural instability, are primar-
ily related to dopaminergic deficiency, many of the other
motor and nonmotor signs that do not respond to levodopa
are probably mediated through other neurotransmitter sys-
tems.3 Thus, norepinephrine and serotonin deficiency result-
ing from degeneration of the lower brain stem nuclei, locus
caeruleus and dorsal raphe, respectively, may be associated
with depression and anxiety, whereas cholinergic deficit
may lead to cognitive impairment.4

EPIDEMIOLOGY AND RISK FACTORS. Population-
based surveys in the United States, Portugal, and Italy have
reported that the prevalence of PD ranges from 107 to 187
per 100,000 population.5 A community study of the elderly
in a suburb of Boston, however, found parkinsonian features
in 159 of 467 (34%) individuals aged 65 years or older.6 This
study suggests that at least one-third of the elderly exhibit
some evidence of PD or other parkinsonian disorders.

Although both environmental and inherited factors have
been implicated in the pathogenesis of PD, no specific
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cause has been found. Case-controlled studies have docu-
mented an increase in risk for PD associated with a family
history of PD, insecticide exposure, herbicide exposure,
rural residency at the time of diagnosis, well water expo-
sure, and nut or seed eating 10 years prior to diagnosis.7

Study of time trends over 15 years in the incidence of par-
kinsonism in Olmsted County, Minnesota, found no evi-
dence of major environmental risk factors for PD.8

Exposure to hydrocarbon solvents has been associated with
earlier onset of symptoms and more severe PD and other
forms of parkinsonism.9,10 In one study, welders with
PD were found to have their onset of PD an average of
17 years earlier than a control population of PD patients,
suggesting that welding, possibly by causing manganese
toxicity, is a risk factor for PD.11 Critical review of the lit-
erature, however, provides no evidence that welding is
associated with an increased risk of PD.12 Numerous
reports suggest the possibility that the frequency of PD is
decreased in patients with a history of cigarette smoking
and caffeine consumption.13–15 The best studied model
of parkinsonism is that produced by 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP), a meperidine analogue
first developed during the production of an illicit drug.
This compound, when injected intravenously, produces
parkinsonism in humans and animals.16

Twin studies and other family studies suggest that
genetic predisposition plays an important role in the devel-
opment of some forms of PD.17 The original gene locus in
one autosomal dominant pedigree was isolated to chromo-
some 4q21.23 and was later found to involve Ala53thr
substitution in the a-synuclein gene.18 It has been hypothe-
sized that this and other mutations cause the natively un-
folded a-synuclein protein to alter its secondary structure,
ubiquitinate, and self-aggregate.19 The application of quan-
titative real-time polymerase chain reaction amplification
of the a-synuclein gene exons showed results consistent
with whole gene triplication in a large family with auto-
somal dominant, young-onset parkinsonism, dysautonomia,
cardiac denervation, dementia, with Lewy bodies and glial
cytoplasmic inclusions at autopsy.20

In addition to mutations in the gene coding for a-
synuclein, there is a growing number of parkinsonian
disorders associated with specific genetic defects. For
example, one of the most common causes of young-onset
parkinsonism is an autosomal recessive form of PD (ARPD)
due to mutations in the gene called Parkin (PARK2) on
chromosome 6q25.2–27. This 500-kilobase, 12-exon gene
encodes a 465-amino acid protein containing an N-terminal
ubiquitin-like motif and C-terminal RING finger motif.
Multiple mutations have been identified in this gene among
families with this levodopa-responsive form of PD.21 Par-
kin, the protein product of the Parkin gene, is expressed
in SN and other brain regions as well as in Lewy bodies of
patients with PD.22 Normal parkin is thus involved in ubi-
quitination and subsequent degradation of certain proteins,
but mutated parkin protein loses this activity and thus may
lead to an accumulation of proteins yet to be identified. This
process could cause a selective neural cell death without
formation of Lewy bodies. In contrast to typical PD, patients
with ARPD often present with a dystonic gait during early
adulthood. The mean age at onset of this variant is 25 years,
but the disease may not present until age 58. Parkin gene
mutation phenotypes range from dopa-responsive dystonia
to young-onset PD with early levodopa-induced dyskinesias
and to otherwise typical PD. In one study, 36 of 73 (49%)
families with PD onset at 45 or younger had a mutation in
the Parkin gene: 10 of 13 (77%) patients with onset at 20
or before and 2 of 64 (3%) patients with onset at 30 or
later.23 Another gene locus for PD has been found on chro-
mosome 2p13.24 This locus (PARK3) was detected in a
group of European families with a mean age at onset of 59
years. Although some members of the kindreds had promi-
nent dementia, the autopsy in some cases confirmed the
typical pathological features of PD, including Lewy bodies.
An autosomal dominant, levodopa-responsive Lewy body
parkinsonism has been mapped to chromosome 4p15.7
(PARK4).25 The haplotype also occurred in members of
the family who did not have any clinical evidence of parkin-
sonism but, rather, exhibited postural tremor phenomeno-
logically identical to essential tremor (ET). This finding and
other data provide further evidence that PD and ET may
be associated and genetically related.26 The finding of a
mutation in the deubiquinating enzyme ubiquitin carboxy-
terminal hydrolase L1 (UCH-L1) gene on 4p14 in one
German family with autosomal dominant PD (PARK5)27

further supports the concept that an impairment of normal
protein degradation is an important mechanism of neurode-
generation in PD. Two loci on chromosome 1 have been
found to be associated with autosomal recessive, early onset
parkinsonism: 1p35–36 (PARK6)28 and 1p36 (PARK7).29

Mutation in the PTEN-induced kinase 1 (PINK1) gene,
chromosome 1p36, was identified in three consaguinous,
autosomal recessive families with early onset parkinsonism
(PARK6).30 The PINK1 gene codes for a putative serine-
threonine kinase, located in the mitochondria, thus provid-
ing further support for the role of oxidative stress in the
pathogenesis of PD. Patients with PINK1 mutation may be
indistinguishable from those with typical PD or from those
with Parkin mutations.31,32 Although located in the same
chromosomal region, 1p36, another autosomal recessive
form of PD has been identified and found to be caused by a
mutation in the DJ-1 gene. This form of PD, designated as
PARK7, is manifested by a range from slow progression
and mild hypokinesia to severe parkinsonism, dementia,
motor neuron disease, and levodopa-induced motor fluctua-
tions and psychiatric disturbances.33,34

Another locus, mapped to 12p11.23-q13.11 (PARK8),
has been identified in a Japanese family with typical PD
inherited in an autosomal dominant pattern with incomplete
penetrance.35 This novel gene, called LRRK2 (leucine-rich
repeat kinase 2), belongs to the ROCO protein family and
includes a protein kinase domain of the MAPKKK class
and several other major functional domains.36 The gene pro-
duct, a protein called “dardarin” (from the Basque word dar-
dara, meaning tremor), is a novel protein that probably
functions as a cytoplasmic kinase involved in phosphory-
lation of proteins, such as a-synuclein and tau. Dardarin
protein contains 2527 amino acids (AA) (in contrast to
a-synuclein protein, which contains only 140 AAs) encoded
by 51 exons. The course of the disease is relatively benign,
usually presenting with unilateral hand or leg tremor with-
out cognitive deficit; patients respond well to levodopa.
Other clinical phenotypes have included parkinsonism
with dementia or amyotrophy or both and otherwise typical
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essential tremor.37 An autopsy examination of some patients
with this mutation demonstrated variable pathology, ranging
from Lewy body and neurofibrillary tangle pathology to no
pathological changes.36 Other postmortem findings show
brain stem dopaminergic degeneration consistent with Lewy
body PD, diffuse Lewy body disease, nigral degeneration
without distinctive histopathology, progressive supranuclear
palsy-like pathology, and even b-amyloid deposits in anterior
horn cells. This mutation has been found to be particularly
frequent in people with PD of North African origin and in
approximately one third of familial PD cases of Ashkenazi
Jewish origin.37–39 Also known as the Kufor-Rakeb syn-
drome (PARK9), this levodopa-responsive parkinsonism
has also been associated with spasticity, dementia, supra-
nuclear gaze palsy, and globus pallidus atrophy on imaging
studies. The disorder has been linked to chromosome 1p36,
but no gene has been identified.40 These genetic discoveries
have important implications for genetic counseling.41

In addition to these parkinsonism-related gene loci, there
may be multiple genetic factors important in the pathogen-
esis of PD and other parkinsonian disorders. In a complete
genomic screen of 174 families with multiple individuals
diagnosed with PD involving a total of 870 family mem-
bers (378 with PD), Scott and colleagues42 found LOD
scores ranging from 1.5 to 5.47 indicative of linkage to
the following five chromosomal regions: 6 (in the Parkin
gene), 17q (in the Tau gene), 8p, 5q, and 9q.

CLINICAL FINDINGS AND ASSOCIATED DISORDERS.

The cardinal features of PD include resting tremor, rigidity,
bradykinesia, and postural instability. Many movement dis-
order specialists consider a good response to levodopa or
dopamine agonists useful in clinically supporting the diag-
nosis. The rest tremor usually consists of an oscillatory
movement of 4 to 7 Hz frequency that involves the limbs,
jaw, face, and tongue but almost never involves the head
(Video 59, Rest Tremor). The tremor of the forearm is
often pronating and supinating, whereas the hand tremor
has been described as “pill-rolling” (Video 67, Parkinson-
ian Rest Tremor). Early in the course of the disease, the
tremors and other signs are usually asymmetrical but even-
tually become bilateral. In addition to the rest tremor that is
so distinctive of PD, most patients also have a postural tre-
mor, which is evident with the hands extended or in action.
This postural tremor probably represents re-emergence of
rest tremor or coexistent ET (see later discussion). Tremor
in patients with ET, in contrast to PD, often involves not
only the hands but also the head and voice, rarely affects
the legs, and improves frequently with alcohol, proprano-
lol, or primidone. Some PD patients or their relatives have
an associated postural tremor that appears as ET and pre-
cedes the onset of PD symptoms by several years or de-
cades, suggesting a possible link between the two
conditions, at least in some families.

Bradykinesia (slowness of movement) or hypokinesia
(poverty of movement) is manifested by slowing of activ-
ities of daily living, such as dressing, feeding, brushing
teeth, and bathing (Video 61, Bradykinesia). Other features
of bradykinesia or hypokinesia include masked facies
(hypomimia), hypokinetic dysarthria, drooling, and slow
and small handwriting (micrographia). On examination,
rapid alternating movements are performed slowly and with
decreasing amplitude. In more advanced stages, frequent
arrests of movement, called “freezing” or “motor blocks,”
may be seen. These are manifested by an interruption in fin-
ger tapping or hand clasping, start hesitation such as an
inability to initiate gait or other movements, and freezing
when turning or walking through narrow passages (Video
90, Freezing of Gait).

Postural instability also often occurs in the more
advanced stages of the disease. This gait and postural diffi-
culty is frequently accompanied by small steps and festina-
tion, a tendency when standing or walking to propulse
involuntarily or to retropulse and fall. In the distinctive
“pull test” the examiner stands behind the patient and tugs
briskly on the shoulders; the PD subject takes several small
steps backward, possibly falling into the examiner’s arms
(Video 68, Postural Reflex Impairment).

Most of the other signs of PD represent variations of
these cardinal characteristics: sialorrhea, dysphagia, diffi-
culty in turning in bed, and ambulatory problems that
become progressively worse. Sleep disruption is common
in PD patients, who demonstrate fragmented sleep and fre-
quent awakenings. Studies suggest that a distinctive sleep
aberration, rapid eye movement behavioral disorder (see
Chapter 54), may be a frequent early element of PD. Addi-
tionally, akathisia, an uncomfortable feeling that drives the
patient to move, can be a prominent and poorly appreciated
aspect of untreated PD, and this behavior may be related
to dopaminergic dysfunction. Besides motor symptoms,
PD patients may also exhibit several behavioral changes,
including depression in at least one-third of patients and
dementia in an equal proportion. Frontal release, or “corti-
cal disinhibition” signs, may be seen, but they are not spe-
cific for PD. Pain, burning, coldness, numbness, and other
sensory symptoms, often wrongly attributed to bursitis or
arthritis, are reported by approximately half of patients.
Joint deformities, known as striatal hand or striatal foot,
and other skeletal deformities, such as scoliosis and camp-
tocormia, are also often attributed to arthritic or orthope-
dic problems (Fig. 34-3).43,44 Seborrhea, particularly that
involving the face, and constipation are examples of
systemic involvement in PD.

The mean age of clinical onset of PD is the mid-50s, but
the range is very wide, and some patients present in their
20s and 30s, whereas others show no signs until their
80s. Although there are many exceptions, young patients
often present with tremor-predominant disease and elderly
patients with gait dysfunction and akinesia. Juvenile PD
is a childhood and adolescent disease, presenting with par-
kinsonism and dystonia, and has a different histological
appearance than PD.

DIFFERENTIAL DIAGNOSIS. In addition to PD, there
are many other causes of parkinsonism (Table 34-1). The
second most common group is the parkinsonism-plus syn-
dromes (12%), a conglomerate term for a large number of
degenerative disorders in which parkinsonism is one of
several neurological features (Video 58, High-Amplitude
Tremor). Drug-induced parkinsonism (8%) and heredo-
degenerative conditions, such as juvenile Huntington’s
disease, are less frequent. Cyanide intoxication and carbon
monoxide poisoning associated with bilateral pallidal
necrosis are examples of an acute cause of parkinsonism,13

and other toxins such as carbon disulfide and manganese
can also produce parkinsonism, the latter often preceded



Figure 34-3. Typical striatal hand deformity in the right handwithmarked flexion of fingers in the left hand resulting in severe flexion-contracture. (Reproduced
from Ashour R, Tintner R, Jankovic J: “Striatal” hand and foot deformities in Parkinson’s disease. Lancet Neurol 2005;4:423–431.)
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by psychiatric difficulties (“manganese madness”) (Video
41, Carbon Monoxide Intoxication Parkinsonism). Reversi-
ble parkinsonism is caused by drugs, especially neuroleptics
and metoclopramide, and lesser known agents such as
a-methyldopa, reserpine, amiodarone, and certain calcium
channel blockers must also be considered in the differential
diagnosis. Finally, patients in whom PD is suspected should
be screened for potential illicit narcotic exposure, a travel
history, or an underlying medical illness such as acquired
immunodeficiency syndrome that would predispose them
to opportunistic infections including abscesses. A family
history of neurological disorders should be obtained as well.
A past medical history of stroke or hypertensionmay suggest
a subcortical vascular encephalopathy presenting with
parkinsonian features, and old meningitis or head trauma
could suggest normal pressure hydrocephalus presenting
with freezing, festination, and a gait disorder sometimes
confused with parkinsonism (Video 54, Normal Pressure
Hydrocephalus; Video 233, Vascular Parkinsonism).

EVALUATION. When all four cardinal characteristic
signs are present, and the patient shows a brisk response to
dopaminergic therapy, the diagnosis is straightforward. Part
of the workup usually includes a magnetic resonance ima-
ging (MRI) scan searching for evidence of alternate diag-
noses such as stroke, intoxications, or other degenerative
disorders.45

MANAGEMENT. The large array of drugs used in the
treatment of PD is outlined in Table 34-2 with standard doses
and side effects. Treatment of symptomatic PD is based pri-
marily on restoring a deficiency of DA due to a loss of
dopamine-producing cells in the SN.45 This neurotransmitter
is synthesized from the amino acid tyrosine. The conversion
of tyrosine to levodopa is facilitated by the rate-limiting
enzyme tyrosine hydroxylase; levodopa is in turn converted
into dopamine by the nonspecific enzyme dopa-decarboxy-
lase. These dopaminergic neurons synapse with cholinergic
interneurons and g-aminobutyric acid (GABA)-ergic outflow
neurons in the striatum.

Five subtypes of DA receptors have been identified; the
D1 and D2 receptors are most prominent in the striatum,
and the D3, D4, and D5 receptors are present in the limbic
system and other dopaminergic pathways. The D1 receptor
is linked to adenylate cyclase. In contrast, the D2 receptor
is activated by DA and DA agonists. The different roles
of D1 and D2 receptors in regulation of striatal function
have not been fully defined, but the D2 receptor appears
to be more important in mediating the parkinsonian symp-
toms. In the brain in PD, the D1 receptors in the striatum
appear to be reduced (downregulated), whereas the D2 recep-
tors are increased (upregulated).46 As a result of nigrostriatal
deficiency, activation of the indirect D2-mediated, inhibitory
(GABA) striatopallidal pathway is increased, resulting in
disinhibition of the subthalamic nucleus and the globus
pallidus internum (GPi), the main output nucleus from the
basal ganglia. The increased activation of the GPi is further
enhanced by disinhibition of the decreased activity of the
direct D1-mediated, inhibitory (GABA) striatopallidal
pathway (see Fig. 34-2).

The most effective treatment for the symptoms of PD is
levodopa, but the chronic use of levodopa is complicated
by the development of two motor problems, namely, fluc-
tuations and dyskinesias in approximately half the patients
after 5 years of therapy. Fluctuations are irregular and
clinically unpredictable responses to medications, and dys-
kinesias are involuntary, usually choreic but sometimes
dystonic movements that are drug induced (Video 250,
Levodopa-Induced Dyskinesias). Levodopa is absorbed in
the small intestine via a large neutral amino acid trans-
porter system and is then converted to DA by the ubiqui-
tous enzyme dopa-decarboxylase. Conversion to DA
outside the blood-brain barrier activates the area postrema
and is largely responsible for some of the early side effects
of levodopa, particularly nausea and vomiting. The addition
of dopa-decarboxylase inhibitors that do not cross the blood-
brain barrier (e.g., carbidopa or benserazide) minimizes DA
formation in the periphery and greatly improves patient tol-
erance to therapy. This is the concept behind the use of the
carbidopa-levodopa combination (e.g., Sinemet), which is
prescribed as a ratio of carbidopa to levodopa (25/100, 25/
250, or 10/100) and has become available in a controlled-
release formulation (CR 50/200 or CR 25/100). Approxi-
mately 100 mg of carbidopa per day is needed for effective



TABLE 34-1

Classification of Parkinsonism

I. Primary parkinsonism
Parkinson’s disease
Juvenile parkinsonism

II. Multiple system degenerations (parkinsonism-plus syndromes)
Progressive supranuclear palsy (PSP)
Multiple system atrophy (MSA)
Striatonigral degeneration (SND)
Olivopontocerebellar atrophy (OPCA)
Shy-Drager syndrome (SDS)

Lytico-Bodig or parkinsonism-dementia-ALS complex of Guam
(PDACG)

Cortical-basal ganglionic degeneration (CBGD)
Progressive pallidal atrophy

III. Hereditary parkinsonism
Hereditary juvenile dystonia-parkinsonism
Autosomal dominant Lewy body disease
Huntington’s disease (HD)
Wilson’s disease (WD)
Hereditary ceruloplasmin deficiency
Hallervorden-Spatz disease (HSD), also known as
neurodegeneration with brain iron accumulation type I (NBIA-I)
Olivopontocerebellar and spinocerebellar degenerations (OPCA
and SCA)

Familial amyotrophy-dementia-parkinsonism
Disinhibition-dementia-parkinsonism-amyotrophy complex
Gerstmann-Strausler-Scheinker disease
Familial progressive subcortical gliosis
Lubag (X-linked dystonia-parkinsonism)
Familial basal ganglia calcification
Mitochondrial cytopathies with striatal necrosis
Ceroid lipofuscinosis
Familial parkinsonism with peripheral neuropathy
Parkinsonian-pyramidal syndrome
Neuroacanthocytosis (NA)
Hereditary hemochromatosis

IV. Secondary (acquired, symptomatic) parkinsonism
Infectious: postencephalitic, AIDS, SSPE, Creutzfeldt-Jakob
disease, prior diseases

Drugs: dopamine receptor–blocking drugs (antipsychotic,
antiemetic drugs), reserpine, tetrabenazine, a-methyldopa,
ithium, flunarizine, cinnarizine

Toxins: MPTP, CO, Mn, Hg, CS2, cyanide, methanol, ethanol
Vascular: multi-infarct, Binswanger’s disease
Trauma: pugilistic encephalopathy
Other: parathyroid abnormalities, hypothyroidism, hepatocerebral
degeneration, brain tumor, paraneoplastic diseases, normal
pressure hydrocephalus, noncommunicating hydrocephalus,
syringomesencephalia, hemiatrophy-hemiparkinsonism,
peripherally induced tremor and parkinsonism, and
psychogenic disorders
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peripheral blockade. Although carbidopa is useful in pre-
venting the “peripheral” side effects of levodopa, the motor
side effects of fluctuations and dyskinesia as well
as psychiatric reactions, such as confusion, delusions, and
visual hallucinations, are not prevented or ameliorated by
its addition to levodopa. Despite the theoretical concern that
dopamine is neurotoxic, this is not supported by a large, mul-
ticenter study, the ELLDOPA trial, evaluating the effects of
levodopa on progression of PD in 361 patients with no prior
anti-PD treatment and not requiring symptomatic therapy.
These patients were randomized to placebo or levodopa at
150, 300, or 600 mg/day for 40 weeks, followed by a 2-week
washout (extended to 4 weeks for a subset of patients).47

This study is consistent with other in vivo studies that have
found no evidence that levodopa is toxic.
As patients continue to take levodopa, they often begin
to report a “wearing-off” or end-of-dose deterioration in
mobility, which is thought to result from a reduced dura-
tion of therapeutic plasma and brain levels of levodopa.48

A typical patient may also notice dyskinesias or involun-
tary movements related to peak plasma levodopa levels
(“peak dose dyskinesia”). Most patients have this pattern
of response characterized by improvement-dyskinesia-
improvement (IDI). Approximately 15% of patients who
are treated chronically with levodopa experience initial
dyskinesia within a few minutes after ingestion of levo-
dopa; this is followed by an improvement in parkinsonian
symptoms for 2 to 4 hours and then by subsequent recur-
rence of dyskinesia, usually in the form of dystonia. This
diphasic dyskinesia pattern of dyskinesia-improvement-
dyskinesia is referred to as the DID response. Treatment of
these motor fluctuations is based on “smoothing out” the
plasma concentration curves by giving more frequent smal-
ler doses of levodopa, converting to the controlled-release
form of levodopa, or, in the patient with markedly advanced
disease, titrating the medication by having the patient sip
very small quantities of Sinemet dissolved in water or juice
every 30 or 60 minutes throughout the waking day.49 In
patients with advancing disease who have had prolonged
levodopa therapy, more complex and less predictable (“on-
off”) motor fluctuations occur. For instance, patients may
change from relatively normal function to a frozen akinetic
state in as few as 15 seconds (sudden on-off), or they may
develop severe dyskinesia at both the peak effect of the levo-
dopa dose and the end of the dose (biphasic dyskinesia). The
mechanism of these motor fluctuations and dyskinesias is
not well understood, but there is a growing body of evidence
supporting the notion that some of these problems arise from
the combination of loss of presynaptic DA storage capacity
and postsynaptic receptor alterations.50

In the 1980s, the monoamine oxidase-B (MAO-B) inhib-
itor deprenyl (selegiline) was reported to delay the clini-
cal progression of PD. In a large multicenter trial, the
Deprenyl and Tocopherol Antioxidative Trial of Parkinson’s
Disease (DATATOP), deprenyl but not tocopherol delayed
the need for levodopa by approximately 9 months.51

Whether this is due to deprenyl’s beneficial effect on the par-
kinsonian symptoms or to a putative neuroprotective action
is a subject of continued debate. Other MAO-B inhibitors,
such as lazabemide, have been evaluated in PD as well,
but long-term protocols aimed at defining neuroprotective
mechanisms have not been carried out.

In the early stages of PD, anticholinergic (e.g., trihexy-
phenidyl) therapy may provide moderate improvement.
This strategy is based on the neurochemical competition
between DA and acetylcholine in the striatum. Amanta-
dine, an antiviral agent, has mild dopaminergic activity
and possibly anticholinergic action as well. Amantadine
and anticholinergic agents may produce dry mouth, nausea,
vomiting, blurring of vision, visual hallucinations, and other
mental changes. Because of the anticholinergic side effects,
patients with glaucoma, prostatic hypertrophy, and dementia
may experience exacerbations of these conditions with these
agents. Amantadine may also cause pitting edema and livedo
reticularis, a purplish-reddish mottling of the skin, particu-
larly the skin below the knees; it should be avoided in
patients with impaired renal function.



TABLE 34-2

Medications for Parkinson’s Disease

MEDICATION DOSAGE SIDE EFFECTS

Dopaminergic Drugs

Precursor amino acid: levodopa Nausea, hypotension, confusion, hallucinations, dyskinesia
Carbidopa/levodopa 10/100, 25/100, 25/250, 100–1000

mg/day
Controlled release 25/100, 50/200, 200–1400 mg/day

Dopamine agonists Somnolence, confusion, hallucinations, hypotension
Bromocriptine 2.5–60 mg/day
Pergolide 0.25–6.0 mg/day
Pramipexole 0.25–6.0 mg/day
Ropinirole 0.25–6.0 mg/day

Monamine oxidase B inhibitor Sleep disturbance, lightheadedness, hallucinations
Selegiline (deprenyl)
Rasagiline

5–10 mg/day
1 mg/day

Indirect agonist
Hallucinations, dry mouth, livedo reticularis, ankle swelling,

myoclonic encephalopathy in setting of renal failure
Amantadine 100–300 mg/day

Catecholamine-O-methyl
transferase inhibitor (used in
conjunction with levodopa)

Dyskinesia, lightheadedness, diarrhea, orange urine

Tolcapone 300–600 mg/day
Entacapone 200 mg, 2–8 times/day with each

dose of carbidopa/levodopa

Other Drug Classes

Anticholinergics Confusion, sleepiness, blurred vision, constipation
Trihexyphenidyl 2–15 mg/day
Biperidine 1–8 mg/day

Novel neuroleptics: used for
psychosis and unusual tremor
Clozapine 12.5–100 mg/day Fatal neutropenia, somnolence
Quetiapine 12.5–100 mg/day Somnolence, potential aggravated parkinsonism

Miscellaneous

Amitriptyline: used for sleep
fragmentation

10–50 mg/day at bedtime Dry mouth, forgetfulness, blurred vision, constipation

Baclofen: used for dystonic
cramps

10–80 mg/day Sleepiness, dizziness
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Since the introduction of bromocriptine and pergolide,
DA agonists, which are agents that stimulate dopamine
receptors, have played an increasingly important role in
the treatment of PD. Because these medications have a
relatively long half-life, they are used most frequently to
prolong the effects of levodopa and thus smooth out motor
fluctuations. Whereas some movement disorder specialists
advocate the use of DA agonists in the early phases of
pharmacological therapy, others introduce DA agonists
after the dose of levodopa has reached 300 to 600 mg/
day or when levodopa-related fluctuations emerge. Side
effects associated with DA agonists include nausea, drows-
iness, confusion, hallucinations, orthostatic hypotension,
exacerbation of dyskinesias, erythromelalgia, and, rarely,
pulmonary fibrosis. The latter two side effects have been
attributed to the ergot structure of pergolide and bromo-
criptine, and they almost never occur with the non-ergoline
DA agonists pramipexole and ropinirole. Although gam-
bling and compulsive shopping have been attributed to
dopamine agonists, this adverse effect may be a nonspecific
dopaminergic effect.52

As a result of new findings suggesting levodopa sparing
and possibly neuroprotective effects of DA agonists, their
role in the management of PD has shifted from being pri-
marily used late in the disease in conjunction with levo-
dopa (adjunctive therapy) to being also used as early
symptomatic treatment. Several studies have demonstrated
that when introduced in early stages of PD, dopamine ago-
nists provide adequate symptomatic benefit and delay the
need for levodopa, thus minimizing the risk of levodopa-
related dyskinesias and motor fluctuations.53,54 A 4-year
follow-up of patients initially randomized to receive levo-
dopa or pramipexole (the CALM-PD study) found that
(1) initial treatment with pramipexole was associated with
a significant reduction in the risk of developing dyskinesias
(24.5% vs. 54.0%; hazard ratio, 0.37; P < 0.0001) and
wearing off (47.0% vs. 62.7%; hazard ratio, 0.68; P ¼
0.02), but there was no difference between the two groups
in disabling dyskinesias; (2) initial levodopa treatment
resulted in a significant reduction in the risk of freezing
(25.3% vs. 37.1%; hazard ratio, 1.70; P ¼ 0.01); (3) the
improvement in mean total UPDRS was greater with levo-
dopa than with pramipexole (2.0 � 15.4 vs. -3.2 � 17.3
points, P ¼ 0.003); (4) pramipexole treatment was asso-
ciated with a higher risk of somnolence (36% vs. 21%,
P ¼ 0.005) and edema (42% vs. 15%, P ¼ 0.001); and
(5) there was no difference in quality of life.55 This study,
coupled with the ELLDOPA study, has resulted in some
modification of the strategy to delay the use of levodopa
as long as possible and many clinicians are now using levo-
dopa in early treatment of PD, particularly in elderly
patients or in patients who may be slightly cognitively



TABLE 34-3

Algorithm for Managing Parkinson’s Disease at Different
Phases

For All Patients

Education, physical or exercise therapy, good nutrition

For Patients with No Clinically Significant Disability

Consider selegiline.
Consider referral to study centers for trials of new neuroprotective

strategies.

For Patients with Clinically Significant Disability

Job security threatened or health endangered
Levodopa, usually controlled-release formulation

Job security NOT threatened and health NOT endangered
Young and tremor-predominant disease: anticholinergic drugs,
amantadine, selegeline
Older patients: amantadine, dopamine agonists
Elderly patients or cognitively impaired: levodopa

Above Patients with Progressive Disability

Add levodopa either as controlled-release or standard formulation
Once on levodopa, if added prolongation of effect is needed, add

selegiline if patient is not currently taking it or, in the future,
catechol-O-methyl (COMT) transferase inhibitors may become
available.

Patients with Specific Complications

Patients on levodopa who develop motor fluctuations
More frequent, small doses of levodopa or liquid Sinemet
Selegiline agonists (or COMT inhibitors)
Consider deep brain stimulation of the subthalamic nucleus.

Patients with unremitting tremor
Deep brain stimulation

Patients with hallucinations
Reduce medications. Stop all drugs except Sinemet.
Consider Quetiapine, atypical neuroleptic
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impaired and may be at a high risk for levodopa-induced
hallucinations and other psychiatric side effects.

AmongDA agonists, apomorphine is the only short-acting
compound. As an injectable DA agonist, it can be useful in
“rescuing” some PD patients from sudden, unpredictable
off periods. Because of the strong emetic response with this
agent, however, coadministration of the peripheral DA
receptor-blocking drug domperidone is usually necessary.

Another new class of drugs is the catechol-O-methyl-
transferase (COMT) inhibitors such as entacapone and
tolcapone. By limiting DA metabolism, they increase levo-
dopa bioavailability, prolong the “on” response to levodopa,
reduce motor fluctuations effectively, and allow a reduction
in daily levodopa dosage.56

Of particular interest in PD during the past several years
has been the use of various surgical procedures, which
have capitalized on a growing knowledge of basal ganglia
anatomy and physiology (see Fig. 34-2).57 The traditional
ablative procedures have given way to newer strategies,
particularly deep brain stimulation (DBS); this procedure
has markedly improved the function and quality of life of
many patients with advanced PD.58 Besides lower risks
associated with surgery, DBS has the advantage of custom-
izing the stimulating parameters to the needs of the indivi-
dual patient. In a multicenter, prospective, double-blind,
cross-over study in 143 patients with advanced PD who
received bilateral high-frequency stimulation of SN or GPi,
theUnified Parkinson’sDiseaseRating Scale (UPDRS)motor
scores improved by 49% (P < 0.001) and 37% (P < 0.001),
respectively, in comparison to the nonstimulated state.59

Furthermore, 6 months following implantation compared
to baseline, the percentage of time “on” without dyskine-
sias increased from 27 to 74 (P < 0.001) and 28 to 64
(P < 0.001) with SN and GPi DBS, respectively. Adverse
events included intracranial hemorrhage in seven and lead dis-
placement in two. Although the levodopa dosage remained
unchanged in the GPi group, the daily levodopa dose
equivalents were reduced by 37% in the SN DBS group
(P < 0.001). Two double-blind trials of fetal graft trans-
plantation for advanced PD showed no lasting benefit and
approximately half of the implanted patients experience “off”
dyskinesias even without levodopa, requiring DBS.60,61

Because of the remarkable array of options in the treat-
ment of PD, it is reasonable to approach the treatment of
each patient with a basic algorithm (Table 34-3). For all
patients, education, exercise, and good nutrition are consid-
ered useful. If patients have no significant functional im-
pairment in terms of independent living, consideration of
a mild dopaminergic drug with a putatively neuroprotective
strategy in the form of deprenyl can be considered. If addi-
tional symptomatic relief is needed, most movement disor-
der specialists add a DA agonist and later, when symptoms
need urgent treatment to protect the patient’s safety or job
security, levodopa is introduced. If symptoms can be treated
more slowly, the use of anticholinergic drugs in young
patients with tremor-predominant PD is often helpful, and
amantadine can be used as a mild dopaminergic drug to
delay the need to start levodopa in other patients. In patients
who are just starting levodopa/carbidopa, the controlled-
release form is often selected to minimize the number of
doses needed each day. As the disease progresses, combina-
tions of drugs are usually needed, and most patients will
require both an agonist and levodopa/carbidopa within
the first 7 years of therapy. However, in elderly patients,
especially those with hallucinations or dementia, levodopa/
carbidopa alone, usually in the regular formulation, is often
the most practical regimen because of its relative simplicity.

One particularly difficult problem inmanaging PD patients
is hallucinosis. Patients who are treated chronically with
dopaminergic drugs develop visual hallucinations that can
become frightening and severely disabling to the patient and
caregiver. In this situation, the drug dosage should be reduced,
and most patients are best managed on levodopa/carbidopa
alone. In some instances, atypical neurolepticswith few extra-
pyramidal side effects can be used. Clozapine has been suc-
cessful in abating hallucinations and psychotic behavior in
PD patients, but it is an expensive drug and is associated with
the potentially lethal side effect of agranulocytosis.62 Other
atypical antipsychotic drugs, particularly quetiapine, are often
used to control drug-induced psychosis without aggravating
underlying parkinsonism. Whenever a neuroleptic agent is
introduced, however, careful monitoring is needed to ensure
that parkinsonism is not exacerbated.

PROGNOSIS AND FUTURE PERSPECTIVES. Survival
of patients with PD has greatly improved since the devel-
opment of levodopa. Prior to the advent of levodopa, mor-
tality among PD patients was three times the normally
expected rate. However, with the advent of levodopa and
other medications, the life span of PD patients is almost
the same as that of an age-matched control population
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without the disease.63 Some studies have suggested that PD
patients are more likely to die from infection than from
cancer, compared to an age-matched group of controls.
Early, even presymptomatic, detection of disease is para-
mount to early intervention, and major efforts are currently
aimed at identifying biological markers for both the pre-
sence of disease (trait marker) and disease activity (state
marker).

Parkinsonism-Plus Syndromes
In addition to PD, parkinsonism is one of the major clinical
features in several other primary neurodegenerative condi-
tions. However, because they all have additional features
not typical of Parkinson’s disease and share an overall
worse prognosis and poorer response to antiparkinsonian
therapy, they are often grouped together under the con-
glomerate term parkinsonism-plus syndromes. Within this
group, each condition has distinctive characteristics that
must be recognized and distinguished from one another
and from PD.

Progressive Supranuclear Palsy
PATHOGENESIS AND PATHOPHYSIOLOGY. Progres-

sive supranuclear palsy (PSP) is the most common and best
recognized entity among the parkinsonism-plus syndromes.
PSP is an idiopathic condition with no known precipitant
or strong genetic component. Postmortem analysis of the
brains of PSP patients shows neuronal loss, gliosis, and
neurofibrillary tangles composed of straight and paired
helical filaments.64 The SN, subthalamic nucleus, globus
pallidus, superior colliculus, pretectal area, and substantia
innominata are the sites of maximum involvement. Dopami-
nergic, cholinergic, and adrenergic neurotransmitter systems
are affected, provoking a far more diffuse degenerative pro-
cess than that seen in PD.16 There is a growing body of
evidence that PSP is due to an alteration in the gene on chro-
mosome 17 coding for the tau protein.65 Several studies have
provided evidence for an increase in the 4R tau isoform
mRNA in PSP, which contributes to overexpression of
neurofibrillary tangles in brain stems of patients with PSP.
Although a tau gene mutation has been associated with early
dementia and PSP-like syndrome,66 in most cases of PSP no
specific tau mutation is present, but the H1 haplotype
appears to be associated with PSP.67

EPIDEMIOLOGY AND RISK FACTORS. A medically
based survey in central New Jersey found that the age-
adjusted prevalence of PSP was 1.38 per 100,000 popula-
tion, and men appeared to be slightly more frequently
affected than women.68 Most patients experience the initial
symptoms during their sixth and seventh decades. No clear
geographic, occupational, or temporal clusters of PSP have
been found. Although PSP is not considered a genetic disor-
der, rare familial clusters have been reported.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

PSP shares some clinical features with PD, such as brady-
kinesia, rigidity, dysarthria, dysphagia, and dementia.
However, PSP patients rarely exhibit tremor and usually
have much more profound postural instability. In addition,
axial rigidity is more prominent than limb rigidity. Some
patients with PSP also develop severe palilalia, emotional
incontinence, and other evidence of bilateral frontal lobe
dysfunction.64 One characteristic sign of frontal lobe dys-
function in PSP the “applause sign,” manifested by persis-
tence (perseveration) of clapping after the patient has been
instructed to clap three times.69

The best known feature of PSP, vertical ocular gaze par-
esis, may be overcome by passive head movement, which
activates the oculocephalic reflexes (hence the designation
supranuclear) (Video 55, Supranuclear Gaze Paresis). Riley
and colleagues70 reported five patients who presented with
“pure akinesia” of gait, speech, and handwriting without
rigidity, tremor, dementia, or eye movement abnormalities
on clinical examination. None of the patients responded to
levodopa, and four demonstrated subtle changes in vertical
saccades on eyelid movement recordings (Video 206, Pos-
tural Instability).70 The diagnostic criteria for PSP have been
recently refined as a result of careful clinical-pathological
correlative studies, and the greatest diagnostic confidence
is placed in the combined clinical features of early frequent
falls within the first year of clinical disease and vertical
downward supranuclear paresis on examination.71

DIFFERENTIAL DIAGNOSIS. Whereas PSP is idio-
pathic, the same clinical syndrome has been associated
with Alzheimer’s disease, multiple strokes, multiple sys-
tem atrophy (MSA), posthypoxic encephalopathy, and
Whipple’s disease. Parkinson’s disease and the other par-
kinsonism-plus syndromes, including corticobasal gangli-
onic degeneration (CBD), Lewy body dementia (Video
232, Dementia with Lewy Bodies), normal pressure hydro-
cephalus (Video 54, Normal Pressure Hydrocephalus), and
“multi-infarct parkinsonism,” must also be considered.
Rarely, other conditions, such as dentato-rubro-pallido-
luysian atrophy, neuroacanthocytosis, progressive external
ophthalmoplegia, Whipple’s disease, and hydrocephalus,
may present with oculomotility disorders that are sugges-
tive of PSP (Video 110, Facial Myokymia).

EVALUATION. MRI should be performed in patients
in whom PSP is suspected to rule out a multi-infarct state
or hydrocephalus. Single-photon emission computed tomo-
graphy (SPECT) and positron emission tomography (PET)
demonstrate prefrontal hypoactivity and show evidence of
severe involvement of the dopaminergic terminals as well
as the postsynaptic DA receptors in the striatum.72

MANAGEMENT. Although PSP is associated with loss
of multiple neurotransmitters, pharmacological therapies
remain disappointing. Levodopa ameliorates the bradyki-
nesia and rigidity in approximately one third of cases, but
the benefit rarely persists beyond 1 or 2 years. DA agonists
rarely provide additional benefit. If, however, the dopami-
nergic drugs improve the bradykinesia but have no impact
on poor balance, the medicated patient may feel more agile
and independent, only to fall more frequently, leading to
consequently greater disability. Anticholinergic drugs and
tricyclic antidepressants with anticholinergic effects (e.g.,
amitriptyline) may be helpful in treating emotional inconti-
nence. Idazoxan, a noradrenergic drug, produced modest
improvement in a small number of patients, but sympa-
thomimetic and other side effects have limited further
development of this drug.73 Blepharospasm, occasionally
associated with PSP, responds to botulinum toxin injection,
and dry eyes may be treated with topical lubricants.
Although physical, occupational, and speech therapy are
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of limited potential, these options may be beneficial in
some patients and their families. Electroconvulsive therapy,
adrenal implantation, and pallidotomy have been of no
benefit.

PROGNOSIS AND FUTURE PERSPECTIVES. The me-
dian interval from onset of the initial symptom, regardless
of its nature, to onset of gait difficulty is estimated at 0.3
years; to the need for gait assistance, 3.1 years; to confine-
ment to bed or wheelchair, 8.2 years; and to death, 9.7
years.68 In contrast to the approximately 1.5% annual
decline in the Unified Parkinson’s Disease Rating Scale Part
III noted in patients with PD, the average annual decline in
MSA-P is 28.3%.74 The problems that most frequently cause
complications or death are falls and aspiration.

Multip le System Atrophy
PATHOGENESIS AND PATHOPHYSIOLOGY. The

pathogenic mechanisms of MSA remain unknown, and in
contrast to PD, there is no evidence that genetic factors play
a role. Recent findings link MSA to PD and related neuro-
degenerative disorders as “a-synucleinopathies.”18 Whereas
the initial neurodegenerative events are unclear, in well-
established cases, the staining characteristics and distribu-
tion of oligodendroglial fibrillary cytoplasmic inclusions
are distinctively different from the neurofibrillary tangles
of Alzheimer’s disease, PSP, postencephalitic parkinsonism,
and others.75 Highly variable neuronal loss and gliosis are
seen in the substantia nigra, caudate, putamen, cerebellar
cortex, pyramidal tract, Edinger-Westphal nucleus, locus
caeruleus, inferior olives, dorsal motor nucleus of the
vagus, Purkinje cells, intermediolateral cell column of the
spinal cord, spinocerebellar tracts, and Onuf’s nucleus.
Reduced dopamine or norepinephrine levels occur in the
nigra, nucleus accumbens, septum, hypothalamus, and locus
caeruleus.75

EPIDEMIOLOGY AND RISK FACTORS. In a review of
autopsies of parkinsonism, Quinn reported frequencies
ranging from 3.6% to 22%, with a mean of 8.2% (68/833
cases).76 However, no study has been undertaken to deter-
mine the population prevalence of MSA. At one large refer-
ral center, 100 patients with MSA reported a median age at
onset of 53 years (range, 33 to 76 years).77

CLINICALFEATURESANDASSOCIATEDDISORDERS.

MSA encompasses three neurodegenerative syndromes,
which in the past were considered clinically distinct: striato-
nigral degeneration (SND), olivopontocerebellar atrophy
(OPCA), and Shy-Drager syndrome (SDS). All these condi-
tions share similarities with one another and with PD. The
hallmark features of MSA are parkinsonism that is poorly
responsive to levodopa therapy and varying degrees of auto-
nomic, cerebellar, and pyramidal dysfunction. SDS is diag-
nosed clinically when dysautonomia far outweighs the
other signs, SND is designated when anterocollis and pyra-
midal dysfunction are prominent (Video 235, Multiple Sys-
tem Atrophy, Striatal-Nigral Degeneration), and OPCA is
used to characterize the patient with prominent cerebellar
features of ataxia, limb dyssynergia, and kinetic tremor
(Video 234, Multiple System Atrophy, Cerebellar Type).
For all MSA patients, autonomic insufficiencies include
orthostatic hypotension, postprandial hypotension, anhidro-
sis with thermoregulatory disturbances, poor lacrimation
and salivation, constipation, and impotence. Disturbances
in bladder emptying and incontinence may also occur. In
addition, emotional lability, pyramidal signs, supranuclear
ophthalmoplegia, anterocollis, myoclonus, sleep apnea and
other ventilatory dysrhythmias, respiratory stridor, poly-
neuropathy, amyotrophy, and dementia may be present in
any of the forms.71 The variety of clinical presentations is
wide, and pure autonomic failure, sleep apnea syndromes,
some forms of peripheral neuropathies, and conditions that
clinically resemble amyotrophic lateral sclerosis all may
represent forms of underlying MSA.

DIFFERENTIAL DIAGNOSIS. Parkinson’s disease, par-
ticularly in patients with prominent postural instability
and gait disturbance, may be difficult to distinguish from
MSA.78 PSP and other parkinsonism-plus syndromes can
be particularly difficult to separate, especially in the first
5 years of clinical illness. Vascular encephalopathies with
multiple subcortical strokes may produce a similar constel-
lation of signs, and the condition of pure autonomic failure
can be difficult to differentiate from MSA in the early
course of illness.

EVALUATION. MRI may be useful to rule out a multi-
infarct state, normal pressure hydrocephalus, or other causes
of parkinsonism. An MRI scan demonstrating marked
hypointensity of the striatum and linear hyperintensity lat-
eral to the putamen on T2-weighted images suggests iron
deposition and supports the diagnosis of MSA.76 PET scans
of MSA are similar to those of PSP and usually confirm
a decreased density of striatal D2 receptors.

79 External ure-
thral and rectal sphincter electromyography (EMG) is abnor-
mal in almost all patients with MSA. Resting, supine, and
standing norepinephrine levels are of questionable value,
but supine and standing norepinephrine levels have been
found to be slightly elevated in patients with MSA, whereas
in those with pure autonomic failure they are usually
decreased.80

MANAGEMENT. Levodopa may provide some relief,
usually short term, for the rigidity, bradykinesia, and
postural instability typical of MSA.81 Patients with MSA
usually require larger doses of levodopa than patients with
PD, but side effects such as increased orthostatic hypoten-
sion and facial dystonia often limit the usefulness of levo-
dopa. Patients rarely derive any meaningful benefit from
DA agonists, anticholinergics, amantadine, or other anti-
parkinsonian drugs. Symptomatic orthostatic hypotension
can be treated with sodium and volume repletion unless
the patient is at risk of congestive heart failure or renal
insufficiency. Ancillary measures such as wearing elastic
stockings to increase central venous volume and elevating
the head of the bed 6 inches may also be attempted but
often prove uncomfortable. Fludrocortisone, a mineralocor-
ticoid, often improves orthostatic symptoms by increasing
vascular volume. Some patients benefit from the inhibition
of vasodilator prostaglandin synthesis brought about by
indomethacin and from the use of the a-adrenergic agonist
clonidine and the peripheral vasoconstrictor ephedrine.
Midodrine, an a-adrenergic agonist, has benefited some
patients with moderate and severe orthostatic hypotension
of various causes.82 Urinary frequency or incontinence, if
due to detrusor hyper-reflexia, may respond to peripherally
acting anticholinergic agents such as oxybutynin or pro-
pantheline given at bedtime. Intranasal desmopressin at
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bedtime may offer relief from nocturnal urinary frequency.
Impotence may respond to yohimbine, papaverine, or a
penile implant. Constipation can be treated with cisapride,
stool softeners, and bulk-forming agents. Hallucinations
caused by dopaminergic therapeutic agents usually respond
to a lower dose of dopaminergic medications or to cloza-
pine at bedtime.62 However, this latter therapy must be
used cautiously in patients with hypotension. All patients
receiving this drug must be monitored for agranulocytosis
with weekly white blood cell counts.

PROGNOSIS AND FUTURE PERSPECTIVES. Based on
autopsy-proven cases of MSA, the average survival time
is expected to be less than a decade (mean survival, 8.0
years76; median survival, 9.5 years).77 Future studies may
focus on the role of iron and oxidative stress in this disor-
der and the pathological hallmark of glial cytoplasmic
inclusion bodies.

Other Parkinsonism-Plus Syndromes
CORTICOBASAL DEGENERATION. CBD is a distinc-

tive parkinsonism-plus syndrome because specific cortical
signs are associated with it, and it has a particular patholo-
gical picture. Autopsy in patients with CBD reveals asym-
metrical, focal frontoparietal atrophy, “ballooned” and
enlarged cells in the cortex, depigmentation of the substan-
tia nigra without Lewy bodies, and diffuse neuronal loss.83

There is no familial predisposition, and no environmental
factors increase the risk of disease. Clinically, patients
usually develop symptoms after age 60, and neurological
signs of CBD include focal or asymmetrical rigidity, bra-
dykinesia, postural and action tremor, and marked dysto-
nia, usually predominantly in one upper extremity (Video
231, Cortical Basal Degeneration). The most characteristic
symptom, however, is limb apraxia (Video 40, Apraxia),
and the involved extremity can become so dysfunctional
that it moves completely by itself and can be considered
an “alien limb” (Video 39, Alien Hand Syndrome).84 In
most instances, the condition starts as an apparent case of
PD, but the cortical sensory loss, dystonia, and apraxia
are noticed quickly as distinctive. Ideomotor apraxia, pos-
sibly secondary to predominant involvement of the supple-
mentary motor area and characterized by not knowing
“how to do it” (as opposed to not knowing “what to do”
with everyday objects in the ideational or conceptual
apraxia), and limb-kinetic apraxia (loss of hand and finger
dexterity with inability to isolate or connect individual
movements) are the most typical forms of apraxia in
CBD.85 The parkinsonism can be treated with modest suc-
cess in some cases by introducing levodopa or DA ago-
nists, but the marked disability resulting from the limb
dyspraxia is progressive, untreatable, and markedly dis-
abling. Botulinum toxin can relieve elements of the dysto-
nia. The condition usually progresses steadily, and death
occurs within 10 years of diagnosis.84

PARKINSONISM-DEMENTIA AMYOTROPHIC LATE-

RAL SCLEROSIS COMPLEX (PDALS). This distinctive
condition occurs on the island of Guam (locally known as
Lytico-Bodig disease) and has been the focus of significant
research because of the possibility that genetic and envir-
onmental causes may be contributive (Video 236, ALS-
Parkinsonism Dementia).86 A study of more than 2000
affected and nonaffected individuals in Guam showed that
the incidence of this disorder peaked in the 1950s and has
gradually declined since that time. The rapid decline in
incidence of this disorder in Guam strongly supports the
role of environmental factors in the pathogenesis of this
disorder.87 Early studies focusing on possible environmen-
tal dietary toxins were encouraging, but recent work has
failed to identify any agent consistently, and the once-held
hypothesis that native flour contains a causative neurotoxin
is no longer considered tenable.87 Pathologically, depig-
mentation, basophilic inclusion bodies, and cell loss in
the substantia nigra are apparent in cases of PDALS. Neu-
rofibrillary tangles without senile plaques are present in the
substantia nigra, anterior horn cells, and pyramidal tracts.87

Clinical findings in PDALS range from motor neuron dis-
ease in younger patients to parkinsonism with severe
dementia in the older population. The amyotrophic lateral
sclerosis (ALS) form is seen predominantly in the Chamor-
ros, whereas the parkinsonism-dementia presentation may
be seen in both Chamorro and Filipino residents. The
ALS seen in Guam does not differ clinically from the
motor neuron disease seen in the remainder of the world.
Although no cause has been established, the coexistence of
these neurodegenerative conditions in one population with
overlapping signs supports the continuation of hypotheses
based on a common cause. The differential diagnosis for
PDALS includes Alzheimer’s disease, diffuse Lewy body
disease, postencephalitic parkinsonism, PD, the parkinson-
ism-plus syndromes, lower body parkinsonism and other
causes of parkinsonism, as well as ALS and the various
forms of motor neuron disease (Video 232, Dementia
with Lewy Bodies; Video 233, Vascular Parkinsonism).87

Regardless of its form of clinical presentation, the disorder
is relentlessly progressive, and death usually occurs within
10 years of diagnosis.

HEMIATROPHY/HEMIPARKINSONISM. Hemiatrophy/
hemiparkinsonism (HA/HP) is an uncommon disorder
that involves the onset of parkinsonism on one side of the
body in association with a hemiatrophic face, arm, or leg
in varying combinations (Video 243, Hemiatrophy). First
described by Klawans,88 the disease presents with uni-
lateral parkinsonism; the hemiatrophy is completely
unnoticed by the patient. In a hemiparkinsonian patient,
therefore, comparative examination of the size of the hands
and feet may be necessary to diagnose the condition. Com-
pared to PD, the parkinsonism of HA/HP usually begins at
a younger age and generally remains on the hemiatrophic
side for several years before it sometimes becomes bilat-
eral. Unilateral dystonic movements are a common early
feature and may respond well to levodopa. The cause is
unknown, but early birth injury from hypoxia or trauma
has been suggested as a possibility, and there may be some
relationship between this syndrome and a distinct form of
dystonia termed dopa-responsive dystonia.89 Hemiatrophy
of the contralateral cortex may be seen on MRI in some
patients.

Stiff-Person Syndrome
PATHOGENESIS AND PATHOPHYSIOLOGY. Stiff-

person syndrome (SPS) is believed to be an idiopathic dis-
order in some patients and an autoimmune disorder with



746 Etiological Categories of Neurological Diseases / 34
functional impairment of spinal neurons due to antibodies
directed against the enzyme glutamic acid decarboxylase
(GAD) in others.90 This enzyme is essential for the conver-
sion of glutamic acid to GABA, an inhibitory neurotrans-
mitter found throughout the central nervous system.91 In
a paraneoplastic form of SPS, amphiphysin, a protein asso-
ciated with synaptic vesicles, has been implicated, and this
product’s gene has been mapped to 7p13-14.92 Neurophys-
iological studies show continuous excessive firing of the
motor unit, suggesting that the disorder is due to disinhibi-
tion of the descending pathways to the Renshaw cells or
gamma motor system.93 Autopsy information, albeit lim-
ited, has failed to demonstrate any abnormalities in the
brain stem, spinal cord, peripheral nerve, or muscle.

EPIDEMIOLOGY AND RISK FACTORS. The disorder is
more common in women and is frequently associated with
other autoimmune disorders (diabetes mellitus, thyroiditis,
myasthenia gravis, pernicious anemia, and vitiligo).93

CLINICALFEATURESANDASSOCIATEDDISORDERS.

Typically, SPS patients present with painful muscle cramps
and severe lordosis secondary to chronic spasm of the para-
spinal muscles. Although predominantly a disease of the
axial muscles, cranial involvement has been reported in
25% of patients, and spread to the proximal limbs occurs.
Examination reveals marked lumbar and thoracic muscle
spasms. Stress or exertional activity may provoke painful
spasms that may last for hours. Because of hypertonicity,
the gait may resemble that of a “tin soldier” (Video 238,
Stiff Person Syndrome).

DIFFERENTIAL DIAGNOSIS. Among the primary dif-
ferential diagnoses are dystonia and orthostatic tremor. In
both instances, patients may complain of tight cramping
muscles and pain, especially when standing. Other rare
conditions resembling SPS include tetanus, progressive
encephalomyelitis with rigidity, and Isaac’s syndrome.
Tetanus secondary to infection with Clostridium tetanii is
usually associated with a laceration injury and progresses
from focal muscle spasm at the site of inoculation to bulbar
and generalized spasms. Progressive encephalomyelitis
usually begins with pain and sensory changes, and in these
patients, a paraneoplastic disorder is possible. Isaac’s syn-
drome is often familial and is associated with peripheral
neuropathy, but most important, it usually causes more
symptoms in the appendicular muscles than in the axial
ones.

EVALUATION. Electromyographic demonstration of
continuous motor unit activity is essential to confirm the
diagnosis of SPS. The presence of reduced motor activity
after benzodiazepine administration is also important.
Diagnostically, spinal fluid analysis may reveal increased
immunoglobulin or oligoclonal bands, and the presence of
GAD antibodies is helpful in confirming the autoimmune
form of this diagnosis.

MANAGEMENT. Treatment is based on controlling
rigidity; diazepam (20 to 300 mg/day) is the most effective
medication for this purpose. Baclofen, clonazepam, val-
proic acid, and clonidine have been reported to improve
symptoms. The role of treatment for autoimmune condi-
tions, such as plasmapheresis, corticosteroids, or azathio-
prine, has yet to be defined, but high-dose intravenous
immunoglobulin has been found to be an effective, albeit
costly, treatment.94 Intrathecal baclofen and botulinum
toxin may also be beneficial, but because of the rarity of
this syndrome, controlled clinical trials of these drugs for
this purpose have not been undertaken. Although these
patients may be in pain, extreme caution must be used in mix-
ing narcotic medications with benzodiazepine derivatives,
especially if the patient’s spasms induce respiratory acidosis
because of the rigidity of the diaphragmatic muscles.

PROGNOSIS AND FUTURE PERSPECTIVES. Without
treatment, SPS progresses to total disability related to
generalized rigidity and secondary musculoskeletal defor-
mities. The pathogenetic autoimmune mechanisms remain
to be elucidated.
HYPERKINETIC MOVEMENT DISORDERS

Huntington’s Disease
This primary neurodegenerative disorder usually begins
during adult life, often after the affected individuals have
already borne their children. It is inherited in an autosomally
dominant pattern, and the disorder has clinical manifesta-
tions that often vary among involved family members.
Patients may have predominantly behavioral, cognitive, or
movement disorder signs.

PATHOGENESIS AND PATHOPHYSIOLOGY. Hunting-
ton’s disease (HD) is caused by a mutation on chromosome
4 consisting of an unstable expansion of CAG repeats.
Normal individuals have between 11 and 34 repeats,
whereas those with HD have between 37 and 86. The trinu-
cleotide CAG codes for glutamine, and the increase in poly-
glutamine is thought to cause an overexpression of the
gene whose protein is termed huntingtin. This product tightly
binds with ubiquitin to form intranuclear inclusions and may
subsequently interfere with normal mitochondrial bioen-
ergetic mechanisms.95 Huntingtin is associated with vesicle
membranes and microtubules and as such probably has a role
in endocytosis, intracellular trafficking, and membrane recy-
cling. Mutant huntingtin fragments also accumulate in axon
terminals and interfere with glutamate uptake and, similar
to other polyglutamine disease, impair axonal transport.96 It
is not clear whether HD results from a toxic property of the
mutant protein (gain of function) or loss of neuroprotective
activity of the normal huntingtin (loss of function).97

It is not known why the striatum is preferentially
affected because the HD mRNA product has been found
in all examined tissues.98 Neuronal loss in the caudate
and putamen has been correlated with a longer CAG trinu-
cleotide repeat length, and the preproenkephalin medium
spiny neuron seems to be particularly vulnerable.99

Pathological changes in the brain of patients with HD
include generalized atrophy with neuronal degeneration
in the cortex and severe loss of medium spiny projection
neurons with preservation of cholinergic aspiny interneu-
rons in the caudate and putamen. Marked caudate atrophy
is the pathological hallmark of the disease, and this finding
can be detected on MRI scans. MR spectroscopy demon-
strates changes that reflect increased levels of lactic acid,
suggesting a bioenergetic defect. Additional evidence, par-
ticularly in experimental models of HD, suggests that mito-
chondrial dysfunction may be a possible pathogenetic
mechanism of neuronal cell death.100



TABLE 34-4

Etiological Classification of Chorea

1. Developmental and aging choreas
a. Physiological chorea of infancy
b. Cerebral palsy—anoxic, kernicterus
c. Minimal cerebral dysfunction
d. Buccal-oral-lingual dyskinesia and edentulous orodyskinesia
in elderly

e. Senile chorea (probably several causes)
2. Hereditary choreas
a. Huntington’s disease
b. Benign hereditary chorea
c. Neuroacanthocytosis
d. Other CNS “degenerations”: olivopontocerebellar atrophy,
Azorean disease, ataxia-telangiectasia, tuberous sclerosis,
Hallervorden-Spatz, dentato-rubral-pallido-lysian atrophy
(DRPLA), familial calcification of basal ganglia, others

e. Neurometabolic disorders: Wilson’s disease, Lesch-Nyhan disease,
lysosomal storage disorders, amino acid disorders, Leigh’s disease,
porphyria

3. Drug-induced choreas: neuroleptics (tardive dyskinesia),
antiparkinsonian drugs, amphetamines, tricyclics, oral
contraceptives, anticonvulsants, anticholinergics, others

4. Toxin-induced choreas: alcohol intoxication and withdrawal, anoxia,
carbon monoxide, Mn, Hg, thallium, toluene

5. Metabolic causes
a. Hyperthyroidism
b. Hypoparathyroidism (various types)
c. Pregnancy (chorea gravidarum)
d. Hyper- and hyponatremia, hypomagnesemia, hypocalcemia
e. Hypo- and hyperglycemia (latter may cause hemichorea,
hemiballismus)

f. Acquired hepatocerebral degeneration
g. Nutritional—for example, beriberi, pellagra, vitamin B12

deficiency in infants
6. Infectious causes
a. Sydenham’s chorea
b. Encephalitis lethargica
c. Various other infections and postinfectious encephalitides,
including Creutzfeldt-Jakob disease
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Several important biochemical abnormalities have been
noted in postmortem brain tissue, particularly in the stria-
tum. These include decreases in choline acetyltransferase
activity and acetylcholine; a reduction in the total number
of cholinergic muscarinic receptors; and depletion of
GAD, substance P, angiotensin-converting enzyme, chole-
cystokinin, enkephalin, and other peptides. In contrast, the
concentrations of DA, norepinephrine, serotonin, neuroten-
sin, somatostatin, and thyrotropin-releasing hormone are
normal or increased.100 The result of these changes suggests
a functional overactivity of the cerebral glutaminergic and
striatal dopaminergic systems and an underactivity of the
GABAergic systems.

EPIDEMIOLOGY AND RISK FACTORS. The estimated
prevalence of HD is 5 to 10 per 100,000 people in the
United States.101 Because the CAG repeat length is
unstable in sperm, affected fathers often transmit a very
high repeat sequence, resulting in an early onset of disease
in their offspring.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

Gradual onset of chorea, dementia, and behavioral abnorm-
alities in a young or middle-aged adult should suggest the
possibility of HD. Slowed saccadic eye movements are
usually the first detectable clinical sign, and in 85% of
patients chorea is the predominant movement disorder.
Movements may start as fine, irregular body jerks that have
no functional significance, but coordination, gait, and bal-
ance difficulties gradually supervene (Video 15, Facial
Chorea; Video 18, Limb Chorea). In the juvenile form of
HD, rigidity, bradykinesia, resting tremor, dystonic pos-
tures, ataxia, seizures, myoclonus, and mental retardation
are more prominent, and this presentation is termed the
Westphal variant of HD. Even in patients with adult-onset
and prominent chorea, bradykinesia and postural reflex
compromise can occur and may be sources of significant
functional disability (Video 63, Choreic Gait). In the terminal
phases of HD, dysarthria, dysphagia, and respiratory dif-
ficulties become the most disabling and life-threatening
problems.100

Cognitive impairment is a source of major disability in
these patients. Memory difficulties, concentration pro-
blems, confusion, and forgetfulness can occur (see Chapter
33) (Video 16, Luria Testing). In addition, depression and
other emotional disturbances may be severe and can lead
to erratic, impulsive behavior as well as suicidal ideation.
Other psychiatric disturbances include delusional thoughts,
paranoia, and hallucinations.100 Eventually, patients become
demented, and most require assistance and supervision in
daily living activities.

DIFFERENTIAL DIAGNOSIS. Besides HD, other less
common heredofamilial choreas include hereditary benign
chorea and neuroacanthocytosis (see later discussion in this
chapter). If a family history of choreic or psychiatric disor-
ders is lacking, numerous other disorders should be consid-
ered, including tardive dyskinesia, central nervous system
(CNS) vasculitis, Wilson’s disease, Sydenham’s chorea,
and toxin exposure. Drugs causing chorea include oral con-
traceptives, levodopa, CNS stimulants, neuroleptics, phe-
nytoin, carbamazepine, and ethosuximide (Video 71,
Birth Control Pill-Induced Chorea). If the diagnosis is
approached from the perspective of genetic testing, other
hereditary neurodegenerative conditions with expanded
trinucleotide repeats of CAG include Kennedy’s syndrome
(X-linked spinal and bulbar muscular atrophy), myotonic
dystrophy, spinocerebellar atrophy type 1, and DRPLA
(Table 34-4).

EVALUATION. In addition to taking a complete family
history, blood should be drawn for DNA testing. Careful
counseling about the implications of the diagnosis is essen-
tial when working with patients who are at risk for the dis-
ease. Issues of privacy are particularly important because
giving subjects positive diagnostic information reveals
information about the parents’ genetic makeup. MRI scans
can detect the presence of caudate and cerebral atrophy.
When the family history is in doubt, an assiduous search
of autopsy reports on relatives can sometimes unearth the
diagnosis in the genealogy.

MANAGEMENT. DA receptor-blocking agents (e.g.,
haloperidol and fluphenazine) and dopamine-depleting
agents (e.g., tetrabenazine and reserpine) reduce the
choreic movements but may not improve other symptoms
of HD. Because of their potentially serious side effects,
including tardive dyskinesia (neuroleptics), depression
(dopamine-depleting drugs), and parkinsonism (both drug
classes), the antidopaminergic drugs should be reserved
for patients with disabling chorea or serious psychosis. In
a multicenter, double-blind, placebo-controlled trial of
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tetrabenazine 84 ambulatory patients with HD, tetrabena-
zine treatment resulted in a reduction of 5.0 units in chorea
severity compared with a reduction of 1.5 units on placebo
treatment (adjusted mean effect size, -3.5 � 0.8 UHDRS
units [mean � SE]; 95% confidence interval, -5.2, -1.9;
P < 0.0001).102 The tricyclic antidepressants and selective
serotonin reuptake inhibitors are often helpful in ameliorat-
ing the affective disorders but may precipitate myoclonus.
Antiglutaminergic drugs and facilitators of mitochondrial
metabolism are currently being tested in clinical trials. Psy-
chological support, genetic counseling, long-term planning,
and access to social service agencies are important
elements of patient management.

PROGNOSIS AND FUTURE PERSPECTIVES. Despite
advances in treatment, this disorder results in progressive
functional decline and eventual death, usually within 12
to 15 years of onset. Neural transplantation with fetal stria-
tal or other cell sources may become experimental options
in the future.

Other Forms of Chorea
Senile chorea (essential chorea) begins after age 60 and is
unaccompanied by any particular neurobehavioral symp-
toms or a family history of chorea. Whereas some patients
have caudate atrophy similar to that seen in HD, others
have predominant putamenal degeneration. In occasional
cases, genetic detection studies in these patients reveal that
the correct diagnosis is actually HD. Treatment of the
chorea is similar to that for HD.

Paroxysmal dyskinesia is a chronic condition that
becomes manifest by a sudden onset of transient choreo-
athetosis, dystonia, or both. The familial paroxysmal dyski-
nesias are subdivided into kinesigenic and nonkinesigenic
disorders depending on whether or not they are induced
by sudden voluntary movements.103 In the familial (autoso-
mal dominant or recessive) kinesigenic paroxysmal dyski-
nesia, the movements are brief, usually lasting less than 3
minutes, and occur many times daily—sometimes up to
100 times per day.103 Nonkinesigenic and exertional parox-
ysmal dyskinesias may also be transmitted as autosomal
dominant disorders, and the movements in these forms tend
to be more dystonic than choreic in nature (Video 20,
Tonic Spasms). The episodes of dyskinesia are usually
more prolonged (lasting 2 minutes to 4 hours) and less fre-
quent (occurring three to five times per day). Attacks are
precipitated by alcohol, coffee, fatigue, stress, or excite-
ment. Kinesigenic dyskinesias respond well to anticonvul-
sant medications such as phenytoin, carbamazepine, or
phenobarbital. In contrast, the nonkinesigenic dyskinesias
respond poorly to most medical therapy, although some
patients improve with clonazepam.103 Pathophysiologically,
these conditions appear to be an interface between move-
ment disorders and epilepsy since in some conditions assid-
uous electrode placement over the frontal and frontocentral
regions may reveal epileptic spikes and phase reversals.104

Secondary paroxysmal dyskinesias may be associated
with structural lesions of the premotor cortex or basal
ganglia, and specific causes include multiple sclerosis and
hypocalcemia.103

Neuroacanthocytosis is a rare disorder with autosomal
dominant, recessive, or even X-linked inheritance and is
manifested by chorea, tics, dystonia, parkinsonism, self-
mutilatory behavior, amyotrophy, areflexia, elevated crea-
tine kinase, and other symptoms.105 One of the most
distinguishing features of neuroacanthocytosis is an eating
dysfunction that is due to orolingual dystonia and is mani-
fested by expulsion of food from the mouth by a protruding
tongue. Involuntary vocalizations and parkinsonism also
occur. Although the mechanism of acanthocyte formation
in neuroacanthocytosis is unknown, abnormal protein-to-
fatty acid ratios and, in some cases, abnormal erythrocyte
surface antigens have been found. It is possible that, as in
the periodic ataxias, some of the paroxysmal dyskinesias
represent abnormalities of the calcium channel or other
channelopathies. Acanthocytes in most patients can be seen
in fresh blood smears, but erythrocytes may require incuba-
tion in normal saline for 3 to 5 minutes prior to wet mount
preparation. Computed tomography (CT) or MRI of the
head may demonstrate cerebral or caudate atrophy. PET
scans reveal 42% and 54% reductions in putamenal and
caudate fluorodopa uptake, respectively, and 65% and
53% reductions in the D2 receptor density in these areas.105

Treatment may involve the use of dopamine-blocking
agents in the form of neuroleptics (haloperidol and flu-
phenazine) or dopamine-depleting drugs (reserpine and
tetrabenazine). As the disease progresses, most care is sup-
portive. Although the course of progression varies, death
usually occurs within 15 years of diagnosis.

Sydenham’s chorea (also known as St. Vitus’ dance)
develops following exposure to the bacteria Streptococcus
pneumoniae and, in the age of antibiotic therapy, is rare.98

Most typically, Sydenham’s chorea is associated with
infection and other sequelae of rheumatic fever. Autopsy
studies of patients with Sydenham’s chorea reveal edema,
chromatolysis, and atrophy that affect primarily the stria-
tum, but the cortex, thalamus, and other basal ganglial
nuclei may be variably involved as well.98 The clinical pic-
ture involves a child with diffuse chorea, motor impersis-
tence, and variable degrees of weakness. Unlike arthritis
and carditis, chorea may not develop for weeks or even
months after acute infection has occurred. Children are
often very distressed in the midst of the chorea, rest poorly,
and can develop a number of behavioral abnormalities.
In addition to high titers of antistreptolysin, approximately
50% of patients have IgG antibodies that react against
neurons in the caudate and subthalamic nuclei. The condi-
tion is usually self-limited, but during the period of marked
chorea, dopamine-blocking or -depleting agents can be used.
Because prolonged drug usage is usually not necessary,
major concerns about the induction of tardive dyskinesia
from neuroleptic drugs do not exist.

In the evaluation of these forms of primary choreic dis-
orders, other secondary choreas must be considered.
Chorea gravidarum and endocrine-metabolic choreas, such
as birth control pill chorea, should be considered in appro-
priate women with hyperkinetic movements (Video 71,
Birth Control Pill-Induced Chorea). Prior Sydenham’s
chorea may be a risk factor for these conditions. Estrogens
may serve as a facilitator of dopamine pharmacology,
either directly at the receptor sites or through second
messengers. In pregnancy, DA receptor-blocking drugs
(neuroleptics) should be avoided, particularly during the
limb-genesis period of the first trimester. Benzodiazepines
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may be appropriate in the second and third trimesters, but
fetal respiratory depression must be avoided. Hyperthy-
roidism, either primary or pituitary in origin, can be asso-
ciated with various movement disorders, including chorea
(Video 70, Hyperthyroidism-induced Chorea).

Primary Dystonia
PATHOGENESIS AND PATHOPHYSIOLOGY. Dystonia

consists of sustained, repetitive, patterned contractions of
the muscles producing twisting (e.g., torticollis) or squeez-
ing (e.g., blepharospasm) movements or abnormal postures
that may be present at rest, when changing position, or when
performing a specific motor activity.106 The most frequently
encountered form of generalized dystonia is primary dysto-
nia, formerly referred to as dystonia musculorum deformans
or idiopathic torsion dystonia. It is an autosomal dominant
disorder in which the genetic defect consists of a three-base
pair deletion in a gene on chromosome 9q32–34 (DYT1),
coding for an ATP-domain protein called TorsinA. The
mutant protein forms multiple, large inclusions composed
of endoplasmic reticulum-derived membrane whorls in cul-
tured cells.107 In contrast to the traditional view that brains
of patients with dystonia are usually normal, one study of
four brains from genetically confirmed DYT1 dystonia
patients found perinuclear inclusion bodies in the midbrain
reticular formation and periaqueductal gray of the peduncu-
lopontine nucleus, cuneiform nucleus, and griseum centrale
mesencephali.108 These inclusions stained positive for ubi-
quitin, torsinA, and the nuclear envelope protein lamin
A/C. In addition, tau/ubiquitin-immunoreactive aggregates
were found in the substantia nigra pars compacta and locus
coeruleus. These findings support the notion that DYT1 dys-
tonia is associated with impaired protein handling, particu-
larly in the brain stem nuclei. Rarer forms of pure dystonia
unrelated to this defect or due to enzyme deficiencies have
been described (Table 34-5) but are not well delineated.

Although autopsy studies have produced no reproducible
histological or biochemical abnormalities in patients with
primary dystonia, the disorder is thought to be due to
altered physiological control of descending pathways from
the basal ganglia and brain stem. Subtle changes on MRI
have been reported in patients with primary dystonia, but
in most patients no discernible abnormalities can be identi-
fied on imaging tests. PET studies have also failed to reveal
consistent abnormalities. Studies using blink, acoustic, and
vestibulo-ocular reflex testing, however, have revealed
abnormalities suggesting that the brain stem reflexes have
enhanced excitability.109 Changes in norepinephrine, seroto-
nin, and dopamine levels have been found in some patients.

EPIDEMIOLOGY AND RISK FACTORS. Limited in-
formation is available about the epidemiology of primary
dystonia, but data from Rochester, Minnesota, reveal a pre-
valence of 34 per 1 million population; specific cultural
groups are more likely to develop primary dystonia than
others, however, and among Jews of Eastern European
ancestry the prevalence is at least double that seen in other
groups.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

Primary dystonia may involve the entire body (generalized
dystonia) or may be confined to one body part (focal dys-
tonia), for example, the head (cranial dystonia), neck
(cervical dystonia), or vocal muscles. Alternatively, it
may involve contiguous body parts (segmental dystonia),
for example, the neck, shoulder, and arm. The most com-
mon form of limb dystonia is dystonic writer’s cramp
(Video 48, Spasmodic Dysphonia; Video 52, Torticollis;
Video 64, Generalized Dystonia).

Although primary dystonia is a highly variable condi-
tion, there are a number of important clinical patterns.
First, primary dystonia, regardless of its eventual outcome
(focal, segmental, or generalized), usually begins as a focal
condition, and in children the legs and feet are the areas
most commonly affected. Second, environmental condi-
tions affect dystonia and, importantly, in the early stages
of primary dystonia, dystonia is usually seen only during
activity, for example, when walking or running (action dys-
tonia). In addition, and related to exacerbation of disease
with action, dystonic signs usually become prominent in
the middle and later part of the day. This feature is most
pronounced in a particular form of dystonia, termed dopa-
responsive dystonia (see subsequent discussion), in which
diurnal fluctuation in the gait disturbance may be so
marked that the patient is almost normal in the early morn-
ing but becomes virtually crippled by late afternoon or eve-
ning. Third, the younger the age at onset, the more likely
the dystonia is to become severe and spread to many body
regions. Likewise, adult-onset primary dystonia is almost
always focal or segmental and does not become general-
ized. Fourth, patients with primary dystonia often report
that certain postures or sensory “tricks” or “gestes antago-
nistique” improve their dystonia. For example, gentle
counterpressure by a hand against the chin in a patient with
torticollis may enable the patient to maintain the primary
or normal position of the head. Finally, one of the features
in many patients with dystonia is an associated tremor in
addition to the contorted posture. This tremor, termed dys-
tonic tremor, involves the patient’s attempt, conscious or
not, to overcome the dystonia. It is most pronounced when
the patient works maximally to resist the pull of the dystonic
muscles and is least apparent when the patient permits the
involved body part to drift with the dystonic spasm.

DIFFERENTIAL DIAGNOSIS. In addition to primary
dystonia, the differential diagnosis of the dystonic patient
(see Table 34-5) must include (1) dystonia-plus syndromes,
a conglomerate term that includes other forms of primary
dystonia associated with additional neurological deficits,
and (2) secondary forms of dystonia, in which the dystonia
is related to underlying damage from a known pathological
cause. In the latter category, causes of dystonia are numer-
ous and include exposure to DA receptor-blocking drugs
(“tardive dystonia”), hypoxic encephalopathy, head trauma,
encephalitis, human immunodeficiency virus and other
infections, peripheral or segmental nerve injury, inherited
disorders (e.g., Wilson’s disease), metabolic disorders and
other inborn errors of metabolism, mitochondrial disor-
ders, and chromosomal abnormalities (Video 58, High-
Amplitude Tremor; Video 66, Tardive Dyskinesia).105

Unilateral dystonia (hemidystonia) is usually not part of
the clinical picture of primary dystonia but is associated
with a structural lesion in the contralateral striatum, parti-
cularly the putamen.

EVALUATION. The diagnosis of primary dystonia should
be considered in any patient with an abnormal posture and a



TABLE 34-5

Etiological Classification of Dystonia

I. Idiopathic (primary) dystonia
A. Sporadic (idiopathic torsion dystonia, ITD)
B. Inherited (hereditary torsion dystonia)
1. Classic autosomal dominant ITD (DYT1 gene, 9q34)
2. Nonclassic autosomal dominant ITD (not DYT1 gene)
3. Autosomal recessive tyrosine hydroxylase deficiency

II. Secondary dystonia
A. Dystonia-plus syndromes
1. Myoclonic dystonia (not DYT1 gene)
2. Dopa-responsive dystonia (DRD, GTP cyclohydrolase

I 14q22.1–q22.2 gene defect)
3. Rapid-onset dystonia-parkinsonism (RDP)
4. Early onset parkinsonism with dystonia (EPD)
5. Paroxysmal dystonia-choreoathetosis

B. Associated with neurodegenerative disorders
1. Sporadic
Parkinson’s disease
Progressive supranuclear palsy
Multiple system atrophy
Corticobasal ganglionic degeneration
Multiple sclerosis
Central pontine myelinolysis

2. Inherited
Wilson’s disease
Huntington’s disease
Juvenile parkinsonism-dystonia
Progressive pallidal degeneration
Hallervorden-Spatz disease
Hypoprebetalipoproteinemia, acanthocytosis, retinitis
pigmentosa, and pallidal degeneration (HARP syndrome)

Joseph’s disease
Ataxia-telangiectasia
Neuroacanthocytosis
Rett’s syndrome (?)
Intraneuronal inclusion disease
Infantile bilateral striatal necrosis
Familial basal ganglia calcifications
Spinocerebellar degeneration
Olivopontocerebellar atrophy
Hereditary spastic paraplegia with dystonia
X-linked dystonia-parkinsonism or Lubag (pericentromeric)
Deletion of 18q

C. Associated with metabolic disorders
1. Amino acid disorders
Glutaricacidemia
Methylmalonicacidemia
Homocystinuria
Hartnup’s disease
Tyrosinosis

2. Lipid disorders
Metachromatic leukodystrophy
Ceroid lipofuscinosis
Dystonic lipidosis (“sea blue” histiocytosis)
Gangliosidoses GM1, GM2 variants
Hexosaminidase A and B deficiencies

3. Miscellaneous metabolic disorders
Wilson’s disease
Mitochondrial encephalopathies:
Leigh’s disease, Leber’s disease

Lesch-Nyhan syndrome
Triosephosphate isomerase deficiency
Vitamin E deficiency
Biopterin deficiency

D. Due to a known specific cause
Perinatal cerebral injury and kernicterus: athetoid cerebral palsy,
delayed-onset dystonia

Infection: viral encephalitis, encephalitis lethargica, Reye’s
syndrome; subacute sclerosing panencepha litis; Creutzfeldt-
Jakob disease; acquired immunodeficiency syndrome

Other: tuberculosis, syphilis, acute infectious torticollis
Paraneoplastic brain stem encephalitis

Cerebral vascular and ischemic injury
Brain tumor
Arteriovenous malformation
Head trauma and brain surgery
Peripheral trauma
Toxins: MN, CO < CS2, methanol, disulfiram, wasp sting
Drugs: levodopa, bromocriptine, antipsychotics, metoclopramide,

fenfluramine, flecainide, ergot, anticonvulsants, certain calcium
channel blockers

III. Other hyperkinetic syndromes associated with dystonia
A. Tic disorders with dystonic tics
B. Paroxysmal dyskinesias

1. Paroxysmal kinesigenic choreoathetosis
2. Paroxysmal dystonic choreoathetosis
3. Intermediate paroxysmal dyskinesia
4. Benign infantile paroxysmal dyskinesia

IV. Psychogenic
V. Pseudodystonia

Atlantoaxial subluxation
Syringomyelia
Arnold-Chiari malformation
Trochlear nerve palsy
Vestibular torticollis
Posterior fossa mass
Soft tissue neck mass
Congenital postural torticollis
Congenital Klippel-Feil syndrome
Isaac’s syndrome
Sandiffer’s syndrome
Satoyoshi syndrome
Stiff-person syndrome
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family history of variable problems with cramps, spasms,
tremors, and crippling conditions. In the initial evaluation,
the clinician should gather information about age at onset,
initial and subsequent areas of involvement, course and pro-
gression of disease, tremor or other movement disorders,
possible birth injury, developmental milestones, and expo-
sure to neuroleptic medications, as well as a family history
of dystonia, parkinsonism, or other movement disorders.
Consanguinity or Jewish ancestry should be noted as well.
Since the clinical expression of primary dystonia is highly
variable even within families, the history and family tree
may be extremely difficult to establish with confidence.
Some family members may have severe problems and
require extensive assistance with activities of daily living,
whereas others may show only mild symptoms (e.g., writer’s
cramp).106 Evidence of other conditions known to produce
dystonia but associated with other neurological dysfunctions
(e.g., cognitive, pyramidal, sensory, or cerebellar deficits)
should be evaluated along with secondary causes of dysto-
nia. The ceruloplasmin level should be obtained in all
patients in whom onset of dystonia occurs before the age of
50 since Wilson’s disease is highly treatable. Other blood
tests, including genetic tests, depend on the clinical setting,
and the various storage and metabolic disorders should be
evaluated individually. An MRI scan is important in the
evaluation of structural abnormalities, and skull, neck, and
spine evaluations may be needed if there is evidence of a
secondary myelopathy or scoliosis due to axial dystonia.

MANAGEMENT. In treating primary dystonia, high-dose
anticholinergic therapy (e.g., trihexyphenidyl in doses of
up to 70 mg/day) may be effective in ameliorating dysto-
nia, particularly in younger patients. However, many
patients are unable to tolerate such high doses because loss
of memory, hallucinations, blurring of vision, and other
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anticholinergic side effects may occur. In addition, all pa-
tients with childhood-onset dystonia deserve a trial of levo-
dopa, using Sinemet in doses of up to 100/1000 mg/day.105

Other agents, such as oral baclofen, carbamazepine, and
tetrabenazine, have been reported to be beneficial in some
dystonic patients. Recent interest has focused on the use of
intrathecal baclofen in patients with generalized and axial
dystonia, but controlled trials of this usage have not been
published.

Intramuscular injections of botulinum toxin type A or
type B are the most effective treatment for focal dystonia
and may be used in a limited form in patients with segmen-
tal or generalized dystonia.110 Because it acts at the presyn-
aptic membrane, this botulinum toxin prevents release of
acetylcholine at the nerve terminal, causing muscle weak-
ness. Injection into dystonic muscles requires knowledge
of the muscle anatomy and the site of muscle innervation,
and some clinicians perform this procedure with the aid of
EMG guidance. Treatment is necessary every 3 to 5 months
in most patients, and this therapy has been used safely in
some patients for more than 15 years. However, some
patients develop resistance to the clinical response, and anti-
bodies to the A toxin may develop. If the dose is limited to
less than 300 units per procedure and the treatment is given
no more frequently than every 3 months, the risk of im-
munoresistance is minimized.111 Other types of botulinum
toxins, namely B and F, are currently being investigated for
the treatment of focal dystonia.

Thalamotomy and high-frequency thalamic or pallidal sti-
mulation are occasionally performed in patients with other-
wise medically intractable disease.112,113 Unfortunately,
when these procedures are bilateral, patients may be left
with severe dysarthria, dysphagia, and memory deficit. In this
regard, pallidotomy may have some advantages. Cervical
cord stimulation, peripheral nerve section, rhizotomy, and
myotomy are occasionally effective.

PROGNOSIS AND FUTURE PERSPECTIVES. Prognosis
in primary dystonia is highly dependent on age of onset; the
younger the age of onset, the higher the likelihood of spread
and progression to generalized disabling dystonia. The bio-
logical markers and pathophysiological mechanisms of dys-
tonia remain to be elucidated. It is likely that the gene or
genes for primary dystonia will be identified, and the study
of the gene product may provide clues to the pathogenesis
of primary dystonia. Extensive information on subthalamic
nucleus deep brain stimulation is not yet available.
Other Forms of Primary Dystonia
Several other forms of primary inherited degenerative syn-
dromes are associated with dystonia.105 Like the parkin-
sonism-plus syndromes, the major hallmark of these
dystonia-plus syndromes is dystonia, but this is accompa-
nied by movement disorders. Dopa-responsive dystonia
(DRD) is also an autosomal dominant disorder caused by
a mutation in the GTP cyclohydrolase I gene on chromo-
some 14q, which causes a defect in dihydrobiopterin synth-
esis. These patients present with dystonia and parkinsonism
that has a marked diurnal fluctuation. In the early morning
they may be symptom-free or only mildly affected, but
then a progressive gait disorder and cramping and rigidity
develop during the day. These patients are markedly sensi-
tive to low doses of levodopa, and often doses of Sinemet
as low as 25/100 mg/day are effective in obliterating clinical
signs. For this reason, it is particularly important to recog-
nize DRD, and all children with dystonia and adults with
leg or trunk dystonia deserve a trial of levodopa. Another
syndrome, X-linked dystonia-parkinsonism, is much rarer
and is confined largely to inhabitants of the Philippines.106

These patients, mostly men, develop severe axial dystonia
and a hunched parkinsonian posture. Falls, dysphagia, and
voice compromise follow, and these signs usually are pre-
ludes to death. In contrast, myoclonic dystonia (see later
section on essential myoclonus) is a benign autosomal
dominant disorder marked by a combination of dystonia
and jerking myoclonic movements, usually starting in the
first or second decade of life without other neurological
deficits. These patients show a dramatic response to
alcohol75 and are treated with this product combined with
benzodiazepines with usually excellent results.107

Neurodegeneration with Brain Iron Accumulation
(Hallervorden-Spatz Disease)

PATHOGENESIS AND PATHOPHYSIOLOGY. Haller-
vorden-Spatz disease is a rare autosomal recessive disorder
associated with excessive iron deposition in the globus pal-
lidus (GP).114 Because of the involvement of Hallervorden
in the inhuman euthanasia program conducted in Nazi
Germany, the disease has been renamed as neurodegenera-
tion with brain iron accumulation (NBIA), The most strik-
ing autopsy finding in NBIA patients is the asymmetrical
rust-brown pigmentation of the GP and zona reticulata of
the SN. The iron pigmentation occurs both extracellularly
and intracellularly but is predominantly found in astro-
cytes, microglia, and neurons. “Mulberry” concretions are
also typically present in the extracellular space. Numerous
and large spheroid bodies, identified by myelin staining
and surrounded by pigment granules, are typically present
throughout the medial GP, SN zona reticulata, cortex, and
subthalamic nucleus.115 The spheroid bodies apparently re-
present degenerating myelinated axons. Linkage analyses
initially localized the NBIA gene on 20p12.3-p13 and sub-
sequently seven base pair deletion and various missense
mutations were identified in the coding sequence of gene
PANK2 with homology to pantothenate kinase.116

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. NBIA was initially described in one family of 12
children, 3 of whom died at birth; 8 of the remaining 9
developed athetosis, tremor, and visual difficulties. Dysto-
nia and rigidity are the major hallmarks of this childhood
illness, but other associated features include gait and pos-
ture disturbances, chorea, athetosis, tremor, dysarthria,
blindness with retinitis pigmentosa, intellectual decline,
spasticity, and seizures. Myoclonus is rare and usually is
a preterminal sign. Although the onset usually occurs in
the first decade of life, rare patients with adult-onset NBIA
starting in the fourth to sixth decade and presenting as par-
kinsonism have been described (Video 56, Generalized
Dystonia).115

DIFFERENTIAL DIAGNOSIS. NBIA has a wide spec-
trum of presentation and therefore a potentially large differ-
ential diagnosis. A disease of iron deposition in the basal
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ganglia, NBIA shares some features with other disorders
associated with deposition of metals, such as Wilson’s dis-
ease and manganese toxicity. Other disorders with overlap-
ping clinical features include juvenile Huntington’s disease,
neuroacanthocytosis, and neuronal ceroid lipofuscinosis.

EVALUATION. CT scans reveal high signal intensity in
the medial GP, and MRI demonstrates decreased signal
intensity in the GP on T2- or proton density-weighted
images; these abnormalities are produced by iron deposition
bilaterally in the pallidum.115 In some cases, the center is
hyperintense, giving rise to the term “eye of the tiger” sign.
Ophthalmological examination may be particularly helpful
because it may show optic degeneration and retinitis
pigmentosa.

MANAGEMENT. There is no specific treatment for
NBIA. Chelation therapy to remove excess iron accumula-
tion in the basal ganglia has not been useful. Parkinsonism
in some patients has responded to levodopa and bromocrip-
tine therapies, but anticholinergic agents have failed to
improve symptoms of tremor, dystonia, or bradykinesia.
The choreoathetosis may benefit from benzodiazepines,
but dopamine antagonists are generally not used because
of the risk of worsening parkinsonism. Antiepileptic drugs
are useful for the control of seizures. Supportive care and
physical, occupational, and speech therapy should also be
instituted when appropriate.115

PROGNOSIS AND FUTURE PERSPECTIVES. The mean
duration of the disease is 11 years, and 45% of patients die
before reaching the age of 20 years.114

Gilles de la Tourette Syndrome and Other Tic
Disorders

PATHOGENESIS AND PATHOPHYSIOLOGY. Tics are
repetitive movements that usually involve the eyes, face,
shoulders, neck, and vocal apparatus more than the rest of
the body. When childhood-onset tics are multifocal, motor,
and vocal, last longer than 1 year, and naturally wax and
wane, the term Gilles de la Tourette syndrome (GTS) is
applied.117 Once considered a rare psychiatric condition,
GTS is now recognized as a relatively common neurological
disorder with both motor and behavioral manifestations. In
the majority of cases of GTS, at least one parent exhibits
signs of GTS and frequently both parents are affected to
some degree, suggesting bilineal transmission. A major
advance in the search for the elusive TS gene or genes has
been made by the discovery of a frameshift mutation in
the Slit and Trk-like 1 (SLITRK1) gene on chromosome
13q31.1.118 These variants were absent in 172 other TS and
in 3600 control chromosomes. The SLITRK1 gene has been
found to be expressed in brain regions previously implicated
in TS, such as the cortex, hippocampus, thalamic, subthala-
mic, and globus pallidus nuclei, striatum, and cerebellum,
and it appears to play a role in dendritic growth. Although
a significant finding, this gene mutation is probably a very
rare cause of TS.

Because tics respond to dopamine-depleting drugs and
DA receptor antagonists (neuroleptics), striatal DA recep-
tor supersensitivity and developmental striatal DA terminal
hyperinnervation have been proposed as possible causes of
GTS symptoms.119 Some clinical data indicate that neuro-
transmitters other than DA may be involved in other
aspects of GTS.120 Obsessive-compulsive disorder (OCD),
a condition thought to be related to serotonergic neuro-
chemistry, is present in at least half of patients with GTS,
and this observation suggests that the serotonergic path-
ways in GTS may be altered. There is also some support
for the idea that the opiate or second-messenger system
may be involved in this disorder.119

EPIDEMIOLOGY AND RISK FACTORS. Because most
children with GTS have mild and undiagnosed symptoms,
past prevalence estimates may be low. One review of
epidemiological prevalence data in children found that pre-
valence estimates ranged from 0.5 to 50 per 10,000 popula-
tion.121 Kurlan122 reported that the frequency of tics in
children ranged from 4% to 24% and that 26% of children
in special education classes had tics compared to 6% of
children in regular classes. These studies suggest that chil-
dren requiring special education may represent a high-risk
population for tics. Some worsening of tics during preg-
nancy has been observed. Although genetic factors are
clearly the most important determinants, there is evidence
that perinatal complications increase the risk of GTS.

Recent studies have emphasized the familial nature of
GTS, with approximately one third of probands having a
positive family history of simple tics and another third
having a positive family history of the full GTS.119 Trans-
mission is often bilenial, meaning that both parents are
affected. Typically, the father has a history of tics that
may or may not persist through adulthood, and the mother
has features of OCD. This pattern suggests that GTS repre-
sents one part of a spectrum, of which the mildest manifes-
tation is a simple or transient tic of childhood and the most
severe manifestation is the full syndrome that includes
motor as well as behavioral features. This clinical hetero-
geneity makes specific definition of GTS problematic for
genetic studies.

CLINICAL MANIFESTATIONS AND ASSOCIATED

DISORDERS. Tics are defined as simple or complex repeti-
tive movements that occur out of background of normal
motor activity. They are usually fast (myoclonic) but can
be slow (dystonic) (Video 36, Simple Tics). They increase
with fatigue and after stress and decrease with concentra-
tion.123 GTS is characterized by chronic waxing and wan-
ing motor and vocal tics, usually beginning between the
ages of 2 and 21 years. It affects boys more frequently
than girls. Approximately half of patients start with simple
motor tics, such as frequent eye blinking, facial grimacing,
head jerking, or shoulder shrugging, or with simple vocal
tics such as throat clearing, sniffing, grunting, snorting, hiss-
ing, barking, or other noises. Complex motor tics include
squatting, hopping, skipping, hand shaking, and ritualized
movements such as compulsive touching of objects, peo-
ple, or self. Complex vocal tics include semantically mean-
ingful utterances, including shouting of obscenities and
profanities (coprolalia). Although coprolalia and other dis-
turbing or socially unacceptable phenomena (copropraxia,
coprographia, and mental coprolalia) can occur, these fea-
tures are not necessary to the diagnosis of GTS (Video
35, Coprolalia). Of great clinical importance, tics can be
voluntarily suppressed for seconds to minutes, but this sup-
pression may be followed by a rebound burst of exagger-
ated abnormal involuntary movements. For this reason,
tics may not be seen in the doctor’s office, even though



Jankovic / Movement Disorders 753
they may be disabling at school or at home. Many patients
also report a premonitory phenomenon prior to the onset
of motor tic.124 This crescendo urge, tension, or abnormal
sensation in the distribution of the tic is relieved with the
performance of the involuntary movement. In addition to
these motor and vocal tics, many patients develop behavioral
disorders, especially OCD and attention deficit hyperac-
tivity disorder (ADHD), impulsive and self-destructive be-
havior, sleep abnormalities, and alterations in mood and
sexual behavior. Learning disability often overlaps with
hyperactivity and ADHD.

DIFFERENTIAL DIAGNOSIS. GTS is considered one
end of a continuum of primary tic disorders123 that includes
transient tic disorder of childhood (tic or tics lasting less
than 1 year) and chronic multiple tic disorder (motor or vocal
tics but not both). These semantic differences probably
have no pathophysiological distinction, and therefore these
primary tic disorders can be considered as clinical variants
of one process. In contrast, several forms of secondary tics
should be excluded, including hypoxic head injury, head
trauma, encephalitis, carbon monoxide intoxication, Hun-
tington’s disease, neuroacanthocytosis, and startle disor-
ders.117 In these cases, tics are usually combined with other
abnormal movements, often chorea, cognitive impairment,
or other neurological deficits. Tics must also be differ-
entiated from other hyperkinetic movement disorders,
including myoclonus, blepharospasm, stereotypies, and
hyperekplexia.117 It may be difficult to differentiate complex
motor tics and compulsions (Video 47, Blepharospasm;
Video 112, Obsessive Movements).

EVALUATION. The diagnosis of GTS is usually made
by the history and can be verified by neurological obser-
vation. However, given the voluntary suppressibility of tics
and the characteristic waxing and waning quality of the
disease, it is possible that tics may be absent at the time
of an examination. Asking the patient or the parents to
bring a videotape of the movements taken during a period
of relaxation and fatigue is often of greater diagnostic yield
than several minutes of scrutiny in the doctor’s office. Neu-
roimaging or other diagnostic studies are generally not
required. A careful family history is critical, specifically
as it relates to a history of tics, unusual habits or rituals,
obsessive-compulsive symptoms, and other manifestations
of GTS. Attention should be paid to the possibility of neo-
natal or perinatal injury and whether the child met develop-
mental milestones appropriately. Blood tests in selected
cases may include genetic testing for Huntington’s disease
and neuroacanthocytosis.

MANAGEMENT. Because most tic disorders are mild,
the majority of patients require no pharmacological ther-
apy. Education and identification of normal patterns of
waxing and waning of symptoms are often the only inter-
ventions needed. Because of the fluctuating nature of
GTS, however, at some point many patients require short-
term drug therapy. In such cases, therapy should be tar-
geted to the symptoms that are particularly troublesome
for the patient, and distinctions should be made between tics,
ADHD, and OCD. Tics most often respond to DA receptor
blockers such as pimozide, fluphenazine, haloperidol, and
risperidol. Many clinicians prefer pimozide (1 to 8 mg/day)
and fluphenazine because they may be less sedating than
other neuroleptic drugs. However, all neuroleptics carry a
risk of tardive dyskinesia and require regular follow-up. Tet-
rabenazine, a monoamine depletor and DA receptor blocker,
also improves tics, and, although it is not readily available
in the United States, it does not carry a substantial risk of
tardive dyskinesia.125 OCDs often respond to clomipramine,
sertraline, fluoxetine, and paroxetine. Patients who have
difficulty with OCD and also report problems in falling
asleep or wetting the bed may be good candidates for the tri-
cyclic antidepressant clomipramine. Clonidine, guanfacine,
and methylphenidate are helpful for patients with ADHD,
and lithium carbonate and carbamazepine are sometimes
used for patients who have severe mood changes and im-
pulse control problems.126 Supportive individual or family
counseling may help the patient and the family adapt to
the many internal and external stresses associated with the
GTS. In addition, neuropsychological testing to identify the
patient’s strengths and weaknesses usually allows the patient
to reach his or her maximum academic potential. The local
and national Tourette Syndrome Association can serve as
an important resource for educational material and as a
patient advocate in the school and work environment.

PROGNOSIS AND FUTURE PERSPECTIVES. Most
patients show a marked improvement after adolescence and
have few or no clinically significant tics as adults. Between
10% and 30% continue to be symptomatic throughout early
adulthood and middle age.119 The pathogenic mechanism
for GTS remains unknown, but current research focuses on
the identification of genetic and biochemical mechanisms
of this complex neurobehavioral disorder.

Other Stereotypies
Stereotyped motor behavior can occur in normal children
and in children with a variety of other primary neurodegen-
erative conditions. Repetitive head banging, an example of
stereotypic activity, is seen in 15% of normal children.127

In addition, thumb sucking, rocking, and other ritualistic
behaviors are common during childhood. Most stereotypies,
however, represent evidence of underlying brain dysfunc-
tion and hence require recognition. Stereotypic movements
occur in at least one third of mentally retarded patients
and are a characteristic feature of various autistic disorders,
such as infantile autism and Rett’s, Angleman’s, and Asper-
ger’s syndromes.105 In all these conditions, stereotypies
present as repetitive, coordinated, purposeless, involuntary
movements such as chewing, lip smacking, body rocking,
shoulder shrugging, marching in place, shifting of weight,
and thrustingmovements of the trunk and pelvis. Respiratory
dyskinesia can produce grunting vocalizations, hyperventi-
lation, and shortness of breath.

Rett’s syndrome occurs only in girls and is believed to
be linked to the X chromosome but is lethal in hemizygous
males.105 Some authors have suggested that Rett’s syn-
drome is a result of disordered lipid metabolism, whereas
others believe that these children have a derangement of
the neuronal mitochondria. Typically, these children
develop normally through the first 6 to 12 months of life,
but then motor abnormalities (stereotypies, dystonia, and
chorea) emerge, accompanied by cognitive regression. The
stereotypies observed most frequently in girls with Rett’s
syndrome include clapping, wringing, clenching, washing,
patting, and rubbing behaviors. Other hyperkinetic disorders



754 Etiological Categories of Neurological Diseases / 34
of movement include oromandibular dystonia, other dysto-
nias, scoliosis, myoclonus, and choreoathetosis. All patients
also have gait disturbances, and parkinsonian findings
are manifest chiefly as hypomimia, rigidity, and brady-
kinesia.105,127 Rett’s syndrome is thought to be due to
loss-of-function mutations of the X-linked gene encoding
methyl-CpG binding protein-2 (MECP2), which accounts
for more than 80% of Rett cases.128 Children with Angle-
man’s syndrome have a jerky gait (puppet movements), a
tendency to exhibit hand flapping stereotypies, and laughter
with minimal stimulus. Patients with Angleman’s syndrome
and Prader-Willi syndrome both have a similar 15q11–13
chromosomal deletion, and parental origin of the chromo-
somal abnormality has been postulated to play a role. The
children have psychomotor and cognitive delay and ataxia;
speech is almost completely absent.129 Seizures are present
in nearly all patients, and 72% have early feeding problems.
Eventually, 70% of these children learn to walk, and many
are able to help with household chores. The most character-
istic movement in this disorder is hand flapping with elbow
and wrist flexion, but athetosis and tremulousness may also
be present.

Asperger’s syndrome is an autistic disorder manifested
by poor reciprocal interaction, inappropriate emotional
expression, impaired nonverbal communication, circum-
scribed interests, and repetitive activities. These children
generally function at a higher intellectual level than most
patients with pervasive developmental disorders. Like
other autistic patients, they have stereotypedmotor behavior,
clumsiness, and tics.105 Abnormalities in patients with
Asperger’s syndrome include cortical atrophy with widened
sylvian fissure anomalies (the opercular sign). Increased
lipofuscin is present in the brain, conjunctiva, and muscle,
and the substantia nigra has reduced pigmentation.

Because many children in the preceding categories
receive treatment with chronic neuroleptic agents, their
primary stereotypies must be distinguished from drug-
induced tardive dyskinesia. Prominent lingual-facial buccal
movements are typical of the latter condition and are less
characteristic of the primary stereotypies.

In all these disorders, routine laboratory data, spinal
fluid analysis, and chromosomal studies are usually normal.
No consistent neurochemical abnormalities have been
found. Postmortem studies in patients with Rett’s and Angle-
man’s syndromes reveal microcephaly and mild neuronal
loss with diffuse gliosis.105 Evaluation for Asperger’s
syndrome by MRI may reveal some nonspecific abnor-
malities.129 In all instances, therapy for patients with stereo-
typies is empirical and involves primarily the use of
neuroleptic agents or dopamine-depleting drugs such as
reserpine and tetrabenazine.

Restless Legs Syndrome
Restless legs syndrome (RLS) is one of the most common
movement disorders, affecting approximately 5% to 10%
of the general population.130,131 Clinical criteria estab-
lished by the International Restless Legs Syndrome Study
Group include a set of four symptoms that establish the
diagnosis of RLS: (1) a desire to move the limbs, often
associated with unpleasant sensations; (2) restlessness; (3)
worsening of symptoms at rest and at least temporary relief
with movement; and (4) worsening of symptoms in the
evening or night (Video 73, Restless Leg Syndrome).

The sensations that people feel are always unpleasant but
not necessarily painful. The most common descriptions
used include such words as “need to move,” “crawling,”
“tingling,” “restless,” “cramping,” “creeping,” “pulling,”
“painful,” “electric,” “tension,” “discomfort,” and “itch-
ing.” Despite the name, these sensations can also be felt
in the arms, although the legs are almost always more
severely affected. Another feature that many patients with
RLS have is called periodic limb movements while asleep.
These are kicking movements of the legs while patients
are asleep; these movements may be irregular and simple
or rhythmic and more complex, resembling bicycling
movements. Several surveys have shown how prevalent
RLS symptoms are, and the disorder increases with age.
RLS patients often do not see a physician until mid- to later
life but report subtle symptoms dating from much earlier in
their lives. These symptoms typically worsen over time.

The exact cause of RLS is not known, but in most cases
it appears to be inherited in an autosomal dominant pattern.
Secondary RLS may be associated with neuropathy, kidney
failure, iron deficiency, and pregnancy. The most con-
sistently effective treatments for RLS are dopaminergic
medications, such as levodopa or DA agonists, including
pramipexole, ropinirole, pergolide, bromocriptine, and
cabergoline. Ropinirole is currently the only Food and
Drug Administration-approved drug for RLS.132 Opioids
may also help RLS symptoms.

Painful Legs-Moving Toes Syndrome
Painful legs-moving toes syndrome (PLMTS) is amovement
disorder associated with significant sensory symptoms. The
condition is idiopathic in origin but usually develops in asso-
ciation with back pain and often in the context of prior back
injury or surgery. No specific pathophysiological mech-
anisms have been elucidated, and although a spinal cord or
peripheral nervous system origin has been proposed, electro-
physiological studies are often normal.133 Because the con-
dition sometimes follows herpes zoster infection, primary
involvement of the posterior roots and ganglia has been sug-
gested to explain the syndrome. The movements are not a
response to the pain because even after local anesthesia or
sympathetic blockade the movements persist. Clinically,
the condition involves continuous writhing movements of
the toes and pain in the legs. The pain may range frommildly
irritating to excruciatingly severe.134 In most cases, it has a
constant, boring quality, but it can be burning or crushing.
It does not, however, have a shooting or electric quality like
a radicular irritation. The toe movements are sinuous and
crawling, usually continuous throughout the waking hours
and incessantly repetitive. Unlike akathisia, the patient
feels no relief in moving and instead tires from fruitless
attempts to stop the movement. There is no effective treat-
ment for PLMTS, but sympathetic blockade and anticonvul-
sants have been used (Video 247, Akylosing Spondylitis).134

Action Tremors (Table 34-6)

Essential tremor (ET) is the most frequent hyperkinetic
movement disorder. Its age-adjusted prevalence is 2% to



TABLE 34-6

Classification and Differential Diagnosis of Tremors

1. Rest tremors
a. Parkinson’s disease
b. Other parkinsonian syndromes (less commonly)
c. Midbrain (“rubral”) tremor: rest < postural < kinetic
d. Wilson’s disease (also acquired hepatocerebral degeneration)
e. Essential tremor—only if severe: rest < < postural and action

2. Postural and action (“terminal”) tremors
a. Physiological tremor
b. Exaggerated physiological tremor (these factors can also aggravate
other forms of tremor)
i. Stress, fatigue, anxiety, emotion
ii. Endocrine: hypoglycemia, thyrotoxicosis, pheochromocytoma,

adrenocorticosteroids
iii. Drugs and toxins: b-agonists, dopamine agonists,

amphetamines, lithium, tricyclic antidepressants,
neuroleptics, theophylline, caffeine, valproic acid, alcohol
withdrawal, mercury (“Hatter’s shakes”), lead, arsenic,
others

c. Essential tremor (familial or sporadic) ?subtypes
d. Primary writing tremor
e. With other CNS disorders

i. Parkinson’s disease
ii. Other akinetic-rigid syndromes
iii. Idiopathic dystonia, including focal dystonias

f. With peripheral neuropathy
i. Charcot-Marie-Tooth syndrome (controversial whether to call
this the Roussy-Levy syndrome)

ii. Variety of other peripheral neuropathies (especially
dysgammaglobulinemia)

g. Cerebellar tremor
3. Kinetic (intention) tremor
Disease of cerebellar “outflow” (dentate nucleus and superior
cerebellar peduncle): multiple sclerosis, trauma, tumor, vascular
disease, Wilson’s acquired hepatocerebral degeneration, drugs, toxins
(e.g., mercury), others

4. Miscellaneous rhythmical movement disorders
a. Psychogenic tremor
b. Orthostatic tremor
c. Rhythmical movements in dystonia (dystonic tremor)
d. Rhythmical myoclonus (segmental myoclonus—; e.g., palatal or

branchial myoclonus, spinal myoclonus, limb myorhythmia)
e. Oscillatory myoclonus
f. Asterixis
g. Clonus
h. Epilepsia partialis continua
i. Hereditary chin quivering
j. Spasmus nutans
k. Head bobbing with third ventricular cysts
l. Nystagmus

Modified from Weiner WJ, Lang AE: Movement Disorders: A comprehensive
survey. New York, Futura, 1989.
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5%,26 and, as a lifelong illness, ET may affect any age
group. It has a bimodal distribution of age at onset, with
two peaks, adolescence and the fourth or fifth decade of
life. In many families, ET is inherited in an autosomally
dominant pattern, and in these patients the term familial
tremor can be used interchangeably with ET. Although
central mechanisms are thought to be causative, no specific
structural abnormality has been noted in the brains of
patients with ET. Because ET can be exacerbated by
hyperthyroidism and by caffeine and noradrenergic drugs,
alterations in the central norepinephrine chemistry have
been suggested.

In contrast to the resting tremor characteristic of PD,
ET is a postural tremor, which is characteristically present
during maintenance of a position. This tremor is typically
an alternating flexion-extension movement, whereas supi-
nation-pronation oscillation is more characteristic of Par-
kinson’s tremor. ET is also faster (7 to 10 Hz) than the
PD tremor (4 to 7 Hz), and when fully developed, it usually
involves the head, neck, and voice. Tremor often interferes
with handwriting, drawing, holding a spoon, using a drinking
cup, and manipulating tools (Video 60, Marked Postural
Tremor).26 The vocal cords may be affected, resulting in a
wavering voice. Although ET usually occurs in isolation, it
can be associated with various other neurological conditions,
including dystonia, parkinsonism, and certain inherited pe-
ripheral neuropathies (e.g., Charcot-Marie-Tooth disease).
The differential diagnosis includes normal physiological tre-
mor and the tremors associated with anxiety, thyrotoxicosis,
and alcohol withdrawal as well as drug-induced tremors
resulting from bronchodilator use, corticosteroids, various
CNS stimulants, lithium, and sodium valproate (Video 69,
Lithium-Induced Postural Tremor). ET diminishes with rest,
ethanol, b-noradrenergic blockers (usual dose, propranolol
80 to 240 mg/day), primidone (25 to 750 mg/day), and ben-
zodiazepines. In addition, some patients may benefit from
gabapentin, topiramate, and injections of botulinum toxin
directly into the contracting muscles.135,136 Thalamotomy
or high-frequency thalamic stimulation (DBS) may be an
option in patients with severe tremors that are refractory to
other treatment.137

Orthostatic tremor and primary writer’s tremor are two
particular forms of tremor that are highly dependent on
posture. In the former, patients can usually walk with only
mild discomfort, but when asked to stand in place for sev-
eral seconds, they develop hard and cramping calves and
thighs that shake uncontrollably. Although considered by
some to be a variant of ET, this tremor does not respond
to the usual drugs described previously, and clonazepam
(1 to 10 mg/day) is usually far more effective. Baclofen
can also be used. The differential diagnosis includes dysto-
nia and stiff-person syndrome. Similarly, primary writer’s
tremor does not occur outside the very specific activity of
writing. It is thought that the complicated posture and mus-
cle activation of writing induces the contractions in the
agonist and antagonist hand muscles that induce the tremor.
Sometimes the hand cramps at the same time, suggesting
the presence of an underlying dystonia. The handwriting
becomes sloppy, shaky, and large. Patients may respond to
the medications used for ET, but often they improve more
with anticholinergic medicines, again suggesting that dysto-
nia may underlie these tremulous movements. Importantly,
changing to a large, fat pen that requires different muscles
for holding and writing with it or switching to typing is often
the most helpful of all therapies.

Cerebellar kinetic tremor, sometimes referred to as an
intention tremor, is most apparent during a goal-directed
limb movement such as that used in the finger-to-nose or
heel-to-shin test. In contrast to postural tremor, the patient’s
greatest disability occurs at the “endpoint,” when a sudden
destabilization occurs with severe shaking (Video 14, Tre-
mor with Ataxia). This tremor is usually caused by a lesion
in the cerebellar outflow (dentatorubral) tracts,26 and there-
fore it is seen most typically in patients with multiple
sclerosis, cerebrovascular accidents, or primary cerebellar
disorders. Likewise, rubral tremor—a tremor that mixes rest,
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postural, and kinetic tremors—is generally not an idiopathic
tremor and is induced by structural disease in the midbrain or
fiber pathways connecting this region with the cerebellar and
thalamic nuclei. Treatment of these tremors is frustrating,
and no reliable pharmacological success has been reported.
Because these patients are generally not weak and overshoot
their targets as they move, stabilization of the involved limbs
with wrist weights can reduce the amplitude and disability of
the tremor.

Dystonic tremor is a prominent form of shaking that
occurs as a compensation for dystonic spasms and must
be recognized so that the underlying dystonia can be treat-
ed. Finally, palatal tremor, also termed palatal myoclonus,
is characterized by continuous and synchronous contrac-
tions of the soft palate that occur at frequencies of 100 to
150 per minute (range, 20 to 600 per minute). Patients
may not notice the jerking movements unless they are
accompanied by persistent ear clicks caused by the repeti-
tive opening and closing of the eustachian tubes. Concomi-
tant contractions of other muscles, including the larynx,
extraocular muscles, neck, diaphragm, tongue, and face,
may be observed. These patients may have additional
symptoms, including postural tremor, oscillopsia, dyspha-
gia, and dysarthria. The movements, which generally per-
sist throughout life with infrequent remissions, may be
idiopathic or due to brain stem or cerebellar disease. The
anatomical and physiological bases underlying palatal tre-
mor involve the hypertrophic degeneration of the olivary
nucleus located within the medulla oblongata. The altera-
tion of the inferior olive develops secondary to a lesion
within the Guillain-Mollaret triangle, a pathway extending
from the contralateral dentate nucleus via the superior cer-
ebellar peduncle and ipsilateral central tegmental tract.
Palatal tremor is usually resistant to therapy, which is
unnecessary in most patients. 5-Hydroxytryptophan, the
serotonin precursor, and carbamazepine are variably effec-
tive. Others have reported success with clonazepam, tetrabe-
nazine, and trihexyphenidyl. Surgical intervention,
including perforation of the tympanic membrane and tampo-
nade of the eustachian tubes, is unsuccessful.

Wilson’s Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. Wilson’s

disease (WD), or hepatolenticular degeneration, is an auto-
somal recessive disorder of copper metabolism. The speci-
fic genetic biochemical defect appears to be an abnormal-
ity of a copper-binding, membrane-associated adenosine
triphosphatase-associated protein, and the allele for this
protein has been localized to the long arm of chromosome
13.138 It is postulated that most of the symptoms result
from excess deposition of copper in tissues, particularly
in the brain and liver.

EPIDEMIOLOGY AND RISK FACTORS. This rare neu-
rodegenerative movement disorder occurs in approximately
1 in 40,000 people. Although the disorder may not become
clinically evident until the fourth or fifth decade of life, the
initial presentation most often appears in the early 20s.138

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Clinical features are age dependent. Children with
WD exhibit a typical facies (so-called sardonic smile),
behavioral abnormalities, and various motor disorders.139
These include tremor (particularly in a wing-beating posi-
tion), dystonia, rigidity, postural instability, dysarthria,
and ataxia.140 Some patients also exhibit mental and beha-
vioral changes and seizures. Almost all patients show evi-
dence of hepatic dysfunction. The adult patient usually
presents with parkinsonian features, dystonia, athetosis,
and slow (myorhythmic) or coarse postural (so-called
wing-beating) tremor (Video 58, High-Amplitude Tremor).
In adults, the neurological symptoms predominate over the
hepatic dysfunction, and the disorder appears to be less
rapidly progressive. Approximately one third of patients
present with psychiatric symptoms. These range from irrit-
ability and loss of impulse control to mania and depression,
sometimes with catatonic symptoms.

The clinical hallmark of the disorder is the presence of a
brownish-golden ring at the corneal rim (Kayser-Fleischer
ring), which is due to the deposition of copper in the cor-
nea. This sign is seen in almost all patients with neurologi-
cal or psychiatric manifestations of WD, although slit-lamp
examination is sometimes necessary to detect the copper
deposition.139 Other ocular abnormalities seen in WD
include “sunflower” subcapsular cataracts, retinitis pig-
mentosa, optic nerve atrophy, and loss of smooth pursuit.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of WD depends on the phenotypical presentation. In chil-
dren, evaluation usually centers around hepatic disorders,
whereas in adults, diagnostic considerations center around
the type of movement disorder seen (tremor, chorea, dysto-
nia, or parkinsonism). Although Kayser-Fleischer rings are
extremely helpful in confirming this diagnosis clinically,
they are also seen in patients with silver intoxication, pri-
mary biliary cirrhosis, Addison’s disease, carotinemia,
and chalcosis as a result of unilateral trauma to the eye
with copper-containing foreign bodies.101

EVALUATION. All patients should be evaluated by an
ophthalmologist for the presence of the Kayser-Fleischer
ring. Decreased serum ceruloplasmin (<20 mg/dL) in 90%
of patients, increased urinary copper excretion (>100 mg/
mL), impaired hepatic and renal function, hemolytic anemia,
and aminoaciduria may also be present. In most cases, a 24-
hour urinary copper screen will detect elevated urinary
copper levels (>100 mg/24 hours). If these tests are not diag-
nostic, liver biopsy should be performed with copper mea-
surements (copper > 200 mg/g dry weight).26 T2-weighted
MRI scans may show the “face of the panda” sign in the
midbrain due to hypodensity of the superior colliculi and
hyperdensity in the medial substantia nigra and tegmentum.
Fluorodopa PET scans are abnormal in symptomatic
patients, demonstrating evidence of nigrostriatal damage.

MANAGEMENT. Because good recovery of hepatic and
neurological function is possible in most patients, treat-
ment must be instituted quickly. The goal of therapy is to
reduce copper intake by means of a low-copper diet and
increase copper excretion. D-Penicillamine is the chelating
agent most often used; its side effects are potentially ser-
ious but preventable. These include nephrotic syndrome,
fever, thrombocytopenia, dermatitis, vitamin B6 deficiency,
seizures, and zinc deficiency, which causes impairment of
taste and smell. Pyridoxine should be administered along
with penicillamine. Some investigators suggest using tetra-
thiomolybdate, a drug that both blocks copper absorption
and binds to blood-borne copper, as an initial therapy. In
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addition, zinc acetate may be used as a maintenance ther-
apy because of its low potential for serious side effects
other than gastrointestinal effects. Dietary education about
foods containing high levels of copper should be under-
taken, and specific restrictions should be placed on liver
and shellfish.139 In patients who have sustained severe liver
damage at the time of treatment, liver transplantation may
be considered but remains controversial.

Since the disorder is inherited as an autosomal recessive
trait, it is important to screen other members of the family
with a neurological examination, serum ceruloplasmin
level, and slit-lamp examination of the cornea. The clinical
manifestations of the disorder and progression of disease
may be prevented by early institution of copper chelation
therapy.

PROGNOSIS AND FUTURE PERSPECTIVES. If WD is
recognized early in the course of the illness and is treated
aggressively with initial and maintenance chelation ther-
apy, it is potentially a curable disorder. Without treatment,
patients progress to disability and death. The gene for WD
has been identified on chromosome 13, but several muta-
tions within the gene have been found; therefore, DNA
testing is not yet practical.139

Hemifacial Spasm
Hemifacial spasm (HFS) is characterized by intermittent
twitching of the muscles supplied by one facial nerve. It
is thought to result from compression of the facial nerve
at its junction with the brain stem by an aberrant or ectopic
posterior fossa artery. Whereas many cases are idiopathic
in origin, compression by vascular structures was responsi-
ble in more than 90% of cases; other rare causes include
tumors and bony or other abnormalities.141 The average
age-adjusted annual incidence for patients of all ages is
0.78 per 100,000, and the prevalence has been estimated at
14.5 per 100,000 in women and 7.4 per 100,000 in men.142

Onset generally occurs between the second and eighth dec-
ades of life, with the average age at onset being 45 to 51
years. Onset during infancy is atypical and usually indicates
an underlying tumor, anomaly, or other pathology. Women
are more commonly affected than men, and Asians have
a particularly high risk compared with other populations.
Although familial cases have been reported, most are spora-
dic. Trigeminal neuralgia can be associated with the devel-
opment of HFS, suggesting that ephaptic transmission may
underlie the pathophysiology of these two syndromes (Video
224, Hemifacial Spasm).

Clinically, symptoms begin in the periorbital region and
spread to the ipsilateral facial muscles during the next few
months. Spasm occurs spontaneously, is almost always uni-
lateral, and is exacerbated by voluntary facial movements
such as lip pursing, stress, fatigue, anxiety, or a change in
head position. The movements often persist during sleep.
Stapedius muscle contraction frequently accompanies
contraction of the muscles of facial expression and may
produce ipsilateral tinnitus.141

HFS must be differentiated from other conditions that
cause involuntary facial movements. Blepharospasm and
other forms of facial dystonia are almost always bilateral.
Postparalytic facial spasms generally reflect fixed contrac-
tion of the facial muscles or synkinesis or both. There is
always a history of preceding facial weakness (e.g., Bell’s
palsy), and spontaneous spasms are generally absent. Spas-
tic paretic facial contracture may be confused with HFS.
The involved side is weak and contracted, unlike the situa-
tion in HFS, in which the facial muscles are relaxed
between twitches. Facial myokymia is characterized clini-
cally by undulating movements of the facial muscles.
Facial tics are rapid, stereotyped, and relatively well-coor-
dinated movements that may also occur in regions distant
from the face. Hemimasticatory spasm involves muscles
innervated by both the facial and the trigeminal nerves.

In the patient with normal results on neurological exam-
ination, including careful attention to brain stem testing
(e.g., blink reflex and extraocular motility), further workup
is usually not needed. If, however, neurological abnormal-
ities, such as facial sensory deficits or an abnormal corneal
blink reflex, are present, MRI and possibly MR angiogra-
phy are suggested. Specific attention to the cerebellopon-
tine angle and brain stem is required to detect possible
tumors or arteriovenous malformations.

Although some clinicians treat HFS first with clonaze-
pam, botulinum toxin injection to the involved muscles is
now the treatment of choice.141 The role of surgical decom-
pression has diminished with the advent of this therapy,
but surgery is still performed in some clinical settings. Endo-
scopic surgical correction may offer a permanent treatment
with less morbidity than posterior fossa exploration. Myec-
tomies, nerve sectioning, and phenol injections have
essentially been replaced by botulinum toxin injections.

Essential Myoclonus
As with other movement disorders, myoclonus may be
classified in several ways, including phenomenologically,
anatomicophysiologically (see Chapter 16), and etiologi-
cally. The etiological divisions are physiological, essential,
epileptic, and symptomatic myoclonus. Physiological forms
include benign hiccups and hypnic jerks, which are sudden
movements experienced by many normal individuals when
falling asleep. These two phenomena rarely require evalua-
tion or treatment.143 Because epileptic myoclonus and the
vast array of symptomatic causes of myoclonus are described
in the appropriate etiological chapters in this book, this
section reviews only the hereditodegenerative (essential)
forms of myoclonus.

PATHOGENESIS AND PATHOPHYSIOLOGY. Using
the term paramyoclonus multiplex, Friedreich presumably
was first to describe a patient with essential myoclonus.
Although myoclonus has been clinically well-defined, there
has been no biochemical investigation that has explained the
pathophysiological mechanism underlying essential myoc-
lonus. Cerebral blood flow studies utilizing SPECT and
xenon-133 or [technetium-99m]-D,L-hexamethylpropyl-
eneamineoxime have revealed focal asymmetries in cerebral
blood flow patterns consisting of relative hypoperfusion of
the left cerebral hemisphere combined with an associated
crossed cerebellar diaschisis.144 This pattern could result
from small lesions in the brain stem or basal ganglia, with
secondary deafferentation of the ipsilateral frontal lobe and
contralateral cerebellum, suggesting that essential myoclo-
nus has a subcortical origin. Electrophysiological studies
also suggest a subcortical origin for this form of myoclonus.



TABLE 34-8

Symptomatic Myoclonus

I. Metabolic—endogenous
Hypoxia, uremia, chronic hemodialysis, hepatic failure,
hypercarbia, hypoglycemia, hyponatremia, nonketotic
hyperglycemia

II. Metabolic—exogenous
Bismuth, cocaine, organic mercury, methylbromide, strychnine,
tetraethyl lead, tetanus

III. Degenerative
Dementias—Alzheimer’s disease
Movement disorders—corticobasal degeneration, multiple system
atrophy, progressive supranuclear palsy, Hallervorden-Spatz
disease, Huntington’s disease

IV. Neurovascular
Ischemia
Hemorrhagic

V. Infectious
Transmissible spongiform encephalopathies— Creutzfeldt-Jakob
disease, kuru, viral—measles, Epstein-Barr virus, etc.
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EPIDEMIOLOGYANDRISK FACTORS.Essential myoc-
lonus is a rare disorder; however, the overall prevalence
in the population is unknown.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Since its initial description, the diagnostic criteria
for this form of myoclonus have evolved to the present
state (Table 34-7). The jerks in essential myoclonus are
brief (50 to 200 msec) and may be generalized, multifocal,
segmental, or unilateral (Video 57, Myoclonus). Myoclonic
jerks mainly involve the muscles of the neck or upper body
and are exacerbated by action, particularly writing or out-
stretching of the arms. The jerks abate during sleep and
are ameliorated by alcohol. The beneficial effects of the
latter are at times dramatic and nearly diagnostic; however,
following withdrawal of alcohol, the condition frequently
becomes worse on the rebound.145

Some individuals with essential myoclonus have asso-
ciated dystonic movements, including spasmodic torticollis
and blepharospasm. The presence of dystonia is an excep-
tion to the diagnostic criteria, as noted previously. Further
complicating these diagnostic criteria is the occurrence of
myoclonus in patients with hereditary dystonia, so-called
myoclonic dystonia or dystonia with alcohol-responsive
lightening-like jerks. Loss-of-function mutations in the
7q21 gene for e-sarcoglycan were identified in most families
with the myoclonus dystonia syndrome.146 Whether these
entities represent different disorders remains to be elucidated
by future genetic studies.147

In contrast to the hereditary form, the characteristics of
sporadic essential myoclonus are more heterogeneous.
Patients with this disorder range in age from 2 to 64 years
at onset, have normal neurological findings on examination,
and have normal EEG results. The myoclonic jerks may be
oscillatory, rhythmical segmental, nonrhythmical segmen-
tal, or nonrhythmical multifocal; the trunk and proximal
limb muscles, followed by the muscles of the neck and face,
are most affected. Generally, patients do not demonstrate
marked progression of symptoms or disability.

DIFFERENTIAL DIAGNOSIS. Because essential myoc-
lonus has no known cause, its diagnosis is one of exclu-
sion, and other causes must be evaluated. The coexistence
of myoclonus and epilepsy suggests the presence of a form
of epileptic myoclonus, which may present with either
focal or generalized myoclonus (Video 105, Myoclonic
Seizure). In these patients, epilepsy is the dominant feature,
the syndrome is generally age related, and in most cases
EEG abnormalities are associated (see Chapter 52). Myoc-
lonic syndromes associated with underlying diseases that
cause a predominant encephalopathy, ataxia, dementia, or
pyramidal or extrapyramidal signs as major features of
TABLE 34-7

Diagnostic Criteria for Essential Myoclonus

1. Onset of myoclonus in first or second decade
2. Males and females equally affected
3. Benign course
4. Dominant mode of inheritance with variable severity
5. Absence of seizures, dementia, gross ataxia, or other deficit
6. Normal EEG
7. Normal somatosensory evoked potentials
the illness are termed symptomatic myoclonias (Video 50,
Myoclonus in Creutzfeldt-Jakob Disease; Video 53, Myoc-
lonus, Positive and Negative). Syndromes comprising symp-
tomatic myoclonus with seizures are termed progressive
myoclonic epilepsies (PME) (see Chapter 52), although the
seizures are generally minor or late developments. Sympto-
matic causes of myoclonus include a variety of disorders
(Table 34-8).

EVALUATION. The evaluation of essential myoclonus
relies on a detailed history and a thorough neurological
examination. Neuroimaging studies (head MRI and CT)
in patients with essential myoclonus are normal, but these
studies are helpful in patients with alternative diagnoses,
such as stroke, degenerative disorders, and trauma. Electro-
physiological tools, including EMG, EEG, and somatosen-
sory evoked potentials (SEPs), can be particularly valuable
in distinguishing the levels of neural dysfunction in
patients with myoclonic syndromes. In essential myoclo-
nus, these studies are normal; however, EEG results are
generally abnormal in patients with epileptic myoclonus
and the PMEs, showing epileptiform discharges (Video
46, Myoclonic Epilepsy). Patients with metabolic or toxic
causes of myoclonus may also show diffuse slowing on
EEG. SEPs are also normal in patients with essential myoc-
lonus, as well as subcortical and spinal forms of myoclo-
nus, but are abnormal in those syndromes originating in
the cortex, including most PMEs. Blood, cerebrospinal
fluid, and tissue biopsies, although normal in patients with
essential myoclonus, should be used in the appropriate
clinical settings.
VI. Neoplastic
Neuroblastoma
Paraneoplastic disorders—ovarian, lung, breast

VII. Autoimmune—multiple sclerosis
VIII. Traumatic

Penetrating trauma—brain, spinal cord
Heat stroke
Electric shock
Decompression illness

IX. Iatrogenic
Medications (amantadine, etomidate, penicillin, buspirone,
diclofenac, lithium, metoclopramide, tricyclic antidepressants,
levodopa, dopamine agonists)

Procedures (water-soluble contrast media, post-thalamotomy)



TABLE 34-9

Medications for the Treatment of Myoclonus

MEDICATION COMMON INITIAL DOSE USUAL MAXIMUM DOSE CLINICAL USES

Chlorpromazine 25–50 mg intravenously 50 mg by mouth tid Hiccups
Clonazepam 0.5–1.5 mg/day 20 mg/day by mouth Most forms of myoclonus
L-5-Hydoxytryptophan 25 mg by mouth qid 500 mg by mouth qid Posthypoxic myoclonus
with carbidopa 25 mg by mouth qid 50 mg by mouth qid

Levetiracetam 500 mg bid 1500 mg bid Cervical myoclonus
Metoclopramide 10 mg intravenously 10 mg by mouth tid Hiccups
Piracetam 7.2 g/day by mouth 16 g/day by mouth Cortical myoclonus
Tetrabenazine 25–50 mg/day by mouth 200 mg/day by mouth Segmental myoclonus
Valproic acid 15 mg/kg/day by mouth 2000 mg/day Most forms of myoclonus

TABLE 34-10

Startle Syndromes

I. Hereditary hyperekplexia
II. Symptomatic hyperekplexia
III. Startle epilepsy
IV. Jumping, latah, myriachit
V. Psychogenic startle
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TREATMENT. Despite its nonprogressive, benign nat-
ure, essential myoclonus can significantly impair the per-
formance of routine daily activities, and symptomatic
treatment of the myoclonic jerks can result in substantial
improvement in the patient’s quality of life. Although alco-
hol has been shown to alleviate the movements in a num-
ber of patients with essential myoclonus, the limitations
of this pharmacological therapy are obvious. Manipulation
of brain serotonin levels, although beneficial in some forms
of myoclonus, has generally been unsuccessful in the treat-
ment of essential myoclonus. A variety of medications may
be used in this and other myoclonic disorders (Table 34-9).
The benzodiazepines, particularly clonazepam, are the most
consistently effective medications used for the treatment of
essential myoclonus. In addition, favorable treatment results
have been observed with certain anticholinergic medica-
tions, including benztropine and trihexyphenidyl. Piracetam
and the structurally related drug levetiracetam have been
also reported to be effective in the treatment of cortical
myoclonus.148

Startle Syndromes
The startle syndromes are characterized by an exaggerated
motor response to unexpected auditory, and occasionally
somesthetic or visual, stimuli. Confusion has overtaken
the classification of these syndromes as various terms have
been introduced. Hyperekplexia has often been used syno-
nymously with any startle disorder; however, the word
hyperexplexia (to jump excessively) was used to describe
the autosomal dominantly inherited exaggerated startle
reflexes in a large Dutch kindred. Matsamuto and Hal-
lett149 have advocated the use of the proper Greek term
hyperexplexia to denote any movement disorder in which
there is a physiological demonstration of exaggerated star-
tle reflexes and have incorporated this terminology in
dividing the startle syndromes into five main types
(Table 34-10).149

The pathophysiology of hyperexplexia has been recently
elucidated, and now there is general agreement that the
motor response in patients with hereditary and symp-
tomatic hyperexplexia is a pathological exaggeration of the
normal startle reflex.150 To elicit a startle response in normal
humans, an acoustic stimulus must have a volume of
approximately 100 dB and a rise time of less than 5 msec.
The response to such an unexpected stimulus varies in nor-
mals, and eye blinking may be the only visible reaction.
Typically, however, facial grimacing, head flexion with
shoulder abduction, elbow flexion, pronation of the fore-
arms, and fist clenching occur. In normals, habituation (a
decrease in magnitude of response with repetition of the sti-
mulus) occurs with four or five repeated stimuli. Electrophy-
siologically, surface EMG recordings demonstrate
a bilaterally symmetrical response composed of a blink
response and activation of other craniocervical muscles
with variable limb muscle recruitment. The overall pattern
of muscle recruitment suggests that the normal human
auditory startle reflex originates in the caudal brain stem.
The audiogenic jumps seen in hyperexplexias are believed
to be generated by the normal startle circuit underheight-
ened excitability, perhaps of cerebral origin. Hereditary
hyperexplexia is inherited as an autosomal dominant trait
caused by mutations in the a1 subunit of the inhibitory
glycine receptor, which is localized to chromosome 5q.151

The hallmark of hyperexplexia is an exaggerated startle
response to a sudden, unexpected stimulus. Children with
hyperexplexia are born with continuous stiffness and
demonstrate a flexor posture, both of which disappear with
sleep. Severely affected children startle excessively to sud-
den stimuli, and infants characteristically flex rather than
extend their arms as seen with the normal Moro response.
Apnea and cardiorespiratory arrest can occur, perhaps due
to stiffness of the chest wall. The increased tone gradually
disappears during the first several months of life, yet the
startle response can interfere with walking and may result
in trauma from falls. Severely affected patients have startle
attacks throughout life; they often become worse during
adolescence, and variable improvement occurs later in life.
Other affected individuals may have infrequent attacks that
may become worse with stress or illness. Violent bilateral
flexion of the legs can occur during descent into slow-wave
sleep or, rarely, during the daytime. Abdominal muscle
involvement has been postulated to result at times in inguinal
and abdominal hernias.
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Other cerebral (perinatal anoxia), diencephalic (stroke),
and brain stem (inflammatory and hemorrhage) lesions
have also been associated with hyperexplexia, but most
reports lack the physiological investigations necessary to
prove that the startle reflex was involved. Certain psychia-
tric diseases including post-traumatic stress disorder may
be associated with evidence of hyperarousal and an exag-
gerated startle reflex. Others have observed increased star-
tle reactions in catatonic schizophrenics, patients with
GTS, and newborns following in utero exposure to cocaine.
The majority of acquired cases of exaggerated startle,
however, are idiopathic and have no identifiable cause.
An additional differential diagnostic consideration in the
presence of exaggerated startle is startle epilepsy. Charac-
terized by epileptic seizures triggered by sudden unex-
pected stimuli preceded by a startle, this disorder has
been described in patients with severe brain damage, most
commonly perinatal anoxic encephalopathy, but also in
those with Down’s syndrome, Sturge-Weber syndrome,
and Tay-Sachs disease. Finally, a group of behaviors
including “jumping,” latah, and myriachit have been con-
sidered to represent startle phenomena, but others suggest
that these entities are merely culturally based, conditioned
behaviors. As a group, individuals with these behaviors
demonstrate an initial violent start in response to a sudden
stimulus that is variably followed by automatic speech
(echolalia, echopraxia, or coprolalia) and the exhibition of
aggressive gestures or defensive postures.

Clonazepam and other benzodiazepines are considered
the drugs of choice for the treatment of hyperexplexia;
when effective, they reduce the severity and frequency of
the startle reactions. Valproic acid, 5-hydroxytryptophan,
and piracetam have also been successful in certain patients.
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Thomas Klockgether
HISTORY AND DEFINITIONS

CONGENITAL ATAXIAS

HEREDITARY ATAXIAS

X-Linked Disorders

Autosomal Dominant Disorders

NONHEREDITARY, IDIOPATHIC

Multiple System Atrophy

Sporadic Adult-Onset Ataxia of

Unknown Etiology
Autosomal Recessive Disorders CEREBELLAR ATAXIA
HISTORY AND DEFINITIONS

The degenerative and congenital ataxias comprise a
wide spectrum of disorders with ataxia as the prominent
symptom. The neuropathological hallmark of these dis-
eases is degeneration or malformation of the cerebellar
cortex and of the spinal pathways. In many cases, there
is additional involvement of the brain stem and the basal
ganglia.

Traditionally, classifications of ataxia were based on
neuropathological criteria. Thus, Holmes1 distinguished
between spinocerebellar degeneration, degeneration of the
cerebellar cortex, and olivopontocerebellar atrophy. More
recently, a clinical classification introduced by Harding2

gained wide acceptance. This classification distinguishes
between congenital, hereditary, and nonhereditary ataxias.
Hereditary ataxias are further subdivided into ataxias with
autosomal recessive inheritance such as Friedreich’s ataxia
(FRDA), ataxias with X-linked inheritance, and ataxias
with autosomal dominant inheritance, which are now usu-
ally named spinocerebellar ataxias (SCAs). In recent years,
the causative mutations of most hereditary ataxias have
been identified, allowing a rational classification of heredi-
tary ataxias. The nonhereditary ataxias comprise diseases
with unknown etiology and acquired ataxias with a known
cause. The acquired ataxias, many of which are due to
alcoholism or malignant disease, are discussed in Chapters
38 to 40, and 47 (Table 35-1).
CONGENITAL ATAXIAS

PATHOGENESIS AND PATHOPHYSIOLOGY. Cerebel-
lar malformations are often part of complex malformation
syndromes affecting diverse structures of the central
nervous system (CNS). In addition, there are cerebellar
malformations that are more or less limited to the cere-
bellum. In these latter forms, congenital ataxia is often
a prominent clinical feature, although ataxia may be
associated with other symptoms, such as mental retar-
dation, spasticity, and seizures. In some cases of severe
cerebellar malformation, ataxia is surprisingly mild (see
Chapter 28).
The etiology of congenital ataxia is poorly understood.
Occasional appearance of congenital ataxia in siblings
suggests that it may be autosomal recessively inherited.
The molecular genetic basis of congenital ataxia, however,
is incompletely explored. Sporadic cases of congenital
ataxia outnumber familial cases by far. Whether sporadic
cases are also due to recessive mutations or whether they
have other causes is unknown. Animal experimental stud-
ies show that a variety of exogenous factors, such as toxins,
viral infection, hypoxia, and irradiation, may lead to cere-
bellar malformation.3

EPIDEMIOLOGY AND RISK FACTORS. Congenital
ataxia due to cerebellar malformation is a rare condition.
Precise information on the epidemiology of congenital
ataxia is not available.

CLINICAL FEATURES AND ASSOCIATEDDISORDERS.

Cerebellar aplasia seldom occurs alone. It is characterized
by complete or near complete absence of the cerebellum.
The clinical picture of cerebellar aplasia is variable. Life
expectancy of patients with cerebellar aplasia ranges from
a few weeks to a normal life span. In general, patients with
cerebellar agenesis have profoundly impaired motor devel-
opment and persistent motor deficits. However, there are
reports of patients with subtotal cerebellar aplasia who
learned to stand, walk, and run. Compensation appears to
be best if intelligence is normal.4

Vermian aplasia is often associated with reduction in
the size of the cerebellar hemispheres and anomalies of
the cerebellar and olivary nuclei. As in cerebellar aplasia,
survival ranges from a few weeks to a normal life span.
The clinical picture of vermal aplasia is not uniform. It
may be associated with a nonprogressive cerebellar syn-
drome, or it may be completely asymptomatic. If vermal
aplasia is associated with other malformations, a neurologi-
cal syndrome without features of cerebellar dysfunction
may be present.

Joubert’s syndrome is an autosomal recessive disorder
with a distinctive clinical picture. It is genetically heteroge-
neous.5 Joubert’s syndrome comprises episodes of hyper-
pnea alternating with apnea, abnormal eye movements,
ataxia, and mental retardation. Most patients die before the
age of 3 years. Neuropathologically, complete or partial ver-
mal aplasia is found along with changes in the cerebellar
cortex and dentate nucleus.6



TABLE 35-1

Classification of Ataxia

Congenital Ataxias

Hereditary Ataxias

Autosomal Recessive Ataxias
Friedreich’s ataxia (FRDA)
Ataxia-telangiectasia (AT)
Ataxia with oculomotor apraxia type 1
Ataxia with oculomotor apraxia type 2
Autosomal recessive spastic ataxia of Charlevoix-Saguenay
(ARSACS)

Abetalipoproteinemia
Ataxia with isolated vitamin E deficiency (AVED)
Refsum’s disease
Cerebrotendinous xanthomatosis (CTX)
Marinesco-Sjogren syndrome (MSS)
Autosomal recessive ataxia with known gene locus
Early onset cerebellar ataxia (EOCA)

X-Linked Ataxias
Fragile X tremor ataxia syndrome (FXTAS)

Autosomal Dominant Ataxias
Spinocerebellar ataxias (SCA)
Dentatorubral-pallidoluysian atrophy (DRPLA)
Episodic ataxias (EA)

Nonhereditary Degenerative Ataxias

Multiple system atrophy, cerebellar type (MSA-C)
Sporadic adult-onset ataxia of unknown etiology

Acquired Ataxias

Alcoholic cerebellar degeneration
Ataxia due to other toxic reasons (antiepileptics, lithium,
solvents)
Paraneoplastic cerebellar degeneration
Other immune-mediated ataxias (gluten ataxia, ataxia associated

with anti-GAD antibodies)
Acquired vitamin E deficiency
Hypothyroidism
Ataxia due to physical causes (heat stroke, hyperthermia)
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Cerebellar hypoplasia is characterized by reduced size
of the entire cerebellum or parts of it. Cerebellar hypopla-
sia may be detected by chance in neurologically healthy
individuals. Often, however, cerebellar hypoplasia is asso-
ciated with congenital ataxia. In affected children, motor
milestones are delayed. When the child begins to walk,
the gait is ataxic with frequent falls. Limb movements
and speech may be also affected (Video 108, Cerebellar
Ataxia).7

The Dandy-Walker malformation is a complex malfor-
mation of the CNS characterized by partial or complete
aplasia of the cerebellar vermis associated with a large pos-
terior fossa cyst. Other abnormalities include enlargement
of the posterior fossa, abnormally high placement of the ten-
torium, and elevation of the transverse sinuses. The Dandy-
Walker malformation is almost always associated with
hydrocephalus. The clinical syndrome of the Dandy-
Walker malformation is related to the extent of the hydro-
cephalus. Despite the presence of vermal aplasia, congeni-
tal ataxia is not a typical feature of the Dandy-Walker
malformation.

Chiari malformations consist of caudal herniation of
parts of the cerebellum and brain stem into the upper cervical
canal. Although these malformations affect the cerebellum,
they do not lead to congenital ataxia.
DIFFERENTIAL DIAGNOSIS AND EVALUATION. Con-
genital ataxia can be distinguished from other types of
early onset ataxias by the nonprogressive nature of the
disorder. A clinical distinction among the various cere-
bellar malformations that underlie congenital ataxia is
impossible.

Magnetic resonance imaging (MRI) is the method of
choice for evaluation of patients with congenital ataxia.
MRI clearly shows the size of the cerebellum and the pre-
sence of any associated anomalies, such as cysts and hydro-
cephalus.8 Electrophysiological investigations do not reveal
consistent abnormalities.

MANAGEMENT, PROGNOSIS, AND FUTURE PER-

SPECTIVES. There is no specific treatment for congenital
ataxia. If cerebellar malformations occur in combination
with hydrocephalus, surgical shunting is required.

Congenital ataxia is a nonprogressive and benign condi-
tion. Children with normal intelligence will compensate
cerebellar defects particularly well. However, the cerebel-
lar malformations that underlie congenital ataxia are often
associated with other malformations of the CNS. These
may lead to mental retardation, epilepsy, disorders of
breathing, and noncerebellar motor symptoms. Prognosis in
children affected by complex malformation syndromes is
poor, and many of them die in the first weeks of life.

HEREDITARY ATAXIAS

Autosomal Recessive Disorders
Friedreich’s Ataxia

PATHOGENESIS AND PATHOPHYSIOLOGY. FRDA is
an autosomal recessive disease. In most cases of FRDA,
the causative mutation is a homozygous, intronic GAA
repeat expansion in a gene coding for a mitochondrial
protein named frataxin. Less than 4% of FRDA patients
are compound heterozygotes with one allele carrying
the GAA repeat expansion and the other a point muta-
tion.9 FRDA patients have low frataxin mRNA levels,
suggesting that reduced frataxin levels are the primary
cause of neurodegeneration and cardiomyopathy in
FRDA. Frataxin assembles to larger protein complexes
that function as iron chaperones and iron storage pro-
teins. Frataxin thereby protects DNA from iron-induced
damage.10 Loss of frataxin has been shown to lead to
mitochondrial iron overload, increased production of free
radicals, and impaired utilization of iron for synthesis of
iron-sulfur clusters resulting in decline of mitochondrial
respiratory activity.11

The first pathological changes in FRDA are thought to
occur in the dorsal root ganglia with loss of large sensory
neurons. In advanced cases, the neuropathological abnorm-
alities include axonal sensory and motor neuropathy, dege-
neration of spinal tracts (spinocerebellar tracts, posterior
columns, and pyramidal tract), and hypertrophic cardio-
myopathy. There is only occasional involvement of the cer-
ebellum with loss of Purkinje cells and moderate cerebellar
atrophy.

EPIDEMIOLOGY AND RISK FACTORS. Prevalence
rates of FRDA range from 0.4 to 4.7 per 100,000. As in



Figure 35-1. T1-weighted MRIs of infratentorial brain structures and cervi-
cal spinal cord in FRDA. The images show the posterior fossa in the mid-
sagittal plane (top) and an axial slice at the level of the dens axis (bottom).
There is severe shrinkage of the cervical spinal cord. In contrast, the
cerebellum and brain stem have normal size.
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other recessive disorders, birth from a consanguineous
marriage is a major risk factor for FRDA. In families with
one affected child, each of the remaining children carries a
risk of 25% to develop FRDA. Children descending from
an unaffected sibling of an FRDA patient and a nonconsan-
guineous spouse have an estimated risk of approximately 1
out of 1000 to develop FRDA.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

FRDA usually starts before the age of 25 years, most often
between ages 10 and 15 years. In most patients, ataxia of
gait and stance is the first manifestation of the disease
(Video 37, Friedreich’s Ataxia). In others, skeletal defor-
mities, particularly scoliosis, are present prior to the onset
of ataxia. There are a number of clinical symptoms that
are present from the beginning of the disease in virtually
all patients. These include progressive ataxia and impaired
vibration or position sense. Most patients have areflexia of
lower extremities, approximately two thirds have extensor
plantar responses. There is progressive weakness of the
extremities, which is due to pyramidal tract dysfunction
and to distal muscle atrophy. Despite pyramidal involve-
ment, muscle tone is usually normal or decreased. How-
ever, some patients may suffer from spontaneous flexor
spasms. Less than 10% of FRDA patients experience
reduced appreciation of pain and light touch. Oculomotor
disturbances are a frequent finding in FRDA. Typically,
they include fixation instability with square wave jerks
and reduced gain of vestibulo-ocular reflex. In contrast to
cerebellar disease, gaze-evoked nystagmus (Video 8,
Gaze-Evoked Nystagmus) is an unusual finding. In the
course of the disease, all FRDA patients develop dysarthria
characterized by slow, hesitating, and scanning speech. In
later stages of the disease, optic atrophy with reduced
visual acuity and progressive sensorineural hearing loss
can occur. Bladder function is usually unimpaired,
although some patients complain of frequency and urgency
in late stages of the disease. There is no evidence that
FRDA is associated with cognitive impairment. FRDA is
associated with a number of non-neurological symptoms,
including skeletal deformities, such as scoliosis and pes
cavus, and hypertrophic obstructive cardiomyopathy. Ten
percent of patients have diabetes mellitus.12 The advent
of molecular diagnostic tests for FRDA has allowed identi-
fication of atypical variants of FRDA. These include
late-onset cases with disease onset after the age of 25
years and cases in which tendon reflexes are retained or
exaggerated.

DIFFERENTIAL DIAGNOSIS. A molecular diagnosis
of FRDA can be made by demonstration of homozygos-
ity for the GAA repeat expansion by polymerase chain
reaction. In patients with a FRDA phenotype who are
heterozygous for the GAA repeat, a search for point
mutations in the other allele should be made. A number
of recessive ataxias, particularly ataxia with isolated
vitamin E deficiency, may cause confusion with FRDA.
In cases of suspected FRDA in which molecular genetic
tests are negative, additional laboratory tests should be
ordered.

Hereditary motor-sensory neuropathies (HMSN) may
mimic the phenotype of FRDA, although these patients
do not develop oculomotor abnormalities, dysarthria, or
cardiomyopathy. In particular, the axonal form of HMSN
with motor nerve conduction velocities (MNCVs) more
often than 37 m/sec may lead to considerable diagnostic
confusion that requires genetic testing to resolve.

EVALUATION. Nerve conduction and evoked poten-
tial studies show abnormal conduction along peripheral
and central somatosensory pathways with reduced
amplitudes of sensory nerve action potentials and delay
or loss of cortical responses to peripheral stimulation.
In addition, motor evoked potentials (MEPs) to trans-
cranial magnetic stimulation are abnormal in almost all
FRDA patients, with loss of responses or increased cen-
tral motor conduction time (CMCT) indicating pyrami-
dal tract involvement. MRI is the method of choice to
study the atrophy changes underlying FRDA. Typically,
MRIs show severe atrophy of the cervical spinal cord,
whereas there is little evidence of cerebellar atrophy
(Fig. 35-1).13

Electrocardiography and echocardiography are useful
to study cardiac involvement in FRDA. The most common
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electrocardiographic abnormality in FRDA is the pres-
ence of T-wave inversion. Echocardiography typically
reveals interventricular septal and left ventricular wall
hypertrophy.

MANAGEMENT. Since frataxin deficiency leads to in-
creased production of free radicals, free radical scavengers
are currently investigated in FRDA. The available data
show that idebenone reduces cardiac hypertrophy but does
not improve the neurological phenotype.14 To date, there
are no other pharmacological treatments.

PROGNOSIS AND FUTURE PERSPECTIVES. FRDA
is a progressive disorder. On average, FRDA patients be-
come wheelchair-bound 10 to 12 years after disease onset.
Median survival after disease onset is approximately 35
years.

Ataxia-Telangiectasia
Ataxia-telangiectasia (AT) is the second most common
recessive ataxia. It is a multisystemic disorder characterized
by a progressive ataxia starting in early childhood,the occur-
rence of oculocutaneous telangiectasia, a high incidence of
neoplasia, radiosensitivity, and recurrent infections. The
gene affected in AT, ATM (ataxia-telangiectasia mutated),
encodes a member of the phosphoinositol-3 kinase family
involved in cell cycle checkpoint control and DNA repair.
AT is discussed in more detail in Chapter 32.
Autosomal Recessive Ataxia With Oculomotor Apraxia
Type 1
Autosomal recessive ataxia with oculomotor apraxia type 1
(AOA1) is an autosomal recessively inherited ataxia that is
caused by mutations of the aprataxin gene. AOA1 was
initially described in Japan and Portugal, but it is also pre-
valent in other countries.15 Aprataxin is a protein of the
histidine triad superfamily,16,17 and it plays a role in
repair of single-strand DNA breaks.18 It was recently
shown that AOA1 patients have severe muscular coenzyme
Q deficiency.19 The mechanisms leading to coenzyme Q
deficiency have not been elucidated.

AOA1 starts in children with a mean age of onset of 7
years. Besides ataxia and oculomotor apraxia, the clinical
spectrum of AOA1 involves chorea, neuropathy, and mental
retardation.20 With progression of the disease, neuropathy
becomes increasingly more disabling, whereas the oculo-
motor abnormalities may become less prominent. AOA1
patients survive in a severely disabled state into adulthood.

Characteristically, routine laboratory tests show hypoalbu-
minemia that increases with progression of the disease. A
definite diagnosis of AOA1 can be made by genetic testing.

If the report on coenzyme Q deficiency is confirmed by
other groups, AOA1 patients should be supplemented with
coenzyme Q at a dose of at least 500 mg per day.19
Autosomal Recessive Ataxia With Oculomotor Apraxia
Type 2
Autosomal recessive ataxia with oculomotor apraxia type 2
(AOA2) is an autosomal recessively inherited ataxia caused
by mutations of the senataxin gene. Senataxin is the human
homologue of the yeast gene Sen1p.21 It has been suggested
that senataxin, like aprataxin, is involved in repair of single-
strand DNA breaks. The prevalence of AOA2 is unknown,
but it has been suggested that AOA2 is the second most
frequent recessive ataxia in Europe after FRDA.22

The mean age of onset of AOA2 is 15 years. Clinically,
AOA2 is characterized by ataxia and neuropathy. Oculo-
motor apraxia is not present in all AOA2 patients.22,23

All AOA2 patients have increased serum a-fetoprotein
levels. To differentiate AOA2 from AT patients, who also
have increased serum a-fetoprotein levels, a lymphocyte
radiosensitivity assay should be performed. This test is nor-
mal in AOA2. A definite diagnosis of AOA2 can be made
by genetic testing.
Spinocerebellar Ataxia With Neuropathy Type 1
Spinocerebellar ataxia with neuropathy type 1 (SCAN1)
is an autosomal recessive disorder that was identified in
a Saudi Arabian family. It is caused by a mutation in
the conserved part of the tyrosyl-DNA phosphodiesterase
1 (TDP1) gene affecting the active enzymatic site.24

TDP1 is required for the repair of DNA single-strand
breaks, placing SCAN1 into the group of recessive atax-
ias due to defects of DNA repair. Clinically, SCAN1
is characterized by ataxia in combination with sensory
neuropathy.
Autosomal Recessive Spastic Ataxia
of Charlevoix-Saguenay
Autosomal recessive spastic ataxia of Charlevoix-Saguenay
(ARSACS) is an autosomal recessive ataxia with a dis-
tinctive phenotype that is prevalent in a restricted area in
Quebec, Canada. ARSACS is due to mutations in a large,
single exon gene encoding a novel protein called sacsin.
The most frequent mutation accounting for more than 90%
of all mutations is a deletion leading to protein truncation.
Sacsin contains a heat-shock domain, suggesting that it
subserves a chaperone function.25

ARSACS is characterized by the combination of
progressive cerebellar ataxia and spasticity. Muscle re-
flexes are exaggerated and plantar responses are extensor.
With progression of the disease, the ankle jerks dis-
appear, and distal wasting of foot muscles develops. A
highly characteristic ocular sign is the presence of promi-
nent myelinated fibers radiating from the optic disc at
fundoscopy.

A genetic test for ARSACS has been established at the
Genetic Service of the St. Justine Hospital in Montreal
(A. Richter, personal communication, 2000). ARSACS typi-
cally starts at the age of 1 or 2 years. On average, patients
become wheelchair-bound at approximately the age of 40
years. There is no effective therapy for ARSACS.
Abetalipoproteinemia
Abetalipoproteinemia is a rare, autosomal recessive disor-
der characterized by onset of diarrhea soon after birth and
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slow development of a neurological syndrome thereafter.
The neurological syndrome consists of ataxia, weakness
of the limbs with loss of tendon reflexes, disturbed sensation,
and retinal degeneration. Abetalipoproteinemia is caused by
mutations in the gene encoding a subunit of a microsomal
triglyceride transfer protein.26 As a consequence, circulating
apoprotein B-containing lipoproteins are almost completely
missing, and the patients are unable to absorb and transport
fat and fat-soluble vitamins. The neurological symptoms
are due to vitamin E deficiency. Management of abetalipo-
proteinemia consists of a diet with reduced fat intake and oral
vitamin E supplementation (50 to 100 mg/kg/day) (see
Chapter 30).
Ataxia with Isolated Vitamin E Deficiency
Ataxia with isolated vitamin E deficiency (AVED) is a
rare, autosomal recessive disorder with a phenotype
resembling FRDA. AVED patients carry homozygous
mutations of the gene encoding the a-tocopherol transport
protein, a liver-specific protein that incorporates vitamin
E into very low-density lipoproteins.27 As a consequence,
vitamin E is rapidly eliminated. AVED is a frequent
cause of recessive ataxia in north African countries
but is rarely encountered in other areas of the world.
Because there is no absorption deficit, oral supplementa-
tion of vitamin E at a dose of 800 to 2000 mg/day is
recommended.
Refsum’s Disease
Refsum’s disease is a rare, autosomal recessive disorder
due to mutations in the gene encoding phytanoyl-CoA
hydroxylase that is involved in the a-oxidation of phytanic
acid.28 The clinical phenotype of Refsum’s disease is
caused by accumulation of phytanic acid in body tissues.
Clinically, Refsum’s disease is characterized by ataxia,
demyelinating sensorimotor neuropathy, pigmentary retinal
degeneration, deafness, cardiac arrhythmias, and ichthyo-
sis-like skin changes. Whereas ocular and hearing pro-
blems are usually slowly progressive, there may be acute
exacerbations of ataxia that are precipitated by low caloric
intake and mobilization of phytanic acid from adipose
tissue.

Refsum’s disease is treated by dietary restriction of
phytanic acid from the 50 to 100 mg contained in a nor-
mal Western diet to less than 10 mg per day. With good
dietary supervision, ataxia and neuropathy may improve.
In contrast, the progressive loss of vision and hearing
cannot be prevented. In acute exacerbations, plasma
exchange is effective in lowering phytanic acid levels
and improving neurological and cardiac function (see
Chapter 30).
Cerebrotendinous Xanthomatosis
Cerebrotendinous xanthomatosis (CTX) is a rare, autoso-
mal recessively inherited lipid storage disorder that is due
to mutations of the gene encoding sterol 27-hydroxylase.29
Sterol 27-hydroxylase is responsible for the degradation of
7a-hydroxy-cholesterol to bile acids. As a consequence of
the enzymatic defect, there is reduced excretion of bile
acids with feces, whereas the content of bile alcohols in-
creases. In addition, cholesterol and 7a-hydroxy-cholesterol
are increasingly degraded to cholestanol. It is assumed that
CTX is caused by the accumulation of cholestanol.

CTX is a progressive multisystemic disorder. The neuro-
logic syndrome includes ataxia, pyramidal signs, cognitive
impairment, epilepsy, and peripheral neuropathy. In addi-
tion, patients have chronic diarrhea, xanthomatous tendon
swelling, and cataracts. The tendon xanthomas that gave
rise to the naming of the disorder are not obligate so that
their absence does not rule out a diagnosis of CTX.

CTX is treated by oral administration of chenodeoxy-
cholate (750 mg/day). Treatment can be further improved
by addition of HMG-CoA reductase inhibitors such as
simvastatin or lovastatin.

Marinesco-Sj ögren Syndrome
Marinesco-Sjögren syndrome (MSS) is an autosomal reces-
sive condition characterized by cerebellar ataxia, mental
retardation, and congenital cataracts. Mutations of the
SIL1 gene have been shown to cause MSS.30 MSS is
genetically distinct from the congenital cataracts facial
dysmorphism neuropathy syndrome.

Autosomal Recessive Ataxias with Known Gene Locus
In a number of recessive ataxias, the chromosomal locus
has been found but the affected gene and mutations have
not been identified.

Linkage to chromosome 6p was demonstrated in an Israeli
family with early onset recessive ataxia. Patients subse-
quently developed hearing impairment and optic atrophy.31

Infantile onset spinocerebellar ataxia is an early onset
recessive ataxia linked to a locus on chromosome10q that
has been described in Finnish families. The disease mani-
fests at approximately 1 year of age as acute or subacute
clumsiness, athetoid movements in hands and face, hypoto-
nia, and loss of deep tendon reflexes in the legs. Ophthal-
moplegia and a sensorineural hearing deficit are found by
school age, sensory neuropathy and optic atrophy by the
age of 10 to 15 years, and female hypogonadism and epilepsy
by the age of 15 to 20 years. Most patients are wheelchair-
bound by the age of 20 years.32

Early Onset Cerebellar Ataxia
Early onset cerebellar ataxia (EOCA) denotes those ataxias
with an onset before the age of 20 years in which the eti-
ology is unknown. It is assumed that most EOCAs are
autosomal recessive disorders.

The most frequent form of EOCA, EOCA with retained
tendon reflexes, is clinically distinguished from typical
FRDA by the preservation of muscle reflexes. OnMRI, these
patients have cerebellar atrophy, and disease progression is
slower than in FRDA.33

A highly characteristic, clinically defined variant of
EOCA is cerebellar ataxia with hypogonadism, also known
as Holmes’ syndrome.34
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X-Linked Disorders
Fragile X Tremor Ataxia Syndrome
Fragile X syndrome (FXS) is the most common inherited
form of mental retardation. It is an X-linked disorder caused
by a CGG expansion (>200; normal, 6 to 44) in the 50 region
of the FMR1 gene resulting in hypermethylation of the
FMR1 promotor, transcriptional silencing, and loss of
FMR1 protein. FMR1 premutations (55 to 200) are frequent
in the general population (females, 386:100,000; males,
123:100,000) and may give rise to full mutations. Female
premutation carriers may have a number of health problems
including premature ovarian failure and emotional pro-
blems. Expansions ranging from 45 to 54 are outside the
normal range but are not definite premutations. This range
is therefore called a gray area.

Fragile X tremor ataxia syndrome (FXTAS) is a unique
form of clinical involvement in FMR1 older male premu-
tation carriers characterized by progressive action tremor
and cerebellar ataxia. These symptoms may be accompa-
nied by cognitive decline, parkinsonism, neuropathy, and
autonomic failure. MRIs of FXTAS patients show hyperin-
tense signal changes lateral to the dentate nucleus extending
into the middle cerebellar peduncles (Video 239, Fragile
X Premutation Syndrome).35

In contrast to FXS, FXTAS patients have increased
levels of FMR1 mRNA and normal FMR1 protein levels.
A neuropathological study showed the presence of neuronal
intranuclear inclusions.36

The prevalence and penetrance of FXTAS are unknown.
Based on studies in FXS families, it has been claimed that
FXTAS has an age-dependent but complete penetrance.37

Given the high frequency of FMR1 premutations in the
normal population, this would mean that FXTAS should
TABLE 35-2

Mutations and Clinical Phenotypes of Spinocerebellar Ataxia

DISORDER MUTATION GENE PRODUCT

SCA1 Translated CAG repeat
expansion

Ataxin-1

SCA2 Translated CAG repeat
expansion

Ataxin-2

SCA3
(Machado-Joseph
disease)

Translated CAG repeat
expansion

Ataxin-3

SCA6 Translated CAG repeat
expansion

Calcium channe
subunit (CAC

SCA7 Translated CAG repeat
expansion

Ataxin-7

SCA10 Intronic ATTCT repeat
expansion

Unknown

SCA12 Untranslated CAG repeat
expansion

Phosphatase sub
(PP2A-PR55b

SCA13 Point mutation Potassium chann
(KCNC3)

SCA14 Point mutation Protein kinase C
SCA17 Translated CAG repeat

expansion
TATA binding

SCA27 Point mutation Fibroblast grow
(FGF14)
be a frequent cause of ataxia and tremor in older males.
On the other hand, screening for FMR1 premutations in
male patients with unexplained ataxia yielded variable
results. In most studies, including a study of 390 ataxia
patients, the frequency of the FMR1 premutation was less
than 0.5%. However, one study reported a frequency
of 5%.38

Autosomal Dominant Disorders
Spinocerebellar Ataxias
The SCAs are a genetically heterogeneous group of autoso-
mal dominant progressive ataxia disorders. To date, more
than 25 different gene loci have been found in association
with SCA. In 11, the affected genes and causative muta-
tions have been found (SCA1 to 3, 6, 7, 10, 12 to 14, 17,
and 27) (Table 35-2). In 6 (SCA1 to 3, 6, 7, and 17), the
mutation is a translated CAG repeat mutation coding for
an elongated polyglutamine tract within the respective pro-
tein (Fig.35-2A). These disorders belong to a larger group
of polyglutamine disorders that also includes Huntington’s
disease, dentatorubral pallidoluysian atrophy (DRPLA),
and spinobulbar muscular atrophy.39 In all polyglutamine
disorders, there is an inverse correlation between age of
onset and CAG repeat length (Fig. 35-2B). However, the
repeat length explains only part of the variation of age of
onset, implicating additional non-CAG factors.40

PATHOGENESIS AND PATHOPHYSIOLOGY. All poly-
glutamine disorders share important pathogenetic features
that are due to deleterious actions mediated by the elongated
polyglutamine tracts. Specifically, proteins containing elon-
gated polyglutamine tracts have a strong tendency to ag-
gregate and to undergo abnormal interactions with other
cellular proteins. Aggregations of the disease proteins form-
s (SCA) with Known Gene Mutations

CLINICAL PHENOTYPE

Ataxia, pyramidal signs, neuropathy, dysphagia, restless
legs syndrome

Ataxia, slow saccades, neuropathy, restless legs syndrome

Ataxia, pyramidal signs, ophthalmoplegia, neuropathy,
dystonia, restless legs syndrome

l
NA1A)

Almost pure cerebellar ataxia

Ataxia, ophthalmoplegia, visual loss

Ataxia, epilepsy

unit
)

Ataxia, tremor

el Ataxia, mental retardation

g Ataxia, myoclonus
protein Ataxia, dystonia

th factor Ataxia, tremor, dyskinesia
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Figure 35-2. A, Diagrammatic representation of the SCA3 gene mutation.
Normals have a CAG trinucleotide repeat within one of the exons ranging
from 14 to 37 trinucleotides. In patients, the repeat is expanded to 55 to
84 units. B, Relationship between age of onset and CAG repeat length
in SCA3.
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ing ubiquitinated neuronal intranuclear inclusions are found
in affected brain areas of most polyglutamine disorders.
However, research has shown that these inclusions are not
required for neurodegeneration. Instead, it is assumed that
the abnormal interaction of the elongated proteins with gen-
eral transcription factors such as TATA-binding protein
(TBP) or TBP-associated factor (TAF), which contain poly-
glutamine tracts, is a common and essential pathogenetic
mechanism. As a consequence, there is a general suppres-
sion of gene transcription.41 Interestingly, SCA17 is due
to a polyglutamine expansion in the TBP gene.42 In addi-
tion, there are pathogenetic mechanisms that are specific
for each disorder and that are related to the specific proper-
ties of the involved proteins and their alterations through
the polyglutamine expansion. This dual model explains
both the overlapping and the disease-specific phenotypical
features of the polyglutamine disorders.

EPIDEMIOLOGY. An epidemiological study performed
in The Netherlands found a prevalence of all SCAs of
3.0:100,000. SCA1, SCA2, SCA3, and SCA6 are the most
frequent mutations worldwide, accounting for 50% to 70%
of all families with dominant ataxia.43,44

MANAGEMENT. There is no specific treatment for any
of the SCAs. Physical therapy and speech therapy are recom-
mended. Many SCA patients are dependent on canes or
wheelchairs within years after disease onset. A number of
accompanying symptoms, such as parkinsonism, dystonia,
or restless legs syndrome, are treated in standard manner.

SPINOCEREBELLAR ATAXIA TYPE 1

PATHOGENESIS AND PATHOPHYSIOLOGY. SCA1 is
an autosomal dominant disorder with a disease locus on
chromosome 6p. In 1993, Orr and colleagues45 isolated
the SCA1 gene and showed that the mutation is an unstable
CAG trinucleotide repeat expansion within a translated
region of the gene. The repeat length in normals varies
between 6 and 39 trinucleotides, whereas SCA1 patients
have one allele within a range of 40 to 81 repeat units.
The mutated SCA1 genes contain uninterrupted CAG
stretches. In contrast, normal alleles have a midstream
CAT interruption.

The physiological function of ataxin-1, the gene
product of the SCA1 gene, remains unknown. Overex-
pression of normal and expanded ataxin-1 in flies pro-
duces a disease phenotype. This observation led to
the hypothesis that the polyglutamine expansion causes
the disease by stabilizing ataxin-1, leading to its accumu-
lation. Ataxin-1 inactivates the transcription factor Gfi-1,
which is essential for the integrity of the cerebellum.
Accordingly, Gfi-1 knockout mice have an SCA1-like
phenotype.46

Neuropathological findings in SCA1 are variable. In most
cases, there is olivopontocerebellar atrophy and degener-
ation of ascending spinal pathways with minor degeneration
of the pyramidal tract. In the cerebellar cortex, Purkinje
cells are primarily affected. Often, there is additional cell
loss in the caudal cranial nerve nuclei.47 In surviving neurons
of the nucleus centralis pontis, the presence of ubiquitin-
positive nuclear inclusions containing ataxin-1 has been
demonstrated.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

Disease onset in SCA1 varies and can occur between adoles-
cence and late adulthood with features of anticipation. On
average, the disease starts at approximately age 35 years.
All SCA1 patients suffer from a progressive cerebellar
syndrome with ataxia of gait and stance, ataxia of limb
movements, dysarthria (Video 9, Dysmetria), and cerebellar
oculomotor abnormalities (gaze-evoked nystagmus, saccade
hypermetria, broken up smooth pursuit, reduced optokinetic
nystagmus, and impaired suppression of vestibulo-ocular
reflex by fixation) (Video 228, Saccadic Dysmetria). In
the majority of patients, there are additional noncerebellar
symptoms. Pyramidal tract signs, skeletal muscle atrophy,
and pale discs are found in more than 50% of SCA1 pati-
ents. Gaze palsy, slow saccades, decreased vibration sense,
and bladder dysfunction occur less frequently, whereas
basal ganglia symptoms and dementia are rare symptoms
in SCA1. Dysphagia is a typical feature of late disease
stages.48

DIFFERENTIALDIAGNOSISANDEVALUATION.Diag-
nosis of SCA1 is made by demonstration of CAG repeat
expansion at the SCA1 locus. Clinically, SCA1 cannot
be distinguished with certainty from other SCAs. How-
ever, the presence of pyramidal tract signs, pale discs,
and dysphagia is suggestive for SCA1 because these
symptoms are found less frequently in other SCA muta-
tions.

NCVs are in the normal range or moderately reduced.
SNAPs are reduced in almost all patients, suggesting sen-
sory axonal neuropathy. Patients having widespread atro-
phy of skeletal muscles demonstrate chronic neurogenic
electromyographic (EMG) features. MEPs to transcranial
magnetic stimulation are abnormal in almost all SCA1
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patients with loss of responses or increased CMCT indicat-
ing pyramidal tract involvement. Somatosensory evoked
potentials (SEPs) due to tibial nerve stimulation are usually
delayed or absent. Similarly, visual evoked potentials
(VEPs) are abnormal in almost all SCA1 patients with loss
or delay of P100. Abnormalities of brain stem auditory
evoked potentials (BAEPs) with delay of peaks I, III, and
V and increased interpeak latencies are found in approxi-
mately half of SCA1 patients.49 MRI shows diffuse cere-
bellar atrophy, brain stem atrophy, and shrinkage of the
cervical spinal cord.50

PROGNOSIS AND FUTURE PERSPECTIVES. SCA1 is a
progressive disorder. On average, SCA1 patients become
wheelchair-bound approximately 13 years after disease
onset. Median survival after disease onset is 18 to 20
years.51

SPINOCEREBELLAR ATAXIA TYPE 2

PATHOGENESIS AND PATHOPHYSIOLOGY. The mu-
tation causing SCA2 is a translated CAG repeat expansion
in a gene coding for ataxin-2. The repeat length in normals
varies between 6 and 31 trinucleotides, with more than
90% of control alleles having 22 or 23 repeats. SCA2
patients have one allele within a range of 36 to 63 repeat
units. Alleles with a length of 30 to 34 repeats represent an
intermediate range that may give rise to expansion in the off-
spring. Normal alleles have CAA interruptions. Expanded
alleles are unstable with a tendency to further expansion,
particularly in father-to-child transmission.52

Autopsy studies of SCA2 patients consistently show
olivopontocerebellar atrophy with marked reduction of Pur-
kinje cells and degeneration of the inferior olives, pontine
nuclei, and pontocerebellar fibers. In most cases, there is
additional degeneration of posterior columns and spinocere-
bellar pathways and cell loss in the substantia nigra. Ubi-
quitinated nuclear inclusions have not been observed in
SCA2.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

Disease onset in SCA2 varies, occurring between early
childhood and late adulthood with features of anticipation.
On average, the disease starts at approximately the age of 35
years. All SCA2 patients suffer from a progressive cerebellar
syndrome with ataxia of gait and stance, ataxia of limb
movements (Video 12, Dysdiadochokinesis), and dysarthria.
Saccade slowing is a highly characteristic feature that is
observed in the majority of SCA2 patients. Approximately
half of patients have vertical or horizontal gaze palsy. Cere-
bellar oculomotor abnormalities are rarely found in SCA2.
Typically, tendon reflexes are absent or decreased. Pyrami-
dal tract signs are present in less than 20% of patients. Vibra-
tion sense is decreased in most patients, but sensation
is otherwise normal. Dementia, basal ganglia symptoms,
pale discs, and bladder dysfunction are usually absent.53,54

There are exceptional SCA2 patients with short expansions
who suffer from levodopa-responsive parkinsonism without
ataxia.

DIFFERENTIALDIAGNOSISANDEVALUATION.Diag-
nosis of SCA2 is made by demonstration of CAG repeat
expansion at the SCA2 locus. Clinically, SCA2 cannot be
distinguished with certainty from other SCAs. However,
the presence of slow saccades, axonal neuropathy, and
severe pontine atrophy in MRI is suggestive for SCA2.
Nerve conduction findings are similar to those for SCA1,
with low amplitudes of SNAPs and normal or slightly
reduced NCVs. In contrast to SCA1, MEPs to transcranial
magnetic stimulation and VEPs are usually normal in
SCA2. BAEPs reveal abnormalities in less than half of
SCA2 patients. SEPs after tibial nerve stimulation are
usually abnormal. MRIs show diffuse cerebellar atrophy
with marked brain stem atrophy suggesting the presence of
olivopontocerebellar atrophy. In addition, the cervical spinal
cord is atrophic in most patients (Fig. 35-3).50 A recent
positron emission tomography study showed a significant
loss of striatal dopamine terminals in ataxic SCA2 pa-
tients that almost equaled that in patients with Parkinson’s
disease.55

PROGNOSIS AND FUTURE PERSPECTIVES. SCA2 is a
progressive disorder. On average, SCA2 patients become
wheelchair-bound approximately 15 years after disease
onset. Median survival after disease onset is approximately
25 years. Patients with disease onset in childhood appear to
have a worse prognosis.

SPINOCEREBELLAR ATAXIA TYPE 3

PATHOGENESIS AND PATHOPHYSIOLOGY. The mu-
tation causing SCA3 is a translated CAG repeat expansion
in a gene coding for ataxin-3.56 The SCA3 mutation was
initially found in families with the Machado-Joseph disease
phenotype. Machado-Joseph disease is a historical term
used to denote a dominantly inherited ataxic disorder with
large phenotypical variation that was first described in
patients of Azorean descent.57 After discovery of the gene
mutation, it was determined that this mutation is frequently
found in ataxia families of non-Azorean origin.

Whereas the repeat length of the SCA3 gene in normals
varies between 14 and 37 trinucleotides, SCA3 patients
have one allele within a range of 55 to 84 repeat units
(see Fig. 35-2A). Both the normal and mutated SCA3
genes contain uninterrupted CAG stretches. Expanded
SCA3 alleles display intergenerational instability with a
tendency to further expansion. As shown by a worldwide
haplotype analysis, the majority of abnormal alleles are
derived from two founder mutations that originated in Por-
tuguese families settling on the Azores.58

The gene product of the SCA3 gene, ataxin-3, has deu-
biquitinating properties and acts as a transcriptional
corepressor. Overexpression of normal ataxin-3 prevents
polyglutamine-induced neurodegeneration, suggesting that
a loss of the physiological ataxin-3 action could contribute
to the pathogenesis of SCA3.59

SCA3 is a multisystemic disorder characterized by de-
generation of spinocerebellar tracts, dentate nucleus, pon-
tine and other brain stem nuclei, substantia nigra, and
pallidum. In contrast to most other SCAs, the cerebellar
cortex and the inferior olives are widely spared. Nuclear
inclusions containing expanded ataxin-3 have been found
in neurons of affected brain regions.

CLINICAL FEATURESANDASSOCIATEDDISORDERS.

Disease onset in SCA3 varies, occurring between early
childhood and late adulthood with features of anticipation.



Figure 35-3. T1-weighted MRIs of infratentorial brain structures and cervical spine cord in different types of degenerative ataxia. The images show the
posterior fossa in the midsagittal plane (top left) and axial slices at the level of the middle cerebellar peduncles (top right), inferior olive complex
(bottom left), and dens axis (bottom right). A, Normal. B, SCA2. There is severe cerebellar and brain stem shrinkage, suggesting the presence of OPCA.
In addition, the cervical spinal cord is atrophic. C, SCA3. There is only mild cerebellar vermal atrophy with additional involvement of the spinal cord. D,
MSA-C. There is severe cerebellar and brain stem shrinkage, suggesting the presence of OPCA. The cervical spinal cord has normal size.
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On average, the disease starts at approximately the age of
40 years. Age at disease onset is inversely correlated with
CAG repeat length (see Fig. 35-2B). The clinical picture
of SCA3 is characterized by a wide range of clinical man-
ifestations, the precise nature of which partly depends on
repeat length. All SCA3 patients suffer from a progressive
syndrome with ataxia of gait and stance, ataxia of limb
movements, and dysarthria. Vertical or horizontal gaze
palsy are frequent additional findings, which occur inde-
pendently of age of onset. Saccade velocity is usually nor-
mal. Dementia, basal ganglia symptoms, pale discs, and
bladder dysfunction are absent in most cases. Patients with
a repeat length of more than 74 have an early disease
onset, usually before 30 years, and clinical features of py-
ramidal tract and basal ganglia involvement. Most of these
patients have increased tendon reflexes, extensor plantar
responses, spasticity, and dystonia. Patients with an inter-
mediate repeat length of 71 to 74 units have a disease onset
in middle age and show mainly ataxia and gaze palsy.
Patients with a repeat length of less than 71 have a later
disease onset and show signs of peripheral neuropathy with
loss of tendon reflexes, amyotrophy, and decreased vibra-
tion sense. However, the boundaries between these clinical
syndromes are vague, and the clinical phenotype of an
individual may change with progression of the disease.
Therefore, we do not advocate dividing SCA3/MJD
patients into clinical subtypes (Video 207, Spinal Cerebellar
Atrophy III).59–61

DIFFERENTIALDIAGNOSISANDEVALUATION.Diag-
nosis of SCA3 is made by demonstration of CAG repeat
expansion at the SCA3 locus. Clinically, SCA3 cannot be
distinguished with certainty from other SCAs.

The results of electrophysiological investigations resem-
ble those in SCA2 with evidence for peripheral axonal neu-
ropathy and posterior column involvement, whereas MEPs
to transcranial magnetic stimulation and VEPs are normal
in most patients. On MRI, the cerebellum and brain stem
appear normal or only moderately shrunken. As in SCA1
and SCA2, the cervical spinal cord is atrophic in most
patients (Fig. 35-3).

PROGNOSIS AND FUTURE PERSPECTIVES. SCA3 is a
progressive disorder. On average, SCA3 patients become
wheelchair-bound approximately 15 years after disease
onset. Median survival is 25 to 30 years. Progression is fas-
ter in patients with long repeats and early disease onset.

SPINOCEREBELLAR ATAXIA TYPE 6

PATHOGENESIS AND PATHOPHYSIOLOGY. The mut-
ation causing SCA6 is a CAG repeat expansion in the 30
translated region of the CACNA1A gene coding for the
a1A voltage-dependent calcium channel subunit.62 Calcium
channels containing the a1A subunit mediate P- and Q-type
currents. The a1A subunit is expressed throughout the
brain, with highest expression levels in cerebellar Purkinje
cells. In contrast to other CAG repeat mutations, the expan-
sions causing SCA6 are relatively short, ranging between
21 and 27, and do not undergo intergenerational length
changes.63

The pathogenesis of SCA6 is not completely understood.
One hypothesis states that SCA6 is due to a gain-of-function
mechanism resembling that of other polyglutamine disor-
ders. On the other hand, there is evidence for altered calcium
channel function in SCA6 resulting in excessive influx of
calcium ions into cerebellar Purkinje cells. The view that
altered calcium channel function may be sufficient to cause
progressive ataxia is supported by the observation that a mis-
sense mutation in the CACNA1A gene may cause progres-
sive ataxia without episodic features.62 Both pathogenetic
mechanisms, polyglutamine-induced gain of function and
altered calcium channel function, do not appear to be
mutually exclusive.

Autopsy studies of SCA6 patients consistently show a
pure cerebellar degeneration with prominent loss of cere-
bellar Purkinje neurons. In contrast to other polyglutamine
disease, neurons do not contain ubiquitinated nuclear
inclusions but, rather, cytoplasmic inclusion containing
channel protein.64

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Disease onset in SCA6 is later than in other SCAs and
varies, occurring between ages 30 and 75 years. Most
patients become ataxic in their 50s. SCA6 patients suffer
from a progressive cerebellar syndrome with ataxia of
gait and stance, ataxia of limb movements, and dysarthria.
Horizontal gaze-evoked nystagmus is almost universally
present, and downbeat nystagmus is found in more than
half of SCA6 patients. Other cerebellar oculomotor find-
ings are also common, such as impaired smooth pursuit
and dysmetric saccades. With disease progression, some
SCA6 patients have clinical evidence of noncerebellar
involvement, including pyramidal signs and mild sensory
disturbances.64

DIFFERENTIALDIAGNOSISANDEVALUATION.Diag-
nosis of SCA6 is made by demonstration of CAG repeat
expansion of the CACNA1A gene. Clinically, SCA6 can-
not be distinguished with certainty from other SCAs. Pure
cerebellar presentation and late disease onset are suggestive
of SCA6.

PROGNOSIS AND FUTURE PERSPECTIVES. SCA6 is a
progressive disorder leading to physical disability. Com-
pared to the other common SCAs, however, prognosis is
better and life expectancy is not shortened.

SPINOCEREBELLAR ATAXIA TYPE 7

PATHOGENESIS AND PATHOPHYSIOLOGY. SCA7 is
a rare, autosomal dominant ataxia that is distinct from all
other SCAs in having the constant additional feature of
retinal degeneration. The causative gene mutation is a trans-
lated CAG repeat expansion in a gene coding for ataxin-7.
The normal range is 7 to 19 repeats, and the pathogenic
alleles range from 37 to more than 300 repeats.65 Expanded
alleles are unstable with a strong tendency to further expan-
sion, particularly in father-to-child transmission. SCA7
patients with childhood onset have almost always inherited
the disease from their fathers. Ataxin-7 is widely expressed
through the brain and localized in the cytoplasm of neurons.
Ataxin-7, the gene product of the SCA7 gene, is an integral
part of the transcription coactivator complex, STAGA,
that is directly involved in the activation of photoreceptor
genes. Polyglutamine expansion of ataxin-7 inhibits activity
of this complex in a dominant-negative manner.66
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Neuropathological examinations of SCA7 patients con-
sistently revealed olivopontocerebellar atrophy. All patients
have primarily macular degeneration, which then spreads to
involve the retina. There is often secondary atrophy of the
optic nerve.

CLINICAL FEATURES AND ASSOCIATED DISORD-

ERS. Disease onset in SCA7 varies between childhood
and late adulthood with features of anticipation. Anticipa-
tion is greater when the disease is transmitted by males.
On average, SCA7 starts at approximately age 25 years.
The clinical picture and the course of the disease depend
on the age of onset. In patients with late disease onset after
the age of 40 years, cerebellar ataxia is the first symptom.
There are some exceptional cases who never develop
visual problems. In most patients, however, ataxia is fol-
lowed by progressive loss of vision. In approximately half
of patients with late disease onset, there is no evidence of
retinal degeneration or optic atrophy, suggesting that reti-
nopathy only affects the macula. All patients with earlier
disease onset before the age of 40 years have visual pro-
blems, starting either prior to or at the same time as cere-
bellar ataxia. The majority of these patients have retinal
degeneration, and some of them also have optic atrophy.
Tendon reflexes are usually absent. There are a number of
additional symptoms that occur in less than half of patients
and that tend be more frequent in patients with long disease
duration. These symptoms include gaze palsy, dysphagia,
hearing loss, and muscle weakness. Dementia and basal
ganglia symptoms are not typical features of SCA7.67

DIFFERENTIAL DIAGNOSIS AND EVALUATION. Dia-
gnosis of SCA7 is made by demonstration of CAG repeat
expansion of the SCA7 gene. SCA7 is highly probable in
patients with ataxia in combination with progressive visual
loss and a positive family history suggesting autosomal
dominant inheritance.

MRIs show cerebellar and brain stem atrophy suggest-
ing the presence of olivopontocerebellar atrophy. Electro-
retinography may be used for early detection of retinal
degeneration.

PROGNOSIS AND FUTURE PERSPECTIVES. SCA7 is a
progressive disorder. Disease progression is more rapid in
patients with early disease onset. On average, patients with
juvenile disease onset die 5 years after disease onset,
whereas patients with adult onset survive for approximately
15 years.

SPINOCEREBELLAR ATAXIA TYPE 17

PATHOGENESIS AND PATHOPHYSIOLOGY. SCA17
is a rare, autosomal dominant disorder that is caused by a
CAG/CAA repeat expansion in the TBP gene. The normal
range is 25 to 42 repeats, and the pathogenic alleles range
from 48 to more than 60 repeats. Alleles from 43 to 48
repeats appear to be not fully penetrant. As in other polyglu-
tamine disorders, there is an inverse relationship between
repeat length and disease onset. The pathogenesis of
SCA17 has not been intensively studied. However, one
may assume that SCA17 is at least partly due to reduced
general transcription.42

Neuropathological examinations of SCA17 patients
revealed degeneration of the cerebellar cortex and inferior
olives. In addition, widespread distribution of neuronal
intranuclear inclusions was found.68

CLINICALFEATURESANDASSOCIATEDDISORDERS.

SCA17 has a very variable clinical presentation that
differs from that of other SCAs by frequent manifesta-
tion of psychiatric abnormalities and dementia. The neuro-
logical features include progressive ataxia, parkinsonism,
dystonia, and chorea. Some patients have a clinical presenta-
tion that is difficult to distinguish from that of Huntington’s
disease.68

DIFFERENTIALDIAGNOSISANDEVALUATION.Diag-
nosis of SCA17 is made by demonstration of CAG/CAA
repeat expansion of the TBP/SCA17 gene.

PROGNOSIS AND FUTURE PERSPECTIVES. SCA17
is a progressive disorder. Detailed information on the
rate of disease progression and evolution of symptoms is
lacking.

Dentatorubral Pallidoluysian Atrophy
PATHOGENESIS AND PATHOPHYSIOLOGY. DRPLA

is an autosomal dominant disease occurring mainly in
Japan. DRPLA patients show an unstable expanded CAG
repeat within a coding region of the gene coding for atro-
phin. Whereas the repeat length in normals varies between
7 and 23 trinucleotides, DRPLA patients have one allele
within a range of 49 to 79 repeat units. As in other trinu-
cleotide repeat disorders, DRPLA alleles display interge-
nerational instability with a tendency to further expansion.
Larger expansions frequently occur with paternal transmis-
sion. There is an inverse correlation between the length of
the CAG repeat and the age of onset, with the largest alleles
occurring in patients with juvenile disease onset. As a conse-
quence of the intergenerational instability of expanded
repeats, age of onset is variable with features of anticipation.69

The degenerative pathological changes seen in DRPLA
mainly affect the dentate nucleus, with its projection to the
red nucleus, and the external pallidum, with its projection
to the subthalamic nucleus. Usually, the dentatorubral sys-
tem is more severely affected. Atrophy may also be present
in other basal ganglia nuclei, the thalamus, and the inferior
olives. In several cases, degeneration of posterior columns
and spinocerebellar tracts has been described. Involvement
of the pontine tegmentum has also been found, and this
appears to correlate with oculomotor abnormalities.

EPIDEMIOLOGY AND RISK FACTORS. DRPLA has
been predominantly reported in Japan, but diseases with
similar features have occasionally been observed in non-
Japanese families. The Haw River syndrome, a heredi-
tary disease occurring in an African American family, is
genetically identical with DRPLA.70

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Disease onset in DRPLA varies between infancy
and late adulthood with features of anticipation. On aver-
age, the onset of clinical features begins at approximately
the age of 30 years. The clinical picture of DRPLA is char-
acterized by a wide range of clinical manifestations, the
precise nature of which depend on age of onset and repeat
length. The most constant clinical findings in DRPLA are
cerebellar ataxia, dysarthria, and progressive dementia.
These features are present in almost all patients, irrespective
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of age of onset and repeat length. Patients with disease
onset before the age of 21 years and large expansions show
the clinical syndrome of progressive myoclonus epilepsy.
Some of them have opsoclonus. In patients with later dis-
ease onset and shorter expansions, myoclonus and seizures
are less prominent. Instead, many of these patients have
involuntary choreic or dystonic movements and psychiatric
abnormalities, including personality changes, hallucina-
tions, and delusional ideas. Various oculomotor disturbances
have been described, including gaze-evoked nystagmus,
broken up smooth pursuit, square wave jerks, and vertical
gaze palsy.71

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
diagnosis of DRPLA is made by demonstration of an
expanded CAG repeat at the DRPLA locus. The differential
diagnosis of juvenile-onset cases presenting with progres-
sive myoclonus epilepsy includes Unverricht-Lundborg dis-
ease, mitochondrial encephalomyopathy with ragged red
fibers, neuronal ceroid-lipofuscinosis, Lafora body disease,
and sialidosis. Adult-onset cases of DRPLA may be con-
fused with Huntington’s disease. Clinically, the presence of
ataxia and seizures makes Huntington’s disease unlikely
and points to a diagnosis of DRPLA. DRPLA is distinct from
SCAs in having the clinical feature of dementia. A syndrome
of ataxia, myoclonus, and rapid cognitive decline similar to
that in DRPLA may occur in Creutzfeldt-Jakob disease.
Compared to DRPLA, however, progression is usually faster
in Creutzfeldt-Jakob disease. In exceptional cases, DRPLA
may be mistaken for schizophrenia.

The electroencephalographic (EEG) background activity
is slowed in approximately 80% of DRPLA patients. More
than half have epileptiform EEG patterns, and in approxi-
mately one-third EEG reveals photosensitivity. MRIs of
DRPLA patients show atrophy of the superior cerebellar pe-
duncles. In addition, T2-weighted images show high-intensity
signals in the pallidum.72

MANAGEMENT. There is no specific treatment for
DRPLA. DRPLA patients with epilepsy require standard
antiepileptic treatment. Phenytoin should be avoided
because it may worsen ataxia.

PROGNOSIS AND FUTURE PERSPECTIVES. DRPLA
is a progressive disorder. Quantitative data concerning rate
of progression in DRPLA are not available.

Episodic Ataxia
EPISODIC ATAXIA TYPE 1

PATHOGENESIS AND PATHOPHYSIOLOGY. Episodic
ataxia type 1 (EA-1) is an autosomal dominant disorder.
EA-1 is due to a missense mutation in the potassium channel
gene, KCNA1, on chromosome 12p leading to inefficient
repolarization of the nerve cell membrane subsequent to an
action potential.73

EPIDEMIOLOGY AND RISK FACTORS. EA-1 is a rare
familial disorder. Information concerning the epidemiology
of this disorder is not available.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Disease onset of EA-1 occurs in early childhood.
Clinically, EA-1 is characterized by brief attacks of ataxia
and dysarthria. The attacks last for seconds to minutes and
may occur several times per day. They are often provoked
by movements and startle. Apart from ataxia, the attacks
may have dystonic or choreic features. EA-1 is associated
with interictal myokymia (i.e., twitching of small muscles
around the eyes or in the hands). Ataxia or gaze-evoked
nystagmus are absent between attacks.74

DIFFERENTIAL DIAGNOSIS AND EVALUATION. A
routine molecular genetic test for EA-1 is not available
because different point mutations within the KCNA1 gene
may lead to the disorder. Clinically, EA-1 can be differen-
tiated from EA-2 (see later discussion) by the shorter dura-
tion of the attacks, the presence of myokymia, and the
absence of interictal ataxia and nystagmus. A number of
rare metabolic defects of autosomal recessive inheritance
may give rise to intermittent ataxia. These disorders
include metabolic syndromes with hyperammonemia, ami-
noacidurias without hyperammonemia, and disorders of
pyruvate and lactate metabolism.

Interictal EMG of muscles displaying myokymia shows
spontaneous repetitive discharges that subside after nerve
blockade. These abnormalities have also been termed neu-
romyotonia.75 Nerve conduction and evoked potential stu-
dies do not reveal additional abnormalities. MRIs of the
head are normal.

MANAGEMENT. Acetazolamide (2 � 250 mg/day) is of
benefit in reducing attacks in some but not all kindreds.
Anticonvulsants are used to reduce myokymia.

PROGNOSIS AND FUTURE PERSPECTIVES. EA-1 has
a favorable prognosis in that attacks tend to abate after
early childhood.
EPISODIC ATAXIA TYPE 2

PATHOGENESIS AND PATHOPHYSIOLOGY. EA-2 is
a rare disorder caused by nonsense mutations causing
truncation of the CACNA1A gene coding for the a1A vol-
tage-dependent calcium channel subunit.75 Missense muta-
tions of the same gene are associated with familial
hemiplegic migraine, whereas a CAG repeat expansion in
the 30 end of the gene causes SCA6.62,75

EPIDEMIOLOGY AND RISK FACTORS. EA-2 is a rare
familial disorder. Information concerning the epidemiology
of this disorder is not available.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Clinical onset of EA-2 is usually during childhood,
varying from 6 weeks to 30 years. EA-2 is clinically char-
acterized by recurrence of acute attacks of ataxia of gait
and stance, limb ataxia (Video 14, Tremor with Ataxia),
and dysarthria. The attacks last from several hours to a
day or more. Emotional stress, exercise, and fatigue, but
not movements or startle, may precipitate the attacks. The
frequency of attacks varies widely from several times per
day to less than once per month. Neurological examination
between attacks discloses mild gait ataxia and gaze-evoked
nystagmus. Some patients develop progressive ataxia and
dysarthria.76

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Because a genetic test for EA-2 is not routinely available,
the diagnosis is based on a carefully taken history and clin-
ical examination. Compared to EA-1, attacks in EA-2 last
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longer and are not provoked by movements or startle. In
addition, EA-2 patients may have mild interictal ataxia.
The differential diagnosis of EA-2 corresponds to that in
EA-1.

EA-2 is often associated with MRI abnormalities. In par-
ticular, patients with progressive interictal ataxia show
atrophy of the cerebellar vermis.77

MANAGEMENT. Continued acetazolamide (2 � 250
mg/day) therapy completely abolishes episodes of ataxia
in EA-2. Cessation of acetazolamide usually prompts rapid
recurrence of the attacks.78

PROGNOSIS AND FUTURE PERSPECTIVES. Experi-
ence with EA-2 families treated with acetazolamide sug-
gests that acetazolamide remains effective in reducing
attacks for up to 20 years.
NONHEREDITARY, IDIOPATHIC CEREBELLAR ATAXIA

Multiple System Atrophy
PATHOGENESIS AND PATHOPHYSIOLOGY. Multiple

system atrophy (MSA) is a sporadic, adult-onset disease
characterized by neurodegeneration in the basal ganglia,
brain stem, cerebellum, and intermediolateral cell columns
of the spinal cord. MSA encompasses the former disease
categories striatonigral degeneration, sporadic olivo-
pontocerebellar atrophy, and Shy-Drager syndrome. The
ultrastructural hallmark of MSA is the presence of oligo-
dendroglial cytoplasmic inclusions. MSA patients present
with various combinations of parkinsonism, cerebellar
ataxia, and autonomic failure (orthostatic hypotension and
urinary incontinence).79 Cerebellar ataxia is present in
more than half of MSA patients.80 According to the promi-
nent clinical presentation, MSA has been subdivided into
a parkinsonian type (MSA-P) and a cerebellar type
(MSA-C). The etiology of MSA is unknown.

EPIDEMIOLOGY AND RISK FACTORS. The age-
adjusted prevalence of MSA is 4.4 per 100,000.81 There are
no known genetic or environmental risk factors for MSA.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. On average, MSA starts at approximately age 55
years. MSA-C is clinically characterized by a progressive
cerebellar syndrome with ataxia of gait and stance, ataxia
of limb movements, dysarthria, and cerebellar oculomotor
abnormalities (gaze-evoked nystagmus, saccade hyperme-
tria, broken up smooth pursuit, reduced optokinetic nystag-
mus, and impaired suppression of vestibulo-ocular reflex
by fixation). In addition, MSA-C patients have autonomic
failure, including orthostatic hypotension, bladder dysfunc-
tion, and erectile dysfunction in males. Neurological non-
cerebellar symptoms include akinetic-rigid parkinsonism,
pyramidal tract signs, and myoclonus. Autonomic symp-
toms may be present years before manifestation of ataxia,
may occur simultaneously with ataxia, or may develop
later.82,83

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
clinical phenotype of advanced MSA-C consisting of
ataxia, parkinsonism, and autonomic failure is highly char-
acteristic and will rarely give rise to confusion with other
disorders. In contrast, incomplete or beginning forms of
MSA-C must be carefully distinguished from sporadic
ataxia of unknown etiology and symptomatic cerebellar
ataxia. Degeneration of the cerebellar cortex with chronic
cerebellar ataxia may be due to alcoholism, various toxic
causes (antiepileptic drugs, cytostatic drugs, lithium, sol-
vents, and heavy metals), remote effects of malignancy
(paraneoplastic cerebellar degeneration), malabsorption
with vitamin E deficiency, increased body temperature
(heat shock, neuroleptic malignant syndrome, and sepsis),
and hypothyrosis.

On MRI, MSA patients have olivopontocerebellar atro-
phy with diffuse cerebellar atrophy and additional shrink-
age of the base of the pons and the middle cerebellar
peduncles (Fig. 35-4A). T2-weighted images in MSA often
show hypointense signal in the putamen suggesting basal
ganglia involvement. In addition, there are hyperintensities
in the pons and middle cerebellar peduncles reflecting
degeneration and gliosis of pontocerebellar fibers (Fig. 35-
4B). However, these are not early signs, and their absence
does not exclude a diagnosis of MSA.84

MANAGEMENT. There is no curative or preventive
treatment for MSA. Among the cardinal symptoms of
MSA—cerebellar ataxia, parkinsonism, and autonomic
failure—ataxia is the most difficult to treat. As in other
types of ataxias, a trial with 5-hydroxytryptophan, amanta-
dine, or buspirone may be done, although there are no con-
trolled trials that clearly demonstrate the efficacy of these
drugs in relieving ataxia. Physical therapy is recommended.
Parkinsonism and autonomic failure in MSA require ade-
quate symptomatic treatment. Parkinsonian symptoms in
MSA respond to dopaminergic medication, although the
response is less robust than in idiopathic Parkinson’s disease.
Many patients develop urinary retention and have to be
supplied with suprapubic catheters. For management of
orthostatic hypotension, elastic stockings and oral treatment
with mineralocorticoids are recommended.

PROGNOSIS AND FUTURE PERSPECTIVES. MSA has
a poor prognosis. Patients become wheelchair-bound
approximately 5 years after disease onset. Median survival
after disease onset is 8 to 10 years.51

Sporadic Adult-Onset Ataxia of Unknown Etiology
In many patients with sporadic adult-onset progressive
ataxia, the underlying cause remains unknown. A popula-
tion-based epidemiological study performed in southeast
Wales found a crude prevalence rate of 8.4:100,000 of
sporadic adult-onset ataxia.85 Cerebellar ataxia is the pro-
minent symptom of sporadic ataxia, but more than half
have clinical features suggesting additional involvement
of pyramidal tracts, posterior columns, and the peripheral
nervous system. Age of onset is approximately 50 years,
and life expectancy is almost normal.86

The diagnosis of sporadic ataxia of unknown etiology
is made by exclusion. As in MSA, symptomatic causes
of cerebellar ataxia have to be carefully excluded. Spo-
radic ataxia of unknown etiology is distinguished from
MSA by the absence of autonomic failure and parkinsonism.
In early disease stages, a distinction between MSA-C and
sporadic ataxia of unknown etiology is often impossible.
Most patients have isolated cerebellar atrophy with little or
no involvement of the brain stem. There are no specific
treatment approaches for sporadic adult-onset ataxia.



Figure 35-4. T2-weighted MRIs of the basal ganglia, pons, and middle cerebellar peduncles in MSA-C. A, Hypointensities of basal ganglia. Top left,
normal. Top right, hypointensity at the dorsolateral margin of the putamen in the beginning MSA-C. Bottom left, strong hypointensity extending through
part of the body of putamen in MSA-C. Bottom right, hypointensity extending throughout the putamen, with intensity exceeding that in globus pallidus in
late-stage MSA-C. Note the hyperintensity at the lateral putamen border. B, Hyperintensities in the upper pons (left) and middle cerebellar peduncles
(right). Top, normal. Bottom, hyperintensities of the transverse pontine fibers between tegmentum and the base of pons (left) and in the middle
cerebellar peduncles (right) in MSA-C.
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HISTORY AND DEFINITIONS

The disorders discussed in this chapter have been charac-
terized over time by several generations of clinicians and
scientists according to clinical presentation, muscle and
nerve pathology, and electrophysiology. With the appli-
cation of molecular biology techniques starting in the
mid-1980s, it became possible to begin understanding these
diseases at the molecular level. Several of them are clearly
monogenic in origin, such as Duchenne and Becker muscu-
lar dystrophy, whereas others, such as sporadic amyotrophic
lateral sclerosis, most likely result from the interaction of
several genes with environmental factors. Work is rapidly
progressing in identifying genes and gene products and
function that will eventually lead to prophylactic as well
as therapeutic intervention for these disorders.
UPPER AND LOWER MOTOR NEURON
DEGENERATIVE DISORDERS

Amyotrophic Lateral Sclerosis
Amyotrophic lateral sclerosis (ALS), which is also called
motor neuron disease, Charcot’s disease, or Lou Gehrig
disease, is an age-dependent and generally fatal paralytic
disorder caused by the degeneration of motor neurons in
the motor cortex, brain stem, and spinal cord. Approxi-
mately 10% of cases are familial (FALS) and the rest are
sporadic (SALS).

PATHOGENESIS AND PATHOPHYSIOLOGY. ALS is a
primary disorder of motor cells and their axons. The hall-
mark of ALS is atrophy, degeneration, and loss of motor
neurons in the lower brain stem and anterior horn of the
spinal cord, followed by astrocytic replacement and prolif-
eration and microglial activation. There is loss of pyrami-
dal cells from the motor cortex of the prefrontal gyrus and
large myelinated fibers of the anterior and lateral columns
of the spinal cord, the brain stem, and the cerebrum. The
posterior columns are usually spared in SALS. Lower brain
stem nuclei are more often and more extensively involved
than the upper brain stem nuclei (Fig. 36-1). Therefore, neu-
ronal loss in the oculomotor nuclei is modest and rarely de-
monstrable clinically, whereas the neurons of the
hypoglossal nuclei are severely affected. Previously, it was
thought that Clarke’s nucleus was unaffected, but it is
now recognized that those neurons may also degenerate.
Additionally, there is increasing attention being paid to
frontotemporal involvement, ranging from mild, barely dis-
cernable executive function impairment to incapacitating
behavioral manifestations.1 In patients who have an extended
disease course due to parenteral nutrition and artificial ven-
tilation, there may be late involvement of oculomotor and
sacral nuclei. Autonomic dysfunction has also been re-
ported.2 Several cytoplasmic and ultrastructural abnormal-
ities are associated with ALS. Spheroids with a strongly
argentophilic fibrillary pattern develop in conjunction with
cell soma atrophy, suggesting these may be complementary
processes. Ultrastructurally, the spheroids are neurofila-
ment bundles that may contain other cytoplasmic structures,
such as mitochondria. Some investigators hypothesize that
the reported increase in phosphorylated neurofilaments
identified using monoclonal antibodies reflects premature
or excessive neurofilament phosphorylation that may be asso-
ciatedwith impaired neurofilament transport. Other identified
structures include Bunina bodies, tiny round eosinophilic
structures that may be found in neuronal cytoplasm, and
Lewy body-like eosinophilic inclusions found in both SALS
and FALS. The latter are immunoreactive to neurofilaments,
ubiquitin, and Cu/Zn superoxide dismutase (SOD1).3

Genetic linkage identified SOD1 at 21q22.1 as the cause
in 20% of autosomal dominant familial cases (genetic no-
menclature, ALS1). Different SOD1 mutations of ALS1
do not seem to influence age of onset, but they do influence
the progression of the disease, with the A4V mutation
duration averaging 1.2 years, the E100G mutation averaging



Figure 36-1. Spinal cord section from J.-M. Charcot’s original presentations
on amyotrophic lateral sclerosis, showing the combined anterior horn cell
degeneration (f) and the sclerosis of the lateral columns (a). Anterior
(c) and posterior (p) horn regions as normal anatomical landmarks inserted
as reference points by Charcot. (From Charcot J-M: Oeuvres Complètes.
Paris, Bueau du Progrès Meádical, 1873.)
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4.7 years, and the H46R and G37R mutations averaging 18
to 20 years.4

Identification of the SOD1 gene in FALS has provided
the first opportunity to study a type of ALS with a proven
etiology. SALS is not associated with mutations in SOD1
but it is clinically indistinguishable from ALS1 and patho-
logically very similar; therefore, it is postulated that there
may be a common pathway involved in the two forms of
ALS. Thus, the ALS phenotype may result from a variety
of disruptions in the events required for motor neuron
maintenance. Consequently, much research on the patho-
genesis of motor neuron disease has focused on SOD1,
an endogenous free radical scavenger enzyme. SOD1 nor-
mally functions as a dismutase, converting superoxide to
oxygen and hydrogen peroxide, and is thought to have per-
oxidase and Cu sequestration properties. Superoxide is an
unstable and highly active molecule that causes oxidation
of cell constituents either directly or through toxic and sta-
ble derivatives. Often, there is a 35% to 75% reduction in
activity of mutant SOD1 in ALS1, but there is no reduction
in SOD1 activity in other forms of FALS. In most instances,
loss of SOD1 enzyme activity appears to be due to structural
instability, resulting in a shortened half-life of the mutant
SOD1 protein.

Early on, exploration of mechanisms by which mutant
SOD1 causes motor neuron degeneration focused on exag-
gerated or disturbed functions of SOD1. However, experi-
ments with transgenic mice expressing different mutations
suggest that it is unlikely that the disease phenotype is
caused by a position effect of the mutations in the SOD1
gene. Whereas most, but not all, transgenic mice over-
expressing mutant SOD1 develop ALS-like disease, mice
overexpressing wild-type SOD1 or SOD1-deficient mice
do not. This suggests mutant SOD1 must reach a threshold
in its expression, where it then causes disease through the
gain of a toxic property, a toxic mechanism that may also
underlie FALS in humans.4,5 Although it is still not fully
clear how the 100-plus SOD1 mutations gain this common
toxic property, two major hypotheses have been put forth.6

Although normal SOD1 activity serves as an antioxidant
defense, the peroxidase, superoxide reductase, and super-
oxide generating properties of mutant SOD1 lead to the
formation of toxic species such as peroxynitrite, superox-
ide, and decomposition products of hydrogen peroxide.
The second stems from observation of mutant SOD1 aggre-
gates in SOD1 mutant transgenic mice and ALS1 patients,
aggregates that may either be toxic or may trap other pro-
teins, preventing their normal functioning.7 Investigations
in our laboratory with double transgenic mice established
that wild-type SOD1 is recruited in the presence of mutant
SOD1, not only hastening disease onset in G93A and
L126Z mutant mice but also converting the otherwise un-
affected A4V mutant mice into diseased mice. Analyses
of spinal cord tissue of these double transgenic mice
revealed this phenomenon is accompanied by conversion
of both mutant and wild-type SOD1 from a soluble to an
aggregated and detergent-insoluble form. This conversion,
observed in the mitochondrial fraction of the spinal cord,
involved formation of insoluble SOD1 dimers and multi-
mers that are cross-linked through intermolecular disulfide
bonds. The dimers may act as seed in forming toxic inter-
mediate species with possible membrane disrupting pro-
perties. It is evident that SOD1, normally an important
protein in cellular defense against free radicals, is converted
to an aggregated and apparently toxic species by redox
processes, demonstrating direct links between oxidation,
protein aggregation, mitochondrial damage, and SOD1-
mediated ALS.8

Rare recessive familial ALS (RFALS), which produces
three different phenotypes classified according to type
and timing of motor neuron involvement, has been identi-
fied in highly consanguineous families. The gene for
RFALS type 3 (genetic nomenclature, ALS2) has been
identified on chromosome 2. It codes for the protein alsin,
which is expressed in various tissues in the body, including
the brain, liver, and spinal cord. It is postulated there is a
loss of normal function with an ALS phenotype occurring
from mutations that affect the RCC1 domains close to the
N-terminal region of ALSIN and thus usually both long
and short transcripts of alsin may be nonfunctional.
A milder primary lateral sclerosis (PLS) phenotype occurs
from more distal mutations resulting in an intact RCC1 do-
main and perhaps a short protein that may allow the preser-
vation of some function.9 The sequence of the putative
protein alsin contains three domains with homology to
motifs found in guanine-nucleotide exchange factors for
GTPases, proteins with roles in axonal outgrowth, sig-
naling cascades, and vesicular trafficking.9,10 This second
ALS gene sets the precedent that proteins related to the
function of small GTPases and proteins involved in vesicu-
lar trafficking are determinants of motor neuron viability.
Mutations in the gene for dynactin have been identified
in a single family with progressive muscular atrophy, a dis-
order without upper motor neuron signs inherited as a dom-
inant trait with a phenotype similar to Kennedy disease,11

which is of interest because dynactin is the molecular mo-
tor for retrograde axonal transport. Axonal transport is
also affected in the SOD1 animal model of ALS.12 In recent
years, other putative new loci in dominant ALS have been
reported. Linkage to the X chromosome was reported by
our group, and that to chromosome 18q21 by others, each
for one large ALS kindred with typical adult onset.13,14



TABLE 36-1

Summary of El Escorial Criteria for the Diagnosis
of Amyotrophic Lateral Sclerosis (ALS)

The diagnosis of ALS requires the presence of signs of lower motor
neuron (LMN) degeneration by clinical, electrophysiological, or
neuropathological examination and signs of upper motor neuron
(UMN) degeneration by clinical examination, and the progressive
spread of these signs within a region or to other regions, together
with the absence of electrophysiological or neuroimaging evidence
of other disease processes that might explain these signs.

Suspected ALS

LMN signs only in at least two regions

Possible ALS

UMN and LMN signs in only one region, or UMN signs only in at
least two regions, or LMN signs rostral to UMN signs

Special cases: monomelic ALS, progressive bulbar palsy without
spinal UMN and/or LMN signs, primary lateral sclerosis without
spinal LMN signs

Probable ALS

UMN signs in at least two regions, with some UMN signs above
LMN signs

Definite ALS

UMN signs and LMN signs in bulbar region and at least two spinal
regions, or UMN and LMN signs in three spinal regions
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A second locus has been identified for FTD/ALS at 9p21.15

Work suggests that deletions of the heavy neurofilament
subunit tail may be a primary, although extremely rare,
occurrence in both SALS and FALS,16 although the relation-
ship between such deletions and ALS is still unclear.

In genetic research, the risk to relatives of an affected
person compared to the general population can be calcu-
lated, where greater risk corresponds to a larger genetic
control over the trait. The estimated risk to siblings of ALS
patients suggests that there is a significant genetic contri-
bution. ALS1 represents a large genetic effect in a small
ALS population (2.5% of ALS cases). Conversely, SALS
may result from a genetic predisposition due to multiple
small effects in larger ALS populations. Thus, newer appli-
cations of techniques to identify associations of common
polymorphisms to SALS using the transmission disequilib-
rium test are being applied to SALS. Several genes have
been examined in efforts to determine their roles in SALS.
The apolipoprotein E (ApoE) gene polymorphisms com-
prising the ApoE2, ApoE3, and ApoE4 alleles have been
the focus of at least six association studies with ALS,17–21

with the most recent suggesting the ApoE effect is on
the age at onset rather than on risk of developing disease.
Since E2 is associated with later onset, it is therefore protec-
tive against earlier onset.22 Vascular endothelial growth fac-
tor (VEGF) generated interest as a candidate gene when it
was noted that mice with impaired expression of VEGF
developed adult-onset progressive motor neuron degenera-
tion, with neuropathological and clinical signs reminiscent
of human ALS, 23 and that administration of intraventric-
ular recombinant VEGF prolonged survival of G93A
SOD1 rats.24 A case control meta-analysis of three Belgian,
Swedish, and British populations demonstrated an associa-
tion with three polymorphisms known to affect VEGF
expression. However, no association was found in a different
subset of the British population,25 a Dutch cohort,26 or our
own North American cohort.27 Interestingly, in an Irish pop-
ulation, a single nucleotide polymorphism of the related
protein angiogenin was associated with SALS.28 Our own
work using a family-based model of SALS suggests the
paraoxanase gene cluster is a strong susceptibility variant.29

Additional genes that may be involved in glutamate transport-
er, calcium homeostasis, apoptosis, mitochondrial dysfunc-
tion, protein degradation pathways, or intracellular protein
cargo transport are reasonable candidates for evaluation.2,9

A number of abnormalities in metabolism of the excit-
atory neurotransmitter glutamate have been identified in
ALS, including alterations in tissue glutamate levels, trans-
porter proteins, postsynaptic receptors, and indications of
possible toxic agonists. Whether these are primary or sec-
ondary events and how they relate to the genesis of ALS is
unclear but continues to be under investigation.30

EPIDEMIOLOGY AND RISK FACTORS. Broadly, there
are three types of ALS usually considered in epidemio-
logical studies: SALS, FALS, and a variant of ALS, some-
times called Guamanian ALS, found in the Western Pacific
and characterized by the occurrence of parkinsonism, de-
mentia, or both. SALS has a worldwide incidence of 1 or
2 in 100,000 people, with fairly uniform distribution world-
wide and equal representation among racial groups. The
occurrence of ALS before the age of 40 years is uncom-
mon. The incidence is greatest between the ages of 50
and 70 years, and it seems to decline thereafter. The male-
to-female ratio is approximately 1.3:1. Clusters of the dis-
ease have been identified, particularly in the Kii peninsula
of Japan and the Mariana Islands. The only indisputable
risk factor other than age and gender is genetic susceptibil-
ity, with familial cases occurring in approximately 10% of
most case series. Many isolated potential etiologies have
been proposed for SALS, with the only consistent associa-
tions thus far being long-term exposure to heavy metals,
particularly lead, and a family history of parkinsonism
and dementia. There is evidence of association between
increased dietary fat and cigarette smoking.31–33 Curiously,
cigarette smoking is negatively associated with the devel-
opment of Parkinson’s disease. Electrical injury has also
been reported to increase the risk of ALS.34 Both entero-
viruses and retroviruses have been implicated,35–37 but
the significance of these reports is uncertain. Recent
reports describe a possible twofold increase in the risk of
developing ALS for Gulf War veterans.38,39 Although these
studies had drawbacks, they do suggest the possibility that
war-related exposures may affect genetically vulnerable
individuals, and they raise the wider question of the delete-
rious effect of the modern war machine on the nervous
system of combatants.

CLINICAL AND ASSOCIATED DISORDERS. ALS is a
syndrome of upper and lower motor neuron dysfunction
at several levels of the neuraxis without involvement of
other neurological systems. There is no definitive test that
can diagnose ALS. In 1994, the El Escorial criteria were
developed to standardize its diagnosis for research studies
(Table 36-1).40 Although the disease may present in many
different ways and in different parts of the body, generally
the patient seeks attention because of symptomatic weak-
ness. Alternatively, there may be a history of fascicula-
tions, muscle cramping, and atrophy before weakness is
apparent. A frequent diagnostic feature is the presence of
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segmental hyper-reflexia in regions of muscle atrophy and
an absence of sensory disturbance in the same distribution.
Limb involvement occurs more often than bulbar involve-
ment, and upper limbs are more often affected than lower
limbs in SALS; this pattern is reversed in FALS. However,
the pattern of involvement is frequently asymmetrical or
focal. If more upper motor neurons are affected, the symp-
toms will be primarily gait difficulty, clumsiness, stiffness,
and fatigue, whereas lower motor neuron degeneration will
present as weakness or atrophy and occasionally fascicu-
lations. Bulbar symptoms include hoarseness, slurring of
speech, choking on liquids, and difficulty initiating swal-
lowing. Paresthesias and sensory symptoms affect up to
25% of patients, but if present, these complaints are generally
mild. There is wide variation in disease progression and
duration, neither of which can be accurately predicted
from age or site of onset, although generally elderly patients
have a shorter survival. Bowel, bladder, and sexual func-
tioning are usually spared, with approximately 4% of
patients experiencing loss of sphincter control. ALS
patients have diminished skin elasticity and rarely develop
bedsores, seemingly because of the accumulation of a basic
protein there.3,41 Although fasciculations, especially of
the tongue (Video 43, Tongue Fasciculations), are consid-
ered by some to be specifically associated with ALS, they
may actually be seen in any disorder affecting the motor
neuron or their axons. Remote effect of radiation damage
to the hypoglossal nerve is a case in point.

There has been controversy throughout the years whether
syndromes that are confined to one type of motor neuron
are distinct from ALS or are a variant of ALS. Primary lat-
eral sclerosis and progressive pseudobulbar palsy are both
syndromes confined to the upper motor neuron, whereas
progressive muscular atrophy and progressive bulbar palsy
affect only the lower motor neuron. Because all of these
phenotypes are sometimes produced by the same mutation
in the SOD1 gene, and mutations in the gene for alsin can
produce either ALS or PLS, it is generally now accepted that
these phenotypes could result from similar processes.

In FALS associated with dementia (see Chapter 33),
characterized by the association of frontal lobe dementia
with parkinsonism and amyotrophy, the clinical symptoms
of dementia vary to a remarkable extent. Whereas disin-
hibition and/or depression are common features, the amyo-
trophy may be prominent in some patients and absent in
others.42

Guamanian ALS first came to the attention of the medi-
cal community in the early 1950s when it was detected in a
severalfold higher incidence in Guam than elsewhere (see
Chapter 34). It is associated with parkinsonism and demen-
tia in some patients. The incidence has been declining in
the intervening years, but there has been an increase in
the number of recognized persons with parkinsonism and
dementia. This syndrome may include supranuclear gaze
paresis (Video 55, Supranuclear Gaze Paresis). Its etiology
is unclear. There has been interest in cycad flour as the
source of an excitatory amino acid that causes a motor neu-
ron disease in cynomolgus monkeys, but the amounts eaten
by Guamanians in their flour appear insufficient to cause
the disease. It has also been proposed that low levels of
calcium and magnesium in the local environment may lead
to chronic mild hyperparathyroidism with intraneuronal
depositions of calcium hydroxyapatite and aluminum.31

Although recently examination into the possible genetic
origins of the syndrome has begun (see Chapters 33 and
34), attention has also been directed toward neurotoxins
originating in the cycad.43

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Within disorders of the motor neuron, the most difficult
distinctions are among progressive muscular atrophy
(PMA), proximal spinal muscular atrophy (SMA) (Video
33, Spinal Muscular Atrophy), spinobulbar muscular atro-
phy (SBMA or Kennedy disease), PLS, and hereditary spas-
tic paraplegia (HSP) when there is no clear family history.
Generally, progressive muscular atrophy is a progressive,
asymmetrical lower motor neuron degeneration that has a
later onset and can affect distal and proximal muscle, result-
ing in severe disability. The A4V mutation in SOD1 leads to
PMA and death within 12 months. SMA usually occurs in
younger people and is symmetrical (see later discussion in
this chapter). SBMA may have gynecomastia and tongue
atrophy. HSP may be distinguished from primary lateral
sclerosis by spasticity restricted to the lower extremities
and normal upper extremity function. Hyper-reflexia and
the presence of extensor plantar response and brisk superfi-
cial abdominal reflexes are common to both. Generally, PLS
is a disease of later onset that eventually affects all extremi-
ties and bulbar function, although disease caused by alsin
mutation may cause infantile or juvenile PLS.

Electromyographic (EMG) features commonly seen in-
clude fibrillation, positive sharp waves, and complex repet-
itive discharges that indicate denervation. Simultaneously,
reduced numbers and increased amplitude and duration of
motor unit potentials indicate reinnervation. Multifocal fas-
ciculations are also characteristic of the disease. Increased
jitter on single-fiber EMG reflects immature endplates
and inefficient reinnervation. Cerebrospinal fluid examina-
tion either is normal or shows mildly elevated protein
(<100 mg/dL). There may be a moderate increase in creatine
kinase (CK) of the muscle enzyme type.

Muscle biopsy demonstrates pyknotic nuclear clumps
and small angulated fibers, small or large groups of atro-
phic fibers, and evidence of type grouping on ATPase
staining and target fibers of NADH-TR.3

MANAGEMENT AND FUTURE PERSPECTIVES. Thus
far, only the benzothiazole riluzole has been shown to
extend life span, although in double-blind studies, the exten-
sion averages only 3 months and mortality rates are unaf-
fected. In larger follow-up studies, the increase in life has
been claimed to be as long as 12 months.44 Riluzole acts
to block voltage-activated sodium channels and to protect
against glutamate toxicity.44 A multicenter, double-blind,
randomized, placebo-controlled trial of 400 patients demon-
strated that pentoxifylline is not beneficial in ALS and
should be avoided in patients treated with riluzole.45 The
life span of transgenic mice expressing mutant human
SOD1 was prolonged by 22% with intrathecal administra-
tion of a caspase inhibitor,46 and human clinical trials are
planned. Although there is no truly effective pharmacologi-
cal treatment yet available for ALS, a supportive multidisci-
plinary team can provide care and symptom management
that significantly improves the patient’s quality of life.
Drugs such as baclofen, quinine, and phenytoin can be used
to reduce cramping; anticholinergic agents can be used to
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control sialorrhea. Amitriptyline or selective serotonin reup-
take inhibitors may help control pseudobulbar symptoms in
some patients. Occupational therapy can provide techniques
and orthotics that can extend the patient’s ability to function
independently. A speech pathologist can provide instruction
to prolong the patient’s ability to communicate and swal-
low. Augmentative communication devices are now cov-
ered by Medicare but require formal evaluation. Durable
medical equipment (e.g., power-driven wheelchairs and
hospital beds) allow most patients to remain at home. Open,
sympathetic discussion of feeding and ventilatory support
options is required with the patient and family. Bilevel
positive airway pressure may provide at least short-term
symptomatic relief of respiratory fatigue and sleep apnea.
Algorithms for nutritional and respiratory management
are available at the Web site of the American Academy of
Neurology (www.aan.com). ALS remains a fatal disease,
with a mean survival of 3 years after the onset of symptoms.3

Spinal Muscular Atrophies
The SMAs are diseases of the motor neurons of the medulla
and spinal cord that most often present with muscle weak-
ness in infancy and childhood. They may present with
either proximal or distal weakness from the antenatal period
onward. The inheritance pattern is most commonly auto-
somal recessive, but there are forms that are dominant
and X linked (Table 36-2).

PATHOGENESIS AND PATHOPHYSIOLOGY. Informa-
tion about the molecular basis for these disorders has
exploded in the past few years. Both the severe and the
milder forms of autosomal recessive SMA have been
linked to chromosome 5q11.3-13.1, a region that contains
multiple copies of genes and pseudogenes and is character-
ized by instability. Deletions, truncations, or point muta-
tions in what is now called the gene for survival of motor
neurons (SMN) have been identified in SMA types I, II,
and III.47 SMN exists in two or more copies arranged in
TABLE 36-2

Types of Spinal Muscular Atrophy

TYPE
INHERITANCE
PATTERN

AGE OF
ONSET

SMA type I (severe infantile SMA, acute
or fatal SMA, Werdnig-Hoffman,
Oppenheim disease, amyotonia
congentia)

AR In utero to 6
months

SMA type II (intermediate) AR Generally
between 3
and 15
months

SMA type III
(chronic SMA, Kugelberg-Welander)

AR, AD 15 months to
teen years

SMA type IV
(adult-onset SMA)

AD, AR, or
very rarely
X-linked
recessive

Median age
of onset,
37 years

Distal SMA (progressive SMA,
Charcot-Marie-Tooth–type SMA)

AR, AD AR: birth or
infancy;
AD:
adulthood

AD, autosomal dominant; AR, autosomal recessive.
tandem in cis configuration: the telomeric copy, commonly
called SMN1, and the centromeric copy, generally called
SMN2. SMN1 does not produce a full-length transcript
most of the time. Human study and conditional knockout
models of SMA show that the SMA phenotype is dependent
on the dosage of SMN product: The higher the level of
SMN the milder the phenotype.48 Conditional knockout
models affecting only the expression of SMN in muscle show
dystrophic change correlating with increased CK and calf
hypertrophy in juvenile SMA.49 Most patients (95% to
98%) have a deletion of exon 7 of SMN1,whereas the remain-
der are compound heterozygotes. Two percent of patients
have de novo mutations.50 It was recognized early that there
is little correlation between specific SMN1 mutations and
phenotype, although affected siblings usually exhibit the
same phenotype, which suggested a modifying factor at work,
possibly another gene tightly linked to the pathogenic gene.
It now appears that increased SMN2 copy number results in
milder phenotype.51 The protein product of SMN has no
known homolog and its function is not yet fully known.
It appears to be associatedwith RNAprocessing/translocation
in the nucleus, and it may also be involved in axonal guidance
during development of motor axon-muscle connection.52

EPIDEMIOLOGY AND RISK FACTORS. The autosomal
recessive SMAs are the most common heritable cause of
death in infancy, with incidence estimates of 1 in 10,000 to
25,000 for type I in the Western world. Similar numbers are
affected with the milder forms and forms with a later onset.
Distal SMA of recessive inheritance is more common with
consanguineous parents, whereas the dominant form is rare.
X-linked adult SMA is also rare,53 usually with onset in
childhood, so it should not be confusedwith Kennedy disease.

CLINICAL FEATURES AND ASSOCIATED DIS-

ORDERS. The three clinical hallmarks of this disorder
are hypotonia, weakness, and cranial nerve palsies
(Fig. 36-2), although the facial muscles are usually spared.
Generally, SMA has an insidious onset of symmetrical
weakness. The weakness can be global, although generally
PRESENTING SYMPTOMS HALLMARK PROGNOSIS

Hypotonia and weakness;
problems with sucking,
swallowing, and
breathing

Never able to
sit

Average life
expectancy is 8
months, 95% dead
before age 1 year

Proximal leg weakness,
fasciculations, fine hand
tremor

Never able to
stand; facial
muscles
spared

Dependent on extent
and timing of
respiratory
complications

Proximal leg weakness,
delayed motor
milestones

Dependent on extent
and timing of
respiratory
complications

Proximal weakness;
variable within families;
more severe in AD form

Life expectancy not
markedly reduced

Distal weakness Very slow clinical
progression; does
not alter life span

http://www.aan.com


Figure 36-2. A baby with spinal muscular atrophy, showing the flaccid head
lag in the supine position. (From Dubowitz V: Muscle Disorders in Child-
hood. Philadelphia, Saunders, 1995.)

TABLE 36-3

Selected Differential Diagnosis of Motor Neuron
Diseases of Children According to Some Presenting
Symptoms

Hypotonia

Hereditary motor and sensory neuropathies
Neuromuscular transmission defects
Transient neonatal myasthenia
Congenital myasthenic syndromes
Infantile botulism

Congenital myopathies with distinguishing structural abnormalities
Central core disease
Nemaline myopathy
Centronuclear myopathy

Muscular dystrophies
Metabolic myopathies
Glycogen storage diseases
Lipid storage myopathies
Mitochondrial myopathies

Inflammatory myopathies
Dermatomyositis/polymyositis

Connective tissue disorders
Osteogenesis imperfecta
Marfan disease
Ehlers-Danlos syndrome

Metabolic diseases
Aminoacidopathies
Organicacidurias
Renal reabsorption defects
Endocrinopathies
Prader-Willi syndrome
Nutritional disorders

Progressive Muscle Weakness

Peripheral neuropathies
Subacute inflammatory polyradiculoneuropathy
Hereditary motor neuropathies

Muscular dystrophies
Metabolic myopathies
Glycogen storage diseases
Lipid storage myopathies

Inflammatory myopathies
Dermatomyositis/polymyositis

Progressive Cranial Nerve Paralysis

Neoplasms
Brain stem glioma
Extrinsic posterior fossa tumor
Nasopharyngeal neoplasm

Neuromuscular transmission defect
Botulism
Myasthenia gravis
Congenital myasthenic syndromes

Myopathies
Ocular myopathies
Ophthalmoplegia plus syndromes

Intracranial infections
Tuberculosis
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proximal muscles are weakened before distal ones, and the
legs become markedly weak before the arms are severely
involved. Patients with the later onset forms decline less
rapidly than those with earlier onset. An interesting differ-
ence between the SMAs and other neurodegenerative
disorders is that in the SMAs the greatest decline in muscular
power occurs at onset and then slows, implying great loss of
motor neurons initially, followed by a stabilization in any
remaining neurons. This phenomenon results in a large num-
ber of complications owing to greater demands on remaining
strength, such as scoliosis, contractures, and disuse atrophy,
as well as respiratory, nutritional, and sleep problems.
Arthrogryposis multiplex congenita, a disorder character-
ized by congenital limitation of motion in all joints except
the temporomandibular and vertebral joints, is sometimes
secondary to loss of anterior horn cells. A deletion of SMN
has been found in half of such cases examined thus far.54

Progressive bulbar palsy of childhood, or Fazio-Londe
disease, involves brain stem motor neuron degeneration
that presents most often with stridor followed by ptosis,
dysarthria, facial palsy, and dysphagia. Death generally
occurs in early childhood.

An autosomal dominant scapuloperoneal SMA has been
reported with fasciculations, weakness, and atrophy in
that distribution. Autopsy findings included degeneration
of anterior horn cells and motor neurons of cranial nerves
VII, IX, and X. A few families with adult-onset, autoso-
mal dominant facioscapulohumeral and scapulohumeral
distribution SMA have been reported.55

Kennedy disease is a spinobulbar neuropathy with mid-
life onset, normal life span, and associated gynecomastia.
It occurs in men only and is caused by the expansion of
trinucleotide repeats in the androgen receptor (AR) gene
located on the X chromosome.56 This was a particularly
important discovery because it paved the way for identifi-
cation of trinucleotide repeats as the cause of several other
neurological diseases. Trapping of important acetylation
enzymes in aggregates of the AR may be the major cause
of degeneration in the CAG repeat diseases.57

Mutations in the vesicle-associated membrane protein/
synaptobrevin-associated membrane protein B (VAPB)
have been identified in autosomal dominant SMA type
IV, in which some patients have upper motor neuron
involvement as well.58

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Because many disorders can mimic the clinical picture of
the SMAs, it is essential to verify a neurogenic process
with EMG and muscle biopsy. In children, the differential
diagnosis is particularly wide (Table 36-3).

Homozygous deletion of SMN is a sensitive test for con-
firming the clinical diagnosis in almost all cases, including
isolated cases and those with unusual features. A method
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for preimplantation diagnosis for couples at risk has
been reported.59 After genetic testing, the most revealing
studies are EMG and muscle histochemistry, both of
which will confirm a neurogenic process involving muscle.
Fibrillation and normal-sized residual motor units are com-
monly seen in the acutely denervated muscle fibers of
SMA I. SMA II and III produce very large motor units
and absence of spontaneous activity. Serum CK can be
elevated, and it correlates positively with duration of illness.

MANAGEMENT AND FUTURE PERSPECTIVES. There
is no specific treatment for any of the SMAs. Recent work
suggests sodium butyrate may be helpful. In lymphoid cell
lines from SMA patients, it increased the amount of SMN
protein to normal. Administration to homozygous knockout
transgenic SMA-like mice decreased the birth rate of the
more severe type of SMA and ameliorated some symp-
toms.60 Perhaps most important is work demonstrating in
mice that deletion of murine SMN exon 7 directed to skele-
tal muscle results in ongoing muscle necrosis with a dystro-
phic phenotype that progresses to muscle paralysis and
death, suggesting that primary involvement of skeletal mus-
cle in SMA may contribute to motor deficits. This provides
a new avenue to explore for intervention.61 The following
observations indicate the possibility for intervention with
small molecules: Treatment of fibroblast cultures from
SMA patients with valproic acid increased the amount of
complete SMN2 mRNA/protein two- to fourfold62; treat-
ment of fibroblast cultures from patients with SMA I, II,
or III with 4-phenylbutyrate increased full-length SMN2
transcripts by 50% to 400%, with the greater increase found
in cells from patients with the milder phenotype63; and treat-
ment of cultured lymphocytes from SMA patients also
resulted in an increase of full-length SMN mRNA, SMN
protein, and intranuclear gems.64 A clinical trial of riluzole,
a drug marginally effective in ALS, is under way.

A multidisciplinary approach aimed at preventing contrac-
tures, skeletal deformities, respiratory complications, and so-
cial isolation is imperative. Genetic counseling of parents of
young SMA patients or SMA patients approaching childbear-
ing age is appropriate. Prenatal testing for SMN deletion is
TABLE 36-4

Hereditary Spastic Paraplegia (SPG), Gene Locus, and Protei

GENETIC NOMENCLATURE INHERITANCE

SPG1 X-linked
SPG2 X-linked
SPG3 AD
SPG4 AD
SPG5A AR
SPG5B AR
SPG6 AD
SPG7 AR
SPG8 AD
SPG9 AD
SPG10 AD
SPG11 AR
SPG12 AD
SPG13 AD
SPG14 AR
SPG16 X-linked
SPG17 AD

AD, autosomal dominant; AR, autosomal recessive; L1CAM, L1 cell adhesion molecule.
available only on a research basis. The prognosis varies
according to type, ranging from the early fatality of SMA I
to the basically unaltered life span of SMA III.

Hereditary Spastic Paraplegias
The HSPs, also known as Strümpell-Lorrain syndrome and
the familial spastic paraplegias, are a broad group of geneti-
cally and clinically diverse disorders characterized by lower
extremity spasticity and weakness. Generally, they are
classified according to mode of inheritance and symptoms.
The more common uncomplicated or so-called pure HSP
indicates progressive spasticity of the lower extremities that
may be accompanied by a mild decrease in proprioception
and urinary sphincter dysfunction, whereas complicated
HSP denotes the presence of other neurological problems.

PATHOGENESIS AND PATHOPHYSIOLOGY. Informa-
tion about the genetic basis for these disorders is mush-
rooming. It has been well established that uncomplicated
autosomal dominant, autosomal recessive, and X-linked
HSPs are heterogeneous disorders. Because families with
strong similarities in phenotype are linked to different
genetic loci, there may be various points of disturbance
in a common biochemical pathway that leads to degenera-
tion of the most distal portions of the longest ascending and
descending central nervous system (CNS) axons, parti-
cularly the corticospinal tracts from the motor cortex to
the legs, the fasciculus gracilis fibers, and the spinocere-
bellar fibers (Table 36-4).65–81 Genetic penetrance is age
dependent and nearly complete.82

The L1 cell adhesion molecule (CAM), found primarily
in the nervous system, is one of a subgroup of structurally
related integral membrane glycoproteins within the immu-
noglobulin superfamily that mediates cell-to-cell adhesion
at the cell surface. PLP1 is one of two isoforms of the mye-
linproteolipid protein. They are highly hydrophobic integral
membrane proteins comprising approximately half of the
protein content of adult CNS myelin. Mutations in PLP1
are also associated with Pelizaeus-Merzbacher disease, and
the type of mutation is associated with disease severity:
n Product

GENE LOCUS PRODUCT

Xq28 L1CAM65

Xq28 Proteolipoprotein66,67

14q12–q21 Atlastin 68

2p24–21 Spastin69

8p11–q1370 ?
? ?
15q11–171 ?
16q24.3 Paraplegin72

8q23–q2473 ?
10q23–q2474 ?
12q1375 ?
15q13–q1576 ?
19q1377 ?
2q24–q3478 ?
3q27–2879 ?
Xq11.280 ?
11q12–q1481 ?
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Missense mutations in exons 2 and 4 produce severe disease,
truncation mutations in exon 5 produce a milder phenotype,
whereas splice site mutations produce spastic paraplegia.83

PLP1-null mice develop progressive impairment in both an-
terograde and retrograde axonal transport, with increased
levels of retrograde motor protein subunits associated with
accumulation of membranous organelles distal to nodal com-
plexes, as well as PLP1 loss in oligodendrocytes.84 Atlastin is
a GTP-ase expressed primarily in adult brain.85 Expression of
wild-type or ATPase-defective spastin in several cell types
showed that spastin interacts dynamically with microtubules,
with normal spastin functioning as a microtubule-severing
protein and mutant spastin colocalizing with, but not sever-
ing, microtubules. Spastin and spartin share a conserved
domain slightly larger than one that is a consistent element
of molecules involved in endosomal trafficking, with both
likely interacting with microtubules.86,87 This is also asso-
ciated with abnormal cellular distribution of mitochondria
and peroxisomes.88 Endogenous spastin has been identified
at the centrosome in a variety of cell types at all points in
the cell cycle, supporting the contention that spastin plays a
role in microtubule dynamics and organization.89 Electron
microscopy of paraplegin-null mice demonstrated axons
filled with abnormal mitochondria well before axonal degen-
eration could be seen. With continued degeneration, axons
accumulated organelles and neurofilaments, suggesting mito-
chondrial dysfunction may lead to axonal degeneration by
impairing axonal transport. The authors propose aberrant
cellular trafficking dynamics as the common pathologic
process underlying HSP.90 A missense mutation in KIF5A
prevents stimulation of motor ATPase by microtubule bind-
ing. Normally, the kinesin motor drives intracellular move-
ment of membranous organelles from the neuronal cell
body to the distal end of the axon, again suggesting disrup-
tion of neuronal axoplasmic flow and subsequent axonal
degeneration underlie HSP.91 NIPA1 is highly expressed
in neuronal tissues and also seems to encode a putative
membrane transporter or receptor.92

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The patient generally presents with leg stiffness,
weakness in the hip flexors, and impaired foot dorsiflexion
in the second through fourth decades, although symptoms
may be apparent in infancy or not until late adulthood.
The gait disturbance progresses insidiously and continu-
ously. Patients may also have paresthesia and mildly
decreased vibratory sense below the knees and urinary
urgency and incontinence late in the disease. On neuro-
logical examination, generally there are no abnormalities
of the corticobulbar tracts or upper extremities, except pos-
sibly brisk deep tendon reflexes. In the lower extremities,
deep tendon reflexes are pathologically increased and there
is decreased hip flexion and ankle dorsiflexion. Crossed
adductor reflexes, ankle clonus (Video 82, Cross-Adductor
Reflex; Video 84, Sustained Clonus), and extensor plantar
responses are present. Hoffman’s and Tromner’s signs,
as well as pes cavus, may be present. Occasionally, slight
dysmetria may be seen on finger-to-nose testing in patients
with long-standing disease.

The designation complicated HSP indicates spasticity
with additional neurological impairment, such as optic neu-
ropathy, retinopathy, extrapyramidal disturbance, demen-
tia, ataxia, ichthyosis, mental retardation, and deafness.82
DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
HSPs are diagnoses of exclusion. Particular care is neces-
sary if the family history is not revealing or if there are
numerous complications or atypical features. Because
HSP can mimic treatable disorders, such as vitamin B12

deficiency, dopa-responsive dystonia, cervical spondylosis,
early PLS, or multiple sclerosis, exhaustive evaluation is
justified.82

Molecular diagnosis is available clinically only for pro-
teolipoprotein (genetic nomenclature, SPG2), whereas test-
ing for L1 cell adhesion molecule (SPG1), atlastin (SPG3),
spastin (SPG4), paraplegin (SPG7), HSP60 (SPG13), and
spartin (SPG20) is available at some research facilities.
Additional testing is available only to family members
within kindreds linked to an identified locus. Electrophysi-
ological studies are the most revealing. Somatosensory
evoked potentials of the lower extremities show conduction
delay in the dorsal column fibers, whereas cortical evoked
potentials show reduced conduction velocity and amplitude
in lumbar spinal segment muscles. Cortical evoked poten-
tials of the arms are either normal or mildly slow. Nerve
conduction studies are most often normal, although there
may be subclinical sensory impairment of peripheral
nerves and spinal pathways.

Magnetic resonance imaging of the brain and spinal cord
as well as plasma very long-chain fatty acid analysis
should be performed.82

MANAGEMENT AND PROGNOSIS. There is no treat-
ment available to address the underlying process in HSP.
Treatments to combat the problems associated with chronic
paraplegia can be helpful, particularly oral or intrathecal
baclofen or, less commonly, oral dantrolene for the lower
extremity spasticity and oxybutynin or tolterodine for blad-
der spasticity. Caution should be exhibited in counseling
regarding the course of the disease because there is variation
in severity of phenotype reported.

Although the phenotypes of the various autosomal dom-
inant HSPs are very similar, HSP does seem to be more
severe in families linked to chromosome 15q, in which
more patients require wheelchairs by the fourth decade.
Families with mutations in spastin show more variation,
including a less common childhood onset and a relatively
nonprogressive course.68
DEGENERATIVE MUSCULAR DISORDERS

The muscular dystrophies are degenerative hereditary dis-
orders, with the most common being the dystrophinopa-
thies and disorders of dystrophin-associated proteins.
In 1987, with the identification of a defect in the dystro-
phin gene as the cause of Duchenne muscular dystrophy
(DMD), Monaco and Kunkel93 opened the door for
research into the role of dystrophin and functionally related
proteins in muscle function and maintenance.

Dystrophin is controlled by a very large gene, at least
2300 kb and 79 exons, that encodes a 3685-amino acid pro-
tein product with four distinct domains. It has an I-beam
shape with globular domains at each end and a rodlike seg-
ment in the middle (Fig. 36-3). At the amino-terminal end,
it binds to cytoplasmic actin filaments; at the other end, it
binds to a complex of proteins and glycoproteins called
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Figure 36-3. Localization of dystrophin and utrophin in the muscle cell.
Dystrophin is found throughout the sarcolemma, whereas utrophin is con-
fined to the neuromuscular junction. Both proteins are associated with a
glycoprotein complex that binds to the extracellular matrix. (Reprinted with
permission from Campbell KP, Crosbie RH: The structure of dystrophin.
Nature 1996;384:308. Copyright 1996 MacMillan Magazines Limited.)
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dystrophin-associated proteins and dystrophin-associated
glycoproteins. Transcripts, each with its own promotor,
suggest that dystrophin influences a number of distinct
functions. Muscle dystrophin is found on the plasma mem-
brane surface in skeletal muscle fibers, on the surfaces of
plasma membrane and transverse tubules of cardiac muscle
fibers, and on smooth muscle membranes. Cortical dystro-
phin is found in the hippocampus, amygdala, thalamus,
hypothalamus, and neocortex, and a Purkinje cell isoform
is found in the cerebellum.94–96 A second protein product
of the DMD gene, which is structurally different from dys-
trophin, has not been found in muscle, but its level in other
tissues is comparable to that of dystrophin in muscle.97

It is now known that there are at least three subcom-
plexes that form the glycoprotein complex involved with
dystrophin in muscle support. Several components of these
subcomplexes have now been identified and some of their
relationships determined. The dystroglycan subcomplex
consists of a-dystroglycan and b-dystroglycan functions
as a connecting axis, called the dystrophin axis, between
the extracellular matrix and the subsarcolemma cytoskele-
ton. These dystroglycans are ubiquitously expressed in
various tissues. The basal lamina is a network of several
components, including laminin, that surrounds each muscle
fiber in fixed contact with the sarcolemma and provides
protection from mechanical damage. a-Dystroglycan is an
extracellular protein that binds to the laminin subunit mero-
sin in the basement membrane, as well as to b-dystroglycan,
a transmembrane protein, which, in turn, binds to the cys-
teine-rich and carboxyl-terminus domains of dystrophin
within the cell. Then the N-terminus domain of dystrophin
binds to actin filaments, forming the cytoskeleton of the
subsarcolemma.96 Utrophin, a dystrophin homolog, binds
to actin and most likely the dystroglycan complex.98 It is
possible that utrophin and these proteins form a utrophin
axis similar to the dystrophin axis.
Four other transmembrane glycoproteins, called the sarco-
glycans, have been identified: a-sarcoglycan (in some sources
called 50DAG, A2, and adhalin), b-sarcoglycan (43DAG,
A3b), g-sarcoglycan (35DAG, A4), and d-sarcoglycan.
It has been proposed that the sarcoglycan complex is fixed
to the dystrophin axis by lateral association, although the
binding site is not yet known. The sarcoglycan complex is
expressed specifically in skeletal and cardiac muscle.95

Finally, the cytoplasmic complex consists of two families
of proteins—the syntrophins, which bind to the distal part
of the carboxy-terminal domain of dystrophin,95 and dystro-
brevin, which co-localizes with dystrophin and DAPs.99

The syntrophins are composed of at least three subclasses:
a-syntrophin, specifically localized in muscle; b1-syntrophin,
with a ubiquitous distribution; and b2-syntrophin, localized
to the neuromuscular junction.

In the past few years, disruptions in these proteins and
glycoproteins have been implicated in several types of
muscular dystrophy (Table 36-5).

Dystrophinopathies
Different mutations in the dystrophin gene produce different
allelic disorders, most commonly either the lethal DMD or
Becker muscular dystrophy (BMD), a milder myopathy.
Very rarely, patients with cardiomyopathy with mild weak-
ness, dilated cardiomyopathy without weakness, exercise
intolerance associated with myalgias, muscle cramps, or
myoglobinuria, and asymptomatic elevation of serum CK
have also been identified.100

PATHOGENESIS AND PATHOPHYSIOLOGY. Large
mutations in the dystrophin gene are identified in approxi-
mately 75% of patients with DMD and 87% of patients with
BMD. Most large mutations are deletions, and they tend to
occur in regions where the introns are longer. The deletion
breakpoints seem to be at sites where recombination events



TABLE 36-5

Limb Girdle Muscular Dystrophy

TYPE INHERITANCE GENE LOCUS GENE PRODUCT UNUSUAL FEATURES DISEASE NAME

1A AD 5q31–33 Myotilin132 Palatal weakness
1B AD ? Lamin A/C133 Cardiac involvement, sudden death Also AD Emery-Dreifuss
1C AD 3p25 Caveolin134 Caveolinopathy
1D AD 6q23135 ? Dilated cardiomyopathy
1E AD 7q136 ? Dysphagia, Pelger-Hunt anomaly
1F AD 7q31.1-

q32.2137
?

1G AD 4q21138 ? Progressive finger/toe flexion
2A AR 15q Calpain-III139 Calpainopathy
2B AR 2p13 Dysferlin140 Distal extremity weakness and wasting Dysferlinopathy or Miyoshi

neuropathy
2C AR 13q12 g-Sarcoglycan141 Cardiac involvement, abdominal, neck

flexor, and intercostal muscles affected,
malignant course

g-Sarcoglycanopathy
(formerly SCARMD)

2D AR 17q.33 a-Sarcoglycan
(Adhalin)142

a-Sarcoglycanopathy

2E AR 4q12 b-Sarcoglycan143 b-Sarcoglycanopathy
2F AR 5q33 d-Sarcoglycan144 d-Sarcoglycanopathy
2G AR 17q Telethonin145 Early involvement of distal muscles Telethonopathy
2H AD 9q146 Tripartite motif protein 32 Facial weakness
2I AR 19q13.3 Fukutin-related protein147

2J AR 2q24.3 Titin148

2K AR 9q34.1 Protein O-mannosyl-
transferase149

AD, autosomal dominant; AR, autosomal recessive.
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occur in healthy individuals. Large deletions are also com-
mon in BMD, whereas large duplications are rare. Small
mutations account for approximately 30% of DMD cases
and 15% of BMD cases. Mutations that shift the mRNA
transitional reading frame usually produce a truncated
dystrophin molecule missing the carboxy terminus, which
in turn does not bind adequately to dystrophin-associated
proteins at the cell membrane, resulting in severe dystrophin
deficiency in the Duchenne phenotype. Either no dystrophin
is made or the aborted molecule is degraded rapidly. Non-
frameshifting mutations produce a dystrophin molecule
with a preserved carboxy terminus in which more dystro-
phin remains and the phenotype is the milder form of
BMD.101 In-frame deletions alter the clinical presentation
depending on where they occur. Deletions that involve the
cysteine-rich and carboxy-terminus domains required for
attachment to the dystrophin-associated proteins confer the
Duchenne phenotype, whereas deletions in the proximal
portion of the rod domain produce a very mild phenotype.102

Deletions in the distal region present the BMD phenotype
and produce 40% to 70% of the normal amount of dystro-
phin.103 There are rare cases to which these generalizations
do not apply: out-of-frame deletions that can result in DMD,
BMD, or an intermediate phenotype and situations in which
there is no correlation between the degree of dystrophin
deficiency and the severity of phenotype.100,101

EPIDEMIOLOGY AND RISK FACTORS. DMD is the
most common neuromuscular disease of childhood, with
an estimated overall prevalence of 63 cases per 1 million,
whereas BMD has an overall prevalence of 24 cases per
1 million.101 Because dystrophin is at Xp21.1, nearly all
patients are male. As many as 20% of new DMD cases
and an unknown number of BMD cases are caused by
gonadal mosaicism.104
CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The hallmarks of DMD are progressive proximal
muscle weakness with pseudohypertrophy of the calves.
The myocardium is involved, whereas bulbar muscles are
spared. There may be mild mental retardation. DMD is uni-
versally fatal, usually from either respiratory or cardiac
complications.

As early as 1868, Duchenne had established criteria for
the diagnosis of what would later be called DMD. These
features still serve as an accurate description of the clinical
picture: (1) weakness, appearing first in the lower extremi-
ties; (2) wide-based gait and stance (Video 13, Myopathic
Gait), with lordosis; (3) subsequent hypertrophy of weak-
ened muscles; (4) loss of muscle contractility with electrical
stimulation; (5) intact sensation and bowel and bladder
function; and (6) a progressive, deteriorating course.

Usually, the child is asymptomatic in the neonatal pe-
riod, with the earliest problems perceived by caregivers
being developmental delays, particularly in walking and
climbing, and the appearance of enlarged calf muscles.
Between the ages of 3 and 6 years, the gait becomes waddling
and lordotic. Gower’s sign appears (Video 99, Gower’s
Sign), in which the child stands from a prone position by a
process of climbing up the legs, using the hands first on the
knees and then on the thighs to support herself or himself
(Fig. 36-4). Usually by the age of 6 years, there is enlarge-
ment of calf, gluteal, lateral vastus, deltoid, and infraspinatus
muscles, and weakness is readily apparent, with the proxi-
mal extremities more severely affected than the distal
extremities, and lower extremities and torso more severely
affected than the upper extremities (Fig. 36-5). Weakness
of the arms may be present but is not obvious without care-
ful examination. The strength of limb and torso muscles
continues to decline steadily from ages 6 though 11 years.



Figure 36-4. Gower’s sign. (From Seigel IM: Muscle and Its Diseases: An Outline Primer of Basic Science and Clinical Method. Chicago, Yearbook
Medical, 1986.)
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Proximal muscles continue to be more severely affected
than distal muscles, with neck flexors becoming more
involved than extensors, wrist extensors more than flexors,
biceps and triceps more than deltoid, quadriceps more than
hamstrings, and the tibialis posterior and peroni more than
the gastrocnemius, soleus, and tibialis anterior. Tendon
reflexes decrease and disappear as muscle weakness pro-
gresses. By the age of 10 years, 50% of patients have lost
biceps, triceps, and knee reflexes, in contrast with the ankle
reflex, which remains in one-third of patients even in end-
stage disease. Significant contractures of the iliotibial
bands, hip flexors, and heel cords are present in 70% of
patients by the age of 10 years. Patients tend to have rela-
tively mild functional impairment until they are approxi-
mately 8 years old, when they then decline more rapidly
during the next 2 or 3 years. The second decade brings pro-
gressive kyphoscoliosis from weakened paraspinal muscles
and decreased vital and total lung capacities and maximal in-
spiratory and expiratory pressures from weakened respiratory
muscles. These problems first appear between the ages of
8 and 9 years and progress as functional status deteriorates.

The mean age of death in a survey of 176 patients who
died between 1970 and 1984 was 18.3 � 3 years. It was
slightly increased to 20 � 3.9 years in the subset of 48
patients who died between 1980 and 1984. Approximately
40% died of respiratory failure, and 10% to 40% died of
cardiac complications. Although cardiac rate, rhythm, and
conduction defects occur in up to 90% of DMD patients,
they tend to be stable or slowly progressive problems.100

In BMD, disease is later in onset and slower in pro-
gression. As early as the mid-1950s, Becker proposed that
these cases represented a variation of DMD. Now that it
is known that DMD and BMD are allelic disorders, it is
apparent that BMD phenotypes range from myalgias and
muscle cramps to symptoms clinically indistinguishable
from DMD.

Age of onset ranges from 1 to 70 years of age, with a
mean of 12 years. Ninety percent of patients are affected by
age 20. Lower extremity weakness appears on average
by age 11, with upper extremity weakness by age 20. Loss
of ambulation generally occurs at approximately 40 years of
age but can occur as early as age 12. Age at death ranges from
23 to 89 years of age, with the average being 42.

Cardiac problems similar to those associated with DMD
are present in approximately half of the patients with
BMD. The extent of cardiac involvement does not correlate
with degree of myopathy. Myocardial pathology includes
degeneration of cardiac muscle and fibrous replacement
of myocardiocytes, particularly in the posterobasal region
and the adjacent lateral wall of the left ventricle.

In comparison with their unaffected brothers, 10% to
79% of these patients have fertility problems, and the



Figure 36-5. Enlarged calf muscles in a patient with Duchenne muscular dystrophy. (From Fenichel GM: Clinical Pediatric Neurology. Philadelphia,
Saunders, 1997.)
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severity of infertility correlates positively with severity of
phenotype. Fatty infiltration of smooth muscle may result
in delayed gastric emptying with emesis, abdominal pain,
and distention. Adverse reactions to succinylcholine and
halothane have been reported, which ranged from marked
elevation of CK in the postoperative period to cardiac
arrest.100

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
diagnosis of DMD and BMD has become considerably
more reliable with the advent of molecular genetics. When
the clinical presentation, elevation of CK, muscle biopsy,
EMG findings, and inheritance pattern are consistent with
a dystrophinopathy, the patient’s white blood cells or mus-
cle should be examined for deletions or duplications in the
dystrophin gene. Multiplex polymerase chain reaction
(PCR) amplification of commonly deleted exons detects
98% of the deletions that cause more than 65% of the dys-
trophinopathies. Quantitative Southern blot analysis may
be needed to detect partial gene duplication because it is
more sensitive.105,106 Immunoblot analysis of muscle homog-
enates with dystrophin antibodies confirms abnormalities
in at least 95% of DMD patients and differentiates DMD
from BMD. Analysis of restriction length polymorphisms
and a nonradioactive direct test based on PCR amplification
provides rapid, precise carrier diagnosis in women whose
relatives have a known deletion. Sisters and daughters of
mothers who have given birth to boys with isolated cases
of DMD or BMD should also be tested and counseled. Such
mothers should also consider prenatal diagnosis because the
risk for recurrence in additional sons is estimated at 7%.
Prenatal diagnosis can be performed as early as 8 weeks’
gestation.107
The EMG changes seen are those common to all myo-
pathic disorders. Motor units fire at a relatively high rate
for the degree of effort, with a higher number activated
than would be in a muscle of comparable strength in a neu-
rogenic problem. As the disease progresses, increasingly
fewer motor units can be activated. An increased number
of motor unit potentials are polyphasic with one or more
late components, as well as components reduced in dura-
tion. Fibrillation potentials are often observed. Nerve
conduction velocities are normal.

Similar pathological changes are present in BMD and
DMD, particularly necrotic and regenerating fibers, branch-
ing fibers, abnormal fiber size, and endomysial fibrosis.
Generally, there are more necrotic, hypercontracted, and
regenerating fibers with a more severe phenotype. Addition-
ally, inflammatory cells are evident at perivascular, endo-
mysial, and perimysial sites in DMD. Plasma membrane
defects that lead to segmental fiber necrosis and eventual
regeneration are observed with electron microscopy. Exten-
sive discussion of morphological and electron microscopy
studies is available in Engel and colleagues.100

Serum CK is the most useful of the serum enzyme tests,
with CK increased up to two orders of magnitude during
the first 3 years when it peaks and then declines exponen-
tially by approximately 20% annually. Myoglobinemia is
roughly correlated with elevations in CK. Ambulatory
DMD patients have diurnal fluctuations in myoglobin and
CK, with increases corresponding to physical activity.108

In the cerebrospinal fluid, protein fractions are increased
in most dystrophies and g-globulin is decreased. Because
excretion of total creatinine declines with decreasing func-
tional muscle mass, urinary creatinine is 40% to 90%



TABLE 36-6

Cardiac Manifestations in the Muscular Dystrophies

DISORDER MANIFESTATION RECOMMENDATIONS

Duchenne Hypokineses ECG and cardiac echo at diagnosis, every 2 years until age 10,
annually thereafter

Dilated cardiomyopathy ACE inhibitors first, add beta blockers
May progress to severe cardiac failure
Female carriers at risk

Becker Cardiomyopathy ECG and cardiac echo at diagnosis
May be more severe than skeletal muscle disease

Female carriers at risk Cardiac echo at least every 5 years
LGMD1A Uncertain
LGMD1B Dilated cardiomyopathy with conduction defects
LGMD1C Uncertain
LGMD2C, 2D, 2E, 2F Dilated cardiomyopathy similar to Duchenne Same as Duchenne

Allelic disorders; cardiomyopathy and sudden death
LGMD2B One case of cardiomyopathy reported
LGMD2I Dilated cardiomyopathy similar to Duchenne Same as Duchenne
Emery-Dreifuss Conduction defects For AD-ED: implantable defibrillator

Atrial flutter, first-degree heart block, atrial
paralysis

Female carriers at risk For X-ED: pacemaker
Cardiomyopathy uncommon
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below normal.108 Urinary creatinine excretion is approxi-
mately twice normal between ages 6 and 11 years, and it
increases with age.

It is essential to evaluate the heart. Ninety percent
of patients with DMD have myocardial fibrosis, revealed
by elevated right precordial R waves and deep Q waves
in left precordial and limb leads on electrocardiogra-
phy (ECG).109 Persistent or labile sinus tachycardia, sinus
arrhythmias, and interatrial conduction defects are also
common abnormalities. Echocardiography demonstrates
small internal ventricles, hypokinesis of the posterobasal
ventricular wall, and slowed ventricular relaxation. For car-
diac evaluation guidelines see Table 36-6.110 Examination
of dystrophin can prevent misdiagnosis in patients with dis-
orders that mimic the clinical presentation of DMD and
BMD, particularly the SMAs, congenital muscular dystro-
phy, acid maltase deficiency, and Emery-Dreifuss muscular
dystrophy (ED MD). Dystrophin should also be evaluated
in males with dilated cardiomyopathy, even in the absence
of muscle weakness, and in girls with symptoms of DMD.

MANAGEMENT AND PROGNOSIS. Thus far, the only
medication to improve functioning of boys with DMD
when evaluated in carefully controlled trials is a regimen of
alternate-day prednisone with a dosage range of 0.75 to 1.5
mg/kg/day. Improvement began approximately 1 month
after beginning treatment and peaked by 3 months, with
significant and sustained benefits still evident at 3 years.
With treatment, the progressive decrease in muscle
strength and increase in muscle mass were slower than
expected, and the extent of disability was less. Side effects
included those common to all steroids: altered behavior,
cushingoid appearance, gastrointestinal disturbance, rashes,
and hirsutism.111 A randomized, cross-over, controlled
trial of 0.75 mg/kg/day of prednisone administered the first
10 days of each month for 6 consecutive months compared
to placebo demonstrated prednisone slowed deterioration
of muscle while side effects did not negatively affect quality
of life.110,113 Current recommendations are to start treat-
ment as soon at the diagnosis is made, from ages 2 to 5
years.114 Practice parameters of the American Academy of
Neurology and Child Neurology Society provide detailed
quidelines.115 One study reported delayed onset and pro-
gression of left ventricular dysfunction when DMD children
were treated with 2 to 4 mg/day of perindopril.116 Effective
gene therapy remains elusive. A carefully controlled study
determined that injecting normal myoblasts into affected
muscle did not increase muscle force generation or the
amount of dystrophin in muscle.117

Much of the management of the dystrophinopathies
remains supportive, and there is controversy regarding
appropriate active exercise regimens in the dystrophinopa-
thies. The review by Spenser and Vignos118 provides a bal-
anced discussion of the role of active exercise in DMD.
In one short-term controlled study, resistance exercises nei-
ther hastened physical deterioration, as has been proposed,
nor maintained strength any better than free exercises.
More clearly, passive exercises and joint stretching are im-
portant in delaying the onset of contractures. Maintaining
ambulation as long as possible is crucial because its loss
is associated with contractures and scoliosis, which, in
turn, is associated with restrictive respiratory syndrome.
Release of hip and ankle contractures by subcutane-
ous tenotomy while the patient is still ambulatory has
been shown to preserve ambulation for approximately
2 additional years.118

Inspiratory resistive exercises have been shown to in-
crease endurance of respiratory muscles but not vital
capacity.119 When indicated, intermittent ventilatory assis-
tance ameliorates symptoms of hypoventilation but does
not slow the deterioration of respiratory function. If assisted
ventilation is employed when vital capacity falls below 10%
of normal, it can prolong survival by 3 or 4 years.120

Bregman121 outlined strategies that families can employ
in managing childhood neuromuscular disorders: (1) main-
taining a regular schedule of activities for both the affected
child and other family members, (2) providing interesting
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activities appropriate to the degree of disability that
enhance the affected child’s experiences, (3) assisting the
affected child in setting realistic goals, (4) encouraging
as much independence as possible in the affected child,
(5) employing stress-reduction strategies, (6) including all
family members in decision making, and (7) maintaining
active relationships with the primary physician and support
groups in the community.

Data indicate that DMD patients are living somewhat
longer than they used to, probably because of more ag-
gressive respiratory and cardiac care, but as yet, nothing re-
verses the basically relentless course of either the Duchenne
or Becker phenotype.

FUTURE PERSPECTIVES. Work suggests that a disrup-
tion of basement membrane organization occurring in rare
homozygotes for a null allele of dystroglycan may be the
common feature of muscular dystrophies associated with
the dystroglycan complex.122 Effective treatment may in-
volve either replacement of dystrophin or upregulation of
a related protein, such as utrophin. The development of ad-
enoviral vectors from which protein-producing genes have
been removed may allow transport of more DNA while
eliminating proteins that trigger the host response.123,124

Although upregulation of utrophin theoretically could
occur pharmacologically, high expression of the utrophin
transgene in skeletal and diaphragmatic muscle of the dys-
trophin-deficient mdx mouse has markedly reduced dystro-
phic pathology.125 It has been demonstrated that transgenic
mice with premature stop codons in syntrophin produced
normal dystrophin in muscle and had less muscle degener-
ation when treated with aminoglycosides than untreated
mice with the same mutation, which may open an avenue
for treatment.126 It has been proposed that introduction of
particular antisense oligoribonucleotides to modify the pro-
cessing of dystrophin pre-mRNA may reduce the severity
of symptoms. It has been demonstrated in transgenic mice
that upregulation of the protein alpha 7 integrin may com-
pensate for dystrophin and utrophin deficiency.127 Bone mar-
row transplantation in the mdx mouse demonstrated
that bone marrow or muscle stem cells appear to provide
a means for systemic repair of muscle.128 Chaubourt
and colleagues129 proposed the use of nitric oxide don-
ors as a palliative treatment in combination with gene and
molecular therapy. Genetic therapy restoring the reading
frame in myotube cultures from two DMD patients induced
skipping of exon 46 in approximately 15% of mRNA,
which led to normal amounts of properly localized dystro-
phin in at least 85% of myotubes—a strategy that could
be applied in more than two-thirds of DMD mutations.130

Continuing in the same mode of antisense rescue, when spe-
cific skipping of a targeted exon was induced in cultured
muscle cells from six DMD patients with different deletions
and a nonsense mutation, dystrophin synthesis was restored
in more than 75% of cells for at least 1 week. Additionally,
there was restored membrane expression of four associated
proteins of the dystrophin-glycoprotein complex.131

Limb Girdle Muscular Dystrophies
The limb girdle muscular dystrophies (LGMDs) are being
reclassified on a genetic basis as their underlying patho-
logies are unraveled. The genes and their products or
actions identified thus far again point to disturbances in
the structural support system of muscle, particularly of the
sarcoglycan complex. It may be that a disturbance in the sar-
colemma-extracellular matrix interaction is the molecular
basis for muscle fiber necrosis (see Table 36-5).132–149 Em-
ery estimates LGMD prevalence to be 1 in 100,000. As
early as 1960, Morton proposed that homozygosity at
either of two loci could produce LGMD and that approx-
imately 1.6% of the normal population is heterozygous
for an LGMD gene.150

With the exception of gamma-sarcoglycanopathy, previ-
ously known as severe childhood autosomal recessive mus-
cular dystrophy (SCARMD) found primarily in North
Africa, the LGMDs all fall within a clinical spectrum that
includes weakness of proximal lower extremities, which
is usually symmetrical, appearing any time from the first
decade until middle age, generally followed by weakness
in the shoulder girdle region. Occasionally, shoulder girdle
weakness may precede the pelvic girdle weakness. Facial
muscles are uninvolved. The progression is generally slow,
with loss of ambulation occurring 10 to 30 years after onset.
Cardiac involvement has been reported in several types, in-
cluding 1B, 2B, 2C, 2D, 2E, 2F, and 2I (see Table 36-6).
The features of gamma-sarocoglycanopathy have been well
described by Ben Hamida and associates.151 Pelvic girdle
weakness precedes pectoral girdle weakness, with onset
occurring between ages 3 and 12 years. Abdominal, neck
flexor, and intercostal muscles are often affected, whereas
external ocular, facial, lingual, and pharyngeal muscles are
spared. Seventy-five percent of patients are unable to walk
by their 30s. Contractures form and reflexes are lost as the
disease progresses. Cardiomegaly and ECG abnormalities
are common by the intermediate stages of the illness. There
is no cognitive impairment.

If sufficient informative family members are available,
linkage analysis can provide a genetic diagnosis if the
patient has one of the previously linked types of LGMD.
SCARMD can be diagnosed by a negative sarcolemmal
immunostain for adhalin.152

There are several nonspecific findings associated with
the LGMDs. Serum CK is mildly to moderately elevated,
except in SCARMD, in which the levels may rival those
of DMD.152 Creatinuria and hypocreatinuria are nonspeci-
fic indicators of muscle destruction that may be present.
The EMG shows nonspecific myopathic changes, including
short duration, low-amplitude motor unit potentials,
increased proportion of polyphasic potentials, and rapid re-
cruitment. Fibrillation and positive sharp waves may occur
with denervation caused by muscle fiber necrosis. Muscle
biopsy pathology also is nonspecific, with morphology like
that of other myopathies.150

The LGMDs have relatively common and nonspecific
clinical and laboratory findings that may be seen in other
neuromuscular disorders. Therefore, care must be taken
in evaluation. For example, in a Japanese series, 17% of
patients with clinically diagnosed LGMD actually had a
dystrophinopathy when muscle dystrophin content was
analyzed, which emphasizes the need for examination of
dystrophin protein and gene studies for accurate diagnosis
(Table 36-7).153 Protein testing by immunostaining of
muscle tissue can establish the diagnosis of sarcoglycanopa-
thy, calpainopathy, dysferlinopathy, and telethoninopathy.



TABLE 36-7

Differential Diagnoses in Limb Girdle Muscular
Dystrophy

Acid maltase deficiency
Becker muscular dystrophy
Carnitine deficiency
Central core disease
Centronuclear myopathy
Congenital fiber-type disproportion
Debrancher enzyme deficiency
Duchenne muscular dystrophy
Duchenne manifesting carrier
Emery-Dreifuss muscular dystrophy
Facioscapulohumeral dystrophy
Fingerprint myopathy
Inclusion body myositis
McArdle’s disease
Mitochondrial myopathy
Multicore disease
Myopathy with tubular aggregates
Myopathy with cytoplasmic bodies
Nemaline rod disease
Reducing body myopathy
Sarcotubular myopathy
Scapuloperoneal dystrophy
Spinal muscular atrophy
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Mutation studies of the corresponding genes are so far avail-
able only on a research basis.

There are no specific treatments for any of the LGMDs.
The physician’s goal is to preserve as much function for
as long as possible through the use of physical and occupa-
tional therapy and psychological support.

Research into the pathogenesis of these disorders is pro-
ceeding rapidly. A missense mutation in myotilin, a sarco-
meric protein that binds to a-actin associated with the Z
line, does not disrupt a-actin binding but does result in
Z line streaming.132 Missense mutations in the caveolin gene
lead to an accumulation of caveolin in the Golgi apparatus,
an example of a dominant-negative effect.154 The sarco-
gylcanopathies involve four different genes that encode
proteins which form a tetrameric complex at the muscle
cell plasma membrane. Its function is to stabilize the as-
sociation of dystrophin with the dystroglycans and stabi-
lize the plasma membrane cytoskeleton. Mutations in
each sarcoglycan gene are consistent with complete or
partial loss of the complex.155 Congenital muscular dys-
trophy has the pathological appearance of far-advanced
dsytrophinopathies. In half of those cases, the laminin mer-
osin is absent, which makes some sense in that merosin
forms a connection between the DAG and the basal lam-
ina.156 As the relationships and workings of the genes and
complexes become better understood, it may be possible
to offer a rational treatment for these disorders.

Facioscapulohumeral Muscular Dystrophy
Facioscapulohumeral muscular dystrophy (FSH MD), or
Landouzy-Dejerine muscular dystrophy, is slowly progres-
sive degenerative myopathy that affects particular facial,
torso, and extremity muscles. Deletions in polymorphic
fragments of the FRG1 gene at 4q35 cause FSH MD in the
majority of families, with fragments of less than 35 kb clearly
associated with disease. This area contains a transcriptional
silencer, without which there is overexpression of genes
located upstream.157,158 A mouse model overexpressing
FRG1 has been developed in which the mice develop mus-
cular dystrophy with features similar to FSH MD. Muscle
examination of these mice as well as patients reveals aber-
rant alternative splicing in particular pre-mRNAs.159,160

There are still approximately 15% of other clinically indis-
tinguishable families for whom no gene has been identi-
fied.161 Although isolated cases have been identified,
generally with careful evaluation of the family there is a
clear autosomal dominant inheritance pattern with a pene-
trance of 95% by the time the individuals reach their 20s.
Prevalence is approximately 1 in 20,000.162

Onset has been reported from infancy until middle age.
There is significant variability in severity of symptoms
within families, with some individuals having symptoms that
are so mild that they are unaware they have the disease until
other family members are diagnosed. Generally, the patient
first notices asymmetrical weakness in an upper extremity,
although facial weakness may have been present for some
time. The facial weakness appears insidiously in the orbi-
cularis oculi, zygomaticus, and orbicularis orbis muscles.
The weakness generally progresses slowly and in a descend-
ing pattern from facial muscles to shoulder girdle to upper
arms and then pelvic girdle muscles (Fig. 36-6). One report
suggests that mental retardation and epilepsy may occur in
patients with very early onset.163 There may be plateaus and
even occasional arrest of the disorder.

Munsat recommends that four criteria be present for the
diagnosis of FSH MD: (1) onset in facial and shoulder
muscles, with sparing of extraocular, pharyngeal, lingual,
and cardiac muscles; (2) autosomal dominant inheritance
pattern; (3) facial weakness in half or more of affected
family members; and (4) myopathic changes, including
polyphasic motor units of low amplitude and short duration
on EMG and variation in fiber diameter, centrally located
nuclei, and moth-eaten fibers on muscle biopsy. The un-
evenness of the disease process may extend to individual
muscles.164

Several other problems have been identified in FSH MD,
particularly in patients with early onset and relatively rapid
progression. Hearing loss in the 4000- to 6000-Hz range
and retinal capillary abnormalities (Coat’s disease) have
been reported. Although it is not usually clinically apparent,
abnormal atrioventricular node or intranodal conduction
also occur.165

There is no definitive treatment for FSH MD. Steroids
may provide transient benefit if there are inflammatory
changes on the muscle biopsy. Physical and occupational
therapy are useful for maintaining optimal functioning.
Orthotics and bracing may be helpful, as may surgical
stabilization of the scapulae. Early photocoagulation of ret-
inal abnormalities is recommended.164 Large families who
have been linked to the chromosome 4 locus may have
their diagnosis verified by genetic testing. The course is
relatively benign; most patients remain ambulatory, and
life span is not significantly decreased.165

Scapuloperoneal Syndromes
The scapuloperoneal syndromes (SPSs) are heterogeneous
disorders characterized by weakness of both shoulder



Figure 36-6. Facioscapulohumeral dystrophy in a 15-year-old boy. There is marked facial weakness on frontal view and dramatic scapular winging with arm
abduction on the posterior view. (From Dubowitz V: Muscle Disorders in Childhood. Philadelphia, Saunders, 1995.)

796 Etiological Categories of Neurological Diseases / 36
girdle and peroneal muscles. Both a neurogenic form
(scapuloperoneal spinal muscular atrophy [SPSMA]) and a
myopathic form (scapuloperoneal muscular dystrophy [SP
MD]) have been identified. The neurogenic SPSMA was
linked to chromosome 12q24.1-q24.31, which is a region
approximately 20 cM telomeric to the location of the gene
for the myopathic SP MD.166

These are uncommon disorders, with heated debate as
to whether the SPSs are all distinct entities. Autosomal
dominant, autosomal recessive, and sex-linked recessive
patterns of inheritance have been reported, as well as spo-
radic cases. Genetic studies will undoubtedly eventually
clarify the situation.

The clinical features of both the myopathic and the neu-
rogenic types are similar. Age of onset ranges from infancy
to adulthood, most commonly late childhood or young
adulthood. The usual presentation is weakness in shoulder
girdle muscles, progressing to weakness in the anterior tibial
muscles, followed by weakness in pelvic girdle muscles.
When facial involvement occurs, it is mild and late in onset.

Although there are a few neuromuscular disorders that
may present with weakness in the scapuloperoneal distri-
bution, particularly Charcot-Marie-Tooth disease and FSH
MD, a comprehensive neuromuscular workup based pri-
marily on EMG and muscle and nerve biopsies screens
out most of them.

Davidenkow’s syndrome, which includes scapulopero-
neal weakness, may be confused with the SPSs. However,
it also has pes cavus deformities and progressive distal sen-
sory loss with early depression of reflexes, as well as
impaired sensory and motor nerve conduction velocities.167

ED MD may also produce weakness in the scapulohu-
meral distribution, but it has characteristic contractures and
cardiac conduction abnormalities not present in the SPSs.
The weakness tends to progress very slowly, and patients
become only mildly disabled. It generally does not affect
the life span.168

Myotonic Dystrophy
Myotonic dystrophy I (DMI), or Steinert’s disease, is an
autosomal dominant multisystem degenerative disease
characterized by myotonia, progressive muscular weak-
ness, gonadal atrophy, cataracts, and cardiac arrhythmias.
Myotonic dystrophy II (DMII), also called proximal myo-
tonic myopathy, or PROMM, is also dominantly inherited,
with myotonia typically appearing in the third or fourth
decade of life and mild proximal weakness appearing in the
fifth decade or later. Although DMII is also a multisystem
disorder with variable severity, it is generally considered to
be more benign than DMI.

PATHOGENESIS AND PATHOPHYSIOLOGY. The
molecular basis of DMI is an unstable trinucleotide repeat
sequence—cytosine, thymine, and guanidine (CTG)—in the
protein kinase-encoding gene (DMK) located at 19q13.3.
The repeat is present 50 to several thousands of times in
patients with DM, compared to 5 to 30 times in the normal
population. The size of the repeat is correlated roughly
with severity of symptoms, with more affected patients hav-
ing greater numbers of repeats.169 The repeat expansion also
may account for the anticipation seen in families with DMI,
in which the severity of symptoms increases and the age of
onset decreases with subsequent generations.170 It was
demonstrated that the DMK protein is localized to the
postsynaptic side of the neuromuscular junction in skeletal
muscle and the intercalated discs in cardiacmuscle in humans.



Figure 36-7. Myotonic dystrophy with typical myopathic facies, frontal balding, and sunken cheeks. (From Dubowitz V: Muscle Disorders in Childhood.
Philadelphia, Saunders, 1995.)
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Additionally, DMK protein is present in specific structures
in rat brain, supporting the hypothesis that it may have se-
lective actions in the CNS.171 There have been widely
conflicting results in the effort to unravel the precise effect
of the expanded repeats; some data support the theory that
there is a loss of function of the mutant allele, whereas
other data favor increased expression of the allele. Recent
work supports a new interpretation of the data. Both normal
and expanded DMK genes are transcribed in patient mus-
cle, but the expanded RNA has a dominant effect on RNA
metabolism by preventing transport of poly(A)þ RNA out of
the nucleus.172

DMII is caused by a CCTG expansion in intron 1 of the
zinc finger protein 9 gene on chromosome 19. Expanded
alleles have 75 to approximately 11,000 CCTG repeats, with
allele expansions averaging approximately 5000 repeats.173

EPIDEMIOLOGY AND RISK FACTORS. There is an
estimated prevalence of 3 to 5 per 100,000 population
and an incidence of 1 in 8000 live births, making it the
most common adult muscular dystrophy. Although a few
isolated populations have an exceptionally high prevalence,
DM has been found in all racial groups.174

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The phenotype is correlated with the length of the CTG
repeat and thus is widely variable, ranging from the single
manifestation of cataracts that present in the middle years
to severe neonatal hypotonia that can lead to death if respi-
ratory support is not provided. Traditionally, these different
types of symptoms have resulted in the designation of
either congenital or noncongenital DM.

The classic presentation of noncongenital DM, which is
well described by Harper and Rudel,174 includes marked
weakness in the face, jaw, and neck muscles and milder
distal extremity weakness (Fig. 36-7). Weakness of the
extremities is often the first problem perceived by the pa-
tient, even when a careful evaluation may reveal a clear
history of myotonia (sometimes termed muscle stiffness or
cramping by patients), facial weakness, and nasal speech.
Patients frequently seem unaware of their illness and symp-
toms, both in themselves and in family members. Using a
percussion hammer, myotonia can be elicited in patients
with DM with a brisk tap on the thenar muscle, causing
flexion-opposition of the thumb with slow relaxation.

The person with advanced DM has a characteristic
appearance: a long, thin face with sunken cheeks due to
temporal and masseter wasting, a so-called “swan neck”
because of sternocleidomastoid wasting, and ptosis, with
relatively strong muscles in the posterior neck and shoulder
girdle.

Congenital DM presents a distinctive picture that is
different from other disorders. Facial diplegia (Video 23,
Cranial Nerve VII, Facial Diplegia) and jaw weakness
without concomitant extremity weakness are hallmarks.
Weakness of the respiratory muscles with respiratory dis-
tress is present in at least 50% of patients and is the most
common cause of death in these infants. Hypotonia is pres-
ent in severely affected neonates, but it may disappear
within weeks. Clinical myotonia is generally absent and
is usually detectable only by EMG.174

A prospective study followed patients of both types for
10 years, with the conclusion that muscle weakness was
relatively mild in both types, although it was progressive
in the noncongenital form. Weakness was generalized in
both types, with no significant differences found in distri-
bution. Additionally, 75% of the noncongenital patients
and 81% of the congenital patients had cardiac abnormal-
ities, primarily conduction defects, demonstrated on ECG.
Intellectual function was frequently and severely impaired
in the congenital type, whereas only approximately one-
third of the noncongenital patients were mildly impaired.175

It cannot be overemphasized that DM is a multisystem
disorder. The heart is prominently involved, and the sever-
ity of cardiac symptoms does not correlate with severity of
other symptoms in this disorder. All patients with DM need
to undergo ECG evaluation because sudden death is well
documented, and as many as 90% of patients have conduc-
tion defects, particularly first-degree heart block and atrial
arrhythmias. Both the diaphragm and the intercostal mus-
cles may be myotonic and weak, which leads to alveolar
hypoventilation. In addition, there are smooth muscle
abnormalities throughout the gastrointestinal system. Partic-
ularly important are the delayed relaxation of the pharynx
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and reduced motility in the esophagus that may lead to aspi-
ration, constipation, and anal sphincter abnormalities in
children.

Central nervous system involvement includes generalized
atrophy and ventricular dilatation, but structural changes
in the brain do not seem to be common, even in patients
with congenital disorders. However, there are well-known
behaviors associated with DM that range from apathy and
inertia, with concomitant lower socioeconomic status, to
hypersomnolence that is often present without detectable
respiratory problems. In addition, numerous endocrinologi-
cal abnormalities have been reported, several with clinical
importance. Hyperinsulinism and reduced numbers of insu-
lin receptors are common, but diabetes is not. Elevations
of pituitary follicle-stimulating hormone and luteinizing
hormone occur frequently.

In males, testicular atrophy, Leydig cell hyperplasia, and
slightly reduced serum testosterone are common. In
females, no consistent ovarian problems have been docu-
mented, but the spontaneous abortion rate is high. Fertility
in both sexes seems to be reduced to approximately 75% of
normal. Finally, in the ocular system, cataracts with char-
acteristic multicolored crystalline subcapsular opacities
have been documented since the recognition of DM as an
entity. Retinal degeneration, low intraocular pressure, and
saccadic eye movement defects have been reported.174

EVALUATION AND DIFFERENTIAL DIAGNOSIS. The
condition most clinically similar to DM is proximal myo-
tonic myopathy, a multisystem disorder with predominantly
proximal weakness, myotonia, and cataracts with autosomal
dominant inheritance and a normal number of CTG repeats
in the DMK gene.176 Facioscapulohumeral dystrophy may
have the same distribution of weakness, but there is no myo-
tonia. More rarely, some of the LGMDs may have a similar
distribution of weakness, again without myotonia. Molecu-
lar analysis can distinguish DM from these disorders, as
well as those with marked myotonia, such as myotonia
congenita and paramyotonia.

Sometimes the clinical presentation of DM is so distinc-
tive that the experienced clinician uses tools only to con-
firm a diagnosis already made. EMG should be employed
in suspected DM when myotonia is clinically equivocal
or absent. The typical pattern is of long-lasting runs with
declining frequency and amplitude, with the distal muscles
of the upper extremities and the orbicularis orbis most
often being involved. A careful slit-lamp evaluation will
ascertain characteristic posterior lenticular opacities and
should be performed on any patient suspected of having
this condition. Muscle biopsy may show a constellation of
abnormalities, including increased central nuclei, nuclear
chains, ringed fibers, sarcoplasmic masses, atrophy of type
I fibers, increased numbers of fibers in spindles, and
increased arborization at the terminal.174 Nerve biopsy
shows increased arborization. Other conditions associated
with myotonia, such as myotonia congenita (see Chapter
37) and drug-induced myotonia (see Chapter 55), need to
be considered.

MANAGEMENT AND PROGNOSIS. Because there is
no cure for DM, current management focuses on treatment
of the myotonia and associated systemic problems, moni-
toring of pregnancy, and genetic counseling. Because
patients frequently do not perceive their myotonia as being
problematic, they may not follow a treatment plan. However,
100 mg of phenytoin taken three times daily is effective
in reducing myotonia and does not produce the cardiosup-
pressive complications of either quinine or procainamide.
Anesthesia should be used for these patients only when it
cannot be avoided. Myotonia may be increased by the depo-
larizing relaxants used for inducing anesthesia or the anti-
cholinesterases used to terminate relaxation, although the
barbiturates, benzodiazepines, and opiates may produce
apnea. Cases have been reported in which the diagnosis
of DM has been made only after the patient experienced post-
operative apnea. Harper and Rudel174 provide a comprehen-
sive discussion of anesthetic management in DM. A bracelet
that identifies the patient as having DM may be helpful.

Because cardiac complications may be life threatening,
careful evaluation, including a His bundle electrogram,
must be performed to ascertain conduction defects that need
pacemakers. Some respiratory problems may be avoided
by upright positioning during meals and by spacing meals
well ahead of bedtime.

There is increased risk of spontaneous abortion in myo-
tonic mothers, as well as complications during labor and
delivery. There may be incoordination of contractions dur-
ing labor that prolong the first stage, a retained placenta,
and postpartum hemorrhage, as well as the previously cited
anesthetic sensitivity.

Presymptomatic and prenatal genetic counseling, includ-
ing a discussion of the increased risks of pregnancy to
an affected or carrier mother as well as to the fetus, the
phenomenon of anticipation, and congenital DM, should
be provided to families with a history of DM. It should be
remembered that although a significant number of people
with DM are mentally impaired, some who are not may
be perceived as such because of facial weakness.

Oculopharyngeal Muscular Dystrophy
Oculopharyngeal muscular dystrophy is a disorder of late
adult onset characterized by progressive ptosis and dysphagia.
It is caused by short GCG expansions in the poly(A)-binding
protein gene on chromosome 14. Most often, the disease
is dominant, with a more severe phenotype observed in
compound heterozygotes for the GCG 9 mutation and the
GCG7 allele. Homozygosity for that same allelemay produce
recessive disease.177 The highest prevalence of oculopha-
ryngeal muscular dystrophy continues to be in Quebec,
Canada, but families have now been identified in more than
20 countries.

Asymmetrical weakness of the levator palpebrae and
pharyngeal muscles is the initial presentation, generally
after the age of 50 years. Eventually, all extraocular muscles
may become involved. There is no cardiac involvement.
The EMG shows myopathic changes. Muscle biopsy reveals
changes found in other muscular dystrophies: loss of muscle
fibers, variation in fiber size, increased numbers of nuclei
and internal nuclei, and increased fibrous and fatty connec-
tive tissue. On histochemistry, there are small angulated
fibers that react strongly for oxidative enzymes and
“rimmed” vacuoles, particularly in type I fibers from
extremity muscles rather than extraocular muscles. On elec-
tron microscopy, there are unique intranuclear tubular
filaments.178
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Oculopharyngeal muscular dystrophy can be distin-
guished from inclusion body myositis which presents as
dysphagia. It also has rimmed vacuoles, but the filaments
seen are larger and are present in the cytoplasm as well
as the nucleus; there are no ocular palsies. Ocular myasthe-
nia gravis without waxing and waning of symptoms may
produce weakness in the same distribution as oculopharyn-
geal muscular dystrophy, but it generates demonstrable
neuromuscular junction transmission defects on EMG and
neuromuscular junction abnormalities on morphological
studies. Although late onset of the mitochondrial myopathy,
Kearns-Sayre syndrome, or oculocraniosomatic disease may
present with ptosis, histochemical and ultrastructural stud-
ies of muscle show biochemical defects in the respiratory
chain and mitochondrial DNA deletions.

Interventions, such as eyelid crutches to alleviate the
ptosis and a feeding tube to provide adequate nutrition,
are palliative. If the patient does not receive a feeding tube,
the dysphagia will lead to early death by malnutrition and
starvation.

Emery-Dreifuss Muscular Dystrophy
ED MD, which is characterized by early contractures and
cardiomyopathy, was first identified as a distinct form of
muscular dystrophy in a large Virginia family in 1966.179

Generally, it is X-linked recessive, although there are rare
autosomal dominant and autosomal recessive cases caused
by mutations in the lamin A/C gene on chromosome 1q.180

The incidence of the X-linked type is estimated to be
approximately 1 in 100,000. One of 10 new X-linked cases
may be a new mutation.181

In 1994, the gene for the X-linked ED MD was identi-
fied as STA at Xq28.180 It codes for emerin, a serine-rich
protein of 254 amino acids, which resembles membrane
proteins of the secretory pathway involved in vesicular
transport.182 Several different mutations have been
reported that result in lack of emerin in skeletal and cardiac
muscle.183,184 Although the lack of emerin seems to cause
the disease, the pathway remains to be established. In
1999, mutations in the lamin A/C gene on chromosome
8, which encodes for two proteins of the nuclear lamina,
were identified in dominantly inherited ED MD.185 This
was the first time mutations in a component of nuclear
lamina had been implicated in an inherited muscle dis-
order. There is a report of an individual with ED MD with
a homozygous mutation in this same gene. His hetero-
zygous parents are totally asymptomatic, which demon-
strates that heterozygous mutations produce a broad range
of phenotypes.186

The classic symptoms of ED MD include (1) contrac-
tures of elbows, Achilles’ tendon, and postcervical muscles
before weakness is present; (2) slowly progressive weak-
ness and muscle wasting, generally starting in the humero-
peroneal muscles; and (3) a cardiomyopathy that frequently
presents as heart block. LGMD1B is allelic to the dominant
form of ED MD.187

The early contractures and heart conduction block are
features that are helpful in distinguishing this from other
muscular dystrophies that may have weakness in the same
distribution and the same pattern of inheritance. The main
features of the cardiac involvement are impairment of
impulse-generating cells, variable sinoatrial and atrioven-
tricular conduction defects, increased atrial and ventricular
heterotopia, and functional impairment of the myocardium.
Rigid spine syndrome can be confused with ED MD
but occurs sporadically, has contractures that are limited
to the spinal musculature, and usually does not involve
cardiac problems.188

In ED MD, the muscle biopsy has nonspecific myopathic
or dystrophic changes, including variation in fiber size and
fiber necrosis, and endomysial and perimysial fibrosis.
Unlike DMD and BMD, there is no alteration in dystrophin.189

The care provided to the patient is similar to that for the
other muscular dystrophies, with the notable exception of
cardiac intervention. Emery documented that up to 40% of
patients with ED MD die suddenly, many of them without
any preceding cardiac symptoms. Therefore, a thorough car-
diac evaluation is essential. Asymptomatic female carriers
should be evaluated because they may also have cardiac
abnormalities.190 Recent recommendations include pace-
makers for X-ED patients and implantable defibrillators for
AD-ED patients, who are more likely to exhibit ventricular
dysrhythmias (see Table 36-6).

One study suggests that the small size of the STA gene
and its housekeeping pattern of expression may make gene
therapy possible in ED MD.191 The function of emerin is
unknown and efforts to make an emerin-deficient mouse
have not produced a model with overt pathology. However,
these mice do exhibit abnormalities in cell cycle param-
eters and delayed myogenic differentiation, which in turn
disrupt transcriptional pathways regulated by the ret-
inoblastoma and MyoD genes.192 Motsch and coworkers193

report two ED-causing lamin A mutations relocated exoge-
nous lamin A from the nuclear envelope to the cytoplasm,
disrupting nuclear envelope reassembly following cell divi-
sion and altering protein composition of the midbody. In
contrast, exogenously expressed mutant lamin C constructs
were inserted into the nuclear lamina if coexpressed with
any lamin A construct except one with the T150P mutation.
The T150P, R527P, and L530P mutations reduced the
capacity of lamin A, but not lamin C, to bind with emerin.193

Another report suggests emerin-deficient mouse embryo
fibroblasts exhibit normal nuclear mechanics even though
they have impaired expression of mechanosensitive genes
in response to strain, suggesting emerin mutations may act
via altered transcriptional regulation rather than by increas-
ing nuclear fragility.194

Distal Myopathies
The distal myopathies are a rare heterogeneous group of dis-
orders characterized by progressive muscular weakness and
atrophy beginning in the hands or feet (Table 36-8).195–201

Several types of distal myopathies have been differentiated
clinically, distinguished either by site of onset or mode of
inheritance or by differences seen on muscle biopsy, but
as their genetics emerge, reclassification is taking place on
that basis.

The late adult-onset distal autosomal dominant myopa-
thy that first appears in the hands, also called Welander
distal myopathy or Swedish-type distal myopathy, has been
linked to chromosome 2p.195 It has a mean onset of 47
years (range, 20 to 77 years), with weakness in the hands



TABLE 36-8

Distal Myopathies: Distinctions in Different Types

AGE OF ONSET TYPE SITE OF ONSET GENE/GENE LOCUS INHERITANCE

Late adulthood Welander Hands 2p13195 AD
Finnish Legs TTN196 AD
Markesberry-Griggs Legs ? AD

Early adulthood Type I: Nonaka Anterior compartment of legs GNE198 AR
Type II: Miyoshi Posterior compartment of legs Dysferlin199 AR
Type III: Laing Anterior compartment of legs, distal weakness with

sternocleidomastoid weakness
MYH7200 AD

Desmin storage Distal weakness with respiratory, and bulbar involvement Desmin201 AD
Childhood

(ages 5 to 15 years)
Juvenile Feet, then hands AD

Infancy (<2 years) Infantile Hands and feet AD

AD, autosomal dominant; AR, autosomal recessive; GNE, UDP-N-acetylglucosamine-2-epimerase/N-acetylmannosamine kinase; MYH7, slow skeletal muscle fine myosin
heavy chain; TTN, titin.
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that generally presents as clumsiness in the thumb and fore-
finger that spreads to other fingers. Eventually, patients
develop distal leg weakness, more often in the extensors.
Fewer than 20% of patients develop proximal extremity
weakness, whereas more than 90% complain of vasomotor
disturbances, primarily a sensation of cold, in the hands
and feet. Another late adult-onset autosomal dominant dis-
ease found in Finland first involves weakness in the anterior
tibial muscles, followed by weakness of the long toe
extensor muscles and proximal leg weakness in approxi-
mately half of patients. There is no weakness in the hands.
It caused by mutations in the gene encoding the skeletal
muscle protein titin.196 Yet another late-onset autosomal
dominant distal myopathy, known as Markesberry-Griggs
myopathy, has been described in which proximal weakness
is also common and the intrinsic foot muscles are affected.
Cardiomyopathy in non-Scandinavian middle-aged adults
can also occur. 197

The early adult-onset autosomal recessive myopathies
begin with leg weakness. Type I, Nonaka myopathy, starts
in the anterior compartment, usually presenting with foot-
drop, and is caused by mutations in the gene encoding
UDP-N-acetylglucosamine-2-epimerase/N-acetylmannosa-
mine kinase (GNE).198 Type II, Miyoshi myopathy, starts in
the gastrocnemius muscles and is caused by mutations in the
gene encoding dysferlin.199 Dysferlin-null transgenic mice
demonstrate subsarcolemmal vesicle accumulations and
their muscle fibers were defective in calcium-dependent sar-
colemma resealing.199 There are two other early adult-onset
forms that are autosomal dominant. Laing myopathy,
caused by mutations in the slow skeletal muscle fiber myo-
sin heavy chain gene, includes facial and shoulder weakness
in addition to distal weakness.200 Desmin storage myopathy
has respiratory, cardiac, and bulbar musculature involve-
ment as well as prominent hand and foot involvement. The
gene that codes for desmin, a muscle-specific subunit of
the cytoskeletal elements of the intermediate filaments,
has been identified on chromosome 2.201

Two early onset forms have also been described in
Dutch and British families. The infantile-onset form
spreads from the feet to the hands but does not progress
after age 18 years. The juvenile-onset form starts simulta-
neously in the hands and feet and slowly progresses until
approximately age 50 years.197
The differential diagnosis includes myopathies and neu-
ropathies. Whereas most myopathies predominantly affect
proximal muscles, a few that can present distally include
various metabolic myopathies and inclusion body myositis.
Laing myopathy can resemble FSH MD. Although distal
weakness may suggest neuropathic disorders, EMG and
muscle studies establish the myopathic changes. Serum
CK activity is markedly increased, often 50 times the nor-
mal value. Electrical studies demonstrate signs of myopathy
in the involved areas of weakness, where nerve conductions
are normal. Muscle biopsy shows dystrophic changes of var-
iable severity. Rimmed vacuoles are frequently observed,
suggesting a link between distal myopathies and inclusion
body myositis. Patients with Welander’s disease also show
angulated fibers, whereas desmin storage is typical of the
early adult-onset form with respiratory muscle involvement.
DM can present without clinically apparent myotonia, and
the neuronal late-onset type of Charcot-Marie-Tooth disease
(CMT) may look similar.197

Thus far, no medical interventions have improved these
conditions. Appropriate orthotics and physical and occupa-
tional therapy provide the most assistance. By and large,
these are slowly progressive disorders that sometimes
plateau, and they are not life threatening.

DEGENERATIVE NEUROPATHIES

Hereditary Sensory and Motor Neuropathies
In general, the hereditary sensory and motor neuropathies
are peripheral neuropathies that affect autonomic nerves,
sensory nerves, motor fibers, or a combination thereof.
The molecular genetics of these disorders is being ardently
pursued, and the mechanisms underlying them are rapidly
being unraveled. However, to date there is overlapping ter-
minology used when they are described (Table 36-9). This
discussion is organized according to the classification that
is emerging based on genetics (Table 36-10).202–235 CMT
is the most common hereditary sensory and motor neuro-
pathy, and CMT type 1A is the most common form of
CMT, accounting for more than 50% of all CMT cases.

PATHOGENESIS AND PATHOPHYSIOLOGY. Patho-
logical changes seen in CMT include loss of myelinated
fibers and sclerosis in the posterior column of the spinal



TABLE 36-9

Types of Hereditary Sensory and Motor Neuropathy

TYPE OTHER NAMES PARTICULAR CHARACTERISTICS

HSMN I CMT 1 Hypertrophic demyelinating
neuropathy

HSMN II CMT 2 Axonal neuropathy with normal or
near-normal nerve conduction
velocities

HSMN III CMT 3,
Dejerine-Sottas

Severe hypertrophic
demyelinating neuropathy with
onset in
infancy

CMT, Charcot-Marie-Tooth.

TABLE 36-10

Genes and Gene Products in the Hereditary Sensory and
Motor Neuropathies

DISORDER INHERITANCE GENE LOCUS GENE PRODUCT

CMT 1A AD 17p11.2–12 PMP22202

CMT 1B AD 1q22.3 MPZ203

CMT 1C AD 16p13.1-p12.3 LITAF/SIMPLE204

CMT 1D AD 10q21.1-q22.1 EGR2205

CMT 1E AD 17p11.2 PMP22206

CMT 1F AD 8p21 NEFL207

HNPP AD 17p11.2 PMP22208

CMT 2A AD 1p36.2 KIFIBb209 & MFN2210

CMT 2B AD 3q21 RAB7211

CMT 2B1 AD 1q21.2 LMNA212

CMT 2B2 AD 19q13.3213 ?
CMT 2C AD 12q23-q24214 ?
CMT 2D AD 7p15 GARS215

CMT 2E AD 8p21 NEFL216

CMT 2F AD 7q HSPB1217

CMT 2G AD 12q12-q13218 ?
CMT 2H AD 8q21.3219 ?
CMT 2I AD 1q22 MPZ220

CMT 2J AD 1q22 MPZ221

CMT 2K AD 8q12-q21.1 GDAP1222

CMT 2L AD 12q24 HSPB1223

DI CMTA AD 10q24.1-
q25.1224

?

DI CMTB AD 19p12-p13.2 DNM2225

DI CMTC AD 1p35 YARS226

CMT X X-linked Xq13.1 Connexin 32227

CMT X X-linked Xp22.2228 ?
CMT X X-linked Xq26228 ?
CMT 4A AR 8q13-q21.1 GDAP1229

CMT 4B1 AR 11q22 MTRP2230

CMT 4B2 AR 11p15 SBF2/ MTRP13231

CMT 4C AR 5q32 SH3TC2232

CMT 4D AR 8q24 NDRG1233

CMT 4E AR, AD 10q21-q22 EGR2234

CMT 4F AR 19q13 PRX235

AD, autosomal dominant; AR, autosomal recessive; CMT, Charcot-Marie-Tooth
disease; DNM2, dynamin 2; EGR2, early growth response protein 2; GARS,
glycol-tRNA synthetase; GDAP1, glanglioside-induced differentiation-associated
protein 1; HNPP, hereditary neuropathy with liability to pressure palsies; HSPB1,
heat-shock factor-binding protein 1; KIF1Bb, kinesin superfamily motor protein b;
LITAF, lipopolysaccharide-tumor necrosis factor-alpha factor; LMNA, lamin A;
MFN2, transmembrane GTPase mitofusin 2; MPZ, meylin PO protein; MTRP2,
myltublairn-related protein 2; MTRP13, myotubularin-related protein 13; NDRG1,
N-myc downstream-regulated gene; NEFL, neurofilament triplet L protein;
PMP22, peripheral myelin protein 22; PRX, periaxin; RAB7, ras-related protein
Rab-7; SBF2, SET binding factor 2; SH3TC2, SH3 domain and tetratricopeptide
repeats containing protein 2; SIMPLE, small integral membrane protein of lyso-
some; YARS, tyrosyl-tRNA synthetase; Connexin 32, gap junction b1 protein.
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cord, particularly in the fasciculus gracilis in its upper
regions. Peripheral nerves show fewer myelin sheaths, with
the extent of the decrease correlating with the severity
of clinical disease. There is also loss of large axons and an
increase in transverse fascicular area, especially in the auric-
ular and sural nerves. Onion bulbs, made up of circumfer-
entially directed Schwann cells and their processes, can be
seen at myelinated internodes, demyelinated internodes, or
former sites of myelinated fibers.

There has been considerable controversy throughout the
years whether the primary defect in CMT originates in the
neuron and its axon or in the Schwann cell. The primary his-
topathological changes involve demyelination, whereas the
clinical picture of muscle weakness and atrophy is evidence
of muscle denervation and axonal loss and of axons with cali-
bers reduced out of proportion to the extant of myelin loss.236

The gene defects and their products associated with the
CMTs are beginning to resolve this question. Peripheral
myelin protein 22 (PMP22), which has been implicated in
several of the CMTs (see Table 36-10), is present as a pro-
tein in all myelinated fibers of the peripheral nervous sys-
tem and is localized to compact myelin. Studies in the
trembler mouse, an animal model that also has a gene de-
fect in PMP22, indicate that Schwann cells can modulate
axon caliber, neurofilament phosphorylation, and neurofil-
ament density within the axoplasm. Therefore, abnormal
expression of PMP22 could account for both the neuronal
and the Schwann cell alterations seen in CMT.237 The pro-
gesterone antagonist onapristone reduced overexpression
of PMP22, improved motor performance, and maintained
large axons in CMT1A rats with extra copies of PMP22.
PMP22 mRNA was reduced by 15% in the treated animals,
suggesting reduced PMP22 transcription may have a
reduced disease severity.238 Administration of ascorbic
acid in mice overexpressing PMP22 resulted in amelio-
ration of the CMT1A phenotype with a 1-fold decrease
in PMP22 in the sciatic nerve.239 Myelin protein zero
(MPZ) is the major component of peripheral nervous system
myelin. It is an integral membrane glycoprotein, and its ex-
pression is confined to myelinated Schwann cells. A major
role of the protein zero extracellular domain is compaction
of peripheral myelin, whereas the cytoplasmic domain is
thought to interact with a component of the opposing mem-
brane of the compact myelin, holding these membranes
together.240 LITAF has been found in the cytoplasm of sciatic
nerve Schwann cells, as well as in adipocytes, mast cells, en-
dothelial cells, and vascular smooth muscle cells,241 where it
may play a role in protein degradation.204MNFN2,mitofusin,
is necessary for mitochrondrial fusion.242 Connexin 32 is a
gap junction protein. Before its identification as a gene for
X-linked CMT (CMT X1), it was not known that there were
gap junctions in human peripheral nerve. It has now been
detected at the nodes of Ranvier and the Schmidt-Lanterman
incisures, whichmaymean it forms intracellular gap junctions
between the folds in Schwann cell cytoplasm.227

EPIDEMIOLOGY AND RISK FACTORS. The hereditary
sensory and motor neuropathies occur worldwide, with an
estimated prevalence ranging from 4.7 to 36 per 100,000
and an approximate incidence of 1 in 25,000 people. Auto-
somal dominant, autosomal recessive, and X-linked domi-
nant and recessive inheritance patterns have been reported
(see Table 36-10).
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CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Although there is wide intrafamilial variability
in phenotype, it is generally accepted that clinical presenta-
tions of CMT 1A and 1B are similar, although they are dis-
tinguishable, and CMT 1A may have a milder clinical
course than 1B. Age of onset ranges from childhood to early
adulthood, with symmetrical insidious weakness and atro-
phy of the intrinsic foot and peroneal muscles occurring
first, associated with varus deformity of the feet and a step-
page gait (Video 34, Charcot-Marie-Tooth Disease). Calf,
intrinsic hand, and thigh muscles may be involved later
(Fig. 36-8). Atrophy tends to occur at the distal ends of the
gastrocnemius, soleus, and quadriceps muscles. Cramps
and fasciculations are often reported after exercise. Stretch
reflexes disappear first in the gastrocnemius and soleus,
then the quadriceps, and, finally, the arms.

Although patients generally do not report sensory distur-
bances, a careful examination reveals abnormalities in all
modalities. Pes cavus and hammertoes are present in up to
two-thirds of patients. Decreased skin temperature over the
distal leg is common, and decreased sweating has been
reported. Enlargement and hardening of nerves, particularly
those between the shoulder and elbow, have been observed
in up to one-fourth of patients. Pain, primarily in the feet,
is reported by 20% to 30% of CMT 1 patients.243

Hereditary neuropathy with liability to pressure palsies,
also called “tomaculous neuropathy,” is a syndrome charac-
terized by a tendency toward the development of recurring
Figure 36-8. Patient with Charcot-Marie-Tooth disease showing marked
wasting of calf muscles and intrinsic foot muscles. (From Dubowitz V:
Muscle Disorders in Childhood. Philadelphia, Saunders, 1995.)
sensory and motor nerve palsies brought on by mild pressure
or trauma to a particular peripheral nerve bundle (Video 217,
Anterior Interosseous Neuropathy, Pinch Sign; Video 218,
Ulnar Neuropathy, Wartenberg Sign). Some of these patients
have a deletion of PMP22.244 An insult from which a normal
person would quickly recover results in residual nerve dam-
age that may take days or even months to resolve. Some of
these patients go on to develop CMT, whereas other family
members may have only the HNPP phenotype.

Dejerine-Sottas syndrome, sometimes called progressive
hypertrophic neuropathy, is a more severe form of peroneal
muscular atrophy with presentation in infancy of progres-
sive generalized muscle weakness, severe sensory loss,
limb ataxia, and marked hypertrophy of peripheral nerves.
Both dominant and recessive inheritance patterns have
been reported. Molecular genetic studies indicate that
Dejerine-Sottas syndrome is a variation of CMT with a
generally more malignant phenotype.

Approximately 10% of cases of CMT are X-linked, in
which primarily male family members are affected through
maternal transmission. Again, there is intrafamilial varia-
tion in severity, but generally onset occurs in childhood,
with slowly progressive distal weakness and sensory distur-
bance that tends to be more severe than that seen in CMT 1.
Carrier females may have mild, variable clinical disease.

In Roussy-Levy syndrome, peroneal muscular atrophy
is associated with essential tremor. Although originally
described as a separate disorder, it has been shown to be
a phenotypic variant of CMT 1A.245

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Other mixed polyneuropathies of nutritional, infectious,
toxic, autoimmune, and vasculitic origin should be consid-
ered. Both axonal and demyelinating neuropathies need to
be included in the differential diagnosis. At present, ge-
netic confirmation of this disorder is available for CMT 1A,
1B, 1C, 1D, and 1F; CMT 2A, 2B, 2B1, 2D, 2E, 2F, 2I, 2J,
2K; CMT X; CMT 4A, 4E, and 4F; and hereditary neurop-
athy with liability to pressure palsies. CK is normal. On
EMG, nerve conduction velocities are slowed in peripheral
nerves. The extent of velocity reduction is no longer an
accepted criterion for diagnosing the type of CMT. On
nerve biopsy, there is a moderate increase in epineurium
and perineurium and a variable decrease in the number of
myelinated fibers that correlates with the severity of dis-
ease. Onion bulb formation is visible around myelinated
and demyelinated internodes.236

MANAGEMENT. There is no cure or effective treatment
for these disorders. Physical therapy, occupational therapy,
and orthotic devices can help maintain optimal function.
Genetic counseling is an obvious and important component
of care for these patients.

PROGNOSIS AND FUTURE PERSPECTIVES. Although
large studies are not available, several series conclude that
life expectancy is not reduced in CMT 1 and that generally
those with CMT 1A remain ambulatory throughout their
lives. A 20-year follow-up study of a family with CMT
1B demonstrated that patients remained ambulatory with a
normal life span. Autopsy studies included a 92-year-old
family member.246 Approximately twice the incidence of
anomalies, postpartum bleeding, and caesarean delivery
and three times the incidence of forcep delivery character-
ized 108 births in 49 Norwegian mothers with CMT. This



TABLE 36-11

Hereditary Sensory and Autonomic Neuropathies

TYPE HALLMARK INHERITANCE PATTERN

HSAN I (hereditary sensory radicular
neuropathy)

Insensitivity to pain in feet and ensuing tissue
complications

Primarily autosomal dominant

HSAN II (congenital sensory neuropathy) Early onset of loss of sensation in all modalities Autosomal recessive
HSAN III (familial dysautonomia, Riley-Day) Early onset, predominantly autonomic symptoms, absence

of fungiform papillae on the tongue
Autosomal recessive, predominantly
Jewish (gene on D9S58)

HSAN IV (familial sensory neuropathy with
anhidrosis, congenital insensitivity to pain)

Mild mental retardation, episodes of fever related to
environment rather than infection

Rare

HSAN V (congenital sensory neuropathy with
selective loss of small myelinated fibers)

Congenital insensitivity to pain in extremities, normal
strength and tendon reflexes, abnormality of nociception

Fewer than 10 cases reported
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may reflect CMT in the fetus and adrenergic-mediated uter-
ine atony in the mother.247 A double-blind, randomized,
placebo-controlled study demonstrated that subcutaneous
injection of neurotrophin-3 resulted in sensory improvement
and peripheral nerve regeneration in 4 CMT 1A patients
compared to 4 untreated patients. A similar effect was
observed in PMP22 duplication and PMP22 point mutation
transgenic mice with improved Schwann cell survival and
differentiation.248

Hereditary Sensory and Autonomic Neuropathies
The hereditary sensory and autonomic neuropathies (HSANs)
are conditions in which primary sensory and autonomic neu-
rons either fail to develop or undergo system atrophy and
degeneration. Dyck proposes the comprehensive subdivision
shown in Table 36-11. These disorders have been called by a
large variety of names because their symptoms were des-
cribed by various investigators. Types I, II, and III are dis-
cussed here. Within this classification, there are two large
divisions: HSAN I is a progressive disorder with symptom
onset usually occurring in the second decade or later with
primarily lower extremities affected. HSANs II to V are static
congenital disorders that are more generalized. A common
thread among all the types is insensitivity to pain.236

Hereditary Sensory and Autonomic Neuropathy Type I
HSAN I is a disorder in which sensory disturbances and
associated tissue complications outweigh its motor and
autonomic manifestations. HSAN I is a rare disorder that
is usually autosomal dominantly inherited, although re-
cessive and X-linked pedigrees have been identified.236

There is chronic axonal atrophy, myelin remodeling, and
axonal degeneration with sparing of the CNS and non-
neural tissues. HSAN I is caused by missense mutations
in the SPTLC1 gene at 9q22. These mutations increase de
novo glucosylceramide synthesis in lymphoblast cell lines,
which triggers apoptosis, causing massive cell death during
neural tube closure, which may be the mechanism of neural
degeneration seen in HSAN I.249

Although there are different phenotypes, typically the
disorder presents in one of the following ways: (1) foot
complications, such as plantar ulcers, recurring paronychia
of toes, stress fractures of foot bones, recurrent cellulitis,
and resorption of foot bones; (2) spontaneous pain, either
burning or aching of the feet that is worsened with weight
bearing and decreased at night, or disabling lancinating
pain in deep tissues of the feet, legs, or shoulder; or
(3) symptoms of sensory and autonomic neuropathy.

The complications of HSAN I may be of sudden, over-
whelming onset, with ulcers first developing over pressure
points on the foot. When these ulcers are neglected, they
do not heal and are associated with the complications pre-
viously described. Phenotypes have been reported in which
HSAN is associated with deafness, leg weakness and atro-
phy, burning feet, restless legs, and neuropathic atrophy.
HSAN is a slowly progressive disorder that does not seem
to decrease the life span. It cannot be emphasized enough
that proper foot care can prevent complications that can
lead to foot amputation and sepsis.

HSAN I may be distinguished from other varieties of
HSAN because it starts later, usually in the second or third
decade; is slowly progressive; and preferentially affects
lower limbs. It is closest in presentation to HSAN II,
although in that condition, the motor and autonomic symp-
toms outweigh the sensory symptoms and deficits of type I.
Spinocerebellar degeneration can be distinguished from
HSAN I because of its kinesthetic and mechanoreceptor
loss, cerebellar ataxia, and relatively less small fiber sen-
sory and autonomic dysfunction. Familial amyloidosis may
include sexual and sphincter dysfunction, which are not
found in HSAN I, and porphyria with neuropathy has a
more acute onset associated with changes in mental status.

Typically, touch-pressure threshold, thermal discrimina-
tion, and nociception are abnormally elevated in the foot
and leg, although they may be altered in the arm and hand
as well. Paresthesias are not present. Loss of sweating in the
distal leg is common. Sural nerve amplitudes are reduced,
with small myelinated fibers being primarily affected. A de-
crease in the Achilles tendon reflex is common, followed
most often by a decrease in the quadriceps reflex.236

There is no effective treatment. The main goal is the pre-
vention of foot ulcers. The feet should be inspected regularly
for signs of pressure points, soaked daily, and treated with
petrolatum lotion applied to seal in moisture. Shoes should
be chosen carefully to avoid pressure points. Any ulcers
should be treated promptly with cleaning and debridement,
if necessary. The appropriate antibiotic should be used for
cellulitis or septicemia. Genetic counseling should include
information about phenotypic variation and degree of risk.

Hereditary Sensory and Autonomic Neuropathy Type II
HSAN II is characterized by an early onset of loss of sen-
sation in all modalities. This is a rare disorder, in which



Figure 36-9. Child with hereditary sensory neuropathy type II showing
destruction of tongue tissue due to insensitivity to pain. (Courtesy of
Dr. J. Sarlangue, Hôpital Pelligrin Enfants, Bordeaux, France.)
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cases reported are either sporadic or within a sibship, sug-
gesting an autosomal recessive pattern of inheritance. There
is profound loss of myelinated fibers in cutaneous nerves,
especially the sural nerve. Dyck proposes that the degenera-
tive process begins in utero or in infancy.236 There are fewer
nerve fibers at the ankle than the midcalf, marked denerva-
tion of the extensor digitorum brevis, evidence of segmental
demyelination and remyelination, and electron micro-
scopic abnormalities within axis cylinders.236 Lafreniere
and associates250 identified three truncating mutations in
the HSN2 gene at 12p13.33 in five families from eastern
Canada. This gene consists of a single exon within intron
8 of the PRKWNK1 gene and is transcribed from the same
strand. They postulate the HSN2 protein may play a role
in development and maintenance of peripheral sensory
neurons or Schwann cells.

Symptoms first appear in infancy or early childhood and
may be widespread. Paronychia, whitlows, ulcers of the
fingers and feet, and previously undetected fractures of
the foot and hand are common and result directly from un-
derlying sensory disturbance (Fig. 36-9). There have been
pedigrees reported with HSAN II and other dysautonomic
features, as well as retinitis pigmentosa or tonic pupils.
There is sensory loss affecting all modalities in the lower
and upper limbs and sometimes in the trunk. Tendon
reflexes are generally absent or diminished in all limbs.
There is loss of sweating over acral parts. However, there
is no prominent muscle weakness, postural hypotension,
or sphincter disturbance.

Generally, there are no sensory nerve action potentials
elicitable in the ulnar, median, or sural nerves, whereas the
conduction velocities of motor fibers of the same nerves
are at or just below the lower end of normal. Minimal fibril-
lation may be found in the extensor digitorum brevis, which
has a decreased number of motor unit potentials, a large
number of which are polyphasic.236

Complications are much more difficult to prevent in
HSAN II owing to its early onset at an age when patients
cannot understand the problem or cooperate with preven-
tive regimens. In addition, complications are frequent
because the hands are so seriously affected. Preventive
care, which is similar to that of HSAN I, needs to be as
aggressive as possible because complications may be life
threatening. Special attention should be given so that these
children have adequate educational opportunities to develop
their intellectual potential despite severe physical handicaps.
Genetic counseling should be provided.

Hereditary Sensory and Autonomic Neuropathy Type III
(Riley-Day Syndrome, Familial Dysautonomia)
HSAN III is present almost exclusively in Ashkenazi Jews.
Some investigators argue that those who are not Jewish in
fact have a different type of neuropathy. The gene fre-
quency has been estimated at 0.01 per 100,000 Jews in
the United States.251 Mutations in the gene that codes for
IKAP, a scaffold protein and regulator for three different
kinases involved in proinflammatory signaling, have been
identified. The most common causative mutation, located
at the donor splice site of intron 20, produces a truncated
protein.252 Postmortem studies have varied widely; some
have shown no nervous system lesions at all, whereas
others have shown extensive damage, particularly in the
brain stem reticular formation, the cortex, and the long tracts
of the cord. There is a marked decrease in the number of
unmyelinated fibers of the cutaneous nerves.236

Usually, HSAN III presents at birth. Axelrod253 proposes
that it should be suspected in a child of Eastern European
Jewish extraction with breech delivery, meconium staining,
poor suck, hypotonia, or hypothermia. There is difficulty
feeding and a failure to thrive, along with unexplained
fevers, lack of tearing, paroxysmal hypertension, increased
sweating, cold hands and feet, erythematous blotching of
the skin, and drooling. There is also a lack of fungiform
papillae on the tongue, a feature that is highly distinctive
of this disorder. Although there is overlap between symp-
toms and signs of this and other types of HSAN, examina-
tion of the tongue leads to the exclusion or inclusion of this
diagnosis. If the disorder presents later, it may be observed
as delayed development or stunted growth with decreased
pain sensation and ataxia. Abnormalities in cutaneous tem-
perature discrimination and nociception are present in most
patients, whereas fewer have abnormalities in joint position
and vibratory sensation.

Recurrent vomiting is common in the early years. Several
gastrointestinal abnormalities have been identified: mega-
esophagus, pylorospasm, gastric ulcer, jejunal distention,
and megacolon. Corneal abrasions may occur secondary to
corneal insensitivity, whereas neuropathic or Charcot’s
joints may occur secondary to pain insensitivity. Approxi-
mately half of patients develop kyphosis, scoliosis, or both.
Pulmonary complications, profound hypotension, and pro-
longed respiratory depression from the administration of
anesthesia have been reported.236

Clinical and laboratory diagnosis may be based on the
presence of five signs: (1) lack of the normal flare after in-
tradermal injection of histamine, (2) the absence of fungi-
form papillae on the tongue, (3) miosis of the pupil after
conjunctival instillation of 2.5% methacholine chloride,
(4) absent deep tendon reflexes, and (5) diminished tear
flow. Sural nerve biopsy shows markedly decreased unmy-
elinated fibers, no active fiber degeneration, and fewer
Schwann cell cytoplasmic clusters than other types of



Siddique, Sufit, and Siddique / Degenerative Motor, Sensory, and Autonomic Disorders 805
neuropathy. Nerve conduction velocity studies have found
mixed nerve velocities within the normal range.253

Aberrant splicing of IKAP mRNA in patient fibroblasts
has been corrected using epigallocatechin gallate (EGCG)
to downregulate expression of HNRPA2B1, a transactivat-
ing factor that encourages the use of intron-distal 50 splice
sites, resulting in generation of more exon 20 containing
IKBAP transcript. Synergistic production of correctly
spliced transcript and IKBKAP protein was observed when
patients’ fibroblasts were treated with EGCG and toco-
trienol, a vitamin E isoform that upregulates transcription
of the IKABKAP gene, suggesting that EGCG may be a po-
tential therapy.254 Generally, however, treatment remains
supportive and is best provided by an interdisciplinary team
that includes a genetic counselor. Prenatal diagnosis is
available for informative families.255 Most patients do not
survive to adulthood, succumbing to either recurrent infec-
tions or hyperpyrexia. The oldest surviving patient in one
series was 38 years old, with one-third of the patients in that
series being 20 years or older.256

Hereditary Sensory and Autonomic Neuropathy Type IV
This rare condition, in which there is a sensory neuropathy
accompanied by unexplained fevers, congenital insensitivity
to pain, anhidrosis, and mental retardation, generally causes
death from hyperpyrexia by age 3 years.257 Mutations in the
NTRK1 gene, which codes for the tyrosine kinase nerve
growth factor receptor, have been identified as the cause,258

which suggests this factor plays a crucial role in the de-
velopment and function of the nociceptive reception system
as well as thermal regulation.

Hereditary Sensory and Autonomic Neuropathy Type V
Homozygous mutations in the gene encoding nerve growth
factor-beta have been identified in a large consanguinous
Swedish family with loss of pain perception, impaired tem-
perature sensitivity, ulcers, some cases of self-mutilation,
severe reduction of unmyelinated nerve fibers, moderate
loss of thin myelinated nerve fibers, and variable autonomic
involvement.259

Autonomic Neuropathy of Multiple System Atrophy
(Shy-Drager Syndrome)
In 1960, Shy and Drager first described the combination of
progressive autonomic failure and multiple system atrophy
that manifested as orthostatic hypotension, akinesia, and
rigidity that led to incapacity in a few years (see Chapter
34). In the ensuing years, conditions including striatonigral
degeneration and forms of olivopontocerebellar atrophy
have been combined with Shy-Drager syndrome under
the larger category of degenerative processes called multi-
ple system atrophy. This discussion focuses on the pheno-
type with prominent dysautonomia that was described by
Shy and Drager.

Shy-Drager syndrome affects menmore often than women,
most often in middle age or later. A Japanese series calculated
the prevalence to be 0.3 per 100,000.260 There have been
reports of families with autosomal dominant inheritance. A
genetic basis was postulated in 1983 when an association
was found between HLA antigen Aw32 and autonomic fail-
ure.261 Thus far, no gene has been identified. Recent work
with a1-B-adrenergic receptors (a1-BARs) in transgenic
mice that overexpress either wild-type or constitutively
active a1-BARs produced granulovacuolar degenera-
tion similar to that seen in Shy-Drager syndrome.262,263

There is degeneration of both pigmented catecholamine-
containing cells in the brain stem and cholinergic cells in
the intermediolateral columns, along with distal ganglionic
and postganglionic degeneration. The abnormality in
sympathetic function leads to depressed circulating nor-
epinephrine responses to standing and exertion. There is
enhanced blood pressure response to norepinephrine adminis-
tration, along with evidence of increased a- and b-receptor
concentrations, which correlates to supersensitivity to norepi-
nephrine. Basal norepinephrine levels are normal. Generally,
catecholamine is depleted in sympathetic nerve endings
around blood vessels.264

Often in the male, the first symptom is impotence and
loss of libido, with disturbance in micturition being com-
mon in both sexes. The characteristic orthostatic hypoten-
sion may be seen either as so-called drop attacks or as a
gradual loss of consciousness over approximately 1 minute
that is often associated with a neckache that radiates to the
occiput and shoulders. Generally, there is at least partial
loss of thermoregulatory sweating. Respiratory disturbance
occurs as involuntary gasping, cluster breathing, and laryn-
geal stridor that may lead to obstructive sleep apnea and
even death, or to central sleep apnea.

On neurological examination, abnormalities of the pupil,
including Horner’s syndrome, alternating anisocoria, and
abnormal responses to drugs, may be seen. Mild parkinso-
nian features or cerebellar ataxia may accompany the con-
dition, but dysautonomia is the predominant dysfunction.
In the striatonigral degeneration variant, or multiple system
atrophy, rigidity with little tremor, progressive loss of
facial expression, limb akinesias, anterocollis, and gait in-
stability predominate (see Chapter 34). There is difficulty
walking, standing, turning, and feeding oneself, and the
speech is faint and slurred. With pyramidal lesions, there
may be an increase in tone, along with impaired rapid hand
and foot movements and exaggerated deep tendon reflexes
and bilateral extensor responses. Primitive reflexes may be
present, and amyotrophy is common. Dementia is not seen
more often than would be expected by chance owing to the
age of this population. When the olivopontocerebellar
variant is present, ataxia and limb tremor develops.265

DIFFERENTIAL DIAGNOSIS. Pure autonomic failure
(Bradbury-Eggleston syndrome) may present with the same
autonomic disturbance as Shy-Drager syndrome, but it
does not have any other neurological symptoms. Amy-
loidosis may also look similar but generally is associated
with a greater degree of bowel involvement and pain. Fa-
milial dysautonomia (Riley-Day syndrome or HSAN III)
presents in children and therefore is distinguishable from
Shy-Drager syndrome.

MANAGEMENT. Several general actions may help the
patient avoid aggravation of orthostatic hypotension: main-
tenance of adequate blood volume with fluid intake of 2 to
2.5 L/day, sleeping in a semirecumbent position, and rising
slowly to standing. In addition, patients should avoid
excessive warmth (in bathing and climate); do moderate
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rather than vigorous exercise; eat small, frequent meals;
and avoid vasodilators, such as alcohol and nitroglycerin.
Mechanical support may be provided by Jobst’s stockings
in combination with abdominal binding. Severe orthostatic
hypotension has been successfully managed with an air
force anti-gravity suit.264 The most common pharmacolog-
ical agent used is fludrocortisone, which increases blood
volume and maintains venous return to the heart. Second-
line drugs are the vasoconstrictors, such as phenylephrine
and ephedrine, with the prostaglandin inhibitors being the
next choice, followed by b1 agonists. There is a report of a
single patient responding favorably to octreotide, a splanch-
nic venoconstrictor.266 Early tracheostomy for laryngeal
stridor may prevent premature death. A Japanese study
found that 90% of patients were alive 3 years after their first
symptoms and 54% were alive after 6 years. Earlier onset of
more extensive autonomic disturbance was associated with a
poorer prognosis.267
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MUSCLE CHANNELOPATHIES

(MYOTONIAS AND PERIODIC

PARALYSIS)

Sodium Channelopathies

Chloride Channelopathies

Calcium Channelopathies

Potassium Channelopathies

Possible Muscle Channelopathy:

Schwartz-Jampel Syndrome

CONGENITAL MYOPATHIES

Nemaline Myopathy

Myotubular/Centronuclear Myopathy

Central Core and Multi-Minicore

Disease

Other Congenital Myopathies

Congenital Fiber-Type Disproportion

CONGENITAL MYASTHENIAS

MALIGNANT HYPERTHERMIA

BRODY’S DISEASE

FAMILIAL AMYLOID

POLYNEUROPATHY

FAP Type 1 (Portuguese)

FAP Type 2 (Indiana)

FAP Type 3 (Iowa)

FAP Type 4 (Finnish)

GIANT AXONAL NEUROPATHY
ISAAC’S DISEASE
MUSCLE CHANNELOPATHIES (MYOTONIAS AND
PERIODIC PARALYSIS)

The neurological channelopathies are disorders of ion
channels that result in abnormal excitability of cellular
membranes in either the central or the peripheral nervous
system. A disturbance of ion channel function may result
in either muscle membrane hyperexcitability leading to
myotonia as the dominant feature or, alternatively, muscle
membrane hypoexcitability leading to the episodic weak-
ness seen in periodic paralysis. The muscle channelopa-
thies can be grouped into sodium, chloride, calcium, and
potassium channel disorders. Additional diseases are likely
to be channelopathies but have not been firmly established
to belong to this class (Table 37-1). Although the focus of
this chapter is on the inherited channelopathies, acquired,
usually autoimmune, channelopathies also result in nerve
and muscle disease.

Traditionally, the myotonias have been divided into dys-
trophic and nondystrophic disorders. The dystrophic myo-
tonias have myotonia as one of several muscle symptoms,
and muscle atrophy and weakness are prominent. They
are an expanding group of disorders that can now be de-
fined genetically. Classical myotonic dystrophy (Steinert’s
disease) is linked to chromosome 19q and is now desig-
nated DM 1, whereas proximal myotonic myopathy
(PROMM) and proximal myotonic dystrophy (PDM) are
linked to 3q and are designated DM 2. Other types of
DM not linked to either 19q or 3q are known and will be
designated when their genetic basis becomes known.1 For
both DM 1 and DM 2, the myotonia is due to the effects
of the primary gene mutation on chloride channel func-
tion.2 By contrast, nondystrophic myotonias have myotonia
as their most prominent symptom with little or no atrophy
and weakness. These nondystrophic disorders result from a
primary gene defect in a muscle channel protein.
In the past, the periodic paralyses were divided on
the basis of phenotype into those associated with a high
or normal serum potassium (i.e., hyperkalemic periodic
paralysis) and those associated with a low serum potas-
sium concentration (hypokalemic periodic paralysis).
In fact, serum potassium concentration is clearly the con-
sequence rather than the cause of the periodic paralysis.
Nevertheless, early genetic studies supported the tradi-
tional nosological separation because hypokalemic periodic
paralysis is in most cases a calcium channel disorder
(but in a few can be a sodium channel disorder), and
hyperkalemic periodic paralysis is a sodium channel
disorder. The suggestion that potassium channel gene
mutations could also result in periodic paralysis has been re-
futed,3,4 but potassium channel mutations do account for
Andersen’s syndrome, a condition that includes periodic
paralysis.

The two clinical hallmarks of channelopathies are myo-
tonia and periodic paralysis. Disorders of sodium, chloride,
calcium, and potassium are described in this section,
with attention not only to clinical descriptions but also to
disease-specific genetic and pathophysiological mecha-
nisms. After the various individual channelopathies are
described, later sections will deal with them again collec-
tively, discussing differential diagnosis, evaluation, and
management of the two symptoms—myotonia and periodic
paralysis.

It is difficult to obtain precise incidence figures for
these conditions. They are undoubtedly underdiagnosed
because patients with mild symptoms may be misdiag-
nosed or may not seek medical attention. Finnish and
Danish studies of hypokalemic periodic paralysis give an
incidence of between 0.4 and l.25 per 100,000.5 For auto-
somal dominant myotonia congenita (Thomsen’s disease),
an incidence of between 0.25 and 4.0 per 100,000 has been
reported.6



TABLE 37-1

Skeletal Muscle Channelopathies

CHANNEL/DISEASE CHROMOSOME

Skeletal Muscle Sodium a Subunit

Hyperkalemic periodic paralysis 17q23–25
With myotonia
Without myotonia
With paramyotonia congenita

Hypokalemic periodic paralysis 17q23–25
Paramyotonia congenita 17q23–25
Sodium channel myotonia 17q23–25
Myotonia fluctuans
Myotonia permanans
Acetazolamide-responsive myotonia

Skeletal Muscle Calcium Channel 1q31–32
a1 Subunit (DHP sensitive)

Hypokalemic periodic paralysis

Skeletal Muscle Chloride Channel 7q32
AD myotonia congenita (Thomsen’s disease)
AR myotonia congenita (Becker’s disease)

Potassium Channel

Andersen’s syndrome 17q23
Periodic paralysis 11q

Potential Channelopathy

Schwartz-Jampel syndrome

AD, autosomal dominant; AR, autosomal recessive.
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Sodium Channelopathies
Disorders of the a subunit of the muscle sodium channel
result in four major distinct disorders: hyperkalemic peri-
odic paralysis, hypokalemic periodic paralysis, paramyoto-
nia congenita, and sodium channel myotonias. There is
some phenotypic overlap of the sodium channelopathies,
suggesting that they may be a continuum of disorder rather
than rigidly demarcated clinical entities. Previous literature
also includes normokalemic and myotonic periodic para-
lyses in this category, but since most, if not all, of these are
potassium sensitive in exactly the same way as hyperkale-
mic periodic paralysis, it is likely that they represent sodium
channel disorders.

Most, if not all, of the preceding disorders result from al-
lelic point mutations in the same sodium channel gene that
is situated on the long arm of chromosome 17. More than 25
different point mutations have been found that result in
amino acid substitutions in conserved portions of the gene.
Strict phenotypic-genotypic correlations for these point
mutations are not yet defined because many have variable
phenotypic expression. Physiologically, these mutations re-
sult in reduced inactivation of the sodium channel, resulting
in either increased muscle excitability with myotonia or
increased muscle inexcitability with hyperkalemic periodic
paralysis. In cases of hyperkalemic periodic paralysis, this
physiological abnormality is accentuated by increasing
the extracellular potassium concentration; in paramyotonia
congenita, it is sensitive to cooling, thus accounting for
the worsening of symptoms with these factors. It remains un-
clear how the sodium channel mutations may result in
hypokalemic periodic paralysis.7
Paramyotonia Congenita
This disease is autosomal dominant, inherited with com-
plete penetrance. The predominant symptom is paradoxical
myotonia, usually present from birth and persisting through-
out life. The myotonia is paradoxical because unlike classi-
cal myotonia, it increases with repetitive movements. Cold
temperature exacerbates myotonia and can cause weakness.
The myotonia particularly affects the face, neck, and fore-
arm. Typically on relief of the myotonia, either spontaneously
or on warming, there is a variable degree of weakness that
persists for several hours. In a warm environment, patients
may have no symptoms at all. In some families with this
disorder, there is a tendency for attacks of paralysis to
occur independently of the myotonia. In many patients, these
attacks are precipitated by potassium ingestion, in much the
same way as hyperkalemic periodic paralysis. Occasional
patients, usually adolescents, are weakened by hypokalemia.

Hyperkalemic Periodic Paralysis
As with paramyotonia congenita, hyperkalemic periodic
paralysis normally appears in infancy or early childhood
with frequent episodes of paralysis that are generally brief
and mild, lasting between 15 minutes and 4 hours. Attacks
are often precipitated by rest following exercise, by inges-
tion of potassium-rich foods, or by administration of potas-
sium compounds. They commonly start in the morning
before breakfast. Stress tends to make the attacks more eas-
ily provoked. Weakness is mainly proximal, but distal mus-
cles can be involved. There is usually no ocular or
respiratory muscle weakness. Examination of a patient dur-
ing a severe attack reveals a flaccid tetraparesis with absent
reflexes and normal sensory examination. The potassium
may rise during the attack but not necessarily above the up-
per limit of normal range and rarely to levels that cause
cardiac arrhythmia. Generally between attacks, patients
maintain normal strength, but in a few cases there is persis-
tent mild weakness. The frequency of attacks may decline
as the patient gets older. In some families with hyperkalemic
periodic paralysis, there is coexistent mild myotonia. In
these patients, cooling may provoke weakness as seen in
paramyotonia congenita, but it does not worsen myotonia.

Hypokalemic Periodic Paralysis
Clinically, cases of hypokalemic periodic paralysis asso-
ciated with sodium channel mutations have identical signs
to those with the more common calcium channel-related
hypokalemic periodic paralysis. The clinical features are
therefore given later under Calcium Channelopathies.

Sodium Channel Myotonias
This group of myotonias is related to sodium channel gene
mutations but do not have the features of paramyotonia
congenita or episodes of periodic paralysis. In some cases,
the myotonia is worsened by the cold but without associated
weakness and the myotonia is responsive to acetazolamide.8

In other families, myotonia fluctuates on a daily basis and
is provoked by exercise, termed “myotonia fluctuans.”9
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Another sodium channel myotonia causes permanent and
very severe myotonia, termed “myotonia permanans.”10

Chloride Channelopathies
Two similar forms of myotonia congenita are now known
to be due to disorders of the chloride channel. One is inher-
ited as an autosomal dominant disease (Thomsen’s disease)
and the other as an autosomal recessive disease (Becker’s
disease).

In both forms of myotonia congenita, the characteristic
feature is that of a reduced muscle membrane chloride
conductance, which results in muscle membrane hyperex-
citability with afterdepolarization and repetitive firing lead-
ing to the myotonia. This abnormal physiology can be
reproduced by chloride channel blockers or the substitution
of impermeable ions for chloride. These diseases are linked
to chromosome 7q32 in a region that encodes a chloride
channel gene (CLC9I). Thomsen’s and Becker’s diseases
are allelic disorders, with nearly 50 mutations having been
described so far. However, these mutations only account
for 30% to 40% of cases, and undoubtedly other chloride
channel mutations will emerge.11

Autosomal Dominant Myotonia Congenita (Thomsen’s
Disease)
The main symptom of this channelopathy is painless
generalized myotonia, perceived as muscle stiffness, that
usually appears in the first and second decades of life. It
is provoked by exertion following rest and thus can be
demonstrated by asking the patient to rise from a seated
position after a period of repose. The myotonia improves
with exercise. Patients have well-developed muscles with
particular hypertrophy of the lower limbs, with a resultant
athletic appearance. Muscle strength can be normal, possi-
bly even stronger than normal, giving subjects advantage in
power sports in which speed is not a requisite. They have
normal reflexes. Eyelid, grip, and percussion myotonia
can usually be demonstrated.

Autosomal Recessive Myotonia Congenita (Becker’s
Disease)
This disorder is very similar to Thomsen’s disease. The
myotonia comes on later in the first decade but can be more
severe than in Thomsen’s disease. In addition to severe myo-
tonic stiffness, patients can also have disabling transient
weakness that is not seen in Thomsen’s disease. After rest,
their muscles are initially weak, and it takes a period of ac-
tivity before full strength returns. At times, this weakness
is so severe that patients require assistance to start ambu-
lation; persistent weakness may occur. As in Thomsen’s
disease, there may be muscle hypertrophy, particularly of
the legs and buttocks, with some hyperlordosis of the spine.

Calcium Channelopathies
Mutations of the skeletal muscle dihydropyridine receptor
(part of the calcium channel) cause primary hypokalemic
periodic paralysis. An identical hypokalemic periodic
paralysis, however, can result from a sodium channel
mutation. Secondary causes for hypokalemic periodic para-
lysis are more common than the hereditary form (see
Diff erential Diagnosis ).

In hypokalemic periodic paralysis, the weakness results
from an abnormality of muscle membrane excitability.
An influx of potassium into the muscle fiber occurs, with
an accompanying influx of extracellular water. There is
increased sensitivity to the effect of insulin on the move-
ment of potassium into cells independently of the glucope-
nic action of insulin. This influx of potassium may account
for the precipitation of hypokalemic periodic paralysis with
large carbohydrate meals. In contrast to normal muscle
fibers, the influx of potassium in hypokalemic periodic
paralysis causes the muscle fibers to become depolarized
and inexcitable. Calcium channel-related hypokalemic peri-
odic paralysis is due to mutations of a gene on chromo-
some 1q coding for a skeletal muscle dihydropyridine
receptor a1 subunit, which functions as a calcium channel
(CACNL1A3). Three CACNL1A3 mutations account for
more than 50% of cases of hypokalemic periodic paralysis,
and these mutations are all in a highly conserved region
of the gene that codes for the voltage sensor region of the
channel.12 The dihydropyridine receptor has a primary role
in electrocontraction coupling with opening of the calcium
channels of the sarcoplasmic reticulum allowing an influx
of calcium into the muscle sarcoplasm and the triggering
of muscle contraction. Although the mutations described in
calcium channel-related hypokalemic periodic paralysis
lead to loss of function of the dihydropyridine receptor,
the precise relationship between receptor function failure
and the abnormal response of muscle fibers to insulin, and
consequent hypokalemia and weakness, remain unclear.

Primary hypokalemic periodic paralysis due to calcium
channelopathy is an autosomal dominant disorder but is
more common in males and has variable penetrance in
females. Attacks of episodic weakness usually start by
adolescence and invariably before the age of 30 years. They
often occur at night so that patients awake with weakness.
Attacks may be precipitated by carbohydrate or alcohol
intake, rest after exercise, or emotional stress. The frequency
of attacks is generally less than that seen in hyperkalemic
periodic paralysis and can vary from daily or only one or
two in a lifetime. Typically, attacks last between 1 and
4 hours, but occasionally they can persist for up to 3 days.
Prodromal symptoms of muscle stiffness, heavy limbs, or
sweating may occur followed by proximal lower limb
weakness that spreads to tetraparesis. There is rarely ocular
or bulbar involvement. Fatalities are rare and usually result
from injudicious treatment, especially in the case of hypo-
kalemia-induced cardiac arrhythmias. Oliguria is typical dur-
ing attacks and results from the sequestration of water
intracellularly.

In younger subjects the only detectable interictal abnor-
mality is eyelid myotonia, seen in approximately 50% of
patients. In older subjects, attacks frequently decrease,
but patients may have persistent weakness. During severe
attacks, patients are flaccid, paralyzed, and areflexic.

Potassium Channelopathies
Andersen’s syndrome, with a triad of periodic paralysis, car-
diac arrhythmias, and dysmorphic features, is a potassium



TABLE 37-2

Secondary Causes of Hypokalemic Periodic Paralysis

Endocrine

Primary hyperaldosteronism (Conn’s syndrome)
Thyrotoxic periodic paralysis

Renal

Juxtaglomerular apparatus hyperplasia (Bartter’s syndrome)
Renal tubular acidosis
Fanconi’s syndrome

Gastrointestinal

Laxative abuse
Villous adenoma
Gastrointestinal fistula

Drug-Induced

Amphotericin B
Licorice
Corticosteroids
p-Aminosalicylic acid
Carbenoxalone
Potassium-depleting diuretics
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channelopathy due to mutations of the KCNJ2 gene on 17q
coding for the Kir 2.1 potassium channel with expression
studies confirming the pathophysiological effects of these
mutations.13 Of interest is the recognition that fixed skeletal
defects such as seen in Andersen’s syndrome may result
from channel gene mutations. Heretofore, the main effects
of channelopathies appeared to be restricted to excitable
tissues (e.g., muscle and nerve).

The periodic paralysis of Andersen’s syndrome does not
neatly fit into the hypo- or hyperkalemic classification.
During attacks of periodic paralysis, the potassium may
rise, fall, or remain normal in these patients. The attacks
may be provoked by either hyperkalemic or hypokalemic
challenges or by neither. In some, the attacks have been un-
recognized, with the cardiac features being more prominent.
Many cases show mild proximal weakness even between
attacks. Cardiac involvement can be severe and result in
episodes of syncope or cardiac arrest. A variety of ventricu-
lar arrhythmias may occur, including a long QTc interval
and bidirectional ventricular tachycardia, but at times the
electrocardiogram (ECG) is normal. Asymptomatic family
members, however, may harbor a long QTc interval and be
at risk of cardiac arrhythmia. The dysmorphic features of
Andersen’s syndrome are subtle and often need an index of
suspicion for recognition. They may include facial features
of broad forehead and nose, low-set ears, small mouth and
jaw, a broad neck, and hand features such as clinodactyly
or syndactyly.14

Possible Muscle Channelopathy: Schwartz-Jampel
Syndrome
Schwartz-Jampel syndrome (SJS) is a rare autosomal reces-
sive myotonic disorder with an unknown etiology. Previ-
ously described autosomal dominant cases of SJS probably
have a sodium channel mutation and represent cases of myo-
tonia permanans.10 Autosomal recessive SJS is genetically
heterogeneous, with some cases having mutations in the
HSPG2 gene on chromosome 1p35–36.1.15,16 This gene
encodes for perlecan, a ubiquitous protein that constitutes
50% of the extracellular matrix of all tissues. It is speculated
that loss of function mutations in perlecan result in abnormal
development of cartilage and also affect muscle excitability
perhaps because there is faulty distribution of acetylcholin-
esterase.16

Symptom onset is before the age of 3 years, with severe
continuous motor activity and muscle stiffness particularly
in the face and in the thighs. Patients have an unusual
masklike face with blepharospasm (Video 47, Blepharo-
spasm) and continuous motor activity of the chin and lips.
Hypertrophy of the thigh muscles occurs. They have radio-
logical evidence of osteochondrodysplasia, often resulting
in reduced stature, kyphoscoliosis, bowing of the diaph-
yses, and irregular epiphyses.17 When all the preceding
features are present, then mutations in the perlecan gene
are more likely to be found. This is not the case with
neonatal onset or when osteochondrodysplasia is absent.16

DIFFERENTIAL DIAGNOSIS

Myotonia. The principal symptom of myotonia is that of
muscle stiffness and an inability to relax contracted muscle
(Video 255, Myotonia). In most cases, myotonia is pain-
less, although occasionally sodium channel-related myoto-
nia causes discomfort. Stiffness can be confused with
spasticity or rigidity. Muscle cramps are often a feature
of a peripheral nerve disorder and are readily differentiated
on electromyography (EMG). Dystonia results in abnormal
posture and is the result of abnormal discharge of whole
motor units rather than individual muscle fibers. Painless,
electrically silent contractures may be a feature of metabolic
myopathy such as McArdles’ disease. Pseudomyotonia or
impaired muscle relaxation without electrical evidence of
myotonia occurs in acid maltase deficiency and Brody’s dis-
ease. True myotonia may be part of a generalized disorder as
in dystrophia myotonia, but in such disorders myotonia is not
usually the presenting symptom. The different nondystrophic
myotonias are usually distinguished clinically, but some-
times gene analysis is needed to make a final diagnosis.

Periodic Paralysis. The differential diagnosis of periodic
paralysis must include other causes of a flaccid areflexic
tetraparesis without sensory signs. Metabolic causes such
as hypercalcemia, hypocalcemia, hypophosphatemia, hypo-
magnesemia, and rhabdomyolysis need to be excluded.
Diseases such as Guillain-Barré syndrome, myasthenic syn-
dromes, and acute poliomyelitis can also produce a similar
clinical picture. In many cases, the history and associated fea-
tures will point to the correct diagnosis. Secondary hypokale-
mic periodic paralysis usually results from intracellular
potassium depletion from renal, endocrine, gastrointestinal,
or drug-induced mechanisms (Table 37-2). Usually these
underlying conditions are obvious, but in less clear cases the
recurrent episodes of transient weakness can be difficult to
distinguish from primary hypokalemic periodic paralysis.
Late-onset hypokalemic periodic paralysis raises strong
suspicions of secondary rather than primary periodic paraly-
sis. Thyrotoxic periodic paralysis results from alteration of
muscle membrane permeability and is much more prevalent
in Japanese, Chinese, and other Asian populations, although
it occurs in Caucasians. The clinical presentation is often in-
distinguishable from hypokalemic periodic paralysis but with
the additional, sometimes subtle, evidence of hyperthyroid-
ism.18 Paralytic episodes may precede the occurrence of any
other clinical feature of hyperthyroidism.
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EVALUATION OF CHANNELOPATHIES

Myotonia. Creatine kinase (CK) is usually normal, but
there may be two- to fivefold elevations in Thomsen’s
and Becker’s diseases, perhaps reflecting the degree of
muscle hypertrophy. EMG shows spontaneous myotonic
discharges, but in paramyotonia congenita, provocation
by cooling of the examined limb may be required to dem-
onstrate this phenomenon. There is also decrement in the
compound motor action potential (CMAP) with exercise
or with high-frequency 30-Hz stimulation, particularly in
cases of myotonia congenita.19,20 The decrement in the
CMAP is particularly marked in Becker’s disease, and this
is presumably the cause of the transient weakness seen in
that condition.20 In SJS, the EMG shows continuous spon-
taneous motor activity with little of the fluctuation of the
frequency and amplitude that is seen with other myotonias
and may be myogenic or neurogenic in origin. In phenotyp-
ically similar cases in which the electrical activity does
more closely resemble myotonia, the diagnosis may be that
of myotonia permanans.10 Muscle biopsy may show little
abnormality. Variation in fiber size with fiber hypertrophy
and increased central nuclei may be found. In paramyoto-
nia congenita with hyperkalemic periodic paralysis, vacuo-
lated fibers and necrotic fibers may be seen. In myotonia
congenita, there may be a lack of 2B fibers. Study of fam-
ily members may be valuable since there may be clinical
or EMG evidence of disease in apparently asymptomatic
individuals, which clarifies the mode of inheritance.

Periodic Paralysis. During an episode of weakness, se-
rial blood tests should be taken for potassium, calcium,
magnesium, phosphate, and CK to exclude the other previ-
ously mentioned causes of weakness. Since the potassium
level may be normal during hyperkalemic periodic paraly-
sis and occasionally in hypokalemic periodic paralysis, the
potassium level needs to be checked sequentially every 15
to 30 minutes in order to determine the direction of change
at a time when muscle strength is either worsening or im-
proving. An ECG may show changes consistent with hypo-
or hyperkalemia and may also forewarn of cardiac compli-
cations. EMG shows reduced CMAP proportionate to the
degree of weakness. Nerve conduction studies are normal.
The neurophysiology also serves to exclude other causes
of paralysis, such as the Guillain-Barré syndrome or myas-
thenia gravis (Video 86, Ice Pack Test in Myasthenia
Gravis).

Patients who are seen between attacks need investigation
to exclude causes of secondary hypokalemia. EMG may be
helpful in showing evidence of myotonia, which would fa-
vor hyperkalemic periodic paralysis. In those patients in
whom fixed weakness has developed, the EMG may be
myopathic. Even in those with an initially normal EMG,
there may be an exaggerated increment followed by de-
cline of the CMAP with high-frequency 30-Hz stimulation
or following repetitive muscle contraction.21 Muscle bi-
opsy is often abnormal between attacks of hypokalemic peri-
odic paralysis, with pathognomonic changes of large
central vacuoles and occasional necrotic fibers. In hyperka-
lemic periodic paralysis, smaller vacuoles may be present
and tubular aggregates may be seen. Provocative testing
may be required to confirm the diagnosis. This must be
performed with careful supervision, including monitoring
of the potassium and the ECG. Hypokalemic challenge
can be performed by giving intravenous glucose with or
without insulin.22 Hyperkalemic challenge can be per-
formed by giving repeated doses of oral potassium.22

Where available, genetic testing may be the preferred in-
vestigation, but its effectiveness depends on the screening
strategy employed.
MANAGEMENT OF CHANNELOPATHIES

Myotonia. Myotonia can be exacerbated by some mus-
cle relaxant drugs and by anticholinesterase drugs, and an-
esthesia for these patients needs to be planned accordingly.
Potassium administration can exacerbate myotonia, and
thus potassium supplementation should only be given
where necessary and with caution. The treatment of myoto-
nia congenita relies on membrane-stabilizing drugs such as
procainamide and quinine; these can be used intermittently
on an as-needed basis. Phenytoin is more useful for chronic
administration and is less likely to have cardiac side
effects. Occasional cases of myotonia are responsive to ac-
etazolamide, and mexiletine is useful for both the myotonia
and the weakness associated with paramyotonia congenita.

Periodic Paralysis. Attacks of hypokalemic periodic pa-
ralysis may be partially prevented by a low-carbohydrate
and low-sodium diet. Where hypokalemic periodic paraly-
sis is secondary to thyrotoxicosis, this needs to be treated.
In the interim, the paralytic attacks and persistent weakness
can be very effectively treated with b-adrenergic blocking
agents. During acute attacks, emergency treatment may
be required, but the preference is very much in favor of
oral potassium since potassium concentration usually
declines with parenteral potassium because of the diluents
employed. The ECG should be carefully monitored during
attacks for cardiac arrhythmias.

In hyperkalemic periodic paralysis, attacks are usually
mild but are still worth treating to prevent the onset of per-
manent weakness. Thiazide diuretics are effective treat-
ment. During acute attacks, treatment is seldom needed,
but carbohydrate-containing food and fluid may aggravate
the weakness and potassium-containing foods should be
avoided. Inhaled b-adrenergic agonists such as salbutamol
are effective treatments but may be contraindicated if there
is a coexisting cardiac arrhythmia.

Both acetazolamide and dichlorphenamide can prevent
paralytic attacks and may improve residual weakness
between attacks.23

CONGENITAL MYOPATHIES

PATHOGENESIS AND PATHOPHYSIOLOGY. The ini-
tial definition of the congenital myopathies implied the on-
set at birth of a nonprogressive primary myopathy that
could not be explained on the basis of a dystrophic or met-
abolic abnormality. However, in some morphologically
and genetically identical cases, symptoms are not present
at birth and are of later onset. Furthermore, some cases of
congenital myopathies, such as nemaline myopathy and
centronuclear myopathy, show progressive weakness with
a fatal outcome. The assumption that all of these congenital
myopathies have no metabolic basis reflected ignorance as
to their etiology. The various congenital myopathies
continued to be diagnosed in most instances on the basis
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of their morphological characteristics as seen in muscle
biopsy. In some of these, there is a large body of literature
that defines a clear phenotype, but in others only one or
two case reports have been described, and the lack of mor-
phological specificity casts doubt on their validity as sepa-
rate disease entities. The recent descriptions of the gene
lesion for most of the disorders are rapidly changing their
classification.

EPIDEMIOLOGY. All of the congenital myopathies are
rare, with an incidence of less than 1 per 100,000.

CLINICAL FEATURES. The diagnostic label implies
that there is muscle weakness present at birth, but some
of them are of late childhood or adult onset, as specified
in the following sections (Video 13, Myopathic Gait). Pre-
sentation may be in utero with reduced fetal movements.
There may be delayed second stage of labor and a higher
incidence of assisted delivery with its consequent compli-
cations resulting from fetal hypotonia. The most common
presentation is that of a floppy baby who has delayed mo-
tor milestones. In school, these individuals usually have
difficulty keeping up with their peers, either in sporting
activities or simply in running or walking. Early weakness
maymanifest as difficulty rising from a chair or the floor and
in managing stairs. In some congenital myopathies, as speci-
fied in the following sections, there is facial weakness and
ophthalmoplegia. The muscle weakness can give rise to
skeletal defects causing dysmorphic features, kyphoscolio-
sis, and pes cavus. Diaphragmatic or chest wall involvement
can give rise to respiratory weakness with carbon dioxide re-
tention, particularly at night, causing morning headaches or
daytime somnolescence. Such respiratory weakness is usu-
ally a late feature in the congenital myopathies, but nemaline
myopathy is a notable exception for its early onset. As a rule,
the congenital myopathies are stable or only slowly progres-
sive, and many patients are remarkably active despite their
weakness. Specific clinical features of the individual con-
genital myopathies will be highlighted, and differential di-
agnosis, evaluation, and management will be considered
collectively afterward.
Nemaline Myopathy
This particular congenital myopathy is defined on the basis
of the presence of rods in the muscle biopsy. These are
seen as red-staining structures using the Gomori trichrome
stain, and it is their threadlike appearance that gives this
condition its name, nema, being Greek for thread.

The usual picture is one of mild and progressive myopathy
present from birth. However, there are some more severely
affected individuals, with early fatalities. In addition, some
adult-onset cases appear to have profuse rods on muscle
biopsy but without the usual clinical phenotype. Typical
cases usually have generalized reduction of muscle bulk,
generalized limb weakness, and mild facial weakness but
no ocular involvement. Cardiac involvement is unusual.
The facial appearance is characteristic, with high arched
palate and a long thin face. Respiratory failure due to
involvement of the diaphragm is an early feature that can
have a major impact on the prognosis.

Electron microscopy shows that the rods represent an
abnormal deposition of Z band material. The etiology of
this and its relevance to the subsequent development of
nemaline myopathy are unknown. Rods are not exclusive
to nemaline myopathy and can be seen as an occasional
feature in other muscle disorders, including polymyositis,
HIV-related myopathy, and in muscle injured by tenotomy.
There are many sporadic cases, but autosomal dominant
cases have shown mutations of a tropomyosin (TPM3) on
chromosome lq21,24 and autosomal recessive cases and
some sporadic cases have shown mutations of three further
genes: the nebulin gene on chromosome 2q21–22,25 the
skeletal muscle alpha-actin gene (ACTA 1) on chromo-
some 19q42,26 and the slow skeletal muscle troponin T
gene (TNNT1) on chromosome 19q13.4.27 The last of
these mutations was found in a form of nemaline myopathy
common in the Amish population. Other genes will un-
doubtedly be found because cases of nemaline myopathy
exist that show no linkage to any of these chromosome
loci.
Myotubular/Centronuclear Myopathy
The key morphological abnormality is the presence of cen-
tral nuclei that occupy between 25% and 80% of the mus-
cle fibers, more often in the type 1 fibers, which usually
predominate. There is often a halo around the central nu-
clei, which shows increased oxidative enzyme activity
and glycogen staining with reduced amounts of ATPase
staining. The original term, myotubular myopathy, was
based on the resemblance of these morphological abnorm-
alities to that of myotubules. The later and preferred term
of centronuclear myopathy is more descriptive and avoids
assumptions about the etiology of the abnormality.

Prominent ptosis and ophthalmoplegia distinguish this
disease from the other congenital myopathies. Cardiac in-
volvement is not common. A variety of skeletal malforma-
tions occur, resulting in a Marfanoid habitus with a long
narrow face and high arched palate. A more severe X-linked
variety is recognized with in utero and neonatal presentation
and severe generalized weakness with bulbar and respiratory
involvement but less ptosis and ophthalmoparesis.28 With in-
tensive initial support, some improvement may occur, but
patients remain severely disabled and prone to sudden death
due to aspiration. A late childhood- or adult-onset variant
is seen, which presents with mild limb weakness without
ptosis, ophthalmoparesis, or dysmorphic features.

Because of the resemblance to myotubules, these dis-
eases are believe to represent a maturational arrest with
failure of the normal peripheral migration of nuclei during
differentiation. However, the morphological similarities
with myotubules are only superficial, and central nuclei
can appear after infancy. Many of these cases are heredi-
tary, and autosomal recessive, autosomal dominant, and
X-linked varieties have been described. The X-linked vari-
ety has been shown to be due to mutations in the myotubu-
larin gene (MTM1) with the number of known mutations
into triple figures, although three mutations occur in 17%
of X-linked cases.29 In 11 families, autosomal dominant,
recurrent and de novo missense mutations were found in
the gene dynamin 2 (DNM2, 19p13.2), which encodes a
protein involved in endocytosis and membrane trafficking,
actin assembly, and centrosome cohesion.30
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Central Core and Multi-Minicore Disease
In central core disease (CCD), the morphological abnormal-
ity is the presence of central or eccentric cores that have
sharply defined boarders and that do not stain for glycogen
or oxidative enzymes but sometimes for ATPase. The cores
run the length of the fiber and are exclusive for type 1 fibers
that are the predominant fiber type on biopsy. Distinguishing
clinical features of central core disease are the lack of cranial
involvement, apart from occasional mild facial weakness, the
frequency of congenital dislocation of the hip, and the occa-
sional coexistence of malignant hyperthermia. Anesthetic
precautions are required to avoid the risk of hyperthermic cri-
ses in this disease. The etiology is unknown. The resem-
blance of cores to target fibers suggests that central core
disease may be a disorder of innervation. Cases are auto-
somal dominant or occasionally sporadic. This disease may
be allelic, with malignant hyperthermia also having point
mutations of the ryanodine receptor (RYR1) on chromosome
19q13.1.31

In multi-minicore disease (MmD), the key morphological
abnormality is that of minicores that run along the long
axis of the muscle fibers either centrally or eccentrically in
both type 1 and type 2 fibers. These cores represent areas
of mitochondrial depletion and sarcomere disorganization
that therefore do not stain for glycogen or oxidative enzymes
but do sometimes stain for ATPase. Four phenotypes are
described: classical MmD predominant axial muscle weak-
ness with severe scoliosis and respiratory compromise; a
moderate form consisting of generalized muscle weakness
especially affecting the pelvic girdle, with frequent and
prominent hand weakness, amyotrophy, and hyperlaxity
but only mild scoliosis or respiratory involvement; and two
variations of the classic form with ophthalmoplegia or ante-
natal onset with arthrogryposis as the distinguishing fea-
tures. Cardiac and brain involvement is not characteristic
of MmD.32,33 They are genetically heterogeneous, with
mutations in the ryanodine receptor type 1 gene (RYR1)
and the selnoprotein N gene (SEPN1) described.34
Other Congenital Myopathies
There are a variety of other morphological abnormalities
that have been described in cases with a presentation typi-
cal of congenital myopathy with names to match, such as
finger print body or zebra body myopathy. There are too
few case reports of these myopathies to discern a distinc-
tive or diagnostic phenotype for each and to be sure that
each necessarily represents a distinct myopathy.
Congenital Fiber-Type Disproportion
This description arose from a survey of congenital myopa-
thies by Brooke,35 who found several subjects in whom the
type 1 fibers were at least 12% smaller than the type
2 fibers. This finding was isolated in some cases; in others,
it coexisted with other more striking pathological abnorm-
alities. Later workers have suggested a tightening of the
pathological criteria to include normal or increased size
of type 2 fibers so that this diagnosis can be separated from
mild spinal muscular atrophy.36 Even with these require-
ments, there remains considerable doubt as to whether this
entity represents a distinct form of congenital myopathy.

There are no specific clinical features to define the condi-
tion, and the severity can be quite variable. Initially, it was
suggested that these pathological appearances had some
prognostic value in that all the cases in Brooke’s original
series showed no progression of their weakness beyond
2 years of age, and some even improved. This pattern, how-
ever, has not been borne out by subsequent studies. No spe-
cific pathophysiological explanation has been advanced for
the pathological picture, and there is no genetic marker for it.

DIFFERENTIAL DIAGNOSIS OF CONGENITAL

MYOPATHIES. The differential diagnosis of congenital
myopathy includes all causes of a floppy infant, including
central, neurogenic, and myopathic. The neurogenic causes
are usually central, although hereditary neuropathies caus-
ing dysmyelination or hypomyelination and anterior horn
disease (i.e., spinal muscular atrophy) also present simi-
larly. Central nervous system disorders may show upper mo-
tor neuron features, seizures, or intellectual impairment,
but recognition of some of these features may be difficult.
Of the myopathic causes, a distinction needs to be made
between the congenital muscular dystrophies, congenital
myotonic dystrophy, congenital myasthenia (see later dis-
cussion), and the metabolic myopathies.

EVALUATION OF CONGENITAL MYOPATHIES. CK
level is normal or only mildly elevated, in distinct contrast
to many early onset muscular dystrophies. Neurophysiol-
ogy tests allow exclusion of the neuropathies and myasthe-
nias. Nerve conduction studies are normal, and the EMG
may show mild nonspecific myopathic features. The pat-
tern of muscle involvement as seen on MRI scans can be
helpful in suggesting certain congenital myopathies.37

The definitive diagnosis of a congenital myopathy rests
on the morphological characteristics seen at muscle biopsy.
Thesemorphological abnormalities need to be present in rea-
sonable number in order to make the diagnosis because any
of them may be nonspecific findings in other neuromuscular
disorders. In some cases of congenital myopathy, the muscle
biopsy may show only minor nonspecific myopathic fea-
tures. This pattern may reflect a selectivity of muscle
involvement, and when other causes have been excluded, a
label of “nonspecific congenital myopathy” may be applied.

MANAGEMENT. There is no specific treatment for any
of the congenital myopathies. The association of CCD with
malignant hyperthermia makes it prudent to avoid precipi-
tating factors. Otherwise, the management of the congeni-
tal myopathies is supportive, with particular regard to the
prevention of secondary complications such as contractures
and progressive kyphoscoliosis. Bracing may be an effec-
tive means of maintaining ambulation but is usually unsat-
isfactory. Respiratory and cardiac function needs to be
regularly assessed and appropriate support given.
CONGENITAL MYASTHENIAS

The onset of myasthenic symptoms at birth, especially in
the presence of a family history, makes congenital forms
of myasthenia a diagnostic possibility. With the advent of
the acetylcholine receptor (AChR) and calcium channel



TABLE 37-3

Classification of the Congenital Myasthenias

Preynaptic Defects

Defect of ACh resynthesis or packaging
Paucity of synaptic vesicles and reduced quantal release

Pre- and Postsynaptic Defects

Endplate AChE deficiency

Postsynaptic Defects

Kinetic abnormalities of AChR with AChR deficiency
Classic slow channel syndrome
Epsilon subunit mutations
AChR deficiency and short channel open time

Kinetic abnormalities of AChR without AChR deficiency
High-conductance fast channel syndrome
Syndrome attributed to abnormal interaction of ACh with AChR

Partially Characterized Syndromes

Other AChR deficiencies
Congenital myasthenic syndrome resembling LEMS
Congenital myasthenic syndrome with facial malformations
Familial limb girdle myasthenia

ACh, acetylcholine; AChE, acetylcholinesterase; AChR, acetylcholine receptor;
LEMS, Lambert-Eaton myasthenic syndrome.
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antibody tests asmarkers formyasthenia gravis and Lambert-
Eaton myasthenia, it has become apparent that congenital
myasthenia, like the congenital myopathies, may also present
later in life and, occasionally, without a family history.

PATHOGENESIS AND PATHOPHYSIOLOGY. Conge-
nital defects of the neuromuscular junction can be divi-
ded into presynaptic, synaptic, and postsynaptic defects
(Table 37-3). Presynaptic defects include defects in the syn-
thesis of acetylcholine or in the packaging of acetylcholine
into the presynaptic vesicles, thereby reducing the amount
of acetylcholine available for release. Synaptic defects
include deficiency of acetylcholinesterase. Postsynaptic
defects consist of abnormal function or altered numbers of
acetylcholine receptors. Not all of the congenital myasthenic
syndromes have a well-defined cause. Some appear to be
sporadic, but of the inherited cases, autosomal recessive
inheritance is most common. The slow channel syndrome
is inherited as an autosomal dominant.

EPIDEMIOLOGY AND RISK FACTORS. Precise inci-
dence data are not available, but the congenital myasthe-
nias represent a minority of patients with myasthenia,
making them rare diseases. There are undoubtedly cases
of myasthenia that mistakenly remain undiagnosed as con-
genital when presumed to be serologically negative cases
of autoimmune myasthenia, particularly when they respond
well to anticholinesterase treatment.

CLINICAL FEATURES. Only the broad clinical features
of the congenital myasthenias are described here. The indi-
vidual syndromes are listed in Table 37-3, and further
details can be found in several reviews.38–41 The presenta-
tion of congenital myasthenias can be similar to that of
congenital myopathies, with a floppy baby, showing diffi-
culties with feeding, delayed motor milestones, and persis-
tent or sometimes progressive limb weakness. Skeletal
abnormalities can result from this weakness. Ocular, bulbar,
and respiratory weakness may occur, but some of the syn-
dromes are notable for lack of ocular involvement. Other
syndromes characteristically have a later onset, typically in
the second or third decade. The distinguishing feature of
the weakness is its fluctuating nature, usually worsening
with activity such as feeding, crying, or moving. With some
of the myasthenic syndromes, episodic exacerbations occur
with fever, with emotional upset, or for no obvious reason.
The autosomal recessive inheritance of most of these syn-
dromes means that there may not be a family history. Exam-
ination is characterized by fatigable weakness. Fixed
weakness is usually generalized, but very selective weak-
ness is described. Delayed pupillary responses occur in some
cases. Reflexes are generally but not invariably preserved.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
is the same as that for congenital myopathies. Clinical
distinction from mitochondrial myopathy may be difficult
because the latter can also present with fatigable weakness.
Neonatal botulism needs to be excluded. Once the diagno-
sis of a myasthenic syndrome has been made, differentiat-
ing congenital from acquired autoimmune myasthenia
may be required, particularly in late-onset cases lacking a
family history. Neonatal myasthenia from passive placental
transfer of AChR antibodies usually occurs in the offspring
of obviously affected AChR antibody-positive mothers.

EVALUATION. A positive AChR antibody test excludes
congenital myasthenia, but because there are cases of
AChR antibody-negative myasthenia gravis, a negative test
is not specifically diagnostic. A positive edrophonium test
confirms a myasthenic syndrome but does not differentiate
congenital myasthenia from myasthenia gravis. A negative
test occurs in some cases of congenital myasthenia when
there is a deficiency of acetylcholinesterase. EMG studies
may show a decrement in the compound muscle action po-
tential to repetitive stimulation but at 10 Hz rather than the
usual 3 Hz. Single-fiber EMG may show excess jitter and
blocking. Morphological, immunostaining, and immuno-
chemical techniques and in vitro neurophysiological analy-
sis on intercostal muscle containing motor endplates are
research methods for confirming and characterizing the na-
ture of a congenital myasthenia.38,41 Genetic analysis may
show mutations of genes encoding for subunits of AChR.41

MANAGEMENT. Respiratory and bulbar complications
require appropriate supportive measures. Depending on the
precise nature of the congenital myasthenia, some cases
may respond to chronic anticholinesterase treatment. Those
who do not respond to anticholinesterase therapy may gain
benefit from treatment with 3,4-diaminopyridine.42
MALIGNANT HYPERTHERMIA

Malignant hyperthermias are hereditary skeletal muscle
diseases characterized by a hypercatabolic reaction of mus-
cle to anesthetic agents or to physical or emotional stress.

PATHOGENESIS AND PATHOPHYSIOLOGY. The cen-
tral event appears to be an increase in the calcium concentra-
tion that results in continuous activation of the actin-myosin
contraction apparatus and sustained muscle contraction.
This increase in calcium level is due to an increased release
of calcium from the sarcoplasmic reticulum of the muscle
together with a reduction in calcium reuptake. The continu-
ous muscle activity results in muscle rigidity, muscle necro-
sis, hyperpyrexia, and hypermetabolism. Linkage has been
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found to chromosome 19q13.1. A ryanodine receptor gene in
this region has been shown to have mutations in 50% of
cases.31 The ryanodine receptor is a calcium-release channel
involved in calcium homeostasis. Linkage has also been
found to chromosomes 7q and 3q and to chromosome
17q1.2–24, which codes for the a subunit of the sodium
channel.43,44

EPIDEMIOLOGY. Malignant hyperthermia has a world-
wide distribution with an incidence of 1 in 12,000 anes-
thetic incidents in children and 1 in 50,000 anesthetic
events in adults.45 However, many mild cases probably
go unrecognized being mistaken for alternative anesthetic
complications. Males are more affected than females and
there is a peak incidence at age 30 years. Thereafter, the in-
cidence declines such that cases are virtually unheard of af-
ter the age of 75 years.45

CLINICAL FEATURES. The most common precipitating
event is that of halothane general anesthesia. The muscle
relaxant succinylcholine is a milder trigger of attacks when
used alone but a more potent one when combined with hal-
othane. The likelihood of triggering an attack with these
agents is increased if the patient has been exercising vigor-
ously beforehand or is under stress at the time of anesthetic
induction.

In between attacks of malignant hyperthermia, patients
rarely have any muscle symptoms, although some muscle
diseases are associated with attacks of malignant hyper-
thermia (see later discussion). In 50% of cases, patients
may have had previous anesthesia without any complica-
tions.45 Attacks often start with jaw spasm followed by
generalized muscle spasm and rigidity. Associated findings
include hyperventilation, tachycardia, and an unstable
blood pressure. A mottled, flushed, and cyanotic skin rash
may appear, and after an interval of 15 or 16 minutes,
the body temperature may start to rise precipitously. Meta-
bolic and respiratory acidosis, hypoxemia, generalized
vasoconstriction, and an increased cardiac output occur.
The serum potassium may rise and the CK may increase
100-fold. Consequent complications of myoglobinuria and
disseminated intravascular coagulation may occur, leading
to renal failure. During recovery, patients may have a fur-
ther relapse.

DIFFERENTIAL DIAGNOSIS. The condition most
closely resembling malignant hyperthermia is the neurolep-
tic malignant syndrome, an abnormal response to dopa-
mine blocking agents. Patients develop rigidity with
hyperthermia and share many of the biochemical features
seen in malignant hyperthermia. Neuroleptic malignant
syndrome usually occurs in the setting of psychiatric dis-
ease with the use of neuroleptic drug treatment. Acute dys-
tonic reactions to drugs such as neuroleptics or antiemetics
can produce a similar picture of rigidity. Patients with
myotonia may develop rigidity with depolarizing agents
during anesthetic induction.

EVALUATION. During the acute illness, the main em-
phasis of the evaluation is monitoring possible hyperkale-
mia and cardiac, respiratory, and renal complications so
that appropriate measures can be taken. Evaluation of well
patients thought to be at risk of developing malignant hy-
perthermia can be difficult. Only a few have a raised CK.
The genetic heterogeneity and the fact that even the recog-
nized point mutations only cover a small percentage of the
patients mean that genetic testing needs careful consider-
ation.46,47 The recognized screening test is the in vitro caf-
feine and halothane contracture test, which detects an
exaggerated response to caffeine or halothane in freshly
isolated muscle. This test is performed only in specialized
centers, and because the threshold for the test has to be
set to avoid the danger of missing at-risk cases, there is
an inevitable false-positive rate.48

MANAGEMENT. Preventive measures include the
avoidance of precipitating agents, namely halothane and
succinylcholine, but many other agents have some risk in
susceptible subjects. Patients with known malignant hyper-
thermia should be advised to wear medical alert bracelets
to warn of their susceptibility. Narcotics, barbiturates, ben-
zodiazepines, nitrous oxide, and nondepolarizing muscle
relaxants are generally safe to use. Acute management con-
sists of the removal of the triggering agents and supportive
measures as required. Body cooling may be required in re-
sponse to the hyperthermia that aggravates the metabolic
derangement. Dantrolene is the mainstay of treatment
and, when given intravenously, results in reversal of the
abnormalities. Mortality has decreased since its regular
use.

PROGNOSIS. The improved recognition of this compli-
cation, better supportive measures, and widespread avail-
ability of dantrolene have resulted in a dramatic decrease
in mortality from 65% to 2%.
BRODY’S DISEASE

This disorder, first described by Brody in 1969,49 clinically
resembles myotonia, but the EMG of affected muscle does
not show any myotonic discharges.

PATHOGENESIS AND PATHOPHYSIOLOGY. The
pseudomyotonia is thought to be the result of abnormalities
in sarcoplasmic reticulum Ca2þ ATPase, a transmembrane
protein responsible for extruding calcium out of the cyto-
plasm and into the sarcoplasmic reticulum. This 100-kDa
protein is coded on chromosome 16 and is deficient in
amount or activity, particularly in the type 2 muscle fibers.50

Genetic heterogeneity was suggested by reports of variable
patterns of inheritance, including autosomal dominant, reces-
sive, and X-linked. This heterogeneity has been confirmed
by the fact that some cases with recessive inheritance have
mutations in the ATP2A1 gene encoding SERCA1, the fast-
twitch skeletal muscle sarcoplasmic reticulum Ca2þ ATPase,
whereas others do not.51–54

EPIDEMIOLOGY. This is a rare disorder and only ap-
proximately 20 cases have been recorded in the literature.50

CLINICAL FEATURES. The disease usually begins in
childhood. Patients often have difficulty keeping up with
their peers in physical activities. They develop poor relax-
ation of muscles, initially in the limbs but then in the face
and the trunk. This pseudomyotonia is worsened by exer-
cise and cold weather. In some, myoglobinuria occurs.
On examination, they have eyelid and grip, but not percus-
sion, myotonia. There may be mild muscle atrophy and
weakness in the final stages of the disease.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of Brody’s disease is that of myotonia and pseudomyotonia
as detailed for the preceding myotonias.
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EVALUATION. CK may be normal or slightly elevated,
particularly in patients with associated myoglobinuria.
Muscle biopsy shows type 2 A and B atrophy with angu-
lated fibers. EMG shows electrical silence during the time
of apparent myotonia. Biochemical and immunological
assays of sarcoplasmic reticulum Ca2þ ATPase may be
employed to make the diagnosis.

MANAGEMENT. Empirical treatment with dantrolene
and calcium channel blockers has been used with varying
success.

PROGNOSIS. The disease is slowly progressive or sta-
tionary over years, but in some individuals exercise-
induced pseudomyotonia worsens as they get older.
FAMILIAL AMYLOID POLYNEUROPATHY

In amyloidosis, extracellular deposition of amyloid occurs
in a variety of organs, such as the heart, intestinal tract,
liver, and kidneys. In amyloid neuropathy, the peripheral
nerve deposition predominates. Amyloid neuropathy may
be due to acquired, usually immunoglobin-derived, amy-
loid, or it may be hereditary, as in familial amyloid poly-
neuropathy. Amyloid is a class of glycoproteins that have
a fibrillar b sheet structure likely derived from a variety
of precursor proteins. In familial amyloid polyneuropathy
(FAP) the dominant form of amyloid is derived from trans-
thyretin (TTR), but amyloid formed from apolipoprotein
A1 and gelosin is also seen. Initially, FAP was described
on a clinical basis, with four types recognized. Despite
overlap with the increasing discoveries of specific muta-
tions, this original classification is still useful (Table 37-4).

PATHOGENESIS AND PATHOPHYSIOLOGY. All of
these amyloid neuropathies result from the deposition of
amyloid, derived from various precursor proteins, within
the substance of the nerve. More than 80 mutations of the
TTR gene have been described as well as mutations of
the apolipoprotein A1 and gelosin protein genes. All are au-
tosomal dominant conditions with reduced penetrance. Most
individuals are heterozygous for the given mutation. Some
homozygous individuals for the Met30 TTR mutation have
been described but without any difference in the clinical
phenotype from the heterozygous individuals. The Met30
mutation has arisen spontaneously in different areas of
the world.55 By contrast, the Ala60 TTR mutation, which
was first described in a family in the Appalachian region,
has been found to be due to a founder effect with its origin
in Ireland.56
TABLE 37-4

Classification of Familial Amyloid Polyneuropathies (FAP)

FAP TYPE CLINICAL PHENOTYPE

Type 1 (Portuguese) Lower limb neuropathy
(Irish/Appalachian)

Type 2 (Indiana) Upper limb neuropathy
Type 3 (Iowa) Lower limb neuropathy

Nephropathy
Gastric ulcers

Type 4 (Finnish) Cranial neuropathy
Corneal dystrophy
The deposition of amyloid may occur within the nerve
without being derived from circulating amyloid. In the
TTR-associated FAP with the Met30 mutation, axonal loss
occurs first in the small and later in the large unmyelinated
fibers. Although axonal degeneration is the predominant
pathological finding, there is also evidence of segmental
demyelination. The amyloid may be either diffusely or
patchily distributed, making a standard distal nerve biopsy
of little diagnostic value in cases with involvement re-
stricted to proximal nerves. Amyloid deposition can occur
in the connective tissue of the peripheral nerves, in the
endoneurial tissue, and in the vasa nervorum.

The mechanism by which amyloid deposition leads to
neuropathy is unclear. Some have argued that the neuropa-
thy results from a generalized metabolic disorder and that
amyloid deposition is a secondary event. Deposition within
the endoneurial vessels might result in ischemic nerves but
would not fully explain the selectivity of small fiber in-
volvement. The endoneurial blood vessel deposition of am-
yloid might alter vascular permeability with consequent
endoneurial edema, contributing to the compressive dam-
age on the nerves. Compressive damage may also result
from the deposition of amyloid in the connective tissue sur-
rounding the peripheral nerve. Although the presence of
segmental demyelination favors a compressive etiology,
this finding is not the dominant feature of the disorder
and so likely is not a primary mechanism of neuropathic
change.

EPIDEMIOLOGY. The most common FAP is the TTR-
associated form with a Met30 mutation described in 500
Portuguese families. The gelosin-derived FAP has been
described in 200 Finnish families. By contrast, some FAP
mutations have been confined to a single family.57

FAP Type 1 (Portuguese)
TTR-derived FAP was originally described in Portugal but
has since been found in a wide variety of countries, includ-
ing Scandinavian and Mediterranean regions as well as
North and South America and Japan. The age of onset var-
ies with the ethnic origin; the Portuguese develop symp-
toms in their 20s and 30s, whereas the Swedes and the
French generally develop symptoms in their late 50s. The
initial symptom is painful dysesthesia with attacks of stab-
bing pain in the lower limbs. Early small fiber involvement
causes loss of pain and temperature sensation, making
patients prone to foot ulcers, osteomyelitis, Charcot joints,
and trophic skin changes. The neuropathy slowly progresses
AMYLOID PRECURSOR COMMON MUTATION

Transthyretin Met30 (plus others)
Transthyretin Ala 60
Transthyretin Ser84, His58 plus others
Apolipoprotein A1 Arg26

Gelosin Asp187, Tyr187
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with the eventual involvement of all nerve fiber types and all
sensory modalities. Subsequent motor involvement results
in muscle wasting and weakness with loss of reflexes.
Months or years after lower limb involvement, the upper
limbs can become impaired. Carpal tunnel syndrome may
occur but is rarely a presenting feature. Autonomic neuropa-
thy is frequent and can be severe, with postural hypotension,
impotence, gastrointestinal upset, urinary difficulties, and
dry skin. Cardiac amyloid deposition may be asymptomatic
but can result in arrhythmias and either a restrictive or a
hypertrophic cardiomyopathy. Occasionally, renal involve-
ment is severe.

The majority of cases with this clinical picture have
the common TTR Met30 mutation, but there are a large
number of other point mutations in the TTR gene that give
rise to a similar clinical picture. The Ala60Thr TTR point
mutation gives rise to an Irish/Appalachian variant of
FAP with the distinguishing features of later onset (the
sixth and seventh decade), prominent motor and large fiber
sensory involvement, and more severe and symptomatic
cardiac involvement.

FAP Type 2 (Indiana)
This was originally described in families of Swiss origin in
Indiana and families of German origin in Maryland. Patients
present in middle life, commonly with bilateral carpal tunnel
syndrome and vitreous opacities. Some patients, particularly
men, may develop a mild and generalized neuropathy with
motor features appearing first in the upper limbs and then
spreading to the lower limbs. Autonomic neuropathy can
also occur. Regardless of its form, neuropathy is rarely
disabling. Hepatosplenomegaly may occur. The vitreous
abnormalities can cause severe visual impairment. The
original cases had a Ser84 or His58 TTR point mutation,
but a variety of other mutations have been described.58,59

FAP Type 3 (Iowa)
This form of amyloidosis has many features in common
with FAP type 1. Upper and lower extremities are affected,
but usually carpal tunnel syndrome does not occur. The
peripheral neuropathy can be severe, but the autonomic
neuropathy is less prominent. Systemic signs include peptic
ulceration and renal involvement that often results in hyper-
tension and uremia. Amyloid deposition also occurs in the
liver, adrenal glands, and testes. This type of FAP is asso-
ciated with apolipoprotein Al-derived amyloid, and a substi-
tution of arginine for glycine has been found in nucleotide 26
of the gene.

FAP Type 4 (Finnish)
This form was first described in a Finnish family but has
since been identified in Dutch, Japanese, and Irish-
American families. Corneal dystrophy may begin in the
fourth decade but is usually asymptomatic. A progressive
cranial neuropathy then usually occurs with the facial nerve
most frequently affected, although the trigeminal, hyper-
glossal, and vestibular nerves can also be involved. The
facial skin becomes initially thickened and then atrophic.
A mild generalized sensory and autonomic neuropathy
ensues. Although cardiac deposition of amyloid occurs,
patients only rarely have symptoms of cardiac disease. In
this disorder, the amyloid precursor protein is gelosin, and
mutations have been described in this gene.60,61

DIFFERENTIAL DIAGNOSIS OF FAP. Differential diag-
nosis of FAP varies with the presentation and is wider
when there is no family history. Presentation with a painful
distal mainly sensory neuropathy of small fiber type poses
considerations of leprosy, diabetes, vasculitis, or paraneo-
plastic-associated neuropathies. Familial small fiber neuro-
pathies include type 1 hereditary sensory neuropathy and
the neuropathy associated with Tangier’s disease. Presenta-
tion with carpal tunnel syndrome raises the diagnostic
possibilities of hypothyroidism, diabetes, osteoarthritis,
and acromegaly. Carpal tunnel syndrome may also occur
in patients undergoing hemodialysis with deposition of
b-microglobulin-derived amyloid. Presentation with promi-
nent autonomic symptoms may require differentiation from
other hereditary diseases, such as familial dysautonomia
(Riley-Day syndrome), dopamine b-hydroxylase deficiency,
and Fabry’s disease.

EVALUATION OF FAP. Hematological and biochemical
tests may reflect hepatic, renal, or gastrointestinal infiltra-
tion with amyloid. In isolated cases of amyloid neuropathy,
a careful search for monoclonal antibodies is required to
exclude acquired amyloidosis. Urine and serum should be
screened with special attention to g-chains, the predomi-
nant monoclonal species.48 ECG may show evidence of
cardiac involvement, including heart block, other conduc-
tion defects, and widespread Q-wave and T-wave repolari-
zation changes. Echocardiography may show either a
restrictive or hypertrophic cardiomyopathy. Autonomic
function tests may reveal abnormal responses of blood
pressure and heart rate to postural change and other pro-
vocative measures. Neurophysiology studies show evi-
dence of an axonal neuropathy, but in the early stages
when only small-diameter fibers are involved, sensory
nerve actual potentials may be preserved. Sensory and mo-
tor conduction velocities are usually normal or only
slightly reduced. EMG shows evidence of chronic partial
denervation in long-standing cases. In FAP type 4, EMG
shows evidence of both axonal degeneration and demyelin-
ation with slow nerve conduction velocities and prolonged
distal motor latencies. The diagnosis of amyloid requires
pathological demonstration of amyloid deposition detected
by staining with Congo red and demonstrating the charac-
teristic green birefringence with polarizing filters. Electro-
microscopy can also demonstrate the characteristic fibrillar
appearance of the protein. For biopsy, rectal tissue is the
most accessible tissue to sample. Immunohistochemistry
can usually characterize the nature of the amyloid,
although there may be technical difficulties when only small
amounts of amyloid are present. TTR antibody immunohis-
tochemistry will be negative in some cases if TTR is not
the precursor for the amyloid. It is also possible to detect
variant TTR in the blood using autoimmune assay and
enzyme-linked immunosorbent assay techniques. Screen-
ing for the common TTR mutations is available; if these
tests are negative but a high index of suspicion remains,
sequencing the entire TTR gene may be justified.
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MANAGEMENT. Treatment is supportive in terms of au-
tonomic, renal, gastrointestinal, and vitreous complications.
Plasma exchange intending to remove the circulating amy-
loid protein has not been successful. Because more than
90% of TTR is synthesized in the liver, some patients have
undergone liver transplantation. This treatment is associated
with a significant decline in the circulating TTR levels with
some stabilization of symptoms, including those linked to
neuropathy.62 However, neurological benefit may not be
accompanied by an arrest or slowing in the progression of
the cardiomyopathy.63 Liver transplantation remains a haz-
ardous procedure, particularly in those with autonomic in-
volvement.64,65 Mortality may reach 20%, usually in the
first 6 months from infection and rejection. The risk/benefit
ratio may be acceptable if transplantation is performed early
in the course of the disease.

PROGNOSIS. The different forms of FAP vary in their
prognosis. In FAP type 1, death from sepsis and systemic
disease occurs approximately 15 years after onset; in late-
onset cases, the disease progression may be slower.
In FAP type 2, the peripheral neuropathy and the auto-
nomic involvement are not severe, and individuals may
survive as long as 35 years with only modest disability.
However, the vitreous disposition may lead to severe visual
loss. In FAP type 3, peripheral neuropathy becomes dis-
abling over the course of 10 years, and death is the result
of renal failure.

FUTURE PERSPECTIVES. Further experience with liver
transplantation will define the success rates and phenotypic
features most predictive of good surgical outcome.
GIANT AXONAL NEUROPATHY

Most cases with this rare condition occur spontaneously,
but occasional autosomal recessive inheritance has been
documented.66 Symptoms begin in childhood with a slowly
progressive peripheral motor and sensory neuropathy.
Patients often have very tight, curly black hair. There may
be associated central nervous system involvement with
intellectual impairment, optic atrophy, cerebellar ataxia,
nystagmus, and corticospinal disturbance. Death usually
occurs in adolescence. Investigations may show mildly
reduced motor conduction velocities and sensory nerve
action potentials. Diagnosis is made by nerve biopsy, where
there is evidence of axonal loss with focal swellings along
the nerve seen on electron microscopy to contain neurofila-
ment accumulations.

Intermediate filaments in a variety of cell types suggest
that the abnormality is not confined to axons and hair.
Decreases in disulfides and increases in thiol groups have
been noted in hair samples from patients.67 In some cases,
mutations have been described in the giant axonal neuro-
pathy gene (GAN) on chromosome 16q24.1 encoding for
a novel, ubiquitously expressed cytoskeletal protein
called gigaxonin.68,69

The differential diagnosis is that of an axonal neuropathy
not necessarily having a family history but with the abnor-
mal kinky hair being the distinguishing feature.

The management is supportive; there is no specific
treatment.
ISAAC’S DISEASE

The hallmark of this disorder is neuromyotonia or hyperex-
citability of peripheral nerves that result in spontaneous
and continuous muscle electrical activity. Although some
cases are inherited, the majority are acquired. The syn-
drome is rare, and assessment of its frequency and of its
definitive clinical features is hampered by variable names
given to it in the past.

Typical patients have muscle stiffness, cramps, and
myokymia, with some having generalized weakness and
sweating. Onset can be any time during life, and the condi-
tion tends to be chronic. Motor features are most prominent
in the limbs and trunk. Respiratory muscle involvement
can cause breathing difficulties, and laryngeal involve-
ment can cause stridor. Examination may reveal mild
weakness with reduced or absent tendon reflexes and evi-
dence of myokymia with occasional muscle hypertrophy
as a result.

The continuous discharges may originate anywhere
along the length of the peripheral nerve. The acquired auto-
immune disease may be associated with antibodies against
potassium channels.70 In hereditary cases, there is a likely
genetic defect in the potassium channel, an assumption clin-
ically strengthened by the coexistence of myokymia in an-
other condition with a well-established potassium channel
defect, autosomal dominant episodic ataxia type I.71

Myokymia can arise from peripheral nerve damage
(Video 110, Facial Myokymia). It is also a feature of auto-
somal dominant episodic ataxia type I. The features of
cramps and stiffness raise the differential of Brody’s dis-
ease, stiff-person syndrome, and the myotonias.

EMG gives confirmation of the diagnosis in showing
doublet, triplet, or multiple spontaneous motor unit dis-
charges that may be present even in the absence of visible
myokymia. Nerve and muscle biopsies show nonspecific
features. In a few cases, oligoclonal IgG has been found
in the cerebrospinal fluid.72

MANAGEMENT. Anticonvulsant medications such as
phenytoin and carbamazepine have been the primary treat-
ment. Plasma exchange may be appropriate when an auto-
immune etiology is considered probable. In some of these
latter cases, immune suppression with corticosteroids and
azathioprine has been tried.72
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this chapter are available on the DVD-ROM.
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ELECTROLY TE ABNORMALITIES

Sodium Diso rders
Altho ugh dietary intake varies, body fluid com position and
volum e remai n fairly constant , a reflec tion o f multipl e
com pensator y mec hanisms. Although it is fre quently cited
that total body water (TB W) constitut es appro ximatel y
60% of body weight , the perc entage varies with age, gen-
der, and body habitus from 42% (obese, elderly female)
to 75% (infant). 1 The cell membr ane serv es as an interface
betwee n the intracel lular fluid and extracellul ar fluid
(EC F) com partm ents; their ratio is roughl y 2 to 1. Approx-
imat ely three- fourths of ECF is interstitial , whereas the
remai ning one-four th is intravascu lar (blood volum e). The
blood volume consists of plasma and formed elements ,
with plasma volum e bein g approximat ely 95% water and
5% macrom olecules (e.g., albumin). The interf ace betwee n
the inters titial and int ravascular com partm ents is the capi l-
lary, which does not permi t cros sing of macromol ecules.
Fo r that reason, the int erstitial fluid is an ultrafilt rate of
the plas ma, and theref ore their elect rolyte conce ntrations
are similar.

Starling forc es determ ine the direct ion of water flow
betwee n com partment s. Becaus e the cell membrane is wa-
ter p ermeable, whenever an intercom partment al osm olal
gradi ent develops, water passively moves down its concen-
tratio n gradient from an area of lower osm olality to one of
highe r osmo lality, thereby maintaining o smolal equi libri-
um. Solutes that are freely permea ble acro ss the membr ane
(e.g., urea and ethanol ) are referred to as ineffe ctive
osm oles because they do not form sign ificant o smolal
gradi ents across the membr ane. Con versely , membr ane
imper meable solu tes (e.g., glucose, sodium [N a], mannitol ,
and glycerol) are referr ed to as effective osm oles becau se
they do crea te osmola l gradient s acro ss the membr ane. 1

Translocational hyponatremia is most commonly caused by
hyperglycemia.2 Because the different fluid compartments
are in osmola l equilibri um, the seru m osmola lity is a good
ref lection of the intrac ellular osmola lity and can be
appro ximat ed usin g the fol lowing formul a 3:
rum osmola lity ¼ 1: 86Na þ BUN =2: 8 þ Glucos e =18 þ 9

e re Na conce ntration is expre ssed in milliequi valents
wh
per liter (mEq/L) , and blood urea nitroge n (BUN) and g lu-
cose conce ntrations are expresse d in milligram s per deci-
lite r (mg/dL) . A disc repancy between calcula ted and
mea sured osmola lity indicates the presence of other serum
osm oles. When suffic ient amounts of ineffe ctive osmole s
are present, hy po-osmolal hyponatre mia can be assoc iated
with normal or even high seru m osm olality. In this set ting,
the risks of hypo-o smolality are the sam e because the
solu tes are ineffe ctive osm oles. 2 By monit oring the osm o-
lali ty and volume of the ECF, the body maint ains its fluid
com position and volume fairly const ant. 4,5

Hyp onatrem ia
PATHOGENESIS AND PATHOPHYSIOLOGY. Hypo -

natrem ia reflec ts an excess of water, relat ive to Na, and
is defined as plasma Na belo w 135 mEq/L . Because Na
is an eff ective osm ole, intercom partm ental Na imbalance s
mus t be corrected by water move ment. This can produc e
brain edem a, which, in turn, may produc e pulmona ry edema,
central diabete s insipidus (DI), cerebra l inf arction, cortical
blindness, persistent vegetative state, respiratory arrest,
and coma.1 Hyponatremic patients can be subdivided into
hyperosmolal, normo-osmolal, and hypo-osmolal types.
The hypo-osmolal type is the most frequent category and is
usually further subdivided, based on ECF volume, into hyper-
volemic, normovolemic, and hypovolemic (Table 38-1).

The neurological symptoms associated with hypona-
tremia primarily reflect central nervous system (CNS)
involvement (e.g., encephalopathy and seizures) and are
related to the rapidity of the onset of the lowered Na level.
Brain cell compensatory mechanisms exist to counter
hyponat remia (see Clin ical Features and Ass ociated Disor -
ders ) but require time to occur. When hyponatre mia occur s
acutely, water passively flows down its concentration
gradient, resulting in its entry into the brain cells, thereby
producing cerebral edema. The causes of peripheral neuro-
logical symptoms and signs (cramping, muscle twitching,



TABLE 38-1

Major Causes of Hyponatremia

Iatrogenic
Factitious (blood drawn proximal to hypotonic infusion)
Hyperosmolal (glucose, mannitol, radiocontrast)
Normo-osmolal (hyperlipidemia, hyperproteinemia)
Hypo-osmolal

Hypervolemic (decreased cardiac output, increased vascular
compliance, water shift)
Normovolemic (SIADH, drugs, hypothyroidism)
Hypovolemic (renal, extrarenal [e.g., gastrointestinal, cutaneous,
hemorrhage])

Data from Votey SR, Peters AL, Hoffman JR: Disorders of water metabolism: Hypo-
natremia and hypernatremia. Emerg Med Clin North Am 1989;7:749–769; Riggs JE:
Neurological manifestations of electrolyte disorders. In Aminoff MJ (ed): Neurology
and General Medicine, 2nd ed. New York, Churchill Livingstone, 1995, pp 321–331.
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and fasciculations) are most likely related to altered ion
conductances and abnormal discharges of the peripheral
nerves.

EPIDEMIOLOGY AND RISK FACTORS. Among hospi-
talized patients, the incidence of hyponatremia is approxi-
mately 1% and its prevalence is approximately 2.5%.6,7

Postoperative patients account for roughly 25% of all
hyponatremic episodes.8 It is important to note that
although the incidence of hyponatremia is similar between
the sexes, premenopausal women have a significantly
greater incidence of brain damage than do men or postmeno-
pausal women.1 This is a reflection of Na/K-ATPase
pump inhibition (which blocks the first line of defense
against hyponatremia) and antidiuretic hormone (ADH)
release stimulation (which contributes to water retention)
by the sex hormones.1 Another significant risk factor for
hyponatremia-induced brain damage is hypoxia, a reflec-
tion of its inhibitory effect on Na/K-ATPase transport ac-
tivity, which therefore compromises the brain’s ability to
compensate for the hyponatremia.1 Other high-risk popu-
lations are patients with acquired immunodeficiency syn-
drome, syndrome of inappropriate antidiuretic hormone
(SIADH; pulmonary disease, intracranial disease, drug-
induced), adrenal insufficiency, and isotonic fluid loss (eme-
sis and diarrhea).8 Hyponatremia has been increasingly
recognized as an important cause of race-related mortality
and morbidity among marathon runners. Of the 488 runners
of the 2002 Boston Marathon who provided usable blood
samples, 62 (13%) had hyponatremia.9 Among pregnant
patients, the misuse of oxytocin is the most common cause
of hyponatremia.10 Severe, symptomatic hyponatremia can
result when procedures requiring large quantities of irrigant
solutions (e.g., transurethral prostatectomy) are performed
using irrigant solutions that do not contain sodium.2

CLINICALFEATURESANDASSOCIATEDDISORDERS.

The most common clinical features of hyponatremia are
gastrointestinal (GI) (e.g., nausea, vomiting, and anorexia)
and neurological, with CNS abnormalities predominating.
The CNS symptoms reflect cerebral edema due to the pas-
sive movement of water from the hypo-osmolal ECF into
the brain cells. Initial water entry into the cell stimulates
solute extrusion, initially by the Na/K-ATPase pump, which
limits the amount of water entry required to restore osmotic
equilibrium and may render the patient asymptomatic.1

The most common CNS manifestation is encephalopathy,
ranging from mild confusion to coma, depending on the de-
gree of cerebral edema, its rapidity of onset, and its absolute
magnitude. Sodium levels above 125 mEq/L are usually
associated with GI symptoms, whereas seizures, coma, and
permanent neurological sequelae are typically only observed
with levels below 115 mEq/L. Neurological features due to
hyponatremia of slow onset may be much less apparent,
although impaired cognition is typical with Na levels below
120 mEq/L.3 Asterixis, ataxia, and multifocal myoclonus
may also be observed in acute hyponatremic encephalopathy
but are less frequent than in uremic encephalopathy (UE).3

Focal neurological features may also be seen and usually
remit with correction of the hyponatremia. These findings
may represent underlying focal pathologies with a resultant
lower threshold for clinical expression. Other reported neu-
rological features of hyponatremia include headache, respi-
ratory depression, bizarre behavior, nystagmus, increased
tone, and hallucinations. Opisthotonic posturing, respiratory
arrest, and fixed and dilated pupils suggest cerebral hernia-
tion.8 Muscle cramping may occur, but fasciculations,
tremor, and twitching are uncommon.11 An associated
disorder related to hyponatremia, or rather its treatment, is
central pontine myelinolysis.

DIFFERENTIAL DIAGNOSIS. The principal causes of
hyponatremia include primary dilutional hyponatremia,
SIADH, diuretic usage, and water intoxication. Dilutional
hyponatremia can be seen in edematous states, such as cir-
rhosis, nephrosis, and congestive heart failure, as well as
with excessive water intake in the presence of renal failure
(RF), Addison’s disease, myxedema, and nonosmotic ADH
secretion. The possibility of adrenal insufficiency must
always be excluded in the presence of hyperkalemia.
Among hospitalized patients, the most common cause of
acute hyponatremia is iatrogenic overhydration (e.g., ex-
cessive intravenous [IV] fluid administration) in the pres-
ence of impaired water elimination.6 SIADH occurs with
oat cell carcinoma of the lung, a variety of CNS and pul-
monary disorders, the Guillain-Barré syndrome, and acute
intermittent porphyria, and it may also be idiopathic. The
differential diagnosis also should include drug intoxications,
infections, endocrinopathies, and other electrolyte disorders.

EVALUATION. When hyponatremia is identified, the
possibility of an error, either by the laboratory or by the
phlebotomist (e.g., sampling proximal to a hypotonic fluid
infusion), should be considered. If hyponatremia is veri-
fied, the patient’s past medical history and medication pro-
file should be reviewed because they may suggest the
cause. A careful physical examination should be performed
and, if possible, the ECF volume status should be ascertained,
along with serum electrolytes, BUN, creatinine (Cr), and
osmolality. Uric acid is inversely proportional to the vol-
ume status and, therefore, may be helpful in determining
hypervolemic and hypovolemic states. The serum osmolal-
ity should be calculated and compared with the measured
osmolality, and if a discrepancy exists, the presence of an
unidentified serum osmole (e.g., mannitol) is suggested.
Other studies to consider include thyroid functions, adrenal
studies, and the evaluation of urine Na, fractional excretion
of Na, osmolality, and pH.

MANAGEMENT.Management is aimed at raising the Na
level (decreasing water intake and increasing water loss),
replacing the Na deficit (and other deficits, such as K),
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and correct ing the under lying disorder . In all cases of
hypo natremia, the under lying cause mus t be iden tified
and treat ed and iatrog enic hyponatre mia p revented (e.g.,
avoi dance of free water and hypot onic solutio ns in postop-
erati ve patients) . Initi al man agement is based on the type
of symptoms, their rapidity o f onset, and the under lying
etiol ogy. Thus, mild, asympt omatic hyponat remia typicall y
does not require treat ment, wherea s acute-o nset hyponat re-
mia, which is usually assoc iated wi th a marked increas e in
brain water and a risk of cere bral herniat ion, requires rapid
treat ment. Th is is espec ially true whe n sei zures or a de-
crea sed level of alertness is pres ent. Untreate d, acut e hypo-
natrem ia is near ly always fatal . Unfortunat ely, a lack of
conse nsus regarding the optim al treatme nt of symptomat ic
hypo natremia remains. 2 Water restrict ion in acute hypona-
tremi a is never indicated, and hyper tonic sal ine is give n in
an intensive care setting. In patients with chronic hypona-
tremi a, howe ver, hyper tonic saline is n ot always indi cated
and may even be dangerous. Its man agement should be based
on the presence of sym ptoms. Asy mptomat ic patients with
volum e depletion require repletion (w ith NS) , and those with
horm one defici ency (e.g., hypothyroi dism and adren al in-
suff iciency) require hormone replaceme nt. Patient s with
drug- induced h yponatre mia require discont inuation of the
offe nding agent. Water restrictio n may be appropri ate for
som e patients with asym ptomatic hyponatre mia. Demec lo-
cycl ine, a tetracycli ne antibiotic that p roduces nephrogeni c
DI , can be used for the long-te rm man agement of patients
with stable asymptoma tic hyponatre mia (e.g., SIA DH). 12

Hypo natremic -induced seizure s can be treat ed with IV
3% hyper tonic saline at a dose of 4 to 6 mL/ kg body
weight .13 This dosage rapidly raises the seru m Na level
by appro ximatel y 3 to 5 mEq/L and avoids the risk of resp i-
ratory embarr assment associa ted with benzod iazepines and
phenoba rbi tal. Hyponat remic-induce d sei zures are more
com monly assoc iated with acut e hyponatre mia, in which
A

Figure 38-1. A 30-year-old woman with a history of alcoholism presented with c
um was 99 mmol/L, and she was treated with an infusion of normal saline. T
initially had dysarthria and slow response on finger-to-nose testing and was int
sponsive and had new Babinski’s signs. Brain magnetic resonance imaging dem
on a sagittal T1-weighted image (A) and high signal intensity on an axial T2-w
B show the relative preservation of the corticospinal tracts. (From Hart BL, Eat
1995;333:1259.)
case rapid normal ization to a level of 120 to 125 mEq/L
can be accompl ished without risk of neuro logical complica-
tions. Th e serum Na conce ntration n eed no t be corr ected to
norm al to obtain seizure control, and overcorr ection can be
harmfu l. Th erapy with hyp ertonic saline shoul d be dis-
cont inued when the patient becomes asympt omatic or the
plasma Na conce ntration increas es by 20 mEq/ L or reaches
a valu e in the range of 120 to 125 mEq/L .1 To avoi d potential
com plicati ons, the plasma Na should never be acut ely ele-
vated to normonat remic leve ls and should not be increas ed
by mor e than 25 mEq/L duri ng the first 48 hours of
therapy. 14 One o f the mos t rece nt reco mmendati ons is that
the elevation be limit ed to 8 mEq/L on any day o f treat ment
(e.g., 1 or 2 mEq/ L per hour over 4 hours wi th severe symp-
toms) and be cautiously excee ded only when sever e
sym ptoms do not respond sinc e, at that point, the risk of hy-
poton icity would outwei gh the potential risk of osm otic
mye linolysis .2 In the setting of chronic hyponat remia, sei-
zure s are less common . Loop diur etics (e.g., furosemid e)
resu lt in solv ent loss grea ter than solu te loss (i. e., net water
loss) and can be used, in addition to the hypertonic saline ,
to raise the serum Na conce ntration.

Central po ntine mye linolysis refers to the demyelin-
ating lesions noted in the pons of patients with hypona-
tremia, which were previously believed to occur when
the serum Na concentration was corrected too rapidly
(Fig . 38-1; Video 113, Pontine Myelinolysis). Because
myelinolysis also occurs outside of the pons, the term
osmotic myelinolysis is also used by some physicians.15

Central pontine myelinosis was first described in 195916

in malnourished alcoholics and was later noted in hospi-
talized patients undergoing hydration.17 In 1980, Leslie
and colleagues18 suggested that central pontine myelinosis
was due to rapid correction of hyponatremia. This led
some physicians to suggest that the rate of hyponatre-
mia correction should not exceed 12 mEq/L per day.19
B

onfusion and disorientation following a seizure. The patient’s serum sodi-
his resulted in a sodium value of 125 mmol/L 24 hours later. The patient
eractive on examination. On day 7 of admission, the patient became unre-
onstrated central pontine myelinolysis with a region of low signal intensity
eighted image, which is marked by the arrows (B). The arrowheads in part
on RP: Images in clinical medicine—Osmotic myelinolysis. N Engl J Med
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Others have suggested that the magnitude of correction
determines whether or not neurological complications
occur.14 Based on several prospective studies, Griggs pro-
posed that cerebral demyelination is not a manifestation
of the rapid correction of acute hyponatremia,3 and studies
have not confirmed that the demyelination associated with
hyponatremia is related to rapid correction.20 In fact, the
majority of brain lesions observed among patients with
symptomatic hyponatremia result from a delay in the initi-
ation of therapy, which, in turn, results in respiratory insuf-
ficiency.21 Cerebral demyelinating lesions also occur with
improper therapy, but they are unrelated to its rate of cor-
rection.14 It has been reported that cerebral demyelination
occurs only when patients with hyponatremia are overcor-
rected (i.e., patients are made hypernatremic), have an
absolute increase in plasma Na concentration exceeding
25 mEq/L during the first 24 to 48 hours of therapy, suffer
a hypoxic event, or have underlying severe liver disease.1

A review on myelinolysis suggested that chronic hyponatre-
mia should be corrected at a rate below 10 mEq/L during any
24-hour period.22 Even water restriction must be monitored
closely. For example, when patients with primary polydipsia
are treated with water restriction and vasopressin sup-
pression produces a brisk water diuresis, the underlying
hyponatremia may be corrected at too rapid a rate.

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis is much better for patients with chronic hyponatremia
than for those with acute hyponatremia. Acute hyponatre-
mia is associated with substantial morbidity and mortality,
with a mortality rate of 50% in one series.3 In addition to
a higher mortality, patients with hyponatremia-induced
seizures frequently show persistent neurological deficits.3

Diuretic-induced hyponatremia, hypoxia, alcoholism, mal-
nutrition, liver disease, and female gender are risk factors
for a poor neurological outcome.4 Because volume-induced
ADH release occurs with significant blood volume reduc-
tions, treatment of hypervolemic hypo-osmolal hyponatre-
mia carries an ominous prognosis.4 In the future, the
treatment of central pontine myelinolysis—a disorder cur-
rently not correctable—may include reinduction of the
hyponatremic state.23

Hypernatremia
Hypernatremia is defined as a serum Na concentration
above the normal range (135 to 145 mEq/L) and represents
a relative increase in total body Na relative to TBW. This
may be caused by either water loss or Na gain and is usu-
ally encountered when water losses exceed Na losses (i.e.,
hypo-osmolal fluid loss) along with decreased water intake
(e.g., limited access to water and loss of thirst).

PATHOGENESIS AND PATHOPHYSIOLOGY. The pri-
mary cause of hypernatremia is water loss—renal, extra-
renal, or both—along with limited water intake (e.g.,
decreased thirst or a comatose or debilitated condition).
Disorders causing renal water loss include DI, osmotic
diuresis, hypokalemia and hypercalcemia (which may im-
pair the concentrating capacity of the kidney), and renal
parenchymal disease (e.g., sickle cell anemia). Those disor-
ders causing nonrenal water losses include excessive
sweating and other insensible losses, diarrhea, and disor-
dered thirst. Central DI (i.e., pituitary deficiency of ADH)
most commonly results from pituitary region tumors, their
surgical treatment, and cranial trauma24 and less frequently
from infiltrative disorders (e.g., sarcoidosis). Impaired
ADH synthesis is the underlying problem in some patients,
whereas others have impaired ADH release in response to
osmotic stimuli. Nephrogenic DI (renal ADH unrespon-
siveness) is usually acquired (e.g., drugs such as amphoter-
icin B, lithium, and fluorocarbon anesthetics), and a
transient form of DI can be seen in late pregnancy and
tends to remit postpartum. Less common etiologies include
excessive Na intake with limited water access (seen with
water loss due to peritoneal dialysis), high dietary Na, sea-
water consumption, and iatrogenic errors in IV fluid deliv-
ery or total parenteral nutrition formulation. Essential
hypernatremia has also been attributed to an impaired
osmoreceptor set point.

Although the pathophysiology of hypernatremia is simi-
lar to that of hyponatremia (the movement of water along
its concentration gradient to restore osmolal equilibrium),
the pathology is different (cerebral dehydration occurs
rather than cerebral edema). When the hypernatremia
develops slowly, brain cells may be able to compensate
by increasing the influx of electrolytes across the cell
membrane, decreasing the intracellular electrolyte binding,
and increasing the intracellular amino acid concentra-
tion.24–26 In doing so, the brain increases its intracellular
osmolality to avoid water loss (dehydration).

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of hypernatremia among hospitalized adults ranges from
0.7% to 2.3% and is even greater among children.8 It is
usually seen among patients at the extremes of age, in whom
it is most frequently caused by gastroenteritis (infants) and
limited water intake due to debilitation.11 Common causes
of hypernatremia among the elderly include surgery (21%),
febrile illness (20%), infirmity (11%), and diabetes mellitus
(11%).8 The elderly are at further risk because they have a
diminished capacity for urine concentration and a depressed
thirst response.8,27

Closed head injury is also a risk factor for the develop-
ment of DI and hypernatremia, with an incidence of 2%
after severe closed head injury; the incidence is greater if
the sella turcica region is involved.24 Also, hypernatremia
is often induced by IVmannitol, which is used to decrease in-
tracranial pressure (ICP); when mannitol therapy is discon-
tinued, fluid therapy quickly restores the Na concentration.28

CLINICALFEATURESANDASSOCIATEDDISORDERS.

The most common neurological manifestations reflect CNS
involvement and range from mild confusion to coma, with
the severity typically correlating with the degree of hyper-
natremia and the rapidity of its onset. A history of a strong
sense of thirst and signs of dehydration should be sought.8

When the onset of hypernatremia is acute, early symp-
toms typically occur at an osmolality of 320 to 330 mOsm/
kg body water, whereas coma and respiratory arrest
more commonly occur at values exceeding 360 mOsm/kg
body water.4 As with hyponatremia, seizures are usually
seen with acute-onset hypernatremia and tend to be gener-
alized. Focal neurological features likely reflect focal
dysfunction. In the setting of rapid brain dehydration, tear-
ing of the bridging veins may result in subdural hemor-
rhages. Subarachnoid hemorrhage and intraparenchymal
hemorrhages may also occur. Similar to other metabolic
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encep halo pathies, myoc lonus, asterixis, and tremor occur
and muscle crampi ng is frequently reported (Video 57, My-
oclo nus). Seiz ures are infrequ ent in chron ic hyper natrem ia,
excep t whe n it is too rapidly correct ed.

DIFF EREN TIAL DIA GNOSIS AND EVALUATION.

With the clinical syndr ome of confu sion or coma, other dis-
order s in addition to hypernat remia should be consider ed
in the differ ential diagno sis, including othe r ele ctrolyte
abnor mali ties, endocrin opathie s, drug or toxin exposu re,
strok e, cerebra l masses , traum a, and inf ection. The un der-
lying cause of the hypernat remia should be identifi ed and
treat ed. In the case of nonre nal water losses, the etiol ogy
shoul d be obvio us, and the uri ne should be conce ntrate d
and of low volume. A history, thorough physi cal exam ina-
tion, and the same labo ratory tests used in the eval uation of
hypo natremia should be obtaine d. The pres ence of a hypo-
tonic urine in the face of dehydrat ion and hyper natremia is
diag nostic of DI, either cent ral or nephrogeni c. In no nketotic
hyperosmolar hyperglycemia (NKHH), the serum osmola-
lity and glucose are markedly elevated, ketone bodies are
absen t, and the patient is dehydr ated (see Hyperglyce mia).
Because focal neurological findings may be produced by
intraparenchymal, subdural, or subarachnoid hemorrhages,
brain neuroimaging with computed tomography (CT) should
be considered. In this setting, other etiologies associated
with focal neurological signs should be contemplated,
including stroke, arteriovenous malformation, and post-
traumatic sequelae.

MANAGEMENT. Management necessitates identifica-
tion of the underlying cause and correction of the hypertonic
state (stopping ongoing water loss and correcting the water
deficit). After the patient is stabilized, water replacement is
usually the initial management. Importantly, free water
cannot be given IV because the rapid lowering of plasma
osmolality at the injection site causes massive hemolysis.
D5W is roughly isotonic with plasma, but isotonic saline
solutions offer several advantages, including quicker cor-
rection of hypovolemia and a less rapid correction of
serum Na concentration. A patient with a fixed urinary
concentrating defect due to central or nephrogenic DI will
develop the excretion of free water and worsening of
hypernatremia when isotonic saline is administered. The
amount of water deficit can be estimated by the following
formula:

Water deficit ¼ TBWðNa� 140Þ=140
where TBW is in liters, and Na concentration is in mEq/L.

29
TABLE 38-2

Major Causes of Hypokalemia

Inadequate intake
Transcellular shifts (systemic alkalosis, thyrotoxic and hypokalemic
periodic paralysis)

Renal loss
Gastrointestinal losses
Other (drugs, head trauma, burns, hypomagnesemia, hypocalcemia)

Modified from Zull DN: Disorders of potassium metabolism. Emerg Med Clin North
Am 1989;7:771–794.
However, Adrogue and Madias recommended that this
approach be abandoned because, although it adequately
estimates the water deficit in patients with hypernatremia
secondary to pure water loss, it underestimates the deficit
in patients with hypotonic fluid loss and, in addition, it is
not useful when both Na and K must be administered.
In their review, they provide formulas to estimate the effect
of 1 L of infusate on serum Na based on the Na concentra-
tion of the particular infusate. In acute hypernatremia, the
risk of tissue dehydration (e.g., brain) is significant and
fluid replacement should begin immediately. The risk of
cerebral edema is not a concern because the brain
rapidly extrudes any accumulated electrolytes and, conse-
quently, a rate of reduction of 1 mEq/L/hour is acceptable.
Importantly, among patients with chronic hypernatremia,
correction should occur over a 48-hour period and not
exceed a rate of 0.5 mEq/L per hour; otherwise, seizures
or cerebral edema might be precipitated.4 This reflects
the increased hyperosmolality of brain cells brought about
via compensatory mechanisms to avoid dehydration. When
hypernatremia is aggressively treated with hypotonic
fluids, cerebral edema occurs; subsequent seizures, coma,
or death may result.

PROGNOSIS AND FUTURE PERSPECTIVES. Hyper-
natremia, either acute or chronic in onset, is associated
with a high rate of mortality and severe morbidity.4 Among
children with severe hypernatremia, an initial mortality rate
of 20%, as well as an incidence of permanent brain damage
exceeding 33%, has been reported.10,30 The mortality rate
from hypernatremia in hospitalized adults is approximately
50%,8 although the existence of severe concomitant disease
makes it difficult to determine the exact cause of the
mortality.

Potassium Disorders
The total body content of potassium (K) is approximately
3500 mEq,31 and approximately 98% is intracellular, two
thirds of which is intramuscular.11 Because cell membranes
are more permeable to K than to Na and Cl, K is primarily
responsible for the resting transmembrane potential and is
therefore critical to the function of excitable tissue.

Hypokalemia
Hypokalemia, the most frequent electrolyte disorder en-
countered by the clinician, is defined as a plasma K concen-
tration below the normal range (3.5 to 5.5 mEq/L).

PATHOGENESIS AND PATHOPHYSIOLOGY. When-
ever K losses exceed intake, total body K decreases and
hypokalemia results (Table 38-2). Each 1 mEq/L decre-
ment in the plasma K level roughly correlates to a total
body K decrease of 100 to 300 mEq. K influx increases
intracellular positivity, thereby producing a mild depolar-
ization. This lessened state of electrical excitability under-
lies the muscle weakness and hyporeflexia that can be seen
clinically.

EPIDEMIOLOGY AND RISK FACTORS. Approximately
2% of normal adults, 21% of hospitalized patients, 25% of
patients taking 50 mg of hydrochlorothiazide daily, and
nearly 100% of patients taking more than one class of
diuretic have hypokalemia.31 Although acute hypokalemia
is an uncommon cause of weakness, certain scenarios
increase its risk of development, including rapid correction
of systemic acidosis (e.g., hyperventilation and bicarbonate



TABLE 38-3

Major Causes of Hyperkalemia

Pseudohyperkalemia
Transcellular K shift
Oliguric renal failure
Medication-induced (e.g., ACE inhibitors)
Decreased effective circulating volume
Primary hypoaldosteronism
Secondary hypoaldosteronism
Causes associated with high renin and aldosterone levels
K-sparing diuretics, trimethoprim, pentamidine,
pseudohypoaldosteronism

Causes associated with low renin and aldosterone levels
Gordon’s syndrome, cyclosporine, distal (type 4) renal tubular acidosis

Data from Singer GG, Brenner BM: Fluid and electrolyte disturbances. In Fauci AS,
et al (eds): Harrison’s Principles of Internal Medicine, 15th ed. New York, McGraw-
Hill, 2001.
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administration), postoperative patients unable to take food
by mouth (because K excretion cannot be stopped), and
the chronic use of b2 agonists (e.g., asthmatics).

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

The clinical features of hypokalemia are predominantly
muscular and occur more frequently when the extracellular
K level changes rapidly. The magnitude is also influen-
tial.11 K levels of 3 to 3.5 mEq/L are associated with weak-
ness, myalgias, and easy fatigability; those of 2.5 to
3.0 mEq/L are associated with more pronounced weakness;
and those below 2.5 mEq/L (and especially if below
2.0 mEq/L) are associated with structural muscle damage
(rhabdomyolysis and myoglobinuria). Areflexic quadriple-
gia and respiratory insufficiency may also occur at these
lowest levels. The cranial musculature is rarely involved.
Tetany may be observed in some hypokalemic patients,
especially those with concomitant systemic alkalosis.
Because hypokalemia can mask the tetany of hypocalce-
mia, tetany may appear as the hypokalemia is corrected.11

Sensory disturbances and encephalopathic features are not
expected in hypokalemia and, when present, should prompt
a search for an underlying cause. Because hypokalemia
can increase renal ammonia production, it can aggravate
a preexisting hepatic encephalopathy.32

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Although the cause of hypokalemia frequently is apparent
by history, a full general and neurological examination,
with particular emphasis on muscle strength and deep ten-
don reflexes, is necessary. The possibility of Cushing’s
syndrome or hyperaldosteronism is suggested by hyperten-
sion, and the presence of thyrotoxic periodic paralysis
(TPP) is indicated by evidence of hyperthyroidism. Labora-
tory evaluation should include Na, K, Cl, bicarbonate,
BUN, Cr, glucose, calcium (Ca), and magnesium (Mg),
as well as an arterial blood gas (ABG) and an electrocar-
diogram (ECG). Thyroid function tests (TFTs) identify
the rare TPP, and muscle biopsy may demonstrate vacuolar
change but generally is not indicated. With hypokalemia
due to skin or GI losses, as well as to remote vomiting
or diuretic usage, urine K excretion should be less than
15 mEq/day. When this value is exceeded, renal K loss is
suggested. (The latter also is suggested when the transtu-
bular K concentration gradient exceeds 4.) Plasma renin
and aldosterone levels can be used to help identify the
various causes of hyperaldosteronism. Mg is checked
because low Mg may causes hypokalemia.

MANAGEMENT. Therapy includes correction of the un-
derlying cause, replacement therapy, and prevention of
life-threatening complications (e.g., arrythmias and hepatic
encephalopathy). Replacement therapy is usually recom-
mended once the K level is below 3.5 mEq/L. For safety
reasons, oral supplementation is preferred, although IV
supplementation may be required when GI dysfunction
exists or when the K deficiency is severe (with arrhythmias
and neuromuscular manifestations).

PROGNOSIS AND FUTURE PERSPECTIVES. Although
respiratory failure and death can occur when hypokalemia
goes unrecognized, complete recovery is expected when
K replacement can be provided and the underlying disorder
corrected. For disorders that cannot be corrected (e.g., al-
dosterone-secreting tumors), the prognosis is related to
the underlying disorder.
Hyperkalemia
PATHOGENESIS AND PATHOPHYSIOLOGY. Hyper-

kalemia may result from increased entry of K into
the ECF, intracellular K efflux, or decreased K output
(Table 38-3). Of these three processes, intracellular K
efflux and decreased K output predominate. Because the
renal capacity for kaliuresis adapts to increasing K intake,
hyperkalemia usually is not seen unless a massive amount
of K is ingested, parenteral replacement is provided too
rapidly, or coexistent adrenal or renal dysfunction exists.
Even in the setting of complete RF, the rise in serum K
is slow, ranging from 1 mEq/L per week to 0.5 mEq/L per
day.33 In the setting of hyperkalemia, the intercellular gradi-
ent for K efflux is lessened and, therefore, intracellular posi-
tivity increases. This results in aminimal depolarization that,
in turn, makes the tissue less excitable by causing a reduction
in Na influx.

EPIDEMIOLOGY AND RISK FACTORS. Among hospi-
talized patients, the incidence of hyperkalemia approaches
10%, one fifth of which is above 6.0 mEq/L.31 Risk factors
for the development of hyperkalemia include renal or adre-
nal insufficiency, K supplementation at rates and quantities
above the suggested values, situations resulting in tissue
destruction (e.g., induction of chemotherapy), and the use
of b2 antagonists (e.g., propranolol) or other medications
known to cause hyperkalemia (e.g., heparin, K-sparing
diuretics, and ACE inhibitors). (Heparin causes elevated
K by blocking adrenal gland synthesis of aldosterone,
b-adrenergic blockers both by blocking the stimulatory
effects of the sympathetic nervous system on renin release
and by interfering with the cellular uptake of K through re-
duction in Na-K-ATPase activity.34)

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

The usual manifesting feature of hyperkalemia is cardiac
toxicity.11 ECG features include peaked T waves, increased
PR (atrioventricular block) and QRS (interventricular
block) intervals, and arrhythmias. Cardiac arrest represents
the major problem and may be the initial symptom.31

Like hypokalemia, the major neurological manifestations
of hyperkalemia are peripheral. Hyperkalemia may cause
loss of strength and deep tendon reflexes, although this is
observed less commonly than with hypokalemia. Muscle
cramping is not uncommon, and both paresthesias31 and
focal neurological signs35 have been reported.



TABLE 38-4

Major Causes of Hypocalcemia

Hypoparathyroidism
Normal or decreased parathyroid function (renal failure, vitamin D
deficiency)

Protein binding and anion chelation of ionized calcium
Medications (anticalcemic and antineoplastic agents)
Multifactorial (gram-negative sepsis)

Modified from Spiegel AM: The parathyroid glands, hypercalcemia, and hypocalce-
mia. In Bennett JC, Plum F (eds): Cecil Textbook of Medicine, 20th ed. Philadel-
phia, Saunders, 1995, pp 1364–1373.
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DIFFERENTIAL DIAGNOSIS AND EVALUATION. Sys-
temic acidosis and adrenal or renal insufficiency are the
more frequently encountered etiologies of hyperkalemia.
Other causes include increased intake (rare), iatrogenic
(overzealous replacement), pseudohyperkalemia (hemolysis
and marked leukocytosis), transcellular shift (metabolic aci-
dosis), and decreased renal excretion. Once hyperkalemia is
noted, an ECG must be obtained, followed by continuous
cardiac monitoring until causes of pseudohyperkalemia
are excluded. This requires a complete blood count (CBC)
with smear for the presence of red blood cell hemolysis,
thrombocytosis (>500,000/mL), or leukocytosis (>50,000/
mL). Tourniquet-induced stasis and forearm exercise may
also produce hyperkalemia.3

MANAGEMENT. Depending on the degree of elevated
K and the presence of ECG changes, the treatment of hyper-
kalemia includes addressing its cardiac manifestations, re-
versing the underlying disorder, decreasing the K input,
increasing the intracellular influx of K, and increasing K
excretion.

Calcium Disorders
Ninety-nine percent of total body Ca is contained in bone,
making the skeleton a Ca reservoir; the remaining 1% is
distributed in the intracellular and ECF compartments.
Because 1% of skeletal Ca is freely exchangeable with
the ECF, it can help buffer acute changes in the serum
Ca, whereas the kidney regulates calciuresis.35 Among nor-
mal adults with average calcium intake, urinary calcium
excretion ranges between 100 and 400 mg/day.36 Total se-
rum Ca reflects dietary intake, GI absorption, calciuresis,
and transfer from the bone to the ECF. Parathyroid hor-
mone (PTH), 1,25-dihydroxycholecalciferol (DHCC), and
calcitonin regulate both Ca absorption from the gut and
calciuresis. PTH causes tubular cells to reabsorb calcium
and stimulates renal parenchymal cells to hydroxylate vita-
min D into its active form (DHCC).36 PTH is released
whenever the serum ionized Ca level falls; conversely,
hypercalcemia suppresses the release of PTH. In addition
to the nearly instantaneous changes in PTH secretion
brought about by shift in serum Ca concentration, Marx37

emphasized that changes in PTH mRNA (over a period
of hours) and changes in the size of the parathyroid glands
(days to months) also contribute to the regulation of the
serum Ca level. Because PTH promotes the synthesis of
1,25-DHCC, it indirectly influences GI absorption.

Hypocalcemia
Although ionized Ca is the physiologically active form, to-
tal serum Ca is the laboratory parameter usually measured.
This value reflects the ionized (unbound, 50%), the bound
(mostly to albumin, 40%), and the chelated (10%) frac-
tions. In the presence of normal serum protein levels, hypo-
calcemia exists when the total serum Ca value is below the
normal range of 8.8 to 10.4 mg/dL. However, in the setting
of hypoalbuminemia, although the measured total serum
Ca is low, the patient is asymptomatic because the physio-
logically active, ionized fraction is normal.38 Although the
total serum Ca value may be corrected for hypoalbumine-
mia (e.g., by adding 0.8 mg/dL to the measured Ca value
for every 1.0 g/dL decrement in the serum albumin value),
this correction formula may be inaccurate in critically ill
patients.39 For that reason, it is best to measure the ionized
Ca value in this patient population.

PATHOGENESIS AND PATHOPHYSIOLOGY. Hypo-
calcemia may be caused by PTH or 1,25-DHCC defi-
ciency, as well as by end-organ resistance to their actions
and other conditions (Table 38-4). In the setting of chronic
renal failure, decreased renal synthesis of 1,25-DHCC and
hyperphosphatemia cause hypocalcemia with resultant sec-
ondary hyperparathyroidism. Ionized Ca is important for
presynaptic neurotransmitter release and stabilization of
nerve and muscle membranes (divalent cations stabilize
the cell membranes of nerve and muscle).40 Thus, it is
not surprising that disturbances of ionized Ca result in
neuromuscular manifestations.

Neurologically, both the peripheral nervous system
(PNS) and the CNS may be involved. Tetany, a PNS mani-
festation, is thought to be caused by repetitively generated
nerve fiber action potentials, possibly related to the sponta-
neous depolarization of the nerve cell membrane in the
setting of hypocalcemia. When the rate of sequential mus-
cle fiber depolarization does not permit Ca reuptake by the
sarcoplasmic reticulum, tetany occurs. The instability of
the neuromuscular membranes may explain why the clini-
cal features of hypocalcemia are positive in nature (e.g.,
perioral and acral paresthesias, and muscle spasms).

EPIDEMIOLOGY AND RISK FACTORS. Except in neo-
nates and patients with RF, hypocalcemia is relatively rare.
The most likely cause of hypocalcemia among patients
presenting to an emergency room is hypomagnesemia.40

Risk factors include past thyroidectomy, neck trauma, a fam-
ily history of hypocalcemia, malabsorption syndromes, an-
tiepileptic drug usage, severe liver or kidney disease
(decreased 1-a-hydroxylation of vitamin D), and pancre-
atitis. The incidence of postsurgical hypoparathyroidism
(usually thyroidectomy) varies with the expertise of the
surgeon.41 The decrease in total serum Ca during pregnancy
reflects dilutional hypoalbuminemia and, for that reason,
the ionized Ca concentration is unchanged.42

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

The clinical features of hypocalcemia are primarily neuro-
muscular, regardless of the underlying disorder, and are
dependent on its rapidity of onset and magnitude. The ear-
liest PNS symptoms include perioral and acral paresthesias,
as well as tetany (tonic muscle spasms), the most charac-
teristic and frequently recognized sign of hypocalcemia.11

Tetany can be overt or latent, and provocative tests may
be necessary to elicit latent tetany. Provocative tests



TABLE 38-5

Major Causes of Hypercalcemia

Common Causes

Malignancy, hyperparathyroidism, thiazide diuretics

Less Common Causes

Familial hypocalciuric hypercalcemia
Vitamin D mediated
Calcium carbonate ingestion
Thyrotoxicosis and hypoadrenalism
Immobilization
Drugs (hypercalcemic agents, lithium, tamoxifen)
Artifactual (elevated serum proteins)

Data from Olinger ML: Disorders of calcium and magnesium metabolism. Emerg
Med Clin North Am 1989;7:795–822; Spiegel AM: The parathyroid glands, hyper-
calcemia, and hypocalcemia. In Bennett JC, Plum F (eds): Cecil Textbook of Medi-
cine, 20th ed. Philadelphia, Saunders, 1995, pp 1364–1373; Lipsky MS:
Hypercalcemia. In Rakel RE (ed): Saunders Manual of Medical Practice. Philadel-
phia, Saunders, 1996, pp 663–664.
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include Chvostek’s sign, the contraction of ipsilateral facial
muscles in response to light percussion over the facial nerve
(just anterior to the ear), and Trousseau’s sign, carpal spasm
in response to ischemia (e.g., 3-minute application of blood
pressure cuff maintained just above systolic pressure). The
carpal spasm produced is first preceded by acral paresthe-
sias, followed by sensations of spasm, and then carpal
spasm, paralleling the sequence of development of tetany.43

Latent tetany may also become overt in the setting of alka-
losis (e.g., hyperventilation or Na bicarbonate administra-
tion), a reflection of increased binding between ionized Ca
and albumin. When tetany is severe, lower extremity and
pedal spasms, as well as laryngeal stridor, may be observed.
Opisthotonos may occur if spasms involve the trunk. A his-
tory of preceding muscle cramps, or generalized muscle
aching, is frequently obtained.

CNS manifestations include irritability, delirium, delu-
sions, hallucinations, depression, and dementia. When the
onset of hypocalcemia is slow and insidious, dementia
may be the initial manifestation. Seizures may occur and
can be the presenting sign when hypocalcemia is severe.
They are usually generalized but may be focal.43 Intracere-
bral calcifications, seen most frequently with idiopathic
hypoparathyroidism and pseudohypoparathyroidism, are
usually asymptomatic. Although the basal ganglia are fre-
quently affected, parkinsonism, athetosis, and chorea have
been reported only rarely.44 When the condition is persis-
tent, cataract formation may occur. Congestive heart failure
(CHF) and papilledema with increased ICP (idiopathic
intracranial hypertension) are rarely observed.41

DIFFERENTIAL DIAGNOSIS. The etiologies of hypo-
calcemia are listed in Table 38-4. The most common cause
of hypoparathyroidism is surgical (e.g., thyroidectomy) and
is usually transient, becoming permanent in less than 3% of
patients. Severe hypomagnesemia may cause hypocalcemia
by inducing deficient PTH secretion and causing end-
organ resistance to PTH. This explains why hypomagnese-
mia causes many of the same clinical manifestations as
hypocalcemia.

EVALUATION. Serum electrolyte, BUN, Cr, Ca (total
and ionized), Mg, phosphorus, alkaline phosphatase, and
albumin levels should be determined. An ABG identifies
whether a hyperventilation syndrome is present. ECG and
continuous cardiac monitoring may be required. More
specific tests for intestinal malabsorption may also be nec-
essary. In osteomalacia or rickets, the serum alkaline phos-
phatase is elevated. CT imaging of the head may reveal
intracranial calcifications, especially in the basal ganglia
region. When hypocalcemia and hyperphosphatemia coex-
ist in the presence of normal renal function, the diagnosis
of hypoparathyroidism is strongly suggested and the ap-
propriate laboratory evaluation is required. Hypocalcemia
coupled with a normal or low serum P level suggests vita-
min D deficiency, malabsorption, or another cause of
secondary hypoparathyroidism. Steatorrhea is frequently
associated with hypomagnesemia and may serve as a clue
to its presence.

MANAGEMENT. Acute, symptomatic hypocalcemia
requires emergency treatment with IV Ca until symptoms re-
solve. Hypertension, bradycardia, cardiac conduction block,
and digitalis toxicity may be precipitated if the infusion
is provided too rapidly, and so monitoring is required.24
Because this form of treatment lasts only a few hours, it
must be repeated, or the patient must be provided with a
continuous infusion. In less urgent settings (e.g., postsurgi-
cal hypocalcemia), elemental Ca may be given as a contin-
uous infusion over 4 to 10 hours and Ca monitored. In
the setting of mild hypocalcemia, treatment with oral Ca
replacement alone may suffice. Ca carbonate, up to 1200
mg orally three times daily, may safely be given.24 Defini-
tive resolution of hypocalcemia, however, requires identifi-
cation and treatment of the underlying disease. For patients
requiring long-term Ca supplementation, monitoring for ev-
idence of toxicity is required (e.g., hypercalcemia and
hypercalciuria). When present, low Mg levels must be
treated to correct hypocalcemia.

Hypercalcemia
PATHOGENESIS AND PATHOPHYSIOLOGY. Hyper-

calcemia occurs when serum Ca entry (from bone resorp-
tion and GI absorption) exceeds calciuresis. In the
presence of normal serum proteins, hypercalcemia exists
when the serum Ca concentration is above the normal
range. However, physiological hypercalcemia is present
only when the ionized Ca is above its normal range. The
ionized Ca value can be calculated, based on the serum
albumin level, or directly measured in most laboratories.
In the setting of hypoalbuminemia, although the total
serum Ca value may be normal, ionized Ca may be signif-
icantly elevated and require emergent treatment. In addi-
tion to serum protein binding, consideration of chelation
(anions) and acid-base status is also important.

EPIDEMIOLOGY AND RISK FACTORS. Approximately
40% of hypercalcemic patients develop neurological
manifestations.11,45 Nearly all patients with hypercalcemia
have a malignancy or hyperparathyroidism or are using
thiazide diuretics (Table 38-5). Malignancies are most
common among hospitalized patients, and hyperparathy-
roidism is common among ambulatory patients.46 The
incidence of primary hyperparathyroidism in the United States
is approximately 25 cases per 100,000 people and increases
significantly when only the elderly population is consid-
ered; approximately 50,000 new cases present annually.36

Malignancy-induced hypercalcemia occurs predominately
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in patients with bone metastases, such as lung (especially
squamous cell), breast, ovarian, renal, hematological, head
and neck, and GI cancers.40,47 Through increased cal-
ciuresis, the majority of these patients do not develop hyper-
calcemia. However, in the setting of renal dysfunction,
hypercalcemia is readily provoked. Disorders that result in
prolonged immobilization (paralysis, coma, or trauma) can
cause hypercalcemia, especially in patients undergoing bone
remodeling (normal growth in a young patient, osteoporosis
in the elderly, and Paget’s disease). Infrequently, humoral
hypercalcemia of malignancy (i.e., PTH-related peptide
excretion by the tumor) is observed. This topic has been
reviewed.48

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

The presentations of hypercalcemia vary with the patient’s
age, underlying disorder, magnitude of hypercalcemia,
albumin level, and rapidity of onset. Individuals with
mild hypercalcemia are frequently asymptomatic (identified
by routine blood testing), whereas those with severe hyper-
calcemia may present in coma and rapidly progress to death.
General features may reflect the underlying disorder, such
as weight loss and cachexia with malignancy, or abdominal
pain with acute pancreatitis. Less specific features include
dehydration, polyuria, polydipsia, nocturia, hypercalciuria,
urolithiasis, nephrolithiasis, nephrocalcinosis, renal im-
pairment, GI disorders (anorexia, constipation, ileus, nau-
sea, and vomiting), pruritus, hypertension, and soft tissue
deposition.

Neurologically, CNS symptoms predominate and can
include headache, fatigue, apathy, depression, agitation,
insomnia, hallucinations, psychosis, confusion, lethargy,
obtundation, coma, and, rarely, seizures. The mental status
changes are directly related to the degree of hypercalcemia
and are more frequent at Ca levels exceeding 14 mg/dL.
All CNS signs are reversible with treatment. PNS manifes-
tations reflect decreased neuromuscular excitability, and
although they are common, these manifestations are nonspe-
cific. Weakness is generally subjective, with few objective
signs.46

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Before the realization that the observed clinical features
reflect hypocalcemia, other etiologies must be considered.
The particular cerebral manifestations, such as seizures
and encephalopathic features, also dictate specific evalua-
tion. The differential diagnoses of these central manifesta-
tions are lengthy and not addressed here (see Chapter 52).
In the clinical setting of tetany, consideration should be
given to disorders associated with cramping such as congen-
ital myopathies and dystrophies (e.g., Duchenne’s muscular
dystrophy), cramp-myalgia syndrome (a dystrophinopathy),
benign cramp syndrome (pseudotetanus), disorders produc-
ing contractures (e.g., McCardle’s disease), and disorders
producing continuous muscle activity (neuromyotonia).

The differential diagnosis of hypercalcemia is extensive.
Frequently, the history, physical examination, initial labo-
ratories, and routine radiographs identify the cause of
hypercalcemia. A thorough examination may disclose fea-
tures indicating the underlying disorder (e.g., breast mass
and lymphadenopathy). Important laboratory evaluations
include serum PTH level, urine Ca, CBC, chemistries (total
and ionized serum Ca, Mg, P, and alkaline phosphatase),
urinalysis, stool for occult blood, ECG, and chest x-ray
study. Other considerations include tests of adrenal and
thyroid function, serum and urinary immunoelectrophoresis
(for myeloma), vitamin D metabolite levels, and immu-
noassay for PTH-related peptide. A bone scan may be
required in some patients, including those with suspected
multiple myeloma (e.g., abnormal serum protein electro-
phoresis, anemia, and increased plasma cells on blood
smear). Also, 24-hour urinary excretion of calcium can be
measured when familial hypocalciuric hypercalcemia
(rare) is suspected.36

MANAGEMENT. Prevention of hypercalcemia in immo-
bilized patients includes early mobilization and hydra-
tion, which increases calciuresis and dilutes the urine.
High Ca-containing dietary products should be avoided.
Although the underlying cause is the most important con-
sideration for definitive treatment, the initial management
of hypercalcemia depends on its magnitude and symptoms
and may need to be initiated without a specific diagnosis.
The major treatment modalities act by decreasing bone re-
sorption, decreasing GI absorption, and increasing calciur-
esis. Mild hypercalcemia (<11.5 mg/dL) may require only
recognition of the underlying disorder, recommendations
to increase fluid intake, and careful follow-up. Conversely,
in the setting of severe hypercalcemia (>15 mg/dL or
severe clinical signs), urgent treatment is usually required
and, in the setting of normal renal function, typically
consists of volume replacement using IV normal saline, fu-
rosemide, and careful monitoring of therapy. For patients
with chronic renal failure who develop secondary hy-
perparathyroidism, cinacalcet, a calcimimetic drug that
decreases parathyroid hormone release, can be used.49,50

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis for patients with hypercalcemia is related to the
underlying disorder resulting in the hypercalcemia.
Although cancer patients with hypercalcemia have a poor
prognosis and usually die within a few months (50% within
30 days), hypercalcemic treatment usually improves their
quality of life.51,52

Magnesium Disorders
Although magnesium is the fourth most common cation in
the body, less than 0.5% is present in the serum,53 of which
approximately 30% is protein bound, 15% is chelated to
serum anions, and 55% exists in the ionized (physiologically
active) form.40 The amount of protein-bound Mg is directly
proportional to the serum albumin concentration and the pH
and is inversely proportional to the serum anion concentra-
tion. In addition, transcellular shifting between the intracel-
lular and extracellular compartments can occur. Although
the Mg contained in bone is not readily exchangeable with
that present in the serum, a shift of Mg from the ECF to
the intracellular fluid occurs with insulin administration54

and the correction of acidosis.40 Intracellular Mg functions
as an essential cofactor in hundreds of important enzymatic
reactions. Mg balance is regulated by the GI tract and the
kidney, which maintains the serum Mg concentration be-
tween 1.6 and 2.1 mEq/L. An interrelationship exists
between Mg and Ca, as evidenced by the development of
hypocalcemia in response to Mg depletion.55 In fact, Mg
depletion is the most common cause of hypocalcemia in
a general hospital population.56 An interrelationship also
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exists between Mg and K, and although the mechanism is
unknown, it may be related to the Mg requirement of the
Na/K-ATPase enzyme system.57

Hypomagnesemia
Because the serum Mg concentration contributes less than
0.5% of total body Mg, the terms hypomagnesemia and
Mg deficiency are defined separately. Hypomagnesemia
refers to a serum Mg concentration below the normal
range, whereas Mg deficiency refers to a decrease in the to-
tal body or intracellular Mg contents. In the clinical setting
of severe tissue Mg deficiency, the serum Mg may be nor-
mal or even elevated. Conversely, in the setting of normal
tissue stores, hypomagnesemia may be present.

PATHOGENESIS AND PATHOPHYSIOLOGY. Mg af-
fects both the PNS and the CNS. Peripherally, Mg has a
curare-like action at the neuromuscular junction, an action
counteracted by acetylcholinesterase inhibitors and Ca.43

Mg is both a Ca channel antagonist (opposes Ca) and a
membrane stabilizer (acts synergistically with Ca).40

Centrally, Mg has a depressant effect (interestingly, hiber-
nating animals are hypermagnesemic), which is opposed
by pentylenetetrazol (Metrazol).43

EPIDEMIOLOGY AND RISK FACTORS. Among hospi-
talized patients, the prevalence of hypomagnesemia is
approximately 10%; it is approximately 20% when only
intensive care unit patients are considered.56 Because Mg
deficiency is more common than hypomagnesemia,40 the
true incidence of Mg deficiency must exceed 10%. Risk
factors for the development of hypomagnesemia include
chronic diarrheal disorders, ketoacidosis, loop diuretic or
digitalis usage, and alcoholism (Table 38-6).40 Among
patients with steatorrheic states, the prevalence of Mg
depletion is approximately one-third; the correlation be-
tween fecal Mg and fat content suggests that Mg depletion
may be due to formation of a complex between Mg and
fat. The recommended daily allowance of Mg (1200 mg)
for pregnant and lactating women is 50% greater than that
for nonpregnant women.58

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Hypomagnesemia may be asymptomatic, yet when it is
TABLE 38-6

Major Causes of Hypomagnesemia

Hypoalbuminemia
Redistribution (correction of acidotic state)
Nutritional deficiencies

Decreased intestinal absorption (chronic diarrhea, malnutrition,
malabsorption, nasogastric aspiration), increased renal excretion
(osmotic diuresis, hypercalcemia)

Drug induced
Acetazolamide, alcohol, aminoglycosides, amphotericin-B, cisplatin,
digoxin, ethacrynic acid, furosemide, mannitol, methotrexate,
pentamidine, theophylline, thiazides, cyclosporine

Endocrine disorders (hyperthyroidism, hyperparathyroidism and
hypoparathyroidism, ketoacidosis)

Multifactorial (alcoholism, alcohol withdrawal, diabetic ketoacidosis)

Data from Olinger ML: Disorders of calcium and magnesium metabolism. Emerg
Med Clin North Am 1989;7:795–822; Tosiello L: Hypomagnesemia and diabetes
mellitus. Arch Intern Med 1996;156:1143–1148; Alfrey AC: Disorders of magnes-
ium metabolism. In Bennett JC, Plum F (eds): Cecil Textbook of Medicine, 20th
ed. Philadelphia, Saunders, 1995, pp 1137–1138.
symptomatic, the neurological manifestations include agi-
tation, tremor, myoclonus, seizures (rarely), confusion,
coma, paresthesias, muscle fasciculations, weakness, the
presence of Chvostek’s and Trousseau’s signs, tetany, and
hyper-reflexia.24,56,59,60 In addition, a cardioskeletal mito-
chondrial myopathy has been described in association
with chronic hypomagnesemia.61 Athetoid and choreiform
movements have also been reported during hypomagnese-
mia, although these signs may have reflected coexistent
liver disease.43 Unfortunately, the association of hypomag-
nesemia with hypokalemia, hypocalcemia, and other meta-
bolic disorders makes it difficult to state with certainty
which manifestations truly reflect hypomagnesemia.
Importantly, the efficacy of Mg repletion in relieving mani-
festations of neuromuscular irritability may reflect its
curare-like action (i.e., a therapeutic effect rather than
reversal of deficiency symptoms). When the clinical mani-
festations of Mg deficiency are determined by induction of
deficiency in human volunteers, GI features (anorexia, nau-
sea, and vomiting), CNS features (lethargy, weakness, and
personality change), PNS features (positive Trousseau’s
and Chvostek’s signs and carpopedal spasm), tremor, and
muscle fasciculations may be observed. Unfortunately, these
features correlate with the development of hypocalcemia
and hypokalemia.

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Although the differential diagnosis of hypomagnesemia is
long, it most commonly reflects an inadequate intake
superimposed on impaired renal reabsorption or GI absorp-
tion. The two major problems in diagnosing Mg deficiency
are that the serum Mg content represents only 0.5% of the
total body content and that the relationship between the
serum level and the intracellular and total body content is
poor. Thus, it is not uncommon to suspect hypomagnese-
mia and be faced with a normal serum Mg level. In this
situation, a Mg loading test has been suggested.54 The pres-
ence of either hypokalemia or hypocalcemia, especially
when it is resistant to treatment, makes the likelihood of
symptomatic hypomagnesemia even greater, and for that
reason, the concentrations of these two electrolytes should
be determined. A urine Mg level helps differentiate renal
from nonrenal etiologies.

Mg, like Ca, affects both the CNS and the PNS. Because
Mg functions as a membrane stabilizer (synergistic with
Ca), hypomagnesemia (like hypocalcemia) produces mem-
brane instability. For that reason, it should always be
considered in the neurological differential diagnosis of hy-
pocalcemia, especially when hypocalcemia is unresponsive
to treatment. Diagnostic considerations to entertain vary
with the clinical manifestations; they parallel those of
hypocalcemia.

MANAGEMENT. The treatment of Mg deficiency
depends on the underlying disorder, the clinical status of
the patient, and the degree of deficit. In an emergency
setting (e.g., seizure), Mg sulfate heptahydrate solution
may be infused.56 In the nonemergent setting, when hypo-
magnesemia is severely decreased, treatment may be IV or
intramuscular. The intramuscular route is safer and pre-
ferred, when possible. Because serum Mg equilibrates with
intracellular Mg slowly, rapid replacement may cause tran-
sient hypermagnesemia. Consequently, total body Mg re-
pletion may require several days of treatment. Finally, in
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nonemergent settings when the degree of hypomagnesemia
is not severe, oral replacement therapy can be undertaken
using Mg oxide. In mild, asymptomatic cases, dietary mod-
ification to include high Mg-containing foods (e.g., dried
fruits, grains, legumes, green leafy vegetables, and unpro-
cessed cereals) may suffice. During Mg replacement thera-
py, the serum Mg level should be monitored frequently
and treatment continued until a normal serum Mg level is
achieved. Because Mg is a neuromuscular depressant, ten-
don reflexes should be monitored for evidence of over-
treatment (diminished reflexes); the infusion should be
discontinued if either hypermagnesemia or hyporeflexia
is observed.43 When Mg is replaced intravenously, Ca gluco-
nate should be on hand to counteract transient hypermagnese-
mic-induced problems, such as apnea caused by respiratory
muscle paralysis.11 Since hypermagnesemia is associated
with hyporeflexia, serial tendon reflex assessments can be
helpful.

Hypermagnesemia
Because the kidney is the major regulator of serum Mg
levels, hypermagnesemia is frequently observed in patients
with renal impairment, especially when the condition is
combined with increasedMg intake. By blocking the presyn-
aptic Ca channels, Mg acts to limit depolarization-induced
Ca influx. Because exocytosis of acetylcholine-containing
vesicles is Ca dependent, neuromuscular depression occurs.
Symptomatic hypermagnesemia is infrequently encountered.

In contrast to the neuromuscular irritability observed
with hypomagnesemia, the neurological manifestations of
hypermagnesemia are characterized by nervous system de-
pression. The predominant neuromuscular manifestation is
muscle weakness (or paralysis) due to neuromuscular junc-
tion transmission blockade.62 The manifestations of hyper-
magnesemia, both neurological and non-neurological, have
been studied in experimental animals and human patients
and reflect the degree of elevation of the serum Mg level.
In general, patients are asymptomatic until the serum Mg
level exceeds 4 mEq/L.56 Blood pressure depression begins
at levels between 3 and 5 mEq/L,63 at which time the
reflexes may be slightly depressed56 and responsiveness
may be slightly impaired.43 As the serum Mg level
increases further, hypotension becomes more pronounced.
At levels between 7 and 10 mEq/L, the reflexes diminish
and weakness and ataxia appear.43 At this level, lethargy
and confusion have been reported,11 although this is con-
troversial. In one study, levels as high as 12.4 mEq/L
resulted in profound paralysis without significant changes
in level of consciousness.64 Possible explanations for the
mental decline observed in patients with hypermagnesemia
include chronicity, which permits the CNS Mg level to
rise; hypermagnesemia-induced hypoxic-ischemic enceph-
alopathy; or neuromuscular junction blockade mistaken
for mental status decline.40 At 10 mEq/L, respiratory im-
pairment appears with resultant hypoxia and hypercap-
nia.43 At levels of 10 to 15 mEq/L, reflexes disappear
and a flaccid quadriplegia may develop,56 and as respira-
tory embarrassment worsens, CNS narcosis results in coma
and death. Other symptoms associated with hypermagnese-
mia include nausea, lethargy, dilated pupils, bradycardia,
and, rarely, complete heart block and cardiac arrest.56
The underlying cause of the hypermagnesemia, as well
as its neurological and cardiovascular manifestations, should
be identified. Respiratory, cardiac, and renal status should be
determined. In the setting of hypermagnesemia, sources of
Mg should be identified and discontinued. In asymptomatic
patients with normal or mildly impaired renal function, this
action alone may suffice. Because natriuresis enhances
urinary Mg excretion, furosemide may be administered and
the urine volume replaced.56 Of course, this may induce
hypocalcemia. In life-threatening situations, Ca salts
(e.g., 10% calcium gluconate) can be administered to counter-
act the neuromuscular blockade and cardiotoxicity. Hemodial-
ysis, using an Mg-free dialysate, is the most effective way of
reducing serum Mg levels.56
OXYGEN AND CARBON DIOXIDE ABNORMALITI ES

Conditions causing hypoxemia include a low inspired oxy-
gen (O2) concentration, ventilation-perfusion mismatch,
right-to-left shunting, impaired diffusion, and hypoventila-
tion; those causing hypercapnia include the breathing of a
carbon dioxide (CO2)-containing gas, ventilation-perfusion
mismatch, and hypoventilation. Because neuromuscular
dysfunction produces hypoventilation, which, in turn, pro-
duces both hypoxemia and hypercapnia, distinguishing
which neurological features are related to which condition
is difficult. Although isolated hypoxic encephalopathy is sel-
dom seen in humans65 (e.g., mountain sickness), an under-
standing of its pathophysiological basis is important. Thus,
this section is divided into three parts: hypoventilation,
hypoxia, and hypocapnia.

Hypoventilation
The respiratory system consists of the lungs and chest wall
and has two functions: ventilation and gas exchange. Ven-
tilation refers to the movement of air into and out of the
lungs and is required for effective gas exchange. Ventila-
tion requires the synchronized activities of both nervous
and muscle tissue. The muscles of respiration (and their in-
nervation) are typically divided into the inspiratory group
(diaphragm [C3–C5], external intercostals [T1–T12], and
scalenes [C4–C8]) and the expiratory group (abdominals
[T7–L1] and internal intercostals [T1–T12]). During quiet
breathing, the inspiratory muscles are active, with the dia-
phragm generating most of the tidal volume, and expiration
is predominantly passive. When quiet breathing is unable
to keep pace with the metabolic demands of the body
(e.g., during exercise or respiratory muscle failure), the
accessory muscles of inspiration (trapezii, sternocleido-
mastoids, serrati, pectorals, levator scapulae, and the costal
levators) are recruited and expiration becomes active; thus,
ventilation increases.

All levels of the neuraxis are involved in respiration, and
for the most part, it occurs without voluntary effort (i.e., it
is automatic). Automatic respiration occurs via two neuro-
nal groups located within the brain stem: One is situated
near the floor of the fourth ventricle (the medullary center),
and the other is located within the pons (the pontine pneu-
motaxic center). The medullary neurons have inherent
automaticity, and the pontine neurons help coordinate the



TABLE 38-7

Major Causes of Respiratory Insufficiency

Extrapulmonary Causes

Central nervous system (parenchymal disorders, increased intracranial
pressure, sleep apnea)

Neuromuscular disorders
Spinal cord: Tetanus, trauma
Anterior horn cell: Amyotrophic lateral sclerosis, poliomyelitis,

rabies
Nerve: Guillain-Barré syndrome, diphtheria, porphyria, ciguatoxin,

saxitoxin, tetrodotoxin, thallium intoxication, acute hyperkalemic
paralysis, buckthorn polyneuropathy

Neuromuscular junction: Myasthenia gravis, congenital myasthenic
syndromes, botulism, hypermagnesemia, organophosphate
poisoning, tick paralysis, snake bite

Muscle: Polymyositis, inclusion body myositis, myotonic dystrophy,
limb girdle muscular dystrophies, hypophosphatemia, stonefish
myotoxin, nemaline myopathy, centronuclear myopathy,
rhabdomyolysis

Other: Kyphoscoliosis, ankylosing spondylitis, chest trauma, extreme
obesity, pleural diseases

Pulmonary Causes

Chest bellows (non-neurological)
Primary muscle fatigue
Secondary muscle dysfunction: electrolyte disturbances, malnutrition,

reduced respiratory drive: metabolic alkalosis, sedation
Other (e.g., pulmonary parenchymal or airway disorders, cardiac

failure)

Modified from Jozefowicz RF: Neurologic manifestations of pulmonary disease. Neurol
Clin 1989;7:605–616; Bennett DA, Bleck TP: Diagnosis and treatment of neuromus-
cular causes of acute respiratory failure. Clin Neuropharmacol 1988;11:303–347.
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cyclical respirations. Through synapses with motor neurons
innervating respiratory muscles, these neurons are respon-
sible for spontaneous respiration. Voluntary respiration,
which involves corticospinal tract innervation of the same
respiratory motor neurons, can override automatic breath-
ing. In normal circumstances, respiratory regulation reflects
the PaCO2 and pH and, to a lesser extent, the PaO2. Chemor-
eceptors within the carotid and aortic bodies transmit this in-
formation to the respiratory centers in the brain stem (via
cranial nerves IX and X, respectively), and respiration is
adjusted accordingly.

The term hypoxic encephalopathy refers to the neurolog-
ical findings resulting from impaired gas exchange or ven-
tilation (e.g., anoxic anoxia, anemic anoxia, and histotoxic
anoxia) and differs from the term hypoxic-ischemic en-
cephalopathy, which refers to neurological dysfunction
related to cerebral hypoperfusion (i.e., ischemic anoxia).
With hypoxic-ischemic encephalopathy, in addition to hyp-
oxia, there is loss of substrate (e.g., glucose) and impaired
waste removal. Anoxic anoxia refers to reduced PaO2 (e.g.,
at high altitudes), whereas anemic anoxia relates to reduced
hemoglobin availability for O2 transport (e.g., in anemia and
carbon monoxide intoxication). Histotoxic anoxia occurs
when, in the setting of adequate O2 availability, the tissue’s
ability to use O2 is impaired (e.g., cyanide toxicity).

PATHOGENESIS AND PATHOPHYSIOLOGY. Venti-
latory failure results in hypercapnia as well as hypoxemia,
a combination that causes cerebral vasodilation, increased
cerebral blood flow (CBF), and, occasionally, increased
ICP. Although hypoxemia probably contributes to the ob-
served neurological features, the degree of CO2 retention
is more closely correlated.65 Acute, moderate hypercapnia
(5% to 10% CO2 in the inspired air) increases arousal
and excitability. At higher levels of CO2, an anesthetic ef-
fect occurs, followed by a convulsant effect at the highest
levels.65,66 Because CO2 freely crosses the blood-brain bar-
rier (BBB), thereby producing a cerebrospinal fluid (CSF)
acidosis, respiratory acidosis is more neurologically dis-
abling than is metabolic acidosis. Fortunately, several
compensatory mechanisms exist to enhance the nervous sys-
tem’s tolerability of respiratory insufficiency. The CNS
compensates by increasing O2 extraction, CO2 release, and
CBF. These processes arise in conjunction with systemic
alterations at the level of the kidney and with polycythe-
mia.67 Should compensatory mechanisms fail, hypoxia,
hypercapnia, and acidosis develop and produce neurological
sequelae. Sustained hypoxia produces brain edema and
cell death—abnormalities that can precipitate cardiac
arrhythmias and hypotension. Again, isolated hypoxic
encephalopathy is seldom seen in humans.65

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Pulmonary disease causes both hypoxemia and hypercap-
nia, and distinguishing which neurological features are
related to which state is difficult. The clinical features ob-
served reflect the body’s ability to compensate and the
acuteness of the situation. The neurological manifestations
are most closely related to the rapidity of onset and degree
of hypercapnia, although hypoxia and cerebral edema may
also contribute.68 Compensatory mechanisms may render
individuals asymptomatic, even in the setting of significant
degrees of hypoxia and hypercapnia. When these mechan-
isms cannot keep pace, clinical features of respiratory
insufficiency manifest. Initially, patients with respira-
tory insufficiency may complain of sleep disturbances, day-
time somnolence, and early morning headache, a reflection
of nocturnal hypoventilation with resultant CO2 retention
and vasodilation; however, these symptoms are nonspecific
and can occur with CHF or respiratory muscle weakness.69

Mental status changes are common early and include
drowsiness, forgetfulness, and inattentiveness. Later, leth-
argy, obtundation, and coma may appear.67 Tremor and
asterixis are frequently seen, whereas myoclonus and sei-
zures are uncommon and are observed only with severe
and prolonged respiratory insufficiency.68 Tendon reflexes
may be brisk or depressed, upper motor neuron features
may be present, and papilledema occurs in up to 10%
of patients.69

DIFFERENTIAL DIAGNOSIS AND EVALUATION. Res-
piratory impairment may be caused by dysfunction of gas
exchange or ventilation (Table 38-7). Differentiation
between these two categories is important and is usually
afforded by a thorough history, physical examination, and
laboratory evaluation. Unlike motor unit disorders that pro-
duce hypoventilation, CNS disorders produce abnormal
respiratory patterns, such as Cheyne-Stokes (forebrain and
diencephalic damage), central neurogenic hyperventilation
(hypothalamic and midbrain damage), apneustic (inspir-
atory breath holding related to pontine tegmental damage),
cluster (irregular bursts of rapid breathing alternating with
apneic periods), and ataxic (irregular breathing related to
medullary damage) breathing patterns. The respiratory im-
pairment associated with spinal cord disorders is predomi-
nantly a reflection of its location. Lesions at C3 affect
diaphragmatic and intercostal function and spare only the
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accessory muscles of inspiration innervated by cranial
nerve XI. Lesions at C4 or C5 produce lesser degrees of
diaphragmatic impairment. Low cervical and high thoracic
lesions spare the diaphragm but affect the intercostal and
abdominal muscles, thereby limiting full inspiration and
active expiration. Midthoracic lesions affect only the
abdominal muscles and therefore interfere only with active
expiration. Respiratory impairment due to diaphragmatic
weakness is worse in the supine position and improved in
the erect position, a reflection of the effect of gravity on
the abdominal contents. These features should be sought
on physical examination. The electroencephalographic
(EEG) changes associated with pulmonary encephalopathy
are nonspecific and similar to those observed in patients
with other forms of metabolic encephalopathy (i.e., diffuse
slowing and slowing of the posterior dominant rhythm).

It is important to determine whether or not respiratory
impairment reflects neurological dysfunction. Helpful stud-
ies for this discrimination include an ABG, pulmonary
function tests, and electromyographic examination. Neuro-
muscular system dysfunction impairs ventilation and is
associated with both hypercapnia and hypoxemia. Non-
neurological mechanisms of respiratory insufficiency
(e.g., impaired gas exchange) initially produce hypoxemia
without hypercapnia. This reflects the nonlinear hemoglo-
bin dissociation curve of O2 versus the essentially linear
loading curve of CO2. Thus, high-ventilation areas of the
lung are able to compensate for low-ventilation areas until
pulmonary disease is severe. In summary, hypoxemia in
the presence of a normal or decreased PaCO2 is indica-
tive of a parenchymal process. Neurological versus non-
neurological respiratory impairment may also be differen-
tiated by determining the A-a gradient (i.e., the gradient
between alveolar [A] and arterial [a] O2 tensions), a value
that is easily determined. The PaO2 and PaCO2 are obtained
from the ABG, and the PAO2 is obtained from the following
equation:

PAO2 ¼ ½ðPB� 48Þ � FiO2� � PaCO2=R

where PB is the barometric pressure (760 mmHg at sea

level), FiO2 is the fraction of O2 in the inspired air (0.21 in
room air), and R is the respiratory quotient (0.8). On room
air, an A-a gradient above 20 to 30 mmHg always indicates
intrapulmonary pathology, whereas an A-a gradient below
10 mmHg suggests extrapulmonary causes of hypoxemia
(e.g., hypoventilation). Pulmonary function test parameters
indicative of respiratory muscle weakness include reduced
vital capacity, reduced maximum voluntary ventilation,
and increased residual volume. Of these parameters, only
the vital capacity can be measured outside of the pulmo-
nary function test laboratory. Maximum expiratory and in-
spiratory pressures are better parameters for identifying
respiratory muscle weakness70; maximum expiratory pres-
sure is the most sensitive indicator for patients with neuro-
muscular disease. Although it is less useful for identifying
respiratory muscle weakness, forced vital capacity is useful
for the serial assessment of patients with known neuromus-
cular disorders. When the vital capacity decreases below 25
mL/kg body weight, the ability to cough is impaired and
oropharyngeal secretion accumulation occurs. Thus, the
risk of aspiration pneumonia is significantly increased.
Routine nerve conduction studies (NCS) (including phrenic
NCS), repetitive nerve stimulation, and needle electrode
examination (including the diaphragm) can be of great as-
sistance in identifying both the nature (e.g., demyelinating
neuropathy) and the site (e.g., nerve, neuromuscular
junction, or muscle) of the underlying disorder.

MANAGEMENT. If the condition is left untreated, en-
cephalopathy related to pulmonary dysfunction may lead
to coma and death. The mainstays of treatment are to im-
prove gas exchange and ventilation. In patients with chro-
nic hypercapnia, in whom hypoxia-stimulated respiratory
drive exists, high-concentration O2 administration may
produce clinical deterioration due to CO2 retention. The
O2 affinity of hemoglobin and cytochrome is not as great
as the affinity for carbon monoxide (CO) and cyanide,
respectively. For that reason, CO and cyanide toxicity
may require hyperbaric O2 therapy.

71–73

PROGNOSIS AND FUTURE PERSPECTIVES. Because
cerebral O2 delivery depends on the mean arterial blood
pressure and autoregulation, and because compensatory
mechanisms exist, it is difficult to determine the severity
of hypoxia a patient has experienced. When there is no loss
of consciousness, there is rarely, if ever, any permanent
nervous system damage.71 When hypoxia induces hypoper-
fusion (e.g., cardiac arrest) and hence ischemic anoxia, the
prognosis worsens.

Hypoxia
Hypoxia increases CBF, glucose use, and brain lactate con-
centration, whereas energy metabolite (e.g., adenosine tri-
phosphate [ATP], adenosine diphosphate [ADP], and
adenosine monophosphate [AMP]) levels remain close to
normal, even during severe hypoxia.74 Breathing 10% O2

for 15 to 30 minutes increases the CBF by 35%, whereas
breathing 7% O2 (PaO2 35 mmHg) for 15 minutes increases
CBF by 75%.74 Once the PaO2 drops below 25 mmHg,
ATP decreases, AMP and ADP increase, and the EEG
is markedly slowed or nearly isoelectric.74 In addition,
changes in ion homeostasis are induced by hypoxia. Unlike
ischemic anoxia, in which Ca uptake is increased, hypoxia
diminishes Ca uptake, thereby decreasing Ca-dependent
acetylcholine release; this can be overcome by agents that
enhance Ca uptake at the nerve terminals.75 Finally, neuro-
transmitter metabolism is also affected by hypoxia. Acetyl-
choline synthesis is O2 dependent, and brain acetylcholine
levels are decreased in the setting of hypoxia. However,
because acetylcholine release in some brain regions is Ca
dependent, the lowered brain acetylcholine levels may re-
flect the effect of hypoxia on Ca metabolism. Changes in
amino acid, catecholamine, and serotonin neurotransmitter
levels, as well as adenosine, cyclical nucleotides, and fatty
acids, have also been reviewed.74

Compensatory physiological mechanisms (e.g., increased
erythropoiesis and O2 dissociation curve shifts) permit
adaptation to hypoxia, thereby making the effects of hyp-
oxia time dependent and necessitating separate discussions
for acute and chronic hypoxic states. Healthy human
volunteers subjected to rapid decompression hypoxia (anal-
ogous to acute hypoxia, clinically) demonstrate an associa-
tion between the PaO2 level and the neurological features
observed.65 New skill learning and the processing of com-
plex information are the most vulnerable to hypoxia.74 At a
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PaO2 of 80 mmHg, impaired dark adaptation is noted; at
55 to 45 mmHg, impaired learning and short-term memory
occurs, whereas measures of selective attention are normal;
at 40 to 30 mmHg, loss of judgment, euphoria, delirium,
and muscular incoordination occurs; additionally, twice as
much light is required for visual perception; below 25 to
20 mmHg, consciousness is rapidly lost.65,74 High altitude
sickness begins soon after ascending above 10,000 feet
and is characterized by headache, decreased concentration,
sleep disturbances, anorexia, nausea, and lassitude (see
Chapter 51).

The clinical features of acute CO toxicity include prom-
inent headache, nausea, vomiting, and encephalopathic fea-
tures. The cherry-red lip appearance often described with
this disorder is only present at high CO levels in comatose
patients (see Chapter 39).

Several posthypoxic neurological syndromes have been
described, including myoclonus, delayed anoxic encepha-
lopathy, parkinsonism, and cerebral palsy. Global cerebral
hypoxia of any etiology can result in myoclonus, as well
as other neurological deficits. Posthypoxic myoclonus
presents in two different clinical forms. Immediately fol-
lowing the hypoxic event, while the patient remains coma-
tose, myoclonic jerks can appear. This acute form is
transient and characterized by spontaneous jerks that
involve the face predominately, yet may be generalized.
Little is known about the electrophysiological properties
of this acute posthypoxic myoclonus, but the prognosis
associated with this sign is poor. In those patients who
survive the hypoxic event and regain consciousness, a sec-
ond type of delayed posthypoxic myoclonus may develop.
Lance and Adams76 described this delayed form in patients
demonstrating stimulus-sensitive intention or action myoc-
lonus (posthypoxic action myoclonus [PHAM]) following
cardiac or respiratory arrest. The characteristic feature of
PHAM (Video 53, Myoclonus, Positive and Negative) is
the occurrence of myoclonus, both positive and negative,
with voluntary movement, especially walking and move-
ments requiring precision. Patients may be unable to walk
when negative myoclonus occurs during ambulation.
Fahn77 summarized the clinical findings of 88 patients
(permanent in 87) with PHAM. All were acutely comatose
with a median duration of unconsciousness of 4 days
(range, 1 to 120 days). The duration of coma did not corre-
late with the subsequent severity of the action myoclonus.
Anesthesia-related mishaps were the single most common
cause of cerebral hypoxia, with other etiologies including
myocardial damage, drug overdose, and airway obstruc-
tion. Other neurological abnormalities, including cerebellar
dysfunction, spasticity, dementia, and cortical blindness,
were observed in these patients following the resolution
of coma. EEG recordings may reveal generalized symmet-
rical or asymmetrical sharp waves, or spikes with slow
waves may be detected. Alternatively, moderate- to high-
voltage fast activity, occurring centrally, can be observed.
Other patients have slowing of the background or even nor-
mal EEGs. Somatosensory evoked potentials in patients
with PHAM may initially be enlarged, yet decrease in size
following initiation of therapy. The pathophysiological
basis of PHAM is a matter of conjecture. Only a few pa-
thological investigations exist and are not significantly
helpful in the understanding of the pathophysiology of
PHAM. 5-Hydroxytryptophan (5-HTP), the serotonin pre-
cursor, has been shown to be beneficial in PHAM and has
generated considerable interest in the possible role of brain
serotonin in this form of myoclonus. 5-HTP alone and with
carbidopa has been effective in reducing the amplitude of
the myoclonic jerks. 5-HTP is started at 100 mg/day in four
divided doses and is increased by 100 mg every 3 to 5 days,
slower if side effects occur. Maximum daily dosage ranges
from 1000 to 2000 mg. Carbidopa is given at 25 to 50 mg
four times daily and should not be stopped before the
discontinuation of 5-HTP. Lower doses of 5-HTP (400 to
500 mg) may suffice when administered with either fluoxe-
tine or paroxetine, serotonin uptake inhibitors, and carbi-
dopa. Despite the use of carbidopa, systemic side effects
are nearly universal and frequently necessitate 5-HTP dose
reduction or discontinuation. Common side effects include
diarrhea, nausea, vomiting, abdominal pain, euphoria,
insomnia, and blurred vision. Other medications with some
utility in the treatment of PHAM, either alone or in combi-
nation, include valproate, piracetam, and clonazepam. The
other benzodiazepines, phenobarbital, and phenytoin are
usually of no benefit.

Postanoxic encephalopathy is an unexplained phenome-
non that is observed during recovery (1 to 4 weeks) from
an anoxic insult. It is characterized by irritability, confusion,
apathy, and, occasionally, agitation or mania.78 Although
most patients with this disorder survive for a period, serious
mental and motor disturbances are reported, and many
patients develop diffuse rigidity, spasticity, weakness, a
shuffling gait, incontinence, coma, and death after 1 or
2 weeks.78 At autopsy, the major pathological finding is
widespread cerebral demyelination.71 Uncommonly, rigid-
ity, muteness, and helplessness develop over a period of
weeks to months, and in these cases, autopsy reveals the
basal ganglia to be more affected than the cerebral white
matter and cortex.71,79

Parkinsonism following cerebral anoxia is usually
accompanied by a large number of other neurological se-
quelae, a reflection of the cerebral structures most suscepti-
ble to anoxic insult (i.e., Sommer’s sector of Ammon’s horn,
Purkinje’s cells, the cerebral cortex [especially layer 3],
the striatum, and the globus pallidus). For that reason, a
“pure” parkinsonian syndrome is unexpected (Video 41,
Carbon Monoxide Intoxication Parkinsonism). It has been
reported in CO intoxication, in both acute and chronic
settings.80

Cerebral palsy refers to a syndrome of acquired, non-
progressive perinatal encephalopathy due to a variety of
insults, including anoxia, hypoperfusion, trauma, vascular
events, congenital abnormalities, and kernicterus (less
common today). Asphyxia accounts for only a minority
of cases, with the most common cause reflecting prenatal
factors that are difficult to identify with certainty.81

Cerebral palsy may be classified based on the type of motor
impairment, and its distribution is segregated into spastic
types and hypotonic types. Spastic types include spastic di-
plegia (legs more involved than arms), which is more com-
mon in premature infants; spastic hemiplegia, which is the
most common form acquired after birth; and spastic quad-
riplegia (usually asymmetrical with arms more involved
than legs), which is sometimes termed double hemiplegia.
The hypotonic types include athetoid (predominant basal
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ganglia development) and ataxic (predominant cerebellar
involvement). The spectrum of intellectual and motor de-
ficit ranges from normal intelligence with mild motor
deficits to severe retardation without the ability to walk.

Hypocapnia
Hyperventilation is defined as breathing in excess of meta-
bolic demands and, therefore, is purely a respiratory dis-
turbance. It produces hypocapnia, respiratory alkalosis,
cerebral vasoconstriction (which, in turn, reduces the
CBF), a reduction in the availability of O2 peripherally
(through shifts of the O2 dissociation curve), a reduction
in the level of ionized serum Ca, and, when sustained, sig-
nificant hypophosphatemia.67 Thus, neurological features
are frequent, and patients with hyperventilation disorders
are frequently referred to neurologists. Symptoms asso-
ciated with hyperventilation vary widely and include light-
headedness, acral and perioral paresthesias (which may be
painful), syncope, and, less commonly, carpopedal spasms,
muscle cramps, blurred vision, headache, dyspnea, and
chest pain. 66,67 Other reported symptoms include sweating
of the hands, cold extremities, giddiness, ataxia, tremor,
tinnitus, hallucinations, epigastric pain, a bloated feeling,
vomiting, and unilateral somatic symptoms, which may
result in the misdiagnosis of cerebral ischemia, seizure, or
complicated migraine.82 Once it is induced, hypocapnia
can be maintained with only an occasional sigh, thereby
making its visual recognition difficult.83 These symptoms
probably arise from a reduction in CBF and are associated
with significant cerebral hypoxia.82 For every 1 mmHg
drop in PaCO2, the CBF drops by 2%.

Disorders associated with hyperventilation can be subdi-
vided into psychogenic (e.g., anxiety, panic, sighing, air
hunger, or factitious disorders), organic (usually multifac-
torial including respiratory disease, CNS disorders, pain,
and aspirin overdose), and physiological (progesterone
ingestion, prolonged conversation, hypoxic stimulation of
chemoreceptors at high altitude, and pyrexia).82 Hyperven-
tilation is frequently reported in anxious individuals with-
out any identifiable systemic disease.67 However, because
isolated anxiety (i.e., in the absence of hyperventilation)
has no effect on CBF, it should not produce these symp-
toms.84 Patients with organic disorders (e.g., asthma) can
present with hyperventilation. Additionally, disorders pro-
ducing anxiety (e.g., angina) can cause hyperventilation.
Thus, the identification of hyperventilation should never
be considered synonymous with anxiety, nor should these
patients be taken less seriously. For that reason, whenever
hyperventilation is recognized, organic etiologies should
be excluded and treatment initiated.
ENDO CRINE ABNORMALITIES

Interdependence exists between the endocrine and nervous
systems, as demonstrated by the influence of hormones on
the nervous system and the requirement of an intact nervous
system for endocrine activity. Endocrine disorders may
initially present with signs and symptoms of neurologic
disease, whereas preexisting neurologic disorders may
worsen in the setting of endocrine dysfunction. In the past,
when early screening was not commonplace and treatment
was not an option, the neurological features ascribed to
endocrine dysfunction were much more pronounced. How-
ever, because these disorders are now diagnosed earlier,
the clinical features are often much more subtle. The early
recognition of endocrine-related neurological dysfunction
is important because the condition is frequently reversible.

Thyroid Disorders
The thyroid gland synthesizes and secretes tetraiodothyro-
nine (T4) and, in much smaller quantities, triiodothyronine
(T3), which is at least two to four times more potent than
T4. Both of these hormones regulate tissue metabolism.
Iodine is bound to tyrosine residues of thyroglobulin in
the thyroid gland (organification), and these iodinated resi-
dues are then coupled to form T4 and T3. Both protein-
bound (inactive) and unbound (active) thyroid hormone
fractions exist in serum. In the periphery, T4 is deiodinated
to T3, accounting for approximately 80% of T3 produc-
tion85; otherwise, it is converted into reverse T3 (rT3),
a metabolically inactive product.

Hypothyroidism
PATHOGENESIS AND PATHOPHYSIOLOGY. Hypo-

thyroidism is the most common disorder of thyroid func-
tion and can be caused by thyroid gland dysfunction (i.e.,
primary hypothyroidism), a disturbance outside of the thy-
roid gland (i.e., central hypothyroidism), or by peripheral
resistance to thyroid hormone.86 Mechanisms of thyroid
gland dysfunction include parenchymal destruction (viral
or autoimmune), chronic inflammation with lymphocytic
infiltration (Hashimoto’s thyroiditis), cell death (radiation
damage), or defective hormonogenesis. Defective hormo-
nogenesis may occur due to inadequate iodine intake (i.e.,
endemic goiter), excessive ingestion of goitrogens (e.g.,
turnips), intrinsic defects in thyroid hormone production
(e.g., rare enzymopathies), as well as medication-induced
thyroid hormone synthesis disturbance (e.g., lithium, thio-
namides, and amiodarone). In some patients, iodine loading
may cause significant hypothyroidism (Wolff-Chaikoff
effect). In addition, the hypothalamic-pituitary-thyroid
axis can be disturbed following head injury87 or pituitary
apoplexy.88

Although the pathogenesis and pathophysiology of many
of the peripheral neurological manifestations of the hypo-
thyroid state are known, most of the CNS manifestations
are unexplained. Although hypothyroid-induced seizures
may be related to hyponatremia, coma likely represents a
multifactorial process.89 Direct metabolic effects or entrap-
ment by adjacent tissue (e.g., myxedematous infiltration)
may cause peripheral and cranial mononeuropathies.85,86

Persistent percussion-induced local muscle contraction is
referred to as myoedema and is caused by delayed Ca reup-
take by the sarcoplasmic reticulum, thereby prolonging
the contraction.90 A reduction in myosin ATPase activity
contributes to slowed contraction, and delayed reuptake
of Ca by the sarcoplasmic reticulum contributes to delayed
relaxation.91 Also, a shift in muscle fiber type distribution
from fast twitch to slow twitch may contribute to slowed
muscle contraction and relaxation.92 In addition, a reduction



842 Etiological Categories of Neurological Diseases / 38
in muscle mitochondrial oxidative capacity and b-adrenergic
receptors, as well as the induction of an insulin-resistant
state, may contribute to weakness, fatigue, and exertional
pain.92 The pathophysiology of the muscle enlargement, a
feature more commonly observed in children (Kocher-
Debré-Sémélaigne syndrome), is uncertain, although work
hypertrophy related to prolonged contraction is suspected.91

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of primary hypothyroidism is much greater in women than
in men,85,93 especially among women between the ages of
40 and 60 years. Central hypothyroidism (e.g., hypothalamic-
and pituitary-related), on the other hand, is more com-
monly observed among the neurosurgical population.28

Primary hypothyroidism is much more common than sec-
ondary hypothyroidism, accounting for more than 90% of
cases, and is usually caused by autoimmune destruction
(e.g., Hashimoto’s thyroiditis), irradiation, or surgically
treated hyperthyroidism. Pituitary and hypothalamic dis-
ease contribute less than 10% of cases of hypothyroidism.89

Myxedema coma is extremely rare, and its incidence is
higher in elderly women, especially those older than 60
years.86 Risk factors for myxedema coma include noncom-
pliance with levothyroxine therapy, infection, surgery,
drugs, hyponatremia, and the winter months.86,89 Although
complex changes in thyroid function occur during preg-
nancy, the normal pregnant woman is euthyroid,94 and the
incidence of hypothyroidism is not influenced by pregnancy.42

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Clinically, the onset of hypothyroidism may range from
subtle and insidious findings to florid psychosis. The gen-
eral examination features of hypothyroidism are numerous
(Table 38-8). CNS features include forgetfulness, inat-
tention, apathy, and slowing of speech, movement, and
mentation. These features may mimic depression. Seizures,
personality changes, psychotic states, coma, and dementia
may also be clinically apparent (Video 22, Delusional
Thinking). Cerebellar ataxia is seen in 5% to 10% of pa-
tients95 and may be the presenting sign (so-called myx-
edema staggers); its pathophysiology remains unknown.
A psychotic presentation (myxedema madness) character-
ized by agitation, disorientation, delusions, hallucinations,
paranoia, and restlessness is observed in approximately
TABLE 38-8

General Features of Hypothyroidism

SUBJECTIVE OBJECTIVE

Fatigue, somnolence, cold
intolerance, syncope,
exertional dyspnea, weight
gain, arthralgias, nausea,
anorexia, indigestion,
constipation, menstrual
abnormalities

Bradycardia, hair changes (sparse,
coarse, dry, brittle), puffy face,
loss of lateral aspects of the
eyebrows, periorbital edema,
macroglossia, voice deepening
and hoarsening, skin changes
(scaly, thick, doughy, coarse,
dry, carotenemia), brittle nails,
nonpitting edema, galactorrhea,
effusions

Data from Mitchell JM: Thyroid disease in the emergency department: Thyroid
function tests and hypothyroidism and myxedema coma. Emerg Med Clin North
Am 1989;7:885–902; Mazzaferri EL: Adult hypothyroidism: I. Manifestations and
clinical presentation. Postgrad Med 1986;79:64–72; Myers L, Hays J: Myxedema
coma. Crit Care Clin 1991;7:43–56; Kaminski HJ, Ruff RL: Neurologic complications
of endocrine diseases. Neurol Clin 7:489–508.
3% to 5% of patients.85 Myxedema coma is extremely rare,
and its characteristic features include extreme hypother-
mia, seizures (the presenting manifestation in nearly 20%
of patients),89 respiratory depression, and areflexia. Death
can occur when early recognition and prompt treatment
are lacking. Dementia may develop when hypothyroidism
is severe. Except for the marked increase in the number
of hours these patients remain asleep or resting, the clinical
features of the dementia are similar to those secondary to
other causes.96 The pathophysiology of Hashimoto’s en-
cephalopathy is unknown but may reflect an inflammatory
vasculitis of the CNS. As emphasized by Doherty,97 its
clinical features include rapidly progressive dementia, sei-
zures, extrapyramidal rigidity, myoclonus, and, occasion-
ally, focal CNS features. It and the EEG features
associated with it may mimic a prion disease. Often, the
patient is biochemically euthyroid with elevated thyroid
peroxidase antibodies as the only marker.97,98

Peripheral neuromuscular features include cranial and
peripheral neuropathies, prolonged reflex relaxation time
(up to 85% of hypothyroid patients),85,86 and myopathy.
Visual field defects can occur when pituitary enlargement
causes hypothyroidism with concomitant chiasmal com-
pression. A facial mononeuropathy, due to nerve entrap-
ment in the fallopian canal of the temporal bone, may
rarely occur.99 Although sensorineural hearing loss has
been reported to correlate with the degree of hypothyroid-
ism and has a high incidence among patients with congen-
ital hypothyroidism,96 its reported incidence among adult
hypothyroid patients varies.100 Minor evidence of poly-
neuropathy, such as distal lower extremity sensory dysfun-
ction and absent ankle jerks (Video 98, Romberg Sign), is
observed in approximately 10% of patients,91 and, rarely, a
moderately severe sensorimotor polyneuropathy has been
described. Carpal tunnel syndrome (i.e., median mono-
neuropathy at the wrist) occurs in 15% to 30% of hypothy-
roid patients, is usually bilateral, and is the most common
mononeuropathy encountered (Video 217, Anterior Inter-
osseous Neuropathy, Pinch Sign).

Myopathy can be a feature of hypothyroidism and mani-
fests with proximal muscle weakness.101 Regardless of the
cause of the hypothyroidism, weakness is observed in ap-
proximately one third of these patients.90 Increased muscle
size and firmness, which is most obvious in the limb mus-
culature, as well as slowed muscle contraction are impor-
tant features to identify. Exertional pain, stiffness, and
cramps may be noted, and myoedema may be observed.
Hoffman syndrome is a myopathic syndrome characterized
by firm, large, well-developed muscles and prominent
myotonia that can be seen in adults with hypothyroidism.
Myoedema, a mounding of the muscle in response to direct
percussion, is painless and electrically silent and occurs in
one-third of hypothyroid patients.90 Difficulty relaxing the
hand grip and exacerbation by cold weather may suggest
myotonia. However, unlike myotonia, hypothyroid myopa-
thy involves a slowness of muscle relaxation and contrac-
tion and resolves with correction of the hypothyroid
state.96 In patients with newly detected hypothyroidism,
skeletal muscle is less frequently affected, despite the fact
that 25% of patients with hypothyroidism have muscle
symptoms. Although sleep apnea is usually of the obstruc-
tive type, other possibilities include a central abnormality,



TABLE 38-9

General Features of Thyrotoxicosis

SUBJECTIVE OBJECTIVE

Impaired concentration and
memory, emotional lability,
nervousness, irritability,
palpitations, heat chorea,
intolerance, increased sweating
and appetite, weight loss,
frequent defecation, menstrual
abnormalities, insomnia,
headaches

Impaired attention span and
memory, hypervigilance,
systolic flow murmurs, skin
changes (warm, moist, smooth),
ECG changes (sinus
tachycardia, atrial fibrillation),
psychiatric problems
(depression, mania, bipolar
disorder, manic psychosis),
thyrotoxic periodic
paralysis, thyroid storm,
ocular features

Data from Weiner WJ, Lang AE (eds): Movement Disorders: A Comprehensive Sur-
vey. New York, Futura, 1989; Kaminski HJ, Ruff RL: Neurologic complications of
endocrine diseases. Neurol Clin North Am 1989;7:489–508; Abend WK, Tyler HR:
Thyroid disease and the nervous system. In Aminoff MJ (ed): Neurology and Gener-
al Medicine, 2nd ed. New York, Churchill Livingstone, 1995, pp 333–347; Shahar E,
Shapiro MS, Shenkman L: Hyperthyroid-induced chorea: Case report and review of
the literature. Isr J Med Sci 1988;24:264–266.
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chest muscle weakness, and blunted responses to hypoxia
and hypercapnia.85 Reports have associated hypothyroid-
ism with SIADH,28 idiopathic intracranial hypertension,102

and myasthenia gravis.
DIFFERENTIAL DIAGNOSIS. The differential diagnosis

of hypothyroidism includes nonthyroidal illness (i.e., de-
creased T3 or T4 or both, without clinical hypothyroidism),
euthyroid hypothyroxinemia (decreased T4 caused by de-
creased thyroid-binding globulin), and drugs that inhibit
T4 binding (salicylates, phenytoin, and phenobarbital).
Once hypothyroidism has been diagnosed, the most impor-
tant clinical distinction is between primary and secondary
hypothyroidism. The clinical and laboratory similarities
between myxedema coma and other life-threatening causes
of the comatose state may make its diagnosis extremely
difficult. Regarding hypothyroid myopathy, the muscular
appearance, stiffness, and exacerbation by cold may sug-
gest a mild form of myotonia congenita, which can pre-
sent in adulthood. Although the stiffness noted in patients
with pyramidal and extrapyramidal diseases may appear
similar to that of hypothyroid myopathy, the characteristic
history, appearance, and laboratory studies usually permit
the diagnosis of hypothyroidism.

EVALUATION. The combination of a low T4 level and
an elevated thyroid-stimulating hormone (TSH) level is
virtually diagnostic of primary hypothyroidism because
TSH elevation does not occur in central hypothyroidism.
Further delineation between primary and secondary hypo-
thyroidism is dependent on history, examination, and other
laboratory studies. In addition to TFTs, other laboratory
abnormalities have been described, including anemia
(normocytic-normochromic, microcytic-hypochromic, or
macrocytic) and hyponatremia (factitious due to hyperlipid-
emia or secondary to impaired free water excretion), as well
as elevated serum creatine kinase (CK), myoglobin,92 and
prolactin. Although elevated CK levels are frequently ob-
served in patients with hypothyroidism, when patients with
predominantly subclinical and mild hypothyroidism are
studied, elevated CK levels are much less frequent (approxi-
mately 3%). Because of the possibility of concomitant adre-
nal insufficiency, a serum cortisol level should also be
obtained. The EEG may show slowing of the posterior dom-
inant rhythm and a generalized voltage decrease, as well as
triphasic waves that disappear with replacement therapy.103

CSF analysis may reveal an elevated protein content that
may exceed 100 mg/dL.

MANAGEMENT. The treatment of hypothyroidism, re-
gardless of cause, consists of thyroid hormone replace-
ment. Thyroxine dosages may need to be increased when
females with hypothyroidism are placed on estrogen ther-
apy.98 Even in the setting of hypothyroid-induced seizures,
achievement of the euthyroid state facilitates control.95

Precipitants of myxedema coma (e.g., infection, cold expo-
sure, certain drugs [phenothiazines, narcotics, sedative-
hypnotics, phenytoin, and rifampin], and other stressors
[surgery and trauma]) require correction.85

PROGNOSIS AND FUTURE PERSPECTIVES.With early
recognition and treatment, as well as improved intensive
supportive care, the mortality rate of myxedema coma has
decreased from approximately 50% to 70% to approximately
15% to 20%.104 Without early recognition and prompt
institution of replacement therapy, the prognosis is grave.105
Hyperthyroidism
PATHOGENESIS AND PATHOPHYSIOLOGY. Thyroid

hormones affect mitochondrial oxidative capacity, protein
synthesis and degradation, tissue sensitivity to catechol-
amines,muscle fiber differentiation, and capillary growth.106

Excess thyroid hormone produces accelerated muscle pro-
tein catabolism and enhanced lysosomal protease activity
and interferes with the anabolic effects of insulin on mus-
cle.90 Despite this understanding, the exact pathophysiology
of thyrotoxic myopathy remains unknown. CNS observa-
tions include elevated rates of cerebral circulation, faster
posterior dominant rhythms, alterations in the sensitivity
of some brain enzymes and neurotransmitter systems, and
altered metabolic responses.106 The specific pathophysio-
logical processes causing these manifestations remain un-
known. It has been proposed that alterations in central and
peripheral b-adrenergic tone may be responsible for hyper-
thyroid-related tremor and chorea and that brisk tendon
reflexes may reflect faster muscle contraction and relaxation
times. Graves’ disease is caused by thyroid-stimulating
antibodies that activate the thyrotropin receptor on thyroid
cells, causing thyroid hypersecretion, hypertrophy and
hyperplasia of thyroid follicles, and the characteristic diffuse
goiter.107

EPIDEMIOLOGY AND RISK FACTORS. Hyperthy-
roidism is more common in women than in men (10:1 ratio)
and often shows a strong familial predisposition. During
pregnancy, hyperthyroidism occurs more commonly than
hypothyroidism, with an incidence ranging from 0.05% to
0.2%, most commonly related to Graves’ disease, acute
(i.e., subacute) thyroiditis, toxic nodular goiter, and toxic
adenoma.42,94 The incidence of low-birth-weight infants
is significantly increased, and neonatal mortality is slightly
increased.94

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

The general clinical features of thyrotoxicosis are numer-
ous (Table 38-9). Neuropsychiatric signs include impaired
attention, concentration, and memory, as well as emotional
lability, nervousness, hypervigilance, lethargy, depression
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(i.e., apathetic hyperthyroidism), mania, psychosis, insom-
nia, and agitated delirium.95 Apathetic hyperthyroidism
most frequently occurs in the elderly, lacks the usual
hyperadrenergic features, and may easily be confused with
depression or dementia.

Although new-onset adulthood seizures are rarely related
to hyperthyroidism, the seizure incidence among thyrotoxic
patients ranges from 1% to 9% (Video 70, Hyperthyroidism-
Induced Chorea).92 Movement disorders, such as tremor
(usually enhanced physiological tremor) and choreoatheto-
sis, as well as upper motor neuron signs, including spasti-
city, hyper-reflexia, clonus, and Babinski’s signs, may also
be observed (Video 203, Babinski Sign).80,108

Peripheral neurological features include cranial and
peripheral neuropathies, as well as neuromuscular junction
and muscle disturbances (Fig. 38-2). Ocular features in-
clude lid lag, stare, widened palpebral fissures, extraocular
muscle dysfunction with diplopia, and optic nerve compres-
sion with visual impairment. Eyelid retraction manifests
in several way s: ( 1) Stel lwag’s sign, a stari ng expression
with inf requent blinki ng; (2 ) Dalrymple’ s sign , a widene d
palpebral fissure due to retraction of both the upper and
the lower lids; ( 3) von Gr aefe’s sign, a larger than normal
portion of visible sclera with downward eye movement;
( 4) Joffroy’ s sign, a lac k of frontali s muscle contraction
with upgaze ; and ( 5) Mö bius’ sign , sym pathetic overa ctivi-
ty-induced exophthalmos with resultant limited con-
vergence.95 Although reports of a distal sensorimotor
polyneuropathy in thyrotoxic patients are rare, improvement
of the neuropathic features with attainment of the euthyroid
state indicates that these features are manifestations of
Figure 38-2. A 40-year-old woman who presented with complaints of dou-
ble vision. This brain computed tomography of the orbits demonstrates
enlarged extraocular muscles bilaterally associated with Graves’ ophthal-
mopathy. (From Kennell T, Levy JM, Stegman CJ: Radiologic case. Western
J Med 1987;146:241. Reprinted by permission of The Western Journal of
Medicine.)
hyperthyroidism.109 Myasthenia gravis (MG) can be asso-
ciated with hyperthyroidism, although some reported cases
may have been secondary to coincident MG.92 Also, when
bulbar weakness responds to treatment of the hyperthyroid
state, it is more likely related to hyperthyroidism.110 When
MG coexists with thyrotoxic myopathy, the clinical findings
do not differ from those in euthyroid patients, although the
patients may be weaker due to the coexistence of two motor
disorders. Thyrotoxic myopathy is characterized by the
gradual onset of proximal limb weakness, which may be
accompanied by myalgias, easy fatigability, and prominent
atrophy. Although the muscular atrophy may be severe,
most patients remain ambulatory. Shoulder girdle muscles
can be more severely affected than the hip girdle muscles,
with prominent atrophy and scapular winging.90,91 Distal
limb muscles are also affected, the facial muscles may be
affected, and, rarely, bulbar and ocular muscles are in-
volved.91,106 Thyroid-associated ophthalmopathy refers to
the exophthalmos and ocular muscle dysfunction associated
with thyroid disease. It is seen in most patients with Graves’
disease but is also seen in 5% of patients with Hashimoto’s
thyroiditis. It is not correlated with the onset of Graves’ dis-
ease,111 having been reported to precede (rarely), occur
concomitantly with, or develop after its treatment. It also
does not correlate with the level of circulating thyroid hor-
mone and may occur in euthyroid patients or in patients with
hypothyroid Graves’ disease.95 When it is prominent, thy-
roid-associated ophthalmopathy may cause exposure kera-
topathy (due to marked proptosis), as well as optic nerve
compression. TPP refers to recurrent attacks of flaccid
paralysis of the limbs and trunk (the oculobulbar muscles
are usually spared or involved to a lesser degree) due to
secondary hypokalemia.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of thyrotoxicosis includes other hypermetabolic disorders,
euthyroid hyperthyroxinemia, and nonthyroidal causes.
Occasionally, recognition that myopathic features are due
to thyrotoxicosis can be difficult, especially if the myopa-
thy is the presenting feature (rare), when exophthalmos is
minimal, or when an apathetic state is present.112 When it
is present, the observation of hyper-reflexia is helpful
because this feature is not observed in other metabolic my-
opathies.Thyrotoxicmyopathywithpronouncedmuscular at-
rophy should be differentiated from progressive muscular
atrophy by the presence of fasciculations and more profound
weakness in the latter. When thyrotoxic myopathy involves
the ocular and bulbar musculature, it must be differentiated
from MG. In thyrotoxic myopathy, rapid muscle fatigue
and recovery with rest is not appreciated, a response to anti-
cholinesterases is not observed, and decrement is not appar-
ent on EMG. In MG, ocular and bulbar muscle involvement
is more pronounced and atrophy is not present.106 Also, MG
is painless, without orbital congestion, lid lag, lid retraction,
or exophthalmos. The ophthalmoplegia is paretic, rather
than restrictive, and usually there is lid ptosis, diurnal varia-
tion, and Cogan’s lid twitch, as well as normal orbital imag-
ing studies.113 Conversely, with thyroid ophthalmopathy,
mild orbital discomfort, orbital congestion, lid lag,
lid retraction, exophthalmos, restrictive ophthalmoplegia
(often late), and absence of ptosis, diurnal variation, and
Cogan’s lid twitch are observed. Also, a positive forced
duction test and enlarged extraocular muscles on imaging
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stud ies of the orbits are characterist ic. 113 These two condi -
tions may coexi st. Polymyos itis should also be consider ed
and is differentia ted by EMG and muscle biops y. In the
set ting of episodi c weakn ess, TPP shoul d be consider ed.
Th e latt er is a sporadic d isorder that is much more frequent
amo ng Asians and males , typi cally begi ns in the secon d
decad e of life, affect s the lower extr emities more frequently
than the upper extremiti es, and spares the ocul obulbar
mus cles. 113 Vigoro us exercise and high- carbohydr ate mea ls
may precipitate acute attac ks.

EVALUATION. TFTs can confirm thyr otoxicos is, typi-
cal ly dem onstratin g an ele vated free T4, total T4, T3RU,
fre e thyroxi ne index, free T3, total T3, and a suppresse d
(usua lly undetectabl e) TSH. A normal or ele vated TSH in
the face of unequi vocal clinical thyr otoxicos is should raise
suspi cion for a TSH-secr eting pituitar y adenom a. Other
labo ratory featur es may include anem ia, hypokalem ia, hy-
perc alcem ia, and an elevat ed erythro cyte sedi mentati on
rate. Approxima tely half of hyper thyroid patients d emon-
strat e EEG change s, mos t common ly gener alized slowi ng
or excessive fast activit y, b oth of which reso lve wi th at-
tainm ent of the euthyroi d state. 92 Magne tic reso nance im-
agin g (MRI ) with gadolinium may dem onstrate the
char acterist ic features of thyr oid ophth almopa thy, includ-
ing multipl e extr aocular mus cle involvem ent, smo oth mar-
gins gradually taperi ng into the tendon insert ions, and
unif orm enhanc ement whe n contras t is adm inistere d. These
featur es are readily display ed wi th fat saturatio n tec hniques
that de-e mphasi ze intraocul ar fat. Opt ic nerve impinge-
men t may also be visualize d with a similar appro ach.
MR I may also be usef ul in ruling out orbita l pseudo tumor,
To losa-Hunt syndrome , orbita l lymphom a, Wege ner’s
granu lomat osis, and orbita l aspergi llosis (Video 227,
Or bital Pseudot umor). 114

When coexi stent MG is consider ed, acetyl choline recep-
tor antibodi es in response to edrop honiu m (Tens ilon) may
be helpful in its eval uation. Although the Tensi lon test
may be normal in MG (false-ne gative result) and may lead
to improv ement of dy sthyroid orbitopath y (fa lse-positive
resu lt), 95 patients with thyroto xic bulbar features typicall y
do not have immu nologica l, electrophys iologi cal, or
pharm acological evidence of MG .91

MANAGEMENT. Almo st all of the clinical features
of thyroid dysfunction, with the exception of thyroid-
associated ophthalmopathy, resolve once the euthyroid state
is achieved.106,115 Medical (definitive and symptomatic) and
surgical approaches to treatment of thyrotoxicosis include
b -blockers; antithyroid, anti-inflammatory, and immunosup-
pressive drugs; radioactive iodine-131; iodine-containing
compounds; and subtotal thyroidectomy. b-Blockers, in addi-
tion to decreasing the b-adrenergic-mediated features of thy-
rotoxicosis, may decrease the peripheral conversion of T4

to T3. b-Blockers are also useful in the prophylactic treatment
of TPP while attainment of the euthyroid state is awaited.
A typical dosage regimen is propranolol, 40 mg four times
daily.91 Prophylaxis against further attacks includes avoid-
ance of identified precipitants and acetazolamide until resto-
ration of the euthyroid state is achieved. In hyperthyroid
patients with coexistent MG, b- b l o c k er s s ho ul d b e u se d c au -
tiously because of their neuromuscular blocking properties.91

Higher grade orbital features typically require systemic corti-
costeroids (with or without cyclosporine), irradiation, or
orbital decompression,116 yet some believe surgery is rarely
indicated because the dysthyroid orbitopathy usually sponta-
neously arrests before a serious degree of ophthalmopathy
has been reached.117 One of the most frequent complications
of thyroid surgery is recurrent laryngeal nerve paralysis.118

A more limited surgery involving partial lid suturing may be
required to protect the cornea. When an undetectable serum
thyrotropin concentration is identified in the presence of nor-
mal serum T3 and T4 concentrations, the term subclinical
hyperthyroidism is applied. Toft119 provided recommen-
dations on its management. Significant depression can be
associated with subclinical hyperthyroidism. Transient thy-
roiditis (e.g., subacute and postpartum thyroiditis) may only
require symptomatic therapy (e.g., b-blockers).
Parathyroid Disorders
See the sections on hypoca lcemia and hyper calcemi a.
Adrenal Disorders
Hypoadrenalism

PATHOGENESIS AND PATHOPHYSIOLOGY. The
adrenal gland is the effector organ of the hypothalamic-
pituitary-adrenal (HPA) axis and secretes cortisol in
response to stimulation by pituitary-derived corticotropin
(adrenocorticotropic hormone [ACTH]). Pituitary function,
in turn, is under the control of corticotropin-releasing
hormone from the hypothalamus. Dysfunction anywhere
in the HPA axis may result in adrenal insufficiency. Pri-
mary adrenal insufficiency (PAI) is due to bilateral adre-
nal gland destruction, and secondary adrenal insufficiency
(SAI) results from hypothalamic or pituitary dysfunction.
Although brain injury affects the HPA axis, the most frequent
cause of adrenal insufficiency is iatrogenic SAI following
the withdrawal of exogenously administered steroids.87 The
fatigue and weakness associated with hypoadrenalism reflect
the associated hypotension aswell as the water and electrolyte
disturbances. The role of glucocorticoids in catabolic energy
mobilization likely also contributes.

EPIDEMIOLOGY AND RISK FACTORS. PAI is rela-
tively rare, may occur at any age, affects both sexes equally,
and is most often due to autoimmune adrenalitis.120 Acquired
immunodeficiency syndrome, histoplasmosis, and active
tuberculosis are significant risk factors for PAI. Major risk
factors for SAI include prior administration of exogenous
corticosteroids, especially prolonged, high-dose courses,
and any destructive lesion of the pituitary or hypothalamus.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

The clinical features of adrenal insufficiency are influ-
enced by the site of dysfunction because PAI affects all
of the adrenocortical hormones, whereas SAI only affects
glucocorticoids. Thus, hyperpigmentation, salt craving,
and hyperkalemia are unique to patients with PAI. Patients
with adrenal insufficiency may present acutely or as a
chronic condition. Acute adrenal insufficiency is a medical
emergency (so-called addisonian crisis) characterized by
mental status changes, fever, hypotension, volume deple-
tion, arthralgias, myalgias, and abdominal pain that may
mimic an acute abdomen.121 Chronic adrenal insufficiency
may present more insidiously with fatigue, weakness, GI
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symptoms, amenorrhea, decreased libido, salt craving,
arthralgias, and hypoglycemic symptoms. Neurological
manifestations can include confusion, apathy, depression,
psychosis, paranoia, and myalgias, as well as hypoglyce-
mic symptoms.122 In addition, a past medical history of
cancer, recent tuberculosis exposure or steroid usage, im-
munosuppression, a history of treated Cushing’s syndrome,
features of hypothalamic/pituitary disease, or other endo-
crine deficiencies, as well as a family history of a sex-linked
recessive disorder, should be sought.

DIFFERENTIAL DIAGNOSIS. In the industrialized
world, approximately 70% of cases of PAI are autoimmune
in etiology (due to the polyendocrine deficiency syn-
drome), 20% are related to tuberculosis (most common
cause worldwide), and the remaining 10% are due to other
causes (Table 38-10).121 SAI commonly follows exoge-
nous steroid withdrawal and the surgical treatment of
Cushing’s syndrome; it is uncommonly related to hypotha-
lamic or pituitary lesions.121 The neurological differential
diagnosis relates to the rapidity of onset of the hypoadre-
nalism. In the setting of acute adrenal insufficiency (i.e.,
addisonian crisis), the differential diagnosis of acute-onset
encephalopathy must be entertained in addition to those
disorders that produce septic shock. With a more chronic
presentation, the differential diagnosis varies with the clin-
ical manifestations and includes those disorders associated
with encephalopathy, fatigue, weakness, or myalgias.

EVALUATION. The evaluation of patients with sus-
pected adrenal insufficiency serves to determine the ade-
quacy of cortisol production and to localize the process
within the HPA axis (i.e., PAI versus SAI). Tests to assess
cortisol production include serum cortisol level, short
cosyntropin (Cortrosyn) stimulation test, insulin tolerance
test, and the metyrapone test. The plasma ACTH level is
the principal localizing test,123 and in severely stressed
patients with normal adrenal function, serum cortisol levels
range from 20 to 120 mg/dL.121 In unstressed patients, the
normal cortisol level overlaps with that observed in
patients with adrenal insufficiency, making random cortisol
testing less useful in this group.

MANAGEMENT. In patients receiving exogenous gluco-
corticoids, the prevention of HPA axis suppression is aided
TABLE 38-10

Major Causes of Adrenal Insufficiency

Primary adrenal insufficiency
Autoimmune
Infections
Hemorrhage
Metastatic disease
Drugs
Infiltrative
Bilateral adrenalectomy
Adrenoleukodystrophy; adrenomyeloneuropathy; congenital adrenal

hypoplasia
Secondary adrenal insufficiency

Suppression of the hypothalamic-pituitary-adrenal axis
Lesions of the pituitary or hypothalamus

Modified from Loriaux DL: Adrenocortical insufficiency. In Becker KL, Bilezikian
JP, Brenner WJ, et al (eds): Principles and Practice of Endocrinology and Metabo-
lism, 2nd ed. Philadelphia, Lippincott, 1995, pp 682–686; Rone JK: Adrenal insuffi-
ciency. In Rakel RE (ed): Saunders Manual of Medical Practice. Philadelphia,
Saunders, 1996, pp 653–656.
by using the lowest possible dosage, shortest duration, and
an every-other-day dosing schedule, when possible. The
treatment of adrenal insufficiency is hormone replacement.
In general, in acute adrenal insufficiency, IV hydrocorti-
sone is administered and fluid, Na, and glucose are
replaced. In chronic adrenal insufficiency, the preferred
replacement glucocorticoid is also hydrocortisone because
it has a short half-life and is therefore less likely to produce
Cushing’s syndrome or osteoporosis.122 A typical regimen
is hydrocortisone, 20 mg in the morning and 10 mg in
the evening. Mineralocorticoid replacement may be
required in PAI and is usually provided by fludrocortisone
(Florinef), 0.05 to 0.1 mg/day, along with the recommenda-
tion for a high-Na diet. Pituitary apoplexy, an uncommon
endocrine emergency, requires a multidimensional treat-
ment plan.88 Patients should be informed about the need
for steroid adjustment during disease and should always
wear a medical bracelet.

Hyperadrenalism
Hyperadrenalism refers to hypersecretory disorders of the
adrenal medulla (e.g., pheochromocytoma) and cortex
(e.g., aldosteronism and Cushing’s syndrome). Pheochro-
mocytomas are catecholamine-secreting tumors of neural
crest (neuroectoderm) origin that may be sporadic or famil-
ial. In adults, approximately 10% of these tumors are ma-
lignant, 10% are extra-adrenal (i.e., 90% occur within the
adrenal glands), and 10% are bilateral.124

The major clinical features of pheochromocytoma are
headaches, palpitations, diaphoresis, hypertension, hypo-
tension, pallor, weight loss, chest pain, and abdominal
pain.124 Other features include dizziness, anxiety, nausea,
vomiting, diarrhea, mydriasis, tachycardia, pulmonary ede-
ma, and CHF.117 A more serious neurological feature is
intracranial hemorrhage. Pheochromocytoma multisystem
crisis is a serious and rare presentation that is characterized
by encephalopathic features, multiple organ failure, fever,
and labile blood pressure.125 Pheochromocytoma can be
associated with multiple endocrine neoplasia type II,
neurofibromatosis, and von Hippel-Lindau disease.117

The differential diagnosis of hypertension associated
with hyperadrenergic symptoms is extensive and includes
thyrotoxicosis, anxiety and panic disorders, hypoglycemia,
diencephalic epilepsy, acute myocardial infarction, abrupt
clonidine withdrawal, and drug usage (e.g., monoamine
oxidase inhibitors, cocaine, and decongestants). Although
pheochromocytoma is rare, its life-threatening status re-
quires consideration and exclusion whenever hypertension
is associated with suggestive symptoms, especially the
triad of headache, palpitations, and diaphoresis.

A total plasma catecholamine (epinephrine plus norepi-
nephrine) level, drawn 30 minutes after supine rest, can
be diagnostic. Values higher than 2000 pg/mL are patho-
gnomonic for pheochromocytoma, whereas those less than
1000 pg/mL exclude pheochromocytoma. Twenty-four-
hour urine studies (metanephrines, normetanephrines, and
vanillylmandelic acid) and clonidine suppression testing
are required when values between these levels are
obtained.124 Twenty-four-hour urine studies are diagnos-
tic in up to 90% of patients with pheochromocytoma.117

Once the diagnosis of pheochromocytoma is confirmed,



TABLE 38-11

The Clinical Features of Cushing’s Syndrome and
Disease

CUSHING’S SYNDROME CUSHING’S DISEASE

Hypertension, diabetes,
hyperphagia, central obesity,
moon facies, dorsocervical fat
deposition (buffalo hump; may
cause myelopathy), hirsutism,
acne, menstrual disorders,
evidence of protein catabolism
(e.g., easy bruising, myopathy,
osteopenia), cutaneous lesions
(hyperpigmentation; wide, purple
striae), psychiatric manifestations

Mental status changes,
idiopathic intracranial
hypertension, visual field
defects, optic neuropathy

Data from Layzer RB: Neuromuscular manifestations of endocrine disease.
In Becker KL, Bilezikian JP, Bremner WJ, et al (eds): Principles and Practice of
Endocrinology and Metabolism, 2nd ed. Philadelphia, Lippincott, 1995, pp 1762–
1770; Schteingart DE: Cushing syndrome. In Becker KL, Bilezikian JP, Bremner
WJ, et al (eds): Principles and Practice of Endocrinology and Metabolism, 2nd ed.
Philadelphia, Lippincott, 1995, pp 667–682.
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tumor localization becomes the priority and is best evaluated
by abdominal CT.

For neurologists, it is important to consider pheochromo-
cytomas in patients with headaches and other suggestive
symptoms. Serious morbidity and mortality may occur
when these patients present with headache and b-blocker
therapy is begun, which allows unopposed a-adrenergic
stimulation. This may result in CHF, myocardial or cere-
bral infarction, malignant hypertension, or death. When
pheochromocytoma is considered to be a diagnostic possi-
bility, referral to an endocrinologist for further evaluation
and treatment is appropriate. With the widespread avail-
ability of imaging (CT and MRI) and biochemical assays,
the incidence of undiagnosed pheochromocytoma has
decreased significantly.124 With surgery, most pheochromo-
cytomas are cured. However, 10% are malignant and current
treatments for widespread metastases are unsatisfactory.

Aldosteronism results from the overproduction of aldo-
sterone by the adrenal cortex and can be primary or sec-
ondary. Primary aldosteronism refers to aldosteronism
related to adrenal gland disorders such as aldosterone-
secreting adrenal adenomas (Conn’s syndrome) and func-
tional overactivity of both adrenal glands (idiopathic
hyperaldosteronism). Secondary aldosteronism refers to
stimulation of aldosterone production by extra-adrenal
influences, such as occurs in CHF, cirrhosis, volume depletion
(or other conditions of decreased effective renal perfusion),
and Barrter’s syndrome, a rare disorder characterized by
hyper-reninemia, hypokalemia, and normal blood pressure.
Aldosteronism, both primary and secondary, results in hypo-
kalemia and metabolic alkalosis, which, in turn, may cause
neurological symptoms. Primary aldosteronism is approx-
imately twice as common in women, occurs between the
ages of 30 and 50 years, and is found in approximately 1%
of hypertensive patients.120 It is the most common endocrine
cause of secondary hypertension.

Aldosteronism-induced hypokalemia may trigger epi-
sodic attacks of severemuscular weakness (similar to periodic
paralysis), tetany, paresthesias, polyuria, and hyper-
tension.126 The episodic attacks of weakness are similar to
both the familial and the thyrotoxic forms of periodic pa-
ralysis, although respiratory paralysis is more common.91

Unlike the familial form, hypokalemia and alkalosis may
be present between attacks.91 In addition to episodic weak-
ness, a subacute or chronic myopathy may develop. In this
setting, serum creatinine kinase may be moderately elevated
and EMG examination discloses myopathic features that are
often accompanied by fibrillation potentials.91 Rarely, rhab-
domyolysis and myoglobinuria occur. Laboratory features
include an inability to concentrate the urine, hypernatremia,
hypokalemia, metabolic alkalosis, and hypokalemic-
induced ECG changes. The plasma renin activity should
be measured because this factor allows the differentiation
between primary (suppressed) and secondary (elevated)
aldosteronism.

The etiology dictates the treatment. In idiopathic hyper-
aldosteronism, medical therapy is primary, whereas hy-
peraldosteronism due to an adenoma is typically treated
by surgical excision, although medical treatment with
spironolactone (an aldosterone antagonist) and dietary Na
restriction may be effective (antihypertensives may also
be required).
Cushing’s syndrome is the clinical expression of chronic
excess adrenal corticosteroids (i.e., hypercortisolism)
and can be classified into ACTH-dependent and ACTH-
independent etiologies.127 Disorders belonging to the
ACTH-dependent category overproduce cortisol in res-
ponse to excessive ACTH release, whereas those in the
ACTH-independent category produce cortisol without
ACTH stimulation. ACTH-dependent causes account for
80% of the cases of endogenous Cushing’s syndrome and
include ACTH-producing pituitary tumors (Cushing’s dis-
ease; 65%) as well as both ACTH-producing (15%) and
corticotropin-releasing hormone-producing (rare) ectopic
tissue.128 ACTH-independent etiologies account for 20%
of the cases of Cushing’s syndrome and include adenoma
and carcinoma of the adrenal gland, nodular hyperplasia,
and cortisol-secreting tumors.128 In addition to these endo-
genous etiologies, prolonged administration of exogenous
glucocorticoids can cause a nearly identical syndrome.

The clinical features of Cushing’s syndrome vary with
the underlying etiology and are dependent on the amount
of ACTH, cortisol, and other adrenocortical steroids sec-
reted (Table 38-11). Neuropsychiatric manifestations can
include irritability, emotional lability, depression, and psy-
chotic episodes.92,117 Approximately 50% of patients with
Cushing’s disease have muscle weakness.91 Other possible
neurological signs are mental status changes and visual
field defects as well as optic neuropathy when pituitary
adenomas extend beyond the confines of the sella turcica.
Rarely, the accumulation of fat epidurally can result in
the development of a myelopathy. An association with id-
iopathic intracranial hypertension has also been reported
(see Chapter 53).

Cushing’s syndrome must be differentiated from disor-
ders producing secondary hypercortisolism (e.g., obesity,
major depression, and alcoholism). Initial (screening) eval-
uation usually includes an overnight dexamethasone sup-
pression test or a 24-hour urine collection for free
cortisol. Free cortisol typically exceeds 90 mg/day in Cush-
ing’s syndrome. The overnight dexamethasone suppression



TABLE 38-12

General Features of Growth Hormone Hypersecretion

Growth Hormone Hypersecretion

Musculoskeletal: Increasing hat, glove, or shoe sizes; prognathism;
prominent supraorbital ridges; coarsening of facial features (e.g.,
large bulbous nose, thick lips, separated teeth)

Endocrine: Hyperhidrosis, fatigue, exercise intolerance, hoarseness,
sleep apnea (peripheral and central)

Cardiopulmonary: Hypertension, hyperlipidemia, cholelithiasis,
carbohydrate intolerance, overt diabetes, heart disease (e.g.,
arrhythmias, congestive heart failure, coronary artery disease)

Other: Arthralgias, slight kyphosis, visceromegaly, reproductive
problems (women: amenorrhea, galactorrhea, anovulatory problems;
men: decreased libido, hypogonadism), hyperprolactinemia,
adenomatous polyps and colon cancer, esophageal and gastric cancer,
parathyroid and pancreatic islet cell adenomas (MEN-I syndrome)

Pituitary Gland Enlargement

Headaches, visual changes (e.g., bitemporal hemianopsia due to optic
chiasm involvement), hypopituitarism, diabetes insipidus, diplopia

MEN-I, multiple endocrine neoplasia type I.

Data from Kissel JT: Endocrine myopathies, In Update on Neuromuscular Disease.
Course 423 of the AAN Annual Meeting, Washington, DC, May, 1994, pp 34–35;
Maugans TA, Coates ML: Diagnosis and treatment of acromegaly. Am Fam Phys
1995;52:207–213; Molitch ME: Clinical manifestations of acromegaly. Endocrinol
Metab Clin North Am 1992;21:597–614; Grunstein RR, Ho KY, Sullivan CE: Sleep
apnea in acromegaly. Ann Intern Med 1991;115:527–532.
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test assesses the patient’s ability to suppress cortisol produc-
tion in response to dexamethasone. Typically, 1 mg of dexa-
methasone is administered at 11 PM, and a blood sample for
serum cortisol is drawn at 8 AM. Serum cortisol is suppressed
to less than 5 mg/dL in normal individuals, whereas it is
higher than 10 mg/dL in patients with Cushing’s syndrome.
If either test is abnormal, then a low-dose (0.5 mg) dexa-
methasone is required for further differentiation. False-
positive results may be noted with physiological stress,
estrogen or phenytoin use, RF, and endogenous depression.128

Basic laboratory studies may identify glucose intolerance,
leukocytosis with lymphopenia, polycythemia, and hypokale-
mia. Hypokalemia is unusual in Cushing’s disease (10%) but
is much more common in the ectopic ACTH syndrome
(60%).128 An MRI scan of the pituitary is the procedure of
choice for the identification of pituitary adenomas. Abdominal
CT scanning for the presence of an adrenal tumor is indicated
in ACTH-independent syndromes. The treatment of endo-
genousCushing’ssyndromedependsontheunderlyingetiology.

Growth Hormone Disorders
Growth hormone (GH; somatotropin) is secreted by the ante-
rior pituitary in response to hypothalamic GH-releasing hor-
mone (GHRH). GH promotes linear growth and has both
anabolic and catabolic effects. Hypersecretion of GH causes
gigantism when it occurs before epiphyseal closure and acro-
megaly when it begins afterward. Hyposecretion causes short
stature in childhood and possibly a chronic fatigue-like syn-
drome in adults. GH acts indirectly through insulin-like
growth factors (IGFs; somatomedins), with IGF-1 (formerly
somatomedin C) being the most important for growth.
Prolonged exposure to elevated levels of GH and IGF-1
results in the insidious onset of skeletal and soft tissue over-
growth, the latter of which is most pronounced in tissues con-
taining large amounts of cartilage proteoglycans.129 Cortical
bone density is increased and trabecular bone (e.g., vertebral)
density is decreased, probably because of coexistent hypogo-
nadism.129 Soft tissue hypertrophy may result in compression
neuropathies, radiculopathies, and, rarely, myelopathy.90

More than 98% of cases of acromegaly are due to
GH hypersecretion by a pituitary adenoma.130 Rare etiol-
ogies include increased hypothalamic production of GHRH,
ectopic pharyngeal pituitary tissue, and ectopic hormone (GH
and GHRH)-secreting tumors (e.g., hypothalamic gangliocy-
toma and breast, stomach, and lung tumors).129 GH-secreting
pituitary adenomas are relatively rare, with an incidence
of 3 or 4 per 1 million and a prevalence of 50 to 70 per 1 mil-
lion.130 There is no sexual predilection, and the majority
of patients are diagnosed in their fourth or fifth decade, after
a mean delay of 8.7 years.131

If it is present, an enlarging pituitary adenoma may pro-
duce headaches, visual changes (e.g., bitemporal hemiano-
pia due to optic chiasm compression), and hypopituitarism
(e.g., decreased ACTH or TSH levels due to anterior pitui-
tary destruction), as well as DI (posterior pituitary involve-
ment) and diplopia (due to cavernous sinus invasion). The
lack of correlation between headache and tumor size
reported in some series131 suggests that headache may also
be a feature of GH hypersecretion.

The hypersecretion of GH produces various forms of
disfigurement and other physical changes (Table 38-12).
Central sleep apnea has been reported in one-third of acro-
megalic patients with sleep apnea.132 Importantly, the pres-
ence of sleep apnea increases the risk for hypertension,
myocardial infarction, and stroke, as well as accident sus-
ceptibility due to daytime sleepiness.130 Mononeuropathies,
especially compression neuropathies such as carpal tunnel
syndrome (CTS), may be noted. CTS occurs in 50% of
patients and is noted in 75% when EMG testing is per-
formed.91 Objective weakness, in a myopathic pattern, is ob-
served in approximately 40% of acromegalic patients.91 The
weakness typically has an insidious onset and is a late mani-
festation, correlating best with the duration of acromegaly.90

Polyneuropathies, nerve root and spinal cord compression,
headaches, and visual changes have also been described.90

The most sensitive and specific screening test for acro-
megaly is the plasma IGF-1 level. The pulsatile nature of
GH secretion may result in a randomly high GH level be-
ing obtained in a normal person, as may physical stressors,
making this a less useful test. All patients with elevated
IGF-1 levels should have an oral glucose tolerance test,
the gold standard for acromegaly. MRI can confirm the
suspicion of a pituitary adenoma. When MRI is negative
in an acromegalic patient, consideration should be given
to the rarer etiologies of acromegaly.

The prevention of many of the sequelae of disorders
associated with acromegaly (e.g., hypertension, cardiovas-
cular disease, stroke, sleep apnea, diabetes, and arthropathy)
requires early identification and treatment. The manage-
ment of acromegaly includes the identification of the source
of the excess GH secretion and its excision, irradiation, or
medical suppression. The somatostatin analog octreotide is
a highly effective pharmacological means of controlling
GH secretion117 while awaiting the effect of irradiation in
those cases related to a pituitary adenoma incompletely
responsive to transphenoidal resection.



TABLE 38-13

Major Causes of Hypoglycemia

Fasting
Inadequate glucose supply, excessive glucose demand

Reactive
Iatrogenic (abrupt discontinuation of total parenteral nutrition)
Fructose and leucine intolerance and galactosemia
Idiopathic

Artifactual (lymphoproliferative disorders)

Data from Bleck TP: Metabolic encephalopathies. In Weiner WJ (ed): Emergent and
Urgent Neurology. Philadelphia, Lippincott, 1992, pp 27–57; Lockwood AH: Toxic
and metabolic encephalopathies. In Bradley WG, Daroff RB, et al (eds): Neurology
in Clinical Practice, 2nd ed. Boston, Butterworth-Heinemann, 1996, pp 1355–1372;
Yealy DM, Wolfson AB: Hypoglycemia. Emerg Med Clin North Am 1989;7:837–848.
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Glucose Metabolism Disorders
Hypoglycemia

PATHOGENESIS AND PATHOPHYSIOLOGY. Unlike
other body tissues, the CNS relies almost exclusively on
glucose as an energy substrate. CNS features that promote
its vulnerability to hypoglycemia include its low glucose
level (approximately 25% of the serum glucose value), its
inability to store significant glucose as glycogen, and the
high cerebral metabolic rate (5 mg/100 g brain tissue/min-
ute) for glucose.133 Thus, for a 1400-g brain, the glucose
requirement is 70 mg/minute. The brain’s dependence on
glucose, coupled with its limited glycogen stores, results
in rapid CNS dysfunction when hypoglycemia occurs and
permanent neurological sequelae if it is prolonged. The
glucose level at which CNS dysfunction occurs depends
on its rapidity of onset, the current level of CNS activity,
the quantity of CNS glycogen, and the availability of alter-
native fuels. The immediate cause of CNS dysfunction is
unknown. Although it was initially believed to be due to tis-
sue energy depletion, high-energy organic phosphates are
normal during the early stages of symptomatic hypogly-
cemia.65 Alternative explanations include accumulation of
metabolic by-products of nonglucose metabolism, impaired
acetylcholine synthesis, and changes in neurotransmitter
levels, such as those of glutamate, aspartate, and g-amino-
butyric acid.65 When glucose slowly decreases, the CNS
can use nonglucose substrates, especially ketoacids and
glucose metabolism intermediaries,71 as well as several
amino acids.65

EPIDEMIOLOGY AND RISK FACTORS. Hypoglycemia
is a common problemwithout predilection for any age, gender,
or ethnic group. Although excessive insulin administration is
the most common cause of hypoglycemia,66 excessive use of
oral hypoglycemic agents is another common cause. The
major risk factor for the development of reactive hypoglycemia
(infrequent) is GI surgery (e.g., vagotomy and pyloroplasty,
gastrectomy, or gastrojejunostomy).

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Symptoms of hypoglycemia can be divided into ad-
renergic and neuroglycopenic (low CNS glucose). The
adrenergic symptoms (e.g., diaphoresis, tachycardia, and
enhanced physiological tremor) are inversely correlated to
the rate of development of hypoglycemia, being most
pronounced with acute onsets. Hunger, visual disturbances,
and altered temperature perceptions are other possible
adrenergic features. The neuroglycopenic features include
headache, malaise, impaired concentration, confusion, dis-
orientation, irritability, lethargy, stupor, coma, generalized
seizures, myoclonus, and psychiatric disturbance. Focal
CNS dysfunction, including focal seizures, hemiplegia,
paroxysmal choreoathetosis, and patchy brain stem and cer-
ebellar involvement mimicking basilar artery thrombosis,
have also been reported.134 With subacute onset, drowsi-
ness, lethargy, decreased psychomotor activity, and confu-
sion may be observed,71 and when chronic, the insidious
onset of memory, personality, and behavioral disturbances
may suggest dementia.135 The medullary phase of hypogly-
cemia, characterized by deep coma, pupillary dilatation,
shallow breathing, bradycardia, and hypotonicity, occurs at
a blood glucose level of approximately 10 mg/dL.71
Adrenergic features, when present, precede neurobeha-
vioral features, thereby functioning as an early warning
system. However, when sympathetic dysfunction (e.g., dia-
betic autonomic neuropathy) exists or when adrenergic
blockers are being used, these features may be inapparent.

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Hypoglycemia may be divided into fasting (the over-
whelming majority), reactive (uncommon), and artifactual
(Table 38-13). Fasting hypoglycemia is usually the result
of exogenous insulin or oral hypoglycemic administration
by diabetic patients. Drug-induced hypoglycemia can be
caused by pentamidine, nonsteroidal anti-inflammatory
drugs, salicylates, sulfonamides, clofibrate, phenytoin,
rifampin, thyroid hormone, anabolic steroids, and probene-
cid. Enzyme defects causing hypoglycemia are rare and
typically begin in childhood. By prolonging the half-life
of insulin and oral agents, RF may result in hypoglycemia.
Liver disease may also cause hypoglycemia in this way
while also impairing glucose production and glycogen stor-
age. Disorders of fatty acid utilization increase the need
for glucose and may rapidly result in hypoglycemia. Reac-
tive hypoglycemia is most commonly caused by surgical
procedures (iatrogenic) that result in rapid gastric empty-
ing, which, in turn, stimulates excessive insulin release,
thereby causing hypoglycemia.136

The neurological symptoms associated with hypoglyce-
mia primarily reflect CNS involvement (e.g., encephalopa-
thy and seizures) and are related to the rapidity of onset.
Diagnostic considerations of patients with hypoglycemia
depend on the presenting manifestations (e.g., disorders
known to produce seizures, when hypoglycemia is asso-
ciated with such, or disorders known to produce encepha-
lopathy, when hypoglycemia is associated with confusion).

EVALUATION. Whipple’s triad (hypoglycemic features,
laboratory confirmation of a low serum glucose, and reso-
lution of symptoms with glucose replacement) is diagnostic
of hypoglycemia. To identify the underlying cause of
hypoglycemia, other studies, including serum studies for
C-peptide, proinsulin and insulin levels, antibodies to insu-
lin or its receptor, and sulfonylurea levels, may be required
in addition to routine laboratories. Abdominal imaging (CT
or MRI) and arteriography, for tumor localization, may be
useful. In the evaluation of related neurological symptoms,
the EEG reveals generalized slowing, unless the degree
of hypoglycemia is mild. In this setting, hyperventilation-
induced slowing may persist after hyperventilation is
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disco ntinued. In the set ting of symptomat ic hypogl ycemia ,
the confu sion al state corr elates with EEG slowi ng. Addi-
tional ly, sei zure act ivity may be obser ved. As the gluc ose
level drops further, the comato se state superv enes and
burst-suppression activity is demonstrated on the EEG. Intra-
venous administration of glucose can reverse hypoglycemic
seizure activity and coma.

Regard ing sym ptom reso lution with glucose replace -
men t, although catecholam ine-medi ated featur es usually
resp ond within minutes, the CNS-rel ated featur es may re-
quire longer for reso lution .136 If the CNS featur es do not
reso lve within 1 hour, permane nt CNS damage may have
occur red. In addition, the possibi lity that the hypogl ycemia
is related to anot her d isorder shoul d be consider ed.

MANAGEMENT. Preve ntion of serious mor bidity and
morta lity require s early recogniti on of hypogl ycemia and
prom pt gluc ose repl acement, rega rdless of etiology. To
avoi d maskin g of the autono mic (warning) featur es of
hypogl ycemia , b-blocker s should be avoi ded in patient s
taking hypoglycem ic agent s. To prevent the develo pment
of Wer nicke-Kor sakof f syndr ome in alcoholic and mal-
nouri shed patients, thiamine suppl ementa tion (1 mg/kg)
shoul d als o be administ ered before givin g gluc ose (Video
229, Wer nicke’s En cephalopa thy). Malnour ished patient s
shoul d also rece ive niacin to prevent pellagr a. Dependi ng
on the etiology , more specific therapi es may be indi cated
(e.g., corticost eroid replace ment for adre nal insu fficiency ).

PROGNOSIS AND FUTURE PERSPECTIVES. Hypogly-
cemia is associated with a substantia l morbidity, pri-
marily related to accident s (e.g., vehicul ar) and seizure s
with resu ltant injuries. 133 In the setting of hypoxi c en-
cephalopathy, premature prognostication should be avoided,
given that slow improvement may continue for 1 or 2 years.71

When glucose is replaced before the medullary phase is
reached, the features may be reversible. After this point, es-
pecially if treatment was delayed, recovery may be pro-
tracted or incomplete.71 The potential risk of glucose
administration to euglycemic and hyperglycemic patients
is small compared to the potentially substantial benefit.
However, the possibility of cerebral ischemia must be
considered because hyperglycemia at the onset of brain is-
chemia worsens the postischemic outcome, whereas hyper-
glycemia occurring after experimental cerebral infarction
does not.66,137

Hy p erg ly ce m ia
Diabet ic ketoacido sis (DKA) and NKH H, two hyper glyce-
mic syndrome s occur ring among patients with diabete s,
can bo th present with encep halopat hy. In addi tion, patients
with NKHH frequent ly pres ent in coma or with new -onset
seizure s. More over, in the setti ng of acute myoc ardial
infarc tion, intensive care unit admiss ion, and acute brain
injury (e.g., acute isch emic stroke, intrac erebral hemor-
rhage , and cereb ral trau ma), hyp erglycemia is assoc iated
with increased morbidity and mortality.138

PATHOGENESIS AND PATHOPHYSIOLOGY. Although
the brain tolerates hyperglycemia better than hypogly-
cemia, encephalopathic features still develop, usually as a
reflection of cerebral dehydration (e.g., intravascular
hyperosmolality) or cerebral edema (e.g., too rapid correc-
tion of the hyperglycemia). A correlation between the de-
gree of encephalopathy and the serum osmolality exists,
the pathophysiology of which has been discussed (see
Hypo natremia ). In addition to osmotic effects, intrav ascu-
lar coagulation related to hyperviscosity may occur.68

The primary problem in DKA is insulin deficiency. This
results in an increased ratio of glucagon to insulin, acceler-
ated gluconeogenesis, enhanced glycogenolysis, and reduced
glucose clearance, thereby producing hyperglycemia.139 In
addition, insulin deficiency leads to increased fatty acid
mobilization, and the increased glucagon-to-insulin ratio
induces fatty acid oxidation.139 Therefore, lipolysis and
ketone body formation occur. Once the renal threshold is
exceeded, glucosuria occurs,133 which promotes polyuria,
due to osmotic diuresis, and polydipsia. In the setting of
NKHH, insulin production is usually sufficient to inhibit
lipolysis (i.e., nonketotic) but insufficient to prevent hyper-
glycemia. As the serum osmolality slowly rises, cerebral
idiogenic osmole formation occurs (to prevent dehydra-
tion), thereby making the patient susceptible to cerebral
edema during rehydration.

EPIDEMIOLOGY AND RISK FACTORS. The major risk
factor for the development of hyperglycemia is diabetes
mellitus, with a prevalence of approximately 1% in the
United States. NKHH accounts for 10% to 20% of all cases
of severe hyperglycemia,140 a value that is decreasing due
to earlier detection of uncontrolled hyperglycemia.141

Because of the high glucose content of total parenteral
nutrition, patients receiving this type of therapy are also
at risk of developing hyperglycemia. The incidence of ges-
tational diabetes (carbohydrate intolerance that is present
only during pregnancy) ranges from 1% in predominantly
rural areas to 12% in racially mixed urban areas.142

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The general medical features of hyperglycemia
include polyuria, polydipsia, and anorexia. Patients with
DKA tend to be younger, type I diabetics, with a symptom
onset measured in days. At onset, the mental status varies
from normal (20%) to comatose (10%) and correlates most
to the level of hyperosmolality.139 DKA is frequently pre-
cipitated by infection or noncompliance with insulin ther-
apy. Patients with NKHH tend to be older, type II diabetics
with more pronounced dehydration. Unlike patients with
DKA, focal neurological abnormalities, seizures (both
focal and generalized), and coma are commonly observed.
The most common precipitants of NKHH are infection,
chronic renal insufficiency, GI bleeding, pancreatitis,
stroke, burns, and certain medications.141

DIFFERENTIAL DIAGNOSIS. Although patients who
present with encephalopathy may easily be diagnosed with
hyperglycemia as the cause, diagnostic difficulty arises
when encephalopathic patients present without a history
of diabetes. Blood glucose determinations must be per-
formed on all encephalopathic patients, and when they
are shown to be hyperglycemic, DKA and NKHH, in addi-
tion to uremia, hepatic failure, toxin ingestion, starvation
ketosis, alcoholic ketoacidosis, lactic acidosis, and other
causes of encephalopathy, must be excluded. A history
of ethanol abuse and, typically, a lack of hyperglyce-
mia help differentiate alcoholic ketoacidosis. Evidence of
renal dysfunction and the absence of ketones help differen-
tiate uremia, and starvation ketosis is not associated with
hyperglycemia.
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EVALUATION. In evaluat ing patients with hyper gly-
cem ic-induced encep halopat hy, p recipitating factor s and
secon dary distur bance s should be sought, including electro-
lyte disturbance s (hypok alemia, hypopho sphatemia , and
hypomagnesemia), infection (leukocytosis, urinalysis, CXR,
and blood and urine cultures), and hypokalemic-induced
ECG changes. In addition, ABGs and serum osmolality, as
well as renal and hepatic function, should be assessed. Hyper-
amylasemia, seen in nearly 80% of patients with DKA, may
result in an incorrect diagnosis of pancreatitis.139 Typical
laboratory features in patients with DKA include blood
glucose above 400 mg/dL, arterial blood pH below 7.2, bicar-
bonate below 10 mEq/L, and an elevated serum osmolality
(usually below 350 mOsm/L). Ketone bodies and b -hydroxy-
butyrate are elevated in the blood and urine, and there is a
marked glycosuria.133 In patients with NKHH, the blood
glucose level is usually above 800 mg/dL and the osmolality
above 350 mOsm/L.68

MANAGEMENT. If encephal opathic featur es are note d
in a known diabetic, 25 g of dext rose should be adminis-
tered intrav enously becau se hypogl ycemia is the most
com mon cause of mental status changes and this dosage
will not cause harm in the setting of DKA .143 The primary
treat ment of DKA is insu lin replace ment, which facil itates
gluc ose uptake and glycogen format ion and reduces the
rate of keto ne body formati on. Volum e repl etion initially
requi res NS becau se mos t patient s have TBW deficits of
appro ximat ely 5 L.139 This also lessens the degree of cere-
bral edema. Half- normal saline can be substitut ed once
the orthost asis reso lves, and 5% dextrose can be added af-
ter the gluc ose d ecreases to 250 mg/dL or less. Altho ugh
cere bral edema is a concomita nt of treatme nt, a malignant
increas e in cere bral edema may occur, with resultant
increas ed ICP , rapid dete rioratio n, and death. 133 In this
set ting, aggre ssive tre atment of cerebra l edema mus t be
under taken, typicall y with hyper ventilat ion, mannitol
adm inistratio n, and ICP monitoring . Becaus e the major
probl em in patients with NKHH is dehydr ation, the prima-
ry tre atment is rehyd ration, followed by insulin therapy
and corr ection of under lying illnesses . Normal saline is
the flu id of choice, and once blood glucose leve ls reac h
250 mg/dL , 5% dextrose is provi ded to avoi d h ypoglycemi a.

Seiz ure cont rol requires norm alization of serum osmola l-
ity and glucose. Stand ard antiepilept ic d rugs are ineffe ctive;
further more, some antiepi leptic drugs , such as pheny-
toin, can inhi bit the releas e of endogenou s insu lin. 140 In
the setting of acute brain injury, hyperglyc emia increas es
the risk of serious neuro logic outcome s. Howeve r, whe ther
hyper glycem ia is an epiphenom enon of the under lying
diso rder or an inde penden t contrib utor to it s morbid ity
and mortality is unclear. 138,144,145 In DKA , the rate of pat-
ient mortality remai ns sign ificant (6% to 9%), with most
deat hs relat ed to cardiovascul ar or cere bral com plicati ons
or the precipitati ng factor. 133 Mortal ity rates as high as
40% to 70% are reported for NKH H.
Diabetes
Th e neuro logical compli cations of diab etes were first
reco gnized in 179 8, and until 1864 diabetes was consider ed
an effect of neuro pathy. 146 For discussion purpos es, the
neuro logical com plicati ons of diab etes can be divided
into CNS, cran ial nerve , and PNS distur bances, of which
PNS distur bances predo minate. Th ese diso rders involve dif-
ferent parts of the nervous system and theref ore produc e
differ ent clinical man ifestations .

Central Nervous System C o mp l i cations of Di a betes
The brain, although n ot frequently discusse d as a target
of the complicati ons of chronic diabetes, is nonethel ess af-
fected by this disorder . In addi tion to the neurologica l com-
plicat ions of glyc emic extremes previou sly discu ssed (see
Hypo glycem ia and Hypergl ycemia), p atients with diab etes
have an incr eased strok e inciden ce, increased str oke sever-
ity, and, possi bly, a chron ic encep halo pathy. 147 Regard ing
stroke, diabetes increases the risk of large, medium, and
small vessel atherom a, as well as arteriolar and capillary
micro angiopat hy, even after other concomi tant risk factor s
(e.g., hyperten sion) are excluded. 148 In addi tion, studies
have shown that the presence of hyperglycemia at the time
of stroke results in more severe brain injury and, hence, a
poore r stroke outcome (see Hype rglycem ia). Even amo ng
individuals without diabetes, sustained hyperglycemia
may be an independent risk factor for stroke, with relative
risks similar to those reported for coronary heart disease.149

CNS abnormalities reported in patients with diabetes include
increased P-300 latency, abnormal psychometric tests, and,
among children with diabetes, lower school achievement test
scores.148 Potential causes for encephalopathy in patients
with diabetes include vascular (e.g., stroke, altered BBB
function, and cerebrovascular reactivity), metabolic (e.g.,
altered glycemia, ketosis, hypoxia, electrolyte changes, and
neurotransmitter changes), and the coexistence of other
disorders (e.g., hypertension and RF).147

Spinal cord abnormalities include infarction and pseudo-
tabes diabetica. Pseudotabes diabetica reflects dorsal root
ganglia disease, which, in turn, causes posterior column
degeneration. Thus, this actually represents a disorder with
a PNS onset resulting in secondary distal axon degenera-
tion (i.e., the dying back phenomenon) causing posterior
column degeneration.

Cranial Nerve Complications of Diabetes
The cranial mononeuropathies complicating diabetes pri-
marily involve the oculomotor nerves (i.e., oculomotor
[CN III], trochlear [CN IV], and abducens [CN VI]). Facial
neuropathy and anterior ischemic optic neuropathy are only
briefly discussed because these items are reviewed else-
where in this text. Although peripheral nerve infarction
has been the presumed mechanism of cranial mononeuro-
pathies among diabetic patients, microinfarction-induced
fascicular disruption within the brain stem parenchyma has
been identified in many of these patients.150 Diabetic
oculomotor cranial mononeuropathies primarily involve
CN III, followed by CN VI; CN IV is uncommonly af-
fected alone. Clinically, patients notice the onset of eye pain
or headache, followed by diplopia. The ophthalmoplegia
reflects muscle weakness in the distribution of a single
oculomotor nerve. Typically, in the setting of CN III in-
volvement, pupillary sparing is noted. This likely reflects
the peripheral location of the pupillomotor fibers, which
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are therefore supplied by external larger vessels rather than
internal smaller vessels. However, this is not always the
case. Pupillary involvement is found in 10% to 20% of
patients with vasculopathic (e.g., diabetes) cranial
mononeuropathies, and pupillary sparing is found in 8%
to 15% of patients with aneurysms.151,152 Concerning the
latter, pupillary involvement usually appears within 3
to 5 days.152 Even patients with complete paralysis tend
to recover without residual weakness, usually within 3
months.146 Among patients with diabetes, facial mono-
neuropathies occur with increased frequency and a poor
outcome may be observed.146 Thus, the facial mononeuro-
pathy associated with diabetes may be secondary rather
than idiopathic. Differences noted in diabetic patients with
facial mononeuropathies support this statement and include
( 1) norm al taste (argues for a different les ion site), ( 2)
more frequent recurrent or bilateral facial nerve invol-
vem ent, and ( 3) mor e frequent axon loss as the underly-
ing pathophysiology rather than demyelinating conduction
block,153 which explains the poorer outcome. Clinically,
patients with CN II involvement and an anterior ischemic
optic neuropathy suffer acute visual loss, visual field
defects (usually inferior altitudinal), or both. Ophthal-
mologically, a pale and swollen optic disc (usually superi-
orly), accompanied by flame-shaped hemorrhages within
the optic disc or the peripapillary retina, is observed. In
addition, most of these patients have a small optic disc,
no central cup, and anomalous branching patterns of the
optic disc vessels—a triad referred to as the disc at risk.151

Importantly, there is a 40% chance of a similar episode in
the contralateral eye and a 2% to 4% chance of a recurrent
episode in the same eye.151 Among this patient population,
the occurrence of diabetes mellitus is increased (20%).151

However, this may reflect the increased prevalence of
hypertension among the diabetic population.

Peripheral Nervous System Complications of Diabetes
A great variety of PNS disorders are observed among
patients with diabetes, and these disorders can be divided
into focal, segmental, and generalized.

FOCAL PERIPHERAL NERVOUS SYSTEM DISOR-

DERS. The focal PNS disorders include focal myopathies
and mononeuropathies. The etiologies of focal myopathies
include traumatic (associated with insulin injection injury)
and vascular (related to thigh muscle infarction). Mono-
neuropathies may be divided into those affecting the cra-
nial nerves and those affecting the somatic nerves.
Somatic mononeuropathies result from entrapment or com-
pression and nerve infarction. Entrapment and compression
tend to occur in the same nerves and at the same sites as
among the nondiabetic population—median mononeuropa-
thies at the wrist (i.e., CTS), ulnar mononeuropathies at the
elbow, and common peroneal mononeuropathies at the
fibular head (Video 218, Ulnar Neuropathy, Wartenberg
Sign; Video 237, Foot Drop). The prevalence of CTS
among diabetics, as among the nondiabetic population,
increases in the presence of polyneuropathy.154 An
increased incidence of ulnar neuropathy also exists, where-
as the occurrence of a common peroneal mononeuropathy
at the fibular head is likely coincidental.154 Concerning
the lower extremity, although femoral mononeuropathies
are the most frequently reported lower extremity mono-
neuropathies among diabetic patients, they are extremely
rare. The initial publications on diabetic femoral neuro-
pathies likely represent mislabeled diabetic amyotrophy,
and in subsequent publications these authors noted that
the lesions were located more proximally.153 Thus, com-
mon peroneal mononeuropathies are the most common
lower extremity mononeuropathy. These lesions occur
unilaterally or bilaterally and can be caused by either
compression or nerve infarction.153 In patients with
nerve infarction, the onset is acute and painful, the path-
ophysiology reflects axon loss, and recovery is often slow
and suboptimal. The poor outcome reflects several
features, i nc luding the f ollowing: ( 1 ) T he lesions tend to
be complete, and robust collateral sprouting cannot
occur; ( 2 ) the lesions t end to involve the nerve trunks
proximally or in their midportion, and the distance
required for proximodistal regeneration is greater; and
( 3 ) t he l esions tend to occur i n e lderly patients. 15 3 Unlike
nerve infarction, which produces solely axon loss, com-
pressive lesions may produce demyelinating conduction
block, axon loss, or a combination of the two; therefore,
it is not unexpected that, in general, patients with com-
pressive lesions tend to have a better outcome. Except
for an attempt to control the serum glucose concentration
better, the mononeuropathies occurring among diabetic
patients are treated in the same manner as those occurring
among nondiabetic patients.

SEGMENTAL PERIPHERAL NERVOUS SYSTEM

DISORDERS. The diabetic polyradiculopathy syndromes
belong to this category. The term diabetic myelopathy
was introduced by Bruns in 1890 and was displaced by
Garland in 1955 when it became clinically and pathologi-
cally apparent that the disease process was not a myelopa-
thy.146 Garland suggested the intentionally nonlocalizing
term diabetic amyotrophy. Several years later, Sulli-
van155 suggested the term asymmetrical (motor) proximal
neuropathy, variations of which appear in most current dis-
cussions. Historically, at least 20 synonyms for this entity
have been used, which is a reflection of its varied presenta-
tions.153 The term diabetic thoracoabdominal neuropathy
(discussed later) has at least 10 synonyms.153 In 1981,
Bastron and Thomas156 proposed the more general term
diabetic polyradiculopathy for all of the diabetic neuro-
pathies other than distal symmetrical polyneuropathy,
thereby incorporating several of the various diabetic poly-
radiculopathy syndromes into a single entity (e.g., diabetic
amyotrophy and diabetic thoracoabdominal neuropathy).
In addition, they coined the term territorial extension to
describe the cephalad, caudal, or contralateral progression
of this process from one root region to another. Based on
this framework, Wilbourn153 drew several important con-
clusion s: ( 1) The root level is prima rily attac ked; (2) single
or cont iguous roots are attacked most severely; ( 3) ter ri-
torial extension occurs in approximately two-thirds of
patients; (4) some root regions are more likely to be affect ed
than others; ( 5) whe n uncomm on root regions are invol-
ved, they generally follow involvement of the more typical
root region; (6) the predo minant pathophysi ology is axon
loss; and ( 7) the major ity of patients have coexist ing dia-
betic distal symmetrical polyneuropathy (DDSPN). Thus,
the commonly observed diabetic amyotrophy reflects
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isolated root involvement of the L2–L4 root levels, whereas
diabetic thoracoabdominal neuropathy reflects isolated root
involvement of the mid- to lower thoracic root levels. Also,
when patients with diabetic amyotrophy develop foot drop,
it most likely reflects territorial extension into the L5 level,
and should it progress more caudally, global leg muscle in-
volvement will develop. Bilateral shoulder girdle weakness
is occasionally observed.153

GENERALIZED PERIPHERAL NERVOUS SYSTEM

DISORDERS. Disorders included in this category are
DDSPN and diabetic autonomic neuropathy. DDSPN is
the most common form of diabetic neuropathy and resem-
bles the polyneuropathies caused by numerous other disor-
ders. Different diagnostic criteria and methods of detection,
applied to patients with diabetes of varying duration (i.e.,
patient selection bias), have led to a wide variation in its
reported incidence and prevalence. Typically, paresthesias
and numbness begin in the toes and ascend proximally in
a stocking-like distribution (Video 5, Sensory Ataxia).
When the ascent reaches the upper tibia, the hands begin
to become involved. Once involved, the upper extremity
disturbance also progresses proximally in a glovelike dis-
tribution. This distribution pattern, in which the longest
nerves are first affected, is often referred to as a dying-back
neuropathy. At this time, diminished or absent ankle
reflexes and foot intrinsic muscle weakness are evident.
Even anhidrosis follows this pattern, which typically
begins in the foot and predisposes patients to foot ulcers.
The electrodiagnostic abnormalities also show a distal to
proximal gradient. The most sensitive NCS are the plantar
mixed NCS, followed by the superficial peroneal and sural
sensory NCS and the upper extremity sensory NCS. The
motor NCS abnormalities and needle electrode exami-
nation abnormalities follow this same pattern. When one
considers that a nerve is made of sensory, motor, and auto-
nomic axons ranging in size from small to large, it is easy
to envision the range of clinical symptoms this disorder
produces. Small fiber sensory disruption causes loss of pain
and temperature perception, as well as more prevalent fea-
tures of dysautonomia. Large fiber sensory involvement
impairs proprioception, vibratory perception, gait (sensory
ataxia), and reflexes. Motor axon dysfunction produces
weakness, and autonomic axon involvement produces vari-
ous dysautonomic features. Occasionally, patients present
with disproportionate small fiber or large fiber sensory in-
volvement or autonomic involvement. As noted by Dyck
and colleagues,146,154 a continuum of fiber involvement is
most common, with the disproportionate cases representing
the extremes of a normal distribution. Thus, diabetic auto-
nomic neuropathy can present in isolation, although uncom-
monly, and the symptoms reflect the wide distribution of
autonomic fibers: pupillary (miotic pupils with sluggish
light reflex), cardiovascular (resting tachycardia and ortho-
static hypotension), GI (constipation), genitourinary (impo-
tence and reduced vaginal lubrication), and sudomotor
(distal anhidrosis) systems.148 The symptoms, evaluation,
and management of diabetic autonomic neuropathy have
been reviewed.157 Hyperglycemic polyneuropathy refers
to transient, distal paresthesias or dysesthesias occurring
just before the diagnosis of diabetes or following ketoaci-
dotic coma. The treatment of painful diabetic neuropathy
is often the major management problem and can be chal-
lenging. For mild cases, simple analgesics may suffice, as
may cold water soaks and the use of support stockings
for evening pain. The potential for nephrotoxicity limits
the usefulness of chronic nonsteroidal anti-inflamma-
tory drugs, and the potential for addiction (as well as the
occurrence of tolerance) limits the utility of narcotics,
although controlled-release oxycodone may be effective
for the treatment of moderate to severe pain related to dia-
betic polyneuropathy.158 Tricyclic antidepressants, such as
amitriptyline and nortriptyline, desipramine, carbamazepine
(perhaps the drug of choice if the pain is lancinating or
paroxysmal), gabapentin, topirimate, and mexiletine have
been shown to be of value.159 Anticholinergic side effects
associated with tricyclic antidepressants limit their utility
for patients with accompanying autonomic dysfunction.
These agents, as well as others, have been reviewed.148
ORGAN FAILURE

Hepatic Failure
Because of the complexity of liver metabolism, patients
with liver disease may develop many complications, in-
cluding neurological dysfunction. This problem can be
expected, considering the important role the liver plays in
both nutrient metabolism (glycolysis and nutrient biosyn-
thesis) and detoxification. The term hepatic encephalopa-
thy (HE) refers to diffuse cerebral dysfunction occurring
secondary to liver disease. When HE develops acutely in
patients with liver disease of less than 8 weeks’ duration,
the term fulminant hepatic failure (FHF) is used, whereas
the term portal-systemic encephalopathy (PSE) is used
when HE develops in patients with chronic liver disease.
This differentiation has therapeutic implications because a
number of treatments exist for patients with PSE, whereas
no specific form of treatment has been proven beneficial
in FHF, except urgent liver transplantation.

PATHOGENESIS AND PATHOPHYSIOLOGY. Although
neither the responsible toxin nor the pathogenesis of HE
is known, it is believed to result from impaired hepatic
degradation of neurotoxic substances arising from the GI
metabolism of nitrogenous compounds. Normally, these
GI products are delivered to the liver by the portal vein.
There are two mechanisms by which hepatic impairment
may result in the systemic accumulation of these gut-
derived substanc es: (1 ) direct entry of portal vein -derived
blood into the systemic circulation (shunting) secondary
to the formation of portal-systemic collaterals (e.g., PSE)
and (2) impaired deto xification secon dary to hepatocyt e
dysfunction (e.g., FHF). HE results in increased BBB
permeability, which, in turn, enhances the entry of these
substances into the CNS, facilitating the development of
HE. This may explain why patients with liver disease can
become symptomatic with only minimal hyperammonemia
and their sensitivity to precipitation by ammonia-producing
processes.160 Normally, the brain removes ammonia by
converting it to glutamine. If glutamine accumulates rapidly,
the increased intracellular osmolality of the brain can cause
cerebral edema.161

A variety of substances have been implicated in the
pathogenesis of HE, including ammonia, endogenous



TABLE 38-14

Clinical Features of Chronic Liver Disease

SUBJECTIVE OBJECTIVE

Anorexia,
fatigue

Jaundice, scleral icterus, Kayser-Fleischer rings
(Wilson’s disease, primary biliary cirrhosis), fetor
hepaticus (musty, sweet breath odor), spider nevi,
gynecomastia, caput medusa (dilation of the umbilical
vessels), splenomegaly, ascites, xanthomas, palmar
erythema, Dupuytren’s contractures of the hands
and feet
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benzodiazepines, Na/K-ATPase inhibitors (e.g., glutamine,
short-chain fatty acids, aromatic amino acids, and mer-
captans), false neurotransmitters (e.g., octopamine), and
g-aminobutyric acid.162 The leading hypothesis relates to
the effects of ammonia and states that HE results from its
systemic accumulation. The following findings support this
hypot hesis: ( 1) Patients with HE usually have elevat ed ar-
teria l ammoni a levels, (2) the degree of hyper ammone mia
correl ates with the dept h of coma, ( 3) ammoni a metabolite s
(a-ketoglutarate and glutamine) are elevated in the brains
and CSF of patient s wi th HE, (4) the BBB perm eability
increas es for ammoni a, ( 5) the cere bral metabo lic rate in-
creases for ammonia, (6) experiment al administ ration of
ammoni um sal ts resu lts in reve rsible HE, ( 7) ammonia-
forming compounds in the GI tract (e.g., protein meals
and blood ) reproduci bly precipi tate com a, ( 8) all prove n
treat ments reduc e blood ammonia levels , and ( 9) patient s
with urea cycle enzyme defects develop hyperammonemia
and encephalopathy in the setting of normal liver fun-
ction.160,161,163 A second hypothesis is the false neurotrans-
mitter theory. This theory suggests that the increased ratio
of aromatic to branched-chain amino acids occurring in
liver failure causes an increased entry of aromatic amino
acids into the brain (i.e., less competition). The enhanced
entry of aromatic amino acids, in turn, increases the synthe-
sis of serotonin and false neurotransmitters (e.g., octopa-
mine). The increased quantities of false neurotransmitters
could theoretically competitively inhibit the normal func-
tion of true neurotransmitters. However, although false
neurotransmitters do accumulate in PSE, there is no evi-
dence that they are responsible for the encephalopathy.
Because the pathogenesis of HE is probably not due to the
accumulation of any single cerebral toxin, a multifactorial
process is more likely, with the accumulation of multiple
substances synergistically contributing to its development.

EPIDEMIOLOGY AND RISK FACTORS. FHF is rare,
with an incidence of approximately 2000 cases per year
in the United States.164 Viral hepatitis, usually hepatitis B
or hepatitis C, is the most common cause of FHF in the
United States and accounts for approximately 75% of
cases.164 Among patients with hepatitis B, approximately
1% develop FHF. Drug-induced liver dysfunction is second
in frequency.161 Abnormalities associated with liver dis-
ease, such as hypoxia, acid-base disturbances, and electro-
lyte abnormalities, predispose patients to the development
of encephalopathy. Retrospective epidemiological studies
have shown a correlation between intracranial hemorrhage
and hepatic disease, with the relative risk for intracranial
hemorrhage increased approximately fivefold among
patients with liver disease.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The neurological manifestations of HE range from
subtle psychomotor abnormalities to coma and death. The
exact clinical picture depends on the rapidity of onset, the
degree of liver dysfunction, and the degree of portal-sys-
temic shunting. PSE, the much more commonly encoun-
tered form, is mostly observed among patients with
chronic liver disorders (e.g., cirrhosis). In addition to the
neurological features, these patients may have numerous
other clinical findings (Table 38-14). PSE is typically
precipitated by ammonia-producing processes, such as
GI bleeding, increased dietary protein, constipation, and
azotemia. Other known precipitants include infection,
hypokalemia, hypoglycemia, hypoxia, and medications
(e.g., sedative-hypnotics and analgesics).163 Usually, the
onset of encephalopathy is slow and insidious, often begin-
ning with anxiety, altered sleep patterns and mood, agitated
delirium, or a decreased attention span . Eventually, leth-
argy progresses to stupor and coma.163 Asterixis is almost
always present (Video 57, Myoclonus), and as the encepha-
lopathy progresses, increased muscle tone, hyper-reflexia,
and extensor plantar responses are commonly noted. As part
of the coma, decorticate and decerebrate posturing may
also be observed. Unless a superimposed acute event occurs,
cerebral edema is uncommon in these patients.162 Unlike
uremic encephalopathy, seizures are infrequent and suggest
the presence of a coexistent disorder.

The onset of FHF is much more rapid and is typically
associated with severe liver disease. Mental status changes,
such as agitation, inappropriate behavior, and impaired
judgment, appear early and may quickly progress to stupor
and coma. Unlike PSE, cerebral edema with increased ICP
is common and may result in cerebral herniation and death.
Seizures and focal neurological signs are uncommon and
suggest a coexistent process (e.g., subdural hematoma
[SDH]).

In addition to developing encephalopathy, some patients
with chronic liver disease develop hepatocerebral degener-
ation, a slowly progressive and irreversible neurodegenera-
tive syndrome associated with extensive portal-systemic
shunting. It is characterized by tremor, rigidity, bradyki-
nesia, ataxia, dysarthria, choreoathetosis, and dementia.
Studies have shown a selective loss of dopaminergic D2

(postsynaptic) receptors in the globus pallidus of patients
with PSE, suggesting that these extrapyramidal signs may
reflect dopaminergic neuronal dysfunction.163 Rarely, spi-
nal cord degeneration (hepatic myelopathy), characterized
by spastic paraparesis, hyper-reflexia, and extensor plan-
tar responses, is observed. 165 The presence of polyneuro-
pathy has been variably reported. When they are present,
these signs are typically mild or asymptomatic. It is not
known whether these neuropathic changes are directly
related to hepatic dysfunction (e.g., from toxin accumula-
tion) or to the disease process causing the liver impairment
(e.g., alcohol abuse and hemochromatosis).

DIFFERENTIAL DIAGNOSIS AND EVALUATION. Any
disorder resulting in liver failure may cause HE. Viral hepa-
titis is the most common cause of FHF in the United States,
followed by drug-induced liver dysfunction (e.g., acet-
aminophen, isoniazid, rifampin, methyldopa [Aldomet],
and halothane), fatty infiltration, Reye’s syndrome, infiltra-
tive diseases, and less common causes.155,164



Figure 38-3. A 58-year-old patient with he-
patic encephalopathy. The patient’s EEG
demonstrates classic triphasic waves that
are more prominent anteriorly. (From
Lüders HO, Koechter S: Atlas und Klassi-
fikation der Elektroenzephalopgraphie.
Baden, Germany, Verlag CIBA-Geigy,
1994, p 118.)
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The diagnosis of HE is clinical and depends on the iden-
tification of precipitating factors and the observation of a
good response to empirical treatment.166 Unfortunately,
there are no pathognomonic features of HE, and all of its
typical features may be noted with encephalopathies of
other etiologies. Patients suspected of having HE require
a thorough neurological examination. Laboratory studies
help exclude alternative etiologies of encephalopathy and
identify other complications related to hepatic disease.
Potentially helpful laboratory studies include a CBC, elec-
trolytes, BUN, Cr, glucose, Ca, drug screen, vitamin B12

level, ABGs, and liver function tests. There is no correlation
between the degree of HE and the degree of liver function
test abnormality. In fact, liver function tests may be normal
in the setting of severe, chronic liver disease. An arterial
blood ammonia level should be drawn, placed on ice, and
immediately assayed. Venous samples are unacceptable be-
cause tourniquet-induced muscle ischemia can result in the
release of ammonia from muscle (possible false-positive
result), and muscle can take up variable amounts of ammo-
nia, producing false-negative results.160 Although infre-
quent, a normal value does not exclude HE, especially in
the fasting state.162,166 Although its absolute value does
not correlate with the degree of HE, the ammonia level
is useful in following the individual patient’s course and
response to therapy.

The EEG typically reveals generalized slowing, and tri-
phasic waves may also be seen. Triphasic waves, although
characteristic of HE, are not specific for this disorder and
can be observed in a wide variety of encephalopathic states
and structural processes (Fig. 38-3). Because the degree of
slowing is proportional to the severity of encephalopathy,
serial EEGs allow for the assessment of the subsequent
clinical course and response to treatment. If the patient is
febrile or if meningismus is observed, CSF analysis should
be cautiously performed because increased ICP or a coagu-
lopathy may also be present in this patient population.
The opening pressure should be recorded and routine CSF
studies obtained. In HE, the CSF protein may be mildly
elevated, and glutamine levels are usually elevated. The
glutamine level has been cited as the biochemical para-
meter most closely correlated to the degree of HE.161,167

Once HE is diagnosed, the degree of impairment should
be clinically graded and used as a baseline for future com-
parisons. Daily handwriting samples, number connection
tests (e.g., trail making), and mental status examinations
are helpful in the daily assessment of patients with HE.162

The most widely used grading system categorizes patients
into one of four stages, based primarily on alterations in
mentation and the EEG.161 Stage I is characterized by sub-
tle changes in thought processes and personality, such as
dyscalculia, poor handwriting, impaired construction of
simple figures, difficulty connecting a series of numbers,
and sloppiness. At this stage, any abnormalities on the
EEG are subtle. In stage II, more obvious changes in
thought processes, such as confusion, inappropriate behav-
ior, decreased attention, drowsiness, and abnormal sleep
patterns, are noted. Asterixis and hyper-reflexia are usually
present, and clonus as well as extensor plantar responses
may also be observed. The EEG shows generalized slow-
ing. In stage III, further worsening of thought processes
occurs, with confusion and an even shorter attention span.
The patient is unable to perform fine motor movements
and remains asleep most of the time. Asterixis is present,
and the EEG shows more pronounced slowing; in addition,
triphasic waves may be observed. In stage IV, the patient is
comatose. Brain stem reflexes persist until the deepest
stages of coma are reached. The EEG shows generalized
delta frequency slowing. ICP monitoring can be helpful
in the management of patients in stages III and IV by guid-
ing therapy, facilitating the early detection of rising ICP,
and identifying patients with sustained ICP elevations so
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that they may be excluded from emergency liver transplan-
tation procedures.161 When ICP monitoring cannot be per-
formed, the patient must be followed closely for evidence
of cerebral herniation so that treatment can be provided at
a time when the process may be reversible.

In HE, focal neurological features are unexpected and
suggest a coexistent structural abnormality (e.g., SDH) or
focal metabolic abnormality (e.g., postictal state). In these
cases, CT or MRI studies of the head are warranted. In
patients with hepatocerebral degeneration, reversible MRI
abnormalities, which are most pronounced in the globus
pallidus, may be seen. Proton magnetic resonance spectros-
copy can be used to detect specific metabolic abnormalities
in this region of the brain, thereby constituting an early
marker of metabolic alteration.168

MANAGEMENT. Prevention is an important aspect of
treatment among patients with chronic liver disease.
Known precipitants of HE should be avoided and, if they
are identified, reversed. Because the onset of PSE is slow,
insidious, and often subclinical, patients with chronic liver
disease should undergo periodic psychometric testing.169

As many as 70% of patients with cirrhosis and without
evidence of an overt encephalopathy have significant im-
pairment when tested.160 Because the visuospatial sphere
is the most frequently affected, the Reitan Trials A and B,
Block Design, and Symbol-Digit subtests of the Wechsler
Adult Intelligence Scale-Revised, as well as the Purd Peg-
board test, are frequently employed and commonly found
to yield abnormal results.160

In the patient with HE, empirical therapy should be
initiated while causes of encephalopathy are being ex-
cluded and precipitating factors are being sought. Thiamine
hydrochloride, 100 mg IV, is administered and should
be followed by a daily dosage of 50 mg PO to prevent
Wernicke-Korsakoff syndrome.

General measures in the treatment of HE include
maintaining adequate nutrition, good renal function, and
acid-base status, as well as reducing colonic ammonia pro-
duction. Because normal brain pH is 6.95 and blood pH is
7.4, there is a tendency for ammonia to enter the brain.
By minimizing the interaction between enteric bacterial
flora and nitrogenous substances, colonic ammonia produc-
tion is reduced. Dietary protein restriction, avoidance
of constipation, and GI tract evacuation are helpful in this
respect. The GI tract is evacuated through the use of cathar-
tics (e.g., lactulose) and enemas. Lactulose is a synthetic
disaccharide capable of reducing arterial ammonia levels.
In the colon, it is converted into acidic metabolites, which
create a pH gradient across the intestinal wall. Colon acidifi-
cation was thought to select for bacteria that did not contain
urease. Instead, colon acidification decreases blood ammo-
nia by trapping it in the acidified feces, thereby making it
unavailable for absorption.170 In addition, the pH gradient
causes movement of ammonia into the colon. The dosage
is usually titrated to yield two or three soft bowel movements
per day, typically requiring 30 to 40 g four times daily. If the
patient is comatose, hourly doses of 20 to 30 g are provided
until a catharsis is produced, after which the dosage can be
reduced.160 Some patients do not tolerate lactulose, presum-
ably because of the associated contaminants, such as lactose,
galactose, and other carbohydrates. Lactitol, another
synthetic disaccharide, is better tolerated. It is purer than
commercial lactulose and therefore has fewer adverse
effects, such as nausea, diarrhea, and intestinal cramping.
Unfortunately, it is more expensive and is not available in
the United States. Neomycin, a nonabsorbable antibiotic,
kills colonic bacteria and thereby decreases both the bacte-
rial nitrogen content and the synthesis of urea. Compared
with lactulose, it has more side effects without increased ef-
ficacy. In addition, there is evidence that aminoglycosides
contribute to the development of hepatorenal syndrome,
and for that reason they are rarely used today. In the setting
of neomycin resistance, metronidazole is an alternative. Di-
etary protein restriction (less than 1 g/kg dry weight of high
biological value protein) and the administration of multivi-
tamins, folate and thiamine supplements, vitamin K, and at
least 2000 calories per day should be provided.164,169

Therapies considered to be nonbeneficial include bran-
ched-chain amino acid solutions, serotonin reuptake inhibi-
tors, L-dopa, and bromocriptine.163 Sodium benzoate was
also shown to reduce blood ammonia levels in a double-
blinded and randomized trial of 38 patients with PSE.171

Improvement within 1 to 3 days of starting empirical ther-
apy is expected. Failure to respond suggests the wrong diag-
nosis, a missed precipitant, multiple causes of the
encephalopathy, or, the most common cause, a missed nos-
ocomial infection.166 In addition to the general measures
listed previously, more specific treatments may be required.
Orthotopic liver transplantation (OLT) represents an alter-
native for patients with little chance of recovery.172 Even
in the setting of minimal hepatic encephalopathy, liver
transplantation leads to improvement in cognitive function-
ing, especially attention and memory functions.173 Neuro-
logic complications have been reported in 26% of liver
transplant recipients (more than 40% when the underlying
disorder was alcoholic liver disease or primary biliary cir-
rhosis).172 The most common complications are diffuse en-
cephalopathy (11%) and seizures (6%). Other neurologic
sequelae include reversible posterior leukoencephalopathy
syndrome, osmotic myelinolysis, central nervous system in-
fection, cerebrovascular complications, sensorineural
hearing loss, hemorrhagic nerve compression, critical
illness myopathy, severe quadriplegia, perioperative mono-
neuropathies, and herpes zoster-related radiculopathies.174

The majority of new-onset seizures following OLT were
related to immunosuppressive treatment, did not require
antiepileptic drug (AED) therapy for favorable long-term
outcome, and were not as ominous as previously thought.175

Viral hepatitis may recur following successful liver trans-
plantation, and although recurrent hepatitis B viral infec-
tion can be prevented, recurrent hepatitis C viral infection
cannot.

PROGNOSIS AND FUTURE PERSPECTIVES. The mor-
tality rate for patients with FHF, despite aggressive ther-
apy, is approximately 85%.160 Age, etiology, and degree
of encephalopathy influence survival in FHF. Younger
patients have a more favorable outcome, with the discrimi-
natory age between 30 and 50 years.176 Recovery from
FHF is expected when the condition is due to hepatitis A
and acetaminophen hepatotoxicity, yet the rate is only
40% when it is associated with hepatitis B and 20% when
it is associated with hepatitis C or drug-induced hepatitis.
When FHF is associated with Wilson’s disease, recovery
almost never occurs.161,177 The recovery rate approaches
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75% for patients who do not progress beyond stage II,
whereas less than 20% of patients reaching stage IV sur-
vive.161 In patients with FHF, death is commonly caused
by complications involving other organ systems, two-thirds
of which are neurological.164 OLT has increased the sur-
vival rate significantly (50% to 90%) and, in the case of
patients with cirrhosis, can normalize their neuropsychia-
tric status. Ultimately, the prognosis is related to the ability
of the liver to regenerate or the availability of livers
for transplantation. Regarding the latter, new procedures
(e.g., split liver and partial live donor transplants) are
increasing liver availability.

Typically, patients with PSE have a good prognosis
for full recovery, especially if a precipitating factor can
be identified and reversed. When the cause cannot be
reversed, continuous therapy is required (e.g., surgical por-
tacaval shunts). Still, the underlying etiology, the occur-
rence of secondary complications, and the degree of
encephalopathy affect survival. Favorable prognosticators
include an identifiable and treatable precipitant, mild
encephalopathy, and lack of secondary complications.160

Renal Failure
The kidney is one of the principal homeostatic organs of
the body and is involved in the regulation of water, electro-
lyte, and acid-base balance; the excretion of metabolic
waste products; and the synthesis of erythropoietin, renin,
and 1,25-DHCC. This section focuses on the neurological
manifestations of renal failure, both acute (ARF) and
chronic (CRF), and the neurological complications of its
treatment.

PATHOGENESIS AND PATHOPHYSIOLOGY. Uremic
encephalopathy (UE) regularly occurs when the glomerular
filtration rate falls below 10% of normal, regardless of
whether it occurs with ARF or CRF.178 The fact that dial-
ysis can rapidly clear UE suggests that the responsible
molecules causing UE are water soluble and small to mod-
erate in size. However, because renal insufficiency causes
a spectrum of biochemical abnormalities, the individual
significance of any single abnormality is indeterminable.

Although water, osmolality, acid-base, and electrolyte
abnormalities are commonly observed in patients with
RF, they do not appear to contribute substantially to the
development of UE. The brain water content in uremic
patients is normal,179–181 and an absence of brain edema
in animals with acute uremia180 further argues against
water toxicity as the cause of UE. Although the increase
in brain osmolality (from 310 to 350 mOsm/kg water)
noted in ARF patients is due to urea, this compound is non-
toxic, even at high concentrations.65 Among CRF patients,
urea constitutes only half of the osmotically active par-
ticles, with the unidentified remainder referred to as
idiogenic osmoles.182 The lack of a significant gradient
between the blood, CSF, and brain urea concentrations183

also argues against osmolality variability as the primary
cause of UE.

The accumulation of toxic organic acids in the CNS has
been proposed as a possible mechanism of UE.72 However,
studies of CSF acidity in uremic patients184 and of acid-base
balance in the CSF, blood, brain, and skeletal muscle of
uremic dogs185 have been normal. Although the permeability
of the BBB is increased toward insulin and sucrose, its
permeability toward weak acids is decreased.65

Cooper and associates181 studied the brains of 10
patients who had died of uremia and noted the brain con-
tent to be normal for K, Cl, and Mg; slightly decreased
for Na; and approximately doubled for Ca. In experimental
uremia, increased brain Ca levels have been associated
with an increase in the PTH level.181 In addition, the in-
crease coincided with the onset of EEG abnormalities, with
both appearing approximately 2 days after onset of the RF.
In a study of 20 dialysis patients with EEG slowing, a di-
rect correlation was noted between the plasma concentra-
tion of the N-terminal fragment of PTH and the degree of
EEG slowing.186,187 Administration of PTH to normal dogs
produces EEG changes similar to those seen in uremic ani-
mals. The EEG abnormalities, as well as the increased
brain Ca, can be prevented by performing a parathyroidec-
tomy before the induction of RF.65 PTH accumulation
probably affects the Ca pump,188 suggesting that this hor-
mone is a uremic toxin.189 Although more recent studies
have corroborated the relationship between PTH and brain
Ca content abnormalities,190 the fact that this hormone is
not dialyzable argues against it as the uremic toxin respon-
sible for UE. Ca content may be affected by other system
abnormalities.

Uremic neuropathy (UN) is the most common neuro-
logical manifestation observed among CRF patients. It is
pathologically characterized by axon loss. Its pathogenesis
is unknown but, like UE, improvement occurs following
dialysis, suggesting that the responsible substances are dia-
lyzable. Because some patients experience neuropathic im-
provement only when their dialysis time is increased, it is
postulated that the responsible substances are larger than
urea (because larger molecules require more time to cross
dialysis membranes). Hypotheses concerning the role of
PTH and Ca metabolism in UN have been advanced and
are supported by the following features: (1) PTH increases
the Ca content of nerve, (2) increased nerve Ca content
slows its conduction velocity, (3) the observed slowing
is prevented by performing parathyroidectomy before the
administration of PTH, and (4) the PTH level is inversely
related to the nerve conduction velocity in uremic patients.
Like UE, the strongest argument against PTH as the media-
tor of UN is its nondialyzability. Also, hyperparathyroidism
is not typically associated with a neuropathy.

EPIDEMIOLOGY AND RISK FACTORS. In the United
States, although the frequency of ARF is low (approxi-
mately 30 patients/1 million/year),191 the prevalence of
end-stage renal disease increased from 45,000 in 1977 to
greater than 165,000 in 1990.192 In the United States,
hypertension and diabetes are the leading causes of
CRF.192 The most important risk factors for the develop-
ment of UN are the duration and severity of the RF.186 In
recent years, the appearance of neuropathy in chronic hemo-
dialysis patients has become rare,193 which is the result of
earlier treatment, more intensive dialysis, and technical
improvements in dialysis membranes (thinner, with greater
clearance properties).194

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The clinical features of UE are similar to those of
other metabolic encephalopathies. The typical progression
of clinical features begins with inattentiveness, impaired
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concentration, fatigue, apathy, and irritability, which is
usually accompanied by motor manifestations (e.g.,
tremor, asterixis, and myoclonus). Tetany, seizures (focal
and generalized), focal neurological signs, and meningeal
features are also common.133,195 One or more of these fea-
tures may predominate, and symptom fluctuation is typi-
cal. Without treatment, coma develops and Kussmaul
breathing may be followed by Cheyne-Stokes breathing.
Simultaneous evidence of CNS depression (lethargy,
obtundation, and coma) and excitation (agitation, myoclo-
nus, and seizures) are important features of UE.186 In CRF
patients, personality changes and features of polyneuro-
pathy may be the earliest features because the encepha-
lopathic manifestations may not appear until the process is
advanced.66,195

Asterixis, first described by Adams and Foley196 in
patients with PSE and later noted by Tyler197 in uremic
patients, is a nonspecific feature of metabolic encephalopa-
thies typically present once higher cortical function
is affected.198,199 In patients incapable of voluntarily main-
taining a posture (e.g., comatose patients), the examiner
can position the ankles of a supine patient near the buttocks
and observe for abduction-adduction movements at the hip
joints (Video 57, Myoclonus).200 Myoclonus is often multi-
focal and is more common in the deeper stages of
encephalopathy.194,198 Uremic twitching (severe asterixis
with myoclonus) can be continuous and evident during both
wakefulness and sleep71 and may simulate a multifocal
seizure disorder,198 chorea, or ballismus.201 Other motor
system abnormalities include muscle cramping and tetany,
which may be overt or latent.186,198

Seizures, which are relatively uncommon in other meta-
bolic encephalopathies,194 occur in approximately 25% of
patients with UE. The seizures are usually generalized,194

although focal motor seizures may also be seen.186,201 Sei-
zures occur earlier and more frequently (40%) among ARF
patients than among CRF patients (10%).194 In addition,
seizures may occur due to dialysis disequilibrium syndrome,
hypertensive encephalopathy, water intoxication, or other
metabolic encephalopathies.

Unlike the flaccidity characterizing some metabolic
encephalopathies, limb tone is usually increased in UE
and may even be asymmetrical.194,198 As the disorder
progresses, opisthotonic or decorticate posturing may be
observed.202 Cranial nerve reflexes (e.g., corneal, oculo-
cephalic, and pupillary) are normal, unless the patient is
deeply comatose.186 Sensory examination abnormalities
in a stocking-glove distribution and hyporeflexia suggest
the presence of UN. Wernicke’s encephalopathy has
been reported in hemodialysis patients, which is a reflec-
tion of the water-soluble, and hence dialyzable, nature of
thiamine.

UN is a symmetrical, sensorimotor, axon loss, dying-
back (i.e., it has a distal-proximal gradient) polyneuropathy
that is clinically indistinguishable from other polyneuro-
pathies that have a stocking-glove distribution. Although
lower extremity vibratory sensation impairment203 and
loss of deep tendon reflexes197 have been reported as early
features, suggesting early large fiber involvement, a wide
spectrum of clinical patterns has been observed. The sen-
sory aspects of UN were studied, and paradoxical heat
sensation (i.e., the perception of heat in response to low
temperature stimulation) was identified in 15 of 36 (42%)
patients,204 more than fourfold greater than the normal
population.205 Although burning dysesthesias have been
frequently cited as a characteristic feature of UN, Asbury
has reported them to be rare, a likely reflection of routine
supplementation with thiamine and other water-soluble
vitamins. Autonomic symptoms, such as orthostasis, impo-
tence, diarrhea, and hyperhidrosis, are commonly reported.206

An acute, flaccid quadriplegia has also been reported.207 The
restless legs syndrome (see Chapter 54) occurs in more than
40% of uremic patients208–210 and may be a harbinger of
polyneuropathy. Although distal lower extremity cramping
has also been suggested to herald polyneuropathy, cramps
occur in patients without neuropathic features and are more
frequent among patients with ARF.194 Other features
reported in uremic patients include myopathy,72,211 optic
neuropathy, isolated mononeuropathies, flaccid quadripar-
esis (due to hyperkalemia), and vestibulocochlear and neu-
romuscular junction disturbances (due to aminoglycoside
antibiotics). CTS is another manifestation of uremia that
may result from the deposition of amyloid fibrils. The amy-
loid fibrils are composed of b2 microglobulin, a substance
that is poorly dialyzed and builds up over time in chroni-
cally hemodialyzed patients (healthy kidneys are capable
of catabolizing b2 microglobulin). Restless legs syndrome
commonly occurs among uremic patients and can be se-
vere enough to interfere with dialysis.212 The shoulder joints
and carpal bones are frequently involved and abnormalities
may be seen on plain films of these areas.

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

When patients with known RF present with encephalo-
pathic features, concomitant medical problems, such as
DKA, hypertensive encephalopathy, hypertensive intra-
cranial hemorrhage, intracranial abscess, infectious menin-
gitis, primary CNS lymphoma, and hepatic or pulmonary
insufficiency, should be sought. Current medications
should be reviewed for drugs that are metabolized or
excreted by the kidney, especially those known to have
neurological manifestations. For patients receiving dialysis
treatme nts, determ ine ( 1) the temporal rel ationship be-
tween the last dialysis session and the onset of encephalo-
pathic featur es, (2) the current dialysis regi men, ( 3) the
occurrence of neurological symptoms with previous dialy-
sis sessions, and ( 4) the leng th of time the patient has been
undergoing maintenance dialysis. Initial laboratory studies
should include CBC with differential, prothrombin time,
partial thromboplastin time, electrolytes, BUN and Cr, glu-
cose, liver function tests, Ca, Mg, phosphorus, and urinaly-
sis. Finally, if infection is suspected and a source is not
immediately apparent, lumbar puncture for CSF analysis
should be performed.

Patients with RF who have focal neurological findings
or seizures require additional evaluation with head CT
or MRI to evaluate for SDH, intracerebral hemorrhage, in-
farction, abscess, neoplasm, or other focal processes. An
EEG is also helpful and typically shows diffuse slowing
(indicative of an encephalopathy), may show triphasic
waves (consistent with a metabolic process), and some-
times shows paroxysmal activity that includes spikes or
sharp waves.68 Electrodiagnostic testing helps characterize
an identified polyneuropathy and may be used to monitor
the course of disease after dialysis has been initiated.



TABLE 38-15

Neurological Complications of Dialysis

Dialysis disequilibrium syndrome
Dialysis dementia
Subdural hemorrhage
Dialysis headaches
Exacerbation of preexisting migraine headaches
Muscle cramping
Vitamin deficiency
Ischemic monomelic neuropathy
Carpal tunnel syndrome
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Secondary hyperparathyroidism should be considered in
those patients noted to have proximal extremity muscle
weakness and the appropriate laboratories ordered.194

MANAGEMENT. Because drugs requiring renal metabo-
lism or excretion can accumulate to toxic levels in patients
with RF, medication selection is important for the preven-
tion of neurological side effects. In this population, amino-
glycoside antibiotics are commonly used but may cause
cochlear, vestibular, or neuromuscular junction distur-
bances. The use of B vitamin supplementation in patients
undergoing maintenance dialysis can help prevent UN.

UE requires definitive treatment that is directed toward
correcting its cause (e.g., urinary tract obstruction), when
possible. Otherwise, dialysis is required to manage fluid,
electrolyte, and acid-base imbalances commonly seen in
this setting. A nutritionist, to recommend dietary guidelines
(e.g., salt and protein), can be very helpful. Because tremu-
lousness, asterixis, and myoclonus tend to resolve as the
UE improves, they usually do not require specific treat-
ment. When they are severe, asterixis and myoclonus
may respond to clonazepam or valproic acid.

The management of seizures in this patient population
warrants separate discussion because changes in plasma
protein binding and AED metabolism complicate its man-
agement. For highly protein-bound AEDs, such as pheny-
toin, decreased plasma protein binding increases the
percentage of unbound (free, active) drug. Normally, phe-
nytoin is approximately 90% protein bound and 10%
unbound, yet in uremic patients the percentage of unbound
phenytoin may approach 25% to 75%.133,213 Because the rate
of AED diffusion into the brain is proportional to the un-
bound fraction,214 the CNS concentration increases215 and
adjustments may be required. Because the therapeutic
range of total phenytoin is 10 to 20 mg/mL and nonuremic
patients have 10% in the unbound state, the therapeutic
range of free phenytoin is 1 to 2 mg/mL. Therefore, when
uremic patients require phenytoin, the required dosage
is best determined by following the free phenytoin level.
Because phenytoin is not dialyzable, supratherapeutic
levels should be used only when necessary for seizure con-
trol. A potential for cross-reactivity between phenytoin and
its metabolites exists whenever immunological methods are
used to determine free phenytoin levels and can result in
falsely elevated levels.216 For any given phenytoin dose,
the drug level is lower in patients with RF,217 a reflection of
the increased volume of distribution218 and rate of metabo-
lism.219,220 The rate of metabolism reduces the half-life of
phenytoin to 8.1 hours in uremics.219 The increased propor-
tion of free phenytoin balances the greater volume of distri-
bution and shorter half-life; thus, the same loading and
maintenance doses used in nonuremic patients are used in
this clinical situation. However, because the half-life is de-
creased, a dosage regimen of three times a day is favored over
a twice-daily regimen.

Although phenobarbital is renally excreted, it is a useful
AED for the treatment of epilepsy in this patient popu-
lation, provided that sedation can be avoided. Because phe-
nobarbital is only 40% to 60% protein bound, its level can
be decreased by dialysis. When phenobarbital is used, a
postdialysis serum phenobarbital level should be obtained
and a supplemental dosage provided. Valproic acid is
useful for myoclonus and generalized seizures. Seizures
occurring during or up to 8 hours after a dialysis run can
be a manifestation of the dialysis disequilibrium syndrome.
In these patients, prophylactic AEDs are recommended
until uremia is controlled.199 Also, decreasing the blood
flow rate and duration of dialysis, increasing dialysis
frequency, and administering hypertonic mannitol during
dialysis can help with seizure control.

Treatment of the RF improves the UN, and patients with
mild UN typically recover completely with maintenance
dialysis. Conversely, patients with severe UN rarely re-
cover, even after several years of treatment, and the slowed
nerve conduction velocities are only mildly improved by
dialysis.194 Renal transplantation is much more effective
at relieving neuropathic symptoms than is maintenance
dialysis.221,222 NCS show improvement within days of trans-
plantation,223 and the improvement continues with complete
recovery at times.221,222 Neuropathic pain associated with
RF can be treated as well with tricyclic antidepressants or
antiepileptic drugs (e.g., gabapentin and carbamazepine;
see Chapter 20). Uremic optic neuropathy causes rapidly
progressive visual loss that responds to hemodialysis and
corticosteroid treatment.72 Following successful renal trans-
plantation, uremic restless legs syndrome also may resolve.
Otherwise, levodopa or a dopamine agonist may be tried.
In a small, uncontrolled trial, pramipexole was effective in
9 of 10 patients.212

Neurolog ical Complications of Dialysis
Complications associated with dialysis include dialysis
disequilibrium syndrome (DDS), dialysis dementia, SDH,
dialysis headaches, exacerbation of migraine headaches,
muscle cramping, neurological vitamin deficiency syn-
dromes, ischemic neuropathy due to the presence of an
arteriovenous fistula, and CTS (Table 38-15).

DDS refers to a transient form of encephalopathy related
to the first few dialysis treatments among profoundly ure-
mic patients. Although its pathogenesis is unknown, it most
likely results from a shift of water into the brain (i.e., cere-
bral edema) in response to the rapid reduction of serum os-
molality occurring with dialysis. The duration of symptoms
reflects the time required for the brain to decrease its own
osmolality. In the predialysis state, idiogenic osmoles
allowed the brain to protect itself against dehydration
(i.e., it countered the increased serum osmolality). Con-
versely, in the postdialysis state, this previously protective
feature becomes detrimental. Arieff and colleagues183

compared different rates of hemodialysis in uremic dogs
and showed that the amount of cerebral edema was greater
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in the more rapidly hemodialyzed group. This hypothesis
is further supported by the appearance of DDS during the
early phases of a hemodialysis program rather than after
routine maintenance dialysis has begun. This likely reflects
the greater net difference between the predialysis and post-
dialysis serum concentrations of dialyzable molecules
occurring with the earlier dialysis treatments. The onset
of DDS is usually during approximately the third or fourth
hour of a dialysis run (sometimes up to 24 hours after) and
typically lasts several hours. Although DDS is seen in
all age groups, it is more common at the extremes of age.
Delirium, although infrequently precipitated, often lasts
several days.224 Symptoms of DDS are usually self-limited
and include headache, anorexia, nausea, emesis, hyperten-
sion, disorientation, tremors, twitching, blurred vision, fa-
tigue, muscle cramps, restlessness, and dizziness.225 More
serious neurological sequelae, such as seizures, coma, and
death, were not uncommon before 1970, when aggressive
dialysis was used. Uncommon features, including exoph-
thalmos, increased intraocular pressure,226 papilledema,72

and increased ICP, have been reported.186 If muscle cramp-
ing occurs, it may respond to quinine sulfate, 320 mg PO,
at the beginning of each dialysis.

The differential diagnosis of DDS includes malignant
hypertension, Wernicke’s encephalopathy, UE, dialysis
dementia, SDH, hyponatremia, hypercalcemia, hypo-
glycemia, NKHH, hypoxic-ischemic processes, copper
and nickel intoxication, and excessive ultrafiltration.178

DDS may respond to an extension of the dialysis period
from 4 to 6 hours or switching to peritoneal dialysis.

Dialysis dementia, also called dialysis encephalopathy,
is a rare, subacutely progressive, irreversible, and fatal en-
cephalopathy that was initially described in 1972 in chron-
ic hemodialysis patients.227 The disorder usually begins
with memory problems and dysarthric, stuttering, hesitant
speech, progressing to mutism, asterixis, myoclonus, de-
mentia, coma, and death.66 The speech disorder is initially
intermittent, appearing during and just after dialysis, but
eventually becomes permanent.71,198 Other features include
personality and behavioral changes and occasionally apraxia
of speech.71 Delusions, hallucinations, gait disturbances,72

and focal neurological abnormalities198 may also be seen.
Seizures are common and usually multifocal.228

It is now strongly suspected that dialysis dementia is
caused by high brain aluminum content. In 1976, Alfrey
and co-workers229 reported that the brain aluminum con-
tent was greater in patients with dialysis dementia than it
was in normal controls. Although oral P-binding drugs
were initially considered to be the source of exogenous alu-
minum, this did not explain the geographic variation in the
incidence of the disorder. Researchers discovered a differ-
ence in dialysate aluminum content among various dialysis
centers,230 and epidemiological studies linked dialysis
dementia to municipal water supplies with high aluminum
levels.231 However, unexplained sporadic cases in centers
with low aluminum dialysate content have been reported.231

The high blood aluminum levels in these sporadic cases sug-
gest that the GI absorption of aluminum (oral P-binding
drugs) may occasionally cause this syndrome.

In evaluating these patients, it is important to remember
that dialysis dementia is rare and should always be a diagno-
sis of exclusion. The differential diagnosis includes DDS,
hypertensive encephalopathy, structural lesions (e.g., SDH
and stroke), and metabolic encephalopathies such as drug
intoxications. Trace element intoxications, decreased glu-
cose, electrolyte disorders (increased Ca and decreased Na
or phosphorus), hyperosmolal states, hyperparathyroidism,
and UE should also be considered.178 Changes in dialysis
schedule, a change in baseline metabolic status, infection
(e.g., dialysis shunt, brain abscess, and hepatitis), and treat-
able encephalopathies (vitamin B12, folate, and TFTs) can
present similarly.230 Routine laboratory studies, urinalysis,
chest x-ray study, and neuroimaging, when focal neuro-
logical abnormalities are identified, are also required. If
an infectious cause is suspected, CSF examination may
be required. The EEG is invariably abnormal, showing char-
acteristic bursts of frontal slowing and epileptiform spikes.

Dialysis dementia does not respond to an increase in
weekly dialysis time or renal transplantation. Because defer-
oxamine crosses the BBB, binds aluminum with greater
affinity than do plasma proteins, and results in a dialyzable
complex, it can be used to treat this disorder.232 The CSF
aluminum content increases with deferoxamine treatment,
a finding that correlates with deterioration,230 and it has
been associated with visual and auditory disturbances.72

Several dosing protocols have been reported, and treatment
duration has not yet been determined.230,233,234 Seizures
are treated similarly to those in other patients with RF.

On average, dialysis dementia begins 37 months (range, 9
to 84 months) after hemodialysis is initiated and has an
average survival of 6 months (range, 1 to 15 months).235

However, waxing and waning courses, several-year survi-
vals, and transient symptoms have also been reported.236,237

Reports from Europe and the United States have suggested
that dialysis dementia might be part of a larger syndrome,
including anemia, bone disease, and a proximal myopathy.238
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HISTORY AND OVERVIEW

Individual cases of lead poisoning were reported as early as
200 BC. However, it was not until the 20th century that in-
dustrialization and modernization resulted in a need for
medical evaluation and treatment of health effects caused
by exposure to harmful chemicals. To meet this need, a
new medical specialty was developed called occupational
and environmental medicine. Unfortunately, the number
of physicians in this specialty is too few to treat the number
of patients requiring evaluation and treatment. Even in
academic and workplace settings that offer this expertise,
neurological input is paramount because many of the
health effects due to chemical exposure are related to the
central and peripheral nervous systems. Whereas some
health effects such as pulmonary distress and gastrointesti-
nal symptoms are noticed readily by the affected individ-
ual, some nervous system effects may be unrecognized.
Acute, high-level exposure to a toxicant often results in
clearly identifiable signs (e.g., delirium, seizures, or uncon-
sciousness), but the residual effects, involving cognition,
mood, and personality, are usually quite subtle. The most
common clinical presentation is one of poor concentration,
short-term memory loss, depressed mood, anxiety, restless-
ness, loss of interest in work and hobbies, decreased libido,
irritability, headaches, weakness, and sleep disturbances
ranging from insomnia to somnambulism.1,2 Patients may also
report symptoms consistent with peripheral neuropathy.

The diagnosis of neurotoxicant-related damage is one
of exclusion for most individuals. Therefore, other causes
of central and peripheral nervous system dysfunction must
be ruled out, and a history of significant exposure must be
substantiated. The neurological examination, electro-
encephalogram (EEG), computed tomography (CT) scan,
and magnetic resonance imaging (MRI) scan are generally
not helpful in making a specific diagnosis of toxic
encephalopathy but are helpful in ruling out other causes
of the patient’s symptoms. In contrast, nerve conduction
studies are useful in detecting peripheral neuropathies
that are often associated with exposure to specific chemi-
cals. Central nervous system (CNS) effects are best dis-
covered with neuropsychological assessment. However,
interpretation of decrements in performance on these tests
is often erroneous if made by individuals who lack speci-
fic expertise in neurobehavioral toxicology. The reader
is referred to Bolla3 for an in-depth discussion of the
use and limitations of neuropsychological methods for
the detection of alterations in the CNS following chemical
exposure.

Once health effects have been detected, it can be prob-
lematic to relate these in a causal fashion to a specific
chemical exposure. Because biomarkers for many chemi-
cals are either difficult to obtain or do not exist, it is diffi-
cult to determine the intensity of current and past exposure,
or even if an individual has been exposed to a toxic chemi-
cal. In instances of mass poisonings, this association can
be made more readily. Also, for the evaluating clinician,
knowledge of the patient’s baseline neurological function
prior to exposure is important to ascertain whether there
has been a change in neurological status, but it is rarely
available.
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Evaluation of the direct toxic effects on the CNS must
also be considered in the context of the emotional state
and personality characteristics of the patient. Psychological
disturbance may be a primary or secondary sequela of chem-
ical exposure. Emotional reactions to exposure may be as
important as the direct physiological effects of the chemi-
cals, especially when one is considering the cause and persis-
tence of symptoms. In addition, specific inherent personality
characteristics may predispose an individual to the devel-
opment of physical, cognitive, and psychological symptoms
even in the absence of any direct toxic effects on the nervous
system. Certain individuals’ expectations about the adverse
health effects of suspected chemical exposure may result
in an enhanced awareness of normal bodily sensations. The
degree to which an individual is hypersensitive to endoge-
nous stimuli (normal bodily sensations) may determine the
duration and intensity of the symptoms.

This chapter focuses on the clinical manifestations sub-
sequent to exposure to specific chemicals. The reader
should be aware that the clinical symptoms reported in this
chapter have been described in some studies, whereas other
studies have failed to find significant symptoms associated
with specific chemicals. In addition, not all symptoms
listed for a given chemical are observed in one individual.
Therefore, the association between symptoms and exposure
to a given chemical is still controversial. In this chapter,
the chemicals are organized by class (e.g., metals and
organic solvents). Table 39-1 lists the occupations and
job-related sources associated with a number of different
chemicals. As with any diagnostic process, the ability to
make a differential diagnosis between neurotoxicant expo-
sure, neurological disease, psychiatric disturbance, or ma-
lingering is based on the combined evidence taken from
the occupational, medical, social, and academic histories;
the physical and neurological examinations; biological
monitoring; nerve conduction studies, EEG, and CT/MRI;
and the neuropsychological evaluation.
METAL INTOXICATION

Arsenic
PATHOGENESIS AND PATHOPHYSIOLOGY. Although

arsenic is rapidly absorbed through the mucous membranes
and the skin, the most common route is ingestion. Arsenic
rapidly leaves the bloodstream for storage in the liver,
kidneys, intestines, spleen, lymph nodes, and bones, and
within 2 weeks it is deposited in the hair, remaining there
for years. It also remains in the bones for extended periods
of time. Excretion through the kidneys and feces is slow.
A single dose may require up to 10 days to be excreted.
Pathways involved in oxidative metabolism are sensitive
to arsenic toxicity. Arsenic also prevents the transformation
of thiamine into acetyl-CoA, causing patients to become
clinically thiamine deficient. Organic arsenicals release
the poison slowly and are therefore less likely to produce
acute symptoms than the elemental form. Neuropathologi-
cal findings in patients with fatal arsenic encephalopathy in-
clude cerebral congestion, multiple hemorrhagic lesions
throughout the white matter, and areas of necrosis. De-
creased numbers ofmyelinated fibers are seen in the peripheral
nerves, and degenerative changes, consisting of swelling,
granularity, and a reduction in the number of axons, are
present.

EPIDEMIOLOGY AND RISK FACTORS. Occupational
and job-related sources of arsenic are listed in Table 39-1.
The National Institute for Occupational Safety and Health
(NIOSH) estimates that approximately 900,000 workers
have potential daily exposure to arsenic.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Acute toxicity is associated with a sudden rise in tem-
perature accompanied by headache, vertigo, nausea and
vomiting, nervousness, and apprehension. Convulsions are
common. Tendon reflex changes are variable and are fre-
quently exaggerated. Nystagmus, paralysis, or incontinence
may also be observed. Kernig’s sign is often positive with
neck stiffness. Mee’s lines (white lines in the nails) usually
appear 2 or 3 weeks after acute exposure to arsenic (Fig.
39-1). Encephalopathy with marked excitement followed
by lethargy and coma occur, and signs of acute peripheral
neuropathy can develop within hours. In patients with fatal
acute poisoning, death ensues within a few days. With sub-
acute and chronic arsenic encephalitis, continuous progres-
sive headaches, physical and mental fatigue, vertigo,
restlessness, mild somnolence, and focal paresis develop.
Spinal cord involvement leads to weakness, sphincter dis-
turbances, motor and sensory impairment, and trophic
changes. Optic neuritis manifested by cloudy vision and
visual field defects may also be observed subacutely but can
be delayed for as long as 2 years. Generally, a mixed sensory
and motor neuropathy develops within 7 to 10 days after
ingestion of toxic amounts of arsenic, and patients often com-
plain of severe burning in the soles of the feet (Fig. 39-2).
Long-standing cognitive changes have been reported.4

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Arsenic intoxication is suggested when a patient presents
with severe abdominal pain, dermatitis, painful peripheral
neuropathy, and seizures. A history of arsenic exposure
and toxic levels in the hair, urine, or nails confirm the diag-
nosis. Arsenic is poorly tolerated in the presence of alco-
hol. Therefore, patients with alcohol-related disease may
be at greater risk for developing associated arsenic neu-
ropathy. Although hair and nails may be useful, urinary
arsenic is the major biomarker; Table 39-2 shows the
threshold levels. A level of arsenic in urine (24 hour)
greater than 50 mg/g creatinine is considered to be elevated.
However, a high urinary level may be seen after ingestion
of seafood and thus a dietary history should be obtained.
If urinary arsenic is elevated and is not fractionated, wait
3 days without seafood intake and repeat. A better mea-
surement can be obtained from the inorganic arsenic metabo-
lites, monomethylarsonic acid and dimethylarsinic acid, in
the urine. Although these screening guidelines are clinically
useful, arsenic toxicity may occur even when blood and urine
concentrations are normal.

MANAGEMENT. In patients with acute oral ingestion of
arsenic, gastric lavage with electrolyte replacement is
recommended. Also, excretion of absorbed arsenic can be
enhanced by chelation using dimercaprol (British antilew-
isite [BAL]), D-penicillamine, or dimercaptosuccinic acid.
Chelators essentially reverse or prevent the attachment of
heavy metals to various essential body chemicals. Although
chelation may alleviate the acute symptoms, there is no



TABLE 39-1

Occupations and Job-Related Sources of Chemical Exposure

ALUMINUM ARSENIC LEAD MANGANESE MERCURY THALLIUM ACETONE BENZENE
CARBON
TETRACHLORIDE

ETHYLENE
GLYCOL

FORMAL-
DEHYDE GASOLINE

ISOPROPYL
ALCOHOL MBK

METHYL
ALCOHOL N-HEXANE TCE

TETRACHLOR-
ETHANE TOLUENE

TURPEN-
TINE

Airplane hangars X X X

Aircraft

manufacture and

maintenance

X

Alcohol distillation

(brewing)

X X X X

Antifreeze X X

Artificial flowers X X X X

Artificial leathers X X X X

Artificial pearls X X X

Automobile painting X X

Automobile

manufacture and

repair

X X X X

Bookbinding X X X

Brass and bronze X X X X X

Brickmaking X X

Cement-plastic

mixing

X X X X

Can sealing X

Cosmetics X X X X

Deodorants X

Degreasing and

scouring

X X X X X X X

Dentistry X X

Dry cleaning X X X X X X

Disinfectants X X X

Dyes X X X X X X X X X X X X

Enamels X X X X X

Etching X X X X X X X

Explosives X X X X X X X

Feathers X X X X

Fertilizers X X X

Fire extinguishers X X

Furniture polish X X X X X X X X

Fuel (airplane, auto) X X X X X

Gardening X X

Glass X X X X X

Glue X X X X X X X

Insecticides X X X

Insulators X X X

Lacquer X X X X X X X X X X X

Leather-tannery

goods

X X X X X X X X

Linoleum X X X X X X X

Millinery (hats) X X X X X X

Mining X

Metal cleaners,

polishers

X X X X X X

Paints X X X X X X X X X X X X X X

Paper workers X X X

Perfumes X X X X X X

Continued
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TABLE 39-1

Occupations and Job-Related Sources of Chemical Exposure—cont’d

ALUMINUM ARSENIC LEAD MANGANESE MERCURY THALLIUM ACETONE BENZENE
CARBON
TETRACHLORIDE

ETHYLENE
GLYCOL

FORMAL-
DEHYDE GASOLINE

ISOPROPYL
ALCOHOL MBK

METHYL
ALCOHOL N-HEXANE TCE

TETRACHLOR-
ETHANE TOLUENE

TURPEN-
TINE

Pharmaceuticals X X X X X X X X X X

Painting and

lithography

X X X X X X X X

Plastics X X X X X X

Plumbing X

Pottery/ceramics X X X

Rayon X X X X X

Refineries

(petroleum)

X X X X X X X

Rubber X X X X X X X X

Shoe manufacture

and repair

X X X X X X X X X X X

Soaps, detergents X X X X X X X X

Storage batteries X X X

Taxidermy X X

Tobacco X X X

Vegetable oil

extraction

X X X

Water-proofing X X X

Wax X X X X X

Welding X X X X

8
6
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Figure 39-1. Double set of Mee’s lines in a patient with arsenic intoxication.
(Reprinted from Chhuttani PN, Chopra JS: Arsenic poisoning. In Vinken PJ,
Bruyn GW, Cohen MM, Lawans HL [eds]: Intoxications of the Nervous Sys-
tem. Handbook of Clinical Neurology, Vol 36. Amsterdam, Elsevier, 1979,
p 202, with kind permission from Elsevier Science-NL, sara Burgerhartstraat
25, 1055 KV Amsterdam, The Netherlands.)
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evidence indicating that it improves chronic symptoms such
as peripheral neuropathy or encephalopathy. In fact, once
neuropathy occurs, BAL treatment is not considered
effective. Intravenous fluids for dehydration and morphine
for abdominal pain should also be given. In alcoholics
Figure 39-2. Hyperkeratosis of the skin of soles with exfoliation in a patient
with peripheral neuropathy and arsenic intoxication. (Reprinted from
Chhuttani PN, Chopra JS: Arsenic poisoning. In Vinken PJ, Bruyn GW,
Cohen MM, Lawans HL [eds]: Intoxications of the Nervous System. Hand-
book of Clinical Neurology, Vol 36. Amsterdam, Elsevier, 1979, p 202,
with kind permission from Elsevier Science-NL, sara Burgerhartstraat 25,
1055 KV Amsterdam, The Netherlands.)
who develop arsenic encephalopathy, vitamins should be
administered to replace nutritional deficits.

PROGNOSIS AND FUTURE PERSPECTIVES. Prognosis
with severe arsenic poisoning is poor, with a mortality rate
of 50% to 75%, usually within 48 hours. Intoxication
during pregnancy carries a particularly poor prognosis.
Follow-up studies after acute intoxication are few. A cohort
of eight patients with arsenic ingestion at a local festival
in Wakayama, Japan, were followed for a 1-year period.
A total of 67 patients were exposed to the arsenic. Arsenic
intake was calculated from urinary amounts. Each patient
underwent peripheral nerve testing at 1, 3, and 12 months.
Six patients developed numbness and tingling of the ex-
tremities within 2 to 4 weeks. In 3 patients, symptoms were
persistent at 1 year. Electrodiagnostic testing revealed a sen-
sory neuropathy and delayed or absent F-wave responses.
Motor nerve conduction velocities and compound muscle
action potentials were normal. The amount of nervous sys-
tem involvement was directly correlated with the amount
of arsenic ingestion.5

Inorganic Lead
PATHOGENESIS AND PATHOPHYSIOLOGY. In the

human body, inorganic lead is not metabolized but is
absorbed, distributed, and excreted unchanged. The rate
of absorption is influenced by nutritional status and age.
The amount of lead absorbed increases significantly with
iron or calcium deficiency and under fasting conditions.
Once absorbed, lead travels bound by erythrocytes. It is
then distributed primarily into blood, soft tissues (kidney,
bone marrow, liver, and brain) and mineralized tissues
(bones and teeth). In adults, approximately 95% of the total
body burden of lead is contained in bones and teeth. In
conditions of physiological stress, such as pregnancy, lac-
tation, menopause, or chronic disease, lead can be mobi-
lized from the bones, thus increasing the level of lead in
the blood. The turnover rate of lead in cortical and trabecu-
lar bone is slow; although quantitative estimates of its half-
life vary, there is a consensus that it is on the order of years
or even decades.6 Measures of the bone content of lead
thus reflect the integrated or chronic lifetime lead expo-
sure.7 Unbound lead is excreted by the kidneys or through
the biliary system into the gastrointestinal tract. In single
exposed studies in adults, lead has a half-life of approxi-
mately 25 days in blood, approximately 40 days in soft tis-
sue, and more than 25 years in bone. Therefore, although a
person’s blood level may begin to return to normal after a
single exposure, the total body burden of lead may still be
elevated. For lead poisoning to occur, significant acute
exposures are not necessary. Since the body accumulates
lead over time and releases it slowly, even small amounts
can cause lead poisoning.

The nervous system is the most sensitive target of lead
poisoning. Lead encephalopathy has been associated with
softening and flattening of convolutions in the brain. Occa-
sionally, punctate hemorrhages, dilation of the vessels, and
dilation of the ventricular system are seen, especially in the
frontal portions of the brain. Histologically, extensive in-
volvement of the ganglion cells is seen. The developing
brain appears to be especially sensitive to levels of lead
that were once thought to cause no harmful effects.



TABLE 39-2

Symptoms Associated with Heavy Metal Exposure

METAL
PROPOSED TOXIC
MECHANISM

TISSUE ASSESSED AND
TOXIC LEVELS*

ASSOCIATED
SYMPTOMS CLINICAL FINDINGS{ SPECIFIC TREATMENTS PATHOLOGY

Aluminum Decrease in glucose
utilization; reduction
of acetylcholine

Blood 6 mg/L{ (NC) Respiratory dysfunction Cognitive decline; halting
speech; ataxia

Deferoxamine (DFO)

Urine (24 hr) 20 mg/L
(NC)

Arsenic
Acute Prevents thiamine

transformation into
acetylcholine; affects
pathways involved in
oxidative metabolism

Blood, unreliable GI distress; respiratory
distress; cardiac
distress; elevated
temperature; Mee’s
lines

Headache; nervousness; vertigo;
paralysis, seizures;
myelopathy; hyper-reflexia;
neuropathy

Chelation; gastric lavage
with electrolyte
replacement; morphine
for abdominal pain; IV
fluids for dehydration

Cerebral congestion; white
matter hemorrhagic lesions;
demyelinization of peripheral
nerves; reduction in number
of axons

Urine (24 hr) 50 mg/g
creatine (B, D, NC)

Chronic Prevents thiamine
transformation into
acetylcholine; effects
pathways involved in
oxidative metabolism

Blood, unreliable Abdominal pain;
dermatitis; increased
risk of cancer

Headaches; fatigue; restlessness;
vertigo; cognitive decline;
visual changes or optic
neuropathy; seizures; painful
sensorimotor peripheral
neuropathy

Cerebral congestion; white
matter hemorrhagic lesions;
demyelinization of peripheral
nerves; reduction in number
of axons

Urine (24 hr) 50 mg/g
creatine (B, D, NC)

Lead Acute
Children Changes in

neurotransmitters;
inhibits NMDA
receptor complex

Blood 10 mg/dL{

(B, CW)
Respiratory distress Lethargy; cognitive decline; gait

disorder; ataxia; seizures
Removal from exposure;
chelation with IV
calcium disodium-
EDTA, succimer
(DMSA), or oral
penicillamine

Unclear

Adults Changes in
neurotransmitters;
inhibits NMDA
receptor complex

Blood 30 mg/dL{ GI distress; miscarriages;
joint pain

Fatigue; delirium; seizures Removal from exposure;
chelation with IV
calcium disodium-
EDTA, succimer
(DMSA), or oral
penicillamine

Unclear

Urine (24 hr) 150 mg/g
creatine (B, CW)

Zinc protoporphyrin in
blood: 250 mg/dL
erythrocytes or 100
mg/dL blood

Chronic
Children Changes in

neurotransmitters;
inhibits NMDA
receptor complex

Blood 10 mg/dL{

(B, CW)
Changes in auditory
threshold; behavioral
problems; cognitive
decline; learning
disabilities; attention
deficit hyperactivity
disorder

Learning disorders Removal from exposure;
chelation

Unclear

Adults Changes in
neurotransmitters;
inhibits NMDA
receptor complex

Blood 30 mg/dL{

Urine (24hr) 150mg/g
creatine (B, CW)

Zinc protoporphyrin in
blood:
250 mg/dL
erythrocytes or 100
mg/dL blood

Miscarriage/stillbirth;
arthralgia; anemia;
hypertension; gout;
renal effects; decreased
sperm count

Scotopic visual effects;
depression; irritability; sleep
disturbance; decline in libido;
decreased cognition (learning
and memory); fasciculations;
paresthesias; sensorimotor
polyneuropathy; changes in
auditory threshold

Removal from exposure;
chelation

Punctate hemorrhages; dilation
of vessels and ventricles;
involvement of ganglion
cells; histological changes in
hippocampus and
cerebellum; demyelinization
of peripheral nerves

8
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Manganese Promotes formation of
cytotoxic free
radicals; oxidative
stress; mitochondrial
toxin

24-hour urine 3 mg/L
(NC); blood 2 mg/dL
(NC)

Anorexia; manganese
pneumonia

Headaches; apathy; fatigue;
depression; hyperexcitability;
dysarthria; psychotic behavior;
tremor; gait disorders;
micrographia; parkinsonism

Removal from exposure;
for chronic movement
disorders; levodopa,
5-hydroxytryptophan

Histological changes of
ganglion cells; damage to
substantia nigra and globus
pallidus; nerve cell changes
in basal nuclei, frontal and
parietal cortex, cerebellum,
hypothalamus

Mercury Inorganic
Acute Alters cell

membranes; causes
combination of:
metabolic
disturbance,
disturbance of Caþ

homeostasis,
oxidative injury,
aberrant protein
phosphorylation

Blood 15 mg/L{

Urine 35 mg/g creatine
(B, NC)

Bronchial irritation;
chills; gingivitis; GI
distress; bloody
diarrhea; brownish
mouth lesions; metallic
breath; respiratory
distress; renal failure

Weakness; irritability;
delirium; psychosis

Removal from exposure Lesions in cerebral gray
matter, cerebellum, brain
stem nuclei

Chronic Alters cell membranes;
causes combination
of metabolic
disturbance,
disturbance of Caþ

homeostasis,
oxidative injury,
aberrant protein
phosphorylation

Blood 15 mg/L{ Salivary gland swelling;
excessive salivation;
gingivitis; renal
dysfunction

Shyness; fatigue; weakness;
personality changes;
hyperirritability; insomnia;
depression; cognitive decline;
visual disturbances; intentional
tremor; parkinsonism;
seizures; painful paresthesias;
peripheral polyneuropathy
(sensorimotor axonopathy)

Removal from exposure;
chelation

Neuronal loss and gliosis of the
calcarine cortex; atrophy of
cerebellum, especially
inferior vermis

Urine 35 mg/g creatine
(B, NC)

Organic Alters cell membranes;
causes combination
of metabolic
disturbance,
disturbance of Caþ

homeostasis,
oxidative injury,
aberrant protein
phosphorylation

Blood 15 mg/L{ (D, NC) Primarily affects the
nervous system

Cognitive decline; neurasthenia;
paresthesias; ataxia; restricted
visual fields; cortical
blindness; peripheral
polyneuropathy; intention
tremor, motor neuron disease
(ALS-like)

Chelation with
D-penicillamine, BAL, or
DMSA; selenium;
vitamin E

Damages primary visual cortex,
cerebellar cortex, pre- and
postcentral gyri, transverse
gyrus, and putamen

Urine (24 hr)
unreliable

Hair 50 mg/g

Thallium Affects Naþ/Kþ-
ATPase, porphyrin
metabolism and SH
groups

Urine (24 hr) 1 mg/g
creatine (NC)

GI distress; alopecia Irritability; fatigue; depression;
confusion; movement disorder;
optic abnormalities; sensory
neuropathy; ascending
weakness (Guillain-Barré,
poliolike)

BAL; Prussian blue
(potassium
fermihexacycinoferrate);
combined hemoperfusion
and hemodialysis

Ganglion cell changes in cortex;
demyelinization; axonal
degeneration; segmental
myelin degeneration in
peripheral nerves

*Biological exposure indices. American Conference of Governmental Industrial Hygienists (ACGIH) values from ACGIH: Threshold Limit Values and Biological Exposure Indices for 1994–1995. Cincinnati, OH, ACGIH, 1994.
{Serum.
{Whole blood.

B, present in significant amounts in individuals not occupationally exposed; BAL, British antilewisite; CW, correlates well with clinical symptoms. D, diet significantly influences the measurement; DMSA, dimercaptosuccinic acid; GI distress:
nausea, vomiting, stomach cramps; NC, level correlates poorly with clinical symptoms.

8
7
1



872 Etiological Categories of Neurological Diseases / 39
EPIDEMIOLOGY AND RISK FACTORS. Lead poison-
ing has a very long clinical history.8 Although lead as an
etiological factor was identified as early as 200 BC, it
remains a common entity even today. More than 1 million
workers in more than 100 different occupations have been
exposed to lead (see Table 39-1). In lead-related industries,
workers not only inhale lead dust and lead oxide fumes but
also may eat, drink, and smoke in or near contaminated
areas, increasing the probability of lead ingestion. If the
worker does not properly “clean up” before leaving work,
he or she can bring lead dust home on his or her skin, shoes,
and clothing, thus exposing family members. Sources of
lead exposure for nonoccupational populations include air,
food, water, certain consumer products, surface dust, and
oils. Automobile emissions have been an important source
of lead exposure, especially for urban residents. However,
the de-leading of gasoline has significantly altered environ-
mental levels of lead. Periodic assessment of national blood
lead levels supports this inference. From 1976 to 1978,
median blood levels for adults in the United States were
approximately 13 mg/dL9; in 1991 lead levels were estimated
at 6 mg/dL (Environmental Protection Agency, National
Advisory Council for Environmental Policy and Technology
Committee, 1993). The current major sources of lead in the
environment appear to be lead paint in homes built prior to
1950 and lead used in plumbing (which was not restricted
until 1986).

Children are especially vulnerable to the effects of lead,
especially before the age of 5 years. Elevated lead levels in
children are due to pica (compulsive eating of nonfood
items) or to the mouthing of items contaminated with lead
from paint dust. In addition, children absorb and retain
more lead in proportion to their weight than adults. Young
children also have a greater prevalence of iron deficiency,
a condition that can increase gastrointestinal absorption
of lead. Lead absorption from the gastrointestinal tract
appears to differ with age. For example, in adults, approxi-
mately 10% of ingested lead is absorbed. However, in chil-
dren, it is estimated that 40% to 50% of ingested lead is
absorbed. Fetuses are at risk because lead readily crosses the
placenta. Exposure in utero can cause adverse neurological
effects in the developing child.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Acute signs of lead toxicity in children include listlessness,
drowsiness with clumsiness, and possibly ataxia. With very
high levels of lead, convulsions, coma, and respiratory ar-
rest may occur. Therefore, a diagnosis of lead toxicity in a
child should be considered when a child presents with a
change in mental status, gait disorder, or a history of sei-
zures. Chronic low-level lead exposure in children may
result in behavioral disturbances, learning disabilities, atten-
tion deficit hyperactivity disorder, or cognitive decline.

Currently, acute lead encephalopathy due to industrial
lead exposure is rare. Symptoms generally include delirium,
combative irrational behavior, and seizures. Early signs of
lead exposure include sleep disturbances, decreased libido,
increased distractibility, increased irritability, and mental
status changes marked by psychomotor slowing and
memory dysfunction.

Both sensory and motor peripheral nerve involvement
are seen in adults with chronic lead intoxication. Sensory
complaints include paresthesias and spontaneous pain.
Motor signs include local weakness, atrophy, and fascicu-
lations. In severe cases of lead toxicity, wrist drop and foot
drop have been well documented (Video 237, Foot Drop).
Extensive bilateral neuropathy involving the hands, fin-
gers, deltoids, biceps, and triceps may also occur. In indi-
viduals with predominantly motor findings, nerve conduction
velocity may not be altered even after significant occu-
pational exposure. However, in other cases mild slowing in
nerve conduction velocity has been reported even in asymp-
tomatic lead workers.

Anemia may be seen in patients with chronically ele-
vated lead levels. Long-term lead exposure may have a
direct effect on kidney function10 and may be associated with
hypertension and gout. An association has also been found
between lead and homocysteine levels, suggesting that ho-
mocysteine could be a mechanism by which lead affects
the cardiovascular and central nervous systems.11 Increased
frequencies of miscarriage and stillborn births have been
documented in women working in the lead trades. Low
prenatal lead exposure may produce low birth weight and
premature birth. Lead affects the male reproductive system
by reducing sperm counts and sperm motility.

In one series of studies, an association was found be-
tween the body burden of lead, corresponding to blood lead
levels of 25 to 55 mg/dL, and a drop in mean verbal IQ
score of 4.5 points in exposed children.12,13 In another
study of total body burden, primary schoolchildren with
high lead levels in teeth but no known history of lead poi-
soning had larger deficits in psychometric intelligence
scores, speech and language processing, attention, and
classroom performance than children with lower levels of
lead. In a 1990 follow-up report of children who 11 years
previously had been found to have elevated lead levels in
their teeth, a sevenfold increase was noted in the odds of
failure to graduate from high school, lower class standing,
greater absenteeism, reading disabilities, and deficits in
vocabulary, fine motor skills, reaction time, and eye-hand
coordination. In studies of adults, patients with occupational
exposure to lead underwent cognitive testing to determine
if exposure had effects on cognitive function. A total of
535 patients with known lead exposure were compared
to 188 control patients. Tibia lead levels as measured by
x-ray fluorescence were directly correlated with diminished
performance on tests of visuoconstructive ability, verbal
memory, and learning. This study suggests that cognitive
function can be affected from early exposure to neuro-
toxins.14 Occupational exposure to lead may also be related
to longitudinal decline in neurobehavioral function.15

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
laboratory pattern typical of patients with lead intoxication
includes elevations in whole blood lead levels, free erythro-
cyte protoporphyrins (FEP), and urinary coproporphyrins.
The blood lead level reflects more recent exposure to
lead, whereas the FEP level tends to reflect more chronic
levels of exposure. Blood lead levels greater than 10 mg/dL
in children and 30 mg/dL in adults are considered elevated.
FEP levels begin to rise in adults once blood lead levels
reach 30 to 40 mg/dL. Once elevated, the FEP remains so
for several months even after exposure has ceased and
the blood lead level has fallen. The threshold blood zinc
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protoporphyrin level is 100 mg/dL. Both blood lead level and
zinc protoporphyria should be obtained to determine the
presence of significant lead exposure. The most widely
available method for measuring body burden of lead is diag-
nostic chelation. Urinary lead excretion is measured after in-
fusion of 1 g calcium ethylenediaminetetra-acetic acid
(EDTA). Urinary excretion of more than 600 g of lead over
a period of 72 hours is considered elevated. A new noninva-
sive method of measuring the body burden of lead in bone is
x-ray fluorescence (XRF).16 XRF promises in the future to
become the noninvasive gold standard for estimating the to-
tal body burden of lead. Except for patients with acute high
exposure, an EEG is not generally useful. In addition, neither
CT nor MRI reveals any abnormalities. The neuropsycho-
logical evaluation may prove useful in assessing specific
cognitive deficits in individuals exposed to lead. In some
studies, workers with lead blood levels below 30 mg/dL have
demonstrated decreased muscle strain and affective com-
plaints as well as decrements in visuomotor integration and
psychomotor speed, short-term visual and verbal memory,
attention or concentration, and problem-solving skills.17–19

Nevertheless, it should be noted that a comprehensive re-
view of the published literature on the neurobehavioral per-
formance of individuals exposed to inorganic lead failed
to find enough evidence to draw definitive conclusions on
the negative influence of lead on human performance on
neurobehavioral tests.20

MANAGEMENT. In both children and adults with sub-
stantial lead levels, immediate removal from the sources
of exposure to lead and administration of chelating agents
comprise the treatment of choice. Specific chelating agents
for lead include intravenous calcium disodium-EDTA and
an oral agent called succimer (dimercaptosuccinic acid;
DMSA). Chelation with oral penicillamine may be used
(up to 2 g/day). Multiple chelation cycles may be neces-
sary, and at least 24 hours of rest between cycles is sug-
gested. Adequate hydration should be maintained because
chelating agents have been associated with renal toxicity
and may dramatically increase circulating levels of lead
owing to their ability to unbind lead from the bones.
DMSA is a relatively new oral chelating agent that is
reported to be safer than EDTA and penicillamine. Com-
mon side effects are renal sequelae and hypertension. The
latest guidelines for treating children suggest starting che-
lation therapy for children with blood lead levels above
45 mg/dL. Although chelation therapy may reduce symp-
toms of acute lead poisoning, amelioration of the neurolog-
ical and renal sequelae of both acute and chronic lead
intoxication is less likely. Prevention of lead toxicity in
children includes removal of young children from contami-
nated environments, such as houses with peeling paints.
Individuals who work in occupations in which they might
be exposed to lead should use mandatory personal protec-
tive equipment. Routine monitoring for lead levels is also
advised.

PROGNOSIS AND FUTURE PERSPECTIVES. As the
work of Needleman and colleagues suggests,13 complete
recovery of higher cognitive functions may not occur in
children with early childhood exposure to lead. Likewise,
it is unclear how much CNS function is recovered in adults
because research in this area is limited.
Organic Lead
Organic lead (tetraethyl lead; TEL) is used as an antiknock
agent in gasoline and jet fuels. TEL is absorbed rapidly
from the skin as well as the lungs and gastrointestinal tract
and is converted to triethyl lead in the body. This form of
lead may be responsible for its toxic effects. Due to its
highly lipophilic nature, TEL passes the blood-brain barrier
readily. It is soluble in CNS structures, especially the lim-
bic forebrain, frontal cortex, and hippocampus. Symptoms
of acute high-level exposure include delirium, nightmares,
irritability, and hallucinations. Chronic effects of TEL, as
measured by peak tibia lead in organolead workers, were
associated with poorer neurobehavioral test scores in the
domains of manual dexterity, executive ability, and verbal
memory.21 Treatment is mainly supportive, but chelation
may be helpful.
Manganese
PATHOGENESIS AND PATHOPHYSIOLOGY. Inhala-

tion is the primary source of exposure. Neuropathologi-
cally, ganglion cells, including cells of the pallidum,
show histological changes. Damage to the substantia nigra
has also been seen, as have nerve cell alterations in the
basal nuclei, frontal and parietal cortex, cerebellum, and
hypothalamus.

EPIDEMIOLOGY AND RISK FACTORS. The neurologi-
cal syndrome manganism was first described in 1837. Since
that time, hundreds of cases have been reported in the med-
ical literature. Mining dust and industry are the primary
sources of manganese (see Table 39-1). Like organic lead,
manganese is also an antiknock additive in gasoline.

Outside the occupational setting, hospitalized patients
receiving total parenteral nutrition (TPN) therapy that
includes manganese can develop distinctive T1-weighted
hyperintense patterns in the region of the globus palli-
dum. These apparent lesions disappear after cessation of
TPN, but in some patients their presence correlates with
clinical signs of parkinsonism and high blood levels of
manganese.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The onset of symptoms is extremely variable from individ-
ual to individual and depends on the intensity of exposure,
individual susceptibility, and possibly the type of ore
involved. Symptoms may appear after only 1 or 2 months
or after 20 years of exposure. The earliest signs of manga-
nism include anorexia, asthenia, apathy, somnolence, head-
aches, and social withdrawal. Personality changes are
common and consist of irritability, emotional lability, and
periods of hyperexcitability (manganese psychosis). Few
cognitive deficits have been substantiated. With continued
moderate to high-level exposure, “Parkinson disease-like
symptoms” develop, including “masked facies” and brady-
kinesia. Speech is affected, becoming faint, monotonous,
disjointed, occasionally unintelligible, and even mute. Other
symptoms include weakness and fatigue, which increase
until the worker is unable to go to work. Symptoms are
generally confined to the extrapyramidal system, and gait
difficulties are observed as retropulsion on rising and
propulsion on walking, awkwardness and fine or coarse
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tremor of the hands, and gross rhythmical movements
of the trunk and head. Micrographia in writing samples
may also be evident. Although manganism has certain
clinical features in common with idiopathic Parkinson’s
disease (PD), such as bradykinesia and rigidity, tremors
are less prominent, response to levodopa is absent, and
lesions in the globus pallidus with sparing of the dopami-
nergic nigrostriatal pathway make manganism distinguish-
able from classical PD. Whereas individuals with classic
cases of severe manganism have more diffuse signs than
those typical of PD, there is a major controversy as to
whether chronic low or moderate exposure during occupa-
tions such as welding could be a risk factor for typical
PD.22 Nevertheless, there are insufficient data supporting
an association between welding fume exposure and the
development of PD because there are no well-controlled
case-control studies investigating the link between
welding and PD. It may be difficult to link manganese ex-
posure to PD because welding fumes contain not only man-
ganese but also iron, aluminum, chromium, nickel, and
ozone.23

DIFFERENTIAL DIAGNOSIS AND EVALUATION. Di-
agnosis requires a history of exposure to manganese in
combination with physical findings. Liver failure should
be excluded since patients with chronic liver failure may
accumulate manganese in the nigrostriatal projections and
have associated neurological features of parkinsonism
(Video 62, Parkinsonian Gait), gait ataxia (Video 211, Gait
Ataxia) plus other neurologic findings, and cognitive and
psychiatric deficits.24 Approximately 43% of the body bur-
den of manganese is in the bone. Excretion is biphasic,
consisting of a rapid phase with a half-life of 4 days and
a second slower phase that has a half-life of 39 days. Meth-
ods of biological monitoring are poor, and individual man-
ganese levels in blood and urine do not correlate with
either present or past exposure. Diagnostic chelation with
EDTA is not useful.

MANAGEMENT. Management involves removal of the
patient from exposure. The chronic movement disorder
may respond to the use of levodopa and 5-hydroxytrypto-
phan. Patients studied by Mena and colleagues25 responded
well to levodopa doses of more than 3 g/day, showing a
marked reduction in rigidity and all other symptoms except
speech disorders. Traditional chelation therapy has not
proved helpful.

PROGNOSIS AND FUTURE PERSPECTIVES. Manga-
nism is usually progressive once the syndrome develops.
In the very early stages, symptoms may improve over a
period of many months after the patient has been removed
from exposure. This improvement is not thought to
be correlated with a reduction in the concentration of
manganese.26

Inorganic Mercury
PATHOGENESIS AND PATHOPHYSIOLOGY. Ele-

mental mercury is transported in blood plasma, proteins,
and hemoglobin. In the appropriate conditions, mercury
may be incorporated rapidly into the brain. Once incorpo-
rated into the body, mercury can be found in the urine
as long as 6 years after exposure has ceased. Inorganic
mercury has the greatest affinity for the kidney. Although
concentrations are lower in the CNS, they may still be
significant. In the brain, animal studies have shown that
the highest concentrations of mercury occur in the brain
stem, followed by the cerebellum, cerebral cortex, and
hippocampus.

Inorganic mercury exerts its neurotoxic effects by alter-
ing membranes. There is a paucity of information on the
pathological events resulting from inorganic mercury in-
toxication. Very few postmortem studies have been pub-
lished, and results vary from normal to slight neuronal
damage with evidence of intracellular mercury.

EPIDEMIOLOGY AND RISK FACTORS. Historically,
inorganic mercury compounds have been used as anti-
septics, disinfectants, purgatives, and components in the
industrial manufacture of felt. Mercury was also used
formerly in the form of cinnabar, a red pigment used
for painting and coloring. Works of art containing cinna-
bar can be found in ancient Egyptian and Pakistanian
ruins.

By current NIOSH estimates, 65,000 workers are poten-
tially exposed to mercury. The occupations significantly
at risk for mercury intoxication are listed in Table 39-1.
Mercury is also one of the most serious environmental
pollutants in air and water. Between 1953 and 1956, an ep-
idemic of methyl mercury poisoning occurred in Japan
when a large number of villagers developed chronic mer-
curialism (Minamata disease) from ingesting fish contami-
nated with methyl mercury from industrial waste. There
appears to be a wide range of individual susceptibility
to the toxic effects of mercury; these may depend on the
form of mercury involved, hygiene, diet (including vitamin
deficiency), and some intrinsic differences in mercury me-
tabolism. Metallic mercury becomes volatile at room tem-
perature and thus generally enters the body through the
inhalation of mercury vapors.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Acute mercury poisoning usually results from accidental in-
gestion of an antiseptic in the medicine cabinet. Symptoms
of acute inorganic mercury poisoning consist of massive
gastrointestinal vomiting and colitis with renal failure. The
breath has a metallic odor. A brownish mercurial linear
streak may be visible along the margin of the teeth. Symp-
toms of irritability, rapid onset of weakness in the lower
limbs, psychotic episodes with delirium, hallucinations,
and motor hyperactivity have been reported. The major
threat to these patients is gastrointestinal hemorrhage, but
after 24 hours renal failure becomes the predominant cause
of morbidity.

Chronic mercury toxicity can result in tremor and weak-
ness of the limbs or progressive personality changes.
Mercury-induced tremors, also known as “hatter’s shakes”
or “Danbury shakes,” consist of fine and regular tremors
interrupted by much coarser myoclonic jerks. These trem-
ors can be seen at rest and often diminish with activity.
In the later stages of intoxication, gait and balance may
be altered because of the continuous trembling. In addition,
dyskinetic movements, paresis, and convulsions have been
reported. Occasionally, these patients present a typical pic-
ture of parkinsonism (Video 5, Sensory Ataxia). Mercury
can also cause peripheral polyneuropathy (sensorimotor
axonopathy), which affects the lower extremities more than
the upper ones. Paresthesias with extreme pain or peripheral
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neuropathy with muscle atrophy may also occur. Cognitive
decline, vertigo, nystagmus, blurred vision, narrowing of
the visual fields, optic neuritis, optic atrophy, sensory ataxia
with a positive Romberg’s sign (Video 98, Romberg Sign),
seizures, and vegetative disturbances have also been ob-
served.

Personality changes can develop before neurological
signs appear. So-called “mercurial neurasthenia” may
develop for weeks or months before the patient seeks
treatment. This syndrome consists of extreme fatigue,
hyperirritability, insomnia, pathological shyness, and de-
pression. The hyperirritability may become so severe that
extremely violent behavior develops, possibly including
homicidal acts.

Acrodynia, chronic mercury toxicity in children, is a
syndrome consisting of painful neuropathy that involves
significant autonomic changes. This syndrome includes
redness and coldness in the hands and feet, pain in the limbs,
profuse sweating of the trunk, severe constipation, and
weakness. Tremors similar to those found in adults and per-
sonality changes may also occur. Case reports of children
with acrodynia and a syndrome mimicking signs of a pheo-
chromocytoma have been described in association with
inorganic mercury intoxication. The mercury may interfere
with the normal catabolic processing of catecholamines via
the cytosolic enzyme catecholamine-O-methyltransferase.
Catecholamine-O-methyltransferase requires the use of the
methyl group provided by coenzyme S-adenosylmethionine
(SAM).Mercury inactivates SAMand leads to elevated levels
of norepinephrine, dopamine, and epinephrine. The eleva-
tion of catecholamines leads to the pheochromocytoma-like
syndrome.27

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Serum concentrations of mercury are unreliable indicators
of inorganic and organic mercury toxicity because blood
levels vary greatly between individuals and in the same
individual. The threshold biological exposure index (BEI)
for blood is 15 mg/L, and for urine it is 35 mg/g creatine.
However, urinary excretion is not a good measure of toxic-
ity because there seems to be little correlation between
symptomatology and the amount of mercury excreted in
the urine. Although the early differential diagnosis might
include Parkinson’s disease, the tremor seen with mercurial
intoxication is not solely a resting tremor and is usually
coarser than that found in patients with PD. Because the
signs of mercury intoxication may mimic those of some
common neurological syndromes, the correct diagnosis is
dependent on a detailed occupational history, clinical symp-
tomatology, and documentation of mercury in the patient’s
blood, urine, or hair.

MANAGEMENT. Removal of the patient from the
sources of exposure and chelation with N-acetyl-D-penicil-
lamine is recommended.

PROGNOSIS AND FUTURE PERSPECTIVES. Most
patients with severe mercury poisoning die within a few
weeks of symptom onset. Some may survive with major
neurological disability. In those with mild or moderate neu-
rological symptoms, improvement may occur within the
first 6 months, mostly in children and young adults. Isolated
cases have been reported in which bedridden individuals
regained the ability to walk, and some children who were
totally blind regained vision.
Organic Mercury
PATHOGENESIS AND PATHOPHYSIOLOGY. Organic

mercury readily crosses the blood-brain barrier, and its
turnover in the brain is slow. In cases of chronic exposure,
approximately 10% of the body burden localizes in the
brain. Less than 3% is degraded into inorganic mercury.
In a single case study, histological changes and high mer-
curial content were noted in the corpus callosum. Excretion
occurs primarily through the gastrointestinal tract, mostly
through biliary secretion, and the mercury then undergoes
almost immediate gastrointestinal reabsorption into the
bloodstream. Neuropathological changes noted in 10 cases
included damage to peripheral neurons in the myelin sheath
accompanied by glial proliferation and mobilization of
phagocytes.28 Anatomically, the most severe damage was
found in the primary visual cortex, followed by the cerebel-
lar cortex, the pre- and postcentral gyri, the transverse gyrus,
and the putamen.

EPIDEMIOLOGY AND RISK FACTORS. Sources of
organic mercury include contaminated seafood or exposure
to alkyl mercury (used in antifungal treatment of seed
grains). There have been reports of massive intoxications
resulting from ingestion of fish containing methyl mercury
or from eating homemade bread prepared from seed treated
with methyl mercury fungicide. Ingestion of livestock that
have been fed grain treated with mercury-containing fungi-
cides is an additional source.

Routes of absorption of organic mercury are primarily
dermal and gastrointestinal. Organic mercury is slowly
excreted through the kidneys, and its half-life varies from
40 to 105 days. Organic mercury readily crosses the pla-
centa, resulting in blood concentrations in the fetus that
are equal to or greater than those in the maternal blood.
There have been several reports of fetal methyl mercury
poisoning in asymptomatic mothers. Methyl mercury is
also secreted in breast milk.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The clinical triad of organic mercury toxicity consists of
peripheral neuropathy, ataxia, and cortical blindness. There
may be a delay of 2 weeks to several months before symp-
toms appear after mercury exposure. The earliest symp-
toms may be paresthesias of the extremities, beginning
distally and extending in a glove-stocking distribution.
Touch and pain sensations are most impaired. Constriction
of the visual fields is generally seen.29

In infants born from intoxicated mothers, severe brain
damage may develop, including retardation and cerebral
palsy. Motor neuron disease resembling amyotrophic lateral
sclerosis is another notable and prominent clinical pattern.
In these patients, gradual weakness develops with features
of both upper motor neuron disease (increased reflexes
and prominent jaw jerk) and lower motor neuron disease
(fasciculations and atrophy) (Video 45, Tongue Atrophy).

DIFFERENTIAL DIAGNOSIS AND EVALUATION. It is
difficult to diagnose mercury toxicity from laboratory data
because the blood and urine measurements vary widely.
Although measurements in blood and hair are less variable
than those in urine, these do not necessarily reflect the de-
gree of mercury toxicity. Hair samples must be collected
according to specific protocols. For example, samples must
be taken close to the scalp and then washed to remove
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contaminants such as hair dyes or hair treatments. The
advantage of hair samples is that they provide exposure
information for the past year. Hair sample levels are usually
300 to 500 times those seen in blood.

MANAGEMENT. Management of mercury toxicity de-
pends first on eliminating the exposure. Other remedies
include the use of mercury-binding chelators such as
D-penicillamine, BAL, or DMSA, which may accelerate
the excretion of mercury. However, because chelation
mobilizes mercury from bones, it may cause the clinical
symptoms to become worse and allow further deposits of
mercury into the brain (especially BAL). Penicillamine
may be more effective in improving the CNS effects of mer-
cury. However, the side effects of penicillamine treatment
may include hematopoietic suppression, alterations in cog-
nitive and renal function, symptoms of myasthenia gravis
(Video 42, Fatiguability), occasional hepatitis, and allergic
reactions such as pruritus and swelling. With chelation,
blood concentrations usually begin to decline after approxi-
mately 3 days. In asymptomatic individuals with increased
blood concentrations of mercury, administration of seleni-
um and vitamin E may prevent the development of symp-
toms. In patients with mild contractures, physical therapy
can be helpful.

PROGNOSIS AND FUTURE PERSPECTIVES. Follow-
up of the survivors with Minamata disease years after
poisoning revealed decreased bilateral attenuation on
CT scans in the visual cortex and diffuse atrophy of the
cerebellum, especially the vermis.
Aluminum, Thallium, and Other Metals
See Tables 39-1 and 39-2.
ORGANIC SOLVENTS (Table 39-3)

Mixed Solvents
PATHOGENESIS AND PATHOPHYSIOLOGY. Organic

solvents are lipophilic and very volatile. Lipophilicity
influences the anatomical distribution of the solvents to
organs rich in lipids (brain and adrenals). Lipophilic com-
pounds are eliminated through the kidneys after several
osmotic conversions have occurred to make them more water
soluble. The resulting metabolites can be more toxic than
the original compounds. Reports of synergistic effects be-
tween organic solvents and alcohol are found in the litera-
ture. Paint “huffers” show signs of acute denervation in
the peripheral nervous system and show MRI evidence of
brain atrophy involving the cerebellum, brain stem pontine,
fronal lobe, and hippocampus.30 At high dose levels,
depending on the specific chemical, solvents may act as
anesthetics (e.g., trichloroethylene [TCE]), convulsants
(e.g., fluorothyl), anticonvulsants (e.g., toluene), anxiolytics
(e.g., toluene), antidepressants (e.g., benzyl chloride), and
narcotics (e.g., TCE). However, the mechanisms involved
in solvent neurotoxicity are generally unknown. For many
solvents, it is not known which are neurotoxins, whether
or not they require bioactivation to become toxic to the
nervous system, and what targets within the nervous system
are critical. It is also unknown how the toxic metabolites
produce cellular changes that result in human health
effects. A wide variety of mechanisms related to the
effects of organic solvents have been proposed. Neuro-
toxicity may result from effects on neurotransmitters such
as dopamine and g-aminobutyric acid (GABA), although it
is not known whether this occurs at specific receptor sites,
at the bilipid layer surrounding the receptors, or at ion
channels.

EPIDEMIOLOGY AND RISK FACTORS. Due to the pro-
liferation of the plastic and chemical industries, large seg-
ments of the population have been exposed to organic
solvents. NIOSH estimates that 9.8 million workers have
been exposed to solvents in the United States. Since sol-
vents are highly volatile, and volatility corresponds to the
amount of solvent that becomes airborne, the respiratory
system is the primary mode of solvent absorption. The
amount of uptake is modified by workload, respiratory rate,
use of respirators, and adequacy of workplace ventilation.
Because most solvents that cause health problems are mix-
tures of solvents, we first discuss the neurological sequelae
of exposure to organic solvents in general. Then we de-
scribe briefly some of the more highly toxic individual or-
ganic solvents. Occupational settings of potential exposure
to organic solvents are numerous and are shown in
Table 39-1. It appears that the number of workers suffering
adverse effects from exposure to organic solvents has de-
creased. This is due to closer adherence by industry to ap-
propriate levels of safe airborne concentrations as well as
to the mandatory use of personal protective equipment by
workers. Unfortunately, the abuse of solvents in the form
of “huffing” remains a public health concern. In these
cases, substances such as paint, airplane glue, and gasoline
are placed in plastic bags, which are then placed over the
face and inhaled to produce a “high.”

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The digestive, hepatic, renal, and nervous systems are all
affected by organic solvents. All solvents have nasal muco-
sal irritant effects. Symptoms of acute high-level exposure
include headache, dysphoria, dizziness, euphoria, excita-
tion, and exhilaration. However, with discontinuation of
exposure, symptoms of acute exposure abate within hours.
With extremely high levels of exposure such as those
obtained during paint huffing, the later stages of intoxica-
tion include somnolence and coma followed by death.

Chronic low-level exposure is generally seen in indus-
trial settings. In these cases, development of symptoms is
insidious. Headaches are the most commonly reported
symptom. Characteristically, these begin soon after arriv-
ing at work and disappear at night, on weekends, and dur-
ing vacations when patients are not in the vicinity of the
organic solvents. Other complaints include irritability, per-
sonality changes, depression, memory loss, poor attention
or concentration, sleep difficulties, decreased libido, and
pain and numbness starting in the feet and then progressing
to the hands (peripheral neuropathy). Neurobehavioral
findings are most notable in activities demanding manual
dexterity, executive or motor functioning, and olfaction.31

DIFFERENTIAL DIAGNOSIS. Diagnosis of solvent en-
cephalopathy is generally confirmed by the presence of a
positive exposure history, objective findings on neurobe-
havioral tests, and negative findings on neurological exami-
nation with the exception of the possible presence of a



TABLE 39-3

Symptoms Associated with Organic Solvent Exposure

ORGANIC
SOLVENTS

PROPOSED TOXIC
MECHANISM

TISSUE ASSESSED AND
TOXIC LEVELS* ASSOCIATED SYMPTOMS CLINICAL FINDINGS SPECIFIC TREATMENTS PATHOLOGY

Mixtures Generally unknown,
acts on
neurotransmission

Not available Irritant effects; contact
dermatitis

Headaches; fatigue; irritability;
depression; sleep difficulties;
cognitive decline; decreased
olfaction; peripheral
neuropathy; myopathy

Removal from exposure Atrophy (paint huffers)

Acetone Unclear Urine 50 mg/L GI distress; irritant effects Nausea; vomiting; headache;
dysphoria; bad dreams; vertigo

Removal from exposure Unclear

Benzene Increases levels of
GABA in
cerebellum and
pons; increases
levels of glutamic
acid decarboxylase
(GAD); affects
porphyrin
metabolism

Urine 50 mg/g
creatine; exhaled
air mixed: 0.08
ppm; S-phenyl-
mecapturic acid in
urine 20 mg/g
creatinine; þ, þ
muconic acid in
urine 500 mg/g
creatinine

Increased risk of cancer;
pancytopenia

Ataxia; inebriation; muscular
twitching; paralysis; seizures;
unconsciousness; peripheral
neuropathy in cases with
associated toluene exposure

Removal from exposure;
lecithin, vitamin C,
pentanucleotide, folic
acid, pyridoxine

Denervation and clinical
atrophy

Carbon Disulfide Alkylation of
proteins

Urine 5 mg/g creatine Pulmonary and dermal
irritant; cardiac effects;
toxic threshold lowered
in alcoholism, diabetes
mellitus, renal/hepatic
disease

Headache; irritability; cognitive
decline; psychosis; delirium;
hearing loss; loss of corneal
reflex; parkinsonism;
peripheral polyneuropathy

Removal from exposure Chromatolysis and
vacuolation in frontal
lobe, globus pallidum,
and putamen;
peripheral nerve
myelin swelling and
fragmentation

Carbon
Tetrachloride

Unclear Not available GI distress; hiccups; liver
and kidney damage;
toxic threshold lowered
in alcoholism, obesity,
diabetes, liver and
kidney disease

Intoxication; headaches; vertigo;
delirium; seizures;
parkinsonism; optic atrophy;
visual difficulties

Calcium gluconate and
hemodialysis

Purkinje cell damage;
cerebellar venous
thrombosis and
hemorrhagic infarcts;
brain edema; neuronal
loss; astrocytosis

Ethylene Glycol Metabolized to
aldehydes and
oxalate

100 mL Renal effects;
cardiopulmonary
effects

Restlessness; agitation; seizures;
absent corneal reflexes; coma

Early dialysis to correct
acidosis

Cerebral edema;
vascular
engorgement;
hemorrhage

Methyl Alcohol
(Methanol)

Oxidation to
formaldehyde and
formic acid

Urine 15 mg/L (B,
NS); formic acid in
urine 80 mg/g
creatine (B, NS)

GI distress Headache; weakness;
incoordination; delirium;
hallucinations; visual loss;
stupor; seizures; parkinsonism;
death

Administration of ethyl
alcohol, folic acid, or
bicarbonate; frequent
measures of blood
methanol, CO2,
bicarbonate, and PH;
monitor serum
potassium; peritoneal/
hemodialysis

Shrinkage and
degeneration of
neurons, primarily in
parietal cortex

Methyl-N-Butyl
Ketone
(MBK)

Metabolized to
2,5-hexanedine

No specific findings Euphoria Weight loss; sensorimotor
polyneuropathy

Removal from exposure Multifocal axonal
degeneration; myelin
thinning

Continued

8
7
7



TABLE 39-3

Symptoms Associated with Organic Solvent Exposure—cont’d

ORGANIC
SOLVENTS

PROPOSED TOXIC
MECHANISM

TISSUE ASSESSED AND
TOXIC LEVELS* ASSOCIATED SYMPTOMS CLINICAL FINDINGS SPECIFIC TREATMENTS PATHOLOGY

N-Hexane Metabolized to
2,5-hexanedine;
inhibits glycolytic
enzymes

Urine 5 mg/g
creatinine (NS)

Euphoria Headaches; poor appetite; mild
euphoria; mostly peripheral
polyneuropathy

Removal from exposure Degeneration of
peripheral nerve
axons

Toluene (Methyl
Benzene)

Toxic effects similar
to benzene

Hippuric acid in urine
1.6 g/g creatine
(B, NS); venous
blood 0.05 mg/L

Pulmonary effects;
cardiac effects

Euphoria; fatigue; ataxia;
dizziness; tremor; cognitive
decline; seizures; delirium;
decreased olfaction; optic
atrophy; hearing loss;
peripheral neuropathy (in
cases w/associated N-hexane
exposure); alcohol intolerance

Removal from exposure Cortical and cerebral
atrophy

O-cresol in urine
0.5 mg/L

Trichlor-
ethylene
(TCE)

Unknown; toxic
effects potentiated
by alcohol

Trichloroacetic acid
in urine 100 mg/g
creatine (NS)

Cardiopulmonary effects;
toxic threshold reduced
with alcohol

Headaches; insomnia; fatigue;
anxiety; trigeminal nerve
damage; neuro-
ophthalmological findings;
alcohol intolerance; cognitive
decline; hearing loss;
peripheral neuropathy

Removal from exposure Myelin and axonal
degeneration

Trichloracetic acid
and
trichloroethanol in
urine 300 mg/g
creatine (NS)

Blood free
trichloroethanol in
blood 4 mg/L
(NS)

*Biological exposure indices. American Conference of Governmental Industrial Hygienists (ACGIH) values from ACGIH: Threshold Limit Values and Biological Exposure Indices 2001. Cincinnati, OH, ACGIH, 2001.
B, present in significant amounts in individuals not occupationally exposed; GABA, gamma-aminobutyric acid; NS, nonspecific, may be observed after exposure to some other chemicals.

8
7
8
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polyneuropathy (Video 259, Sensory Polyneuropathy).
There are few reliable or easily attainable biomarkers of
solvent exposure. Therefore, this diagnosis is often one of
exclusion. The differential diagnosis includes other neuro-
pathological conditions (e.g., cerebrovascular disease and
tumor), heavy alcohol use, and neuropsychiatric disorders
(e.g., affective disorders, anxiety, and somatoform disor-
ders). Often, individuals who have been exposed to chemi-
cals with strong odors misinterpret normal body sensations
as pathological symptoms. Subsequently, these symptoms
are misattributed to chemical exposure because of reports
by the news media exaggerating the dangers of commonly
encountered environmental chemicals.

EVALUATION. In 1985, an attempt was made to develop
a rating classification system for individuals who were
exposed to organic solvents. The following categories were
proposed: Type I—Subjective nonspecific symptoms only.
Patients complain of fatigue, memory and concentration
difficulties, and changes in mood and sleep patterns. How-
ever, there is no objective evidence of neurobehavioral
dysfunction. After discontinuation of exposure, symptoms
completely disappear within 6 months to 1 year. Type
Iia—Sustained personality and mood change. Affective
changes are noted. These include depression, aggressive-
ness, fatigue, poor impulse control, and anhedonia. Neuro-
behavioral findings are negative. It is unclear if these
symptoms are reversible. Type Iib—Impairment of intel-
lectual function documented by objective neurobehavioral
test results with possible mild neurological signs. Difficulty
in concentration, memory loss, and a decline in learning
capacity may be objectively detectable. After removal from
exposure, these symptoms may remain stable or improve
but should not become worse. Type III—Dementia, with
neurological signs and/or neuroradiological findings. Neu-
robehavioral test results are significantly affected. Type
III is related to repeated severe exposure (e.g., paint huf-
fers). It is poorly reversible but generally does not progress
once exposure is stopped.32

Nerve conduction studies can be extremely useful
because many organic solvents affect the peripheral nervous
system (PNS) before the CNS. Sensory polyneuropathy,
more pronounced in the feet than in the hands, is character-
istic of exposure to chronic organic solvents.

MANAGEMENT. Management consists of removal from
the source of exposure. In addition, the anxiety and depres-
sion typically seen in these individuals can be treated with
psychotropic medications and supportive psychotherapy.

PROGNOSIS AND FUTURE PERSPECTIVES. Once
removed from the source of exposure, symptoms should re-
main stable or improve over time. However, deterioration
in function is often seen and can be attributed to psycho-
logical disorders that develop secondary to the organic
solvent exposure.

Methyl Alcohol
Methyl alcohol (methanol, wood alcohol) is used as a sol-
vent, a component of antifreeze, and an adulterant of alco-
holic beverages. Although this chemical is only mildly
toxic, it is oxidized to formaldehyde and formic acid,
which produce severe acidosis and are responsible for the
symptoms of methanol abuse. Neuropathological changes
in the form of shrinkages and degeneration of neurons, pri-
marily in the parietal cortex, have been reported.33 The ox-
idation and excretion of methyl alcohol is so slow that
toxic symptoms do not develop for 12 to 48 hours, al-
though they may last for several days. Once apparent, toxic
symptoms involve the visual apparatus, CNS, and the gas-
trointestinal and respiratory tracts. Early symptoms include
nausea, vomiting, weakness, abdominal pain, vertigo, and
headache. Additional symptoms may include restlessness,
uncoordination, and, in severe cases, delirium and halluci-
nations. Confusion and memory deficits are also reported.
In severe cases, stupor, coma, tonic muscle contractions,
hyperactive reflexes, visual loss, Parkinson-like extrapyra-
midal syndrome, and convulsions may also be seen. In the
most severe cases, death occurs from respiratory failure.

Treatment involves frequent measurements of blood
methanol, carbon dioxide, bicarbonate, and pH. Ethyl alco-
hol may be administered to retard the conversion of meth-
anol into toxic formaldehyde and formic acid. Bicarbonate
can be given to correct severe acidosis. Serum potassium
levels should be monitored because bicarbonate tends to
decrease potassium. Administration of folic acid may ac-
celerate the metabolism of formic acid to carbon dioxide.
Either peritoneal dialysis or hemodialysis can be used in
patients with methanol blood concentrations higher than
50 mg.

Ethylene Glycol
Antifreeze is the most common source of ethylene glycol.
Due to its inebriant properties, ingestion of ethylene glycol
can be fatal and accounts for approximately 40 to 60 deaths
per year. Although ethylene glycol is not toxic, it meta-
bolizes to aldehydes and oxalate. The toxic dose is ap-
proximately 100 mL, and death is due to renal or
cardiopulmonary mechanisms. After ingestion, symptoms
may appear rapidly or may take hours to develop. Initial
symptoms include restlessness and agitation, followed
by somnolence, stupor, coma, and convulsions. The patient
becomes cyanotic, pupils are nonreactive, and corneal re-
flexes are absent. In milder cases, fatigue, personality
change, and depression are present. Ethylene glycol poi-
soning should be suspected when an apparently inebriated
patient has no alcohol on the breath. Neuropathological
changes have been reported and include cerebral edema,
vascular engorgement, and hemorrhage. Treatment consists
of correcting the acidosis and using early dialysis to remove
the ethylene glycol, oxalate, and aldehyde and also treat the
associated uremia. Patients with ethylene glycol intoxica-
tion who present with normal creatine levels and an absence
of metabolic acidosis may benefit from administration of
fomepizole without hemodialysis.34

N-Hexane and Methyl-N-butyl Ketone
N-Hexane is a component of a number of glues. Therefore,
exposure is likely to come from inhalant abuse. With acute
exposure, N-hexane causes euphoric effects. Pronounced
peripheral polyneuropathy may occur after chronic intoxi-
cation. Hexane is metabolized to 2,5-hexanedione, which
is responsible for much of the neurotoxicity related to this
compound.
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Unlike toluene, hexane does not produce significant cen-
tral neurological symptoms. Lightheadedness, headache,
decreased appetite, and mild euphoria as well as occasional
hallucinations may occur acutely, but seizures and delirium
are not associated with N-hexane exposure. The predomi-
nant neurological feature of N-hexane exposure appears
to be peripheral neuropathy. Symmetrical sensory dysfunc-
tion in the hands and feet is the usual presenting complaint.
Decreased response to pin, vibration, and thermal stimula-
tion is found on examination. Glue huffers may develop
proximal weakness. The most prominent electrophysio-
logical feature is slowing of motor and nerve conduction
velocities, which occurs in proportion to the intensity of
clinical disease.35

More recent concerns regarding N-hexane and petroleum
derivatives have focused on parkinsonism. Cases of well-
described intoxication have been associated with rigidity,
bradykinesia, tremor, and postural reflex compromise.
A large cohort of patients with clinically diagnosed PD
were screened for hydrocarbon exposure. Of the 990 inter-
viewed, 188 patients reported hydrocarbon exposure, and
these patients were age and gender matched to patients with
no reported exposure. The patients with exposure as deter-
mined by an industrial hygienist had an earlier onset age
and more motoric impairment than the control patients.36

Furthermore, animal experiments demonstrate that N-hexane
exposure lowers brain dopamine and homovanillic acid, the
central metabolite of dopamine.37 Because N-hexane is a
common environmental contaminate and hydrocarbons can
be by-products of endogenous metabolic pathways, these
compounds are a focus of pathogenic research efforts in
movement disorders. Although chemically dissimilar from
carbon disulfide, N-hexane is metabolized to the g-diketone
2,5-hexanedione, which induces histologic neurofilament-
filled swelling in distal axons of the CNS and PNS similarly
to carbon disulfide. This observation suggests that these two
neurotoxins may share some pathogenic features and serve
as a unifying model for the study of chemicals that adversely
affect both PNS and CNS axons.

Methyl-N-butyl ketone (MBK) is used as a paint thinner,
cleaning agent, and solvent for dye printing. Exposure to
MBK is associated with sensorimotor polyneuropathy, which
may begin several months after continued chronic exposure.
In the later stages, axonal degeneration occurs distally.

There is no specific treatment for N-hexane and MBK
neuropathy other than removal from the source of expo-
sure. After removal, recovery (regeneration of peripheral
nerve axons) may occur over a period of weeks.

Toluene (Methyl Benzene)
Toluene is a widely used solvent and is employed as a paint
and lacquer thinner and as a cleaning and dying agent. It is
also a constituent of motor and aviation fuels. Toluene is a
major constituent of the glue used by paint huffers and has
thus been implicated as the chemical responsible for the
neurotoxic syndrome seen in this group of solvent abusers.
Toluene’s toxic effects are similar to those of benzene,
although more mental status changes are seen.

With acute exposure, clinical signs include early exhil-
aration followed by fatigue, mild confusion, ataxia, and
dizziness. With chronic use, exhilaration, euphoria, disinhi-
bition, and tremor are common. Neurobehavioral effects
include declines in performance IQ, decreased memory,
poor motor control, decreased visuospatial functioning,
and dementia.38 Toluene appears to affect the CNS more
readily than the PNS. Treatment primarily involves removal
from exposure.

Trichlorethylene
TCE is used extensively in dry cleaning and for degreasing
metal parts and extracting oils and fats from vegetable prod-
ucts. It is also used as an adhesive in the leather industry
and occasionally in medicine as an anesthetic. A number
of workers have become addicted to the fumes since delib-
erate inhalation produces rapid euphoria. Fatalities result-
ing from bronchial constriction, pulmonary edema, and
myocardial irritation have been reported.

TCE toxicity is associated with cranial and peripheral
neuropathies. Mixed sensory and motor involvement of the
trigeminal and facial nerves is characteristic of high-level
TCE exposure. Neuro-ophthalmological findings include
retrobulbar neuropathy, optic atrophy, and oculomotor dis-
turbances. Peripheral neuropathy is common, usually mixed
and predominantly distal. Neuropathological examination
has revealed extensive myelin and axonal degeneration.
TCE may act as a demyelinating agent because of its
lipid solvent qualities. The effects of TCE appear to be
potentiated by alcohol.

Clinically, a history of possible TCE exposure should
be investigated in any patient with trigeminal neuralgia or
trigeminal dysfunction. Long-term exposure or acute high-
level exposure also produces disturbances in memory. When
a human volunteer was exposed to 2, 3, and 500 ppm for
more than 2 hours, his major complaint was drowsiness.39

At 500 ppm, however, a pronounced decrease in neuro-
psychological functioning was observed. General CNS
symptoms include headaches, dizziness, fatigue, alcohol in-
tolerance, neurasthenia, anxiety, and insomnia. Neurobeha-
vioral effects include poor concentration and memory,
decreased manual dexterity and visuospatial accuracy, and
a slowed reaction time. As with the other organic solvents,
treatment primarily involves removal from exposure.

Acetone, Benzene, Carbon Disulfide, and Carbon
Tetrachloride
See Table 39-3.
GASES (Table 39-4)

Carbon Monoxide
PATHOGENESIS AND PATHOPHYSIOLOGY. Carbon

monoxide enters the bloodstream through pulmonary ab-
sorption and binds reversibly to hemoglobin. The affinity
of hemoglobin for carbon monoxide is approximately 225
times greater than that for oxygen. Thus, exposure to car-
bon monoxide resulting in increased carboxyhemoglobin
decreases the amount of oxygen carried by the red blood
cell. This results in pronounced tissue oxygen deprivation.
Pathoclinical correlates generally show globus pallidus
lucency and atrophy on CT scan (Fig. 39-3).40 Diffusion-



TABLE 39-4

Symptoms Associated with Exposure to Gases

GAS
PROPOSED TOXIC
MECHANISM

TISSUE ASSESSED AND
TOXIC LEVELS* ASSOCIATED SYMPTOMS CLINICAL FINDINGS SPECIFIC TREATMENTS PATHOLOGY

Carbon Monoxide Binds to hemoglobin,
creating tissue oxygen
deprivation;
mitochondrial toxin

Blood 3.5% of
hemoglobin

None Headaches; irritability;
dizziness; cognitive
decline; impaired vision;
blindness; deafness;
seizures; parkinsonism;
coma

Removal from exposure;
100% oxygen;
hyperbaric oxygen

Cerebral atrophy;
globus pallidus
lucencyExhaled air 20 ppm

Cyanide Mitochondrial toxin Blood 0.2 mg/L
Urine thiocyanate
level

Bitter almond taste;
mucosal irritation;
GI distress;
cardiopulmonary
distress

Agitation; panic attacks;
headaches; dizziness;
decreased consciousness

Administration of
antidote; supportive
ventilation

Demyelination and
cellular damage in
stratum cortex and
cerebellum

Ethylene Oxide Not known Not established Skin lesions; mucosal
irritation;
pulmonary edema;
GI distress

Headaches; nausea;
vomiting; decreased level
of consciousness;
peripheral neuropathy;
axonal degeneration

Removal from exposure Axonal neuropathy

Nitrous Oxide Interferes with
cobalamin-dependent
enzymatic reactions

Not established Vitamin B12

deficiency
Decline in manual dexterity;
cognitive decline;
polyneuropathy; axonal
degeneration; gradual
progressive numbness in
extremities followed by
weakness, gait disturbance,
and loss of sphincter
control

Removal from exposure;
good nutrition; vitamin
B12 treatment

Axonal degeneration

*Biological exposure indices. American Conference of Governmental Industrial Hygienists (ACGIH) values from ACGIH: Threshold Limit Values and Biological Exposure Indices for 1994–1995. Cincinnati, OH, ACGIH, 1994.
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Figure 39-3. CT scan from a patient with carbon monoxide intoxication show-
ing cystic lucencies in both globus palladi. (From Klawans HL, Stein RW,
Tanner CM, Goetz CG: Pure parkinsonian syndrome following acute carbon
monoxide intoxication. Arch Neurol 1982;39:302.)
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weighted imaging may be useful for early identification of
pallidoreticular damage in acute carbonmonoxide poisoning.

EPIDEMIOLOGY AND RISK FACTORS. Carbon mo-
noxide is an odorless, nonirritating gas, acute exposure to
which accounts for more than 3000 accidental or suicidal
deaths each year and 10,000 episodes of illness. Industrial
sources include portable kerosene heaters, hot water heat-
ers, and furnaces. At home, inadequately vented fireplaces
are a common source. However, the major source of car-
bon monoxide is automobile exhaust fumes, which have
concentrations of approximately 50,000 ppm. Although
cigarette smoke may be a major source of carbon monox-
ide, it is diluted with air, making it significantly less toxic.
The threshold limit value of carbon monoxide is 50 ppm,
which causes a carboxyhemoglobin saturation of 8% to
10% after an 8-hour exposure. Carboxyhemoglobin levels
of more than 50% are considered threatening, and levels
of 70% to 75% are usually fatal. Saturation may be
obtained by either very high acute exposure or prolonged
exposure to lower concentrations.

CLINICAL FEATURES. Neurological signs of mild car-
bon monoxide poisoning include dizziness, headache, and
impaired vision. As poisoning becomes more severe, symp-
toms develop into severe throbbing headaches, convulsions,
and coma. Persistent chronic exposure, as occurs with
inadequately vented heaters in the home, leads to blindness,
deafness, pyramidal signs, extrapyramidal signs, and
convulsive disorders.

Mild neurological effects may be transient to persistent
and may appear immediately or days to weeks following
exposure.40 Behavioral and psychiatric changes include
irritability, violent behavior, personality disturbances, eu-
phoria, confusion, and impaired judgment. Neurobehavioral
sequelae include difficulties with visual and verbal memory,
spatial deficits, and declines in cognitive efficiency and
flexibility.41 Parkinsonism has also been reported after
acute and chronic exposure (Video 41, Carbon Monoxide
Intoxication Parkinsonism).

DIFFERENTIAL DIAGNOSIS AND EVALUATION. Both
clinical symptoms and a history of exposure to carbon
monoxide are necessary for a diagnosis. In suspected cases
of carbon monoxide exposure, blood levels of carboxyhe-
moglobin can be determined. However, the current level
of carbon monoxide in the blood is not indicative of the
severity of poisoning because carboxyhemoglobin may
rapidly decline after exposure ceases. If a patient dies of car-
bon monoxide poisoning, however, the level of carboxyhe-
moglobin determined at postmortem represents the actual
level of carbonmonoxide at themoment of death since carbon
monoxide cannot be excreted without active respiration.

MANAGEMENT. Treatment involves removal of the pa-
tient from the contaminated environment as well as ad-
ministration of 100% oxygen. Hyperbaric oxygen reduces
the half-life of carboxyhemoglobin to less than 25 minutes
and is considered the treatment of choice for all patients
with severe carbon monoxide intoxication. However,
CNS oxygen toxicity is a potential risk of hyperbaric oxy-
gen therapy. Additionally, hypothermia has been advocated
to decrease the tissue demands of oxygen. Patients may be
covered in ice for 8 to 12 hours at a temperature of 30�C to
32�C.

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis for patients with significant carbon monoxide poison-
ing varies. However, follow-up has shown the presence of
neurological sequelae, consisting of cortical blindness, sei-
zures, cognitive impairment with amnesia, polyneuropathy,
and a parkinsonian syndrome. In a follow-up study per-
formed 3 years after carbon monoxide poisoning, 43% of
patients had impaired memory, 33% showed a deterioration
of personality, and 13% showed neurocognitive deficits.
Cyanide, Ethylene Oxide, and Nitrous Oxide
See Table 39-4.
PESTICIDES (Table 39-5)

Organophosphate Insecticides
PATHOGENESIS AND PATHOPHYSIOLOGY. Organo-

phosphates inhibit acetylcholinesterase and pseudocholin-
esterase. Insecticides that are cholinesterase inhibitors
include chlorpyrifos (Dursban), diazinon, malathion, ethyl
and methyl parathion, and trichlorofon.42 The neurotoxicity
of these compounds is related to their ability to inhibit ace-
tylcholinesterase, which occurs in the brain, spinal cord,
myoneural junctions, pre- and postganglionic parasympa-
thetic synapses, and preganglionic and some postgangli-
onic sympathetic nerve endings. The resulting increase in
acetylcholine overstimulates the postsynaptic receptors in
the cholinergic system, thus differentially stimulating nico-
tinic receptors (skeletal muscle and autonomic ganglia) and
muscarinic receptors (secretory glands and postganglionic
fibers in the parasympathetic nervous system).



TABLE 39-5

Symptoms Associated with Pesticide Exposure

PESTICIDE
PROPOSED TOXIC MECH-
ANISM

TISSUE ASSESSED
AND TOXIC LEVELS* ASSOCIATED SYMPTOMS CLINICAL FINDINGS SPECIFIC TREATMENTS PATHOLOGY

Methyl Bromide Blood 2.8 mg/dL Pulmonary and dermal
irritant; renal effects;
pulmonary effects;
cardiac effects; GI
distress; garlic or rotten
fish odor

Mania; hallucinations;
delirium; headache;
vertigo; cognitive decline;
amnesia; aphasia;
incoordination;
myoclonus; tremors

Removal from
exposure

Affects cortical,
cerebellar, and basal
ganglia structures

Organochlorines (DDT) Excessive and
spontaneous release
of acetylcholine

Metallic taste; thirst;
burning eyes

Resembles Reye’s syndrome
in children; drowsiness;
optic neuropathy; night
blindness; tremors;
seizures; mononeuropathy;
polyneuropathy

Anticonvulsants for
patients with
seizures

With chlordecone,
electron-dense
particle accumulation
in Schwann cells

Organophosphates Inhibits
acetylcholinesterase
and
pseudocholinesterase

Blood low
cholinesterase
activity (70%
of baseline)

GI distress; excessive
sweating and
salivation;
hypothermia; liver
dysfunction

Headache; fatigue; dizziness;
decreased consciousness;
sleep disturbance;
cognitive decline; blurred
vision; absent pupillary
response; muscular
fasciculations; tremor;
delayed polyneuropathy
(OPIDP)

Administer atropine
sulfate and
pralidoxime

Axonal neuropathy and
nonspecific CNS
changes

Strychnine Central analeptic agent;
GABA antagonist;
postsynaptic inhibitor

GI distress; respiratory
failure

Irritability; excitement;
decreased consciousness;
paresthesias; muscular
stiffness; fasciculations;
seizures; rigidity

Respiratory support;
seizure prevention;
administer
diazepam;
morphine and
apomorphine are
contraindicated

Small subarachnoid
hemorrhages;
capillary
proliferation;
demyelinization

*Biological exposure indices, American Conference of Governmental Industrial Hygienists (ACGIH) values from ACGIH: Threshold Limit Values and Biological Exposure Indices for 1994–1995. Cincinnati, OH, ACGIH, 1994.
CNS, central nervous system; GABA, gamma-aminobutyric acid; GI, gastrointestinal.
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EPIDEMIOLOGY AND RISK FACTORS. Organophos-
phate insecticides are highly toxic to insects but are
relatively less so to humans and domestic animals. Although
specific organophosphates, such as triorthocresyl phosphate,
nipafox, and trichlorofon compounds, are obviously neuro-
toxic, the situation is less clear for other organophosphate
pesticides. At risk are factory workers involved in the pro-
duction of these compounds and agricultural workers who
use them to spray crops. The occurrence of organophosphate
poisoning in the United States is low, although epidemics
have been reported in some Third World countries. It should
be noted, however, that 3011 pesticide-related cases were
reported in California and Washington between 1993 and
1998. California accounts for approximately one third of
the agricultural workforce in the United States. Organophos-
phates are absorbed through the skin and respiratory tracts.
In addition, small amounts may be ingested by eating foods
that have been sprayed with organophosphates.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Clinically, patients with acute mild symptoms complain of
vague fatigue, headache, dizziness, increased salivation,
nausea and vomiting, diaphoresis, and abdominal cramps.
Symptoms always develop within 24 hours after exposure.
Difficulty with speaking or swallowing, shortness of
breath, and muscular fasciculations have been reported in
patients with more moderate poisoning. With increased
severity of poisoning, more intense signs and symptoms
can appear. These may include depressed levels of con-
sciousness and marked myosis with no pupillary response.
After initial recovery from acute severe intoxication, an
organophosphate-induced delayed polyneuropathy (OPIDP)
may develop. OPIDP is a distal dying back axonopathy
characterized by cramping muscle pain in the legs,
paresthesias, and motor weakness beginning 10 days to 3
weeks after the initial exposure. OPIDP-associated signs
include foot drop, weakness of the intrinsic hand muscles,
absent ankle jerk, and weakness of the hip and knee
flexors.43 Chronic low-level exposure has been associated
with weakness, malaise, headache, and lightheadedness.
Anxiety, irritability, altered sleep, tremor, numbness and
tingling of the extremities, and small pupils may also be
observed.44 Neurobehavioral findings include decreased
capacity for information processing, decreased memory
and learning abilities, and poor visuoconstructional skills.

A cohort of 90 patients with chronic low-level exposure
to organophosphates were clinically examined and found
to have decreased vibratory sense compared to a matched
sample group. Nine of these patients underwent electrophys-
iological testing, and 5 of them were found to have abnorm-
alities consistent with a peripheral neuropathic condition.
This study suggests that low-level organophosphate expo-
sure may be particularly toxic to the PNS.45 Five cases of
acute parkinsonism following acute exposure to organopho-
sphates have been described. Each of these patients resem-
bled the clinical picture of PD but did not respond to
levodopa. After the offending agent was removed, 4 of the
patients recovered without sequelae. Upon reexposure to
the organophosphate, 1 patient had reoccurrence of parkin-
sonian symptoms. These case reports suggest a causal link
between organophosphate exposure and parkinsonism.46

DIFFERENTIAL DIAGNOSIS AND EVALUATION. Di-
agnosis depends on exposure history, clinical symptoms,
and abnormally low cholinesterase activity in the blood
(BEI 70% of baseline level). Serial cholinesterase levels
that show a rise after removal from exposure are diagnostic
of exposure. Fasciculations with miosis, although not al-
ways present, are also diagnostic of organophosphate poi-
soning. Also, improvement of acute symptoms can be
expected after administration of atropine sulfate.

MANAGEMENT. At the time of ingestion, vomiting
should be induced. The primary treatment for mild to mod-
erate organophosphate poisoning is the administration of
atropine sulfate (1 mg intravenously or intramuscularly)
and pralidoxime (Protopam, 2-PAM, 1 g intravenously).
However, potential complications of atropine toxicity in-
clude flushed, hot, and dry skin, fever, and delirium. Also,
2-PAM may cause dangerous increases in blood pressure.42

In patients with very severe organophosphate poisoning,
intravenous administration of pralidoxime will restore
consciousness within 40 minutes.

PROGNOSIS AND FUTURE PERSPECTIVES. Prolonged
high exposure and the appearance of CNS and PNS symp-
toms may be associated with an incomplete recovery.
However, recovery is complete within weeks to months
after lower levels of exposure.

Organochlorine Insecticides
PATHOGENESIS AND PATHOPHYSIOLOGY. The neu-

rotoxic mechanisms for dichlorodiphenyltrichloroethane
(DDT) and other organochlorine insecticides is not well-
defined but may involve the excessive and spontaneous
release of acetylcholine. This is in contrast to the acute
actions of organophosphates, which block the metabolism
of acetylcholine extracellularly. Interestingly, because
exposure to both organochlorines and organophosphates
produces cholinergic overactivation, these chemicals can
cause similar symptomatology.

EPIDEMIOLOGY AND RISK FACTORS. Chlorinated
hydrocarbon insecticides are highly soluble in fats and oils.
In addition, they persist for extended periods of time in
the environment, thus contributing to chronic toxicity.
Commonly used organochlorine insecticides include aldrin,
chlordane, DDT, endrin, heptachlor, chlordecone (kepone),
and lindane. Most of these insecticides have been banned
or restricted in the United States because of their persis-
tence in the food chain, which leads to deleterious effects
on wildlife. DDT was banned in the United States in
1973 but is still used in the Third World. Absorption may
occur through respiration or through the oral or skin route.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Clinical manifestations of organochlorine neurotoxicity
have been associated with an oral dose of 10 mg/kg. With
acute DDT toxicity, patients report a metallic taste in the
mouth. Within 1 hour they complain of dryness of the
mouth and extreme thirst. Drowsiness or extreme insom-
nia, burning eyes, and a gritty sensation in the eyelid are
also reported. Other symptoms may include aching of the
limbs, muscular spasms, tremors, stiffness and pain in the
jaw, difficulty with concentration, and night blindness.
Chronic exposure to these compounds can cause tremor
and convulsions. Upper extremity weakness, which pro-
gresses to wrist drop, may also occur. Mononeuropathy
(Video 220, Ulnar Neuropathy, Main en Griffe), optic
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neuropathy, and polyneuropathy have all been described in
patients with chronic exposure. In workers in industrial set-
tings that produce DDT and other chlorinated hydrocarbon
insecticides, abnormal EEGs marked by bitemporal, sharp
wave activity and shifting lateralization have been re-
ported.47 A cohort of 59 males with chronic exposure to
DDT were compared to matched controls using neurobehav-
ioral testing. The group with chronic exposure to DDT
scored consistently lower on cognitive testing and this was
directly related to years of exposure. The exposure group
also had more neuropsychological and psychiatric symptoms
than the matched controls.48

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
diagnosis is made by the history. Although organochlorines
and their metabolites can be found in the blood, this test is
generally unavailable.

MANAGEMENT. Treatment is supportive. For patients
with intractable seizures, diazepam and pentobarbital may
be useful. Pentobarbital may also accelerate the metabolism
of organochlorines. Atropine and adrenergic amines are
contraindicated because they may potentiate myocardial
irritability.

PROGNOSIS. With the exception of anticonvulsants in
patients in whom seizures are prominent features, there
are no specific antidotes for DDT.

Other Pesticides: Methyl Bromide, Picrotoxin, and
Strychnine
See Table 39-5.
ANIMAL TOXINS

Snake, Scorpion, and Spider Venoms
PATHOGENESIS AND PATHOPHYSIOLOGY. Most an-

imal neurotoxins affect the cholinergic system through
either enhancement or blockade. Snake venoms are ex-
tremely toxic to cardiac muscle, coagulant pathways, and
the nervous system.49 Snake venom acts either presynapti-
cally as a toxin that inhibits the release of acetylcholine
from presynaptic cells in the neuromuscular junction or
postsynaptically as an agent that produces a nondepolariz-
ing neuromuscular block. The resulting effect is a depression
of cholinergic function at the neuromuscular junction. There
is little evidence that snake bites act directly on the nervous
system. Spider venom causes a release of acetylcholine,
producing tetanic spasms followed by paralysis.

EPIDEMIOLOGY AND RISK FACTORS. Poisonous
snakes include vipers, rattlesnakes, cobras, kraits, mambas,
and the American coral snake. Pit vipers are the snakes of
most concern in North America. The rattlesnakes, mocca-
sins, cottonmouths, and copperheads account for 95% of
the annual snakebites in the United States.50 Spiders such
as the black widow probably account for most of the neu-
rotoxic syndromes that occur after spider bites. Fatalities
associated with spider bites occur in approximately 2.5%
to 6% of cases.51 Tarantula bites are probably similar to
those of the black widow spider.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The clinical presentation of people with a snakebite
includes localized pain and swelling, headache, vomiting,
loss of consciousness, paresthesias, ptosis, loss of vision
secondary to coagulation disturbances, and hemorrhage
into the retina. Symptoms after snakebite may develop in
1 to 10 hours. Beginning signs of paralysis include difficulty
with swallowing and opening the mouth. Depending on
the species, scorpion stings may include both local and
systemic complications. Early symptoms include pain,
swelling, excessive salivation, sweating, and abdominal
pain. Death may result from hypertension, peripheral cir-
culatory collapse, and cardiac failure. Neurological se-
quelae are more common in children than in adults and
include overexcitement, muscle rigidity, convulsions, and
alteration of mental status, which is probably secondary
to hypoxia. In those with spider bites, neurological sequel-
ae include paresthesias, fasciculations, tremor, and hyper-
reflexia during the excitatory phase.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. In
patients with snakebites, it is especially important to attempt
to identify the specific snake involved since a number of
antivenins have been developed against specific poisons.

MANAGEMENT. Treatment of snakebites involves ad-
ministration of anticholinesterases and specific antivenin
as early as possible after the bite. Antivenom use carries
the risk of adverse effects, including fatal anaphylaxis. To
avoid this problem, pretreatment with diphenhydramine,
steroids, and adrenaline has been advocated. In a prospec-
tive, placebo-controlled, randomized study of the use of
0.25 mL of adrenaline in 105 snakebite victims about to
receive antivenom treatment, those patients receiving the
adrenaline showed a significant reduction in adverse
effects, including intracerebral hemorrhage.52 If these are
administered prior to the development of major weakness,
both pre- and postsynaptic toxic effects can be aborted.
Mechanical respiration may also be warranted. During the
acute stages after a spider bite, atropine can be adminis-
tered to control the cardiac muscle effort; gradual recovery
will occur over approximately 2 days. Treatment for scor-
pion bites focuses primarily on supportive respiratory and
cardiac measures and attention to coagulation.53

PROGNOSIS AND FUTURE PERSPECTIVES. Survival
depends heavily on the control of cardiac and coagulation
defects.54 The development of effective antitoxins and
more rapid access to supportive care centers may improve
the prognosis.

Tick Paralysis
Tick paralysis is a flaccid ascending paralysis caused
by the bite of certain female ticks, specifically in North
America, Dermacentor andersoni, D. variabilis, D. occi-
dentalis, Amblyomma americanum, and A. maculatum,
which are found commonly in areas west of the Rocky
Mountains. The toxin producing the disease is presumably
excreted in the saliva of the mature female tick during
engorgement. Although people of any age may be affected,
small children are particularly likely to become para-
lyzed.55 The head and neck are the most common sites of
tick attachment, although any part of the body may be
involved. There is some indication of an association be-
tween the proximity to the brain of the site of attachment
and the severity of the disease. The toxin acts either by
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causing a failure to liberate acetylcholine at the neuromus-
cular junction or by causing a generalized depression of all
excitable tissues, including the neurons of the spinal cord
and brain stem. The course of tick paralysis depends on
how soon the tick is found and removed. If it is removed
before bulbar symptoms begin, improvement occurs within
hours and is complete by 1 week. If bulbar symptoms have
begun, death often occurs despite intensive therapy.56 A
polyclonal dog antiserum is available, but it is expensive
and effective only in the very early stages of paralysis. Re-
combinant veterinary vaccines based on the tick neurotoxin
peptide sequences are being investigated.57
Puffer Fish Tetrodotoxin
The puffer fish is a delicacy in Japan and has been part of
the oriental cuisine for centuries. Unless the puffer fish
is cleaned properly, however, intoxication by tetrodotoxin,
a sodium channel blocker, can culminate in death. TTX
can be found in high concentrations in the liver, ovaries,
intestines, and skin of the puffer fish. Initial symptoms in-
clude ataxia, perioral paresthesia, and general weakness
involving the respiratory muscles. Neurotoxic effects gen-
erally resolve within 1 week and full recovery is generally
reported.
PLANT TOXINS (Table 39-6)

Chickpea (Lathyrism)
Lathyrism is related to a neurotoxin acting through the glu-
taminergic system. Spastic paraplegia has been observed
in Europe and India following consumption of different
varieties of chickpea.58 Development of human lathyrism
is associated with two potent neurotoxins found in the
peas: a-amino b-oxalylaminopropionic acid and a-amino
g-oxalylaminobutyric acid.59

Toxic neurological signs are seen when 30% or more of
the diet consists of chickpeas. Men tend to be affected
more than women. The onset is subtle, with pain in the
TABLE 39-6

Botanical Toxins

PLANT CHEMICAL MECHANISM

Amanita muscaria
mushroom (fly agaric)

Ibotenic acid Activates N

Clitobyte acromelalga
mushroom

Acromelic acid Activates k
Muscarine Activates c

parasym
Cycad Beta-N-methyl-amino-l-alanine

(BMAA)
Activates N

Chickpea: Lathyrus Beta-N-oxalyl-amino-l-alanine
(BOAA)

Acts as an
receptors

Betel nut Arecoline Stimulates
and caus

Henbane Scopolamine Antagonize
receptors

Deadly nightshade,
Jimson weed

Atropine Antagonize
receptors

ALS, amyotrophic lateral sclerosis; AMPA, alpha-amino-3 hydroxy-5-methyl–4-isoxazole
lumbar region and stiffness and weakness of the lower
extremities on awakening in the morning. A slight fever
may be present. Paresthesias and weakness may develop
during the next several days. The legs become spastic and
exhibit clonic tremor. The upper extremities may also be
involved in patients with severe disease. Within 1 or
2 weeks, the pain and paresthesias usually disappear,
although relapses sometimes occur. In addition to the more
common spastic paraplegia, polyneuropathy and peripheral
mononeuropathy may be present.60

Mushrooms
Amanita mushrooms have strong anticholinergic effects
due to their concentration of ibotenic acid, muscazone,
and muscimol. Clinically, intoxication takes the form of
agitation, muscle spasms, ataxia, mydriasis, and even con-
vulsions. Additional indole compounds may account for
the hallucinosis that is often seen with intoxication. The
genera Inocybe and Clitocybe contain muscarine and cause
cholinergic excitation at all parasympathetic nerve endings
except those of the neuromuscular junctions and nicotinic
sites. Coprius atramentarius, or Inky Cap, is a common
mushroom that is generally considered edible. Its consump-
tion in combination with alcohol, however, results in a se-
vere toxic reaction similar to that seen with disulfiram. The
syndrome includes facial flushing, paresthesias, and severe
nausea and vomiting. The responsible toxin is coprine,
which acts to increase acetaldehyde blood levels. Amanita
mushrooms are responsible for approximately 95% of
fatalities associated with mushroom ingestion, reaching
several hundred per year globally. Although most cases
are sporadic, clusters of intoxicated victims are intermit-
tently identified. The clinical course begins 6 to 8 hours af-
ter ingestion. Symptoms include massive emesis and
bloody cholera-like diarrhea. Patients often die during this
phase from electrolyte imbalance, but the most dangerous
phase of hepatorenal failure does not occur until after 3
to 5 days. Secondary neurologic manifestations include a
gradual decline of mental status with confusion, asterixis,
and eventually hepatic coma and death. Treatment is
OF TOXICITY PHYSIOLOGICAL CHANGES

MDA receptors Marked depolarization with excitation
and excitotoxicity

ainic acid receptors Spasms, excitation, seizures
holinergic
pathetic endings

Severe sweating, salivation, and
hypertension

MDA receptors Associated with ALS-Guamanian-PD-
dementia complex

agonist of AMPA
in spinal neurons

Induces spastic paralysis of lower limbs
termed neurolathyrism

parasympathetic receptors
es CNS arousal

Excitation, salivation, slowed heart rate

s muscarinic cholinergic Rapid heart rate, sedation and
confusion, dilated pupils

s muscarinic cholinergic Rapid heart rate, sedation and
confusion, dilated pupils

proprionic acid; NMDA, N-methyl D-aspartate; PD, Parkinson’s disease.
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mainly supportive and includes careful regulation of fluid
status and electrolyte balance, correction of hypoglycemia,
and monitoring of coagulation, renal, and liver function.
Additionally, hemodialysis, often with exchange transfu-
sion or plasma phoresis, can be used, although mortality
rates are 30% to 40%; when acute liver failure appears,
70% or more patients fail to survive.61,62
BACTERIAL TOXINS

Diphtheria
PATHOGENESIS AND PATHOPHYSIOLOGY. Diphthe-

ria is an acute infectious disease caused by the bacteria
Corynebacterium diphtheria. Diphtheria is transmitted by
respiratory droplets from infected people or asymptomatic
carriers. There are two forms, oropharyngeal and cutane-
ous, and the incubation period is 1 to 4 days. The bacteria
affects the respiratory tract and often the heart, kidneys,
and nervous system as well. In the immediate area of the
infection, usually the nose and throat, the bacteria produce
a toxin that causes tissue damage and can spread via the
bloodstream to other organs. Muscle and myelin are prefer-
entially affected by this powerful exotoxin. Neurological
symptoms result from either direct damage to muscle and
peripheral nerve or indirect damage caused by hypoxia
and airway obstruction. Fortunately, the exotoxin does
not penetrate the blood-brain barrier, and therefore the
CNS is not directly affected.63 Pathological signs include
demyelinization of the ganglia of the peripheral nerves, es-
pecially the node of Ranvier, and the cranial and somatic
nerves.

EPIDEMIOLOGY AND RISK FACTORS. Diphtheria is
now rare in many areas of the world owing to immuniza-
tion. Potential risk factors for this disease are lack of im-
munization, crowding, and poor hygiene. In the United
States, only five cases of diphtheria were reported in
1991. However, because of a decline in routine child
immunizations in the former Soviet Union, a diphtheria ep-
idemic that included more than 50,000 cases was reported
in 1993 and 1994.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The clinical course follows a predictable pattern. Between
days 5 and 12 of the illness, the initial symptoms are sore
throat, fever, a gray to black throat membrane, nasal voice,
regurgitation, and dysphagia. At approximately this time,
the trigeminal, facial, vagus, and hypoglossal cranial
nerves may be affected. In approximately half the patients
who have postdiphtheria neurological dysfunction, ocular
involvement and paralysis of accommodation are noted in
the second or third week. Mononeuropathies can also occur
within 2 weeks of onset, and further peripheral neuropathy,
predominantly sensory polyneuropathy, or proximal motor
neuropathy extending distally are characteristic in weeks
6 and 7 of the illness. Sometimes toxic encephalopathy,
consisting of a change in mental status, drowsiness, and
possibly convulsions, is seen.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
diagnosis must be based on the clinical history and clinical
presentation. Physical examination may show a character-
istic gray membrane in the throat, enlarged lymph glands,
and swelling of the neck and larynx. In patients with a clin-
ical picture of Guillain-Barré syndrome with visual blur-
ring and palatal involvement, a diagnosis of diphtheria
should be questioned. Diphtheric polyneuropathy can be
distinguished from all other polyneuropathies by the early
bulbar symptoms, unique ciliary paralysis, and subacute
evolution of a delayed symmetrical sensorimotor peripheral
polyneuropathy. Diagnostic testing should include Gram
stain of the infected membrane, a throat culture, and an elec-
trocardiogram, which will show evidence of myocarditis.

MANAGEMENT. There is no specific treatment for the
neurological symptoms of diphtheria. Treatment generally
involves administration of antitoxin within 48 hours of
the earliest signs of infection, rest, and maintenance of
proper airway and cardiac function. All contacts of the
infected person should be immunized since protective im-
munity is not present longer than 10 years after the last
vaccination. Diphtheria is preventable through immuniza-
tion at the age of 3 months. Booster doses at 1 year and
before the child enters school are suggested.

PROGNOSIS. The death rate is 10%. If the patient does
not die because of respiratory distress or cardiac failure, he
or she stabilizes and slowly recovers completely. Therefore,
activities should be slowly resumed.

Tetanus
PATHOGENESIS AND PATHOPHYSIOLOGY. Tetanus

is caused by a powerful exotoxin, Clostridium tetani,
which produces spores. The spores can remain dormant in
the soil or in animal excrement for many years until they
enter the body and produce a toxin. In patients with tetanus
toxicity, both the CNS and the PNS as well as the muscu-
lature are involved.64 The major CNS effect occurs through
disinhibition on gray matter gangliosides and through pre-
synaptic antagonism of GABA. At high concentrations, tet-
anus toxin acts like botulism toxin in that it inhibits the
release of acetylcholine at cholinergic synapses. The ner-
vous system is infected by tetanus through retrograde axo-
nal transport from the site of infection. The incubation
period may range from 5 to 25 days but can be only a
few hours. Early in the illness, pathological changes in-
clude changes in the nerve cells of the cortex and brain
stem. If the illness lasts for more than 5 days, demyelin-
ation and gliosis may occur, and in the most severe cases
hemorrhages can occur.

EPIDEMIOLOGY AND RISK FACTORS. In Third World
countries, tetanus is still an important cause of morbidity
and mortality. The bacteria can be transmitted in the anaer-
obic conditions of wounds, through soil-contaminated inju-
ries, and, less commonly, by unclean needles used by drug
abusers. In adults, tetanus is seen only in those who have
not been immunized. Approximately 50 to 100 cases are
reported in the United States each year, and 60% of those
cases occur in adults older than 60 years. Although neona-
tal tetanus due to infection of the stump of the umbilical
cord is thought to be of only historical interest, worldwide
it remains the second leading cause of vaccine-preventable
death among children.65

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The clinical course consists of early symptoms of chills,
headache, restlessness, and pain at the site of injury.
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Tightness in the jaw and mild stiffness and soreness in the
neck are usually noticed within a few hours. As symptoms
develop, the jaw becomes stiff and tight (lockjaw). Mus-
cular involvement then progresses to the throat and facial
muscles. Muscular rigidity may then become generalized
and may include the trunk and extremities. Rigidity in the
abdominal muscles can result in a forward arching at the
back. The tetanic contractions occur periodically and can
cause severe pain. In the most severe cases, convulsions
and marked dyspnea with cyanosis can occur, terminating
in asphyxia and sudden death. Mental status remains intact.
However, the patient suffers from anxiety and mental and
physical distress.

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

A diagnosis of tetanus can be made by a positive history
of a prior wound, a high titer of serum antibody to tetanus,
a history of partial immunization, and clinical symptoms as
previously outlined. Tetanus must be differentiated from
the stiff-person syndrome and the Moersch-Woltman
syndrome. Trismus is not typical of stiff-person syndrome.

MANAGEMENT. Patients should be hospitalized and ex-
ternal stimuli kept to a minimum. The infected wound
should be debrided. Muscle relaxation can be initiated by
the use of barbiturates or diazepam. Although antiserum
does not neutralize the toxins fixed in the nervous system,
human tetanus immunoglobulin should be given. One dose
of 3000 to 6000 units given intramuscularly into three sites
simultaneously is recommended. If human antitoxin is un-
available, equine antiserum can be given. Tetanus is pre-
vented by immunization. Children should be immunized
at 2 months to 6 years of age. In adults, tetanus boosters
last approximately 10 years.

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis is poor. The fatality rate is approximately 65%. Death
generally occurs rapidly between the third and fifth day of
illness and is due to exhaustion, medullary failure, asphyxia
resulting from spasm, or circulatory failure resulting from
exertion on the heart. Occasionally, tetanus antitoxin
produces an adverse reaction involving primarily the PNS.
After 6 months, recovery is usually complete.

Botulism
PATHOGENESIS AND PATHOPHYSIOLOGY. Botulism

is the most potent poison known to man. It is produced by
the spores of Clostridium botulinum. Three distinct vari-
eties of the disease exist. Foodborne botulism results pri-
marily from the ingestion of contaminated home-canned
fruits and vegetables. Since this type of botulinum toxin
is produced by spores that are already formed and ingested,
toxic signs appear rapidly, usually between 8 and 36 hours
after ingestion, and an incubation period is not required.
After ingestion of the botulinum toxin, neurological signs
appear within hours or at most 1 week. Wound botulism
is both an infection and an intoxication. The organism
enters through the wound site, and the spores may germi-
nate locally in the tissues, producing a potent exotoxin.
The third form of botulism is infantile botulism, which
occurs in the first 6 months of life. In this situation, spores
germinate in the infant’s intestine and produce the toxin
in vivo. The basic pathophysiological mechanism of botu-
lism neurotoxicity is inhibition of acetylcholine release.
EPIDEMIOLOGY AND RISK FACTORS. Each year, ap-
proximately 20 cases of foodborne botulism are reported in
adults. In infants, approximately 70 to 100 cases are
reported yearly in the United States.66 Although some
cases are acquired from food, most cases involve contami-
nation of the gastrointestinal tract by ingestion of dust from
environmental sources containing C. botulinum. Infantile
botulism produces a very different clinical syndrome from
that seen in adults. Interestingly, botulinum toxicity has been
associated with respiratory failure and has been offered as a
possible explanation for the sudden infant death syndrome
(SIDS). The age distribution is the same, and 10 infants with
SIDS in California in 1977 also had evidence of intestinal in-
fection with C. botulinum. The introduction of botulinum
toxin for the treatment of dystonia, hemifacial spasm, and
spasticity raises the possibility of iatrogenic treatment as a
risk factor for botulism. A botulism-like syndrome of
generalized weakness has been reported after injections of
botulinum toxin likely due to systemic spread of toxin.67,68

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Early signs of toxicity include nausea and vomiting with
abdominal pain, and diarrhea. Other symptoms include pto-
sis, extraocular paresis, and progressive weakness sug-
gestive of myasthenia gravis (Video 42, Fatiguability).
Cranial nerve symptoms most commonly involve the eyes.
Additional symptoms include dryness of the mucous mem-
branes, vertigo, deafness, dysphasia, swallowing difficul-
ties, breathing difficulty that may lead to respiratory
failure, speech impairment, absent or decreased gag reflex,
and absent or decreased deep tendon reflexes. By the sec-
ond to fourth day of the illness, muscular weakness devel-
ops. Often, muscular involvement is limited to the neck
muscles, resulting in an inability of the patient to raise
the head.69 Botulism may cause sudden infant death by
producing flaccidity of the upper airway or tongue
muscles, leading to airway obstruction during sleep.70 Clin-
ical features in infants include acute bulbar dysfunction,
respiratory failure, constipation, weakness with loss of
muscle tone, and an alert but weak appearance.71,72

DIFFERENTIAL DIAGNOSIS. Weakness can usually be
differentiated from Guillain-Barré syndrome because the
weakness associated with botulism toxicity is descending,
so the proximal muscles are affected before the distal
extremities. The progressive weakness is suggestive of my-
asthenia gravis; however, the pupillary dilation seen in bot-
ulism is not characteristic of myasthenia. Stimulation
single fiber EMG may be particularly useful in establishing
the diagnosis and monitoring clinical progression.73 Botu-
lism should be considered in cases of SIDS, when asphyxia
is thought to be due to upper airway or tongue flaccidity.

EVALUATION. Confirmation of the diagnosis depends
on detection of the toxin either in the patient (blood) or
in the implicated food. A stool culture is often useful.

MANAGEMENT. Botulism immune globulin (BIG) was
approved in October 2003. Intravenous therapy with
BIG shortens the duration and reduces the complications
of adverse symptoms in infants with botulism.72 In adults,
once the patient has been admitted to the hospital, respira-
tion should be monitored. Trivalent ABE equine antitoxin
is recommended.

PROGNOSIS AND FUTURE PERSPECTIVES. In severe
cases, a downward course is rapid and terminates in death.
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Death occurs in 70% of untreated cases. If the patient
survives, recovery begins within a few weeks.
ILLICIT DRUGS (Table 39-7)

Cocaine
PATHOGENESIS AND PATHOPHYSIOLOGY. Blockade

of the uptake of monoamines into the presynaptic terminals
is probably responsible for the acute effects produced by
cocaine. Depending on the affected system, this blockade
leads to increased levels of dopamine (DA), norepinephrine,
or serotonin in the synaptic cleft. The increase in neurotrans-
mitters is associated with overstimulation of postsynaptic
receptors, activation of transcription factors, and increased
or decreased expression of specific target genes.

Cocaine can cause strokes when taken intranasally, intra-
venously, or intramuscularly.74,75 The effects of cocaine on
the cerebral circulation are due primarily to direct vasocon-
striction, probably related to stimulation of noradrenergic
receptors by increased levels of norepinephrine. This is
exemplified by the markedly increased blood flow and vas-
cular resistance that follows acute administration of co-
caine. In addition, cocaine can enhance platelet response
to arachidonic acid, thus promoting aggregation.

Cocaine-induced strokes may be ischemic or hemor-
rhagic. Cocaine-associated ischemic strokes can present
as transient ischemic attacks. Infarctions in the distribution
of all major arteries have been described. Cocaine-induced
strokes in young patients have increased remarkably.76 Al-
though cerebral infarction has often been attributed to vas-
culitis and vasospasm, there are actually few documented
examples of vasculitis in autopsied cases.77,78

Intracerebral or subarachnoid hemorrhagesmayalso be asso-
ciated with cocaine use. The majority of these cases occur in
the presence of saccular aneurysms or vascular malformations.
TABLE 39-7

Summary of Neurologic Signs and Symptoms of Drug
Abuse

SIGNS OR SYMPTOMS DRUGS

Cranial Nerves

Pupils
Pinpoint Opiates
Dilated Stimulants
Sluggish Hallucinogens
Reactive Opiate withdrawal

Extraocular Muscles

Nystagmus Depressants, phencyclidine (PCP)

Speech

Slow Opiates
Slurred Depressants, opiates
Rapid Stimulants

Motor

Tremor (fine) Hallucinogens, stimulants
Tremor (coarse) Depressants

Reflexes

Increased Stimulants
Decreased Depressants

Seizures Opiates, stimulants, over-the-counter drugs
Infarctions and hemorrhages have been reported in new-
borns whose mothers had used cocaine prior to delivery.

The mechanisms of cocaine-related stroke are unclear.
However, it has been reported that cocaine hydrochlo-
ride is more often associated with hemorrhagic stroke than
with occlusive stroke, whereas hemorrhagic and occlusive
strokes occur with approximately equal frequency in
patients who use cocaine alkaloid (“crack”). Acute hyper-
tension can lead to intracranial hemorrhage, especially in
patients with underlying aneurysms or vascular malfor-
mations. Myocardial infarction, cardiac arrhythmia, and
cardiomyopathy carry a very high risk of embolic stroke.

Acute cocaine exposure provokes cerebral vasoconstric-
tion that may be a cause of occlusive stroke.79 Cocaine
metabolites also cause cerebral vasospasm, and these me-
tabolites may be detectable in the chronic user’s urine for
weeks. Chronic cocaine abusers show increased distal arte-
riolar resistance that persists after a month of drug absti-
nence.79 These findings demonstrate that chronic cocaine
abuse increases the risk of thromboembolic strokes inde-
pendent of acute use of the drug.79

The neuropsychological effects of chronic cocaine expo-
sure are thought to be due to decreased DA levels in the
brain. This hypothesized dopamine decrease may be sec-
ondary to long-term depletion of DA, which occurs with
repeated drug administration. However, there is very little
direct evidence to support this view, and other data sug-
gest that chronic cocaine exposure may induce structural
changes in neuroanatomy. A CT study has shown that
habitual cocaine users (those who use the drug at least
twice weekly for 2 years or more) have significant degrees
of cerebral atrophy with enlargement of the lateral ventri-
cles and widening of the sylvian fissures compared to
first-time users and nonusers. Studies examining the conse-
quences of chronic cocaine abuse in abstinent cocaine abu-
sers have shown that cerebral metabolism in the medial
orbitofrontal cortex and basal ganglia during the first week
of abstinence from cocaine is higher than that in normal
subjects but then falls below normal levels and remains
so for at least 3 months.80 In another positron emission
tomography (PET) study, glucose metabolism in the entire
cerebral cortex, thalamus, and midbrain was reduced fol-
lowing acute administration of cocaine.81 In an O15 PET
activation study conducted after 4 weeks of abstinence,
cocaine users showed less activation in the left anterior
cingulated cortex and lateral prefrontal cortex bilaterally
compared to controls during performance on a task aimed
to activate these brain regions selectively.82 Because these
brain regions play a role in performance monitoring83

and the suppression of inappropriate responses of incor-
rect actions, 84 circuitry disruption could impair a drug
abuser’s ability to discontinue drug-seeking behavior.

EPIDEMIOLOGY AND RISK FACTORS. Cocaine was
first used by South American Indians between 2000 and
1500 BC. From the 1920s to the 1960s, recreational use of
cocaine in the United States was limited to jazz musicians
and the “cultural avant garde.” In the mid-1980s, the devel-
opment of crack cocaine caused a marked increase in the
number of new cocaine users to an estimated 5000 new
users a day, 6 million regular users, and 1 million com-
pulsive users. In 2002 and 2003, 5.9 million people aged
12 years or older had used cocaine in the past year.85
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Therefore, the epidemic of cocaine use with its associated
medical and neurological sequelae makes cocaine use a
major public health concern.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Cocaine produces a brief rush, which peaks at 1.5 to
2 minutes. This rush is followed by euphoria, excitability,
and hypervigilance. The acute administration of cocaine
causes both psychiatric and neurological symptoms. Acute
psychiatric symptoms include anxiety, insomnia, paranoia,
agitation, and psychosis. Neurological symptoms include
stereotypy, bruxism, chorea, dystonia, myoclonus, seizures,
lethargy, strokes, and coma. In addition, high doses of
cocaine cause tachycardia, tachypnea, and hypertension.
Parenteral cocaine users are also at risk for stroke related
to infection, such as endocarditis and the acquired immuno-
deficiency syndrome (AIDS).

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
clinical presentation of a cocaine-induced neurological
disorder can mimic a number of other neurological abnor-
malities. However, a cocaine-related stroke or other neuro-
logical disorder can be diagnosed if a urine toxicology
screen is positive for cocaine. It is important to perform
the toxicology screen within the first 24 hours of presenta-
tion because of the short half-life of cocaine in the urine.
However, urinary cocaine metabolites such as norcocaine
and benzoyl ecgonine may remain positive for several
days. Urine toxicology screening is indicated in all patients
who present to the emergency room with an acute neuro-
logical syndrome because a very high prevalence of co-
caine use exists in many communities, including suburban
areas.

MANAGEMENT. Treatment of cocaine-induced neuro-
logical abnormalities depends on the clinical presentation.
In patients with acute paranoia or psychosis, neuroleptics
are indicated. However, it is important to note that cocaine
abusers may be at increased risk for acute dystonic reaction
secondary to antipsychotic drugs. In these cases, anxio-
lytics can be very helpful. Other complications, including
strokes, are treated according to the clinical presentation.

Amphetamine Analogs
PATHOGENESIS AND PATHOPHYSIOLOGY. The path-

ophysiological bases for the complications associated with
amphetamine use are not well understood. Amphetamine-
induced cerebral vasculitides cause occlusive as well as
hemorrhagic strokes. Methamphetamine use can cause
necrotizing angiitis. Also, cerebral arteritis with multiple
occlusions of arterioles was reported in young abusers
of intravenous methamphetamine who were hospitalized
because of coma or stroke.86 Angiographic studies in such
patients have shown occlusions or beading of vessels in the
internal carotid, distal middle cerebral, and lenticulostriate
arteries.87

To test the role of methamphetamine in the etiology of
vasculitis, monkeys were given methamphetamine intrave-
nously and then underwent serial angiograms.88 Some of
the animals showed beading of small and large vessels that
persisted or progressed over a 2-week period. Hypertension
and behavioral changes were also seen. At autopsy, sub-
arachnoid hemorrhages were found in some animals as
well as brain petechiae, infarcts, microaneurysms, and
perivascular white cell cuffing. More severe vasculitides
were reported in another study of monkeys that received
intravenous methamphetamine three times weekly for up
to 1 year.89 Angiographic and histological changes have
also been reported in monkeys given intravenous meth-
ylphenidate.89 Sural nerve biopsy showed hypersensi-
tivity angiitis of medium and small arteries and veins in
an adolescent amphetamine abuser who presented with
mononeuritis multiplex.90

EPIDEMIOLOGY AND RISK FACTORS. Amphetamines
have been used for many decades to promote weight loss.
They are also used in the treatment of attention deficit dis-
order and narcolepsy and as an adjunctive treatment in
patients with treatment-resistant depression. During the
1960s and early 1970s, amphetamines were widely abused
by people involved in the so-called counterculture move-
ment. During the 1980s and 1990s, most of these drugs
were replaced by cocaine. Nevertheless, prescribed amphet-
amines remained a significant source of abusable drugs.
More recently, drugs such as methamphetamine (“meth”
or “ice”) and methylenedioxymethamphetamine (MDMA
or “ecstasy”) have undergone a major resurgence among
adolescents and young people in their early 20s. In 2004,
an estimated 1.4 million people older than 12 years of
age used methamphetamine in the past year, with 600,000
using in the past month.85 Meth is also widely used in Cali-
fornia and in some midwestern states, where it is synthe-
sized in basement laboratories. In Japan, meth abuse has
been rampant since the end of World War II. MDMA is
used frequently at “raves” and has become a major public
health issue in some communities.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The amphetamine analogues tend to produce very similar
signs and symptoms. These include hyperalertness, eupho-
ria, hyperactivity, and greater physical endurance. Higher
doses of these drugs can cause dysphoria, headaches, and
confusion.91 Unlike cocaine, these drugs can produce a
prolonged rush when taken intravenously, and inhalation
of meth can sometimes cause a more rapid rush. These
responses are due to their longer half-lives; also, the psy-
chological response to amphetamine analogs usually lasts
longer than that of cocaine. In fact, meth can induce psy-
chotic symptomatology that is often indistinguishable
from that of an acute schizophrenic break. Meth-induced
psychosis is quite common in Japan.

Gilles de la Tourette syndrome can be exacerbated and
precipitated by amphetamine, methylphenidate, and pemo-
line; it sometimes clears with discontinuation of the drug
but occasionally persists.92,93 The bruxism and choreiform
movements that develop with chronic amphetamine use
may also persist after the drug has been discontinued.

Strokes are also frequent complications of amphetamine
abuse. Intracerebral hemorrhages have been reported after
either nasal or intravenous use of these drugs. Often,
strokes are preceded by complaints of severe headaches.
Blood pressure is elevated in more than half the subjects
who come to medical attention; diastolic pressure has been
reported to be as high as 120 mmHg. CT scans have shown
intracerebral, intraventricular, or subarachnoid hemor-
rhage. Cerebral angiography shows irregular narrowing
of the distal cerebral vessels; this is consistent with the
presence of vasculitis.
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MANAGEMENT. In patients who present with acute psy-
chotic symptomatology, antipsychotic drugs may be indi-
cated. It is very important to pay close attention to the
patient’s vital signs because amphetamines can cause a
marked increase in body temperature. These patients may
be more prone to develop the neuroleptic malignant syn-
drome. In such cases, it might be more beneficial to use a
quiet, cool room for treatment rather than pharmacological
agents. If this is not possible, anxiolytic agents are recom-
mended. The clinical presentation of the patient should
determine the exact method of management.

PROGNOSIS AND FUTURE PERSPECTIVES. Whether
the amphetamines can cause permanent psychiatric or cog-
nitive disturbances is uncertain. Ten users of ampheta-
mines reported decreased memory or poor concentration
ability after they achieved abstinence. There are also
reports of lasting psychosis or dementia.

Methylenedioxymethamphetamine
MDMA is a derivative of methamphetamine. The use of
MDMA in the United States has reached epidemic propor-
tions. In 2001, more than 8 million people had used MDMA
at least once in their lifetime, and in 2003, 2.1 million peo-
ple reported using ecstasy in the past month.85 Most of these
users are between the ages of 18 and 25 years. Although not
thought to be physically addicting, MDMA is reported to
cause severe damage to the serotonergic neurons in nonhu-
man primates and decreases in the serotonin metabolite
5-hydroxyindoleacetic acid in the cerebrospinal fluid of
humans who have abused the drug.94 MDMA has properties
similar to both stimulants and hallucinogens. It is abused by
individuals who wish to intensify their emotional and sen-
sory experiences. MDMA and a close congener, methy-
lenedioxyamphetamine (MDA), are reported to cause
individuals to become more empathic. Before MDMA and
MDAwere made illegal in 1985, psychiatrists experimented
with these drugs to facilitate psychotherapy, especially in
patients who had difficulty expressing their emotions. The
Food and Drug Administration has approved a protocol to
study MDMA-assisted psychotherapy for the treatment of
patients suffering from post-traumatic stress disorder.

MDMA and MDA can cause increases in blood pressure
and heart rate, anxiety, and locomotor hyperactivity. Mild
neurological side effects include pupillary dilatation and
tremors, but more serious consequences include seizures,
strokes, and coma. A number of studies have shown
dose-related neurobehavioral deficits in memory with
heavy MDMA use.95–97 However, it is unclear if these
memory problems improve with cessation of use or worsen
with continued use.98 Public education efforts have focused
especially on young adults to communicate the medical
and neurotoxic concerns related to memory deficits and
their potential irreversibility.

Opioid Agonists
PATHOGENESIS AND PATHOPHYSIOLOGY. Opioid

drugs can cause respiratory suppression because of the high
density of opioid receptors in the brain stem nuclei. These
receptors subserve respiration. CT studies have revealed
cerebral and cerebellar white matter lucencies in patients
who present with pseudobulbar palsy and quadriparesis.
MRI investigations have shown leukoencephalopathy, and
T2 hyperintensities have been reported in diffuse brain
regions but the most common site is the periventricular
white matter of the frontal lobes.99 Postmortem studies
have also shown edema and spongiform-type changes in
the white matter of heroin abusers.100 It is possible that
these pathological changes may be secondary to the adul-
terants used with these drugs, such as chloroquine. This
adulterant is often used in conjunction with heroin.

A large number of heroin abusers develop AIDS. At au-
topsy, neuropathological abnormalities consistent with
AIDS are found. Almost all have neurological symptoms
and signs prior to death. Retrospective surveys of AIDS
cases suggest that parenteral drug abusers are more likely
than other high-risk groups to have cryptococcal meningitis
and CNS toxoplasmosis. No differences were found be-
tween parenteral drug abusers and non-drug-abusing homo-
sexuals in the prevalence of these infections or of
neurological symptoms, including dementia, seizures, or
peripheral neuropathy. On the other hand, Kaposi’s sar-
coma is rare in drug abusers. Neuropsychological studies
of asymptomatic human immunodeficiency virus (HIV)-
seropositive parenteral drug abusers found no evidence of
significant cognitive impairment. However, in those with
more advanced stages of HIV disease, there appears to be
a synergistic effect of drug use and HIV disease status.

EPIDEMIOLOGY AND RISK FACTORS. The poppy has
been used for its opioid content for more than a few thousand
years. Opium has been available in Europe since the mid-
dle of the 16th century. By the 19th century, opium was
popular in many countries as a euphoriant. After the Civil
War, opioid use became widespread in the United States,
and opium was present in a number of over-the-counter
remedies, including Dover’s powder, Godfrey’s cordial,
and Darby’s carminative. The number of Americans report-
edly addicted to opioids at the beginning of the 20th cen-
tury ranges from 200,000 to more than 1 million. Most
were white middle-aged women who took opium in medi-
cines. More recently, opioid agonists have been used for
their acute euphoric effects. Three milligrams of heroin is
equivalent to approximately 10 mg of morphine. Until
the advent of crack cocaine, heroin was probably the most
common illicit drug used in many metropolitan areas. In
the late 1960s, heroin-related fatalities were very common
in New York City men aged 15 to 35 years. In 1985, there
was a striking increase in the number of fatal heroin over-
doses in New Mexico; this was attributed to the availability
of Mexican “black tar” heroin. Heroin (diacetylmorphine)
is metabolized to 6-acetylmorphine and morphine.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The acute effects of opiates include euphoria and drowsi-
ness.101 Parenteral heroin produces a “hit” that lasts for ap-
proximately 1 minute. It is often compared to orgasm. The
user then experiences a dreamlike and pleasant drowsiness.
Visual hallucinations have been reported after morphine
or heroin administration. Nausea and vomiting can also
occur. Drug abusers often experience dryness of the mouth,
pruritus, suppression of the cough reflex, respiratory de-
pression, hypothermia, postural hypotension, and constipa-
tion. Some case accounts also report an ataxic syndrome
with symmetric deep cerebellar lesions.102
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Pentazocine (Talwin) and tripelennamine (Pyribenza-
mine) were widely abused in some U.S. cities in the
1970s.103 Cerebral hemorrhages resulted from the injection
of crushed oral tablets that were suspended in water and
passed through a cigarette filter. Pulverized meperidine
tablets have caused seizures and fundal hemorrhages. Cere-
bral vasculitides have also been reported in users of these
drugs.

The chronic use of heroin can result in myelopathy,
which is probably of vascular origin.104 Acute paraparesis,
sensory loss, and urinary retention usually occur soon after
administration of the drug. Possible causes of spinal lesions
include hypotension, embolism of foreign objects, and di-
rect toxic effects of the drugs. Vasculitis affecting mainly
the small arteries and arterioles has been reported. Also
noted is an anterior spinal artery syndrome with quadriple-
gia that follows supraclavicular heroin injection.

A number of other neurological complications affect
heroin users. Peripheral neuropathy can present as a
Guillain-Barré syndrome.105 The peripheral nerves may
also be damaged secondary to direct injection or to pressure
palsies. Ulnar and femoral neuropathies have also been
observed (Video 219, Ulnar Neuropathy, Froment Sign).
Painful brachial and lumbosacral plexopathies are also
common; these can result from a septic aneurysm affecting
the subclavian or axillary arteries. Vocal cord paralysis can
follow repeated jugular vein injections.

Adulteration of heroin with chloroquine can cause head-
ache, confusion, and visual disturbances. Spongiform
encephalopathy has also been reported. In these patients,
there were symptoms of apathy, bradyphrenia, dysarthria,
and ataxia. There are also signs of spastic hemiparesis or
quadriparesis, tremor, chorea, myoclonus, pseudobulbar
palsy, fever, and blindness. Heroin use is also a risk factor
for new-onset seizures independent of head injury, infec-
tion, stroke, or alcohol. Infections are a common cause of
morbidity in heroin users. Osteomyelitis is associated with
back or neck pain, radiculopathy, and sometimes even cord
compression. Cervical infection is especially common
among addicts who inject into the jugular vein. Symptoms
frequently precede diagnosis by several weeks. Staphylococ-
cus aureus and Pseudomonas are common etiological fac-
tors in these infections. Bacterial endocarditis can lead to
intraparenchymal or extraparenchymal abscess of the brain
or spinal cord, meningitis, cerebral infarction, diffuse vascu-
litis, and subarachnoid hemorrhage from rupture of septic
mycotic aneurysms. Progressive neurological symptoms, in-
cluding headache, fever, syncope, hemiparesis, and aphasia,
are a common presentation of mycotic aneurysms.

Tetanus has been reported in skin poppers who suffer
from multiple skin abscesses.106 Among drug users, curari-
zation is frequently necessary to control symptoms. Botu-
lism with dysphagia, blurred vision, dysphonia, and
descending paralysis has also occurred in parenteral heroin
abusers.

Coma is a common presentation of opioid overdose. In
some comatose patients, pulmonary edema is frequently
present. These patients do not respond to naloxone. In
milder cases, overdose of heroin can be associated with
spastic quadriparesis, deafness, seizures, and dystonia. Post-
anoxic encephalopathy has also been reported. Death can
follow very small amounts of heroin or methadone. Some
of these complications may be due to adulterants. For exam-
ple, quinine causes cardiac conduction abnormalities and
ventricular fibrillation. The combination of heroin, ethanol,
and quinine might synergize to cause sudden death.

MANAGEMENT. The treatment of opioid-related com-
plications is based on the clinical presentation. Naloxone
(2 mg) is initially administered for patients with respiratory
depression. Increments of 2 to 4 mg can be repeated up to
a total dose of 20 mg, depending on the clinical status
of the patient. Higher doses are often used for those with
propoxyphene, pentazocine, diphenoxylate, nalbuphine, or
butorphanol toxicity. It is often necessary to administer
naloxone intramuscularly or subcutaneously because of
the bad veins of these patients. The clinician must be aware
of the potential for precipitating withdrawal symptoms
with overdosage of an antagonist. Based on the clinical sta-
tus of the subject, it may be necessary to titrate a naloxone
infusion because methadone and propoxyphene have long
half-lives.

If heroin is taken in combination with cocaine or am-
phetamine, paranoid psychosis can be unmasked through
the use of naloxone. Opioids taken in combination with
barbiturates or ethanol can produce a coma that does not
respond to naloxone.

Hallucinogens
Hallucinogens (psychedelics) have been used and abused
since time immemorial. Many of these compounds, includ-
ing mescaline (peyote cactus) and psilocybin (mushrooms),
are used in religious ceremonies by Native Americans.
These drugs were used actively during the 1960s and early
1970s. Hallucinogens are still popular, and in 1997, 4.1
million people (2%) in the United States used them in the
past year.85

The most commonly abused hallucinogen in the United
States is lysergic acid diethylamide (LSD). LSD is made
from lysergic acid found in the fungus, ergot, which can
grow on grains. Many of the hallucinogens are structurally
similar to serotonin, which suggests that this class of drugs
exerts its effects by altering this neurotransmitter. LSD also
alters adrenergic mechanisms in the periphery and acts as a
partial dopaminergic agonist. It is the most powerful hallu-
cinogen and produces symptoms at doses varying from
25 to 50 mg. LSD is sold in a variety of forms, including
small sticky pieces of paper that contain as much as 300
mg of the drug. LSD is readily absorbable after oral admin-
istration. Its effects peak after 2 to 4 hours and may last for
several hours.

Symptoms consist of euphoria, intensive arousal, panic,
or even depression. Perceptual distortions are very com-
mon, as are hallucinations (Video 89, Hallucinations).
Neurological abnormalities include papillary dilatation,
lacrimation, and hyper-reflexia. Patients report visual
changes consisting of increased intensity of colors and
alterations in shapes. No toxic fatalities have been reported
with LSD use. A number of LSD users have recurring epi-
sodic visual disturbances, which include flashes of color,
geometric pseudohallucinations, and fleeting perceptions
in the peripheral visual fields. Formerly known as “flash-
backs,” these have been renamed the hallucinogen persist-
ing perception disorder. Some chronic heavy users of LSD
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have been reported to suffer from impaired memory, poor
attention span, and confusion.

Users of LSD may require treatment because they expe-
rience severe anxiety, intense depression, or suicidal idea-
tion. Therapy consists of “talking the patient down,”
which is a highly effective approach. If medication is
required, diazepam given orally is the drug of choice.

Methyl-phenyl-tetrahydropyridine
The first case of methyl-phenyl-tetrahydropyridine
(MPTP)-induced parkinsonism was reported in 1979.107

The subject later died of a drug overdose. At autopsy, de-
struction of the substantia nigra zona compacta was evi-
dent; other areas usually involved in PD, such as the
locus ceruleus, were not affected. This article lay dormant
until parkinsonism began appearing in the San Francisco
Bay area among users of MPTP, sold as “synthetic heroin.”
The responsible chemical was identified as a by-product of
meperidine synthesis, 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine.108

The cerebrospinal fluid of affected patients contains
decreased homovanillic acid levels similar to those ob-
served in patients with PD.109 PET using 18 F-dopa of
asymptomatic drug users exposed to MPTP showed
decreased dopa uptake, which suggests that the numbers
of DA terminals and, by extension, the nigral cell bodies
were decreased. The MPTP model of dopamine depletion
has been helpful in mechanistic studies of the degenerative
and regenerative potential of the nigrostriatal DA system.
MPTP is metabolized to 1-methyl-4-phenylpyridinium
(MPPþ) by monoamine oxidase B. MPPþ is then taken
up into DA terminals, where it blocks complex I of the
mitochondrial respiratory chain. This blockage may lead
to adenosine triphosphate depletion with secondary cellular
demise due to energy crisis. The possibility that abnormal-
ities in the respiratory chain could also lead to cytotoxic
oxygen-based free radicals has also been put forward.110

MPTP has also caused parkinsonism in laboratory work-
ers who were accidentally contaminated through inhalation
or skin contact. Bradykinesia and rigidity can be very se-
vere, with muteness and inability to swallow. As in idio-
pathic PD, levodopa/carbidopa and bromocriptine can
provide dramatic relief in these patients. Patients develop
typical side effects of these drugs, including dyskinesia,
on-off phenomenon, and psychiatric symptoms.

Phencyclidine
Phencyclidine (PCP) was developed initially as an anes-
thetic. However, a large number of patients developed
postoperative psychosis after its administration. As a result
of these occurrences, its use for this purpose in humans was
stopped. Significantly, PCP affects all neurotransmitter
systems. During the 1970s, PCP was sold as “angel dust,”
and its use was rampant. Currently, PCP is mainly used by
lower middle-class white men in a very few localities. It can
be injected, snorted, smoked, or eaten, and it has been found
in samples of LSD, amphetamines, and marijuana. PCP has
been sold as mescaline or as one of the hallucinogens.

PCP can cause a mixed euphoric-dysphoric syndrome
with increasing doses of the drug. Users have reported
sensations of time slowing, relaxation, and numbness. High
doses of PCP can cause a psychotic picture similar to that
of schizophrenia, with increasing agitation, hallucinations,
and bizarre and violent behaviors. Catatonia has also been
reported. Patients with PCP-induced psychosis may show
increased body temperature, hypertension, and increased
sweating. Neurological abnormalities include miosis, hori-
zontal and vertical nystagmus, and ataxia. Increased mus-
cle tone, hyper-reflexia, and tremors have also been
reported. Very high doses of the drug have been reported
to cause seizures and even coma. Delirium lasting for
several days is common in patients recovering from PCP-
induced coma.

Treatment of an intoxicated PCP user involves putting
the subject in a very calm environment. Neuroleptic drugs
are relatively contraindicated because they have the poten-
tial to cause development of the neuroleptic malignant syn-
drome or to precipitate seizures. Benzodiazepines are the
drugs of choice in treatment of PCP-induced intoxication.
Enhancement of PCP clearance by acidification of the
urine is recommended in comatose patients.

Cannabinol (Marijuana)
Marijuana is one of the most commonly abused drugs. Sta-
tistics from a 2003 survey revealed that marijuana continues
to be the most commonly used illicit drug, with 14.6 million
current users.85 It was used as early as 3000 BC in cultures as
diverse as those found in the Middle East and Asia. The drug
is known by a number of names, including hashish, ganja,
and bhang. Low to moderate doses of the drug cause very
few psychological and physiological symptoms. The phar-
macological actions and the long-term effects of chronic
use are still unclear.

Delta-tetrahydrocannabinol (THC) is derived from the
marijuana plant, Cannabis sativa. The drug can be smoked,
eaten, or taken intravenously. Its potency varies greatly.
When smoked, the peak plasma level of the drug is reached
within 10 minutes, although psychological effects do not
develop until 20 to 30 minutes. The effects can last up to
3 hours. However, THC is absorbed and accumulates in tis-
sues such as the testes and the brain. In very heavy users of
marijuana, urinary clearance can take as long as 30 days.

THC causes euphoria, feelings of relaxation, and height-
ened sexual arousal. Some individuals experience in-
creased hunger; others report increased suspiciousness,
paranoia, and aggressiveness; and still others become quite
withdrawn socially.

Acute neurological signs and symptoms include confu-
sion, disorientation, and an organic delusional syndrome.
Persistent effects of heavy marijuana use after 1 month of
abstinence include cognitive deficits in memory, decision-
making, and executive functions.111,112 Neuroimaging
studies have shown alterations in regional activation in
the orbitofrontal cortex, dorsolateral prefrontal cortex, cer-
ebellum, and hippocampus (Fig. 39-4).112,113 Transcranial
Doppler sonography shows that cerebrovascular resistance
and systolic velocity are increased in marijuana abu-
sers compared to controls.114 In fact, cerebral perfusion in
18- to 30-year-old marijuana abusers is comparable to that
of normal 60-year-olds. This finding suggests that mari-
juana abusers may be at increased risk for vascular disease



A. Heavy users < moderate users Heavy users > moderate usersB.

Left
medial

OFC

Left
medial
OFC

x = –6 x = –14

z = –19 z = –7

Left
cerebellum

Left posterior
cingulate,

parahippocampus
cerebellum

0

2

4

6

Figure 39-4. Oxygen positron emission tomography (PET) scans comparing group differences between heavy marijuana (MJ) users (53 to 84 joints/week)
and moderate marijuana users (8 to 35 joints/week) in brain activation during performance on the Iowa Gambling Decision-making Task (IGT). Axial and
sagittal views, neurological convention. A, Moderate MJ users showed greater activation than heavy MJ users in the left medial orbitofrontal cortex (OFC)
during performance on the IGT. B, Heavy users showed greater activation than moderate users in the left cerebellum, left parahippocampus/lingual gyrus,
and the left posterior cingulate. (From Bolla KI, Eldreth DA, Matochik JA, Cadet JL: Neural substrates of faulty decision-making in abstinent marijuana
users. NeuroImage 2005;26(2):480–492.)
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and stroke.114 Nystagmus, ataxia, and tremors have also
been reported. The drug can precipitate seizures in patients
with known seizure disorders. Life-threatening neurologi-
cal abnormalities are very rare.

Treatment of patients with acute toxic reactions involves
reassurance that the problems will clear up within a few
hours. Because of the possible high concentration of the
drug in various tissues, the neurological effects of the drug
may take up to 8 hours to clear. No specific drug is neces-
sary, although a benzodiazapine may be useful. In patients
in acute psychotic states, haloperidol 5 to 20 mg/day in
divided doses is recommended.
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HISTORY AND DEFINITIONS

A vitamin refers to a substance that serves as a cofactor for
a biochemical reaction, without which some derangement
of function may occur (Fig. 40-1). Thiamin is a classic
example, required by three enzyme systems essential
for glucose metabolism. However, the term vitamin defi-
ciency is too restrictive to account for all disorders of nutri-
tion that may have neurologic consequences. Neurologic
injury may be associated with megadose vitamins (pyri-
doxine and zinc) and dietary supplements (Chinese herbal
remedies, St. John’s wort, and ephedra). With the recent
recognition of mineral deficiencies such as copper myelo-
neuropathy, mineral excess disorders such as zinc-induced
copper deficiency, and polynutritional disturbances such as
post-gastroplasty neuropathy, it has become increasingly
important for the neurologist to consider a possible nutritional
cause for a patient’s neurologic complaints.

The study of nutritional disorders of the nervous system
is complex for several reasons. First, multiple deficiencies
may coexist in the same patient in certain settings, such
as malnutrition and malabsorption states. Second, nutri-
tional disorders can occur with the ingestion of potentially
toxic agents as in alcohol, making it difficult to separate
the neurotoxic effects from a specific dietary deficiency.
Third, in several disorders a single so-called biochemical
lesion has not been identified, such as in Marchiafava-
Bignami disease, central pontine myelinolysis, Strachan’s
syndrome, and deficiency amblyopia. Fourth, the rapidity
of onset of some syndromes may not be interpreted as
nutritional. Instead of evolving in a slowly progressive
fashion, some deficiency states may become acutely symp-
tomatic when triggered by an environmental stressor or
sudden increase in metabolic demands for the deficient
nutrient. The administration of intravenous glucose to a
thiamin-depleted alcoholic patient may precipitate acute
Wernicke-Korsakoff syndrome (WKS) owing to the sudden
increase in thiamin-dependent carbohydrate catabolism.
Intractable vomiting due to hyperemesis gravidarum may
also cause WKS. Similarly, nitrous oxide administration
to patients with asymptomatic cobalamin deficiency may
cause an acute myeloneuropathy. Additionally, sudden
changes in tissue osmolarity, such as the rapid correction
of hyponatremia, may lead to central pontine myelinolysis
(Table 40-1).

Fifth, occasionally, the same deficient nutrient may not
affect patients uniformly. Thiamin deficiency leads to cap-
illary proliferation, petechiae, and microglial degeneration
of midline central nervous system (CNS) nuclei in some
patients; in others, it leads to peripheral nerve axonal de-
generation. Neurological symptoms and signs of individual
deficiency states often overlap, making clinical distinction
difficult. For example, encephalopathy may be seen in
deficiencies of thiamin, cobalamin, and niacin; myelo-
neuropathy may be present in deficiencies of cobalamin
and vitamin E; neuropathy can result from deficiency of
B complex vitamins (thiamin, pyridoxine, and cobalamin)
and pyridoxine excess; and optic neuropathy may be seen
in cobalamin deficiency, vitamin A excess, or a combined
deficiency of B complex vitamins, such as in deficiency
amblyopia.

Sixth, the under-recognition of nutritional disorders in
industrialized countries has led to difficulties in diagnosis,
and these deficiencies may be more common than has been
clinically appreciated. Although the incidence of WKS has
traditionally ranged from 1% to 3%, autopsy data suggest
a higher incidence,1,2 and others report thiamin deficiency
in up to 17% of elderly patients hospitalized for non-
neurological reasons.3 One study of thiamin-deficient alco-
holics showed that more than 50% of patients were also



TABLE 40-1

Acute and Subacute Presentation of Nutritional
Deficiency Syndromes

SYNDROME CLINICAL SETTING

Wernicke-
Korsakoff
syndrome

Administration of intravenous glucose to a
thiamine-deficient alcoholic patient

Wernicke-
Korsakoff
syndrome

Intractable vomiting due to hyperemesis
gravidarum or gastroplasty

Postgastroplasty
neuropathy

Intractable vomiting and severe weight loss in
patients following weight reduction surgical
procedures

Vitamin B12

myeloneuropathy
Nitrous oxide administration in cobalamin-

deficient patients
Central pontine

myelinolysis
Sudden change in tissue osmolarity in critically

ill patients or alcoholics

Figure 40-1. Major metabolic pathways involving coenzymes formed from water-soluble vitamins. (Modified from Marcus R, Coulston AM: Water soluble
vitamins. In Goodman LS, Gilman A, Gilman AG [eds]: The Pharmacologic Basis of Therapeutics, 7th ed. New York, McGraw-Hill, 1985, p 1556.)
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riboflavin deficient, and 2% had a concomitant deficiency
of pyridoxine.4 Cobalamin deficiency occurs in 5% to
14% of ambulatory elderly,5,6 and up to 27% of hospitalized
elderly develop protein-energy malnutrition (PEM) during
their hospital stay.7

Finally, several inherited enzyme deficiency disorders,
although not accompanied by a vitamin deficiency, may
nonetheless be vitamin responsive (Table 40-2). Homo-
cysteinemia responds to pharmacological doses of folate,
cobalamin, and pyridoxine, whereas methylmalonicacide-
mia responds to cobalamin. Maple syrup urine disease,
a branched-chain aminoaciduria, may be responsive to
high-dose thiamin by inducing the enzyme a-ketoacid
decarboxylase, promoting metabolism of branched-chain
amino acids. b-Methylcrotonylglycinuria and propion-
icacidemia may be responsive to biotin replacement; Hart-
nup’s disease, a disorder of tryptophan metabolism, is also
responsive to niacin.
VITAMIN DEFICIENCIES

Thiamin
The discovery and isolation of vitamins began with the
study of beriberi in the 19th century. Although beriberi
has been recognized for centuries, it was not until the in-
dustrial revolution that the disease reached epidemic pro-
portions. Grain mills began producing polished rice,
which was mechanically stripped of the nutrient-rich husk.
Epidemics of painful polyneuropathy and heart failure rap-
idly developed in regions where rice was the major source
of carbohydrate, particularly in Asia. In 1897, Eijkman
demonstrated the disease in pigeons after feeding the birds
polished rice; he then cured the disease by feeding the
same birds crude, unpolished rice. A search then began
for the antineuritic factor within the rice husks. Funk
thought he had identified the anti-beriberi factor in 1911
as an amine within rice bran extracts and coined the term
vitamine. Elvehjem later identified Funk’s substance as
the antipellagra factor nicotinic acid amide (niacin). The
anti-beriberi factor was synthesized in 1936, and the name
was changed to thiamin to reflect the molecule’s sulfur
content.8



TABLE 40-2

Characteristics of Disorders Responding to Large Doses of Vitamins and Cofactors

VITAMIN DISORDER AFFECTED ENZYME THERAPEUTIC DOSE

Thiamine
(vitamin B1)

Branched-chain ketoaciduria
(maple syrup urine disease)

Branched-chain ketoacid decarboxylase 5–20 mg

Lactic acidosis Pyruvate carboxylase 5–20 mg
Pyruvicacidemia Pyruvate dehydrogenase 5–20 mg

Cobalamin
(vitamin B12)

Methylmalonicaciduria Methylmalonyl-CoA mutase apoenzyme 2000 mg

Homocystinuria Defects in adenosyl-cobalamin and
methyl-cobalamin synthesis

500–1000 mg

Pyridoxine (B6) Homocystinuria Cystathionine synthase 200–1200 mg
Pyridoxine-responsive infantile

seizures
Glutamic acid decarboxylase 10–50 mg

Niacin Hartnup’s disease Intestinal malabsorption of tryptophan >400 mg
Folic acid Homocystinuria Methylenetetrahydrofolate reductase >10 mg
Biotin b-Methylcrotonylglycinuria b-Methylcrotonyl-CoA carboxylase 5–10 mg

Propionicacidemia Propionyl-CoA carboxylase 5–10 mg

Adapted from Moser H: Genetic and metabolic diseases. In Asbury AK, McKhann GM, McDonald WI (eds): Diseases of the Nervous System: Clinical Neurobiology, 2nd ed.
Philadelphia, Saunders, 1992, p 676.
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PATHOGENESIS AND PATHOPHYSIOLOGY. The met-
abolically active form of thiamin, called thiamin pyrophos-
phate (TPP), is critical in the intermediary metabolism of
carbohydrate. TPP is involved in three enzyme systems:
(1) pyruvate dehydrogenase, which converts pyruvate to
acetyl coenzyme A (CoA); (2) a-ketoglutarate dehydroge-
nase, which catalyzes the conversion of a-ketoglutarate to
succinate in the Krebs cycle; and (3) transketolase, which
catalyzes the pentose monophosphate shunt (see Fig. 40-1).
A deficiency of TPP leads to elevated levels of serum pyru-
vate and occasionally lactate, reduced red blood cell (RBC)
transketolase activity, and a corresponding increase in
transketolase activity in response to added TPP (TPP
effect). It is not understood how TPP deficiency leads to
the hallmark pathology.

Pathologically, patients with WKS show capillary prolif-
eration and petechiae; spongy degeneration of astrocytes
with neuronal preservation occurs in midline structures of
the brain, such as the medial thalamic nuclei, mammillary
bodies, periaqueductal gray area of the mesencephalon,
and pontine tegmentum (Fig. 40-2). Degeneration of the
superior cerebellar vermis is usually present. The lesions
in the thalami and mammillary bodies probably account
for the confusion, memory loss, and confabulation. The
pontine tegmental lesions may cause the oculomotor
palsies, and the truncal ataxia may result from the midline
cerebellar degeneration. Cellular injury in these regions
may be due to the inhibition of adenosine triphosphate
(ATP) synthesis and the induction of abnormal carbo-
hydrate metabolism. With thiamin deficiency polyneuropa-
thy, the nerve shows axonal degeneration with secondary
demyelination. Because of the frequency of this neu-
ropathy in alcoholics, there is debate as to whether the
cause is alcohol toxicity or thiamin deficiency. It has been
theorized that the neuropathy of dry beriberi may be related
to TPP deficiency-induced impairment of nerve excitability
and conduction.9

EPIDEMIOLOGY AND RISK FACTORS. Thiamin is
most abundant in yeast, pork, legumes, cereal grains, and
rice, and the recommended daily allowance (RDA) of this
vitamin is 0.5 mg/1000 kcal.10 The total body store is 30
to 100 mg, and it is present in heart, skeletal muscle, liver,
kidneys, and brain. Because there is a limited quantity
stored, the supply must be constantly replenished. The
half-life of thiamin is approximately 2 weeks, and patients
may suffer severe neurological complications and even
death after 6 weeks of total thiamin depletion. Patients at
high risk for deficiency include adults who derive most
of their carbohydrate from milled rice, alcoholics, and
infants breast fed by malnourished mothers. Other poten-
tially thiamin-deficient states include prolonged total
parenteral nutrition,11 hyperemesis gravidarum,12 anorexia
nervosa, gastric or jejunoileal bypass,13 intractable vomiting
following gastric stapling for morbid obesity,14 and severe
malabsorption. Thiamin deficiency is also found in those
who are prisoners of war12 or those who engage in a hunger
strike. Thiamin deficiency has also been reported after long-
standing peritoneal dialysis and hemodialysis.15,16

CLINICAL FEATURES AND ASSOCIATED DIS-

ORDERS. WKS and polyneuropathy (dry beriberi) are the
two neurological disorders resulting from thiamin deficiency.
Wernicke’s disease and Korsakoff’s psychosis often
overlap, with Wernicke’s disease having acute features of
confusion, ataxia, and oculomotor palsies and nystagmus
and Korsakoff’s psychosis having delayed and often irre-
versible anterograde and retrograde memory impairment
(Video 229, Wernicke’s Encephalopathy). Korsakoff’s
dementia may follow one or more episodes of Wernicke’s
encephalopathy. Although prospective clinical studies,
including those of Victor and colleagues,8 suggest a high
incidence of the classic triad in WKS, other autopsy series
have found pathological evidence for the disorder in many
patients with only one or two symptoms during life.2

The frequency of WKS from autopsy series ranges from
0.8% to 2.8%. The disorder is probably underdiagnosed
during life. WKS is most common in alcoholics because
patients are particularly susceptible to thiamin deficiency
due to a combination of poor diet, inadequate intake and
impaired absorption of vitamins, and overdependence
on alcohol as a source of calories. Certain individuals



Figure 40-2. Wernicke’s encephalopathy. Gross appearance characterized
by petechial hemorrhages in the typical locations. (Reprinted with permis-
sion from Okazaki H: Fundamentals of Neuropathology, 2nd ed. New
York, Igaku Shoin, 1989, p 192.)

Figure 40-3. Bilateral wrist drop and foot drop in a 40-year-old woman with
Wernicke-Korsakoff syndrome and polyneuropathy. (From Victor M,
Adams RD, Collins GH: The Wernicke-Korsakoff Syndrome. Philadel-
phia, Davis, 1971.)
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may also have a genetic predisposition toward the devel-
opment of WKS owing to an abnormality of thiamin-
dependent enzymes.17,18

Patients with thiamin deficiency may become acutely
symptomatic when challenged with large doses of carbohy-
drate. An example is the alcoholic patient receiving intra-
venous glucose who then becomes agitated, confused, and
ataxic. Acute attacks may also be produced by excessive
vomiting, such as that associated with hyperemesis gravi-
darum, presumably due to markedly increased metabolic
demands in the setting of decreased consumption.8

Mental status changes may include a global confusional
state, memory loss, and agitation. Rarely, patients develop
stupor and coma. Ocular abnormalities include nystagmus,
lateral rectus palsies, conjugate gaze palsy, ptosis, retinal
hemorrhages, pupillary abnormalities, and scotomas.
Ataxia may be severe, preventing an affected patient from
standing without assistance. Finger-to-nose and heel-to-
shin tests are often normal when the patient is tested in
the bed. Truncal ataxia often becomes obvious only on
standing or sitting, reflecting the midline degeneration of
the superior division of the vermis.
Polyneuropathy is present in more than 80% of patients
with WKS.19 Koike and coworkers19 demonstrated that thi-
amin and alcohol-induced neuropathy are distinct entities.
Thiamin deficiency may present acutely with prominent
motor weakness and large fiber sensory loss. Bilateral foot
drop and even wrist drop may be present (Fig. 40-3). In
contrast, the neuropathy of alcohol presents with slowly
progressive muscular weakness and sensory and reflex
loss, accompanied by burning feet and lancinating pains.
Calf tenderness is a prominent feature. Half of Koike and
colleagues’ series had evidence of an autonomic neu-
ropathy with orthostatic hypotension.

DIFFERENTIAL DIAGNOSIS. The presence of mild
peripheral edema with a peripheral neuropathy may be a
helpful physical sign to suggest thiamin deficiency with
coexisting cardiac failure (wet beriberi). Thiamin deficiency
should be considered in the differential diagnosis of an



Figure 40-4. T2-weighted magnetic resonance imaging of a patient with Wernicke-Korsakoff syndrome, demonstrating symmetrically increased signal
intensity in the periaqueductal gray and midline structures. (From Yamashita M, Yamamoto T: Wernicke encephalopathy with symmetric pericentral
involvement: MR findings. J Comput Assist Tomogr 1995;19:307.)
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axonal polyneuropathy and be distinguished from diabetes,
uremia, autoimmune and inflammatory conditions, and
hereditary neuropathies. Other considerations in patients
presenting with confusion, ataxia, and oculomotor distur-
bances should include hypoxic-ischemic encephalopathy,
Leigh’s encephalomyelopathy, adrenoleukodystrophy, meta-
chromatic leukodystrophy, brain stem encephalitis, and
certain infectious disorders (syphilis and human immunode-
ficiency virus [HIV]) (Video 252, Neonatal Adrenoleuko-
dystrophy). Other nutrients deficient among alcoholics may
include folic acid, pyridoxine, and niacin.20

EVALUATION. The evaluation of patients with thiamin
deficiency begins with a high index of suspicion, and the
clinician must recognize that the disorder is not restricted
to alcoholics. Several tests, including RBC transketolase
activity assay, TPP stimulation of RBC transketolase (the
TPP effect), and 24-hour urinary excretion of thiamin, are
used to assess thiamin status. Serum thiamin levels lack
sufficient sensitivity and specificity to be used alone.
RBC transketolase activity, with or without TPP challenge,
is the most accurate assessment tool.21 This test, however,
is increasingly difficult to find commercially. Magnetic
resonance imaging (MRI) may show abnormal signal in
the midline nuclei corresponding to the pathological
lesions described (Fig. 40-4).11,22

MANAGEMENT. Treatment of suspected WKS begins
with the immediate administration of at least 100 mg intra-
venous thiamin, followed by 100 mg intramuscular (IM)
daily for 3 to 5 days. Patients should then be maintained
on 50 mg oral thiamin and daily multivitamins.

PROGNOSIS AND FUTURE PERSPECTIVES. Whereas
early recognition and treatment may reverse all symptoms,
in practice, WKS often goes unrecognized until late in the
disease, and therapy rarely reverses all of its manifestations.
The oculomotor disturbances respond best to treatment and
may show improvement within hours. Confusion and ataxia
are more resistant. The peripheral neuropathy is often resis-
tant to therapy unless it is treated early. Despite treatment,
the mental changes of WKS may progress to permanent
and disabling dementia.23 Gold and colleagues24 found
abnormalities of thiaminmetabolism in patients with Alzhei-
mer’s disease. Molecular genetics may help identify patients
and families with a hereditary predisposition toward the
development of WKS. Further characterization of the role
of thiamin in the sodium-potassium ATPase pump may fur-
ther our understanding of its role in nerve excitability and
conduction, increasing our understanding of the pathogene-
sis of the neuropathy.9 Some countries such as Australia
have experimented with fortification of food substances with
thiamin to reduce the incidence of WKS, and fortification of
alcoholic beverages has been advocated.

Niacin and Nicotinic Acid
Nicotinic acid deficiency was found to be the causative
agent of pellagra in 1937, yet the name was changed to ni-
acin in order to prevent confusion with the tobacco deriva-
tive, nicotine. Niacin includes both nicotinic acid and
nicotinamide, which form the metabolically active nicotin-
amide adenine dinucleotide (NAD) and NAD phosphate
(NADP), an end product of tryptophan metabolism. More
than 200 enzymes are dependent on NAD and NADP to
carry out oxidation and reduction reactions, and these
enzymes are involved in the synthesis and breakdown of all
carbohydrates, lipids, and amino acids. Although niacin is en-
dogenously produced in humans, exogenous intake is required
in order to prevent deficiency. Niacin is found in meats, liver,
fish, legumes, peanuts, enriched bread, coffee, and tea.

Pellagra continues to occur in areas of Africa and Asia,
especially in populations dependent on corn as the princi-
pal source of carbohydrate. When corn is first soaked in
lime water, as is done in Mexico when tortillas are
prepared, niacin is liberated and deficiency occurs less
commonly. In the United States, niacin deficiency is seen
in alcoholics and in those taking isoniazid. There is a single
case report of a patient developing nicotinic acid deficiency
after valproic acid therapy.25 Pregnant women are protected
from niacin deficiency owing to their enhanced ability to
convert tryptophan to niacin endogenously, particularly in
the third trimester.

Pellagra, or rough skin, affects the skin, the gastrointes-
tinal system, and the CNS. Hence, the classic triad of the
“three Ds”—dermatitis, diarrhea, and dementia. In indus-
trialized countries, particularly among alcoholics, niacin
deficiency may present only with encephalopathy.26–28

Patients may have altered sensorium, diffuse rigidity of
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the limbs, and grasping and sucking reflexes. Dementia and
confusion are the most constant findings, followed by diar-
rhea (50%) and dermatitis (30%).28 Spinal cord and periph-
eral nerve defects have also been reported, particularly in
prisoners of war.12 Coexisting deficiencies of thiamin and
pyridoxine are common, especially in alcoholics. Hart-
nup’s disease, an autosomal recessive defect in tryptophan
absorption by the gut and kidney, can give a clinical pic-
ture identical to pellagra that is responsive to niacin admin-
istration. Carcinoid syndrome can also produce niacin
deficiency. Because all tryptophan is diverted to the pro-
duction of serotonin in this disorder, none is available for
the production of nicotinic acid, thereby predisposing to
deficiency in the absence of supplementation.

Superphysiological doses of niacin (1.5 to 3 g daily)
have been used successfully in the treatment of hypercho-
lesterolemia, and this practice diminishes mortality by re-
ducing a coronary artery disease risk factor. Side effects
of high-dose niacin include flushing, hyperuricemia, hyper-
glycemia, and elevations in liver enzymes.

In the evaluation of potential niacin deficiency, nicotinic
acid metabolites can be detected in the urine; however,
clinical suspicion and ease of treatment make this measure-
ment impractical and unnecessary. The administration of
40 to 250 mg of niacin daily is adequate to reverse most
of the signs and symptoms of niacin deficiency. With proper
therapy, the prognosis for the resolution of neurological
symptoms is good.

Cobalamin (Vitamin B12)
PATHOGENESIS AND PATHOPHYSIOLOGY. Vitamin

B12 deficiency produces neurological and hematological
effects by impairing the function of two enzyme systems
(Fig.40-5).6,29Methylcobalamin is a cofactor of methionine
synthase, a cytosolic enzyme that catalyzes the conversion
of homocysteine and methyltetrahydrofolate to produce me-
thionine and tetrahydrofolate. Methionine is further me-
tabolized to S-adenosylmethionine, which is necessary for
methylation of myelin sheath phospholipids and proteins.
Tetrahydrofolate is the required precursor for purine and
pyrimidine synthesis. In the mitochondria, adenosylcobala-
min catalyzes the conversion of L-methylmalonyl-CoA to
succinyl-CoA.

In deficiency states, serum levels of homocysteine and
methylmalonic acid rise. Although the mechanism of meg-
aloblastic changes in both folate and cobalamin deficiency
is reasonably well understood, the biochemical basis of the
neurological damage that occurs in cobalamin deficiency
remains uncertain. Of the two reactions that require cobal-
amin, the methionine synthase reaction is considered more
likely to play a critical role in nervous system function.
Rarely, neurological complications have also been reported
in folate deficiency because methionine synthase also
requires this cosubstrate.30 It has been proposed that the
accumulation of methylmalonate and propionate provide
abnormal substrates for fatty acid synthesis, resulting in
abnormal odd-carbon and branched-chain fatty acids, so-
called “funny fatty acids,” which may be incorporated into
the myelin sheath and interfere with impulse conduction.

Vitamin B12 deficiency results in demyelination of the
posterior columns, corticospinal tracts, and white matter
of the cerebral hemispheres (Fig. 40-6).31 Less commonly,
a sensorimotor and autonomic neuropathy that is axonal
and demyelinating in nature may also be present.32 These
lesions lead to a constellation of symptoms, including
cognitive and affective disorders, ataxia, spasticity, and
paresthesias.

EPIDEMIOLOGY AND RISK FACTORS. The total body
store of cobalamin is 2000 to 5000 mg, half of which is
stored in the liver. The recommended daily allowance is
6 mg/day, and the average diet provides 20 mg/day. Because
the vitamin is tightly conserved through enterohepatic cir-
culation, 2 to 5 years elapse before a subject develops co-
balamin deficiency from malabsorption, and as many as
10 to 20 years are needed to induce a dietary deficiency
from a strict vegetarian diet.

The most common cause of vitamin B12 deficiency is
pernicious anemia or autoimmune parietal cell dysfunction
(Table 40-3).31 The mean age of diagnosis is 60 years, and
the female-to-male ratio is approximately 1.5:1. In white
populations, the incidence of the disease increases with



TABLE 40-3

Causes of Cobalamin Deficiency

ETIOLOGY %

Pernicious anemia
Proven* 66
Probable{ 12

Tropical sprue 6
Gastric resection 4
Ileal resection 3
Jejunal diverticula 2
Dietary cobalamin malabsorption
Probable{ 2

Multiple etiologies 3
Unknown 2

*Intrinsic factor antibodies present or correction of abnormal Part I Schilling test
with intrinsic factor.
{Evidence of achlorhydria (elevated serum gastrin) with abnormal Part I Schilling
test in some, but evaluation incomplete.
{Evidence of achlorhydria (elevated serum gastrin) with a normal Part I Schilling
test.

Reprinted with permission from Healton EV, Savage DG, Brust JCN, et al: Neuro-
logic aspects of cobalamin deficiency. Medicine (Baltimore) 1991;70:229–244.

Figure 40-6. Subacute combined degeneration of the spinal cord. A thoracic
cord segment showing spongy degeneration of the white matter in a typi-
cal distribution (Weil’s stain). (From Okazaki H: Fundamentals of Neu-
ropathology, 2nd ed. New York, Igaku Shoin, 1989, p 195.)
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increasing age, peaking after age 65 years. In Hispanic and
African populations, there is an overall younger age distribu-
tion, especially among women. When using radioassay-
derived serum cobalamin levels below 200 pg/mL or elevated
levels of homocysteine and methylmalonic acid as diagnostic
criteria, the prevalence of vitamin B12 deficiency from all
causes ranges from 7% to 16%.5

The majority of patients, approximately 50% to 78%,
have autoimmune parietal cell dysfunction (pernicious ane-
mia).33 Another 10% to 40% have food-bound cobalamin
malabsorption due to achlorhydria.34 The rest have a vari-
ety of etiologies, mainly due to malabsorption from medical,
surgical, or pharmacological interruptions of gastric acid
secretion or intrinsic factor secretion. These include patients
following gastric surgery,35 bypass procedures for weight re-
duction,36 as well as those on long-term histamine-2 (H2)
blocker therapy, due to inhibition of acid secretion.37 Nitrous
oxide administration may precipitate acute vitamin B12
deficiency in patients with asymptomatic low cobalamin
levels.38 Other causes of vitamin B12 deficiency include ileal
resection, parasitic infestations fromDiphyllobothrium latum,
Crohn’s disease and other malabsorption states, short gut
syndrome, veganism, chronic alcoholism with poor diet, and
rare congenital enzyme deficiencies.

CLINICAL FEATURESANDASSOCIATEDDISORDERS.

Subacute combined degeneration of the spinal cord, pe-
ripheral nerve dysfunction, and cerebral dysfunction are
classic features of the disorder. Many patients present with-
out accompanying anemia or macrocytosis. Healton and
associates39 reviewed 143 patients who had 153 episodes
of cobalamin deficiency. Seventy-four percent of the epi-
sodes presented with neurological symptoms, including par-
esthesias, numbness, gait ataxia (Video 5, Sensory Ataxia),
fecal incontinence, leg weakness, impaired manual dexterity,
impaired memory, and impotence. Rarely, patients had
orthostatic lightheadedness, anosmia, diminished taste, para-
noid psychosis, and diminished visual acuity. The remaining
26% presented with non-neurological symptoms classically
associated with pernicious anemia, including tiredness, syn-
cope, palpitations, sore tongue, diarrhea, and other bowel dis-
turbances.

On examination, patients demonstrate a neuropathy in
25%, isolated myelopathy in 12%, and a combined neurop-
athy and myelopathy in 41%. Peripheral neuropathic symp-
toms and signs were combined with other manifestations,
such as myelopathy, cortical dysfunction, and autonomic
dysfunction, in 65%. Only 3% had a neuropathy as the only
abnormality. Memory dysfunction and affective and behav-
ioral changes were seen in 8%. Cognitive deficits included
psychosis, affective disturbances, and memory disturbances,
as well as changes in personality. Orthostatic hypotension
has been reported and is thought to be due to a disordered
release of norepinephrine.40,41 Fourteen percent had normal
examinations.

There have been several reports of patients developing
a myeloneuropathy after exposure to nitrous oxide.29,38,42 This
occurs in two populations: those with normal cobalamin
levels but who chronically abuse the anesthetic gas
for recreational purposes and those with a subclinical
vitamin B12 deficiency who, after a short exposure to
nitrous oxide for a dental or surgical procedure, develop
paresthesias, burning feet, and ataxia. Nitrous oxide is a
potent oxidizing agent, which irreversibly oxidizes the co-
balt core of cobalamin from a 1þ valence state to 3þ valence
state, rendering methylcobalamin inactive. This effectively
inhibits the conversion of homocysteine to methionine, thus
interdicting the supply of S-adenosylmethionine.

Low cobalamin levels have also been found in occa-
sional patients with multiple sclerosis43 and HIV infection44;
however, no pathogenic relationship or treatment response
has been established in either disorder.

DIFFERENTIAL DIAGNOSIS. The diagnostic criteria for
vitamin B12 deficiency include a consistent clinical syn-
drome of ataxia, paresthesias, cognitive dysfunction, and
evidence of neuropathic or myelopathic dysfunction.
A megaloblastic anemia is often missing in patients with
neurologic symptoms.33 In fact, one fourth of patients have
no anemia or macrocystosis.39 The most characteristic pre-
sentation is gait dysfunction and paresthesias in an elderly
individual. The hallmark finding of a myeloneuropathy,
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absent ankle reflexes and extensor plantar responses, is
present in only 41%.39 Vitamin B12 deficiency must be
differentiated from other causes of myelopathy and neu-
ropathy. Myelopathy and mental decline may also be seen
in multiple sclerosis, but the other neuropathic signs of vi-
tamin B12 deficiency should clarify the likely diagnosis.
Other disorders that may have both central and peripheral
manifestations include syphilis, amyotrophic lateral sclero-
sis, Friedreich’s ataxia, vitamin E deficiency, metachromatic
leukodystrophy, adrenomyeloneuropathy, mitochondrial
cytopathy, and ceroid lipofuscinosis. These diagnoses
should be considered in patients with the paradoxical
findings of absent ankle reflexes and extensor plantar
responses. Cervical spondylitic myelopathy with lumbar
osteoarthropathy and cauda equina compression may also
give a similar clinical pattern.

EVALUATION. An algorithm for the diagnosis and treat-
ment of cobalamin deficiency (Fig. 40-7) is based on two
assumptions: (1) A normal cobalamin assay does not fully
exclude cobalamin deficiency, and (2) the normal range
may vary depending on the assay type. Many laboratories
have switched from radioassay to chemiluminescence as-
say, which may have a higher normal reference range
(250 to 1100 pg/ml).

When cobalamin deficiency is suspected, it is practical
to order methylmalonic acid (MMA) at the same time as a
cobalamin level. MMA has the advantage of greater speci-
ficity for B12 deficiency than homocysteine. If the B12 is
low and MMA is elevated, the patient is likely to have true
B12 deficiency. False-positive elevations of MMA occur
most commonly from renal insufficiency.45 A diagnosis of
pernicious anemia (autoimmune parietal cell destruction)
can be made by finding intrinsic factor antibodies. Unfortu-
nately, this test has low sensitivity (40% to 60%). An ele-
vated serum gastrin may indicate achlorhydria pernicious
anemia or food-bound cobalaminmalabsorption. A Schilling
test will help distinguish pernicious anemia, food-bound co-
balaminmalabsorption, or an ileal malabsorption problem.46

If metabolites or the serum gastrin levels are elevated, a
Schilling test may be performed to evaluate for the pres-
ence of cobalamin malabsorption. Technically, patients
with classic pernicious anemia have an abnormal test result
when radioactive cobalamin alone is given by mouth (Part
I of the Schilling test). This abnormality is corrected when
the test is repeated with intrinsic factor (Part II of the Schil-
ling test). Abnormally low secretion of cobalamin in Part II
of the Schilling test indicates an intestinal cause for the co-
balamin malabsorption, such as inflammatory bowel dis-
ease. Part II of the Schilling test may be repeated after
giving antibiotics or vermicides to exclude bacterial over-
growth (so-called blind loop syndrome) or fish tapeworm
infestation due to Diphyllobothrium latum. Normal results
on Part I of the test in a patient with cobalamin deficiency
may be observed in total vegetarians. They may also occur
in patients with food-cobalamin malabsorption who show
normal absorption of crystalline cobalamin but are unable
to digest and absorb cobalamin present in food due to
achlorhydria. This defect can be identified using a modi-
fied Schilling test in which radioactive cobalamin is
administered with food.

MANAGEMENT. Treatment may begin with IM injec-
tions of 1000 mg of cobalamin per day for 5 days, then
500 to 1000 mg IM every month. Oral replacement is an al-
ternative for patients who cannot tolerate IM injections or
for whom they are impractical. Kuzminski and col-
leagues47demonstrated that 2000 mg vitamin B12 is as effec-
tive or more effective than IM injections given monthly
for maintaining normal serum vitamin B12 levels and cor-
recting elevation in serum methylmalonic acid, with a
comparable onset of action. This effect occurred regardless
of etiology and included patients with pernicious anemia,
food-cobalamin malabsorption, and a history of gastric sur-
gery. A loading dose was not necessary for oral replace-
ment because serum metabolite elevations normalized as
rapidly as did those in patients receiving IM loading doses.

Because 1% of all ingested cobalamin may be absorbed
by passive diffusion, cobalamin requirements can be satis-
fied with oral therapy, even in patients with pernicious ane-
mia, as long as the dose is sufficient. A dose of 1000 mg/
day will yield 10 mg of absorbed cobalamin, which exceeds
the recommended daily allowance. It may be practical to
replenish cobalamin stores first using injections of cyano-
cobalamin for 1 week and then to maintain patients using
a 1000 mg daily oral supplement.

PROGNOSIS AND FUTURE PERSPECTIVES. The
earlier intervention begins, the more likely the patient is
to have a complete recovery.39,48 Paresthesias often improve
within several weeks, whereas spinal cord dysfunction may
require several months. Approximately 2% of patients ex-
perience an acute worsening of paresthesias immediately
following vitamin B12 supplementation, but this addition
does not impair the long-term response to therapy. Folate
supplementation may reverse the hematological abnormal-
ities but will not prevent neurological deterioration. With
early recognition, patients may resume a normal lifestyle
with limited impairment of gait or cognition. Spasticity
due to spinal cord dysfunction, when it is established, is
often difficult to reverse but may continue to improve
over many months to years. There are a variety of reports
of neuroimaging in vitamin B12 deficiency, showing clas-
sic white matter changes in the posterior and lateral col-
umns of the spinal cord. Resolution of the abnormalities
on MRI may occur following replacement therapy.49,50

Ten to twenty percent of patients may relapse owing to
noncompliance with long-term supplementation. These
patients often develop identical symptoms that respond
equally well to repeat treatment.48

Hyperhomocysteinemia has been directly linked to an
increasing incidence of coronary and cerebrovascular dis-
ease. It is present in cobalamin, pyridoxine, and folate defi-
ciencies; renal failure; and heterozygous homocysteinemia.
Therefore, vitamin B12 deficiency, as well as folate and pyr-
idoxine deficiencies, may be independent risk factors for the
development of carotid and coronary disease. This associa-
tion awaits further study. Approximately 40% of patients
with biochemical cobalamin deficiency may be asymptom-
atic. A high index of suspicion for vitamin B12 deficiency
is warranted in view of its high prevalence in the elderly.

Folate (B9)
Although folic acid has long been recognized as an impor-
tant contributor to neural tube defects, less well appreciated
is its role in cognition and depression. Although both folate



Figure 40-7. Algorithm for cobalamin deficiency diagnosis and treatment. A higher normal reference range should be applied if chemiluminescence or other
nonradioisotopic ligand-binding assays are used. If the clinical picture is suggestive of possible cobalamin deficiency, patients with serum B12 greater than
300 pg/mL should be investigated similarly. IM, intramuscular. (From Green R, Kinsella LJ: Current concepts in the diagnosis of cobalamin deficiency.
Neurology 1995;45:1435–1440.)
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and B12 deficiency may cause megaloblastic anemia, the
neuropsychiatric disturbances may differ. Whereas B12

deficiency is more likely to result in subacute combined
degeneration and neuropathy, folate deficiency is more
likely to cause a depression and dementia.

Folate deficiency may occur more frequently in the
elderly due to a combination of factors, including poor diet,
malabsorption, medications, and increased demand. Sixteen
percent of admissions to a geriatric unit showed evidence
of folate deficiency and correlated with both depression
and cognitive decline.51

In 1998, folate supplementation of the food supply be-
came mandatory in order to prevent neural tube defects.
An unexpected benefit has been a 50% decline in the prev-
alence of homocysteine elevations in the United States.52

What effect this may have on the incidence of atherosclero-
sis, cerebrovascular events, and dementia remains to be
seen. The link between folate deficiency and elevated ho-
mocysteine levels and vascular disease is well established.
Less clear is whether aggressive suppression of homocyste-
ine levels by folate supplementation reduces cardiovascular
and cerebrovascular events. The Vitamin Intervention in
Stroke Prevention trial (VISP 2004) demonstrated that
moderate reduction of total homocysteine using folate, co-
balamin, and pyridoxine supplements in patients with non-
disabling cerebral infarction had no effect on vascular
outcomes after 2 years.53
Pyridoxine (Vitamin B6)
Pyridoxal phosphate is the active biochemical form of pyri-
doxine. It is a coenzyme of amino acid metabolism, particu-
larly tryptophan and methionine. By inhibiting methionine
metabolism, excessive S-adenosylmethionine accumulates,
which inhibits nerve lipid and myelin synthesis.10 Because
tryptophan is required in the production of niacin, pyri-
doxine deficiency can produce a secondary niacin deficiency
indistinguishable from primary pellagra. Pyridoxine is also
involved in lipid and neurotransmitter synthesis. Dopamine,
serotonin, epinephrine, norepinephrine, and g-aminobutyric
acid (GABA) all require pyridoxine for their production.
Lott and associates54 documented reduced pyridoxal phos-
phate and GABA concentrations in the brain of a child
dying with pyridoxine-responsive seizures.

The RDA of pyridoxine is 2 mg. It is found most abun-
dantly in enriched breads, cereals and grains, chicken,
orange and tomato juice, bananas, and avocados. Patients
at risk for pyridoxine deficiency include those with general
malnutrition, prisoners of war, refugees, alcoholics, infants
of vitamin B6-deficient mothers, and patients using isonia-
zid and hydralazine. Surveys of hospitalized elderly
patients have shown that up to 5% may have a vitamin
B6 deficiency.4 A rare autosomal recessive disorder of
pyridoxine-responsive or pyridoxine-dependent neonatal
seizures also exists.

Pyridoxine is unique in that both the deficiency and the
toxic states result in a peripheral neuropathy. Deficiency
affects the blood, skin, and nervous system. The skin
changes are indistinguishable from pellagra, probably due
to the close interaction of niacin and pyridoxine. Pyridoxine
improves the microcytic anemia of alcoholics as well as the
anemia associated with pyridoxine-responsive seizures in
infants. Pyridoxine-deficient peripheral neuropathy is seen
primarily in patients on isoniazid or hydralazine, and it is
characterized by sensory loss in distal limbs, weakness,
and reflex changes. Patients describe burning feet and pain-
ful paresthesias. CNS manifestations include depression,
irritability, and confusion.55 Infants born to pyridoxine-
deficient mothers may develop neonatal seizures as part of
their vitamin deficiency state, a condition distinct from
hereditary pyridoxine-responsive seizures. Up to 10% of
patients who are on isoniazid may develop a peripheral sen-
sory neuropathy. Isoniazid promotes increased pyridoxine
excretion in the urine, resulting in a deficiency state. Similar
changes are seen in patients on hydralazine.

Urinary assays for xanthurenic acid and other pyridoxine
metabolites may be performed following tryptophan load-
ing in patients suspected of having pyridoxine deficiency.
In the serum, cystathionine levels may also be elevated in
this condition.

Daily intake of vitamin B6 (150 to 450 mg) prevents
the neuropathy of isoniazid and should be used by patients
on this drug. Once it is established, the neuropathy does not en-
tirely resolve but may improve with replacement vitamin B6.

Vitamin E
a-Tocopherol is the most active form of vitamin E present
in humans. Tocopherol is absorbed and incorporated into
chylomicrons in the small intestine. It is carried in portal
blood to the liver and a-tocopherol transfer protein
(a-TTP) binds and recycles vitamin E in the liver for incor-
poration into low-density lipoproteins and very low-density
lipoproteins.56 Once it is delivered to the cells, a-tocopherol
serves as an antioxidant, preventing free radical peroxidation
and injury to cell membranes. It is stored in adipose tissue,
liver, and muscle. Deficiency can occur at any stage of to-
copherol metabolism: reduced intake, fat malabsorption, in-
hibition of enterohepatic circulation, mutation of a-TPP, and
abetalipoproteinemia. Vitamin E deficiency leads to axonal
membrane injury, with resultant axonal degeneration of pe-
ripheral nerve, dorsal root ganglia, and posterior columns
(Figs. 40-8 and 40-9).57 Superficially, the spinal cord
abnormalities bear a striking resemblance to those found
with subacute combined degeneration of vitamin B12 defi-
ciency. However, the lesions of vitamin B12 deficiency are
due to spongy demyelination of the posterior columns and
lateral tracts, whereas those of vitamin E deficiency are the
result of swollen and dystrophic axons, or spheroids, and
astrocytosis in the posterior columns, dorsal root ganglia,
and Clarke’s column.

Vitamin E is fat soluble and found in abundance in
vegetable oils and wheat germ. The RDA is 10 mg (10
IU) for men and 8 mg (10 IU) for women. Patients at risk
for the development of vitamin E deficiency include those
who have the following clinical conditions: hypobetalipo-
proteinemia or abetalipoproteinemia (Bassen-Kornzweig
syndrome); other disorders of the pancreas and liver, such
as cystic fibrosis and primary biliary atresia; PEM; familial
vitamin E deficiency due to a defect in a-TTP; and other
malabsorptive states that result in cholestasis (Crohn’s dis-
ease, ulcerative colitis, and celiac disease) (Table 40-4).
Pregnancy increases vitamin E serum concentrations, but
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Figure 40-9. Teased nerve preparation in a patient with vitamin E defi-
ciency, demonstrating axonal degeneration (sural nerve and osmium im-
pregnation). (From Rosenblum JL, Keating JP, Prensky AL, Nelson JS:
A progressive neurologic syndrome in children with chronic liver disease.
N Engl J Med 1981;304:507.)

TABLE 40-4

Vitamin E Deficiency–associated Disorders

Abetalipoproteinemia (Bassen-Kornzweig disease)
Celiac disease
Chronic pancreatitis
Chronic cholestatic liver disease
Cystic fibrosis
Familial vitamin E deficiency (a-tocopherol transfer protein
mutation)

Homozygous hypobetalipoproteinemia
Inflammatory bowel disease
Intestinal lymphangiectasia
Malnutrition
Postgastrectomy
Short bowel syndromes
Total parenteral nutrition
Tropical sprue
Whipple’s disease

Adapted with permission from Jackson CE, Amatao AA, Barohn RJ: Isolated vitamin
E deficiency. Muscle Nerve 1996;19:1162. Reprinted by John Wiley & Sons, Inc.

Figure 40-8. Vitamin E deficiency myelopathy. Cross section of cervical
spinal cord. The triple arrowheads denote light-staining symmetrical areas
of degeneration involving the posterior columns. The two single arrow-
heads indicate involvement of the dorsal and ventral spinocerebellar
tracts. In the posterior columns, the fasciculus cuneatus is affected to a
greater extent than the gracilis. Microscopically, numerous swollen and
dystrophic axons (spheroids) and astrocytosis are present in the posterior
columns, and nerve cell loss is seen in the dorsal root ganglia (luxol-fast
blue-periodic acid-Schiff). (From Rosenblum JL, Keating JP, Prensky
AL, Nelson JS: A progressive neurologic syndrome in children with
chronic liver disease. N Engl J Med 1981;304:506.)

TABLE 40-5

Neurological Findings in Vitamin E Deficiency

Truncal and appendicular ataxia
Areflexia
Abnormal vibration sense and proprioception
Ophthalmoplegia
Retinitis pigmentosa and acanthocytosis (in patients with
abetalipoproteinemia)

Dysarthria
Generalized weakness
Extensor plantar responses
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premature infants often have low levels of vitamin E due to a
lack of adipose tissue as well as difficulty in transplacental
migration of the vitamin. The majority of patients who have
vitamin E deficiency are those with severe malabsorptive
states present since birth or rare familial vitamin E deficiency
due to transfer protein abnormalities.

Patients develop areflexia, cerebellar ataxia, cutaneous sen-
sory impairment, position and vibratory sense abnormalities,
and, less commonly, ophthalmoplegia, muscle weakness,
nystagmus, extensor plantar responses, ptosis, and dysarthria
(Table 40-5).58 Acanthocytosis and pigmentary retinopathy
is seen primarily in patients with abetalipoproteinemia.
Patients with abetalipoproteinemia and congenital malab-
sorption develop symptoms in childhood and adolescence.
Occasionally, adults with acquired malabsorption present
with progressive ataxia. The familial vitamin E deficiency
phenotype is indistinguishable from Friedreich’s ataxia
(Fig. 40–10). Autosomal recessive familial vitamin E
deficiency has been studied extensively and found to be
due to a frameshift mutation within the a-TTP gene on
chromosome 8. Defective a-TTP prevents incorporation of
vitamin E into very low-density lipoproteins.59,60

Friedreich’s ataxia, Machado-Joseph disease, and other
familial spinocerebellar ataxias61 should be considered in
the differential diagnosis of patients presenting with this
constellation of signs and symptoms.

Serum a-tocopherol is a reliable indicator of body vita-
min E content. Tocopherol isomers can also be assessed us-
ing thin layer chromatography. Approximately 90% or
more of vitamin E is a-tocopherol, which can be directly
measured in the serum. Occasional patients with hyperlip-
idemia may have a falsely low a-tocopherol level. Vitamin
E deficiency may result in electrophysiological abnormal-
ities, including low-amplitude sensory nerve action poten-
tials, slowed conductions, and abnormal somatosensory
evoked potentials.62

Administration of a-tocopherol (400 mg bid) may
reverse or prevent the progression of the effects of a defi-
ciency state. Doses of up to 100 mg/kg/day may be required
in those with abetalipoproteinemia and the familial vitamin
E deficiency syndrome. Whereas oral doses of a-tocopherol
correlate well with plasma levels, comparable increases in
the ventricular cerebrospinal fluid do not occur, suggesting
that CNS penetration may be exceedingly low.63 An inject-
able vitamin E preparation is available for those who cannot
absorb oral medication. The prognosis for recovery de-
pends on the duration of symptoms before the initiation of
treatment. Vitamin E supplementation has been found to be



Figure 40-10. Patient with isolated vitamin E deficiency demonstrating gait
characterized by pseudodystonic extension of the knees, as well as promi-
nent lordosis, and genu recurvatum. (From Jackson CE, Amato AA,
Barohn RJ: Isolated vitamin E deficiency. Muscle Nerve 1996;19:1163.
Reprinted by John Wiley & Sons, Inc.)
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protective from chemotherapy-induced neuropathy when
administered prior to receiving cisplatin or paclitaxel.64

Pantothenic Acid, Vitamin A, and Vitamin D
Pantothenic acid is part of CoA, an essential element of
carbohydrate and fatty acid synthesis and degradation.
Because of its ubiquity, no single neurological syndrome
is known to be caused by pantothenate deficiency, with
the exception of generalized malaise.65

Vitamin A, derived from b-carotene, is necessary for
normal vision and reproduction. Deficiency leads to night
blindness and corneal ulceration.66 Hypervitaminosis of
25,000 IU daily for 1 or 2 years may cause symptoms of
pseudotumor cerebri, including raised intracranial pressure
and visual disturbances.67,68 Hypervitaminosis in pregnant
mothers may lead to birth defects and learning disabilities.

Vitamin D is necessary for calcium absorption in the
gut. Deficiency leads to osteomalacia, hypocalcemia, and
hypophosphatemia.69 The reason why muscle weakness
occurs in such patients is unclear, and the phenomenon is
explained only in part by low serum calcium.70,71
PROTEIN-ENERGY MALNUTRITION

In acute starvation, the nervous system sustains itself first
on glucose derived from alanine and then on ketone bodies
from the breakdown of fats. This process continues until fat
is depleted, and then catabolism returns to visceral pro-
teins. Death results from cardiac muscle resorption and
eventual cardiac failure. In chronic PEM, the nervous sys-
tem adapts poorly, and a retarded rate of brain growth,
hypomyelination, and slowed conduction velocities of
peripheral nerves results.

Chronic PEM has traditionally been a disease of the
Third World, particularly Africa and Asia. In industrialized
countries, it is seen in young children in poverty, the el-
derly, alcoholics, or children born to malnourished mothers.
By a strict definition of acute loss of 10% body weight, PEM
also occurs in hospitalized elderly, particularly those
suffering from sepsis, burns, or other serious illnesses that
preclude a normal diet. Up to 27% of hospitalized elderly
develop PEM during their hospital stay, with an associated
increased risk of mental status changes, depression, and pro-
longed length of stay.7 In patients with third-degree burns,
up to 500 g of muscle may be lost in a day, and death from
malnutrition may occur in 2 or 3 weeks.

Traditionally, PEM has been viewed as either a primary
protein deficiency (kwashiorkor) or an energy deficiency
(marasmus). Kwashiorkor occurs in children older than
18 months and is often associated with diarrheal illnesses
or other infectious diseases. Owing to the severe protein
deficiency, circulating serum proteins are inadequate to
maintain normal oncotic pressure, leading to marked pe-
ripheral edema. Marasmus occurs in children younger than
1 year of age and is not accompanied by edema. PEM may
cause mental changes, including apathy and irritability,
muscle wasting, generalized weakness, hypotonia, hypore-
flexia, and gait impairment. Following a return to a normal
diet, an acute encephalopathy has been described in some
patients with PEM marked by rigidity, tremors, asterixis,
and mental confusion.72,73 Infectious diseases may precipi-
tate kwashiorkor in a patient with borderline malnutrition.
PEM needs to be distinguished from other wasting condi-
tions and edematous states such as thiamin deficiency,
HIV infection, and the cachexia of malignancy.

The patient’s nutritional status should be assessed by a
careful dietary history. Energy malnutrition is defined as
a 10% loss of ideal body weight.7 Protein malnutrition
requires assessment of serum proteins, including albumin,
prealbumin, and total lymphocyte count. Because asterixis
may be seen in some patients recovering from kwashiorkor
and may be mistaken for hepatic encephalopathy, measure-
ment of serum ammonia is often helpful to exclude this
diagnosis.

Nutritious food and vitamin supplements generally lead
to a complete recovery. Whether PEM results in long-term
growth retardation and delayed intellectual development is
controversial.74 This condition is best prevented by educa-
tion of affected family members on proper nutrition. In the
United States, hospitalized elderly are perhaps at the great-
est risk for PEM, and nutritional assessments of all patients
at risk should be undertaken at admission to prevent seri-
ous malnutrition and to reduce the incidence of morbidity
and mortality.
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OTHER NUTRITIONAL SYNDROMES

Copper Deficiency Myeloneuropathy
Subacute combined degeneration has been reported in
patients with copper deficiency.75 In several instances,
the cause was excessive zinc consumption in the form of
remedies for prevention of colds and upper respiratory in-
fections. Others have acquired the disorder as the result
of malabsorption from gastric bypass or gastric reduction
surgery. In a series of 25 patients, Kumar and colleagues75

found that all had gait dysfunction, likely due to sensory
ataxia from posterior column dysfunction. Corticospinal
signs and evidence of peripheral neuropathy were present in
many. Seventeen of 23 had elevated serum zinc levels. Ten
had a prior history of gastric surgery. Copper supplementation
did not appear to reverse the clinical findings. Copper may
now be added to other nutrient deficiencies, vitamin B12 and
vitamin E, that may result in a myeloneuropathy.

Pyridoxine Toxicity Neuropathy
Excess pyridoxine also results in a peripheral neuropathy.
Megadoses of pyridoxine produce a large fiber sensory neu-
ropathy, generally in excess of 2 g/day,76 but this has been
reported with long-standing use of as little as 200 mg/
day.77,78 Paresthesias, ataxia, and burning feet may occur
abruptly after megadoses or from 1 month to 3 years after
lower doses. Sural nerve biopsies show reduced myelin fiber
density and myelin debris, suggesting axonal degeneration.
After stopping pyridoxine, all patients improve, but the con-
dition resolves entirely in only a few. Contrary to common
misconceptions, such cases demonstrate that a water-soluble
B vitamin may be toxic when taken in megadoses.

Strachan’s Syndrome
In 1888, Henry Strachan, a British medical officer sta-
tioned in Jamaica, described a syndrome of painful periph-
eral neuropathy, ataxia, optic neuropathy, and stomatitis
among sugarcane workers.79 Denny-Brown12 and others
found similar ailments among Allied troops liberated from
prisoner-of-war camps after World War II. In these
patients, other symptoms included sensorineural deafness,
dizziness, confusion, spastic leg weakness, foot drop, Wer-
nicke’s encephalopathy, and rare cases of neck extensor
weakness and myasthenic bulbar weakness. Poor nutrition,
hard physical labor, and concurrent infection were thought
to be exacerbating factors. In Fisher’s autopsy series of
Canadian prisoners of war, the most prominent pathologi-
cal finding was demyelination of the posterior columns
of the thoracic and cervical spinal cord.80 This demye-
lination accounted for the loss of vibratory and position
sense and sensory ataxia. Pathologically, the optic and
auditory nerves showed moderate to severe demyelination.

An outbreak of optic and peripheral neuropathy closely
resembling Strachan’s syndrome occurred in Cuba in
1992 and 1993, following the loss of food and fuel exports.81

Fifty thousand people developed isolated or combinations
of optic neuropathy, painful sensory neuropathy, dorsolat-
eral myelopathy, sensorineural deafness, spastic paraparesis,
dysphonia, and dysautonomia. Almost half (45%) developed
centrocecal scotoma and optic neuropathy only, often fol-
lowing a period of weight loss. Optic neuropathy and mye-
loneuropathy were seen in 24%, optic neuropathy and
sensorineural hearing loss in 14%, and peripheral and optic
neuropathieswith hearing loss in 7%.72 Proposedmechanisms
included vitamin B complex and thiamin deficiency, cyanide
intoxication, viral infection, and mitochondrial deletion.
Infections appeared to precipitate or exacerbate symptoms.
Almost all patients responded to early supplementation with
B complex vitamins. Evidence for peripheral nerve involve-
ment has beenmixed. Clinical evidence of neuropathy is often
lacking despite severe symptoms. Fisher80 examined the pe-
ripheral nerves in 2 of 11 patients at postmortem and found
no abnormalities; however, nerve teasing and modern histo-
pathological techniques were not used. Osuntokun82 docu-
mented peroneal nerve conduction slowing and normal
conductions of the median and ulnar nerves, whereas Borra-
jero and coworkers83 found abnormal sural nerve action
potentials only in the most severely affected individuals
(Video 217, Anterior Interosseous Neuropathy, Pinch Sign;
Video219,UlnarNeuropathy, FromentSign). Sural nervebiop-
sies showed axonal degeneration of large myelinated fibers.

Extensive study of the epidemiology of the Cuban out-
break revealed smoking, weight loss, sugar consumption,
and excessive alcohol intake as risk factors. Urban men
25 to 64 years of age were most affected. Pregnant women,
children, and the elderly were minimally affected; how-
ever, these groups were targeted for supplementation
before the outbreak. Women were more likely to develop
paresthesias in the feet, whereas men were more likely to
develop optic neuropathy.84 In Africa, pregnant women
are most vulnerable, 82 and smoking and weight loss are
the strongest risk factors for the optic neuropathy variant.

This clinical syndrome should be distinguished from
beriberi, vitamin B12 deficiency, pellagra, tropical spastic
paraparesis (human T cell lymphotropic virus-1 [HTLV-
1]), tropical ataxic neuropathy of Africa, subacute myelo-
optic neuropathy, clioquinol ingestion in Japan, Leber’s
optic neuropathy, and nutritional amblyopia. In order to
do so, the following should be obtained: dietary and family
histories; vitamin B12, folate, and transketolase levels;
medication history; and an HTLV-1 assay.

Treatment consists of re-establishing a balanced diet with B
complex vitamin and vitamin A supplementation. In the
Cuban experience, long-term sequelaewere rare becausemost
had early treatment with nutritional supplements, including
B complex and vitamin A. In prisoners of war with long-
standing symptoms, persistent ataxia, burning feet, and visual
defects often persisted despite adequate supplementation.

Postgastroplasty Polyneuropathy
Acute post-gastric restriction surgery (APGARS) neu-
ropathy may affect up to 7% of patients following weight
reduction surgery.85 Some patients undergoing bariatric,
or weight reduction, surgery develop a syndrome of acute
or subacute sensory loss, weakness, and areflexia in the
limbs, usually following a period of dramatic weight loss
and repeated bouts of protracted vomiting.86 Some have also
developed a type of encephalopathy that is clinically and
pathologically identical to WKS, with or without an asso-
ciated polyneuropathy.14 Indeed, Wernicke and Korsakoff
each described young women with intractable vomiting in
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their original reports: One woman had attempted suicide by
drinking sulfuric acid, whereas the other had hyperemesis
gravidarum.8

Thaisetthawatkul and colleagues85 compared 435 patients
who had bariatric surgery with controls having gallbladder
surgery. They found that 16% developed some form of neu-
ropathy compared with 3% in the gallbladder group. Of the
71 included, more than half had entrapment neuropathy,
mostly carpal tunnel syndrome. Twenty-seven had a poly-
neuropathy, and 5 had a radiculoplexus neuropathy. Sural
nerve biopsies in 5 patients (4 polyneuropathy and 1 radic-
uloplexus neuropathy) showed prominent axonal degen-
eration with variable degrees of perivascular mononuclear
cell infiltration. No definite vasculitis was seen. Risk factors
identified for neuropathic complications of bariatric sur-
gery were acute weight loss, excessive vomiting, postopera-
tive complications, poor vitamin supplementation, and
jejunoileal bypass procedure.

Intractable vomiting is a constant feature. The syndrome
may present suddenly several months after surgical pro-
cedures that include gastrojejunostomy, gastric stapling, ver-
tical banding gastroplasty, and gastrectomy with Roux-en-Y
anastomosi.13 Following a period of recurrent vomiting and
precipitous weight loss, patients develop numbness and
tingling in the soles of the feet, calves, and thighs. Distal or
proximal weakness may develop, and the patient may have
difficulty arising from a chair or climbing stairs. Examination
shows symmetrical sensory loss in the legs more than the
arms, muscle weakness, and areflexia (Video 259, Sensory
Polyneuropathy). Patients may develop quadriparesis and
prolonged or permanent disability. Autonomic disturbances
and orthostatic hypotension have also been recognized.When
the condition is accompanied by encephalopathy, patients
may demonstrate confusion, memory loss, and affective
disturbances. Many patients have been mistakenly diagnosed
early in their course as having a conversion disorder.14

The polyneuropathy is axonal and demyelinating in type,
acute in onset, and slow to resolve. Pathological studies
have shown axonal degeneration. One report of lipid-laden
neurons and Schwann cells surrounding demyelinating and
degenerating axons has not been replicated.86

The pathophysiology of this disorder is unknown but is
likely polynutritional. The degree of disability appears to
depend on the duration and severity of symptoms before
diagnosis and treatment. Most patients have some residual
weakness and sensory loss.

ALCOHOL AND THE NERVOUS SYSTEM

Overview and Pharmacology
Alcohol is one of the most widely used psychoactive drugs,
and alcoholism is characterized by the chronic, repetitive,
excessive use of alcohol such that it interferes with the
health, personal relationships, and livelihood of the drinker.
In pharmacological terms, alcoholism is the addiction to
alcohol. Although the cause of alcoholism is unknown, there
clearly are genetic, environmental, and cultural factors
involved. In the United States, the incidence of alcoholism
cannot be determined specifically, but it is estimated that
10% of adult Americans are affected by alcohol abuse and
dependence.
The active ingredient in most common alcoholic
beverages is ethanol or ethyl alcohol, yet other impurities,
including enanthic ethers, amyl alcohol, and acetaldehyde,
may be contained in some liquors. Alcohol is absorbed from
the stomach as well as the duodenum and jejunum and can be
detected in the blood within 5 minutes of ingestion. Absorp-
tion rates are faster in patients with gastrectomies and in
those individuals who are habituated to alcohol. Once it is
in the bloodstream, alcohol enters other organs and can be
detected in the cerebrospinal fluid, urine, and alveolar air. Al-
cohol is metabolized mainly in the liver, where it is oxidized
to acetaldehyde via multiple enzymes but most importantly
through the actions of alcohol dehydrogenase. Oxidation
may also occur through peroxisomal and mitochondrial cata-
lases, as well as by the microsomal ethanol-oxidizing system.
Acetaldehyde may have effects independent from those of
alcohol in the development of intoxication and addiction,
although this remains speculative. As an end product, acetal-
dehyde is probably converted to acetate through the action of
aldehyde dehydrogenase, but the exact degradation product
of acetaldehyde is unknown. Once alcohol absorption ceases
and equilibration within tissue has occurred, alcohol is
metabolized at a constant rate without correlation to its blood
concentration. This contrasts with acetaldehyde metabolism,
which does depend on the tissue concentration of this metab-
olite. The rate of metabolism of alcohol can be enhanced
by the administration of insulin, amino acids, and fructose,
whereas starvation has the opposite effect.

The mechanism of action of alcohol on the nervous sys-
tem has been debated for decades, and since the beginning
of the 20th century, some investigators have speculated that
alcohol acts as a nonspecific drug, producing its actions via
perturbation of neuronal membrane lipids. More recently,
it has been suggested that ethanol acts at the interface be-
tween membrane lipids and integral membrane proteins.87

Neurotransmitter-gated ion channels have also been the fo-
cus of attention regarding the potential sites of alcohol
action, including nicotinic acetylcholine, GABAA, and N-
methyl-D-aspartate (NMDA) receptor-ion channels. Alcohol
affects the function of these receptor-ion channels mostly
via direct interactions, yet the molecular structure of the
alcohol-binding site has yet to be determined.

Tolerance to alcohol is defined as an acquired resistance
to the effects of the drug, which can be related to phar-
macokinetic, pharmacodynamic, environmental, and be-
havioral factors. It has been hypothesized that tolerance
represents an adaptive change in the CNS with mechanistic
similarities to learning or memory function. Szabo and
Hoffman88 demonstrated that daily intracerebral injections
of human recombinant brain-derived neurotrophic factor,
neurotrophin-3, and neurotrophin-4/5, following ethanol
withdrawal, maintained ethanol tolerance compared with
controls. The authors suggested that some neurotrophins
may modulate neuroadaptation to ethanol through their
actions as growth factors or the modulation of the function
of postmitotic neurons. These actions could ultimately re-
sult in alterations in gene expression, producing the ob-
served behavioral consequences. Tolerance to alcohol
may also involve adaptive changes in neuronal membrane
lipids, neurotransmitter receptors, ion channels, or intracel-
lular secondary messengers that serve to counteract the
short-term effects of alcohol.
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Acute Intoxication
In the nervous system, alcohol acts as a depressant, and
small doses may lead to disinhibition or a slight euphoria.
The toxic effects of alcohol become more prominent with
rising blood levels, yet through repeated consumption
humans can become habituated rapidly. Although blood
levels of 100 mg/dL typically cause drunkenness in occa-
sional imbibers, chronic alcohol abusers can tolerate levels
up to 500 mg/dL without any apparent effects. The toxic
effects of alcohol can be produced in any individual who
ingests sufficient quantities of the substance. The state of
drunkenness or acute intoxication is recognized by slurred
speech, an erratic gait, and disinhibited verbosity and behav-
ior. The phenomenon of acute intoxication depends on the
blood alcohol concentration, the rate at which it has been
attained, and the time during which it has been maintained.89

Pathological intoxication refers to an episode of uncharacter-
istic behavior during a drinking bout. This behavior may in-
clude violence and is mainly attributable to the disinhibiting
effect of a heavy consumption of alcohol. This behavior typ-
ically abates as the blood alcohol level falls, but occasionally
the use of restraints and sedation may be necessary. Paren-
teral sedatives, including phenobarbital and benzodiazepines,
may be used.

An alcoholic blackout refers to a period of time during
acute alcoholic intoxication that a person subsequently does
not recall. It is a blank space in the continuum of a person’s
memory and objectivity, and there are no outward signs
other than those of typical drunkenness. The blackouts may
be complete or partial. These blackout periods correlate
poorly with withdrawal symptoms and are not associated
with chronic memory disturbances or the alcoholic dementia
seen in some individuals. Blackout periods are associated
with a high blood alcohol level and may occur in both the
social and the dependent drinker. Management includes
supportive therapy and education.

The syndrome of drunkenness is so well recognized,
even among lay people, that the main challenge for physi-
cians is not to overlook concomitant intoxication with other
drugs or other causes for ataxic gait, stupor, and coma.
A blood alcohol level is the most important laboratory
test to support a diagnosis of alcohol intoxication. However,
because habituated alcoholics can tolerate several times
the levels of nonhabituated individuals, the test result must
be interpreted in light of the person’s status in this regard.

The most important therapeutic problem in the setting of
acute intoxication is respiratory depression. With higher
blood alcohol levels, stupor and coma can occur, yet there
are no distinctive clinical characteristics of alcoholic coma.
The diagnosis should be suggested by the clinical setting.
Respiratory depression is an early feature, so the diagnosis
must be made promptly and should be treated in an inten-
sive care unit. Mechanical ventilatory support should be
instituted when necessary, and hypovolemia, acid-base bal-
ance, electrolyte, and temperature abnormalities must be
corrected. Glucose (50 mL of 5% solution) with 100 mg
intravenous and 100 mg intramuscular thiamin should be
given if hypoglycemia is suspected. Because alcohol is
absorbed rapidly, gastric lavage with activated charcoal is
not likely to be of value in preventing a deeper intoxica-
tion. Death has occurred with blood alcohol levels of
4000 mg/L, and a level of 5000 mg/L is lethal in 50% of
patients.90 Recovery from alcohol-induced coma with high
blood alcohol levels can be hastened with hemodialysis,
but this measure is rarely indicated.91 Unless the patient
develops fatal coma or suffers trauma as a result of incoor-
dination, virtually all episodes of acute alcohol intoxication
resolve without sequelae.

Withdrawal Syndromes
The manifestations of alcohol withdrawal occur when a
person decreases or stops a high level of alcohol intake,
either after a binge lasting a matter of days or after the reg-
ular ingestion of alcohol sustained over many months.
Although the exact mechanisms are not known, most
symptoms appear related to overactivity of various portions
of the nervous system resembling a “rebound” phenome-
non after profound suppression, and its basis may relate
to alterations in the function of GABA or NMDA receptor
systems. The earliest findings of alcohol withdrawal typi-
cally occur within 6 to 8 hours of alcohol cessation.92

Tremulousness is the earliest and most common complaint,
and many alcoholics view their so-called shakes as an indi-
cation that it is time to resume drinking in order to avoid
more severe complications of withdrawal. Tremor appears
within hours of cessation of alcohol ingestion and gradu-
ally increases to a peak within 1 or 2 days.93 The tremor
is postural and appears to be irregular due to its variable
but large amplitude (Video 60, Marked Postural Tremor).
The amplitude may increase at the end points of an action,
and the typical frequency varies from 6 to 11 Hz.94 This
movement abnormality mainly involves the hands but can
cause titubation (Video 208, Titubation). The tremor remits
during relaxation and sleep but often persists for weeks af-
ter discontinuation of alcohol consumption. The patho-
physiological mechanisms of the tremor are not known,
but it probably represents an exaggerated physiological
tremor.95 The tremulousness is associated with hyperacuity
of all sensory modalities, hyper-reflexia, hypervigilance,
anxiety, tachycardia, hypertension, and insomnia. The se-
verity of these signs and symptoms varies with the inten-
sity and duration of the previous alcohol exposure. In
mild forms of withdrawal, the signs and symptoms usually
resolve after 48 hours.

In severe reactions, patients may experience additional
symptoms including auditory hallucinations, which usually
take the form of identifiable voices saying critical or
threatening things to the patient. When they occur, halluci-
nations generally appear within 24 hours of withdrawal. At
first, patients tend to accept the voices as real and react ac-
cordingly, but as the intensity of the hallucinations wanes,
they recognize their true origin. The hallucinosis may be
accompanied by global confusion, and the autonomic hy-
peractivity continues and may become more pronounced.

Between 6 and 48 hours following alcohol discontinua-
tion, seizures occur in approximately 3% or 4% of un-
treated patients.96,97 Although the seizures are almost
always multiple with short interictal intervals over a few
hours, there may be only a single seizure.96 The seizures are
generalized tonic-clonic, and focal seizures should suggest
the presence of a focal lesion in addition to the effects of
the alcohol. Alcoholics may also develop seizure disorders
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as a result of acute head trauma, the presence of a subdural
hematoma, or other causes seen in nonalcoholics. Alcohol
withdrawal may also potentially aggravate any preexisting
seizure disorder unrelated to the alcohol abuse. Thirty to for-
ty percent of patients with seizures progress to delirium tre-
mens if they are left untreated.92,98 One-fourth of these
individuals do so without an interceding lucid period. The
remaining individuals have a period of improvement
ranging between 12 hours and 5 days.92,98,99

Delirium tremens comprises a combination of psychic
and autonomic hyperactivity, occurring usually after 3 to
5 days of alcohol abstinence but may be seen as late as
14 days. Only 5% or 6% of untreated patients withdrawing
from alcohol develop this syndrome.98 Patients with delir-
ium tremens are agitated, hallucinating, and confused.
The hallucinations are frequently of a visual nature, but
other types occur. In addition, fever, tachycardia, diaphore-
sis, hypertension, and confusion are typical. Seizures are
uncommon during this phase of withdrawal. Once it is
present, the delirium typically lasts for 3 days.

Often by the time patients reach the hospital, alcohol is
no longer detectable in the blood. Therefore, the diagnosis
depends on the history and documentation of other clinical
signs that are suggestive of chronic alcoholism (e.g., liver
disease). Patients with seizures or delirium tremens require
laboratory screening for superimposed metabolic disorders
that may contribute to the clinical picture. Additionally,
individuals with clinically uncharacteristic seizures should
undergo computed tomography scan of the brain to rule
out focal trauma, stroke, or hemorrhage. The electroen-
cephalogram (EEG) may also be helpful in this setting be-
cause it may demonstrate focal slowing or epileptiform
activity. Generally, the EEG shows a sequence of changes
induced by alcohol, beginning with a decrease in the fre-
quency during chronic intoxication and followed by a re-
turn to normal with alcohol cessation. During the awake
EEG, withdrawal seizures may be precipitated by photic
stimulation.

Febrile, delirious patients should have close monitoring
of their vital signs, preferably in an intensive care unit,
while a search is conducted for possible sources of infec-
tion that may cause or contribute to the clinical presenta-
tion. Volume repletion is often necessary due to excessive
perspiration. Owing to possible nutritional deficiencies,
100 mg intravenous and 100 mg of IM thiamin should be
provided before the administration of glucose in order to
prevent the acute precipitation of WKS. Intravenous fluids
should also be supplemented by daily B complex vitamins.
Benzodiazepines are helpful in reducing anxiety and trem-
ulousness and may be useful in the prevention of seizure
activity during withdrawal.100 Chlordiazepoxide and diaze-
pam are long-acting drugs with pharmacologically active
metabolites, and repeated daily dosages can result in ac-
cumulation of these agents. Oxazepam, in contrast, is rap-
idly converted to an inactive compound and does not
accumulate and contribute to excessive CNS depression.

b-Blockers or clonidine can be used to treat the asso-
ciated tachycardia and hypertension.101,102 Because with-
drawal seizures are typically self-limited, treatment is
generally not required. Furthermore, the value of phenytoin
in uncomplicated withdrawal seizures has not been demon-
strated, and the long-term administration of anticonvulsants
is usually ineffective in preventing recurrences. Some stud-
ies have reported better control of seizures in patients with a
previous history of seizures when phenytoin is added to ben-
zodiazepine administration. Evidence from other reports
has conflicted with this finding. Status epilepticus is rare in
alcohol withdrawal but should be treated in a manner similar
to other clinical settings.

As a group, the alcohol withdrawal syndromes represent
self-limited episodes that resolve with no residual effects.
However, delirium tremens carries a measurable mortality
rate (perhaps 10% to 20%) due to autonomic dysfunction.
The obvious means of preventing these disorders is drinking
alcohol only in moderation. For those who are abusing alco-
hol already, the only sure way to prevent withdrawal syn-
dromes is to continue the alcohol, which is rarely practical
in a hospital setting.

Alcoholic Dementia and Cerebral Atrophy
Some authorities have contended that chronic excess in-
gestion of alcohol leads to cerebral atrophy and alcoholic
dementia. However, the notion that alcohol has a direct
toxic effect on cerebral tissue is greatly disputed. Most
cases of dementia in alcoholics can be explained on the ba-
sis of Korsakoff’s disease, other nutritional deficiencies, or
medical causes. This syndrome has been described only in
long-standing alcohol abusers, and the essential clinical
features of this putative syndrome are the combination of
cognitive and behavioral deficits, including impaired mem-
ory and judgment, loss of social refinements, and paranoid
ideation. Symptoms and signs develop gradually and con-
tinue to progress as long as alcohol abuse continues. Patients
often show other stigmata of long-standing alcohol abuse.
The major diagnostic distinction is with a slowly evolving
form of Korsakoff’s psychosis. Other considerations when
encountering an impaired intellect in alcoholics include he-
patic encephalopathy, subdural hematoma, hydrocephalus
(from prior trauma ormeningitis), or anoxic encephalopathy.
Other dementing illnesses unrelated to alcoholism, such as
Alzheimer’s disease, should be considered. Brain imaging
may reveal shrinkage of cerebral volume, especially in the
frontal lobes. This finding is potentially reversible if patients
can cease alcohol intake. Hippocampal volume deficits have
been documented in Korsakoff’s disease using quantitative
MRI scanning.103 To the extent that some cases represent a
slowly evolving form of Korsakoff’s disease, regular inges-
tion of thiamin supplements should help prevent the devel-
opment of dementia. Once it is established, the dementia
tends to remain static if alcohol consumption decreases,
whereas it may progress if there is no change in lifestyle.

Deficiency Amblyopia
This disorder is most likely related to the depletion of one
or more B vitamins, although none has been specifically
implicated. Deficiency amblyopia occurs only after severe
and prolonged nutritional deprivation. The strict dietary
deficiencies required to produce amblyopia are known to
occur mainly in mistreated prisoners of war and alcoholics.
Smoking tobacco was once considered another risk factor
(hence the alias tobacco-alcohol amblyopia), but this is
no longer believed to be true.
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Patients with this disorder experience the subacute onset
(over days to weeks) of symmetrical loss of visual acuity,
and colors perceived appear to be washed out. On examina-
tion, the central portion of vision is especially impaired, and
occasionally patients exhibit pallor of the optic discs. Patients
often have evidence of other syndromes of nutritional
deficiency, including a predominantly sensory polyneuropa-
thy (Video 5, Sensory Ataxia). The possible causes of optic
neuropathy are legion, and most are muchmore common than
deficiency amblyopia. The diagnosis should be suggested by
the clinical setting.

The most valuable test in the evaluation of these patients
is perimetry, which allows for the confirmation of the cen-
tral or centrocecal distribution of the visual field defect.
The diagnosis can be solidified, retrospectively, by a posi-
tive response to treatment. Because this disorder results
from extreme nutritional deprivation, prevention is rela-
tively easy. Any reasonably balanced diet should provide
sufficient vitamin intake for this purpose. Substantial re-
covery is possible in most cases by eating a nutritious diet
supplemented by multivitamins. The majority of patients
recover if proper treatment is instituted and the degree
of recovery is inversely proportional to the duration of
nutritional deprivation.

Cerebellar Degeneration
Although a definite association between cerebellar de-
generation and nutritional deficiency is not established in
alcoholism, thiamin deficiency is suggested by the clinical
and pathological resemblance to the cerebellar involvement
in Wernicke’s disease. Alcoholism is the chief risk factor
for the development of this disorder, and males are affected
more often than females. The main clinical manifestation
is a disorder of gait characterized by instability and a
widened base. Patients are unable to walk with one foot
placed in front of the other and occasionally there is frank
ataxia of the lower extremities, which is best appreciated
on a heel-to-shin test (Video 212, Heel-to-Shin Testing).
The gait disorder develops gradually or, occasionally, in
a stepwise fashion. The upper limbs are only rarely
involved.

Because this disorder is associated with alcoholism,
many patients have evidence of other complications
of nutritional deficiency, particularly a polyneuropathy.
In alcoholics, alternative causes of gait ataxia include
Wernicke’s disease, acquired hepatocerebral degeneration,
and the effects of head trauma. Cerebellar syndromes
featuring prominent speech or oculomotor deficits should
suggest another cause for the ataxia, even in alcoholics
(Video 214, Stance Ataxia).

MRI may demonstrate atrophy of the anterosuperior ver-
mis, which is best seen on a midline sagittal image. With
the uncertain pathogenesis, the only known effective pre-
ventive measure is the treatment of alcoholism. However,
it is likely that avoiding nutritional deficiency would elim-
inate the risk of alcoholic cerebellar degeneration. The
utility of vitamin supplementation after the cerebellar de-
generation has occurred is unproven. In most cases, the gait
disorder progresses over weeks to months and then persists
indefinitely. A small number of patients show only brief
manifestations with spontaneous resolution.
Marchiafava-Bignami Disease
The majority of the pathological changes in this disease
occur in the middle lamina of the corpus callosum. The
mechanism responsible for the white matter damage and
the reason for the particular vulnerability of the corpus cal-
losum are unknown. Long-standing alcohol abuse is clearly
a risk factor, but Marchiafava-Bignami disease has also
been described in nonalcoholics. The rarity of this disorder
when measured against the prevalence of alcoholism also
suggests that other factors are involved. Originally thought
to selectively affect Italians, Marchiafava-Bignami has
been found in other populations as well.

There is no consistent or typical clinical presentation,
but manifestations usually encompass both cognitive and
behavioral aspects. Many patients appear to become pro-
gressively demented, disinhibited, or aggressive. Transient
neurological deficits, often focal in nature, may form part
of the clinical picture. Seizures and impaired consciousness
may be terminal events. Because chronic alcoholism is pres-
ent in most cases, other typical findings in this population
include polyneuropathy or ataxia. Hospital admissions, how-
ever, are usually precipitated by complications of alcohol
withdrawal. Korsakoff’s psychosis, alcoholic dementia, he-
patic encephalopathy, and subdural hematoma form a partial
list of conditions causing dementia or behavioral disorders
in alcoholics and should be considered in the differential diag-
nosis. Brain MRI scans may show lesions in the corpus callo-
sum. Inmost cases, the disorder progresses slowly, sometimes
taking years to lead to stupor, coma, and death.
Alcoholic Myopathy
There are two forms of alcoholic muscle disease: (1) an
acute, painful myopathy associated with weakness, cramps,
swollen and tender muscles, high creatine kinase (CK), and
rhabdomyolysis with or without myoglobinuria; and (2) a
chronic myopathy that is painless and often unnoticed by the
patient, causing proximal weakness and type II fiber atrophy
on nerve biopsy. In addition to skeletal muscle involvement,
patients may have an associated cardiomyopathy.104

Proposed mechanisms of alcoholic injury have included
mitochondrial dysfunction, phosphorus and potassium de-
pletion, and rhabdomyolysis induced by either alcohol-
related seizures or limb compression from alcoholic stupor.
Alcohol may also act synergistically with nutritional defi-
ciencies to disrupt energy metabolism, although a mito-
chondrial defect has not been demonstrated.105 The acute
myopathy may require an additional insult, such as hypo-
kalemia, fasting, seizures, delirium tremens, or prolonged
limb compression. In chronic myopathy, type IIb fiber
atrophy and fiber size variability are present.106 In acute
myopathy, necrosis with or without inflammation, regener-
ating fibers, and type I atrophy are seen pathologically.
Women aremore susceptible thanmen to develop this compli-
cation due to a 40% lower dose of alcohol required to produce
cardiac and skeletal myopathy.104 Women may metabolize
alcohol more slowly, leading to higher blood levels, possibly
due to decreased gastric alcohol dehydrogenase and liver
metabolism.

Acute necrotizing myopathy and rhabdomyolysis cause
severe painful swelling of one or more muscles with
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induration of the skin and soft tissues. CK levels may be
elevated, and myoglobinuria may result in acute renal fail-
ure. Acute attacks resolve in days to weeks after abstain-
ing, and long-term disability is uncommon unless the
patient has repeated attacks.107 Chronic myopathy is pain-
less weakness of proximal muscles. Cardiomyopathy,
peripheral and autonomic neuropathies, and other compli-
cations of alcohol abuse may be concomitantly present in
these patients. Other myopathic processes, including in-
flammatory (polymyositis/dermatomyositis), endocrine
(thyroid, cortisol), electrolyte disorders (low potassium,
phosphorus, calcium, and magnesium), toxins (colchicine),
and infectious agents (legionella, mycoplasma, viral),
should be considered in this clinical setting.

Martin and colleagues106 performed muscle biopsies in
151 consecutive inpatient alcoholics. Only half had weak-
ness, and 15% had an elevated CK level. Chronic myopathy
was observed in 60%, and 5% had necrosis, suggesting an
acute myopathy on muscle biopsy. Clinical evidence of
peripheral neuropathy was suggested in 65%, yet half were
asymptomatic.

In the evaluation of these patients, laboratory studies
should include CK, aldolase, electrocardiograph, and echo-
cardiogram. In one series of patients, the aldolase level was
more commonly elevated than CK and may be more help-
ful in the diagnosis.105 Rarely, when the diagnosis is in
question, a muscle biopsy is warranted. Management
includes strict abstinence from alcohol, intravenous saline
diuresis to prevent renal failure from myoglobinuria, and
thiamin and multivitamin supplementation.

Alcoholic Neuropathy
Alcoholic neuropathy is difficult to separate from nutri-
tional, specifically thiamin-deficient, neuropathy.108 The
clinical pattern and pathology of axonal degeneration is
virtually identical to beriberi. The incidence ranges from
9% to 30% among hospitalized alcoholics,109,110 and up
to 93% of ambulatory alcoholics may have electrophysio-
logical evidence of neuropathy.111 Victor and associates8

found signs of polyneuropathy in 82% of 230 patients with
WKS, and 84% of patients who were able to give a dietary
history reported at least a 20-pound weight loss in the pre-
vious year. Alcoholic neuropathy occurs in those patients
consuming at least 100 g of alcohol daily for several years.
It is potentiated by nutritional deficiency. Men outnumber
women, but women may be more susceptible at lower
doses than men.112 Although it is not known how alcohol
injures peripheral nerves, theories include altered mem-
brane lipid permeability113 and oxidation injury from free
radical formation.114 Pathologically, the peripheral nerve
undergoes axonal degeneration with loss of large and small
myelinated fibers in autonomic,115 sensory, and motor
nerves.112

New evidence has emerged that indicates a primary neu-
rotoxic effect of ethanol in humans. In an attempt to sepa-
rate thiamine from alcoholic neuropathy, Koike and
associates19 examined 18 patients with alcoholic neuropa-
thy and normal thiamin status. The patients demonstrated
slowly progressive sensory-predominant neuropathy of
the feet, axonal neurophysiology, and loss of small mye-
linated and unmyelinated fibers on sural nerve biopsy
(Video 98, Romberg Sign). Half the patients demonstrate
autonomic dysfunction, such as orthostatic hypotension.
In a further study, Koike and associates examined 64 patients
with alcoholic neuropathy and measured both thiamin
(normal range, 20 to 50 ng/ml) and erythrocyte transketo-
lase activity (123.8 to 206.2 U/L). These were compared
with 32 patients with nonalcoholic thiamin deficiency and
neuropathy. Patients with normal thiamin levels were found
to have a slowly progressive sensory neuropathy affecting
small fiber-mediated functions, especially nociception. Pain
and burning paresthesias were common in this group.
Patients with thiamin-deficient neuropathy, in contrast,
had predominant motor involvement of acute onset with
large fiber sensory loss.

These individuals are best managed by recommending
abstinence from alcohol intake and enhancing their diet
with vitamin supplements. Supplemental thiamin and pain
control may be warranted in selected individuals. The
prognosis depends on the severity and duration of symptoms.
Behse and Buchtal112 found no evidence of clinical improve-
ment or regeneration on nerve biopsy in 17 patients studied
2 years later. The earlier patients abstain and establish regu-
lar diets, the more likely they are to recover from the neurop-
athy. Alcoholics with autonomic neuropathy have a reduced
life expectancy.116

Alcoholism and Movement Disorders
In addition to the classic postural tremor associated with al-
cohol withdrawal, other movement disorders can occur in
the setting of alcohol abuse and withdrawal.117 A rare,
slow tremor of the lower extremities can also occur in
alcoholics and is produced by the synchronous flexion-
extension of the muscles of the hip girdle.118 This 3-Hz
tremor is associated with alcoholic cerebellar degeneration
affecting the anterior superior vermis and cerebellar hemi-
spheres.119 When they are supine, patients with this form
of tremor may reveal a kicking movement when the legs
are elevated and the knee and hip joints are flexed 90
degrees. It can be best observed when the patient stands
with the feet together and the knees partially bent. This
results in a slow up and down movement of the body.

Transient parkinsonism may rarely appear in the setting
of alcohol abuse or withdrawal in patients with no liver
dysfunction.120,121 This typically occurs a few days after
alcohol cessation and is characterized by bradykinesia,
stooped posture, and a coarse resting tremor in the hands.
Cogwheel rigidity of the limbs can also be appreciated.
These episodes may occur during alcohol withdrawal. These
signsmay last for a fewweeks or months, yet they do not per-
sist. Transient dyskinesias with lingual-oral, neck, or limb
movements have been reported in some alcoholics.122,123

With chronic abuse of alcohol, hepatic inflammation
and fibrosis can occur and may be associated with enceph-
alopathy. In this setting, patients have an altered level of
consciousness with diffuse slowing and, occasionally, tri-
phasic waves on an EEG. Asterixis, or so-called negative
myoclonus, is a classic finding in these patients and is
characterized by clusters of brief irregular lapses of sus-
tained posture.124,125 On examination, this may be best
demonstrated by asking the patient to hold out his or her
upper extremities and extend the hands at the wrist. The
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involuntary lapses in posture are associated with 50- to
200-msec periods of electrical silence in muscles that are
tonically active. The mechanisms of this movement are un-
known. Chronic or persistent choreiform movements may
also occur with alcoholic liver disease (Video 15, Facial
Chorea).48
Fetal Alcohol Syndrome
The mechanism by which the abnormalities of the fetal al-
cohol syndrome are produced is unknown, but it is thought
to be due to a direct teratogenic effect. There is no general
agreement regarding the limits of vulnerability of the fetus
in terms of gestational age. To date, this syndrome has been
described only in children of mothers who drank alcohol fre-
quently during their pregnancy. Fetal alcohol syndrome
results in low birth weight and small head circumference.
Cranial and joint deformities are common, and the children
feed poorly and are “colicky” and tremulous. The infant
mortality rate associated with this condition is high, and sur-
vivors suffer an increased risk of mental retardation. Many,
but not all, of the mothers of affected babies suffered from
withdrawal seizures, delirium tremens, or hepatic encepha-
lopathy during the pregnancy. Infants with fetal alcohol syn-
drome have a higher incidence of various congenital brain
malformations.

Because addicts often abuse several drugs, it is impor-
tant to consider that an irritable, tremulous, small baby
may also result from use of crack cocaine or other agents
during pregnancy. There are no laboratory tests of value
to support or refute the diagnosis of fetal alcohol syn-
drome. Maternal education regarding the toxic effects of
alcohol is of paramount importance in preventing the fetal
alcohol syndrome. There is no safe minimum amount of al-
cohol consumption that can be guaranteed not to be toxic
to a fetus, so mothers-to-be are urged to abstain entirely
from alcohol throughout their pregnancy. There is no direct
treatment for the effects of the fetal alcohol syndrome, al-
though proper postnatal nutrition and care will help affect-
ed infants, as they do unaffected ones. Approximately one
in six infants born with this syndrome die. Of the re-
mainder, approximately half suffer permanent physical or
mental handicaps.
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Viral Infections
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RNA VIRUSES
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Epstein-Barr Virus

Variola Virus (Smallpox)

JC Virus
The diagnosis and therapy of central nervous system (CNS)
viral infections is one of the most rapidly evolving and
exciting areas in neurology. Viruses gain access to the
CNS either through the bloodstream or through an intra-
neuronal route from the peripheral nerves. Viruses may
cause acute CNS disease such as meningitis or encephalitis,
a delayed complication of an acute infection such as post-
infectious polyneuritis or autoimmune encephalomyelitis,
latent infections with recurrence of disease from time
to time, or slowly progressive neurological disorders. The
important human nervous system viruses are listed in
Table 41-1. The most common acute CNS viral infections
are meningitis and encephalitis. The classic clinical presen-
tation of viral meningitis includes fever, headache, photo-
phobia, myalgias, and nausea and vomiting. There is no
alteration in the level of consciousness. The viral etiologi-
cal agents of meningitis are listed in Table 41–2, and
Table 41-3 lists a differential diagnosis of aseptic meningi-
tis. Viral encephalitis is characterized by fever, an altered
level of consciousness, headache, and seizure activity.
The etiological agents of viral encephalitis are listed in
Table 41-4. In addition, viral encephalitis may present as a
focal encephalitis with focal neurological deficits and focal
seizure activity. The etiological agents of focal encephalitis
are listed in Table 41-4.

In addition to meningitis and encephalitis, CNS enterovi-
ral infections may present as an acute transverse myelitis
(characterized by abrupt onset of weakness of the limbs
progressing to flaccid paralysis in association with a sen-
sory level), single or multiple limb paralysis, cerebellar
ataxia (a common presentation of enteroviral CNS infection
in children), a chronic meningoencephalitis (Table 41-5), or
a postinfectious polyneuritis. Measles and rubella viruses
can cause a slowly progressive neurological disease that pre-
sents several years after the acute viral illness has occurred.
Other viruses, such as the human T cell lymphotropic virus
type 1 (HTLV-1), can cause a slowly progressive neuro-
myelopathy in adulthood with no prior history of apparent
infection. Human herpesviruses, herpes simplex virus and
varicella-zoster virus, are the prototypical viruses that
establish lifelong latent infections in human peripheral
and CNS sensory ganglia that may episodically reactivate,
resulting in acute infection. This chapter reviews the epide-
miology, pathogenesis, clinical features, diagnosis, and
management of the human nervous system viruses listed
in Table 41-1.
RNA VIRUSES

Enteroviruses (Echoviruses and Coxsackieviruses)
EPIDEMIOLOGY AND RISK FACTORS. Enteroviral

infections occur primarily in the summer and autumn
months in temperate climates; infants, young children,
and immunocompromised patients are at greatest risk of in-
fection. The enteroviruses comprise a total of 68 distinct
serotypes of human pathogens, but the most common
enteroviruses that cause aseptic meningitis are the coxsack-
ieviruses B5, B3, B4, and A9; the echoviruses 30, 11, 7, 9,
6, 4, and 18; and enteroviruses 70 and 71.1,2 The clinical
signs and symptoms observed during enterovirus CNS
infection depend to some extent not only on the patient’s
age but also on the state of the individual’s immune system.
Neonates are at greatest risk for severe infection, either
meningitis or meningoencephalitis. Enteroviral infection
in agammaglobulinemic individuals may cause a chronic
meningitis or meningoencephalitis. Enteroviral CNS infec-
tion in infants older than 2 weeks of age and in children
and adults is rarely associated with severe disease and is
most often an aseptic meningitis.

PATHOGENESIS AND PATHOPHYSIOLOGY. Entero-
viruses may enter the host through the mucosal surfaces
of the gastrointestinal or respiratory tract. Enteroviruses
are acquired most commonly by fecal-oral contamination
and, less commonly, via aerosolized respiratory droplets.
Enteroviruses may also enter through the conjunctiva of
the eye, initially producing conjunctivitis before they
spread to the CNS. When enteroviruses enter the host
through the nasopharynx, the initial spread and replication



TABLE 41-1

Classification of Human Nervous System Viruses

RNA Viruses

Picornaviridae
Coxsackieviruses
Echoviruses
Enterovirus 70 and 71
Polioviruses

Paramyxoviridae
Mumps virus
Measles virus

Togaviridae: alphaviruses
Western equine encephalitis virus
Eastern equine encephalitis virus
Venezuelan equine encephalitis virus
Nonarthropod-borne togavirus: rubella virus

Flaviviridae
Mosquito-borne
St. Louis encephalitis virus
Japanese encephalitis virus
West Nile virus
Dengue viruses

Tick-borne
Powassan virus

Bunyaviridae
California encephalitis virus

Reoviridae
Colorado tick fever

Retroviridae
HIV-1
HTLV-1

Arenoviridae
Lymphocytic choriomeningitis virus

Orthomyxoviridae
Influenza viruses

DNA Viruses

Herpesviridae
Herpes simplex virus types 1 and 2
Varicella-zoster virus
Human herpesvirus-6
Cytomegalovirus
Epstein-Barr virus

Papovaviridae
JC virus

Adapted from Bale JF: Viral encephalitis. Med Clin North Am 1993;77:25–42.

TABLE 41-2

Etiological Agents of Viral Meningitis

Herpes simplex virus types 1 and 2
Enteroviruses
Mumps
HIV
St. Louis encephalitis virus
West Nile virus
California encephalitis virus
Western equine encephalitis virus
Venezuelan equine encephalitis virus
Colorado tick fever
Lymphocytic choriomeningitis virus
Epstein-Barr virus
Influenza virus types A and B

TABLE 41-3

Differential Diagnosis of Aseptic Meningitis

Viral Infection

Enteroviruses (poliovirus, coxsackievirus types A and B, echovirus,
human enterovirus 68 to 72)

Mumps
Herpes simplex virus types 1 and 2
Varicella-zoster virus
Human immunodeficiency virus
Arboviruses
Epstein-Barr virus
Lymphocytic choriomeningitis virus
Colorado tick fever

Bacterial Infection

Partially treated bacterial meningitis
Bacterial meningitis in cancer patient
Parameningeal infection
Listeria monocytogenes
Mycoplasma pneumoniae
Mycobacterium tuberculosis
Human monocytic ehrlichiosis
Human granulocytic ehrlichiosis

Spirochetes

Borrelia burgdorferi
Treponema pallidum

Fungal Infection

Cryptococcus neoformans
Histoplasma capsulatum
Coccidioides immitis
Blastomyces dermatitidis

Systemic Disease

Sarcoidosis
Leukemia, lymphoma
Adenocarcinoma, malignant melanoma, small cell lung cancer
Systemic lupus erythematosus
Behçet’s disease
Endocarditis

Drugs

Nonsteroidal anti-inflammatory agents
OKT3
Azathioprine (Imuran)
Trimethoprim-sulfamethoxazole
Isoniazid
Intravenous immune globulin

Other

Migraine
Measles-mumps-rubella vaccine
Vasculitis
Parainfectious syndrome (acute disseminated encephalomyelitis)
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of virus may take place in the upper respiratory tract lym-
phatics, but more often the viral inoculum is swallowed.2

Once in the alimentary tract, the virus may infect the intes-
tinal lining cells and remain limited to the gastrointestinal
tract, causing symptoms of gastroenteritis and diarrhea, or
it may traverse the intestinal lining cells, replicate in
Peyer’s patches in the mucosa of the lamina propria, and
then disseminate to other organs, including the CNS.2,3

Most enteroviruses spread to the CNS via the bloodstream,
but a small percentage may reach the CNS by direct neural
spread from nerves terminating in the intestinal tissue.
Virus traverses the blood-brain barrier either at the choroid
plexus, where it may infect endothelial cells and spread
into the cerebrospinal fluid (CSF), causing a meningitis,
or at the endothelium of the cerebral capillary cells in the
brain parenchyma, causing an encephalitis.2



TABLE 41-4

Etiological Agents of Viral Encephalitis

Herpes Simplex Viruses

Herpes simplex virus type 1
Herpes simplex virus type
2 (neonates)

Arthropod-Borne

Mosquito-borne
California encephalitis virus
St. Louis encephalitis virus
West Nile virus
Japanese B encephalitis virus
Eastern equine encephalitis virus
Western equine encephalitis virus
Dengue viruses

Tick-borne
Powassan virus
Colorado tick fever

Enteroviruses (Neonates, Young Adults, Agammaglobulinemic Patients)

Coxsackieviruses
Echoviruses
Enteroviruses 70 and 71

Immunocompromised

Varicella-zoster virus
Epstein-Barr virus
Cytomegalovirus
Human herpesvirus type 6
Measles virus (postmeasles encephalomyelitis, subacute sclerosing
panencephalitis)

Rubella virus
Lymphocytic choriomeningitis virus

Focal Encephalitis

Herpes simplex virus
Enterovirus
California encephalitis virus
Powassan virus
Measles (subacute measles encephalitis)
Human herpesvirus type 6
Varicella-zoster virus

TABLE 41-5

Causes of Chronic/Relapsing Meningoencephalitis

Enteroviruses (agammaglobulinemic patients)
Measles (SSPE)
Rubella virus (progressive rubella panencephalitis)

Roos / Viral Infections 921
Although viremia typically occurs 2 or 3 days after the
enterovirus has infected the alimentary tract, signs and
symptoms of CNS disease typically develop 5 to 16 days
after the initial infection and may be biphasic, with minor
illness preceding the onset of neurological disease.3 Unlike
most viral infections, in which cell-mediated immunity
is the primary host defense against infection, clearance
of enteroviral infection by the host is antibody mediated.
For this reason, infants and young children and individuals
with antibody deficiencies, particularly patients with
X-linked agammaglobulinemia, are prone to severe or
chronic enteroviral meningitis or meningoencephalitis.4

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Enteroviral CNS infection may be an aseptic meningitis,
an encephalitis, a focal encephalitis (group A coxsackie-
viruses), an acute transverse myelitis, single or multiple
limb paralysis (poliomyelitis syndrome), Guillain-Barré
syndrome, cerebellar ataxia, or a chronic meningoencepha-
litis (Video 7, Abnormal Tandem Gait; Video 221, Miller
Fisher Syndrome).2,4–7

Aseptic Meningitis. Enteroviruses are the most common
cause of aseptic meningitis, accounting for 80% to 92%
of all cases of aseptic meningitis for which an etiologic
agent is identified.2 Certain serotypes (group B coxsackie-
viruses and the echoviruses) are associated with a greater
frequency of meningitis than other serotypes.8,9 In a review
of aseptic meningitis in 274 children younger than 2 years
of age, the group B coxsackieviruses and the echoviruses
were the etiologic agents in 156 (92%) of the 169
laboratory-diagnosed cases.10 The clinical presentation of
aseptic meningitis includes fever (100�F to 104�F [38�C
to 40�C]), severe headache, nausea and vomiting, photopho-
bia, and nuchal rigidity. Neurological abnormalities are rare,
and enteroviral meningitis in otherwise healthy children
and adults is rarely associated with severe disease or poor
outcome.2

Encephalitis. Enteroviral CNS infection may be severe,
fatal, or protracted in infants and in individuals with agam-
maglobulinemia. In neonates, the illness begins with fever
and nonspecific signs such as vomiting, anorexia, rash, or
upper respiratory findings. Signs of meningeal inflamma-
tion may or may not be present at this stage. As the disease
progresses, hepatic necrosis, myocarditis, necrotizing entero-
colitis, disseminated intravascular coagulation, and other
signs of “sepsis” may develop. The onset of encephalitis
is characterized by an altered level of consciousness, sei-
zures, and focal neurological deficits.2 Unlike enteroviral
aseptic meningitis, neonatal enteroviral meningoencephali-
tis may be fatal or associated with long-term sequelae. The
infected neonate appears to be at greatest risk for severe
morbidity and death when signs and symptoms develop
in the first days of life, an onset suggestive of intrauterine
or parturient exposure caused by maternal infection.2

Chronic enteroviral meningoencephalitis has been reported
in patients with agammaglobulinemia. The disease is most
frequently caused by echoviruses, and the typical clinical
presentation is that of a slowly progressive neurological
disease with ataxia, headache, seizures, paresthesias, and
loss of cognitive skills. This change in cognitive skills
may be marked by loss of developmental milestones, epi-
sodic confusional states, and personality changes. Some
patients also have non-neurological manifestations of chro-
nic enteroviral infection, including fever, dermatomyositis-
like syndrome, rashes, and hepatitis.4 An enterovirus may
also cause a focal encephalitis, but unlike patients with
herpes simplex virus encephalitis, patients with enteroviral
focal encephalitis typically improve spontaneously within
1 or 2 days of admission. The association of a macular
or maculopapular rash with the clinical signs and symp-
toms as described previously warrants the inclusion of
enterovirus in the differential diagnosis of a focal
encephalitis.

Paralysis. Coxsackieviruses and echoviruses have been
implicated as the etiological agents of acute transverse
myelitis, which is characterized by the abrupt onset of
weakness of the limbs that progresses to flaccid paralysis,
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and diminished and then absent deep tendon reflexes, in as-
sociation with a sensory level.6,11 Nonpolio enteroviruses
may also cause paralysis of a single limb or multiple limbs
that may resemble poliomyelitis (Video 100, Poliomyeli-
tis).7 The clinical disease and pathology associated with
coxsackievirus and echovirus paralytic disease are gener-
ally much less severe than those seen with poliovirus.
Echovirus type 70, the cause of epidemics of acute hemor-
rhagic conjunctivitis, has been associated with acute paralytic
disease in Asia, Africa, and Latin America. Echovirus type
71, the usual etiological agent of hand-foot-mouth disease,
has been responsible for epidemics of paralytic disease in
Bulgaria, Hungary, and the United States.12,13 Infection
of the anterior horn cells by a nonpolio enterovirus may
contribute to disease in patients with postpolio syndrome,
causing slowly progressive motor neuron damage.

DIFFERENTIAL DIAGNOSIS. The diagnosis of entero-
viral aseptic meningitis is based on examination of the
CSF. The opening pressure should be normal or slightly
increased, and there is a mild lymphocytic pleocytosis, a
normal or slightly increased protein concentration, and a
normal glucose concentration. The white blood cell
(WBC) count typically is less than 1000 cells/mm.3

Because enteroviral meningitis is quite common in neo-
nates, it is important to emphasize the normal values for
the CSF total WBC count and protein concentration in neo-
nates (0 to 4 weeks), older neonates (4 to 8 weeks), and
children and adults. The upper limit of normal for the
CSF total WBC count is 22/mm3 in infants 0 to 4 weeks
old, 15/mm3 in infants 4 to 8 weeks old, and 5/mm3 in
those older than 8 weeks of age.15,16 In normal uninfected
CSF in newborns, approximately 60% of the cells are poly-
morphonuclear leukocytes and 40% are mononucleated
cells.16 In uninfected CSF in children and adults, the nor-
mal WBC count ranges from 0 to 5 mononuclear cells
(lymphocytes and monocytes) per microliter. In normal un-
infected CSF in children and adults, there should be no
polymorphonuclear leukocytes; however, with use of the
cytocentrifuge, an occasional polymorphonuclear leu-
kocyte may be seen. If the total WBC count is less than
5/mm3, the presence of a single polymorphonuclear leu-
kocyte may be considered normal.16 The normal protein
concentration in neonates and older neonates is greater than
that in children and adults. A CSF protein concentration as
high as 150 mg/dL is considered normal in the neonate. By
1 year of age, the normal value for the lumbar CSF protein
concentration is 45 mg/dL.16 The upper range of normal
for the lumbar CSF protein concentration in the adult is 50
mg/dL. The CSF WBC count is often higher in those with
coxsackievirus aseptic meningitis than in patients with echo-
virus aseptic meningitis, and counts as high as 2000/mm3

have been reported. A predominance of polymorphonuclear
leukocytes may be seen early in the disease course, with a
transition to a lymphocytic pleocytosis as the disease pro-
gresses. In addition, hypoglycorrhachia has been reported
in some patients with enteroviral aseptic meningitis.17

Isolation of an enterovirus by CSF viral culture is the
gold standard for diagnosis of an enteroviral CNS infec-
tion. When an enterovirus is isolated from a non-CSF site
(throat, stool, serum, or urine) in conjunction with a CSF
pleocytosis and an absence of bacteria by Gram’s stain or
culture, enteroviral meningitis is the presumptive diagnosis.
However, an enterovirus isolated from a non-CSF site may
be unrelated to the CNS infection.18 CSF can be examined
by the reverse-transcriptase polymerase chain reaction
(RT-PCR) for enteroviral RNA. As a general rule, CSF viral
culture is negative in approximately 25% to 33% of CSF
specimens from patients with enteroviral meningitis. In
these patients, approximately two-thirds of CSF specimens
are found to be positive for enterovirus by RT-PCR.1,2

An enterovirus is the likely etiological agent in the pa-
tient with a clinical presentation of aseptic meningitis,
CSF findings of a lymphocytic pleocytosis with a normal
glucose concentration, and a fourfold or greater increase
in antiviral IgG antibody between acute and convales-
cent sera or the first-time appearance of virus-specific
IgM antibodies.

MANAGEMENT. Because the majority of enteroviral
infections are spread by the fecal-oral route, enteroviral
infections are best prevented by proper handwashing tech-
niques. Infants and children are at particular risk for these
infections, and good hygiene, including parental handwash-
ing after urine and stool diaper changes and washing the
hands of the infant or child before eating, can reduce the
transmission of these infections. Children and adolescents
should be discouraged from sharing water bottles and
drinking cups during athletic events.

Pleconaril is an antipicornavirus agent that inhibits viral
replication by blocking the viral uncoating process and viral
attachment to host cell receptors. In a double-blind placebo-
controlled trial, 130 patients with enteroviral meningitis be-
tween the ages of 14 and 65 years were treated with either
200 mg of Pleconaril three times per day or a placebo. Those
receiving Pleconaril had a shorter duration of headache and
returned to work and school earlier than untreated patients.19

Intravenous immune globulin has been used to treat entero-
virus infections in newborns and in patients with agamma-
globulinemia and other immunodeficiency states with good
success, but it is not recommended in children and adults
with uncomplicated enteroviral aseptic meningitis.4,20,21

PROGNOSIS AND FUTURE PERSPECTIVES. With the
exception of neonates and patients with agammaglobulin-
emia, the majority of patients with enteroviral aseptic men-
ingitis have a benign self-limited course of disease. As
discussed previously, neonates and patients with agamma-
globulinemia may have a severe, fatal, or protracted course
of enteroviral meningoencephalitis. The prognosis of
patients with acute transverse myelitis due to an enteroviral
infection is generally good.6,12 The prognosis of limb pa-
ralysis due to a coxsackievirus or echovirus infection is
generally much better than that due to poliovirus.7

Poliovirus
EPIDEMIOLOGY AND RISK FACTORS. Poliomyelitis

was the most frightening infectious disease during the first
half of the 20th century. Large epidemics led to extensive
research in the epidemiology and pathogenesis of the dis-
ease. The poliovirus was first isolated in 1908 by inocula-
tion of monkeys with a cell-free extract made from the
spinal cord of a patient with fatal poliomyelitis.22,23 It
was not until 1937, however, that the virus was isolated
from intestinal washings, and by 1941 it was clear
that the gastrointestinal tract played a major role in the
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pathogenesis of this infection.24 Soon thereafter, it was
recognized that the majority of poliovirus infections are a
form of acute gastroenteritis. Paralysis develops in less
than 1 in 100 individuals infected with the poliovirus.25

In 1949, Enders, Weller, and Robbins made the major dis-
covery that the poliovirus could be grown in tissue cultures
of human embryonic skin, muscle cells, and intestinal tis-
sue. Prior to that the only source of the poliovirus was ner-
vous tissue from infected monkeys, an unacceptable
inoculum in humans.22 The work of Enders and colleagues,
combined with the efforts of the National Foundation for
Infantile Paralysis, led to the recognition that there were
only three serotypes of poliovirus and laid the groundwork
for the development of the killed virus vaccine by Jonas
Salk in 1955 and the oral live attenuated virus vaccine by
Albert Sabin in 1961.22–26 Poliomyelitis has been nearly
eradicated from North America and Europe, but outbreaks
of the disease continue to occur in the Indian subcontinent,
the eastern Mediterranean, and Africa.27

PATHOGENESIS AND PATHOPHYSIOLOGY. Poliovi-
rus is a member of the Picornaviridae. There are three im-
munologically defined serotypes of poliovirus, all of which
are capable of causing paralytic disease. The poliovirus is
a single-stranded RNA enterovirus.23 Natural polio infec-
tion occurs through ingestion of the virus, which initially
multiplies in the oropharyngeal and intestinal mucosa.
Poliovirus either enters the CNS via the bloodstream or,
alternatively, may be transmitted to the CNS through vagal
autonomic nerve fibers in the intestinal lumen.23 A tempo-
ral association corresponding to the incubation period of
the disease was observed between tonsillectomy and the
development of bulbar poliomyelitis, suggesting that the
exposure of nerve endings via tonsillectomy could transmit
poliovirus to the CNS.28 A third hypothesis is that ingested
poliovirus initially replicates in the gastrointestinal tract;
then a viremia ensues, and disseminated virus replicates
at an extraneural site (i.e., skeletal muscle cells). Virus is
then transported from the muscle cells via the peripheral
nerves to the CNS. The hypothesis that poliovirus repli-
cates in muscle cells and then enters the CNS through the
peripheral nerves has been supported by the clinical obser-
vations that vigorous exertion or injury of a limb was tem-
porally associated with limb paralysis.23 In the Cutter
incident, children inoculated intramuscularly with incom-
pletely inactivated polio vaccine developed focal limb pa-
ralysis.29,30 Poliovirus replicates in the muscles of
monkeys after intramuscular injection and causes limb pa-
ralysis of the injected limb.29 The poliovirus receptor
(PVR), a member of the immunoglobulin superfamily of
proteins, is present at the motor endplate. During acute in-
fection, the poliovirus may bind to the PVR-expressing
motor endplate and travel by way of endocytosis and retro-
grade transport to the anterior horn cells in the spinal cord
and brain stem.29 Acute paralytic poliomyelitis is then
characterized pathologically by severe anterior horn in-
flammation with loss of spinal and bulbar motor neurons.31

In his classic work on acute polio infection, Bodian
noted evidence of a marked scarcity of normal-appearing
neurons, even in cases of very mild paralysis, suggesting
that acute paralytic polio was a generalized neuronal disease.
The earliest cellular change in the motor neurons was disso-
lution of the cytoplasmic Nissl substance (chromatolysis).
Infected neurons that exhibited only a mild degree of diffuse
chromatolysis survived and continued to support motor
units; in contrast, neurons that had severe chromatolysis
followed by nuclear invagination and perinuclear chroma-
tin aggregation could not support motor units, and subse-
quently permanent loss of function occurred in these
muscle groups.31,32

Postpolio syndrome, defined as “the development of new
muscle weakness and fatigue in skeletal or bulbar muscles,
unrelated to any known cause, that begins 25 to 30 years
after an acute attack of paralytic poliomyelitis,” is most
likely explained by the status of the motor neurons that sur-
vived the initial infection. The surviving motor neurons, in
an attempt to reinnervate the muscle fibers orphaned by the
death of their parent motor neurons, adopt in their motor
unit territory additional muscle fibers so that the number
of muscle fibers innervated by a single motor neuron may
be four or five times the normal number. This puts metabolic
stress on the neuronal cell bodies that, after a number of
years, leads to a slow deterioration of nerve terminals. As
each terminal dies, muscle fibers drop out, and weakness
slowly progresses.32

CLINICAL FEATURES AND ASSOCIATED FINDINGS

Nonparalytic or Preparalytic. As stated previously, the
majority of poliovirus infections were asymptomatic or
characterized by a nonspecific viral syndrome of malaise,
myalgias, and low-grade fever.

Paralytic. Patients who developed paralytic poliomyeli-
tis may initially have had clinical symptoms of fever, mal-
aise, headache, and gastrointestinal or upper respiratory
tract symptoms. These symptoms subsided, only to recur
after several days in association with increasing signs of
meningeal irritation, headache, and stiff neck. When the
illness progressed to the paralytic form, muscle soreness
was prominent, particularly in the back and neck. Patients
who developed paralysis usually did so on the second to
fifth day after meningeal signs and fever became evident.
Once weakness began, it typically progressed for only the
first few days after its onset. The fever persisted for several
days but often subsided before the paralysis was complete.
Patients complained of severe muscle pain and spasms with
asymmetrical flaccid muscle weakness that usually affected
a lower extremity (Video 100, Poliomyelitis). Severe
bulbar weakness occurred in 10% to 15% of patients with
paralysis. The disease was most common in infants and
children between the ages of 6 months and 10 years, and
it was more common in the late summer and autumn
months. Acute mortality usually resulted from respiratory
or bulbar involvement.25

Postpolio Syndrome. The following criteria are neces-
sary for a diagnosis of postpolio syndrome as the cause
of progressive weakness: (1) a history of documented acute
paralytic poliomyelitis in childhood or adolescence as evi-
denced by a well-documented acute febrile paralytic attack
during a polio epidemic that resulted in residual lower mo-
tor neuron weakness; (2) partial recovery of motor function
and functional stability or recovery for at least 15 years;
(3) residual asymmetrical muscle atrophy with weakness,
areflexia, and normal sensation in at least one limb; and
(4) normal sphincteric function.33

DIFFERENTIAL DIAGNOSIS. Although the poliovirus
now can be recovered from stool, throat washings, CSF,
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and blood, during the polio epidemic in the past century,
virological confirmation was not available. The diagnosis
was based on the clinical syndrome of fever with paralysis
and residual lower motor neuron weakness. Examination of
the CSF in the preparalytic stage showed an increase in the
opening pressure and an increase in the WBC count that
initially might be a predominance of polymorphonuclear
leukocytes, but within a few days’ time was characterized
by a predominance of lymphocytes. WBC counts of 10 to
1000/mm3 were typically seen. The protein concentration
in the CSF at the onset of illness might be normal or slightly
increased. Patients who developed paralysis had a higher
number of WBCs in the CSF and a higher protein concen-
tration than patients who did not develop paralysis.25

Needle examination shows a reduced number of voluntary
motor unit potentials in the initial phase of paralysis, but in
subsequent months, as the patient improves, the motor units
become markedly enlarged, reflecting the reinnervation of
the denervated muscle fibers.

MANAGEMENT. The management of patients with po-
liomyelitis and the postpolio syndrome is largely supportive.
The treatment of bulbar poliomyelitis was significantly im-
proved by the development of the “iron lung” in the 1930s.
Patients with lower extremity weakness were initially
treated with splints and plaster casts. Prolonged casting, often
for months at a time, was typically employed. Eventually,
the use of splinting and casting was replaced by physical
therapy, braces, and other assistive ambulatory devices.25

Anticholinesterase therapy has been beneficial in the
treatment of symptoms of weakness and fatigue in patients
with postpolio syndrome.34

In 1995, the Advisory Committee on Immunization
Practices (ACIP) of the U.S. Public Health Service recom-
mended that the United States adopt a sequential poliomy-
elitis immunization schedule—two doses of inactivated
polio vaccine (IPV) followed by two doses of live oral po-
lio vaccine (OPV) in order to reduce the occurrence of
vaccine-associated polio from the live oral poliovirus
vaccine.35,36 Although OPV is among the safest of vaccines,
one case of vaccine-associated polio occurs for every
2.5 million doses of OPV administered. The proposed se-
quential schedule recommended by ACIP was a compro-
mise that sought to retain the advantages of OPV while
preventing half of the 8 to 10 vaccine-related cases that oc-
curred every year in the United States.36 In order to totally
eliminate the risk of vaccine-associated poliomyelitis, in
July 1999 ACIP recommended that IPV be used exclu-
sively in the United States beginning in 2000. An all-IPV
schedule is currently the recommended schedule for polio
vaccination of infants and children in the United States.
OPV continues to be used for routine immunization and
to achieve polio eradication in countries throughout the
world.37

Mumps
EPIDEMIOLOGY AND RISK FACTORS. Mumps is a

member of the Paramyxoviridae group and is an enveloped
virus containing a single-stranded RNA genome.38 Prior to
the widespread use of the trivalent measles-mumps-rubella
(MMR) vaccine, mumps was an epidemic disease that
occurred in the winter and spring months. Mumps was
the most common cause of viral meningitis and encephali-
tis in many countries; the frequency of aseptic meningitis
was estimated at 1 per 1000 cases of clinical mumps, with
much higher figures observed during epidemics.39 In some
countries, mumps was the most common cause of menin-
goencephalitis in children younger than 15 years of age.40

The live mumps vaccine has a 95% protection rate, and
the MMR vaccine containing the Jeryl Lynn strain of
mumps virus has nearly eliminated meningitis and menin-
goencephalitis due to mumps. In 1989, ACIP estimated that
the incidence of postvaccination encephalitis within 30
days of vaccination was 0.4 cases per 1 million doses
administered.41,42

The use of the Urabe Am 9 mumps vaccine was asso-
ciated with a number of cases of aseptic meningitis in
Canada and Japan, with an estimated rate of one case per
several thousand vaccinations. The vaccine-associated cases
of aseptic meningitis were mild and were rarely associated
with sequelae, but the occurrence of aseptic meningitis with
the vaccine containing the Urabe strain led to replacement
of this strain of mumps virus with the Jeryl Lynn strain in
many mass vaccination programs.38

PATHOGENESIS AND PATHOPHYSIOLOGY. Mumps
virus spreads by respiratory droplets. After local replication
occurs in the respiratory mucosa, viremia ensues. Parotitis
occurs because the virus has an affinity for parotid ductal
epithelial cells.43 The mumps virus is neurotropic and
meningotropic, and the CNS is infected in the course of the
viremia.42 Virus infects the endothelial cells of the choroid
plexus.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

The mean incubation period for mumps is 16 to 18 days,
and symptoms develop in 60% to 70% of those infected.
Thirty percent to 40% of natural mumps infections are
asymptomatic.42 When symptomatic, an initial febrile ill-
ness with parotitis occurs in 95% of patients, and orchitis
occurs in 25% of males.43 Although many children with
wild mumps meningitis have parotitis, clinical evidence
of parotitis is not absolute.44 CNS infection occurs in the
absence of parotitis in 36% to 50% of cases.43

Mumps meningitis is characterized by fever, headache,
vomiting, and signs of meningeal irritation. The clinical
presentation of mumps encephalitis includes seizures,
altered consciousness, behavioral abnormalities, sensory
abnormalities, and difficulty with balance.43 Mumps is a
well-recognized cause of acquired deafness due to sensori-
neural hearing loss, which is typically unilateral and has
been attributed to a cochlear neuritis with or without laby-
rinthine inflammation.45 Mumps can cause an epididymo-
orchitis, with subsequent infertility, pancreatitis, juvenile
diabetes mellitus, fatal myocarditis, and abortions.39

DIFFERENTIAL DIAGNOSIS. The diagnosis of mumps
aseptic meningitis is suggested by the clinical appearance
of parotitis and meningitis and is established by examina-
tion of the CSF. The classic CSF abnormalities are a lym-
phocytic pleocytosis (300 to 600 cells/mm3) and either a
normal or decreased glucose concentration.46 A positive
CSF viral culture establishes the diagnosis. A fourfold rise
in mumps antiviral antibody in convalescent sera compared
to acute sera is also diagnostic, except in patients who have
recently been immunized, in which case a fourfold rise
in mumps-specific IgG may simply represent successful
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immunization. The diagnosis of mumps meningoencephali-
tis is made similarly by isolating the virus from the CSF
and/or by noting a fourfold rise in mumps antiviral anti-
body between the acute and convalescent sera. The electro-
encephalogram (EEG) is reported to be abnormal in 100%
of patients with mumps meningoencephalitis.43,47

MANAGEMENT. No antiviral therapy is available for
mumps meningitis or meningoencephalitis. Fortunately,
these neurological complications have largely been eradi-
cated through the widespread use of the MMR vaccine.
As described previously, there have been no cases of post-
vaccine meningitis with use of the Jeryl Lynn strain of
mumps virus vaccine. The propensity of the vaccine to
cause meningitis appears to have been associated with
the Urabe strain, and a reported reduction in vaccine-
associated aseptic meningitis in Canada following the change
from the Urabe to the Jeryl Lynn mumps virus-containing
MMR vaccine supports this observation.44

Arthropod-borne Viruses
EPIDEMIOLOGY AND RISK FACTORS. The arthropod-

borne viruses (arboviruses) are transmitted to humans by the
bite of a mosquito or tick. The epidemiology of arthropod-
borne viral encephalitis is influenced by the season; the
geographic location; the regional climatic conditions, such
as the amount of spring rainfall; and the patient’s age.
LaCrosse virus is the most important arboviral cause of pedi-
atric encephalitis in the United States.48 The midwestern
states report the highest incidence of LaCrosse virus infec-
tions. The LaCrosse virus belongs to the California group
of encephalitis viruses. It is responsible for nearly all infec-
tions due to California group viruses in the United States.
Most cases occur in late summer to early fall. The vector,
Aedes triseriatus, is a forest-dwelling mosquito, and the risk
of infection is associated with outdoor activities in woodland
areas.49 West Nile virus, St. Louis encephalitis virus, and
Japanese encephalitis virus are all members of the serologic
complex of flaviviruses. West Nile virus was first seen in
New York City in late summer 1999 and has since spread
across North America. West Nile virus infection has been
transmitted by the bite of a Culex sp. mosquito, blood
transfusion, vertical intrauterine transmission, and organ
transplantation. St. Louis encephalitis (SLE) occurs as peri-
odic focal outbreaks of encephalitis in the midwestern, west-
ern, and southeastern United States, followed by years of
sporadic cases. SLE virus has caused large urban epidemics
of encephalitis.49,50 Western equine encephalitis virus is an
alphavirus that infects horses and humans in western North
America, with most cases occurring between April and Sep-
tember. Eastern equine encephalitis (EEE) virus is also an
alphavirus that infects horses and humans, primarily along
the eastern seaboard and the gulf coast; its peak activity
occurs in August and September. EEE virus has been
isolated from species other than horses, including pheasants,
piglets, and litters of puppies.50 It causes amuchmore severe
encephalitis than western equine encephalitis virus. Vene-
zuelan equine encephalitis virus is endemic in South America
and has caused rare cases of encephalitis in Central America
and the southwestern United States, particularly Texas.

Japanese encephalitis virus is a member of the St. Louis
complex of flaviviruses and is the most common cause of
arthropod-borne human encephalitis worldwide. Epidemic
disease occurs in China and the northern areas of Southeast
Asia, as well as in areas of India and Sri Lanka.51 The prin-
cipal vector is a rice field-breeding culicine mosquito. There
is no seasonal pattern to Japanese encephalitis except in some
instances when outbreaks are associated with rainfall, irriga-
tion, or floods.52 Dengue, a mosquito-borne flavivirus infec-
tion that is hyperendemic in Thailand, is a leading cause of
hospitalization of children in Southeast Asia.53 The principal
vector is the mosquito Aedes aegypti, which breeds indoors in
clean water, mainly in artificial water containers.52

The most important tick-borne causes of viral encephali-
tis in North America are Powassan (POW) virus and Colo-
rado tick fever (CTF) virus. POW virus is a flavivirus most
closely related to Russian spring-summer and central Euro-
pean encephalitis viruses. POW virus is widely distributed
in the United States, but human infections with POW virus
occur infrequently. In the years 1958 to 1994, a total of 24
confirmed POW cases among humans were reported in
North America. The risk of infection is highest in wooded
areas, where the potential for contact with infected ticks is
highest.50 CTF virus is a member of the family Reoviridae.
This virus has caused human infections in Colorado, Utah,
Montana, California, Wyoming, Idaho, Oregon, South
Dakota, Washington, New Mexico, Nevada, and southern
Alberta and British Columbia, Canada. The primary risk
of acquiring CTF is through exposure to infected Derma-
centor andersoni ticks during outdoor recreational activ-
ities in mountain areas where the CTF virus is endemic
in the months of April through June.48

PATHOGENESIS AND PATHOPHYSIOLOGY. Arbovi-
ral infections are transmitted to humans by a mosquito or
tick bite. After local replication of the organism at a skin
site, a viremia occurs with seeding of the reticuloendothe-
lial system, including the liver, spleen, and lymph nodes.
With continued viral replication at these sites, a secondary
viremia occurs, seeding the CNS.54 The probability of CNS
infection depends on the efficiency of viral replication at
the extraneural sites and the degree of the ensuing viremia.
The arboviruses can invade the CNS through the cerebral
capillary endothelial cells of the cerebral blood vessels or
through the choroid plexus.49

CLINICAL FEATURES AND ASSOCIATED FINDINGS

California Group Virus Encephalitis. Virtually all
cases of California group virus encephalitis in the United
States are caused by the LaCrosse strain. This virus typi-
cally produces clinically recognizable disease only in chil-
dren and adolescents (aged 4 to 11 years). The LaCrosse
virus may produce aseptic meningitis or a mild encephalitic
illness. A distinct prodromal phase characterized by fever,
chills, headache, nausea, vomiting, and abdominal pain last-
ing 1 to 4 days commonly precedes the onset of symptoms of
encephalitis.55 Encephalitis is characterized by fever, som-
nolence, and obtundation; seizures occur in approximately
50% of children and focal neurological signs in 20%, raising
consideration of encephalitis due to herpes simplex virus
type 1.49 In adults, infection either is asymptomatic or causes
a benign febrile illness or aseptic meningitis.56

St. Louis Encephalitis. SLE virus may cause a mild
febrile illness with headache, an aseptic meningitis, or an
encephalitis. The onset of encephalitis may be abrupt or
preceded by an influenza-like prodrome of malaise,
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myalgias, and fever. The onset of encephalitis is character-
ized by symptoms of headache, nausea, vomiting, confusion,
disorientation, irritability, stupor, tremors, and, occasionally,
convulsions. The severity of illness increases with increasing
age, and almost 90% of elderly individuals develop encepha-
litis.49 A unique clinical feature of this form of encephalitis is
the syndrome of inappropriate antidiuretic hormone secretion
with hyponatremia, which can complicate this infection.56

West Nile Virus. West Nile virus infection begins as a
febrile, influenza-like illness with headache, sore throat,
malaise, myalgias, fatigue, and conjunctivitis. There may
be a maculopapular or roseolar rash on the trunk and extre-
mities. This is followed by nausea, abdominal pain and
diarrhea, and symptoms of encephalitis. Patients may have
a coarse tremor and features of parkinsonism. There may
also be a mild carditis, hepatitis, or pancreatitis. Some cases
of encephalitis are associated with an acute asymmetric
flaccid paralysis that has been called a “poliomyelitis-like
syndrome.”

Western Equine Encephalitis. Western equine enceph-
alitis tends to occur in children younger than age 1 year
and in adults older than age 50.54 Inapparent infections
with western equine encephalitis virus are more common
than symptomatic cases. Like the other arthropod-borne
encephalitides, western equine encephalitis begins with an
influenza-like syndrome of fever, malaise, myalgias, phar-
yngitis, and vomiting. As the disease progresses, irritability,
convulsions, or coma develops.49

Eastern Equine Encephalitis. EEE virus causes a much
more severe form of encephalitis than western equine en-
cephalitis virus. Encephalitis is more common in infants
and children. There may be an influenza-like prodrome
with fever, headache, vomiting, malaise, and lethargy, but
more typically patients with EEE have an abrupt onset of
high fever and convulsions and a rapid progression from
stupor to coma.49,57 EEE may present with focal signs or
focal seizure activity, thus mimicking herpes simplex virus
encephalitis.49

In the series by Deresiewicz and colleagues, the mortal-
ity rate was 36%, and 35% of survivors had moderate or
severe residual disability. Distinctive radiographic features
by computed tomography (CT) or magnetic resonance im-
aging (MRI) of early basal ganglion and thalamic involve-
ment help distinguish this type of encephalitis from herpes
simplex encephalitis.

Venezuelan Encephalitis. Infection with Venezuelan
encephalitis virus is typically mild, and encephalitis occurs
only rarely. Children and the elderly are at greatest risk for
encephalitis. Pharyngitis is a unique clinical feature of this
form of arthropod-borne encephalitis.54

Japanese Encephalitis. The incubation period of
Japanese encephalitis after a mosquito bite varies from
5 to 15 days. The onset of disease is characterized by a
high fever with malaise, headache, nausea, and vomiting.
These symptoms last from 1 to 6 days and may resolve
or progress to a severe fulminant encephalitis with fever,
vomiting, convulsions, and coma. Children most frequently
have an encephalitis syndrome.52

Dengue Encephalitis. The neurological features of
encephalitis due to the dengue viruses include headache,
seizures, nuchal rigidity, altered level of consciousness,
behavioral disorders, delirium, paralysis, and cranial nerve
palsies. The neurological manifestations of CNS dengue
virus infection were previously thought to be secondary
to vasculitis with cerebral edema, hypoperfusion, hypona-
tremia, and multiorgan failure, but recently this theory
has been challenged by evaluation of a number of cases
in which encephalitis occurred early in the illness coincid-
ing with the viremic phase, suggesting that encephalitis is
due to direct involvement of the brain by the virus.58

Tick-borne Encephalitis. The onset of encephalitis due
to POW virus is abrupt, with headache and fever to 104�F
(40�C) and convulsions. There may be a prodromal phase
of sore throat, lethargy, and headache. The encephalitis
may be associated with focal neurological signs and may
thus mimic herpes simplex virus encephalitis.48 Infection
with the CTF virus is typically a biphasic illness. The onset
of illness is characterized by fever, chills, arthralgias,
myalgias, severe headache, ocular pain, conjunctival injec-
tion, nausea, and, occasionally, vomiting. A petechial or
maculopapular rash may be seen. Defervescence may then
occur, only to be followed by the recurrence of fever in
2 or 3 days. Aseptic meningitis and encephalitis occur pri-
marily in children and may be associated with a petechial
or maculopapular rash or a more severe rash with purpura
and petechiae. Disseminated intravascular coagulation and
gastrointestinal bleeding may complicate the course of the
illness.48

DIFFERENTIAL DIAGNOSIS. Based on criteria estab-
lished by the Centers for Disease Control and Prevention
(CDC), a confirmed case of arboviral disease is defined
as a febrile illness with mild neurological symptoms, asep-
tic meningitis, or encephalitis with onset during a period
when arbovirus transmission is likely to occur, plus at least
one of the following: (1) fourfold or greater rise in viral an-
tibody titer between acute and convalescent sera; (2) viral
isolation from tissue, blood, or CSF; or (3) specific immu-
noglobulin M (IgM) antibody in CSF. A presumptive case
is defined as a compatible illness plus either a stable
elevated antibody titer to an arbovirus (�320 by hemagglu-
tination inhibition, �128 by complement fixation, �256
by immunofluorescent assay, or �160 by plaque-reduction
neutralization test) or specific IgM antibody in serum
by enzyme immunoassay.50 The differential diagnosis of
arboviral encephalitis includes herpes simplex virus enceph-
alitis; bacterial, tuberculous, and fungal meningoencephalitis;
brain abscess; rickettsial infections; infective endocarditis;
CNS vasculitis; and carcinomatous meningitis.

The characteristic abnormalities found on examination
of the CSF in patients with arboviral meningitis or enceph-
alitis are (1) a normal or mildly elevated opening pressure,
(2) an initial polymorphonuclear leukocytic pleocytosis
early in infection with a shift to a lymphocytic or mononu-
clear pleocytosis later in the illness, (3) a normal glucose
concentration, and (4) a normal or mildly elevated protein
concentration. LaCrosse virus has not been isolated from
CSF. SLE virus, EEE virus, and western equine encephalitis
virus are rarely isolated from CSF.48 A few distinguishing
features of the laboratory diagnosis of arboviral meningitis
or encephalitis deserve comment. EEE virus is the arboviral
infection with the highest CSF WBC count. The CSF in
patients with EEE virus has 200 to 2000 cells/mm3,
60% to 90% of which are polymorphonuclear leukocytes.
The typical cell count in the CSF of SLE infection is
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fewer than 200 cells/mm3; however, infection with this
virus may be suggested by laboratory evidence of hypo-
natremia due to the inappropriate secretion of antidiuretic
hormone.

Although the CDC criteria for arboviral infection were
described previously, for general clinical purposes the
diagnosis is made by detecting a fourfold or greater
increase in virus-specific IgG between the acute and con-
valescent sera and/or by identifying virus-specific IgM in
the serum or CSF.49 West Nile virus can be identified in
CSF by the detection of antibodies or by PCR. The CSF
in Japanese encephalitis usually has a pleocytosis with
WBC counts of 10 to 1000/mm3, and viral-specific IgM
antibodies can be demonstrated in CSF in 80% of patients
at the time of admission.52 Dengue viruses can be isolated
from the CSF and detected by PCR.58 Neutralizing anti-
body is usually detectable at the time of onset of illness
with POW virus. Virus has been isolated from the basal
ganglia, cortex, and cerebellum of brain tissue in fatal
cases. CTF is characterized by leukopenia and, in some
instances, thrombocytopenia. Early in the disease, CTF
virus can be isolated from serum, but later it is more easily
isolated from blood clots and from erythrocytes. Viremia
may last for several months.48

MANAGEMENT AND PROGNOSIS. There is no specific
antiviral therapy for the arboviral encephalitides, with the
exception of La Crosse virus encephalitis. Ribavirin in-
hibits the replication of LaCrosse virus by inhibiting viral
polymerase activity and has been reported to be efficacious
in isolated cases of pediatric LaCrosse virus encephalitis.59

Small numbers of patients with West Nile virus encephali-
tis have been treated with an intravenous immunoglobulin
preparation containing high titer anti-West Nile virus anti-
body. There are ongoing clinical trials. The treatment of the
other arboviral encephalitides consists primarily of supportive
care with management of the neurological complications of
seizures and increased intracranial pressure.

The majority of patients with California encephalitis
recover completely, but 15% experience sequelae of be-
havioral abnormalities or recurrent seizures.56 Mortality is
low—less than 1%.54 Sequelae occur in 20% of survivors
of SLE, consisting of irritability, memory loss, and, occa-
sionally, seizures or motor deficits.49,54 The mortality rate
is 2% to 20%, with the higher percentage occurring in the
elderly.56 Western equine encephalitis has a mortality rate
of 5% to 15%. Neurological sequelae are rare except in
children who develop the disease when they are younger
than 6 months of age. In young children, long-term se-
quelae consist of seizure disorders, paralysis, and develop-
mental delay. Postencephalitic parkinsonism has been
reported in some adult survivors of western equine enceph-
alitis.49,54,56 The mortality rate from EEE is 60% to 75%,
and neurological sequelae, consisting of mental retardation,
seizures, spastic paralysis, and behavioral abnormalities,
are common in those who survive.54,57 Mortality is less
than 1% from Venezuelan equine encephalitis, and neuro-
logical sequelae are rare.54 Vaccines for pre-exposure pro-
phylaxis are available for western equine encephalitis,
EEE, and Venezuelan equine encephalitis viruses but not
for SLE or LaCrosse virus.48

High-dose dexamethasone therapy has been utilized in the
treatment of acute encephalitis due to Japanese encephalitis
virus, but it appears to have little effect on outcome. A clin-
ical trial of interferon-a in Japanese encephalitis patients in
Thailand has produced promising results.52 The intrathecal
synthesis of IgM antibody appears to be an important deter-
minant of survival. The majority of patients who have anti-
bodies in their spinal fluid on the day of admission survive;
a large proportion of those who do not, die.51 Japanese
encephalitis is preventable through vaccination. For pri-
mary immunization, two doses of inactivated Japanese
encephalitis virus vaccine are administered at intervals of
7 and 14 days. A third injection is given a few months after
primary vaccination to ensure full protection. This vaccina-
tion protocol may be all that is necessary for people who
live in endemic areas; however, those in nonendemic areas
may need further periodic booster injections.52

The management of dengue encephalitis is nearly always
complicated by the systemic effects of this virus, including
vasculopathy, thrombocytopenia, and coagulopathy. The
majority of patients require transfusion of whole blood,
fresh frozen plasma, and platelets. When disseminated
intravascular coagulopathy complicates this infection, the
mortality rate is high. Full recovery is possible.52,58 Of
the 24 total cases of POW virus encephalitis that occurred
in North America from 1958 to 1994, 4 of the acute infec-
tions were fatal, and 2 patients died 1 and 3 years after on-
set because of sequelae that were reported to be directly
related to the disease.50 Sequelae are common in patients
who survive this infection, the most common of which is
hemiplegia. Paralysis and atrophy of the shoulder muscles
has also been reported.48 Few fatalities and minimal
sequelae have been reported in cases of CTF encephalitis.48

Influenza Virus
EPIDEMIOLOGY AND RISK FACTORS. The term influ-

enza derives from a flu epidemic in the 15th century that
was attributed to an influence of the stars. Influenza viruses
are single-stranded RNA viruses that are members of the
orthomyxovirus family.60 Influenza A virus is a major cause
of respiratory disease in children and adults.61 Influenza B
and varicella-zoster virus are the most common antecedent
infections in patients with Reye’s syndrome. Influenza-type
illnesses have been reported to precede the development
of acute ascending paralysis, the Guillain-Barré syndrome.
In utero exposure to the influenza virus has been suggested
as a contributing factor to the development of schizophre-
nia.62–64 The occurrence of influenza in mothers in the
first trimester of pregnancy has been associated with an
increased risk of neural tube defects.65 A reversible para-
lytic syndrome and the Guillain-Barré syndrome have been
associated with influenza immunizations.66,67

PATHOGENESIS AND PATHOPHYSIOLOGY. The in-
fluenza virus is transmitted from person to person by aero-
solized or respiratory droplets. The virus attaches to and
replicates in ciliated columnar epithelium of the upper
and lower respiratory tracts, following which a viremia
ensues.60 The major neurological complications of influ-
enza are Reye’s syndrome, postinfectious polyneuritis,
and acute viral myositis.

CLINICAL FEATURES AND ASSOCIATED FINDINGS

Influenza. The symptoms of influenza begin rapidly
with fever, usually 101�F to 102�F (38�C to 39�C),
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associated with myalgias, headache, lethargy, and respira-
tory tract symptoms of dry cough, rhinorrhea, and sore
throat. Eye pain and photophobia may occur. Influenza
rarely causes gastrointestinal symptoms in adults; however,
up to 50% of children have nausea, vomiting, and abdomi-
nal pain. Systemic symptoms and fever usually last 2 or 3
days and rarely more than 5 days.60

Reye’s Syndrome. Reye’s syndrome occurs primarily in
children, most often in association with influenza B and
varicella-zoster infections. Reye’s syndrome is an acute,
noninflammatory encephalopathy associated with hepatic
dysfunction due to microvesicular fatty infiltration of
the liver.68 Reye’s syndrome usually begins with severe
vomiting, and this is one of the cardinal features of this
syndrome. Vomiting is followed by or associated with leth-
argy progressing to stupor and coma.60 The CDC’s criteria
for Reye’s syndrome include (1) an alteration in the level
of consciousness with the CSF containing less than
8 cells/mm3; or (2) an alteration in the level of conscious-
ness and cerebral edema without perivascular or meningeal
irritation; and (3) either microvesicular fatty infiltration of
the liver or a greater than threefold rise in serum aspartate
aminotransferase level or ammonia.69

Postinfectious Polyneuritis. The clinical picture of
Guillain-Barré syndrome following an influenza virus in-
fection is indistinguishable from Guillain-Barré syndrome
of other causes (Video 221, Miller Fisher Syndrome).

Acute Viral Myositis. Influenza A and B have been
associated with myositis. Benign acute myositis is charac-
terized by transient severe pain and weakness affecting
the calves; it primarily affects children and occurs during
epidemics of influenza.70

DIFFERENTIAL DIAGNOSIS. The influenza virus can
be cultured from throat and nasopharyngeal swabs obtained
within 3 days of onset of illness. Acute and convalescent
sera should be sent to the laboratory to detect seroconver-
sion or a fourfold or greater increase in virus-specific IgG
between the serum samples. A fourfold rise in antibody
titer indicates that the patient was recently infected with
the influenza virus but is not definitive proof that the influ-
enza virus is the etiological agent of the neurological
syndrome.

MANAGEMENT AND PROGNOSIS. The majority of
acute influenza infections are self-limited. The use of
salicylates (e.g., aspirin) should be avoided in children
with flulike symptoms to decrease the risk of Reye’s
syndrome.

Inactivated and live attenuated influenza vaccines are
available. Vaccination is recommended for individuals
who are at risk for influenza-related complications (e.g.,
pneumonia, myocarditis, and exacerbation of chronic med-
ical conditions), including individuals older than age 65
years, people with chronic cardiopulmonary disease includ-
ing children with asthma, and residents of chronic care
facilities. In addition, people with chronic illnesses, such
as diabetes or renal disease, and those compromised by im-
munosuppression should be vaccinated. Individuals who
can transmit influenza to high-risk people, such as health
care workers, nursing home and chronic care facility
employees, and household members of high-risk people,
should also be vaccinated.60
Measles
EPIDEMIOLOGY AND RISK FACTORS. Measles is one

of the three major infectious diseases worldwide and
causes approximately 1.5 million childhood deaths per
year.71 In the 1960s, prior to routine childhood immuniza-
tion, more than 400,000 cases of measles were reported an-
nually; in comparison, less than 4000 cases were reported
annually in the early 1980s. From 1988 to 1990, the inci-
dence of measles increased eightfold.72 Between 1987
and 1990, 52,846 cases of measles were reported to the
CDC.73 This marked increase in the number of cases of
measles was attributed to outbreaks among unvaccinated
preschool-age children and to outbreaks among vaccinated
school-age children who had received only a single dose of
measles vaccine.73

Encephalitis is a rare complication of measles infection.
It occurs in one of three distinct types: (1) postinfectious or
autoimmune encephalomyelitis, which presents as a sudden
recurrence of fever with an altered level of consciousness,
seizure activity, and multifocal neurological signs during
convalescence from measles; (2) subacute sclerosing
panencephalitis (SSPE), which presents after a latent pe-
riod of 6 years or more from an acute measles infection
and has an insidious onset of neurological dysfunction
associated with myoclonus and seizure activity, and it pro-
gresses to coma and death within 1 or 2 years; and (3) sub-
acute measles encephalitis (subacute inclusion body
encephalopathy and progressive infectious measles enceph-
alitis), which most commonly occurs in immunosuppressed
individuals after a latent period of 1 to 10 months between
the measles-like illness and the encephalitis.74–76 Encepha-
lomyelitis occurs in 1 per 1000 individuals who develop
measles (mostly in older people), and between 5 and 10
children per 1 million who contract measles develop
SSPE.77

PATHOGENESIS AND PATHOPHYSIOLOGY. Measles
virus is spread by respiratory droplets, and only a small
amount of virus is required to produce the infection. Virus
replicates in the respiratory tract and then spreads to the
local lymphatic tissues. Amplification of virus in the lymph
nodes produces a primary viremia that results in the spread
of virus to multiple lymphoid tissues and the skin, kidney,
gastrointestinal tract, and liver. In these organs, the virus
replicates in endothelial cells, epithelial cells, and mono-
cytes and macrophages. Measles virus can be detec-
ted in peripheral blood leukocytes at the time of onset of
prodromal symptoms and for several days after the onset
of the rash. The fusion of the measles virus-infected cells
leads to the formation of multinucleated giant cells, a
pathological hallmark of this infection.76

Postmeasles encephalomyelitis (postinfectious encepha-
lomyelitis and autoimmune encephalomyelitis) is a perive-
nular demyelinating disease rather than an inclusion body
encephalitis. Histologically, the lesions resemble those in-
duced experimentally by injection of animals with myelin
proteins with adjuvant—that is, experimental, autoimmune
encephalomyelitis.71 There is little evidence of virus in
the brain, as assessed either by virus isolation and antigen
and RNA detection or by the appearance of measles
virus-specific antibody in the CSF.76
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The pathogenesis of SSPE and of subacute measles en-
cephalitis has, however, been attributed to measles virus
persistence in the CNS.75,78 The histological features of
SSPE include inflammatory infiltrates, glial nodules, de-
generation of neurons, hyperplasia of astrocytes and mi-
croglia, and intranuclear inclusion bodies of Cowdry type
A with abundant measles virus antigen.74 The histological
diagnostic features of subacute measles encephalitis in-
clude intranuclear eosinophilic, and sometimes intracyto-
plasmic, inclusion bodies in neurons and oligodendrocytes
with abundant paramyxovirus nucleocapsids and measles
virus antigen.74,75

CLINICAL FEATURES AND ASSOCIATED FINDINGS

Measles. The onset of measles is characterized by fever,
cough, coryza, and conjunctivitis associated with Koplik’s
spots, which are small, white punctate lesions on the buccal
mucosa. A maculopapular rash appears 2 or 3 days later,
first on the face and behind the ears and then spreading in
a centrifugal fashion to the trunk and extremities.76 The
cephalocaudal spread of the maculopapular rash is quite
characteristic of measles.

Postinfectious Encephalomyelitis. Postmeasles enceph-
alomyelitis usually occurs within 2 weeks after the onset
of the rash. There is a sudden recurrence of fever asso-
ciated with a decrease in consciousness, seizures, and
multifocal neurological abnormalities. Mortality is approx-
imately 20%, and sequelae are common in survivors.71,76

Subacute Sclerosing Panencephalitis. SSPE is a pro-
gressive CNS disorder that begins several years after mea-
sles infection in early childhood and is characterized by
behavioral abnormalities, intellectual deterioration, motor
rigidity, and myoclonic jerks that progress to coma and
death (Video 256, Subacute Sclerosing Pan Encephalitis).

Subacute Measles Encephalitis. Neurological signs
resulting from subacute measles encephalitis typically de-
velop 1 to 9 months after exposure to measles or from the
time of onset of clinical measles. The disease is character-
ized by seizure activity, an alteration in the level of
consciousness, and focal neurological deficits including
hemiparesis, ataxia, and disturbances of language and vi-
sion. Seizure activity may be focal or generalized, and
epilepsia partialis continua is a prominent feature.75,77

The majority of patients who develop subacute measles
encephalitis are immunosuppressed.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of measles includes illnesses associated with fever and an
erythematous maculopapular rash, such as scarlet fever, ru-
bella, meningococcemia, Kawasaki’s disease, toxic shock
syndrome, and erythema multiforme due to a hypersensi-
tivity to medications.79,80

During the viremia of measles infection, measles virus
can be isolated from peripheral blood mononuclear cells.81

The clinical diagnosis, however, is more typically based on
the presence or a history of the characteristic findings of
fever, an erythematous maculopapular rash demonstrating
a cephalocaudal spread, coryza, cough, conjunctivitis, and
Koplik’s spots. Laboratory results that support a diagnosis
of measles are the detection of measles IgM and a fourfold
increase in measles IgG between acute and convalescent
sera.79 The diagnosis of postmeasles encephalomyelitis is
based on the occurrence of encephalitis within 2 weeks of
the rash of measles associated with a recurrence of fever.
The diagnosis of SSPE is typically based on the charac-
teristic clinical appearance as described previously and the
appearance of periodic complexes on the EEG; clinical
myoclonic jerks have a one-to-one relationship with the pe-
riodic EEG complexes.82 Measles antibody titers in CSF
are typically elevated in patients with SSPE.

The diagnosis of subacute measles encephalitis can be
confirmed only by brain biopsy but is suggested by the fol-
lowing: (1) a history of measles or exposure to measles
within 1 to 10 months of presentation, (2) an immunocom-
promised state, (3) refractory focal seizures (epilepsia
partialis continua) as part of the neurological symptomatol-
ogy, and (4) absence of fever.75 Examination of the CSF
reveals a mild mononuclear pleocytosis and a mild eleva-
tion in the protein concentration, but in approximately
one-third of patients the CSF is entirely normal. The EEG
is slow with nonspecific abnormalities. Detection of mea-
sles virus RNA by PCR technology may make the diagno-
sis of subacute measles encephalitis considerably easier.

MANAGEMENT AND PROGNOSIS. The dramatic in-
crease in measles from 1987 to 1990 led to two principal
changes in the recommendations for measles vaccination
made by both the ACIP and the American Academy of
Pediatrics Committee on Infectious Diseases of the CDC:
(1) The age for the initial measles vaccination was changed
from 15 months to 12 months, and (2) a second dose of
measles vaccine was recommended at either 4 to 6 years
or at the time of entry to middle or junior high school.73

The vaccine in use today is a live attenuated measles virus
that was developed from the original Edmonston strain of
measles virus isolated by Enders in 1954.76

Measles during pregnancy has a more severe clinical
course and is associated with an increased risk of pre-
mature labor or spontaneous abortion.72,83 Pregnancy is
a significant risk factor for mortality during measles.72

Measles infection in pregnancy does not, however, appear
to be associated with an increased risk of congenital
anomalies, leading to the suggestion that although infection
with measles increases the risk of premature termination of
pregnancy within the first 2 weeks of onset of the rash,
if pregnancy continues, the likelihood of a favorable out-
come is high.83 It is recommended that susceptible preg-
nant women exposed to a person with active measles
receive serum immune globulin (gamma globulin 16.5%)
within 6 days of exposure to prevent or modify subsequent
disease. All infants born to mothers with active measles in
the 6 days before delivery should also receive intravenous
immunoglobulin prophylaxis (500 mg/kg) immediately
after birth and again 1 week later.72,83,84 Ribavirin has been
shown to be effective against measles virus in vitro. It has
been suggested that ribavirin might be useful as therapy for
immunocompromised patients with measles, although anec-
dotal case reports in which intravenous ribavirin was used
have not demonstrated a therapeutic effect. Ribavirin does
cross the placenta and is present in amniotic fluid in
potentially therapeutic levels. Teratogenic effects have
been reported in rats (but not primates) given high doses
of ribavirin during pregnancy; therefore, there is some
concern about the possible teratogenicity of this drug.72

Treatment of the encephalitis syndrome described previ-
ously that may complicate measles infection is primarily
supportive. There are a few favorable case reports of the
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use of ribavirin in patients with subacute measles encepha-
litis; however, firm recommendations cannot be made at
this time.75,85 There are reports of clinical improvement
in patients with SSPE who were treated with inosiplex
and intrathecal interferon-a, as well as reports of patients
who showed no improvement with this therapy. No firm
recommendations can be made at this time.

Arenavirus (Lymphocytic Choriomeningitis Virus)
EPIDEMIOLOGY AND RISK FACTORS. The natural

reservoir for the lymphocytic choriomeningitis virus
(LCMV) is the common house mouse. Hamsters and labo-
ratory animals can also be infected with this virus. Most
human infections result from contact with house mice.86,87

Four clinical syndromes due to infection with LCMV have
been described: (1) subclinical asymptomatic infection,
(2) nonmeningeal influenza-like illness, (3) aseptic meningi-
tis, and (4) meningoencephalomyelitis. LCMV was the first
specific etiological agent of the aseptic meningitis syndrome
to be identified.87

PATHOGENESIS AND PATHOPHYSIOLOGY. LCMV
is a member of the arenavirus family and is maintained in
nature primarily by vertical intrauterine infection in mice,
hamsters, and rodents, producing a chronic asymptomatic
infection in the offspring. These animals shed the virus in
saliva, nasal secretions, semen, milk, urine, and feces.87

The route of transmission to humans remains unknown
but is presumed to occur through contamination of open
cuts or aerosolized spread of virus. There is no evidence
of person-to-person transmission of LCMV infection.86

Local replication of LCMV is followed by dissemination
to the reticuloendothelial system with a subsequent vire-
mia. The CNS is infected during the course of the viremia.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Clinical manifestations of acute LCMV infection in chil-
dren and adults range from asymptomatic seroconversion
to an influenza-like illness, an aseptic meningitis, and,
rarely, a meningoencephalomyelitis. In patients with aseptic
meningitis, there is often a history of a biphasic illness.
The first stage resembles an influenza-like illness. This is
then followed by a symptom-free period of time varying
from a few days to 3 weeks, which is followed in turn by
the acute onset of high fever, headache, vomiting, and
signs of meningeal irritation.86 Although the clinical pre-
sentation of CNS infection with LCMV is most frequently
an aseptic meningitis, it may also be a meningoencephali-
tis. Congenital LCMV infection can result in intrauterine
or early neonatal death, hydrocephalus, chorioretinitis,
and psychomotor retardation.88

DIFFERENTIAL DIAGNOSIS. The diagnosis of LCMV
infection can be made by the appearance of IgM antibodies
in a serum sample or by a fourfold or greater rise in anti-
body titer between the acute and convalescent serum sam-
ples. The classic CSF abnormalities include a lymphocytic
pleocytosis of 300 to 3000 cells/mm3 and hypoglycorrha-
chia.86 LCMV is one of the few etiological agents of an
aseptic meningitis with hypoglycorrhachia. LCMV can be
isolated from the CSF. The diagnosis of congenital LCMV
infection is based on the clinical presentation and labora-
tory evidence of persistently high IgG immunofluorescent
antibody titers.89
MANAGEMENT. Prevention of LCMV infection is the
priority. Laboratory animals acquired from areas where
arenaviruses are indigenous should be tested for LCMV in-
fection. Pregnant women should avoid contact with labora-
tory and household mice and hamsters. LCMV aseptic
meningitis in children and adults is self-limited, and
complete recovery is the rule.
Rubella
EPIDEMIOLOGY AND RISK FACTORS. Since the ru-

bella vaccine became available in 1969, rubella and the
neurological complications of rubella have been due pri-
marily to periodic outbreaks of the disease. The neurologi-
cal syndromes associated with rubella virus infection
include (1) the congenital rubella syndrome, (2) acute en-
cephalitis complicating rubella, (3) postrubella polyradicu-
loneuritis, and (4) progressive rubella panencephalitis.90,91

Acute encephalitis is a rare complication of rubella infec-
tion, with a reported incidence of 1 in 5000 to 1 in
24,000 cases.91 Postrubella polyradiculoneuritis compli-
cates rubella in an estimated 4% of patients. Only five
cases of acute postrubella polyradiculoneuritis have been
reported in the past 30 years.91 The most common neuro-
logical complication of rubella infection is the congenital
rubella syndrome. The gestational age at the time of infec-
tion determines the risk of fetal anomaly.92 The risk of con-
genital rubella syndrome is greatest when infection occurs
during the first trimester. Progressive rubella panencephali-
tis is a slow virus disease of the CNS that has many clinical
similarities to SSPE caused by measles virus and is an un-
common late-onset manifestation of congenital rubella.93

PATHOGENESIS AND PATHOPHYSIOLOGY. The
rubella virus is a single-stranded RNA virus. Infection is
acquired by droplet inhalation; viral replication occurs in
the nasopharynx with a subsequent viremia. The CNS is
infected in the course of the viremia. Maternal viremia dur-
ing the first trimester of pregnancy can infect the placenta
and spread to the fetus.94 Disease in the fetus exposed to
this virus during the first trimester is severe.95

CLINICAL FEATURES AND ASSOCIATED FINDINGS

Rubella. Rubella is a generalized maculopapular exan-
them associated with fever. Arthralgias, lymphadenopathy,
and conjunctivitis may also be associated with the acute
illness.

Acute Encephalitis. Acute encephalitis is a rare compli-
cation of rubella infection. Symptoms usually appear within
1 to 6 days after the typical maculopapular rash develops
and are characterized by headache, dizziness, lethargy, be-
havioral abnormalities, coma, and generalized or focal sei-
zures in as many as 50% of cases. The case fatality rate of
acute rubella encephalitis is low, and most nonfatal cases
recover rapidly with minimal or no sequelae.90

Postrubella Polyradiculoneuritis. Postrubella polyra-
diculoneuritis develops abruptly as the exanthem of rubella
fades and has the clinical features of the Guillain-Barré
syndrome. The duration of the illness is usually brief.91

Congenital Rubella Syndrome. Features of the congen-
ital rubella syndrome include intrauterine growth retardation,
sensorineural deafness, cataracts, congenital glaucoma,
patent ductus arteriosus, pulmonic stenosis, microcephaly,
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mental retardation, meningoencephalitis, purpuric rash,
hepatosplenomegaly, and radiolucent bone densities.96 In
addition to these clinical signs, which are present at birth,
children with congenital rubella syndrome may develop
delayed-onset progressive rubella panencephalitis, a disease
of the CNS that has many clinical similarities to SSPE
caused by measles virus.93 This syndrome may also follow
childhood rubella in rare instances.97 Symptoms typically
begin between ages 8 and 19 years with deterioration in
school performance and behavior sometimes associated
with seizures. The neurological deterioration progresses to
a global dementia with ataxia, spasticity of gait, dysarthria,
and dysphagia. Progressive pallor of the optic discs and a
maculopathy occur.97

DIFFERENTIAL DIAGNOSIS. Examination of the CSF
in patients with rubella encephalitis may be normal or
may demonstrate a mild to moderate mononuclear cell
pleocytosis and an elevated protein concentration. Virus
is rarely isolated from the CSF in patients with rubella
encephalitis. Electroencephalography may demonstrate dif-
fuse or focal abnormalities. Diagnosis is made by detection
of rubella-specific IgM antibodies in serum or by demon-
stration of a fourfold rise in rubella-specific IgG in the
convalescent sera compared to the acute sera.90 Similarly,
the diagnosis of postrubella polyradiculoneuritis is based
on the findings of a demyelinating peripheral neuropathy
following an exanthematous illness. One of the characteris-
tics of the rash of rubella is that the maculopapular rash
almost invariably begins on the face before it becomes
generalized, and it is often associated with posterior cervi-
cal adenopathy.97 A description of this type of rash pre-
ceding the clinical syndrome of polyradiculoneuritis is
suggestive of rubella. By the time the polyradiculoneuritis
develops, serum for IgM antibodies to rubella virus may
be negative. A single elevated rubella IgG titer is sugges-
tive but not diagnostic of a recent rubella infection, but when
associated with a history of the rubella rash as described
previously, it is quite compatible with the diagnosis.

In infants who have clinical evidence of the congenital
rubella syndrome at birth, serum IgM antibody to rubella
virus and viral cultures should be obtained. Other labora-
tory abnormalities supporting the diagnosis of congenital
rubella syndrome include hyperbilirubinemia, thrombocy-
topenia, elevated serum transaminase levels, and long-bone
radiographs demonstrating metaphyseal lucencies. Neuro-
imaging studies reveal intracranial calcifications, delayed
myelination, or ventriculitis.98 Several different methods
have been used to make an intrauterine diagnosis of rubella
infection, including isolation of the rubella virus in the am-
niotic fluid obtained by amniocentesis, cordocentesis, use
of the PCR method on extracts from chorionic villi and
placenta, and ultrastructural examination of amniotic fluid
cells using transmission and scanning electron micros-
copy.99 Examination of the CSF in progressive rubella panen-
cephalitis demonstrates a mild lymphocytic pleocytosis (0 to
37 cells/mm3), a moderate increase in the protein concentra-
tion (60 to 142 mg/mL), and intrathecal immunoglobulin
synthesis.97

MANAGEMENT AND PROGNOSIS. The key to manage-
ment of the neurological complications of rubella is pre-
vention. The rubella vaccine licensed for use in the
United States is a live attenuated Wistar RA 27/3 rubella
virus.94 The immunogenicity of the vaccine is reduced by
whole blood transfusion; therefore, it is recommended that
rubella vaccine not be given for 3 months after immuno-
globulin or whole blood transfusion.92 The incidence of ar-
thritis after vaccination is low when the RA 27/3 strain of
rubella vaccine is used. Breast-feeding is not a contraindi-
cation to postpartum immunization. Infants infected with
the rubella virus through breast milk may experience a
mild rash, but the majority remain asymptomatic, and no
serious adverse effects have been reported.96 Currently,
the first dose of rubella vaccine is given to children as part
of the MMR vaccine at 12 to 15 months of age. A second
dose of the MMR vaccine is recommended when the child
first enters school or later when he or she enters middle
school.94

Human T Cell Lymphotropic Virus Type 1
EPIDEMIOLOGY AND RISK FACTORS. The human T

cell lymphotropic virus type 1 (HTLV-1) causes a rapidly
progressive adult T cell leukemia or lymphoma and a slowly
progressive neuromyelopathy known as HTLV-1-associated
myelopathy-tropical spastic paraparesis (HAM-TSP).100,101

The distribution of HTLV-1 infection is worldwide, with
major foci of endemic infection in southwestern Japan,
the Caribbean, Central and South America, sub-Saharan
Africa, the Middle East, and Melanesia. It is estimated that
between 10 and 20 million people are infected with HTLV-
1. In the United States and Europe, HTLV-1 is found
primarily in intravenous drug abusers.100 Transmission
of HTLV-1 can occur from mother to child primarily by
breast milk, between intravenous drug addicts through the
sharing of contaminated needles and syringes, by sexual
contact, and by the transfusion of contaminated blood prod-
ucts. Vertical transmission of HTLV-1 from mother to
child has been reported to occur in 15% to 20% of children
born to HTLV-1-positive mothers. Breast milk appears to
be the principal route because seroconversion rates are
14% to 20% for breast-fed infants compared to 3% to 5%
for bottle-fed infants.102 Sexual transmission of HTLV-1
is fairly inefficient compared to transmission of the human
immunodeficiency virus (HIV). Blood transfusion, how-
ever, is a very efficient means of transmission of HTLV-1,
and the greatest risk is incurred by recipients who receive
seropositive blood stored for less than 1 week, who require
multiple transfusions, or who receive immunosuppressive
therapy at the time of the transfusion.103

PATHOGENESIS AND PATHOPHYSIOLOGY. There are
two major theories of the pathogenesis of HAM-TSP—an
autoimmune model and a cytotoxic model. In the autoim-
mune model, HTLV-1 activates autoreactive T cells, which
then migrate to the CNS, penetrate the blood-brain barrier,
and stimulate the production of inflammatory cytokines,
leading to subsequent tissue destruction.101,104 In the cyto-
toxic model, tissue destruction is caused by a CD8-mediated
cytolytic attack against HTLV-1-infected CNS cells or
infected CD4 T cells in the CNS. An early event in HAM-
TSP appears to be a breakdown of the blood-brain barrier,
leading to perivascular influx of mononuclear cells. CD4 T
cells are the predominant cell type early in disease, but
CD8 T cells are found almost exclusively in the later stages
of disease. As the duration of HAM-TSP progresses, an
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increasing number of CD8 cells infiltrate the CNS. This in-
filtration is associated with an upregulation of HLA class 1
and class 2 molecules and an increased expression of cyto-
kines. The end result is demyelination with axonal involve-
ment that is widespread in the spinal cord, and the
corticospinal tracts tend to be more affected than the more
heavily myelinated posterior columns. The thoracic spinal
cord is the area of maximum involvement.101,105

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

HAM-TSP is a slowly progressive spastic paraparesis
marked by hyper-reflexia, bladder dysfunction, constipa-
tion, and impotence in males. Sensory abnormalities due
to demyelination of the posterior columns occur less fre-
quently than motor abnormalities and present primarily
as paresthesias of the lower extremities.103

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
includes myelopathy due to a compressive lesion of the
cord from a disc, tumor, or infection; subacute combined
degeneration resulting from vitamin B12 deficiency; HIV-
1 myelopathy; multiple sclerosis; and syphilis (Video 5,
Sensory Ataxia).

Serological testing should be performed to detect
HTLV-1 antibodies in serum. MRI of the brain may dem-
onstrate hyperintense lesions in the subcortical white mat-
ter on T2-weighted scans, resembling the lesions of
multiple sclerosis.106 MRI of the spinal cord may show hy-
perintense lesions in the thoracic spinal cord. Elevated an-
tibody titers to HTLV-1 can be detected in blood and CSF
of patients with HAM-TSP.

MANAGEMENT AND PROGNOSIS. The presence of in-
flammatory cells, including macrophages and T cells, in
HAM-TSP spinal cord material, in addition to the upregu-
lation of HLA and cytokine molecules, suggests that an in-
crease in immunological activity in the CNS is the basis of
the pathogenesis of HAM-TSP.105 Immunosuppressive
therapy is the only modality currently available to treat
HAM-TSP. There is no specific antiviral therapy. The best
means of treatment may be prevention through an HTLV-1
vaccine, and it has been suggested that the development of
vaccination against the HTLV-1 retrovirus would serve as
a pathfinder for the development of a vaccine against
HIV.100
DNA VIRUSES

Herpes Simplex
EPIDEMIOLOGY AND RISK FACTORS. Herpes sim-

plex virus (HSV) infections of the CNS are of several
types: (1) an acute encephalitis, (2) a benign recurrent
lymphocytic meningitis, (3) an acute facial nerve paralysis,
(4) recurrent ascending myelitis, and (5) a neuritis localized
to a single sensory nerve. Neonatal HSV infections occur at a
rate of approximately 1 in 3500 to 5000 deliveries per year in
North America. Three forms of infection of the newborn are
recognized: infection localized to the skin, eye, and mouth;
encephalitis; and disseminated disease with involvement of
the CNS. Neonatal HSV infections are usually caused by
HSV type 2 (HSV-2).107

In children age 6 months or older and in adults, HSV
type 1 (HSV-1) is the most common cause of sporadic fatal
encephalitis. Herpes simplex encephalitis is estimated
to occur in 1 in 250,000 to 500,000 people per year.108

HSV-2 is increasingly recognized as the etiological agent
of benign recurrent lymphocytic meningitis and HSV-1 as
the etiological agent of acute facial nerve paralysis, Bell’s
palsy.

PATHOGENESIS AND PATHOPHYSIOLOGY. The hu-
man herpesviruses are neurotropic viruses that are able to
establish active and latent infections in the CNS and can
cause tissue damage through viral replication in nervous
tissue and reactivation from the latent state.109 The patho-
genesis of neonatal HSV disease is different from that of
HSV disease in older infants, children, and adults. Neona-
tal HSV infection is acquired most commonly when the
fetus comes in contact with infected maternal genital secre-
tions. The type of maternal infection, whether primary or
recurrent, has a significant influence on the risk of infec-
tion to the fetus. Maternal primary infection at the time
of delivery is associated with a fetal risk of infection of
approximately 35%. Maternal recurrent infection at the
time of delivery is associated with a significantly lower
risk to the fetus of approximately 3%.107

There are two forms of HSV encephalitis during the neo-
natal period. In infants with encephalitis alone, the illness
begins, on average, within 2 weeks of birth. Infection of
the CNS by HSV in these neonates is thought to occur by
intraneuronal routes. The majority of these infants do not
develop skin lesions, and brain disease is often localized
to one or both temporal lobes, but it can progress to involve
other areas of the brain. In contrast, in newborns with
encephalitis resulting from disseminated disease, symp-
toms of brain involvement begin at the age of 7 to 9 days
or earlier. The CNS becomes infected through blood-borne
spread of the virus, and neuroimaging procedures reveal
multiple areas of hemorrhagic necrosis throughout the
cerebral cortex.107,108

In children and adults, HSV-1 encephalitis occurs as ei-
ther an acute infection or reactivation of latent infection in
the trigeminal ganglion. Infection most commonly involves
the temporal cortex, the orbital-frontal cortex, and the lim-
bic structures. In most cases, the initial infection begins in
the oral cavity, and the virus spreads transneuronally along
a division of the trigeminal nerve to the trigeminal gan-
glion.109 In experimental animal models of HSV-1 enceph-
alitis, intranasal inoculation leads to viral entry via the
olfactory nerve with subsequent infection of the olfactory
bulb. Infection then develops in the temporal cortex analo-
gous to human disease; however, the olfactory bulb is
rarely affected in humans, and therefore the olfactory nerve
is less likely to be the site of viral entry in humans.110 The
extent and severity of CNS disease is related to the neuro-
virulence of the virus, the degree of viral inoculum, the im-
munocompetence of the individual, and possibly genetic
determinants of susceptibility to HSV infection.111

The human herpesviruses have the ability to establish
lifelong latent infection in the peripheral sensory ganglia
(PSG), in the trigeminal ganglion, and in the motor neurons
of the hypoglossal nucleus. During acute infection, cells
that are infected with HSV-1 ultimately die. The pathogen-
esis of virus that establishes latency is fundamentally dif-
ferent. Following peripheral inoculation, HSV-1 DNA
viral particles are carried by retrograde axonal flow to the
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PSG. Since HSV is a lytic virus and replication within a
cell results in cell death, latency cannot be established in
cells in which the virus has completed a full replication cy-
cle. During attachment of HSV-1 to the axonal membrane
of the peripheral nerve, the virus loses its envelope, and
the contents of the tegument as well as the capsid are trans-
ported to the neuronal nucleus. Vmw65, an HSV-1 transac-
tivating protein that is a component of the viral tegument,
has a role in this process. The amount of Vmw65 that is
carried with the virus to the cell nucleus eventually deter-
mines the fate of the infection. If a sufficient amount
reaches the neuronal cell body, a replication cycle ensues,
and the cell dies; if, however, the amount of Vmw65 is in-
sufficient, no replication cycle begins, and latent infection
is established.109 No infectious viral particles are present
during latent infection. During latent HSV-1 infection, the
linear DNA is present as a circular molecule that is not
integrated into the host cell DNA.112 External stimuli trig-
gering reactivation of HSV include injury to tissues inner-
vated by the neurons harboring latent infection and the
systemic conditions of exposure to sun, fever, malignancy,
and immunosuppression. Even after numerous repeated
bouts of reactivation, most patients do not have permanent
sensory loss or any other neurological deficit in the af-
fected dermatome, presumably because reactivation is not
associated with significant destruction of latently infected
neurons.109–112

The nature of the latent state of the HSV infection in the
trigeminal ganglion is not as well understood as HSV in-
fection in the peripheral nervous system (Video 107, Her-
pes Ophthalmacus). CNS disease as a result of HSV-1
infection—herpes encephalitis—in immunocompetent indi-
viduals is a very rare single event, whereas HSV infection
in the peripheral nervous system may recur many times dur-
ing an individual’s lifetime. It is estimated that in approxi-
mately one third of patients, HSV-1 encephalitis occurs
during the primary viral infection, and that in the other
70% HSV-1 encephalitis is due to reactivation of latent in-
fection in the trigeminal ganglion.109 The pathogenesis of
herpes simplex virus infection as a cause of benign recurrent
lymphocytic meningitis is postulated to be due to HSV-2
primary infection or to reactivation in a sacral dorsal root
ganglion that seeds the CSF subarachnoid space and pro-
duces meningitis.113 The pathogenesis of herpes simplex vi-
ral infection in acute facial nerve paralysis is presumed to be
reactivation of latent infection in the geniculate ganglion.114

CLINICAL FEATURES AND ASSOCIATED FINDINGS

Acute Encephalitis. As discussed in the preceding sec-
tion on pathogenesis, HSV encephalitis typically involves
the temporal lobe or lobes, the orbital-frontal cortex, and
the limbic structures. The clinical presentation is that of a
focal encephalitis characterized by focal neurological defi-
cits (hemiparesis in approximately one third of patients)
(Video 11, Hemiplegic Gait), focal seizure activity often
involving the temporal lobe, headache, altered behavior,
personality changes, fever, and altered levels of conscious-
ness (Video 248, Complex-Partial Seizures with Automa-
tisms). The classic paper on diseases that mimic herpes
simplex encephalitis appeared in the Journal of the Ameri-
can Medical Association in 1989.115 This study, which
included a total of 432 patients who underwent brain biopsy
for presumptive herpes simplex encephalitis, predated the
routine use of MRI and the availability of CSF PCR. Today,
the differential diagnosis of acute focal encephalitis with
fever, after neuroimaging and CSF analysis, is that of a
focal viral encephalitic process. The causes of a focal viral
encephalitic process are listed in Table 41-4.

Recurrent Lymphocytic Meningitis. HSV-2 is an etio-
logical agent of benign recurrent lymphocytic meningitis
(Mollaret’s meningitis).113 This meningitis is characterized
by recurrent attacks of fever, headache, and meningeal
irritation that last from 2 to 5 days. There may also be
symptoms of a sacral radiculitis.

Bell’s Palsy. HSV is an etiological agent of acute facial
nerve paralysis (Video 23, Cranial Nerve VII, Facial
Diplegia).114

DIFFERENTIAL DIAGNOSIS. MRI is preferred over
the CT scan for demonstration of the early lesions of her-
pes simplex virus encephalitis. On T2-weighted and fluid-
attenuated inversion recovery images, high signal intensity
lesions are seen in the medial and inferior temporal lobes,
which may extend up into the insula. The CSF is under
increased pressure, the protein concentration is mildly to
moderately elevated, and a lymphocytic pleocytosis is
present, as are red blood cells and/or xanthachromia, which
reflect the hemorrhagic necrotic nature of the encephalitis;
the glucose concentration is normal or mildly decreased.
CSF viral cultures for HSV-1 are almost always negative.

The PCR technique, a highly sensitive and specific test
for herpes simplex virus encephalitis, may be negative
initially in the first 24 to 48 hours of infection but then
becomes positive and remains positive for at least 2 weeks.
HSV DNA was detected by PCR in the CSF of 53 of 54
(98%) patients with biopsy-proven HSV encephalitis. Pos-
itive results were found in 3 of 47 (6%) patients whose
brain tissue was culture negative.116 False-positive PCR
analysis for HSV DNA has been reported, and a laboratory
with expertise in the PCR technique should be used.117

PCR should not be performed on bloody CSF. Porphyrin
compounds derived from the degradation of heme in ery-
throcytes may inhibit the PCR reaction, giving a false-
negative result. CSF and serum should also be sent for
HSV antibody assay. The intrathecal synthesis of HSV-
specific antibody can be detected, usually within 3 to 10
days or more after the onset of symptoms, and antibodies
can be detected for as long as 3 months after the onset of
symptoms. A serum-to-CSF ratio of less than 20:1 suggests
intrathecal production of antibodies to HSV-1. The EEG
may also contribute to the diagnosis by showing periodic
focal or unilateral high-amplitude complexes consisting of
a single wave or a group of waves that repeat at fairly reg-
ular intervals and are expressed maximally over the
involved temporal lobe. For the diagnosis of benign recur-
rent lymphocytic meningitis, CSF should be analyzed by
the PCR method for HSV-2.113

Establishing the etiological agent of a facial nerve paral-
ysis is typically difficult except when the characteristic
lesions of the Ramsay Hunt syndrome are present. The
PCR technique has been used to detect HSV DNA in facial
nerve endoneurial fluid and in patients with Bell’s palsy,
thus identifying HSV-1 as an etiological agent.118

MANAGEMENT. Acyclovir is the drug of choice for neo-
nates with HSV infections of the CNS and for patients with
herpes simplex virus encephalitis. Although the standard



934 Etiological Categories of Neurological Diseases / 41
of care has been a dose of 10 mg/kg three times daily (for a
total of 30 mg/kg/day) for a minimum of 14 days, higher
dosages and longer courses (3 weeks followed by an oral
antiviral agent) are being investigated. Approximately 5%
to 10% of patients with herpes simplex encephalitis show
a relapse clinically.108 It is recommended that the use of
brain biopsy be reserved for patients in whom the diagnosis
remains unclear, despite the previously described diagnos-
tic studies, and for those in whom progressive neurological
deterioration occurs despite acyclovir therapy.108 Patients
with HSV-related Mollaret’s meningitis may benefit from
prophylactic acyclovir because this treatment has been
demonstrated to be effective in preventing recurrent genital
herpes.119 A combination of oral acyclovir and prednisone
has also been recommended for the treatment of acute
idiopathic facial nerve palsy, but firm recommendations
cannot be made at this time.

Varicella-Zoster Virus
EPIDEMIOLOGY AND RISK FACTORS. Varicella-

zoster virus (VZV) is the etiological agent of chickenpox.
Von Bokay was the first to observe that susceptible children
might develop varicella after exposure to the herpes zoster
virus. Joseph Garland, a long-term editor of the New
England Journal of Medicine, was the first to suggest that
zoster reflected activation of a latent varicella virus.120 In
1954, Thomas Weller confirmed von Bokay’s observation
that children develop varicella following exposure to patients
with herpes zoster by demonstrating, with tissue culture
and antibody studies, that the two diseases were caused
by the same virus.121 The likelihood of developing zoster
increases with advancing age, a phenomenon attributed to
immune senescence and a decline in the VZV-specific T
lymphocyte population.122 Varicella, or chickenpox, results
from the initial exposure to VZV, and approximately 1 in
1000 to 4000 patients with varicella developed neurological
complications of encephalitis (which most often presented
as an acute cerebellar ataxia) (Video 91, Cerebellar Ataxia),
aseptic meningitis, polyneuritis, multiple cranial neuropa-
thies, or Reye’s syndrome.121 The incidence of varicella
has decreased significantly since the licensure of a live, at-
tenuated varicella virus vaccine in the United States in March
1995. Postherpetic neuralgia is the most common neurolog-
ical complication of zoster. VZV is also the etiological agent
of the Ramsay Hunt syndrome. J. Ramsay Hunt introduced
the term herpes zoster oticus in 1907 to refer to a herpetic
inflammation of the geniculate ganglion.123 VZV encepha-
litis is increasingly recognized in immunosuppressed
individuals, particularly those with the acquired immunode-
ficiency syndrome (AIDS), and is characterized by multifo-
cal ischemic and hemorrhagic infarctions associated with
demyelination.124

PATHOGENESIS AND PATHOPHYSIOLOGY. VZV is a
double-stranded DNA virus. Initial infection occurs in the
mucosa of the upper respiratory tract and/or in the conjunc-
tivae. The initial site of replication of the virus is unknown
but most likely includes adenoid-tonsillar tissues of the
head and neck. A primary viremia occurs 4 to 6 days later.
The virus then undergoes a second cycle of replication at
multiple sites within the host. Thereafter, a second viremia
occurs with infection of the capillaries of the skin and
the appearance of the characteristic vesicular lesions of
chickenpox.125

The mechanism by which VZV establishes latency in the
sensory ganglia is not as well understood as the mechanism
by which HSV establishes latency. However, by analogy to
HSV, it is presumed that viral multiplication in epithelial
cells extends locally to involve the distal ramifications of
sensory nerves. The virus then travels by axonal transport
along the sensory nerves to the neuronal cell body in the
sensory ganglia. VZV may also arrive at the sensory gang-
lia via a hematogenous route during the viremic stage of
chickenpox. Once in the ganglia, VZV establishes a life-
long latent infection. Non-neuronal cells are also involved
in the pathogenesis of VZV latency. In contrast, in pri-
mary HSV infection few non-neuronal cells are infected.
Zoster exhibits a predilection for the mid to lower thoracic
(T3–T12), upper lumbar (L1–L2), and ophthalmic (V1)
dermatomes. The propensity for zoster to occur in these
dermatomes is attributed to the fact that chickenpox lesions
are concentrated in these regions; thus, there is a greater
proportion of cells in the corresponding sensory ganglia that
become latently infected via neural transport.122 In an autopsy
series of 14 adults in which the PCR technique was used to
detect VZV DNA in the sensory ganglia, VZV DNA was
detected in the trigeminal ganglia in 10 of 11 (91%)
adults and in the thoracic ganglia in 12 of 14 (86%) adults.126

Reactivation of VZV from the sensory ganglia leads to
centrifugal migration of the virus through the nerve to the
epithelial surface of the corresponding dermatome, yielding
the classic vesicular eruption.122 Pathological studies of
sensory ganglia during herpes zoster show extensive necrosis
and neuronal destruction, and it has been suggested that
zoster-associated neuralgia may be a consequence of this
extensive cytopathology.112,122

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

As described previously, the neurological complications of
varicella include encephalitis, aseptic meningitis, polyneu-
ritis, multiple cranial neuropathies, and Reye’s syndrome.

Encephalitis. Approximately 1 in 4000 children with
varicella who are younger than 15 years old develop acute
cerebellar ataxia days to 1 week after the appearance of
the varicella rash. There is a 5% mortality rate and a
17% morbidity rate, including mental retardation, seizures,
and ataxia.121

VZV encephalitis in immunosuppressed patients occurs
days to months following zoster or may develop without
any history of a vesicular rash. The symptoms of encepha-
litis include fever, seizures, focal neurological deficits, and
an alteration in consciousness. There is radiological evi-
dence of multifocal ischemic and hemorrhagic infarctions
that involve white matter more than gray matter and are of-
ten concentrated at the gray-white matter junction. Small
demyelinative lesions with preservation of axons are also
seen and are attributed to small vessel vasculopathy.124

Facial Nerve Paralysis. Both HSV and VZV are etio-
logical agents of Bell’s palsy. VZV is more likely than
HSV to cause a complete cranial nerve VII paralysis with
concomitant severe pain and sensorineural hearing loss
(Video 23, Cranial Nerve VII, Facial Diplegia). Complete
recovery of facial function may not occur.123

Reye’s Syndrome. Reye’s syndrome is discussed in the
previous section on influenza virus.
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Neuralgia. Pain is the most common symptom of zoster
and may precede the eruption by days to weeks. It may oc-
casionally be the only manifestation—the so-called zoster
sine herpete.127 The pain of zoster tends to resolve with
time, or it may be associated with or followed by posther-
petic neuralgia. The latter is defined as the presence of
pain for more than 1 month after the onset of the zoster
eruption.127 Postherpetic neuralgia is the most common
neurological complication of VZV (Video 106, Trigeminal
Neuralgia; Video 107, Herpes Ophthalmacus).

Thrombotic Cerebrovasculopathy. The neurological
syndrome of thrombotic cerebrovasculopathy associated
with herpes zoster infection presents as a herpes ophthalmi-
cus eruption followed by headache and the apoplectic onset
of hemiplegia. On neuroimaging, there is evidence of in-
farction in the distribution of the anterior or middle cere-
bral arteries, which on angiography is seen to be due to
multifocal thrombosis. The pathogenesis of this syndrome
appears to be direct viral invasion of the arterial walls via
viral spread along the intracranial branches of the trigeminal
cranial nerve. This syndrome is extremely rare.121

DIFFERENTIAL DIAGNOSIS. The diagnosis of VZV
encephalitis is suggested by the clinical presentation, sup-
ported by the preceding neuroimaging abnormalities, and
associated with a CSF lymphocytic pleocytosis. Varicella-
zoster antibody measured by indirect immunofluorescence
is present in a titer of 1:2 or more in the CSF in 94% of
patients.121 Detection of VZVDNA in CSF by PCR can con-
firm the diagnosis.124 The diagnosis of Bell’s palsy due to
VZV is suggested by the classic vesicular eruption on the
pinna, or the ear may be reddish and have a hyperemic
concha or helix.123 The diagnosis of postherpetic neuralgia
is made on clinical grounds.

MANAGEMENT AND PROGNOSIS. VZV encephalitis is
treated with intravenous acyclovir (Table 41-6). Early
treatment with prednisone and acyclovir appears to im-
prove the outcome in patients with Bell’s palsy due to
VZV.123 Prednisone also appears to be beneficial in the
treatment of neuritis due to zoster but does not appear to
have any effect on the development of postherpetic neural-
gia. Similarly, oral acyclovir (800 mg five times daily)
appears to reduce the pain associated with a zoster rash
TABLE 41-6

Antiviral Agents

ANTIVIRAL AGENT DOSAGE

Acyclovir 1) 10 mg/kg intravenously every
8 hours

2) 800 mg orally 5 times/day
Valaciclovir 1.0 g orally tid
Famciclovir 750 mg orally tid
Ganciclovir Induction therapy: 5 mg/kg bid

intravenously
Maintenance therapy: 6 mg/kg once
daily intravenously

Foscarnet Induction therapy: 60 mg/kg
intravenously every 8 hours

Maintenance therapy: 100–120 mg/kg
intravenously daily
but does not have an effect on the development of posther-
petic neuralgia.127 Valaciclovir (1.0 g orally three times per
day) and acyclovir (800 mg orally five times per day) were
approximately equal in their ability to decrease virus shed-
ding and accelerate the time to cutaneous healing of zos-
ter.128 Valaciclovir is a prodrug of acyclovir and achieves
by oral administration plasma acyclovir concentrations
similar to those achieved only with intravenous acyclo-
vir.127 Famciclovir is a prodrug of penciclovir, an acyclic
guanine derivative that is similar to acyclovir in terms of
structure, spectrum of activity, and mechanism of ac-
tion.128 A trial comparing famciclovir (at doses of 250,
500, or 750 mg three times daily) with acyclovir (800 mg
five times per day) in 544 immunocompetent adults with
herpes zoster demonstrated that famciclovir was equivalent
to acyclovir in terms of acceleration of cutaneous healing,
loss of acute pain, safety, and tolerance.128 If begun within
72 hours after the appearance of the rash, famciclovir, vala-
ciclovir, or acyclovir reduces the acute pain in patients
with zoster. At this time, no single drug can be recom-
mended over another except to say that famciclovir and
valaciclovir can be given less often than acyclovir. Corti-
costeroids appear to improve the quality of life after zoster
even though they do not alter the course of postherpetic
neuralgia; therefore, their administration in combination
with an antiviral agent is recommended in individuals in
whom they are not contraindicated.127 Postherpetic neural-
gia can be treated with topical lidocaine-prilocaine cream
or 5% lidocaine gel. Topical capsaicin cream is not recom-
mended because of the burning that occurs with its applica-
tion. A tricyclic antidepressive agent such as amitriptyline
or desipramine can be started at a low dose (12.5 to 25
mg) at bedtime. Patients should be advised that it takes
several weeks to achieve maximum benefit from an antide-
pressant drug. Anticonvulsant drugs, specifically gabapen-
tin, reduce the lancinating component of the neuropathic
pain.127

Cytomegalovirus
EPIDEMIOLOGY AND RISK FACTORS. Cytomegalo-

virus (CMV) is the most common life- and sight-threatening
INDICATIONS ADVERSE EFFECTS

1) Herpes simplex virus
encephalitis

Renal toxicity, nausea, confusion

2) Zoster Headache, nausea, diarrhea
Zoster
Zoster
CMV Neutropenia, thrombocytopenia,

confusion, convulsions, dizziness,
headaches, nausea

CMV Renal toxicity, anemia, hypocalcemia,
hypophosphatemia, seizures
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opportunistic viral infection in patients with AIDS.129 CNS
infection by CMV in patients with AIDS may take the
form of one or more of five distinct neurological syn-
dromes: retinitis, polyradiculomyelitis, encephalitis with
dementia, ventriculoencephalitis, and mononeuritis multi-
plex.130 Organ transplant recipients are also at risk for en-
cephalitis due to CMV. Newborns with congenital CMV
infection may have seizures, spasticity, microcephaly, cho-
rioretinitis or optic atrophy, and neuroradiographical evi-
dence of intracerebral calcifications and cerebral atrophy.131

CMV is a DNA virus and a member of the herpesvirus
group, which includes VZV, HSV-1 and -2, and Epstein-
Barr virus. All of these viruses have a propensity to assume
a latent state in humans and to undergo reactivation.131 Pri-
mary infection with CMV is usually benign; approximately
80% of adults in the United States have complement fixa-
tion antibodies to CMV by the age of 40 years, but under
conditions of immune suppression, latent virus may be reac-
tivated, producing a variety of systemic and neurological
syndromes.

PATHOGENESIS AND PATHOPHYSIOLOGY. CMV is
acquired by close personal contact through saliva, cervical
secretions, and semen, and also through blood transfusion.
In congenital CMV infections, the fetus acquires the infec-
tion transplacentally. Symptomatic congenital CMV infec-
tion is a complication only of primary maternal infection;
infants born to immune mothers may be infected but ap-
pear to be asymptomatic in the newborn period. Perinatal
infection in infants occurs either through contact with
CMV-infected uterine cervical secretions or through trans-
mission of CMV in breast milk. Infection of the CNS
results from viremia, and CMV has a predilection to infect
the ependymal cells lining the ventricles and the gray mat-
ter in the cortex, basal ganglia, brain stem, and cerebel-
lum.130,131 The CNS symptoms and neuropathological
abnormalities observed in CMV-infected fetuses have been
attributed to chronic intrauterine CMV encephalitis.131

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

As stated previously, CMV may cause congenital disease,
retinitis, lumbosacral polyradiculopathy and myelitis, enceph-
alitis with dementia, ventriculoencephalitis, mononeuritis
multiplex, and infectious polyneuritis—the Guillain-Barré
syndrome.

Congenital Cytomegalovirus Infection. The clinical
spectrum of congenital CMV infection varies from an
asymptomatic infant to one who has the signs and symptoms
of disseminated disease. In the most severe form of congen-
ital CMV infection, the virus affects multiple organs, and the
infant has hepatitis, splenomegaly, pneumonitis, jaundice,
thrombocytopenia, chorioretinitis, hemolytic anemia, pete-
chial or purpuric rash, seizures, spasticity, microcephaly,
optic atrophy, and neuroimaging evidence of intracerebral
calcifications and cerebral atrophy.131

Retinitis. The presenting complaint of CMV retinitis is
usually unilateral “floaters” or decreased visual acuity.
Ophthalmological examination demonstrates large white-
colored areas with perivascular exudates and hemorrhages.
Initially, these abnormalities are found at the periphery of
the fundus, but if left untreated, lesions progress to involve
the macula and the optic disc.132

Lumbosacral Polyradiculopathy and Myelitis. The
presentation of this syndrome is characterized by a subacute
onset of weakness, areflexia, and sensory loss in the legs in
association with bladder- or anal-sphincter dysfunction. The
disease evolves as an ascending paraparesis.130 Clinical
evidence of lower extremity weakness, areflexia, and bilateral
Babinski’s signs (if the spinal cord is involved) suggests this
syndrome.

Encephalitis. Patients with AIDS and encephalitis due
to CMV present with forgetfulness, memory impairment,
apathy, and withdrawal, like patients with HIV encephali-
tis, except that patients with CMV encephalitis have had
AIDS longer and have lower mean CD4 lymphocyte counts
at presentation. Patients with CMV encephalitis also have
rapidly progressive cognitive impairment, and their survival
is markedly shorter than that of patients with HIV dementia.
CMV encephalitis is characterized by multifocal, diffusely
scattered, small microglial nodules and inclusion-bearing
cytomegalic cells that are concentrated in the gray matter
in the cortex, basal ganglia, brain stem, and cerebellum.
There is a strikingly high incidence of hyponatremia, hy-
perkalemia consistent with an addisonian state, dilutional
hyponatremia with hypo-osmolality, or hypernatremia due
to dehydration in patients with CMV encephalitis.130

Ventriculoencephalitis. A distinction is made between
CMV encephalitis, described previously, and CMV ven-
triculoencephalitis, which is characterized by necrosis of
the cranial nerves and of the periventricular parenchyma.130

This syndrome presents as a rapidly fatal delirium with oc-
ulomotor palsies and nystagmus, and a linear homogeneous
increased signal on T2-weighted MRI scans around the
ventricles with ventriculomegaly.

Mononeuritis Multiplex. CMV mononeuritis results
from focal necrotizing vasculitis of the epineural arteries
and presents as a multifocal or asymmetrical sensory or
motor deficit in the distribution of a peripheral or cranial
nerve.130

DIFFERENTIAL DIAGNOSIS. The diagnosis of congen-
ital CMV infection is made by recovery of infectious virus
from urine, saliva, buffy coat leukocytes, or CSF. Demon-
stration of seroconversion or a fourfold increase in CMV
antibody titers between the acute and convalescent sera
strongly supports recent CMV infection. CT scan demon-
strates intracerebral calcifications and cerebral atrophy in
newborns with CNS symptoms.131 The diagnosis of CMV
retinitis is made clinically because it is impractical to ob-
tain fluid or tissue from the eye for culture or microscopic
examination. Blood, urine, or semen can be cultured to
document active CMV infection in the patient, but the rel-
evance of these cultures is questionable because patients
without retinitis have positive cultures.132 In patients
with CMV lumbosacral polyradiculopathy, the CSF often
demonstrates a pleocytosis with a neutrophilic predomi-
nance, the protein concentration is elevated, and the glu-
cose concentration may be low or normal. Culture of CSF
for CMV is the gold standard, but this test is insensitive
(positive in 60% of patients), and CSF should also be
analyzed by the PCR technique.133,134 MRI may reveal
enlargement of the conus medullaris, clumping of
lumbosacral rootlets, or enhancement (with gadolinium)
of the leptomeninges of the lower spinal cord.130 In
patients with CMV encephalitis there may be a mild mono-
nuclear pleocytosis and an elevated protein concentra-
tion. CSF should be analyzed for CMV DNA by PCR.
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In patients with CMV ventriculoencephalitis, MRI (as
described previously) may demonstrate increased periven-
tricular signal intensity on T2-weighted images. In all
patients in whom a CMV neurological syndrome is sus-
pected, culture of the CSF and analysis of CSF by PCR
to detect CMV DNA should be performed.

MANAGEMENT. Ganciclovir and foscarnet are the
two antiviral agents that have been proved effective in
the treatment of CMV retinitis. CMV polyradiculopathy,
encephalitis, and ventriculoencephalitis have been treated
with dosing regimens that are identical to those used for
CMV retinitis, although their clinical efficacy has not been
established (see Table 41–6). Ganciclovir 5 mg/kg intrave-
nously is given twice daily during “induction” therapy for a
minimum of 2 or 3 weeks. This is followed by maintenance
therapy at a dose of 6 mg/kg intravenously daily. Foscarnet
is given in a dose of 60 mg/kg administered intravenously
every 8 hours for induction therapy for a minimum of 2 or
3 weeks, followed by maintenance therapy of 100 to 120
mg/kg given intravenously daily. The doses of ganciclovir
and foscarnet must be reduced when renal function is im-
paired or renal toxicity develops. A reversible leukopenia
is an adverse effect of ganciclovir, as is a thrombocytopenia.
Adverse effects of foscarnet include renal toxicity, anemia,
hypocalcemia, hypophosphatemia, and seizures.132 Both
CMV encephalitis and ventriculoencephalitis have been
reported in patients receiving maintenance therapy for
CMV retinitis even when the retinitis remains under
control.129,130

Human Herpesvirus-6
EPIDEMIOLOGY AND RISK FACTORS. Human herpes-

virus-6 (HHV-6) is the causative agent of the common
childhood infection roseola infantum (exanthem sub-
itum).135 The virus was first isolated in 1986 from the pe-
ripheral blood lymphocytes of patients with AIDS and
those with lymphoproliferative disorders. It is a member
of the human herpesvirus family and shares some DNA se-
quence homology with CMV.136 Saliva may be the major
mode of transmission of HHV-6. Primary infection may
be symptomatic or asymptomatic; the virus is then able to
become latent in the host and reactivates in the presence
of immunosuppression. The majority of the population is
exposed to HHV-6 in infancy; by age 2 years, most children
are seropositive.136

PATHOGENESIS AND PATHOPHYSIOLOGY. HHV-6
DNA has been detected by PCR in 6 of 9 (66%) normal brain
tissue specimens in one study and in the CSF of 9 of 10
patients with exanthem subitum and neurological symp-
toms.137,138 Human T lymphocytes are the primary cell type
infected by HHV-6, but HHV-6 has also been shown to in-
fect cells of neuronal and glial origin in vitro.137 The detec-
tion of HHV-6 DNA by PCR in children with exanthem
subitum and neurological symptoms suggests that HHV-6
invades the brain during acute infection.138 The presence
of HHV-6 DNA in normal brain tissue specimens is evidence
of the persistence or latency of HHV-6 in the CNS.137 Reac-
tivation of latent HHV-6 infection has been demonstrated in
children and in immunocompromised adults.139,140

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

As previously stated, HHV-6 is the etiological agent of
childhood exanthem subitum. The most common CNS
complications of primary HHV-6 infection are seizures,
meningoencephalitis, and encephalopathy.139 HHV-6 has
been reported as the etiological agent of focal encephalitis
in bone marrow transplant recipients and in immunocom-
petent adults with focal encephalitis in whom the clinical
presentation suggested herpes simplex virus encephali-
tis.136,140 CNS infection with HHV-6 has also been
associated with diffuse or multifocal demyelination and
a clinical picture of fulminant multiple sclerosis.141

Disseminated HHV-6 infection has been reported in children
and adults with AIDS.142,143

Exanthem Subitum. Roseola infantum or exanthem
subitum is a common disease of infancy characterized by
high fever for a few days followed by the appearance of
a generalized maculopapular rash when the fever subsides.
Febrile convulsions in this disease have a reported inci-
dence of 13% to 30%, with children 12 to 15 months of
age being at highest risk.135,138

Encephalitis and Focal Encephalitis. HHV-6 DNA has
been recovered from the brain of a patient at autopsy who
died of encephalitis 5 months after undergoing allogeneic
bone marrow transplantation.140 Three of 37 patients with
a clinical presentation suggestive of herpes simplex en-
cephalitis and 6 of 101 patients with clinical and laboratory
evidence of herpes simplex encephalitis were found to
have HHV-6 DNA in their CSF when samples of CSF were
sent to the University of Alabama for the purpose of under-
going diagnostic PCR analysis for possible herpes simplex
encephalitis. The spectrum of disease ranged from mild en-
cephalitis with complete resolution to severe neurological
dysfunction and death.136 A dense and disseminated active
HHV-6 infection was found in the brain tissue of a young
woman with a fulminant demyelinative disease that was
clinically and histopathologically diagnosed as acute multi-
ple sclerosis.141

DIFFERENTIAL DIAGNOSIS. Primary HHV-6 infection
is diagnosed by culture of peripheral blood mononuclear
cells and a concomitant fourfold or greater rise in IgG titer
between the acute and convalescent sera. CSF can be ana-
lyzed by PCR to detect HHV-6 DNA. IgM antibody may be
present during reactivation, and therefore its presence does
not differentiate a primary infection from reactivation.139

MANAGEMENT. Limited information is available on the
susceptibility of HHV-6 to antiviral agents. The pattern of
antiviral inhibition of HHV-6, however, resembles that of
the human cytomegalovirus, suggesting that ganciclovir
and foscarnet may be effective for the treatment of HHV-6
infections.144

Epstein-Barr Virus
EPIDEMIOLOGY AND RISK FACTORS. Epstein-Barr

virus (EBV) is a human B lymphotropic virus, the causa-
tive agent of infectious mononucleosis. The major route
of transmission of EBV is through saliva, and EBV infects
the epithelial cells of the oropharynx and adjacent struc-
tures as well as those of the uterine cervix. Epithelial cells
may play a major role in the persistence of EBV by allow-
ing chronic viral replication and release of infectious parti-
cles throughout the lifetime of a virus-infected host. Eighty
percent to 90% of children in developing countries are
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seropositive for EBV between 2 and 3 years of age. By
the third decade, nearly 100% of adults have EBV serum
antibodies.145

PATHOGENESIS AND PATHOPHYSIOLOGY. EBV is a
lymphotropic virus that selectively infects B lymphocytes.
B lymphocytes are infected by EBV during their passage
through the chronically EBV-infected oropharyngeal epithe-
lium. EBV has the unique biological property of being able
to induce dysregulated activation and growth of a subpopu-
lation of the infected B cells that then grow continuously
as lymphoblastoid cell lines that secrete immunoglobu-
lins.145,146 CNS invasion by infected B lymphocytes appears
to be important in the pathogenesis of CNS disease.147

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Infectious mononucleosis is the only known disease caused
by acute EBV infection. The neurological complications of
infectious mononucleosis include meningoencephalitis,
Guillain-Barré syndrome, cerebellitis, transverse myelitis,
cranial nerve palsies (of which the most common is cranial
nerve VII palsy), and a variety of optic nerve abnormalities
(papilledema, optic neuritis, and retrobulbar neuritis).148

EBV infection is almost universally associated with pri-
mary CNS lymphomas in patients with AIDS.149 Persistent
viral activity or reactivation of EBV has been studied in the
etiology of chronic fatigue syndrome.

Infectious Mononucleosis. The term infectious mono-
nucleosis was first used in 1920 to describe the clinical
findings of medical students attending Johns Hopkins
University who had the typical clinical picture of this dis-
ease associated with atypical mononuclear cells.148 The
clinical course of infectious mononucleosis is characterized
by a 7-day prodromal illness followed by a 4-day to 3-week
acute illness characterized by fever, headache, malaise,
pharyngitis, cervical lymphadenopathy, and mononuclear
leukocytosis with atypical lymphocytes. Splenic and hepa-
tomegaly may be present with transient hepatic dysfunc-
tion.145,148 The neurological complications of infectious
mononucleosis include Guillain-Barré syndrome, an asep-
tic meningitis or encephalitis of which nonfebrile sei-
zures are a common presenting manifestation, and cranial
nerve palsies, the most common of which is an isolated or
bilateral facial nerve palsy (Video 23, Cranial Nerve VII,
Facial Diplegia).148 Overall, meningoencephalitis is the most
common neurological complication, whereas transverse
myelitis is the least common.

Central Nervous System Lymphoma. EBV is detect-
able from a majority of primary CNS lymphomas in AIDS
patients and to a lesser degree from primary CNS lym-
phomas in immunocompetent individuals.149 The clinical
presentation is that of progressive personality changes,
seizures, and signs of increased intracranial pressure.150

Chronic Fatigue Syndrome. Chronic fatigue syndrome
is characterized by debilitating fatigue accompanied by a va-
riety of symptoms, including cognitive difficulty, myalgias,
and arthralgias.151

DIFFERENTIAL DIAGNOSIS. The diagnosis of infec-
tious mononucleosis is based on a positive heterophil anti-
body test, the appearance of atypical lymphocytes in the
blood at 1 to 4 weeks after onset of disease, and/or changes
in EBV-specific antibodies. An acute infection is documen-
ted by detection of antiviral capsid antigen (VCA) titers
of 1:320 or higher, the presence of anti-D (i.e., diffuse
component of EBV-induced early antigen complex), or
EBV VCA IgM antibodies and the absence of antibodies to
virus-associated nuclear antigen (anti-EBNA IgG). In acute
and convalescent paired sera, fourfold or greater increments
in anti-VCA or anti-D titers, or a late decrease in anti-VCA
titers or loss of anti-D titers, and the appearance of anti-
EBNA IgG denote a recent infection. Anti-VCA titers peak
early and then decline to persistent lower levels. Anti-D
responses and virus-specific IgM antibodies are present
for only a few weeks. Anti-EBNA antibodies appear late in
convalescence and persist for life.148 In patients in whom
neurological complications of infectious mononucleosis
are suspected, the combination of serological tests and
PCR performed on CSF for the EBVDNA genome is recom-
mended. If PCR for EBV DNA on CSF is negative, an acute
EBV infection can be documented by evidence of positive
IgM antibody titers to the viral capsid antigen early in the
disease course, with a fourfold decrease in IgG antibody
titers to the viral capsid antigen corresponding to a fourfold
or greater increase in antibody to Epstein-Barr nuclear anti-
gen between the acute and convalescent sera. A distinction
between latent and symptomatic EBV infection cannot be
made based strictly on positive results of PCR on CSF for
EBV DNA.152

The diagnosis of primary CNS lymphoma is based on
CT or MRI evidence of a focal enhancing mass lesion or
lesions, and typically an unsuccessful response to antitoxo-
plasma therapy, because the neuroimaging appearance of
Toxoplasma gondii encephalitis and primary CNS lym-
phoma is similar. The gold standard for the diagnosis has
been brain biopsy; however, the PCR technique is both
sensitive and specific in making the diagnosis. EBV DNA
was detected by PCR in the CSF from 7 of 8 patients with
primary CNS lymphoma diagnosed by brain biopsy (87.5%
sensitivity) but in none of the 11 controls with brain mass
lesions (100% specificity).149

Although there are reports of patients with chronic
fatigue syndrome and high antibody titers to viral capsid
antigen and early antigen of EBV, to date there is no scien-
tific evidence that the reactivation of EBV is involved in
the chronic fatigue syndrome.153

MANAGEMENT. Although there are no EBV antiviral
agents, ganciclovir is known to inhibit EBV replication
in vitro, and there are a few reports of successful treatment
of EBV meningoencephalitis with ganciclovir in transplant
recipients.154 Primary CNS lymphoma is treated with
radiation therapy.

Variola Virus (Smallpox)
EPIDEMIOLOGY AND RISK FACTORS. No infectious

disease in history has been more lethal than smallpox. In
the 20th century, smallpox killed 300 million people world-
wide. Through an effective immunization program, the
World Health Organization was able to eliminate smallpox.
One of the last outbreaks occurred in Iran and then spread to
northern Iraq and to Syria in the mid-1970s. In 1980, the
World Health Assembly recommended that all countries
cease vaccination. Several vials of virus were to be retained
in two designated laboratories, the Institute of Virus Prep-
arations in Moscow and the CDC in Atlanta, Georgia.
The 52nd World Health Assembly established a deadline
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of December 31, 2002, to destroy all remaining stocks of
variola virus.155,156 Terrorist groups are believed to have
obtained smallpox. Specimens were taken from patients
in Iran, Iraq, and Syria, and smallpox was isolated. The
whereabouts of these specimens of smallpox are not known.

PATHOGENESIS AND PATHOPHYSIOLOGY. Small-
pox spreads from person to person by droplet nuclei from
oropharyngeal secretions and can be spread by contami-
nated clothing and beds.157 The infectious dose is very
small; for this reason, disease can spread quickly.

CLINICAL FEATURES AND ASSOCIATED FINDINGS

Smallpox. The incubation period is 7 to 17 days be-
tween the time the virus attaches to the oropharyngeal or
respiratory mucosa and the onset of high fever, sore throat,
headache, and backache. A maculopapular rash appears on
the mucosa of the mouth and oropharynx, face, and forearms
and spreads to the trunk and legs. The lesions become vesic-
ular and then pustular (small boils). The lesions are denser on
the face and extremities than on the trunk. The lesions are all
in the same stage at the same time and thus appear similar to
each other. Patients are most infective when they have
lesions in their mouth because virus titers in saliva are
highly infectious at this time.157 Smallpox can be compli-
cated by encephalitis and postinfectious encephalomyelitis.

Hemorrhagic Smallpox. This form of smallpox pre-
sents with high fever, headache, backache, and abdominal
pain, followed by petechial and hemorrhagic lesions in
the skin and mucous membranes. The skin rash initially
has the appearance of meningococcemia. Pregnant women
are particularly susceptible, and this is uniformly fatal.157

Postvaccinial Encephalomyelitis. Postvaccinial en-
cephalomyelitis, also called postinfectious encephalomy-
elitis, acute disseminated encephalomyelitis, and acute
demyelinating encephalomyelitis, is an acute inflamma-
tory, demyelinating disease of the brain, optic nerves, and
spinal cord that historically was a major complication of
smallpox vaccination. The illness is characterized by the
abrupt onset of fever, altered level of consciousness, and
multifocal neurological deficits.

DIAGNOSIS. Smallpox is a DNA virus that is a member
of the orthopoxviruses. Smallpox infection can be rapidly
diagnosed in the laboratory by the electron microscopic
appearance of brick-shaped virions from vesicular or pus-
tular fluid that is collected from an open lesion or by an
examination of a specimen from scabs. The characteristic
abnormalities on MR scan in postvaccinial encephalomy-
elitis are multifocal areas of hyperintensity on T2-weighted
images consistent with a multifocal demyelinating disease.

MANAGEMENT. The care of patients with smallpox is
primarily supportive. Patients should be isolated; those car-
ing for them should wear gowns, gloves, and masks; and
bed linens should be autoclaved. All close contacts of
any person with smallpox should be promptly vaccinated.
Vaccination that is administered within 4 days of exposure
has been shown to offer some protection against acquiring
infection.157

JC Virus
EPIDEMIOLOGY AND RISK FACTORS. The JC virus is

ubiquitous; antibodies to the virus are present in up to 85%
of individuals by the age of 9 years.158 The JC virus is the
etiological agent of progressive multifocal leukoencepha-
lopathy (PML).

PATHOGENESIS AND PATHOPHYSIOLOGY. The
kidneys are thought to be the site of latent JC viral persis-
tence. Reactivation of the virus associated with immuno-
suppression results in hematogenous dissemination of the
virus to the brain. Foci of PML are frequently located in
proximity to blood vessels.159 Progressive multifocal leu-
koencephalopathy occurs in patients with impaired cell-
mediated immunity such as those with AIDS, chronic lym-
phocytic leukemia, Hodgkin’s disease, other lymphomas,
systemic lupus erythematosus, organ transplantation, and
sarcoidosis.158,159 The virus preferentially infects the
myelin-producing oligodendrocytes, resulting in cell lysis
and demyelination.159

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Focal neurological deficits (hemiparesis, dysarthria, and
cerebellar limb and gait ataxia), seizure activity (Video
74, Secondary Generalized Seizure), and cognitive im-
pairment characterized by memory impairment, psychomo-
tor retardation, and inattentiveness characterize the clinical
presentation of PML.159

DIFFERENTIAL DIAGNOSIS. On CT scan, PML
appears as single or multiple nonenhancing, hypodense
lesions in the white matter, most commonly in the
parietal-occipital regions. On T2-weighted MRI scans, the
lesions have increased signal intensity and do not enhance
after contrast administration. Examination of the CSF is
usually normal.159 The PCR technique can detect JC virus
DNA in CSF with a reported sensitivity of 75% and a spec-
ificity of 96%.160 Serum and CSF antibody titers for JC vi-
rus are not useful in establishing the diagnosis of PML
because 80% of the population show antibodies to JC virus
by adulthood.159 Brain biopsy should be used for diagnosis
in patients who have suspicious white matter lesions on
MRI and in whom JC virus is not detected by PCR on
CSF.160

MANAGEMENT. There is no proven therapy for PML,
but clinical trials are ongoing. There is a correlation be-
tween the CD4 T cell count and survival, in that patients
with higher CD4 T cell counts survive longer. Notable im-
provement in PML has been observed in AIDS patients
treated with high-dose 3-azido-3-deoxythymidine (AZT),
and it is hypothesized that the AZT-induced elevation of
CD4 T cell counts improves cell-mediated immunity suffi-
ciently to resist the JC virus infection.159 The average
length of survival from the onset of symptoms to death is
1 to 4 months, but a small percentage of patients reportedly
have improved spontaneously and survived for several
years.159
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Acute Bacterial Meningitis
EPIDEMIOLOGY AND RISK FACTORS. There are

approximately 25,000 cases of bacterial meningitis in the
United States each year, but this disease is much more
prevalent in developing countries. Group B streptococci
and gram-negative enteric bacilli are the etiological organ-
isms of the majority of cases of bacterial meningitis during
the neonatal period in developed countries. In under-
developed countries, gram-negative bacilli, predominantly
Escherichia coli, are the most common pathogens.1 Risk
factors that predispose the newborn to bacterial meningitis
include maternal infections, particularly of the urinary tract
and uterus; obstetrical risk factors, including prolonged
rupture of membranes and birth trauma; prematurity; low
birth weight (<2500 g); congenital anomalies; perinatal
hypoxia/asphyxia; cardiopulmonary resuscitation and
monitoring; prolonged ventilatory support; and intravenous
lines.1 After the neonatal period, Streptococcus pneumo-
niae and Neisseria meningitidis are the most common etio-
logical agents of bacterial meningitis. Haemophilus
influenzae type b (Hib) was the leading cause of bacterial
meningitis in young children before the widespread use
of the Hib conjugate vaccine. The latter has resulted in a
marked reduction in the incidence of invasive infections
caused by Hib in the United States. Neisseria meningi-
tidis causes meningitis primarily in children and young
adults, with the majority of cases occurring in individuals
younger than age 30 years. Major epidemics are heralded
by disease occurring in older age groups. The “meningitis
belt” of sub-Saharan Africa refers to areas of Africa where
there are repeated epidemics of serogroup A meningococ-
cal meningitis.2 Annual outbreaks of meningitis occur in
the meningitis belt in late April and early May when the
dry desert winds have ceased and temperatures are high
throughout the day. The epidemic tends to end with the
onset of the rainy season. Transmission of meningococci
is facilitated by airborne droplets, and the nasopharynx is
the natural reservoir for this organism. During periods of
low humidity, an alteration in the nasopharyngeal mucosal
barrier predisposes the individual to infection. In addition,
crowding, the presence of other respiratory pathogens, poor
hygiene, and other poorly defined environmental factors
contribute to the development of an epidemic of meningo-
coccal meningitis.2 Colonization of the nasopharynx in an
individual may result in an asymptomatic carrier state or
invasive infection.

Streptococcus pneumoniae is the most common causa-
tive organism of community-acquired bacterial meningitis
in the adult. Pneumonia and acute and chronic otitis media
are important antecedent events. Chronic disease, specifi-
cally alcoholism, sickle cell anemia, diabetes, renal failure,
cirrhosis, splenectomy, and hypogammaglobulinemia, and
organ transplantation are predisposing conditions for pneu-
mococcal bacteremia and meningitis. The pneumococci are
a common cause of recurrent meningitis in patients with
head trauma and cerebrospinal fluid (CSF) rhinorrhea. In
the older adult (age 50 years or older), S. pneumoniae is
likely to cause meningitis in association with pneumonia
or otitis media, and gram-negative bacilli are the likely
organisms to cause meningitis in association with chronic
lung disease, sinusitis, a neurosurgical procedure, or a
chronic urinary tract infection.3,4 The most common
gram-negative bacilli causing meningitis in the older adult
are E. coli, Klebsiella pneumoniae, H. influenzae, Pseudo-
monas organisms, Enterobacter species, and Serratia spe-
cies.3,5,6 Listeria monocytogenes is an important causative
organism of neonatal meningitis and of meningitis in
patients who are diabetic, alcoholic, elderly, or immuno-
suppressed, especially transplant recipients.2 Infection with
L. monocytogenes may be acquired through the consump-
tion of soft cheeses, raw vegetables, seafood, cole slaw,
and undercooked chicken and delicatessen meats. The
staphylococci are the etiological organisms of meningitis
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primarily in the neurosurgical patient. Staphylococcus
aureus and coagulase-negative staphylococci are the pre-
dominant organisms causing infections in patients with
CSF shunts or subcutaneous Ommaya reservoirs.

PATHOGENESIS AND PATHOPHYSIOLOGY. The most
common bacteria that cause meningitis, N. meningitidis
and S. pneumoniae, initially colonize the nasopharynx by
attaching to the nasopharyngeal epithelial cells. The organ-
isms are able to attach to the nasopharyngeal epithelial
cells via an interaction between bacterial surface structures,
such as the fimbriae of N. meningitidis and host cell sur-
face receptors. The bacteria are then either carried across
the cell in membrane-bound vacuoles to the intravascular
space or invade the intravascular space by creating separa-
tions in the apical tight junctions of columnar epithelial
cells.7,8 Streptococcus pneumoniae and N. meningitidis
are both encapsulated bacteria, and once they gain access
to the bloodstream, they are successful in avoiding phago-
cytosis by neutrophils and classic complement-mediated
bactericidal activity because of the presence of the polysac-
charide capsule. Bacteria that are able to survive in the cir-
culation enter the CSF from the bloodstream through the
choroid plexus of the lateral ventricles and other areas of
altered blood-brain barrier permeability. The CSF is an
area of impaired host defense because of a lack of sufficient
numbers of complement components and immunoglobulins
for the opsonization of bacteria.7 Normal uninfected CSF
contains no phagocytic cells, has a low protein concentra-
tion, contains no IgM, and has low concentrations of C3

and C4.
9 In addition, the fluid medium of the CSF impairs

the phagocytosis of bacteria by neutrophils.9,10 Bacteria
multiply rapidly in the subarachnoid space. Both the multi-
plication of bacteria and the lysis of bacteria by bacteri-
cidal antibiotics result in the release of bacterial cell wall
components. These induce the formation of the inflamma-
tory cytokines, interleukin-1 (IL-1) and tumor necrosis fac-
tor (TNF), by monocytes, macrophages, brain astrocytes,
and microglial cells, which leads to altered blood-brain
barrier permeability and the recruitment of polymorphonu-
clear leukocytes. This process results in the formation of a
purulent exudate in the subarachnoid space, which is the
basis for the neurological complications of bacterial menin-
gitis. The inflammatory cytokines IL-1 and TNF, which are
produced in response to the release of bacterial cell wall
components, induce the formation of leukocyte adhesion
molecules on vascular endothelial cells. The adherence of
neutrophils to vascular endothelial cells is a necessary pre-
requisite for neutrophils to traverse the blood-brain barrier.
It is not clear what role, if any, neutrophils play in eradicat-
ing the infection in the subarachnoid space. Large numbers
of leukocytes in the subarachnoid space contribute to the
purulent exudate and obstruct the flow of CSF. Adherence
of leukocytes to the cerebral capillary endothelial cells
increases the permeability of blood vessels, allowing for
the leakage of plasma proteins through open intercellular
junctions that lead to vasogenic brain edema. The leuko-
cytes that successfully migrate into the CSF can subse-
quently be stimulated by the inflammatory cytokines to
degranulate and release toxic oxygen metabolites, produc-
ing cytotoxic cerebral edema. IL-1 is a chemoattractant
for neutrophils.7,11 IL-1 may also have a role in the altered
level of consciousness and the production of fever in
bacterial meningitis. It has been demonstrated that IL-1 facil-
itates slow-wave sleep and produces fever by its effect on the
hypothalamus.12,13 Other inflammatory cytokines, includ-
ing IL-6 and IL-8, also have a role in the induction of menin-
geal inflammation, but the role of these cytokines has not
been studied as extensively as that of IL-1 and TNF. Platelet-
activating factor also has a prominent role in increasing
blood-brain barrier permeability.14

The alteration in blood-brain barrier permeability during
bacterial meningitis results in vasogenic cerebral edema,
which contributes to increased intracranial pressure. It also
allows for the leakage of plasma proteins into the CSF that
contribute to the inflammatory exudate in the subarachnoid
space.8 The purulent exudate in the subarachnoid space
interferes with the resorptive function of the arachnoid
granulations. As resorption is obstructed, CSF dynamics
are altered, and there is transependymal movement of fluid
from the ventricular system into the brain parenchyma,
which contributes to interstitial edema. The purulent exu-
date in the basal cisterns obstructs CSF outflow through
the ventricles, also contributing to interstitial edema.

An increase in intracranial pressure (ICP) affects cere-
bral perfusion pressure (CPP), which is defined as the dif-
ference between the mean arterial pressure (MAP) and the
ICP (CPP ¼ MAP � ICP). CPP is also adversely affected
by a loss of cerebral autoregulation. Cerebral blood flow
is initially increased in bacterial meningitis; however, soon
thereafter, cerebral blood flow begins to decrease. Cerebral
blood flow is normally protected through cerebrovascular
autoregulation. There is dilatation or constriction of cere-
bral resistance vessels in response to alterations in CPP,
as a result of either changes in the MAP or changes
in ICP.15 The loss of cerebral autoregulation means that
cerebral blood flow decreases when systemic blood pres-
sure decreases and increases when systemic blood pressure
increases. Because patients with bacteremia and bacterial
meningitis are at risk for hypotension, the loss of cerebral
autoregulation also puts them at risk for decreased cerebral
blood flow. Cerebral blood flow is also affected by narrow-
ing of large arteries at the base of the brain due to en-
croachment by the purulent exudate in the subarachnoid
space. Furthermore, infiltration of the arterial walls by
inflammatory cells with secondary intimal thickening and
thrombosis of the major sinuses and thrombophlebitis of
the cerebral cortical veins contribute to diminished cerebral
blood flow.

CLINICAL FEATURES AND DIFFERENTIAL DIAG-

NOSIS. The classic presentation of bacterial meningitis
is headache, fever, stiff neck, and an altered level of con-
sciousness, but the clinical symptoms and signs may vary
depending on the age of the patient and the duration of
illness before presentation. The symptoms and signs of
bacterial meningitis in the neonate are often subtle and
typically nonspecific, and they include fever or hypothermia,
lethargy, seizures, irritability, bulging fontanel, poor feeding,
vomiting, and respiratory distress. Meningitis should always
be considered when sepsis is suspected in the neonate.1,16

In children and adults, the symptoms and signs of bacterial
meningitis are fever, headache, vomiting, photophobia,
nuchal rigidity, lethargy, confusion, or coma. Meningitis
in children typically presents as either a subacute infection
that gets progressively worse over several days, following
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an upper respiratory tract or ear infection, or an acute ful-
minant illness that develops rapidly in a few hours. The
typical rash of meningococcemia is a petechial-purpuric
rash that develops on the trunk, lower extremities, mucous
membranes, conjunctiva, and occasionally on the palms
and soles. A petechial, purpuric, or erythematous macu-
lopapular rash is also seen in enteroviral meningitis,
N. gonorrhoeae sepsis, Hib and pneumococcal meningitis,
Rocky Mountain spotted fever, and Staphylococcus aureus
endocarditis. Children with bacterial meningitis may also
be ataxic as a result of labyrinthine dysfunction or vestibu-
lar neuronitis. In adults, an upper respiratory tract infection
frequently precedes the development of meningeal symp-
toms, and its presence should be sought in the history.7,16

Adults typically complain of headache, photophobia, and
stiff neck, and they may have a rapid progression from
lethargy to stupor and coma. The clinical presentation of
meningitis in an older adult consists of fever and confusion,
stupor, or coma.

Cranial nerve palsies, and most notably sensorineural
hearing loss, are a common complication of bacterial men-
ingitis and may be present early in the course of the illness.
A stiff neck is the pathognomonic sign of meningeal irrita-
tion, resulting from a purulent exudate or hemorrhage in
the subarachnoid space. Nuchal rigidity or meningismus
is present when the neck resists passive flexion. Kernig’s
sign is also a classic sign of meningeal irritation, and as
originally described by Kernig, it requires the patient to
be in the seated position. Kernig noted that attempts to pas-
sively extend the knee while the patient was seated were
met with resistance in the presence of meningitis so that
a contraction of the extremities was maintained.17,18 Jozef
Brudzinski described at least five different meningeal
signs. His best known sign, the nape of the neck sign, is eli-
cited with the patient in the supine position and is positive
when passive flexion of the neck results in spontaneous
flexion of the hips and knees.18,19

Seizures occur in 40% of patients with bacterial menin-
gitis, typically during the first week of illness. The etiology
of seizure activity can be attributed to either one or a com-
bination of the following: (1) fever; (2) cerebrovascular
disease consisting of focal arterial ischemia, infarction, or
cortical venous thrombosis with hemorrhage; (3) hypona-
tremia; (4) subdural effusion or empyema producing a
mass effect; and (5) antimicrobial agents (e.g., imipenem
and penicillin).16 Raised ICP is an expected complication
of bacterial meningitis and presents as one or a com-
bination of the following clinical signs: (1) an altered level
of consciousness; (2) the Cushing reflex—bradycardia,
hypertension, and irregular respirations20; (3) dilated,
nonreactive pupil or pupils; (4) unilateral or bilateral cra-
nial nerve VI palsies; (5) papilledema; (6) neck stiffness;
(7) hiccups; (8) projectile vomiting; and (9) decerebrate
posturing.16 Acute ischemic stroke may occur in the course
of bacterial meningitis as a result of narrowing of the large
arteries at the base of the brain. This may occur from en-
croachment by a purulent exudate in the subarachnoid
space or infiltration of the arterial wall by inflammatory
cells (vasculitis). Vasospasm, thrombotic or stenotic oc-
clusion of branches of the middle cerebral artery, and septic
venous sinus thrombosis with thrombophlebitis of cortical
veins may also occur.7
The differential diagnosis of this clinical presentation
includes viral meningoencephalitis, fungal meningitis,
tuberculous meningitis, focal intracranial mass lesions,
subarachnoid hemorrhage, Rocky Mountain spotted fever,
and neuroleptic malignant syndrome.

EVALUATION. The gold standard for the diagnosis of
bacterial meningitis is the examination of the CSF (Video
111, Lumbar Puncture). The classic CSF abnormalities
in bacterial meningitis are (1) an increased opening
pressure, (2) a polymorphonuclear leukocytic pleocytosis,
(3) a decreased glucose concentration, and (4) an increased
protein concentration. Raised ICP is an expected complica-
tion of bacterial meningitis and can theoretically contribute
to brain herniation following lumbar puncture. When there
are clinical signs of raised ICP and urgent lumbar puncture
is indicated, a bolus of mannitol 1 g/kg of body weight can
be given intravenously and the lumbar puncture can be
performed 20 minutes later. In addition, the patient can
be intubated and hyperventilated. Alternatively, lumbar
puncture can be deferred and blood cultures obtained until
the raised ICP can be treated. Regardless, the lumbar punc-
ture should be performed with a 22-gauge needle.21 When
obtaining CSF for analysis, it is important to remember
that adults have approximately 150 mL of CSF, but infants
and children have smaller amounts, in the range of 30 to 60
mL in the neonate and 100 mL in the adolescent.22 The
volume of CSF in a child 4 to 13 years of age is in the
range of 65 to 140 mL, with an average volume of 90
mL.23 Approximately 10 to 12 mL of CSF should be with-
drawn from an adult, and the withdrawal of 3 to 5 mL is
recommended in the neonate and child.22 The CSF glucose
concentration is low when the value is less than 40 mg/dL
or when the CSF: blood glucose ratio is less than 0.6. When
an ampule of 50 ml of 50% glucose (D50) has been given
en route to the emergency room, 30 minutes is required
for the ampule of D50 to influence the CSF glucose
concentration. The CSF white blood cell (WBC) count is
usually more than 100 cells/mm3 and is often more than
1000 WBCs/mm3 in bacterial meningitis. Although there
is typically a predominance of polymorphonuclear leuko-
cytes in the CSF in bacterial meningitis, a predominance
of lymphocytes has been reported in cases of acute bacte-
rial meningitis when the CSF WBC concentration was less
than 1000/mm3 and in bacterial meningitis due to L. mono-
cytogenes.24,25 The initial CSF examination in neonatal
bacterial meningitis may have an absence of pleocytosis
and normal glucose and protein concentrations. A Gram’s
stain of the CSF should be examined carefully, and a high
index of suspicion for meningitis should be maintained
for the neonate with fever, seizure activity, irritability,
lethargy, and/or respiratory distress.26,27 Oral antimicrobial
therapy administered before lumbar puncture will not sig-
nificantly alter the CSF WBC count or glucose concentra-
tion but will decrease the likelihood of identifying the
organism on Gram’s stain or isolating it in culture.21

The latex particle agglutination test for the detection of bac-
terial antigens of Hib, S. pneumoniae, N. meningitidis, group
B streptococcus, and E. coli K1 strains in the CSF has been
replaced by a broad-range polymerase chain reaction (PCR)
that can detect small numbers of viable and nonviable
organisms in CSF. When the broad-range PCR is positive,
a PCR that uses specific bacterial primers to detect the
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nucleic acid of S. pneumoniae, N. meningitidis, E. coli,
L. monocytogenes,H. influenzae, and Streptococcus agalac-
tiae should be done. The PCR is also helpful in making the
diagnosis of bacterial meningitis in patients who were pre-
treated with antibiotics and in the patient whose Gram’s
stain and CSF culture are negative. The Limulus amebocyte
lysate test is very sensitive in detecting gram-negative bacte-
rial meningitis. It has a 77% to 99% sensitivity for the detec-
tion of gram-negative endotoxin in the CSF.21 A good rule is
that the Gram’s stain and bacterial culture should be nega-
tive in the CSF obtained 24 hours after the initiation of intra-
venous antimicrobial therapy, if the organism is sensitive to
that antibiotic.

MANAGEMENT. Empirical therapy of bacterial menin-
gitis in the neonate should include the combination of
ampicillin (50 mg/kg every 6 to 8 hours) and either cefo-
taxime (50 mg/kg every 8 to 12 hours) or an aminoglyco-
side, such as gentamicin (2.5 mg/kg every 8 to 12 hours)
or amikacin (10 mg/kg every 8 to 12 hours).1 Empirical
therapy of bacterial meningitis in infants 4 to 12 weeks
of age requires antimicrobial agents that are active against
the likely pathogens of the neonatal age group as well as
those that cause infection in infants and children. An
appropriate regimen in this age group is ampicillin and either
cefotaxime or ceftriaxone (100 mg/kg/day intravenously in
divided doses every 12 hours). A third-generation cephalo-
sporin, either cefotaxime (225 mg/kg/day intravenously in
TABLE 42-1

Antimicrobial Therapy Based on Etiological Organism

ANTIBIOTIC A

ORGANISM Infants (>2000 g ) Children

Group B streptococcus Ampicillin 50 mg/kg q 6 hr plus
amikacin 10 mg/kg q 12 hr or
gentamicin 2.5 mg/kg q 8 hr

Neisseria meningitidis Penicil
kg/d
(at e
older
for 2
Youn

12
Streptococcus pneumoniae Cefotax

(divi
100
twice
vanc
(q 6

Enteric gram-negative bacilli
(except Pseudomonas
aeruginosa)

Cefotaxime 50 mg/kg q 8 hr plus
amikacin or gentamicin

Cefotax
(as a

Pseudomonas aeruginosa Meropenem 120 mg/kg/day
(divided q 8 hr)

Merope
(divi

Listeria monocytogenes Ampicillin 50 mg/kg q 6 hr plus
amikacin or gentamicin
for 3-5 days

Ampici
(q 4-

Haemophilus influenzae
type b

Cefotaxime Cefotax

Staphylococcus aureus

Methicillin-sensitive Methicillin 50 mg/kg q 6 hr Oxacill
(divi

Methicillin-resistant Vancomycin 15 mg/kg q 8 hr Vancom
(divi
divided doses every 6 hours) or ceftriaxone (100 mg/kg/
day intravenously in divided doses every 12 hours) plus
vancomycin (40 mg/kg/day intravenously in divided doses
every 6 hours) is recommended for empirical therapy of
bacterial meningitis in the older infant and child. Empirical
therapy of bacterial meningitis in adults should include
a combination of ceftriaxone (2 g intravenously twice a
day) or cefotaxime (8 to 12 g/day intravenously in divided
doses every 4 hours) or cefepime (2 g intravenously twice
a day) plus vancomycin (500–750 mg intravenously every
6 hours). In the older adult and in the immunocompromised
adult in whom L. monocytogenes may be the etiological
organism, ampicillin (12 g/day in divided doses every
4 hours) should be added to this regimen. In patients who
have recently undergone a neurosurgical procedure or
who are immunocompromised, Pseudomonas aeruginosa
may be the etiological agent, and meropenem (6 g/day in
divided doses every 8 hours) should be substituted for cefo-
taxime or ceftriaxone. Once the causative organism has
been identified, antimicrobial therapy can be modified
based on the recommendations for that specific organism.
Recommendations for antimicrobial therapy based on the
infecting organism are listed in Table 42-1.

The American Academy of Pediatrics recommends the
consideration of dexamethasone for bacterial meningitis
in infants and children 2 months of age or older. The
recommended dose is 0.6 mg/kg/day in four divided doses
ND DOSE (INTRAVENOUS UNLESS INDICATED)

Adults

lin G 250,000-400,000 U/
ay (divided q 4 hr) plus
nd of therapy) oral rifampin,
than 1 yr: 10 mg/kg q 12 hr
days

Penicillin G 20-24 million U/day (divided
q 4 hr) plus (at end of therapy) oral
rifampin 600 mg q 12 hr for 2 days

ger than 1 yr: 5 mg/kg q
hr for 2 days
ime 225 mg/kg/day
ded q 6 hr) or ceftriaxone
mg/kg/day (in a once or
daily dosing interval) plus

omycin 40 mg/kg/day
hr dosing interval)

Cefepime 4 g/day (2 q 12 hr) or
cefotaxime 8-12 g/day divided q 4 hr)
or ceftriaxone 4 g/day (2 q 12 hr) plus
vancomycin 2 g/day (in a 6- or 12-hr
dosing interval)

ime or ceftriaxone
bove)

Cefotaxime or ceftriaxone or
cefepime (as above)

nem 120 mg/kg/day
ded q 8 hr)

Meropenem 6 g/day (divided q 8 hr)

llin 150-200 mg/kg/day
hr dosing interval)

Ampicillin 12 g/day (divided q 4 hr) �
gentamycin 6 mg/kg/day divided q 8 hr
in critically ill patients

ime or ceftriaxone Cefotaxime or ceftriaxone or cefepime

in 200-300 mg/kg/day
ded q 4 hr)

Oxacillin 12 g/day (divided q 4 hr)

ycin 40 mg/kg/day
ded q 6 hr)

Vancomycin 2 or 3 g/day (divided q 6 hr)
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(0.15 mg/kg/dose) given intravenously for the first 4 days
of antimicrobial therapy.28 The first dose of dexametha-
sone should be administered several minutes before the
first dose of antimicrobial therapy. The results of a pro-
spective, randomized, multicenter, double-blind trial of
adjunctive dexamethasone therapy for bacterial meningitis
in 301 adults in five European countries demonstrated that
dexamethasone improves the outcome in adults with acute
bacterial meningitis and reduces mortality.29 Dexametha-
sone was administered in a dose of 10 mg 15 to 20 minutes
before or with the first dose of antibiotic and given every
6 hours for 4 days. Dexamethasone is beneficial in prevent-
ing the neurological complications of bacterial meningitis
by decreasing meningeal inflammation. Dexamethasone
inhibits the synthesis of the inflammatory cytokines IL-1
and TNF, which are produced by brain astrocytes and
microglial cells in response to bacterial cell wall compo-
nents in the subarachnoid space. As discussed previously,
the inflammatory cytokines increase the permeability of
the blood-brain barrier and recruit polymorphonuclear leu-
kocytes from the bloodstream to the CSF. The result is the
production of a purulent exudate in the subarachnoid space.
Dexamethasone appears to be reasonably safe. The third-
and fourth-generation cephalosporins penetrate the CSF ex-
tremely well even in the presence of dexamethasone.30,31

The penetration of vancomycin, however, may be ad-
versely affected by dexamethasone therapy because menin-
geal inflammation improves the penetration of vancomycin
into the CSF. The clinical significance of this is unclear.
Consideration should therefore be given to the use of
higher doses of vancomycin (60 mg/kg/day in divided
doses every 6 hours) or intrathecal vancomycin in cases
of highly penicillin-resistant and cephalosporin-resistant
pneumococcal meningitis when dexamethasone is used
concomitantly with antimicrobial therapy. The use of a his-
tamine-2 antagonist with dexamethasone is recommended
to avoid gastrointestinal bleeding.

The majority of children with bacterial meningitis are
hyponatremic with serum sodium concentrations less than
135 mEq/L at the time of admission owing to the syndrome
of inappropriate antidiuretic hormone secretion (SIADH).
The time-honored treatment of SIADH was fluid restric-
tion. This practice, however, has received renewed atten-
tion because of the knowledge that autoregulation of
cerebral blood flow is lost in the course of bacterial menin-
gitis. A decrease in the mean systemic arterial pressure is
therefore associated with a decrease in the cerebral blood
flow. In experimental pneumococcal meningitis, fluid-
restricted rabbits had a greater decrease in MAP and cerebral
blood flow than did euvolemic rabbits.32 The current
recommendations are to limit the initial rate of intravenous
fluid administration to approximately three fourths of the
normal maintenance requirements (or 1000 to 1200 mL/
m2/24 hr). The intravenous fluid should be a multielectro-
lyte solution containing between one fourth and one half
normal saline and potassium at 20 to 40 mEq/L in 5% dex-
trose. Once the serum sodium concentration increases
above 135 mEq/L, the volume of the fluids administered
can be gradually increased.33,34

The development of seizure activity should be antici-
pated in the patient with bacterial meningitis. Seizure ac-
tivity occurs in approximately 30% to 40% of children
with acute bacterial meningitis and in more than 30% of
adults with pneumococcal meningitis, typically occurring
in the first few days of the illness. There is an increased
risk of epilepsy following bacterial meningitis, especially
in those individuals who have seizures in the first few days
of infection.35 Raised ICP is an expected complication of
bacterial meningitis and should be anticipated at the time
of the initial lumbar puncture. The ICP should be measured
by an ICP monitoring device. The treatment of raised ICP
in bacterial meningitis includes one or more of the follow-
ing: (1) elevation of the head of the bed 30 degrees;
(2) hyperventilation to maintain the PaCO2 between 32
and 35 mmHg; (3) mannitol 1.0 g/kg bolus intravenous in-
jection, then 0.25 to 0.5 g/kg intravenous every 3 to 5 hours
to achieve a serum osmolarity of 295 to 320 mOsm/L;
(4) dexamethasone 0.15 mg/kg every 6 hours; and (5) pen-
tobarbital coma with a loading dose of 5 to 10 mg/kg ad-
ministered intravenously at a rate of 1 mg/kg/min and a
maintenance dose of 1 to 3mg/kg/hour.36,37 Subdural effusions
commonly develop in the course of bacterial meningitis in
children when the infection in the adjacent subarachnoid
space leads to an increase in the permeability of the thin-
walled capillaries and veins in the inner layer of the dura.
The result is leakage of albumin-rich fluid into the subdural
space. This is usually a self-limited process, and as the
inflammatory process subsides, fluid formation ceases and
the fluid in the subdural space is reabsorbed.34,38,39 The
indications for aspiration of a subdural fluid collection
include the clinical suspicion of infected fluid (prolonged
fever), a rapidly enlarging head circumference in a child
without hydrocephalus, focal neurological findings, or clinical
signs of increased ICP.34
Brain Abscess
EPIDEMIOLOGY AND RISK FACTORS. Brain abscess

is a rare disease in immunocompetent individuals.
In adults, otitis media and paranasal sinusitis (frontal, eth-
moidal, or sphenoidal sinuses) are the most common
predisposing conditions for brain abscess formation. In
children, otitis media and cyanotic congenital heart disease
are the most common predisposing conditions for brain ab-
scess formation. Individuals with the acquired immunode-
ficiency syndrome (AIDS) are at increased risk for focal
intracranial infections caused by Toxoplasma gondii (see
Chapter 44). Organ transplant recipients are at risk for brain
abscesses caused by Aspergillus fumigatus. Patients receiving
chronic corticosteroid therapy and those who are immunosup-
pressed from bone marrow transplantation are at a particular
risk for central nervous system (CNS) candidiasis manifested
as multiple intraparenchymal microabscesses, mainly in the
territory of the middle cerebral artery. Brain abscesses may
develop as a result of cranial trauma, either penetrating brain
injuries or neurosurgical procedures, of which the most com-
mon is craniotomy. The reported incidence of brain abscess
following clean neurosurgical procedures is 6 or 7 per
10,000 cases.40 A brain abscess may develop as the result of
hematogenous spread of infection from a remote site such
as in chronic pyogenic lung diseases, wound and skin
infections, osteomyelitis, intra-abdominal and pelvic infec-
tions, and endocarditis. Finally, pulmonary arteriovenous
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malformation is a predisposing condition for brain abscess
formation.

PATHOGENESIS AND PATHOPHYSIOLOGY. A brain
abscess may develop in association with any of the follow-
ing: (1) direct spread from a contiguous cranial site of in-
fection such as otitis media, odontogenic infections,
sinusitis or mastoiditis, or retrograde septic thrombophlebi-
tis from these sites as well as facial and scalp infections;
(2) following cranial trauma; (3) hematogenous spread
from a remote infection site; and (4) immunosuppression
from neutropenia, organ or bone marrow transplantation,
lymphoma, leukemia, or AIDS. Approximately 20% of
brain abscesses are said to be cryptogenic, with no predis-
posing factor. The results of animal experiments suggest
that in order for brain abscesses to form, there must be a
preexisting area of ischemia, necrosis, or hypoxia in brain
tissue.41 Intact brain parenchyma is relatively resistant to
infection.42 Once bacteria have established an infection,
brain abscess formation evolves through four stages
regardless of the infecting organism. These stages were
described in animal models of brain abscesses and have
been shown to correlate with human brain abscess evolu-
tion observed by computed tomography (CT) imaging.
These stages are early cerebritis, late cerebritis, early cap-
sule formation, and late capsule formation. The early cere-
britis stage (days 1 to 3 following intracerebral inoculation
with a-hemolytic streptococci in dogs) is characterized by
perivascular infiltration of inflammatory cells composed
of polymorphonuclear leukocytes, plasma cells, and mono-
nuclear cells that surround a central core of coagulative
necrosis. Marked cerebral edema surrounds the lesion at
this stage.43,44 The CT scan reveals a low-density lesion
with faint contrast enhancement at its edge. The late cere-
britis stage (days 4 to 9) is characterized by a lesion with a
necrotic center surrounded by an inflammatory infiltrate of
macrophages and fibroblasts. Rapid new vessel formation
occurs around the developing abscess. A thin capsule of
fibroblasts and reticular fibers gradually develops, and
the area is surrounded by cerebral edema. The CT scan
image demonstrates a low-density lesion surrounded by a
prominent ring of enhancement following contrast admin-
istration. In the stage of early capsule formation (days 10
to 13), the necrotic center decreases in size, and the
inflammatory infiltrate changes in character and contains
an increasing number of fibroblasts and macrophages.
Mature collagen evolves from reticulin precursors, forming
a capsule that is better developed on the cortical than the
ventricular side of the lesion. The CT scan image shows
an area of low density, and the diameter of ring-contrast
enhancement has decreased in size. The stage of late cap-
sule formation (day 14 and later) is characterized by a
well-formed necrotic center surrounded by a dense collag-
enous capsule. On the CT scan image, the low-density
lesion is surrounded by a sharply demarcated, dense ring
of contrast enhancement. The preceding description of
brain abscess formation may be modified slightly by differ-
ent microorganisms and altered in the immunocompro-
mised host. Depending on the etiological organism and
the predisposing condition leading to infection, there
may be delayed or incomplete encapsulation of the abscess
cavity or the abscess may enlarge more quickly than
described previously.40
CLINICAL FEATURES AND DIFFERENTIAL DIAG-

NOSIS. A brain abscess presents as an expanding focal
infectious mass lesion. The most common clinical presen-
tation is headache, either hemicranial or generalized; fever;
vomiting; a focal neurological deficit; or focal or gen-
eralized seizure activity. The findings on neurological
examination are related both to the site of the abscess and
to the degree of raised ICP. Patients with increased ICP
will have alterations in consciousness ranging from leth-
argy to irritability, confusion, or coma. There may be
papilledema and deficits of cranial nerves III or VI or both
(Video 1, Cranial Nerve VI Palsy; Video 32, Cranial Nerve
III Palsy). If the abscess has ruptured into the ventricular
system or if there has been spread of infection to the
subarachnoid space, there may be signs of meningitis.
The differential diagnosis of this clinical presentation
includes herpes simplex virus encephalitis, subdural empy-
ema, cranial epidural abscess, a focal cerebral infarction
with edema, a cerebral hemorrhage, a primary neurological
tumor, or a metastatic tumor.

EVALUATION. The diagnosis of a brain abscess is made
through neuroimaging usingeither a cranial CT or magnetic
resonance imaging (MRI) scan that demonstrates a ring-
enhancing lesion. Typically, the cranial CT scan demon-
strates the abscess as a low-density lesion with a sharply
demarcated, dense ring of contrast enhancement sur-
rounded by a variable hypodense region of edema. In the
early and late stages of cerebritis, there is often diffusion
of contrast medium into the low-density center of the ab-
scess on delayed scans obtained 30 minutes after the admin-
istration of intravenous contrast. As the abscess matures, its
margin becomes more defined and the enhancement around
the abscess becomes more homogeneous. In the early and
late stages of capsule formation, there is no significant
inward diffusion of contrast on delayed scans. Cranial
MRI scanning is superior to cranial CT scanning in detect-
ing a lesion in the early cerebritis stage. On this type of
image, the abscess appears as an area of hypointensity on
T1-weighted images and hyperintensity on T2-weighted
images with indistinct margins. When the abscess becomes
encapsulated, it appears as a lesion of low intensity sur-
rounded by an area of isointensity or hyperintensity on
T1-weighted images. The T2-weighted MRI images reveal
a hyperintense lesion surrounded by a rim of hypointensity
with surrounding area of hyperintensity that represents
edema. The T1-weighted MRI images obtained after intra-
venous gadolinium administration demonstrate ring enhan-
cement of the abscess capsule.40 Patients with a brain
abscess may have a peripheral leukocytosis or an elevated
erythrocyte sedimentation rate; however, in a significant
number of patients, the laboratory criteria for infection will
be lacking. The serum C-reactive protein (CRP) concen-
tration has been reported to be useful in distinguishing
brain abscess from brain tumor. Patients with brain
abscesses have an elevated CRP level, whereas those with
a brain tumor will have low levels.40,45 Indium-111-labeled
leukocyte scintigraphy may also be useful in distinguishing
between a brain abscess and tumor. This scan uses radio-
labeled leukocytes to detect areas of active inflammation.
False-positive results may occur when there has been
leukocytic infiltration into a brain tumor, especially those
with severe necrosis. A lumbar puncture is contraindicated
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in a patient with a brain abscess because of the risk of her-
niation. The etiological organism is rarely identified from
CSF cultures obtained by lumbar puncture, but it can be
identified by CT- or MRI-guided stereotactic aspiration of
the abscess. This approach is the procedure of choice for
the identification of the infectious organism. All patients
should also have a chest x-ray. Additionally, a CT scan
of the head with bony windows for the evaluation of
the paranasal sinuses, middle ear, and mastoids should be
done when a contiguous site of infection is suspected as
the source of the brain abscess. Blood cultures should be
obtained when hematogenous dissemination from a remote
site of infection is the likely etiology.

MANAGEMENT. The management of a brain abscess is
directed at decreasing the mass effect associated with the
abscess, draining the pus, and using antimicrobial therapy
to treat the abscess and the primary source of infection.40

Surgical management of a brain abscess involves either
complete extirpation of the abscess or aspiration of the ab-
scess cavity through a burr hole with or without placement
of a drainage catheter into the abscess cavity. The purulent
material obtained at the time of aspiration allows for the
identification of the infecting organism. Aspiration of the
contents of an abscess cavity has a lower morbidity and a
lower risk of seizures compared with complete excision.
Complete excision removes the lesion from the paren-
chyma of the brain and allows for a rapid decompression
but may cause damage to brain parenchyma. Complete
excision is recommended when gas is present within the
abscess cavity and for an abscess due to Nocardia species.

In the majority of patients with a brain abscess, stereo-
tactic aspiration of the abscess should be performed for
Gram’s stain and bacterial culture, as well as fungal smear
and culture. In patients with AIDS, however, the majority
of focal infectious CNS lesions are caused by T. gondii,
and in such cases, serum should be sent for antitoxoplasma
IgG. The lesions of T. gondii are typically located at the
gray-white junction in the cerebral hemispheres, in the
deep white matter, and in the thalamus and basal ganglia.
With contrast administration, most lesions enhance in a
ringed, nodular, or homogeneous pattern and are sur-
rounded by edema. Cranial MRI scanning is superior to
CT scanning in detecting the multiple lesions of toxo-
plasma abscesses. Thallium single-photon emission
computed tomography (SPECT) imaging may be helpful
in distinguishing cerebral toxoplasmosis from primary
CNS lymphoma. Focal areas of increased uptake are seen
in patients with lymphoma. In patients with a detectable
toxoplasma serology and more than one enhancing lesion
on neuroimaging, a presumptive diagnosis of toxoplasma
encephalitis can be made and a treatment trial with pyri-
methamine and sulfadiazine or pyrimethamine and clinda-
mycin can be initiated. The other group of patients who
provide an exceptional diagnostic and therapeutic chal-
lenge are those not infected with human immunodeficiency
virus (HIV) but who have multiple brain abscesses. In
these patients, stereotactic aspiration of the largest lesion
for purulent material for culture is recommended.

The etiological organism of a brain abscess can be pre-
dicted to some degree based on the location of the abscess
and the predisposing condition. Streptococci, specifically
Streptococcus milleri, are the most frequent organisms
isolated from frontal lobe abscesses associated with chronic
sinusitis. Temporal lobe abscesses are most frequently sec-
ondary to chronic infections of the ear, and streptococci
(anaerobic or aerobic), Enterobacteriaceae, and Bacteroides
species are the most commonly isolated bacteria. A brain
abscess owing to chronic otitis media frequently yields mul-
tiple organisms in culture. The majority of brain abscesses
secondary to trauma or craniotomy are caused by Staphylo-
coccus aureus.40 Viridans, anaerobic, and microaerophilic
streptococci are the usual organisms isolated from brain
abscesses caused by cyanotic congenital heart disease.
A brain abscess in an immunocompromised individual may
be from Candida species, Nocardia asteroides, Aspergillus,
Zygomycetes, Enterobacteriaceae or P. aeruginosa.

A combination of vancomycin (2 or 3 g/day intravenously
in an adult and 40 to 60 mg/kg/day in a child), a third- or
fourth-generation cephalosporin (cefotaxime, ceftriaxone,
or cefepime), and metronidazole (500 mg every 6 hours in-
travenously for an adult and 7.5 mg/kg every 8 hours for a
child) is the recommended empirical therapy for immuno-
competent patients with brain abscesses. The final culture
results and organism sensitivities are used to make the anti-
biotic coverage more specific. Aspergillosis should be
considered in immunosuppressed patients with unremitting
fever and multiple brain abscesses. A chest x-ray study
may demonstrate pulmonary infiltrates and bronchoscopy
may identify the infecting organism in some cases. Fungal
brain abscesses are treated with amphotericin B; liposomal
amphotericin B should be used for brain abscesses due
to Aspergillus species. Corticosteroid therapy is recom-
mended for the treatment of vasogenic cerebral edema that
surrounds a brain abscess and to treat any mass effect.
Because steroid therapy may decrease the penetration of
antibiotics into brain tissue, it should be discontinued when
the edema and mass effect improve or resolve. Abscesses
that enlarge or do not become smaller during antimicrobial
therapy may need repeat aspiration or excision.

Cranial and Spinal Subdural Empyema
EPIDEMIOLOGY AND RISK FACTORS. Subdural

empyema is a pyogenic infection in the space between
the dura mater and the arachnoid and represents 13% to
20% of localized intracranial infections. The arachnoid is
not a very strong barrier, and subdural empyema may
breach the arachnoid and cause subpial infection.46 The
most common predisposing condition that leads to the
development of a subdural empyema is paranasal sinusitis,
especially frontal sinusitis. Paranasal sinusitis is the pri-
mary cause of a subdural empyema in 50% to 80% of
patients, and otitis media is the primary cause in 10% to
20%.47,48 Superficial infections of the scalp and skull,
craniotomy, or septic thrombophlebitis from sinusitis,
otitis, or mastoiditis may extend to the subdural space,
causing empyema.46 Subdural empyema in infants usually
represents an infected subdural effusion complicating a
bacterial meningitis.49,50 An empyema may rarely develop
in the subdural area of the spinal cord.

PATHOGENESIS AND PATHOPHYSIOLOGY. The most
important pathophysiological antecedent of a subdural
empyema is septic thrombophlebitis of the mucosal veins
of the sinuses that results in retrograde extension of infection
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with drainage of bacteria into the regional dural veins, and
then into the superior sagittal sinus.48,51 Subdural empyema
may also result from the direct infection of the subdural
space during a neurosurgical procedure. Once the infection
is established in the subdural space, evolution of an empy-
ema tends to be remarkably rapid because the subdural space
has no barriers. The infection can spread medially over the
tentorium toward the falx and posteriorly to the infratentorial
area.46,51 Septic thrombophlebitis extends in a retrograde
fashion from the dural sinuses to the cortical veins. Cortical
venous infarction may follow and is largely responsible for
the severe symptoms, particularly the focal signs, that de-
velop during the course of the illness.51,52 Cortical venous
thrombosis and infarction cause hemorrhagic and ischemic
necrosis of brain parenchyma that subsequently permits
brain abscess formation. A coexistent cerebral abscess has
been reported in up to 24% of cases of subdural empy-
ema.48,53 Spinal subdural empyema may be the result of he-
matogenous spread of infection from a distant site, trauma,
spine surgery, or a dermal sinus tract that connects the skin
and the dura.

CLINICAL FEATURES. A patient with a cranial sub-
dural empyema appears acutely ill with headache that is of-
ten localized initially to the side of infection and has fever,
chills, and nuchal rigidity. In children and adults, the triad
of sinusitis, fever, and an acute neurological deficit should
be treated with a high index of suspicion for a subdural
empyema.46 A progressive disturbance of consciousness
occurs as the subdural empyema produces a mass effect
that results in increased ICP. Focal neurological deficits
are present in 80% to 90% of patients and are caused by
mass effect from the subdural collection of fluid and corti-
cal vein thrombophlebitis. Periorbital edema and erythema
may be present in patients with a subdural empyema origi-
nating from the frontal sinus.48,52 Seizures, which are typi-
cally focal, occur in 30% to 60% of patients.46 Infants with
subdural empyemas usually have an increase in their
head size, a bulging fontanel, irritability, poor feeding fol-
lowed by hemiparesis, convulsions, stupor, and coma.47 A
spinal subdural empyema presents as fever with signs of rap-
idly progressive spinal cord compression. Backache may
be present, but it is not as characteristic of the presentation
of a spinal subdural empyema as it is of the presentation of
spinal epidural abscess.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
differential diagnosis of the signs and symptoms of a cra-
nial subdural empyema includes bacterial meningitis, supe-
rior sagittal sinus thrombosis, epidural abscess, and
cerebral abscess.51 A lumbar puncture should not be per-
formed in patients with the clinical signs of raised ICP or
focal neurological deficits. In most series, bacteria are not
demonstrated by microscopic examination or culture of
CSF obtained by lumbar puncture in patients with a sub-
dural empyema.51–53 Cranial MRI is the diagnostic proce-
dure of choice to demonstrate the presence of a subdural
empyema. The subdural empyema will have a mildly
increased signal intensity on MRI T1-weighted images
and a markedly increased signal intensity on T2-weighted
images when compared with ventricular CSF.46 A benign
subdural effusion can also be differentiated from an infected
subdural empyema using a cranial MRI scan. A subdural ef-
fusion is isointense compared with CSF on MRI T1- and
T2-weighted images, and a subdural empyema is hyperin-
tense when compared with CSF on T2-weighted images.46

On a CT scan, a subdural empyema has the appearance of
a crescent or lentiform-shaped area of low density adjacent
to the inner border of the skull.54 The empyema consists
of an inflammatory exudate and appears denser than CSF.
MRI is the best neuroimaging procedure to demonstrate
the presence of a spinal subdural empyema.

MANAGEMENT. The treatment of subdural empyema
consists of intravenous antibiotic therapy, surgical drainage
of the empyema and infected sinuses, and management of
increased ICP when present. The majority of cranial sub-
dural empyemas are caused by those organisms typically
isolated from patients with chronic sinusitis or otitis. Aero-
bic streptococci are the causative organisms in 30% to 50%
of patients with subdural empyema. Anaerobic organisms,
particularly anaerobic and microaerophilic streptococci,
are isolated from 15% to 25% of cases; staphylococci are
isolated from 15% to 25% of cases; and aerobic gram-
negative bacilli are isolated from 5% to 10% of cases.47,48

Empirical therapy must cover aerobic and anaerobic strep-
tococci, staphylococci, and gram-negative bacilli. A com-
bination of penicillin G (20 to 24 miU/day for adults and
400,000 U/kg/day for children and infants) or a third- or
fourth-generation cephalosporin (ceftriaxone, cefotaxime,
or cefepime), metronidazole (600 mg/day for adults
and 22.5 mg/kg/day for infants and children), and nafcillin
(9 to 12 g/day for adults and 200 mg/kg/day for infants and
children) or vancomycin is recommended (Table 42-2).
Surgical drainage can be accomplished by either crani-
otomy ormultiple burr holes.46 Intravenous antibiotics should
be continued for at least 3 weeks after surgical drainage,
and then oral antibiotic therapy can be substituted to com-
plete a 6-week course of therapy. Reoperation for further
irrigation and drainage of loculated pockets of pus is typi-
cally necessary. It is therefore recommended that the patient
undergo frequent CT or MRI scans to evaluate whether
resolution of the infection has occurred.46

Staphylococcus aureus is the causative organism in the
majority of cases of spinal subdural empyema, and such
cases should undergo a laminectomy and dural incision
with drainage. Extensive irrigation of the subdural space
with bacitracin and either vancomycin or gentamicin is
recommended. Intravenous antimicrobial therapy for 4 to
8 weeks, and often longer, is also recommended.55

Cranial and Spinal Epidural Abscess
EPIDEMIOLOGY AND RISK FACTORS. Cranial epidu-

ral abscesses develop in the space between the dura and
inner table of the skull and are usually caused by the spread
of infection from the frontal sinuses, middle ear, mastoid,
or orbit.48 Epidural abscesses may also develop as a com-
plication of a craniotomy or compound skull fracture.
The most common cause of a cranial epidural abscess
is craniotomy that has been complicated by an infection
of the wound, bone flap, or epidural space.46 Epidural
abscesses may result from or be associated with an area
of osteomyelitis.

A spinal epidural abscess develops in the space outside
the dura mater but within the spinal canal. The spinal epi-
dural space is only a true space posterior to the spinal cord



TABLE 42-2

Antimicrobial Therapy for Subdural Empyema

ORGANISM ADULT DOSING INTERVAL CHILD DOSING INTERVAL

Staphylococcus aureus

Methicillin-sensitive Nafcillin 9-12 g/day Every 4 hr Nafcillin 200 mg/kg/day Every 4 hr
Methicillin-resistant Vancomycin 2-3 g/day Every 12 hr Vancomycin 40-60 mg/kg/day Every 12 hr

Streptococci Penicillin G 20-24 MU/day Every 4 hr Penicillin G 250,000-400,000 U/kg/day Every 4-6 hr
Gram-negative bacilli Ceftriaxone 4-6 g/day Every 12 hr Ceftriaxone 80-100 mg/kg/day Every 12 hr

or or
Cefotaxime 8-12 g/day Every 4 hr Cefotaxime 200 mg/kg/day Every 6 hr
or or

Cefepime 4 g/day Every 12 hr Ceftazidime 125-150 mg/kg/day Every 8 hr
Anaerobes Metronidazole 600 mg/day Every 8 hr Metronidazole 22.5 mg/kg/day Every 8 hr

or or
Chloramphenicol 4 g/day Every 6 hr Chloramphenicol 100 mg/kg/day Every 6 hr

Reproduced with permission from Shapiro S: Cranial epidural abscess and cranial subdural empyema. In Roos KL (ed): Central Nervous System Infectious Diseases and
Therapy. New York, Dekker, 1997, pp 499–506.
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and the spinal nerve roots. The anteroposterior width of the
epidural space is greatest in the area where the spinal cord
is smallest (i.e., from approximately T4–T8 and from
L3–S2).56,57 The most common location for an epidural
abscess is the posterior midthoracic region between the fourth
and eighth thoracic vertebrae.58 The anterior epidural space
is only a potential space because the dura is virtually ad-
herent to the posterior surface of the vertebral bodies along
the ventral aspect of the spinal canal from the first cervical
to the second sacral vertebrae. Anterior abscesses usually
occur at cervical levels.59 The most common etiology of
a spinal epidural abscess is hematogenous spread of bacte-
ria from a remote site of infection to the epidural space.
This includes such sites as the skin, urinary tract, lungs,
pelvis, cardiac valves, and pharynx. An epidural abscess
may also develop by direct extension from a contiguous
infection such as vertebral osteomyelitis. The latter dis-
order is a particularly common etiology for spinal epidural
abscess formation in intravenous drug abusers. Immuno-
suppression from any cause, but most commonly from
AIDS or diabetes mellitus, is a predisposing condition in
approximately 50% of cases of spinal epidural abscesses.55

The formation of a small hematoma owing to mild blunt
trauma may also provide a locus minoris resistentiae that
may allow for hematogenous seeding of infection resulting
in the formation of a spinal epidural abscess.

PATHOGENESIS AND PATHOPHYSIOLOGY. Infection
in the frontal sinuses, middle ear, mastoid, or orbit is able
to reach the epidural space through the retrograde spread
of thrombophlebitis in the emissary veins that drain these
areas, by way of direct spread of the infection through bone
(osteomyelitis), or through direct infection of the epidural
space during craniotomy.60 As stated previously, hematog-
enous spread to the epidural space from a remote site of in-
fection is an extremely rare cause of cranial epidural
abscess but an extremely common cause of spinal epidural
abscess.

A spinal epidural abscess may develop as a result of the
hematogenous spread of infection from a distant focus of
infection to the epidural space. There may also be hema-
togenous spread of infection to a vertebral body or disc that
results in discitis and/or osteomyelitis that subsequently
extends into the spinal epidural space. Infection of the
epidural space may also occur from direct extension of
infection from decubitus ulcers, infected abdominal
wounds, or psoas abscesses.55 The pathophysiology of spi-
nal cord dysfunction from spinal epidural abscess has been
investigated in a rabbit model.61,62 The gross appearance of
the spinal cord at the level of the epidural abscess is usu-
ally normal. Microscopically, scattered areas of softening,
vacuolization of the cord, areas of necrosis with the disap-
pearance of cells, loss of myelin, and axonal swelling are
frequently seen. Myelomalacia occurring in the spinal cord
beneath an epidural abscess results from the direct com-
pression of neural tissue and inflammatory thrombosis in
the intraspinal vessels with subsequent infarction.

CLINICAL FEATURES. The clinical presentation of an
intracranial epidural abscess is an unrelenting hemicranial
headache or persistent fever that develops during or after
treatment for frontal sinusitis, mastoiditis, or otitis media.
Focal neurological deficits, seizures, and signs of increased
ICP do not develop until the infection extends into the sub-
dural space.51 Approximately 10% of epidural abscesses
are associated with a subdural empyema.46 An epidural
abscess that develops near the petrous bone and involves
cranial nerves V and VI presents with ipsilateral facial pain
and lateral rectus weakness (Gradenigo’s syndrome)
(Video 106, Trigeminal Neuralgia). A spinal epidural ab-
scess presents as fever and pain at the affected spinal level.
Heusner63 described a characteristic clinical pattern of
symptom progression. Back pain is the initial symptom,
which is followed by radicular pain in the extremities or
pain in an intercostal thoracic dermatomal pattern within
2 or 3 days. As the disease progresses, paresis of appen-
dicular muscles is associated with loss of sensation below
the level of the lesion and the loss of bowel and bladder
control. Finally, there is complete paralysis of appendicular
muscles and a loss of all sensory modalities below the level
of the lesion.

EVALUATION. The MRI is the diagnostic procedure of
choice to demonstrate a cranial epidural abscess because
it is free from bony artifacts adjacent to the inner table of
the skull and is easily able to demonstrate extracerebral
fluid collections. The epidural fluid will be of higher signal
intensity on both MRI T1- and T2-weighted images
than the ventricular CSF. Following the administration of
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gadolinium, a significant enhancement of the dura on MRI
T1-weighted images is seen.46 On the noncontrasted CT
scan, an epidural abscess has the appearance of a poorly
defined lentiform area of low density adjacent to the inner
table of the skull. After the administration of contrast, the
convex inner side of the low-density lesion enhances. This
represents the inflamed dural membrane.51

MRI is also the procedure of choice to demonstrate a
spinal epidural abscess. A spinal epidural abscess extends
3 spinal segments on average and may extend for as long
as 13 segments.55 MRI is able to visualize the entire extent
of the epidural abscess in all directions and the degree of
spinal cord compression. An epidural abscess is isointense
to CSF on MRI T1-weighted images and hyperintense
compared with CSF on MRI T2-weighted images. Follow-
ing the administration of gadolinium, enhancement of the
lesion occurs. Because spinal epidural abscess is usually a
result of the hematogenous seeding of the epidural space,
there may be evidence of systemic illness with a peripheral
leukocytosis or an elevation in the erythrocyte sedimenta-
tion rate. The examination of the CSF may be useful to de-
termine the infecting organism. A lumbar puncture should
not be performed when the possibility of a lumbar abscess
exists, however, because of the risk for spread of the infection
from the epidural space to the subarachnoid space.

MANAGEMENT. The primary treatment of a cranial epi-
dural abscess is surgical debridement, Gram’s stain and
culture of the purulent material, and intravenous antibiotic
therapy. Recommendations for the choice of empirical an-
tibiotic therapy are the same as those described for empiri-
cal therapy of subdural empyema and should cover aerobic
and anaerobic streptococci, staphylococci, gram-negative
bacilli, and anaerobes.

An acute spinal epidural abscess must be managed with
an immediate laminectomy and decompression and drain-
age of the epidural space, followed by 4 to 6 weeks of in-
travenous antibiotic therapy and then 2 or 3 months of oral
antibiotic therapy.55 Empirical antibiotic therapy should in-
clude coverage for Staphylococcus aureus because this
organism is the etiological agent in the majority of spinal
epidural abscesses. However, there is an increasing inci-
dence of spinal epidural abscess due to gram-negative
aerobic bacilli, aerobic streptococci, anaerobes, and Myco-
bacterium tuberculosis. Empirical therapy should also
include antituberculous chemotherapy, including isoniazid,
rifampin, ethambutol, pyrazinamide, and streptomycin, rifa-
butin, or clofazime. A tuberculous spinal epidural abscess
is usually associated with vertebral osteomyelitis.

Cat-scratch Disease
Cat-scratch disease is caused by the bacterium Bartonella
henselae and begins with a cutaneous papule or pustule
at the site of inoculation, usually a kitten scratch or bite,
within 1 week of the injury. A regional adenopathy involving
the head, neck, and upper extremity follows in 1 to 7
weeks. Fever and malaise occur in approximately one-third
of patients. The diagnosis is made by demonstrating pleo-
morphic bacilli by Warthin-Starry silver stain of a lymph
node biopsy or by PCR amplification techniques on lymph
node tissue. The neurological and ophthalmological mani-
festations associated with cat-scratch disease include
(1) encephalopathy (in 2% to 4% of patients with cat-
scratch disease), characterized by headache, restlessness,
irritability, focal or generalized seizure activity, confusion,
disorientation, and coma; (2) possible focal neurological
deficits, including disturbances of language, cranial nerve
palsies, hemiplegia, and ataxia; and (3) neuroretinitis, char-
acterized by a painless, unilateral, sudden loss of visual
acuity. On examination, papilledema is associated with
macular exudates in a star formation. Bartonella henselae
infection has been associated with HIV dementia and
HIV-associated focal brain lesions, aseptic meningitis,
and neuropsychiatric disease. The serological test for
anti-Bartonella antibodies cannot discriminate between anti-
Bartonella henselae and anti-Bartonella quintana (the
etiological agent of trench fever) antibodies. Examination of
the CSF in cases of cat-scratch disease encephalopathy
demonstrates an elevated protein concentration, a lympho-
cytic and rarely a leukocytic pleocytosis, and a normal glu-
cose concentration. CSF cultures for B. henselae are
negative. In patients with lymphadenopathy, biopsy of a
lymph node may reveal the typical features of cat-scratch
disease. Skin tests with the Hanger-Rose cat-scratch disease
antigen are positive in the majority of patients. In a few
patients with neuroretinitis associated with cat-scratch
disease, B. henselae has been isolated from blood. Gram’s
stain reveals small, gram-negative, slightly curved rods.
The physician should question the patient about the history
of a scratch by a kitten or a cat and the appearance of any
skin lesion. No clear guidelines exist regarding which
patients should be treated and what antibiotic should be
used. The majority of patients with cat-scratch disease
without an associated neurological manifestation have a
self-limited illness. The demonstration of B. henselae bac-
teremia associated with neuroretinitis has led to the recom-
mendation that antimicrobial therapy with erythromycin,
doxycycline, azithromycin, clarithromycin, or ofloxacin be
considered in these patients. As stated previously, an
increasing amount of evidence exists for B. henselae as an
etiological agent in a small proportion of cases of HIV-
associated dementia, neuropsychiatric illness, focal brain
lesions, and aseptic meningitis. Antimicrobial therapy
may benefit these patients, but firm recommendations
cannot be made at this time.64

Whipple’s Disease
Whipple’s disease is caused by the rod-shaped bacillus
Tropheryma whippelii and presents with arthralgias, ab-
dominal pain, fever, diarrhea, malabsorption, and weight
loss.65,66 Whipple’s disease occurs predominantly in
middle-aged men and most often in farmers. Approximately
6% or 7% of patients with Whipple’s disease have neuro-
logical manifestations, but many cases of CNS involve-
ment in Whipple’s disease go unrecognized.66 The
characteristic triad of Whipple’s disease is dementia,
ophthalmoplegia, and myoclonus (Video 57, Myoclo-
nus).66 Nearly all cases of ophthalmoplegia involve a con-
jugate vertical gaze palsy. A peculiar mixture of smooth
convergent-divergent pendular oscillations of the eyes
with synchronous rhythmical contractions of the jaw, ocu-
lomasticatory myorhythmia, is thought to be unique to
Whipple’s disease. The diagnosis of CNS Whipple’s disease
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is difficult. Examination of the CSF may be normal or
may demonstrate a mild pleocytosis. Para-aminosalicylic
acid-positive cells are rarely identified in CSF, but if they
are, CNS Whipple’s disease is a strong possibility. Para-
aminosalicylic acid staining of a CSF cytocentrifuged
pellet should therefore be performed in all patients in
whom CNS Whipple’s disease is suspected.66 The para-
aminosalicylic acid reagents will also stain Mycobacteri-
um avium complex, Histoplasma capsulatum, and nonmi-
crobial glycoprotein. The PCR technique has allowed for
the identification of T. whippelii from small intestinal biop-
sy tissue, lymph node tissue, and CSF.67 Brain biopsy is not
routinely recommended for CNS Whipple’s disease. Tro-
pheryma whippelii infection of the duodenal mucosa can
be detected by PCR in patients in whom an isolated extrain-
testinal disease exists and in patients with isolated CNS dis-
ease. It has been suggested, therefore, that a patient with
suspected CNS Whipple’s disease should undergo a duode-
nal tissue biopsy by endoscopy, and the material obtained
should be examined by PCR for T. whippelii. PCR-based
Whipple’s disease diagnostic tests, however, are not yet
standardized.66 Trimethoprim-sulfamethoxazole appears to
be the most effective therapy for the treatment and preven-
tion of CNS Whipple’s disease. Treatment should be
initiated with trimethoprim-sulfamethoxazole 160 mg/800
mg by mouth two or three times daily, procaine penicillin
G 1.2 million units by intramuscular injection daily, and
streptomycin 1 g by intramuscular injection daily. Penicillin
and streptomycin are continued for a total of 14 days. Tri-
methoprim-sulfamethoxazole should be continued for at
least 1 year. Some clinicians continue antibiotic therapy
for CNS Whipple’s disease for at least 2 years, and some
continue it indefinitely.66
MYCOBACTERIAL INFECTIONS

Mycobacterium tuberculosis
EPIDEMIOLOGY AND RISK FACTORS. Chopin, Keats,

Thoreau, Paginini, Modigliani, Elizabeth Browning, and
Thomas Wolfe died of tuberculosis.68–70 In the beginning
of the 20th century, tuberculous meningitis was common;
then, after World War II, a dramatic decrease in the inci-
dence of tuberculosis occurred in the United States and
Europe, although tuberculosis and CNS tuberculosis con-
tinued to be prevalent in developing countries. Beginning
in 1985, however, the incidence rates of tuberculosis began
to increase in the United States. This resurgence of disease
was concentrated among males, 25 to 44 years of age, and
particularly among immigrants from areas with a high
prevalence of tuberculosis infection. A marked increase
in the incidence of tuberculosis in long-term residents
of U.S. nursing homes was also noted. CNS tuberculosis
is considerably more frequent in individuals with AIDS
and tuberculosis involving other organ systems than in
immunocompetent people with tuberculosis. In some areas
of the world, the most common AIDS-associated CNS
infection is tuberculous meningitis.71

PATHOGENESIS AND PATHOPHYSIOLOGY. Tuber-
culous meningitis does not develop acutely from the hema-
togenous spread of tubercle bacilli to the meninges from a
pulmonary source of acute infection. Isolated miliary
tubercles form in the parenchyma of the brain or the
meninges during the hematogenous dissemination of tuber-
cle bacilli during the course of the primary infection or
episodically from the endogenous reactivation of latent
tuberculosis elsewhere in the body. The tubercles tend to
enlarge and are usually caseating.72 The fate of these tuber-
cles and the subsequent course of infection are at least, in
part, a function of the immunological capacity of the host.
Minute caseous foci may be completely eliminated by
macrophages, leaving no residua of infection. Larger case-
ous foci may shelter viable mycobacteria that cause reacti-
vated disease only in the presence of impaired host
immunity.71 The propensity for a caseous lesion to produce
meningitis is determined by its proximity to the subarach-
noid space, the rate at which fibrous encapsulation devel-
ops, and the rate at which the lesions enlarge. Organisms
proliferate in the caseous centers, eventually leading to
the rupture of the tubercle. Subependymal caseous foci
may remain quiescent for months or years but then cause
meningitis through the discharge of bacilli and tuberculous
antigens into the subarachnoid space.72,73 The neurological
complications of tuberculous meningitis are initiated by a
hypersensitivity reaction that occurs in the subarachnoid
space when tuberculoproteins are released by the rupture
of a caseous lesion. The exudate is located predominantly
in the basilar cisterns and surrounds the cranial nerves
and major blood vessels at the base of the brain. As the
basilar cisterns are filled with a purulent exudate, the flow
of CSF is blocked and an obstructive hydrocephalus may
develop. The inflammatory exudate also obstructs the re-
sorption of CSF by the arachnoid granulations, the result
of which is a communicating hydrocephalus. Cerebral
ischemia and infarction occur either as the result of vascu-
litis caused by direct invasion of the arterial walls by
mycobacteria and inflammatory cells or by the compres-
sion of the blood vessels at the base of the brain from the
inflammatory exudate.72,74 Cranial nerve abnormalities
resulting from tuberculous meningitis are either due to
either mechanical compression of the nerve by the puru-
lent exudate or vasculitic infarction of the nerve.68 Border
zone encephalitis describes an inflammatory reaction in
the brain tissue underlying areas of thick, adherent exu-
date.68–71 Tuberculous encephalopathy refers to the devel-
opment of cerebral edema, occasionally with perivascular
demyelination or hemorrhagic leukoencephalopathy deep
in the white matter of the brain at a distance from vascular
abnormalities and purulent exudate. It is hypothesized
that this is a purely allergic phenomenon mediated by tissue
hypersensitivity, either to the bacilli or their antigens or
possibly to a myelin-related antigen of brain tissue.71

CLINICAL FEATURES. The clinical presentation of
tuberculous meningitis is either an acute meningoencepha-
litis characterized by coma, raised ICP, seizures, and focal
neurological deficits or a slowly progressive illness with
persistent and intractable headache followed by confusion,
lethargy, and cranial nerve deficits. Fever may or may not
be present in the course of this infection. Cranial nerve VI
(Video 1, Cranial Nerve VI Palsy) is the most frequently
affected by tuberculous meningitis, followed by cranial
nerves III, IV, VII, and, less commonly, cranial nerves II,
VIII, X, XI, and XII (Video 23, Cranial Nerve VII, Facial



TABLE 42-3

Empirical Therapy for Tuberculous Meningitis

DOSAGE

DRUG Children Adults

Isoniazid (INH) 10 mg/kg/day once daily 300 mg/day
Pyridoxine 50 mg/day
Rifampin 10 mg/kg/day 600 mg/day
Pyrazinamide 30 mg/kg/day 30 mg/kg/day
Ethambutol* 15-25 mg/kg/day 15-25 mg/kg/day
Streptomycin{ 20-40 mg/kg/day
Corticosteroids
Dexamethasone{ 0.15 mg/kg q 6 hr 0.15 mg/kg q 6 hr
Prednisone} 1 mg/kg/day 1 mg/kg/day

*When antimicrobial resistance is suspected.
{The American Academy of Pediatrics recommends a combination of INH, rifampin,
pyrazinamide, and streptomycin for tuberculous meningitis in children.
{For altered consciousness, papilledema, focal neurological signs, impending herni-
ation, spinal block, and hydrocephalus.
}For intractable headache, and papilledema with otherwise normal neurological
examination.
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Diplegia; Video 32, Cranial Nerve III Palsy; Video 45,
Tongue Atrophy; Video 230, Exotropia).71 Hemiparesis
may develop as a result of ischemic infarction in the me-
dial striate and thalamoperforating arteries. The most com-
monly reported symptoms in children include nausea,
vomiting, and behavioral changes. Seizures are an infre-
quent presenting sign, although more than 50% of patients
develop seizures during the initial hospitalization.71 In
patients with an acute meningoencephalitis syndrome,
coma may evolve rapidly because of increased ICP from
both cerebral edema and communicating and obstructive
hydrocephalus. The clinical syndrome of tuberculous en-
cephalopathy is characterized by convulsions, stupor, coma,
involuntary movements, paralysis, and decerebrate spasms
or rigidity with or without clinical signs of meningitis or
CSF abnormalities of tuberculous meningitis.75 The clini-
cal presentation of tuberculous meningitis in HIV-infected
individuals is similar to the clinical presentation in immu-
nocompetent patients; however, HIV-infected patients are
more likely to have an acellular spinal fluid at presentation
and have a higher incidence of intracerebral mass lesions.71

EVALUATION. The combination of an unrelenting head-
ache (with or without low-grade fever) with malaise and
anorexia and a CSF lymphocytic pleocytosis with a mild
decrease in the glucose concentration is suggestive of tu-
berculous meningitis. The initiation of therapy should not
await bacteriological proof of tubercle bacilli by smear or
culture. The development of hydrocephalus and the clinical
scenario just described are additional strong evidence for
tuberculous meningitis. The absence of radiographical evi-
dence of pulmonary tuberculosis and/or a negative tubercu-
lin skin test does not exclude the possibility of tuberculous
meningitis. The classic “Ghon complex” refers to Anton
Ghon’s observation from autopsy specimens that the pri-
mary lesion of tuberculosis is in the lung, with secondary
infection in the tracheobronchial lymph nodes.76 In addi-
tion to the primary complex, chest radiographic abnormal-
ities suggestive of pulmonary tuberculosis are hilar
adenopathy, a miliary pattern, upper lobe infiltrate, cavita-
tions, and lobar consolidation. CNS disease may develop
from caseous foci in organs other than the lung, with
subsequent hematogenous dissemination of virulent tuber-
cle bacilli to the CNS. The adrenal gland, bone, genitouri-
nary tract, and the mediastinal and abdominal lymph nodes
are all potential sources of caseous foci, which may serve
as “seed beds” for the later development of hematogenous
dissemination of tubercle bacilli.77 The intradermal tuber-
culin skin test is negative in 50% to 70% of patients with
tuberculous meningitis and often becomes positive during
the course of therapy.73,78 The classic CSF abnormalities
in tuberculous meningitis are as follows: (1) an elevated
opening lumbar pressure, (2) increased WBC count be-
tween 10 and 500 cells/mm3 with a predominance of lym-
phocytes, (3) an elevated protein concentration in the
range of 100 to 500 mg/dL, (4) a decreased glucose con-
centration (the median glucose concentration is approxi-
mately 40 mg/dL), and (5) a positive culture in 75% of
patients requiring 3 to 6 weeks for growth. A cobweb-like
“skin” may form at the top of the CSF specimen and is the
classic pellicle of tuberculous meningitis. Tubercle bacilli
may become entangled in the skin of the pellicle and are
more easily located by smear or culture of the pellicle than
elsewhere in the CSF.71 The last tube of CSF collected
should be sent for acid-fast bacilli smear. Positive smears
are typically reported in only 10% to 40% of patients with
tuberculous meningitis. The CSF chloride concentration
and the bromide partition test have been disappointing in
their ability to differentiate tuberculous meningitis from
other etiologies of lymphocytic meningitis. The CSF chlo-
ride concentration typically decreases as the CSF protein
concentration increases; therefore, this is a rather nonspe-
cific test. The bromide partition test measures the ratio of
serum to CSF bromide 24 hours after the oral administra-
tion of sodium bromide or the intravenous injection of
radioactive bromide.79 A low bromide partition ratio is
seen in any infectious or inflammatory CNS disease that
increases the permeability of the blood-CSF barrier. The
concentration of tuberculostearic acid in CSF has been
reported to be a sensitive marker for CNS tuberculosis
and enjoyed a brief period of popularity, even though it
was extremely difficult to find a laboratory that was able
to run this assay. The PCR technique and other molecular
diagnostic techniques for the detection of M. tuberculosis
DNA in the CSF hold the greatest promise.67 The sensi-
tivity of the PCR technique for the detection of M. tuber-
culosis DNA in CSF is approximately 54%; however,
false-positive results occur with rates of 3% to 20%.71

MANAGEMENT. The American Academy of Pediatrics
recommends a combination of isoniazid (INH), rifampin,
pyrazinamide, and streptomycin as the initial therapy of
tuberculous meningitis in children.80 The doses are listed
in Table 42-3. When antimicrobial sensitivities are known,
the treatment regimen may be altered. Standard therapy
uses four drugs for 2 months followed by INH and rifam-
pin alone for 6 to 9 months. Most drug regimens include
INH, rifampin, and pyrazinamide and either ethambutol
or streptomycin (in children too young to be monitored
for visual acuity).81 When the results of drug susceptibility
studies are available, and if the organism is sensitive to
INH and rifampin, ethambutol and pyrazinamide are
continued for only 2 months, and then INH and rifampin



TABLE 42-4

Antituberculous Chemotherapy in HIV-infected
Individuals

DRUG DOSAGE

Isoniazid 10-15 mg/kg/day
Rifampin 10-15 mg/kg/day
Pyridoxine 50 mg/day
plus

Ethambutol 25 mg/kg/day
or

Pyrazinamide 20-30 mg/kg/day
plus

Streptomycin 20-40 mg/kg/day
or

Rifabutin 300 mg/day
or

Clofazimine 300 mg/day
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are continued for a total of 9 to 12 months. Empirical
therapy for tuberculous meningitis in HIV-infected indi-
viduals should include a combination of INH, pyridoxine,
and rifampin plus ethambutol or pyrazinamide and either
streptomycin or rifabutin or clofazimine (Table 42-4).
Corticosteroid therapy decreases meningeal inflammation.
Isoniazid and pyrazinamide penetrate the CSF with or
without meningeal inflammation, but the penetration of
rifampin, streptomycin, and ethambutol is considerably
better in the presence of meningeal inflammation. Dexa-
methasone therapy is recommended for patients with
altered consciousness, papilledema, focal neurological signs,
impending herniation, spinal block, and hydrocephalus. In
addition, as patients are treated for tuberculous meningitis,
the slow resolution of the inflammatory exudate in the
basilar cisterns may obstruct the flow and resorption of
CSF, with the subsequent development of hydrocephalus.
These patients may benefit from a short course of oral
prednisone. A basic principle of management for patients
with organisms that are resistant to one or more drugs is
the administration of at least two agents to which a demon-
strated susceptibility exists. For example, for patients with
isolated INH resistance, INH should be discontinued and
pyrazinamide and rifampin continued for the entire course
of therapy.81

Mycobacterium avium Complex
CNS disease from M. avium is a result of the hematoge-
nous dissemination of this organism from a respiratory or
gastrointestinal source of infection. Mycobacterium avium
and M. intracellulare are separate species but are grouped
together because of their slow growth and referred to as
the M. avium complex. Infection with these species of
mycobacteria occurs primarily in immunosuppressed indi-
viduals and patients with advanced HIV disease, generally
in patients with fewer than 50 CD4þ cells/mm3. Infection
of the CNS can present as meningitis, meningoencephalitis,
rhombencephalitis, brain abscess, or cranial neuropathies.
Neuroimaging may demonstrate meningeal enhancement,
hydrocephalus, or single or multiple enhancing lesions.
Diagnosis is made by acid-fast smear and culture of the CSF
or brain abscess aspirate. There have been few randomized,
comparative controlled treatment trials for M. avium and
M. intracellulare CNS infections. Clarithromycin and
azithromycin have excellent activity in the therapy of
disseminated M. avium disease in HIV-infected individ-
uals, but their therapy in M. avium CNS infections has
not been studied. Rifabutin is efficacious for the prophy-
laxis of disseminated M. avium infection in HIV patients
and has been shown to increase survival in HIV-infected
individuals with disseminated disease when used at higher
doses (450 to 600 mg). The treatment of a CNS compli-
cation of disseminated disease should include at least a
four-drug regimen, which currently is clarithromycin (500
mg twice daily), rifampin (600 mg daily), ethambutol (25
mg/kg/day for 2 months and then 15 mg/kg/day), and strep-
tomycin (0.75 to 1.0 g at least three times per week).
A combination of azithromycin (250 mg/day), rifabutin
(300 mg daily), and ethambutol and streptomycin has
been recommended as an alternative treatment regimen.
Treatment is continued until cultures are negative for at least
12 months and will likely need to be continued for the life
of the patient.82
SPIROCHETE INFECTIONS

Neurosyphilis
The origin of the name syphilis is from a poem titled
“Syphilis sive morbus Gallicus” by an Italian physician,
Girolamo Fracastoro. The poem is about a shepherd boy
named Syphilus who lives in the time of King Alcithous
of Haiti. When Syphilus loses his sheep because of a
drought, he blames the Sun God and convinces the natives
of Haiti to offer sacrifices to King Alcithous rather than to
the Sun God. The angered Sun God revenges himself by
sending a plague to the island natives. The shepherd boy
Syphilus is, of course, the very first victim.83 One of the
Pinzon brothers who sailed with Christopher Columbus as
captains of the Niña and the Pinta is historically blamed
for bringing syphilis to Spain. The first documented case
of syphilis in the colonized NewWorld occurred in Connec-
ticut in 1646.83 The term neurosyphilis describes any of
six neurosyphilitic syndromes: asymptomatic neurosyphilis,
acute symptomatic syphilitic meningitis, meningovasculitis,
parenchymatous neurosyphilis (dementia paralytica or tabes
dorsalis), CNS gummata, and congenital neurosyphilis.84

EPIDEMIOLOGY AND RISK FACTORS. In the preanti-
biotic era, tabes dorsalis was the most common form of
neurosyphilis. During the past decade, an increasing num-
ber of patients with asymptomatic or symptomatic syphi-
litic meningitis, meningovasculitis, and syphilitic eye
disease have been reported. The increasing number of cases
of early neurosyphilis is occurring in individuals infected
with HIV.85–88

PATHOGENESIS AND PATHOPHYSIOLOGY. Primary
syphilis is defined by the appearance of a painless chancre
at the site of inoculation. If untreated, the chancre will heal
within 3 to 6 weeks, after which most patients progress to
the secondary stage of disease in which systemic spiroche-
temia becomes manifest by skin rash and flulike symptoms
with lethargy, fever, headache, and sore throat. The skin
rash is typically nonpruritic and widespread but is most
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marked on the palms and soles. There may be generalized
lymphadenopathy. Untreated, secondary syphilis also
resolves over a period of weeks to months. A period of la-
tency during which there are no clinical manifestations of
syphilis occurs, but there is historical and serological evi-
dence of syphilis. Approximately one third of patients with
untreated latent syphilis develop tertiary manifestations of
the disease after a variable period ranging from months to
years. Tertiary syphilis may present as cardiovascular
syphilis, gummatous syphilis, or neurosyphilis.89,90 Inva-
sion of the CNS by T. pallidum occurs early in the course
of infection. Clinical neurosyphilis may present at any
point in the natural history of infection beyond the primary
stage.90 During the early stages of T. pallidum CNS infec-
tion, pathological changes are limited to perivascular infil-
tration of the meninges with lymphocytes and plasma cells.
Focal meningeal inflammation may lead to the formation
of hypertrophic meninges or gummata. Inflammatory cells
invade blood vessel walls causing arteritis and eventually
luminal occlusion by thrombosis, ischemia, and infarc-
tion.90,91 Parenchymal involvement occurs in late neurosy-
philis and is characterized by neuronal degeneration and
loss and gliosis. The brain becomes atrophic, and the
meninges are thickened and cloudy.91 In tabes dorsalis, the
preganglionic portion of the dorsal roots is infiltrated with
lymphocytes and plasma cells, and the posterior columns
of the spinal cord become atrophic.91

CLINICAL FEATURES AND EVALUATION. Asymp-
tomatic neurosyphilis is defined by an abnormal CSF eval-
uation, including a mild lymphocytic or mononuclear
pleocytosis, an elevated protein concentration, and a reac-
tive CSF Venereal Disease Research Laboratory (VDRL)
test in a patient without neurological signs or symptoms.85,91

Acute symptomatic syphilitic meningitis was first de-
scribed by H. Houston Merritt in 1935.92 The most common
symptoms of syphilitic meningitis are headache, nausea
and vomiting, and stiff neck. In Merritt’s review, papille-
dema was frequently present resulting from acute hydro-
cephalus associated with meningeal inflammation with
increased ICP. Papilledema is not a common finding today.
Abnormalities of cranial nerves II, VI, VII, and VIII are
common. The meningeal symptoms typically develop
within 1 or 2 years of the initial infection.85 Examination of
the CSF in cases of syphilitic meningitis reveals an increased
opening pressure, a lymphocytic pleocytosis, a normal
or slightly decreased glucose concentration, an elevated pro-
tein concentration, and a positive VDRL test. A nonreactive
CSF-VDRL test does not rule out neurosyphilis. A reac-
tive CSF-VDRL test virtually confirms the diagnosis of neu-
rosyphilis except when the CSF is blood tinged. Blood in
the CSF may give a false-positive CSF-VDRL test.84,85,88,92

Meningovascular syphilis is defined by the appearance
of focal neurological signs from an inflammatory, oblitera-
tive endarteritis involving small and medium-sized arteries
associated with signs of meningeal inflammation. The mid-
dle cerebral artery is commonly involved, and its in-
volvement is clinically manifest by the so-called luetic
hemiplegia. Examination of the CSF may reveal an isolated
elevation of protein concentration or a mild pleocytosis and
a reactive VDRL. Cerebral angiography may demonstrate a
nonspecific pattern of diffuse narrowing of intracerebral
arteries and arterioles. Neuroimaging may demonstrate
multiple areas of infarction. The peak incidence for the
development of meningovascular syphilis is 5 to 7 years
after the primary infection.89 Syphilitic arteritis can also
develop in any intraspinal artery, resulting in acute trans-
verse myelitis with paraplegia, sensory level, and loss of
sphincter control.91

Dementia paralytica is manifest as a slow deterioration
in cognitive functioning with impaired memory, loss of
insight and judgment, language abnormalities, loss of ap-
pendicular strength, tremor of the tongue and hands, pupil-
lary abnormalities, and loss of bowel and bladder control.
The syndrome of dementia paralytica typically occurs 10
to 20 years after primary infection. Examination of the
CSF at this stage demonstrates one or a combination of
the following: (1) a positive VDRL test, (2) lymphocytic
pleocytosis, or (3) an elevated protein concentration.85

Tabes dorsalis is characterized by paresthesias or dys-
esthesias in a radicular distribution.91 As the disease pro-
gresses, proprioceptive and vibratory sense is lost due to
neuronal degeneration and infiltration of inflammatory
cells into the dorsal columns and posterior spinal nerve
roots of the spinal cord. Loss of the pupillary reaction to
light with preservation of pupillary constriction to accom-
modation—the Argyll-Robertson pupillary abnormality—
may be present. The patient has a broad-based, foot-slapping
gait. The peak incidence for tabes dorsalis is 15 to 20 years
after the primary infection.89 It has been suggested that the
lancinating pains typically attributed to tabes dorsalis in
the past were due to the heavy metal therapy used to treat
neurosyphilis in the preantibiotic era and not the primary
infection.91

Gummatous neurosyphilis is characterized by gummata
located in the basal cisterns, leptomeninges, or within the
parenchyma. They produce focal neurological deficits and
cranial nerve palsies by exerting pressure on adjacent
structures.91

DIAGNOSIS. The serological tests for syphilis can be
grouped into two categories: treponemal tests, which detect
specific antibodies against T. pallidum and include the
fluorescent treponemal antibody absorption test (FTA-
ABS) and the microhemagglutination-Treponema pallidum
test (MHA-TP), and nontreponemal tests, which detect
antibodies to lipids found on the membranes of T. pallidum
using cardiolipin-lecithin-cholesterol antigens. The nontre-
ponemal tests in routine use today include the VDRL and
the rapid plasma reagin test. The FTA-ABS test is the first
serological test to become positive after inoculation. The
FTA-ABS and the MHA-TP tests are nonquantitative; they
are either positive or negative. The VDRL test may be
quantitated by serial dilutions of serum, and the titer is
reported as the greatest serum dilution that produces a pos-
itive result. The VDRL titer reaches low levels in late
syphilis and may eventually become nonreactive.85 The
causes of biological false-positive VDRL and FTA-ABS
tests are listed in Table 42-5. Most false-positive VDRL
tests have a low titer of 1:8 or less.85 In a patient with pre-
sumed neurosyphilis, a serological test for syphilis—either
the FTA-ABS test or the MHA-TP test—is performed initi-
ally. Because the VDRL test may become nonreactive in
later stages of syphilis, only approximately 70% of patients
with neurosyphilis have a positive VDRL test. A CSF exam-
ination should be performed in patients with a reactive



TABLE 42-5

Causes of False-Positive Serological Tests for Syphilis

False-Positive Fluorescent Treponemal Antibody Absorption (FTA-ABS) Test

Technical error
Lyme borreliosis
Genital herpes simplex
Lupus erythematosus
Scleroderma
Mixed connective tissue disease
Cirrhosis
Nonvenereal treponematoses

Transient (<6 Months) False-Positive Venereal Disease Research Laboratory
(VDRL) Test

Mycoplasma pneumoniae
Enterovirus infection
Infectious mononucleosis
Tuberculosis
Viral pneumonia
Leptospirosis
Measles
Mumps

Chronic False-Positive VDRL Test (Lasting Longer Than 6 Months)

Systemic lupus erythematosus and other connective tissue disorders
Intravenous drug use
Rheumatoid arthritis
Reticuloendothelial malignancy
Age (elderly person)
Hashimoto’s thyroiditis

From Roos KL: Syphilitic meningitis. In Ross KL (ed): Meningitis: 100 Maxims in
Neurology. London, Arnold, 1997, pp 171–181. Reproduced by permission.
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MHA-TP or FTA-ABS. The diagnosis of neurosyphilis is
made in the presence of a reactive serological test with either
neurological manifestations consistent with neurosyphilis or
CSF evidence of a lymphocytic pleocytosis and an elevated
protein concentration, and/or a positive CSF-VDRL test.
Most clinicians treat patients for neurosyphilis when they
have a positive serological test and a CSF lymphocytic pleo-
cytosis with an elevated protein concentration, whether the
CSF-VDRL is reactive or not. A reactive CSF-VDRL estab-
lishes the diagnosis, but a nonreactive test does not exclude
the diagnosis. When the CSF-VDRL is negative, a CSF
FTA-ABS or CSF MHA-TP should be obtained. The lack
of CSF FTA-ABS or CSF MHA-TP reactivity excludes a di-
agnosis of neurosyphilis. The CSF FTA-ABS and CSF
MHA-TP are not routinely recommended for the screening
of neurosyphilis in non-HIV-infected individuals because
reactivity of these tests on CSF does not establish the diag-
nosis of neurosyphilis.91

Screening for the presence of syphilis in HIV-1-infected
individuals should be performed by the serum FTA-ABS
test because the nontreponemal tests for syphilis may be
falsely negative in HIV-infected individuals. A loss of
reactivity to the treponemal tests occurs in individuals
infected with HIV-1 with advanced immunosuppression.88

In HIV-infected individuals with neurosyphilis, the CSF
should demonstrate a lymphocytic pleocytosis and an
elevated protein concentration

MANAGEMENT. Primary, secondary, and latent syphilis
are treated with benzathine penicillin; neurosyphilis is
treated with intravenous aqueous crystalline penicillin G,
3 to 4 million units every 4 hours for 10 to 14 days. An
alternative regimen is procaine penicillin, 2.4 million units
intramuscularly daily with probenecid and 500 mg orally
four times a day, both for 10 to 14 days. Patients with a
history of penicillin allergies should be skin tested
and desensitized if necessary.85,91 The frequency with
which intravenous antibiotics are unsuccessful in the ther-
apy of neurosyphilis is extremely low. In instances in which
a progression of clinical disease or persistence of a CSF
lymphocytic pleocytosis or a reactive CSF-VDRL is pres-
ent, re-treatment of the patient with an additional 24 mil-
lion units/day for 10 days is reasonable. The initial CSF
pleocytosis will resolve 6 months after penicillin therapy
in 80% of patients. Serial CSF-VDRL titers should de-
crease with treatment. Re-examination of the CSF should
occur in HIV-infected patients with neurosyphilis.

Lyme Disease
EPIDEMIOLOGY AND RISK FACTORS. The Swedish

dermatologist, Afzelius, first described an expanding ring-
like skin lesion following a tick bite in 1910. He called this
lesion erythema chronicum migrans.93,94 The first case
report of erythema migrans in the United States involved
a physician in Wisconsin who was bitten by a tick while
hunting. This was reported in 1970.95 In the mid-1970s, a
number of children and adults from Lyme, Old Lyme,
and Haddam, Connecticut, presented with recurrent attacks
of asymmetrical large joint pain and swelling that was
often preceded by an erythematous expanding plaque-like
skin lesion with central clearing.96 This disease was termed
Lyme arthritis. Lyme arthritis was later renamed Lyme dis-
ease. In 1979, Andrew Spielman, while searching for the
tick vector of human babesiosis, named one tick suspect,
Ixodes dammini, in honor of the distinguished Harvard
pathologist Gustave Dammin.96,97 This tick would later
be identified as the vector of Lyme disease.96 In 1981,
Willi Burgdorfer isolated the Lyme spirochete from ticks
collected on Shelter Island.98 By 1983, two separate groups
headed by Steere99 and Benach100 cultured Borrelia burg-
dorferi from patients with Lyme disease, conclusively
establishing this organism as the infectious agent.94,96

In Canada, Lyme disease occurs in Ontario andManitoba;
in the United States, the highest incidence of Lyme disease
has been reported in Connecticut, Delaware, Maryland,
New Jersey, New York, Pennsylvania, Rhode Island, and
Wisconsin. The tick vector in the Northeast and Midwest is
the black-legged tick, I. scapularis, which has a northern
(I. dammini) and southern form.94 The usual vector of Lyme
disease on the West Coast is I. pacificus; the frequency
of Lyme disease is much lower on the West Coast than in
the Northeast.

PATHOGENESIS AND PATHOPHYSIOLOGY. Lyme
disease is caused by invasion of the CNS by the spirochete
B. burgdorferi. The pathophysiology of Lyme disease
bears several similarities to the pathophysiology of syphi-
lis. The organism initially invades the body through intra-
dermal inoculation. This occurs through a painless tick
bite. Borrelia burgdorferi is transmitted through the mouth
parts of the tick, and transmission of infection occurs only
after prolonged attachment and feeding over 24 hours.
Humans are most likely to be bitten in the late spring and
early summer.94 Similar to syphilis, inoculation is followed



958 Etiological Categories of Neurological Diseases / 42
by a spirochetemia with wide dissemination, and like syph-
ilis, invasion of the CNS initially presents as a meningitis.
The various neurological syndromes are believed to result
not only from infection of the CNS by B. burgdorferi but
also from the reaction of the immune system to the spirochete
and the associated inflammatory response. The spirochetes
activate T cell subsets and induce cytokine production
(including interleukins 1 and 6 and tumor necrosis factor a).
In addition, they cause production of autoantibodies to axonal
proteins, gangliosides, neurons, myelin components, and
cardiolipin.94

CLINICAL FEATURES. The neurological manifestations
of Lyme disease are classically divided into early syn-
dromes and late syndromes. The early syndromes include
meningitis, facial nerve and other cranial nerve palsies,
and radiculoneuritis (Video 23, Cranial Nerve VII,
Facial Diplegia). Delayed syndromes include sensorimotor
polyradiculoneuropathy, encephalopathy, and encephalo-
myelitis.94,101,102

Meningitis. Signs and symptoms of meningitis may
develop while the characteristic skin lesion, erythema
migrans, is still present and typically occur within 12
weeks of infection. Most patients complain of headache
and fatigue; some may have severe pain between the scap-
ulae, severe fatigue, myalgias, and arthralgias. The diag-
nosis of Lyme disease is made by examination of the
CSF that demonstrates a lymphocytic pleocytosis with a
normal glucose concentration and a mildly to moderately
elevated protein concentration. Paired samples of serum
and CSF should be sent to detect the intrathecal production
of B. burgdorferi antibody (usually IgG or IgA). Intrathecal
anti-Borrelia burgdorferi antibody production can be detected
in 50% to 90% of cases. CSF PCR can be used to amplify B.
burgdorferi DNA and is positive in 30% to 40% of patients
with Lyme meningitis.94,101 Culture of the organism from
CSF is rarely positive.

Facial Nerve and Other Cranial Nerve Palsies. The
most frequent neurological abnormality in patients with
Lyme disease is facial nerve palsy (Video 23, Cranial
Nerve VII, Facial Diplegia) that is unilateral or bilateral
and most often occurs within 4 weeks of the appearance
of erythema migrans. Patients may also complain of head-
ache and fatigue. Other cranial nerves may also be
involved in Lyme disease, including cranial nerves II, III,
IV, V, VI, VIII, and IX to XII, although such involvement
is rare.94 The most useful diagnostic tests for patients with
a facial nerve palsy are a serum Lyme enzyme-linked immu-
nosorbent assay (ELISA), Western blot, and a CSF examina-
tion. The CSF may demonstrate a lymphocytic pleocytosis
and intrathecal antibody production of anti-Borrelia burg-
dorferi antibodies. In patients with a facial nerve palsy
and a normal CSF examination, oral doxycycline (100 mg
twice daily for 2 weeks) can be used; however, patients with
facial nerve palsy and CSF pleocytosis should be treatedwith
intravenous ceftriaxone.101

Radiculoneuritis. Early in the course of spirochetemia,
patients may complain of severe sharp, jabbing, or deep
and boring pain in a radicular nerve distribution. Often,
the limb that was the site of the tick bite is the site of the
pain.102 Within days to weeks, there may be sensory loss,
weakness, or hyporeflexia in the limb (Video 237, Foot
Drop). There may be clinical signs of an associated myelitis
characterized by sphincter dysfunction or Babinski’s sign.
Patients may also have a facial nerve palsy. The diagnosis
is made by the examination of CSF and through electromy-
ography (EMG). The majority of patients have a CSF
lymphocytic pleocytosis, an increased CSF protein concen-
tration, and evidence of intrathecal production of anti-
Borrelia burgdorferi antibody.102 The majority of patients
also have a positive Lyme serology and Western blot.101

The abnormalities on EMG are consistent with a polyradi-
culopathy with a predominantly axonal process.94 Some
patients may have a clinical presentation suggestive of the
Guillain-Barré syndromewith areflexia and a predominantly
motor involvement. EMG findings of a primarily axonal
process and CSF evidence of a lymphocytic pleocytosis,
however, are not consistent with a diagnosis of Guillain-
Barré syndrome. Guillain-Barré syndrome may occur as
a postinfectious complication of Lyme disease. In these
patients, the EMG does show changes typical of a demyelin-
ating process, and examination of the CSF demonstrates the
characteristic cytoalbuminological dissociation.94

Encephalopathy. Encephalopathy was initially de-
scribed in patients with systemic manifestations of Lyme
disease and, in particular, arthritis. The patients have a mild
confusional state characterized by difficulty with memory
and cognitive slowing often accompanied by fatigue and
malaise. Neuropsychological testing is abnormal, but CSF
abnormalities may or may not be present. Pleocytosis is
reported in 5% of patients, and intrathecal anti-Borrelia
burgdorferi antibody production is present in less than
50% of patients.94,102 Active neurological involvement that
is suggested by CSF abnormalities, the psychological con-
sequences of chronic illness, and possibly residual neu-
rological deficits of a past infection with Lyme disease
may affect a patient’s perception of cognitive dysfunction.
In addition, evidence from quantitative analysis of SPECT
scans suggests that Lyme encephalopathy patients with
measurable memory deficits have reduced perfusion affect-
ing primarily subcortical frontotemporal white matter and
basal ganglia.103

Sensorimotor Polyradiculoneuropathy. Patients with
chronic Lyme radiculoneuropathy present with sensory
symptoms, particularly distal paresthesias in a stocking
and glove or a stocking distribution. A less common pre-
sentation is pain in the distribution of the cervical, thoracic,
or lumbosacral dermatomes. This syndrome is distinct from
the painful symptoms of radiculoneuritis that occurs within
a few weeks of infection with B. burgdorferi. Although
patients with a chronic radiculopathy complain of pain, it
is much less severe than in the acute radiculoneuritis
form. Electrophysiological studies demonstrate a mild
sensorimotor radiculoneuropathy with axonal loss, minor
decreases in the distal compound action potential ampli-
tudes (sensory greater than motor), little or no slowing of
nerve conduction velocities, and mild to moderate distal
and paraspinal muscle denervation.101 In patients who
complain of paresthesias, mildly prolonged distal motor
or sensory latencies and mild slowing of distal motor con-
duction velocities are present.94 These patients do not
typically have a facial nerve palsy, and examination of
the CSF is usually normal.94

Encephalomyelitis. A very rare, late neurological syn-
drome in North American Lyme disease affects both the
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brain and spinal cord white matter. Examination of the
CSF demonstrates a lymphocytic pleocytosis, a mildly ele-
vated protein concentration, and the intrathecal production
of anti-Borrelia burgdorferi antibodies.102

EVALUATION. The diagnosis of CNS Lyme disease
begins with asking the patient about a history of a tick bite,
whether there was travel to an endemic area, and if the skin
lesion was characteristic of erythema migrans. This lesion
begins as a painless macule, which continues to expand un-
til it becomes an annular erythematous plaque. It occurs at
the site of a tick bite an average of 8 or 9 days after infec-
tion. As the lesion expands, the center may become clear,
vesicular, or edematous forming a bull’s-eye lesion.94

Serum should be sent for ELISA and Western blot
testing. A positive serology is indicative of exposure to
the organism and should not be considered proof of active
infection.102 Interpretation of the serological test is further
confounded by the evidence that seronegative Lyme cases
exist. CNS infection is most readily confirmed if the paired
serum and CSF anti-Borrelia burgdorferi antibody titer
demonstrates the intrathecal production of these antibodies.
This occurs when the antibody titer in the CSF is greater
than the antibody titer in serum. Other CSF abnormalities
suggestive of Lyme disease are a mononuclear or lympho-
cytic pleocytosis, an elevated protein concentration, and a
normal glucose concentration. As described for the specific
clinical features of each neurological syndrome, the CSF is
almost always abnormal in Lyme meningitis and early
radiculoneuritis. The CSF is occasionally abnormal, with
an isolated facial nerve palsy or with encephalomyelitis,
and can be normal or abnormal when encephalopathy is pres-
ent. The CSF is typically normal in chronic Lyme disease
sensorimotor polyradiculoneuropathy.94

MANAGEMENT. Facial nerve palsy without CSF abnor-
malities may be treated with oral doxycycline 100 mg
twice a day for 2 weeks. Intravenous ceftriaxone is the
drug of choice for all other neurological syndromes of
Lyme disease. The adult dose is 2 g/day, and the pediatric
dose is 75 to 100 mg/kg/day. Treatment with ceftriaxone
should be continued for at least 2 weeks, and many physi-
cians prefer 4 weeks of therapy.101 A vaccine made of a
lipidated outer surface protein of B. burgdorferi is now
available.
OTHER TICK-BORNE INFECTIONS

Ehrlichiosis
Ehrlichia are small gram-negative pleomorphic coccoba-
cilli that primarily infect circulating leukocytes and other
cells derived from the hematopoietic system.104 There are
two species of ehrlichia that cause human disease. Ehr-
lichia chaffeensis is the causative organism of human mono-
cytic ehrlichiosis. Anaplasma phagocytophilum causes
human granulocytic ehrlichioses (anaplasmosis).104–106

Ehrlichia chaffeensis infects mononuclear phagocytes in
the blood and tissues, and A. phagocytophilum infects gran-
ulocytic phagocytes in blood and tissues.104 The infectious
agents of human ehrlichiosis and Lyme disease are both
transmitted by tick bites. Most cases of human granulocytic
ehrlichiosis have been identified in Wisconsin, Minnesota,
New York, Connecticut, and Massachusetts, and most
cases of human monocytic ehrlichiosis have been identified
in the southeastern and south-central United States.106

The pathogenesis of the diseases caused by ehrlichiae
are not well understood. It is clear, however, that the ehr-
lichiae damage and lyse host phagocytic cells once they
have attached to these cells, resulting in leukopenia and
thrombocytopenia.106

Patients with A. phagocytophilum infection present with
a febrile illness associated with myalgia, headache, mal-
aise, and, occasionally, nausea, vomiting, or a cough. The
clinical presentation may be helpful in distinguishing Lyme
disease from anaplasmosis. Nausea, vomiting, and cough
are very infrequent in Lyme disease. Fatigue is more often
a complaint with Lyme disease than with anaplasmosis.106

The incubation period is approximately 7 days following a
tick bite, and approximately 20% of patients with ehrlichi-
osis have a rash that consists of a maculopapular eruption
or petechiae.107 Despite the different causative agents of
monocytic and granulocytic ehrlichioses, the clinical and
laboratory manifestations of the infections are similar.
Neurological manifestations of both include severe head-
ache, lethargy, confusion, coma, and seizure activity. The
most common CSF abnormalities are lymphocytic pleocyto-
sis with an elevated protein concentration and a borderline
low CSF glucose concentration.108 Laboratory evidence
of leukopenia, thrombocytopenia, and anemia and mild to
moderate elevations in levels of aspartate and alanine amino-
transferases, alkaline phosphatase, and lactate dehydrogenase
are present.104

Monocytic and granulocytic ehrlichiosis are separate
diseases caused by different etiological agents; therefore,
laboratory diagnosis requires different tests for each. The
current Centers for Disease Control and Prevention
(CDC) recommendation for the serological diagnosis of
monocytic ehrlichiosis is a fourfold increase in E. chaffeen-
sis antibody titer (a minimum titer of 64) or a single high-
serum antibody titer (�128) in patients with a clinically
compatible history. The current CDC recommendation for
serological confirmation of human granulocytic ehrlichi-
osis requires a serological reaction or a fourfold increase
in antibody titer to A. phagocytophilum. A minimum titer
of 80 is required.104 Diagnosis during the acute phase of
the illness can also be made by PCR amplification of the
nucleic acid of Anaplasma or Ehrlichia from blood.106

Wright’s or Giemsa staining of a blood smear may also
demonstrate morulae in lekocytes. Co-infections with
B. burgdorferi and A. phagocytophilum can occur.

Ehrlichioses are treated with doxycycline. Ehrlichia
chaffeensis is susceptible to doxycycline and rifampin.
Doxycycline is the recommended agent for A. phagocyto-
philum infection. The recommended dose is 100 mg twice
daily for adults and 3 mg/kg/day in two divided doses for
children. Doxycycline can be given by either the oral or
the intravenous route.104

Rocky Mountain Spotted Fever
Rocky Mountain spotted fever is a rickettsial disease
caused by Rickettsia rickettsii, a small intracellular para-
site. Infection is acquired by a tick bite. The majority of
infections are acquired in the south Atlantic coastal and



TABLE 42-6

Recommended Antimicrobial Therapy of Rocky Mountain
Spotted Fever

ANTIBIOTIC DOSAGE
DURATION OF
THERAPY

Tetracycline–child* 25-50 mg/kg/day (oral
dose) in 4 divided doses

7-10 days

Tetracycline–adult 500 mg (oral dose) qid 7-10 days
Doxycycline–adult 100 mg (oral dose) bid 7-10 days
Chloramphenicol (for

children younger
than 8 years of age)

50 mg/kg/day IV in 4
divided doses

7-10 days

*Not recommended for children younger than age 8 years to avoid staining of
the teeth.
Reproduced with permission from Pourmand R, Roos KL: Seasonal (spring-summer)
encephalitides. In Roos KL (ed): Central Nervous System Infectious Diseases and
Therapy. New York, Dekker, 1997, pp 193–211.
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the western and southern central states, with the highest
incidence in Virginia, North Carolina, South Carolina,
Oklahoma, and Tennessee. The disease typically occurs dur-
ing spring and summer. Fever, rash, and a history of expo-
sure to ticks are the classic triad of Rocky Mountain
spotted fever. The illness usually begins 5 to 7 days after
the tick bite. The majority of patients have fever, severe
frontal headache, malaise, myalgia, and vomiting. An altered
level of consciousness and meningismus may develop
during the course of the illness in addition to abdominal pain,
hepatosplenomegaly, respiratory failure, renal dysfunction,
and myocarditis.

The classic rash of Rocky Mountain spotted fever first
appears as macules on the wrists and ankles and subse-
quently spreads to involve the trunk, face, palms, and soles.
The rash appears 1 to 15 days after the onset of the ill-
ness.107 The rash is initially a diffuse erythematous macu-
lopapular rash that blanches with pressure. It progresses
to a petechial rash, then to a purpuric rash and, if untreated,
to skin necrosis or gangrene. The rash begins on the wrists
and ankles and then spreads distally and proximally within
a few hours. Ten percent of patients do not have a rash
(spotless Rocky Mountain spotted fever). Neurological
manifestations of Rocky Mountain spotted fever include
severe bifrontal headache that is unresponsive to com-
mon analgesics, delirium, confusion, seizures, coma, hyper-
reflexia, spastic paraparesis or quadraparesis, facial diple-
gia, nystagmus, and/or ataxia. Stupor and coma occur in
approximately 25% of patients and are associated with a
poorer prognosis than those cases without signs of enceph-
alitis. Laboratory abnormalities in patients with Rocky
Mountain spotted fever include thrombocytopenia, hypona-
tremia, and elevated liver enzyme abnormalities. CSF
abnormalities include a mild (rarely more than 100 cells/
mm3) lymphocytic pleocytosis and an elevated protein con-
centration. In the acute stage, the diagnosis of Rocky
Mountain spotted fever can be made by skin biopsy with
the demonstration of rickettsiae in the endothelial cells of
blood vessels by immunofluorescence. Serological tests
are useful for the confirmation of the diagnosis and include
an indirect immunofluorescent antibody assay (IFA), an in-
direct hemagglutination assay (IHA), latex agglutination
(LA), and complement fixation (CF). According to the
CDC, diagnostic titers for Rocky Mountain spotted fever
include a titer of 1:64 for IFA, 1:16 for CF, and a fourfold
increase between acute and convalescent sera for LA and
IHA. The PCR is also under development for the diagnosis
of this disease. The treatment of Rocky Mountain spotted
fever is outlined in Table 42-6.109

Babesiosis
Babesiosis is a malaria-like illness caused by a protozoan
parasite and transmitted by a tick bite. Most human cases
of babesiosis have occurred during the summer months
in the northeastern United States, Maryland, Virginia,
Georgia, Wisconsin, Minnesota, California, and Washing-
ton. Symptoms of babesiosis typically begin approximately
1 week after a tick bite and include malaise, anorexia, and
fatigue followed several days later by fever, drenching
sweats, myalgia, and headache. The clinical spectrum
ranges from a mild self-limited illness to a serious disease
with hemolytic anemia, renal failure, and hypotension,
primarily in patients of advanced age or in those with
underlying chronic disease. Babesiosis can be diagnosed
by examining Wright-stained or Giemsa-stained peripheral
blood smears. The parasites invade erythrocytes and appear
as small intraerythrocytic ring forms resembling the causa-
tive organism of malaria, Plasmodium falciparum. An indi-
rect immunofluorescence test titer greater than or equal to
1:64 is considered positive for babesiosis, although most
patients with acute illness have titers greater than or equal
to 1:1024. The recommended treatment for this illness
consists of a 7-day course of oral quinine plus clindamycin
(by the intravenous or oral route).107
FUNGAL INFECTIONS

As a general rule, fungal infections occur in indi-
viduals who are immunosuppressed as a result of (1) AIDS,
(2) organ transplantation, (3) immunosuppressive chemo-
therapy or chronic corticosteroid therapy, or (4) chronic
disease. The single exception to this generalization is crypto-
coccal meningitis, which may occur in healthy individuals.
The fungus-causing infection can be predicted to some
degree based on the predisposing condition. For example,
individuals with AIDS are at risk for meningitis due to
Cryptococcus neoformans and Histoplasma capsulatum.
Cryptococcal meningitis is the most common life-threatening
opportunistic fungal infection in patients with AIDS and occurs
in 5% to 10% of patients, typically when their circulating
CD4þ T lymphocyte count is less than 100 cells/mm3.110 Two
fungi are responsible for the majority of CNS fungal infections
in patients who have undergone organ transplantation. Fungal
meningitis in these patients is typically due to C. neoformans,
and fungalbrainabscessesareoftendue toA. fumigatus.Patients
receiving chronic corticosteroid therapy and patients who
have received bone marrow transplantation are at risk for cryp-
tococcal meningitis and CNS candidiasis. Candida tend to
cause intraparenchymal microabscesses, mainly in the territory
of the middle cerebral artery. Individuals with granulo-
cytopenia for any reason are at risk for infections due to
Candida, A. fumigatus, and the Zygomycetes organisms
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(mucormycosis).111 Intravenous drug abusers are at a par-
ticular risk for fungal brain abscesses due to Zygomycetes
and Candida. Coccidioides immitis is a dimorphic fungus
that is endemic to the desert areas of the Southwest, specif-
ically California, Arizona, New Mexico, and Texas. The
disease is acquired by inhaling the infectious particles,
but less than 1% of individuals who develop a primary in-
fection develop disseminated disease. Coccidioidomycosis
should be considered in the differential diagnosis of any
febrile illness in a transplant recipient in an endemic area
for this fungus.112 The fungus Blastomyces dermatitidis is
found principally in North America in the Mississippi,
Ohio, and St. Lawrence river basins; the Great Lakes
area; and the southeastern United States. Infection is most
likely to be acquired as a result of occupational exposure
to contaminated soil.113 CNS involvement by this fungus
is nearly always the result of hematogenous spread from
a pulmonary source or occurs as a result of infection in
contiguous structures or with osteomyelitis.114

Cryptococcus neoformans
Cryptococcus neoformans is an encapsulated yeastlike fun-
gus. Infection is acquired through direct exposure to bird
droppings. The infection is initially characterized by a
localized pneumonitis, but when dissemination occurs the
CNS is a preferential site for disease, presumably because
the CSF is a good culture media for cryptococci.115 The
most common symptoms of cryptococcal meningitis are
headache, fever, and malaise, but cryptococcal meningitis
may also present with nausea and vomiting, meningeal
signs, altered mental status, and cranial nerve palsies.
Cryptococcal skin lesions may precede the development
of meningitis; when present, they are an indication for
lumbar puncture, even in the absence of signs and symptoms
of meningitis.116 Diagnosis is made by examination of the
CSF, and the following are typical abnormalities: (1) normal
or slightly elevated opening pressure, (2) lymphocytic pleo-
cytosis, (3) elevated protein concentration, (4) decreased
glucose concentration, and (5) positive cryptococcal anti-
gen. The cryptococcal antigen is a highly sensitive and
specific test and should be performed on all CSF specimens.
A reactive CSF cryptococcal antigen test establishes the
diagnosis. Cryptococcus neoformans can also be grown in
culture of CSF.

The treatment of cryptococcal meningitis in immuno-
competent patients includes either a combination of intra-
venous amphotericin B (0.5 to 0.7 mg/kg/day) plus oral
flucytosine (25 mg/kg twice daily) or Ambisome 5 mg/
kg/day. A combination of amphotericin B plus flucytosine
or Ambisome monotherapy is used for 2 weeks or until
the CSF culture is sterile. This induction therapy is fol-
lowed by fluconazole 400 to 800 mg/day, which is
continued for 8 to 10 weeks. The therapy of cryptococcal
meningitis in patients with AIDS includes a combination
of intravenous amphotericin B (0.7 to 1.0 mg/kg/day) with
flucytosine (100 mg/kg/day in four divided doses) for at
least 2 weeks or until the CSF culture is sterile followed
by fluconazole (400 mg/day) for 10 to 12 weeks, at which
point the CSF should be recultured. When the CSF culture is
sterile, the patient is switched to maintenance fluconazole
(200 mg/day) therapy.
The management of increased ICP is critical to success-
ful outcome from cryptococcal meningitis. ICP should be
measured at the initial lumbar puncture, at the completion
of induction therapy, and anytime during the course of
the illness when the patient has a change in mental status
or a change in the neurological examination (gait abnor-
malities, pathologically brisk reflexes, cranial nerve abnor-
malities, and visual changes) (Video 80, Hyper-Reflexia).
The increased ICP is due to altered CSF hemodynamics
and should be managed with daily lumbar punctures (to de-
crease CSF pressure by 50% and maintain CSF pressure at
less than 300 mm H2O), a ventriculostomy, or a ventriculo-
peritoneal shunt. Corticosteroid therapy should not be used
in cryptococcal meningitis.

The most common adverse reactions to amphotericin B
are fever, chills, and hypotension 1 to 3 hours after initia-
tion of the intravenous infusion. Renal insufficiency and
anemia are common adverse reactions during the course
of therapy, and renal insufficiency may necessitate inter-
ruption of therapy or reduction of dose. The most common
adverse reactions to flucytosine are leukopenia and gastro-
intestinal side effects. The most common adverse reactions
to fluconazole are nausea, vomiting, and elevated serum
transaminases.

Histoplasma capsulatum
Histoplasma capsulatum is a dimorphic fungus that is en-
demic to the Ohio and Mississippi River valleys of the cen-
tral United States. The fungus is acquired by inhalation.
Dissemination is rare and occurs primarily in patients with
defective cellular immunity, such as patients with AIDS,
patients with lymphoreticular malignancies, and organ
transplant recipients.115 The most common presentation
of CNS histoplasmosis is meningitis. The typical presenta-
tion includes fever, sweats, weight loss, headache, mental
status abnormalities (including decreased level of con-
sciousness, confusion, personality changes, and/or memory
impairment), cranial nerve palsies, stroke, or seizures
(Video 74, Secondary Generalized Seizure).115 CNS histo-
plasmosis may also be a solitary abscess or multiple lesions,
but meningitis is the much more common presentation.
The majority of patients with CNS histoplasmosis have
an abnormal neuroimaging study with meningeal enhance-
ment, hydrocephalus, solitary or disseminated contrast-
enhancing lesions, or various combinations of these entities.
Chest radiographs should be obtained. The most common
x-ray abnormalities in histoplasmosis are diffuse or focal
pulmonary infiltrates. Histoplasma polysaccharide antigen
(HPA) in urine, blood, and CSF may allow for a rapid diag-
nosis. The presence of HPA in CSF is a reliable indicator of
CNS involvement; however, cross-reactions withC. immitis,
C. neoformans, and Candida have been reported.115 Sero-
logical tests for anti-Histoplasma capsulatum antibodies
may be helpful. They may also be misleading and can be
negative in 10% to 25% of patients with disseminated
histoplasmosis or falsely positive in patients with other
fungal diseases or tuberculosis. Antibodies remain ele-
vated for several years despite resolution of histoplasmosis
and may lead to a misdiagnosis of patients with neuro-
logical illnesses caused by other diseases.117 Examination
of the CSF typically reveals a lymphocytic pleocytosis
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(�100 cells/mm3), although a predominance of polymor-
phonuclear leukocytes may also occur. The CSF protein
concentration is increased, and the CSF glucose concen-
tration is usually decreased. It is rare to identify the fun-
gus on CSF India ink stain. The CSF culture, however, is
frequently positive, as are blood, bone marrow, and urine
cultures. In general, when fungal meningitis is suspected,
multiple cultures of lumbar fluid should be obtained to
identify the organism. Consideration should also be given
to obtaining CSF by a cisternal puncture. In cases of
H. capsulatum meningitis, one CSF culture out of several
is typically positive, stressing the need for repeated
attempts to isolate the fungus using large volumes of cen-
trifuged CSF.115 Intravenous amphotericin B (0.75 to 1.0
mg/kg/day) remains the mainstay of treatment of CNS
histoplasmosis. A total dose of 30 mg/kg is recom-
mended. A course of amphotericin B is followed by oral
itraconazole 200 mg twice daily for 6 months to 1 year.
Itraconazole is the antifungal agent of choice for chronic
suppressive therapy in patients with AIDS.115

Coccidioides immitis
Coccidioides immitis is a dimorphic fungus that is endemic
to the desert areas of the Southwest, specifically California,
Arizona, New Mexico, and Texas. Coccidioides immitis
grows as a mycelia that releases airborne arthroconidia,
which when inhaled and in the alveoli transform into
spherules containing endospores. Infection is most often
either asymptomatic or a limited pneumonitis with fever and
cough. Dissemination occurs in less than 1% of patients,
and CNS disease is primarily a meningitis. A predisposi-
tion to disseminated disease has been associated with the
following: (1) pregnancy—infection that is acquired during
the third trimester is associated with an increased risk of
severe disease; (2) hemodialysis; (3) immunosuppressive
therapy; (4) extremes of age; (5) race—patients of African
American, Hispanic, and Filipino descent have a higher
risk of dissemination; (6) AIDS; and (7) organ transplanta-
tion.115 Meningitis is a common initial presentation of
coccidioidomycosis in AIDS patients. The most common
symptoms and signs of C. immitis meningitis are headache,
change in mental status (particularly lethargy and confu-
sion), low-grade fever, and weight loss.112 There may be
evidence of skin lesions, and biopsy of these with visuali-
zation of typical C. immitis spherules makes the diagnosis.
The coccidioidal skin test has no role in the diagnostic
evaluation of a CNS infection because false-negative results
are common, and positive results only indicate prior exposure
to the fungus.115 The diagnosis of C. immitis meningitis is
made by examination of the CSF. The complement fixation
antibody test on CSF is reported to have a specificity of
100% and a sensitivity of 75% in the setting of active
disease.113 Coccidioidal meningitis can present as an eosino-
philic meningitis.115 Positive cultures may be obtained in up
to one-third of patients. Coccidioides immitis meningitis is
treated with either high-dose fluconazole (1000 mg daily)
as monotherapy or a combination of intravenous and intra-
thecal amphotericin B. High-dose fluconazole therapy as
induction therapy can be followed by lower doses of flucon-
azole (200 to 400 mg daily) indefinitely. For patients with
coccidioidal meningitis who do not respond either clinically
or by monthly repeat CSF analysis to fluconazole, either
voriconazole (4 mg/kg every 12 hours orally) or intrathecal
amphotericin B (0.25 to 0.75 mg/day three times weekly) is
recommended. Some experts recommend a combination of
intravenous amphotericin B (0.5 to 0.75 mg/kg/day) plus in-
trathecal amphotericin B instead of high-dose fluconazole.
Intravenous amphotericin B is continued for at least 1 year
after obtaining a normal CSF. Intrathecal amphotericin B is
continued for 3 months, followed by a tapering course. The
CSF glucose and protein concentrations can remain abnormal
for years, and the CSF cell count is unreliable because it
may decrease spontaneously in untreated CNS coccidioido-
mycosis. A sudden rise in cell count or CSF complement
fixation antibody titer, however, is a sign of a relapse, and
more intense antifungal therapy should be administered in
this instance.115

Blastomyces dermatitidis
As discussed previously, infection with B. dermatitidis is
primarily associated with outdoor activities including occu-
pational exposure, such as in construction work and
mining, and recreational activities. The AIDS epidemic
has not affected the epidemiology of blastomycosis.115

Initial infection with this fungus is essentially a pulmonary
disease. The chest x-ray demonstrates nonspecific infil-
trates, predominantly at the bases.115 Dissemination to
the CNS presents as single or multiple intracranial ab-
scesses or granulomas, cranial and spinal extradural absces-
ses, and acute or chronic meningitis. Meningitis due to
B. dermatitidis presents as a subacute infection with head-
ache, anorexia, and weight loss. Blastomyces dermatitidis
brain abscess or abscesses present with focal neurological
deficits, seizures, and signs of increased ICP. Neuroimaging
demonstrates evidence of a single or multiple homo-
geneously enhancing lesions. Chronic blastomycotic menin-
gitis predominantly involves the basilar meninges and may
be associated with hydrocephalus.115 The one exception
to the rule that fungal meningitis presents with a lympho-
cytic pleocytosis is B. dermatitidis meningitis, which
may present with a polymorphonuclear leukocytic pleo-
cytosis. A CSF cell count greater than 5000 cells/mm3

is not uncommon. The CSF glucose concentration may
be markedly decreased, and the protein concentration is
typically elevated. It is rare to identify B. dermatitidis
from CSF obtained by lumbar puncture. Culture of cis-
ternal or ventricular CSF has a better yield. There is no
reliable B. dermatitidis antigen detection test available.115

Treatment requires the administration of intravenous
amphotericin B (0.5 to 0.8 mg/kg/day). Lifelong sup-
pressive therapy with itraconazole in AIDS patients is
recommended.

Aspergillus fumigatus
Aspergillus species are ubiquitous, and infection is
acquired by inhaling conidia. CNS aspergillosis is rare in
immunocompetent individuals. Isolated aspergilloma are
unusual, except in intravenous drug abusers. Individuals
who are granulocytopenic and those who have received
organ transplantation are at risk for brain abscesses
owing to aspergillosis. CNS aspergillosis typically occurs
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preferentially in major vascular territories and presents as
isolated or multiple ischemic infarctions or subarachnoid
hemorrhage from a ruptured mycotic aneurysm.115 The
majority of patients with aspergillosis will have an unre-
mitting fever, despite broad-spectrum antibiotics, and pul-
monary infiltrates on chest radiographs.118 The diagnosis
is made through sputum culture or lung tissue biopsy cul-
ture. CSF analysis is usually not helpful because meningitis
is unusual.115 Aspergillus is rarely, if ever, cultured from
blood. Treatment should include intravenous amphotericin
B (0.8 to 1.0 mg/kg/day) or preferably a lipid prepara-
tion of amphotericin B, either liposomal amphotericin B
(Ambisome) 5 mg/kg/day or amphotericin B lipid complex
(ABLC) 5 mg/kg/day.

Candida
CNS candidiasis occurs in patients who have undergone or-
gan transplantation, those receiving chronic corticosteroid
therapy, those with a prolonged stay in the intensive care
unit requiring invasive monitoring devices, and those who
are treated with broad-spectrum antibiotics. CNS infections
due to Candida present as either meningitis or cerebritis
from multiple small parenchymal abscesses.115 CNS infec-
tion due to Candida often occurs in conjunction with funge-
mia.119 The majority of patients with CNS Candida
infections have positive fungal blood cultures and are neu-
tropenic.119 Scattered, irregular ring-enhancing lesions
surrounded by edema may be present on neuroimaging
studies. A definitive diagnosis is made through CSF or tissue
biopsy and culture. Standard therapy includes intravenous
amphotericin B (0.5 to 0.7 mg/kg/day) plus flucytosine
(100 mg/kg/day in four divided doses).

Zygomycetes
The Mucoraceae are in the Zygomycetes class and cause
the disease mucormycosis. This disorder is typically an
acute fulminant CNS infection that occurs primarily in im-
munocompetent patients with ketoacidosis and in diabetic
transplant recipients receiving immunosuppressive agents.
The infection tends to originate in the palate or paranasal
sinuses and spreads through the orbits and paranasal
sinuses into the brain. The infection is often manifest by
a black eschar on the palate or nasal mucosa with a blackish
purulent discharge from the involved areas. Examination
of the CSF demonstrates an elevated opening pressure, a
pleocytosis with a predominance of polymorphonuclear
cells, a normal glucose concentration, and an elevated
protein concentration. Diagnosis is made by a biopsy of
the black eschar.120 The treatment of CNS mucormycosis
involves debridement of all devitalized tissues and high-
dose amphotericin B (1.0 mg/kg/day) or Ambisome
(5 mg/kg/day) or ABLC (5 mg/kg/day).115
AMEBIC INFECTIONS

Naegleria and Acanthamoeba are free-living amebae that
infect the CNS. Naegleria fowleri causes an acute fulminant
meningoencephalitis, known as primary amebic meningoen-
cephalitis, and is acquired by swimming or waterskiing in
small, shallow freshwater lakes as a result of direct contam-
ination through the nasal cavity. Infection with this organ-
ism has also been acquired from swimming in chlorinated
pools; presumably, the organism gets into the pool through
cracks in the pool. In Africa, cases have been reported
during the dry and windy season by inhalation of dust con-
taining amebic cysts.109

Acanthamoeba CNS infections are generally not water
related and occur in immunosuppressed and debilitated
individuals. This organism has been isolated from the naso-
pharynx of asymptomatic individuals. Acanthamoeba kera-
titis has been reported in healthy contact lens wearers.109

Naegleria fowleri invades the nasal mucosa and ascends
to the brain through the cribriform plate via the fila olfac-
toria, extensions of the olfactory nerves.121 Amebae can
then spread throughout the meninges. The temporal and
frontal lobes are most severely affected. Acanthamoeba
spp. reach the nervous system through the bloodstream
from a distant site of infection or from a corneal infection
of the eye and typically cause a subacute or chronic menin-
goencephalitis or inflammatory lesions in multiple areas
of the brain, particularly the white matter, the basal gang-
lia, the brain stem, and the cerebellum. A necrotizing vas-
culitis is common owing to invasion of arterial walls by
trophozoites.121

The incubation period for infection by N. fowleri is usu-
ally 4 to 7 days. The patient presents with severe bifrontal
headache, high fever, nausea, vomiting, and meningis-
mus—a clinical presentation resembling bacterial meningi-
tis. Twenty-four to 48 hours later, signs of encephalitis
with focal neurological deficits, confusion, delirium, stu-
por, and, finally, coma occur. Meningoencephalitis due to
Naegleria is typically a fatal disease, with death occurring
within 2 to 4 days. Because of involvement of the olfactory
bulbs and tracts, early symptoms of abnormal smell or taste
sensation have been reported. The incubation period of
Acanthamoeba is longer than that of Naegleria infections
and is typically weeks to months. The insidious onset of
symptoms and signs of focal encephalitis or focal mass
lesions follows. The presentation may include seizures,
hemiparesis, visual disturbances, headache, low-grade fever,
and ataxia.

A diagnosis of N. fowleri meningoencephalitis is rarely
made while the patient is alive. Examination of the CSF
demonstrates a leukocytosis with a neutrophilic predomi-
nance, an increased protein concentration, and a decreased
glucose concentration. The ameboid movements of the tro-
phozoites can be seen on fresh or wet unstained specimens
of CSF. Trophozoites can also be demonstrated in the brain
by light or electron microscopy. Serological tests for
Naegleria are of limited value because patients usually
die before the results are available. In contrast, serological
tests for Acanthamoeba infections are helpful in diagnosis.
Neuroimaging scans may demonstrate one or multiple ab-
scesses of Acanthamoeba. Examination of the CSF shows
a mild lymphocytic pleocytosis with a normal to decreased
glucose concentration and a mild increase in protein
concentration.109

The drug of choice for acute N. fowleri meningoenceph-
alitis is intravenous amphotericin B (1 mg/kg/day) for at
least 2 or 3 weeks. A few survivors of this infection have
been documented, but one survivor required treatment with
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a combination of intravenous and intrathecal amphotericin
B, intravenous and intrathecal miconazole, and rifampin,
sulfisoxazole, and dexamethasone. The outcome may be
improved by adding intrathecal amphotericin B (0.5 mg
on alternate days) to parenteral amphotericin B.109,122,123

Acanthamoeba abscesses are treated with surgical excision
and amphotericin B. Although amphotericin B is amebici-
dal for N. fowleri, it is much less active against Acantha-
moeba.121 No effective vaccine for free-living amebae
infections exists. Children should be prevented from swim-
ming in contaminated freshwater, and Acanthamoeba kera-
titis can be prevented by using appropriate antimicrobial
contact lens cleaning solutions.121
NEUROCYSTICERCOSIS
EPIDEMIOLOGY AND RISK FACTORS. Neurocysti-

cercosis is considered the most common parasitic disease
of the CNS. In countries where this infection is endemic,
it is the most common cause of late-onset epilepsy.
Humans acquire cysticercosis by the ingestion of food
contaminated with Taenia solium eggs.

PATHOGENESIS AND PATHOPHYSIOLOGY. After
food contaminated with T. solium eggs is ingested, the eggs
hatch into oncospheres in the stomach of the host. Onco-
spheres cross the intestinal wall, enter the bloodstream, and
are carried to the eye, skeletal muscle, and the CNS. After
2 months, cysticerci develop in the brain parenchyma, sub-
arachnoid space, ventricular space, or spinal cord. When
the parasite invades the CNS, it may stimulate either an in-
tense inflammatory response or an inflammatory response
that develops so slowly that the cysticerci may live in the
CNS for several years. When the parasite lodges in the brain
parenchyma, the inflammatory response results in a thin cap-
sule of fibrous tissue surrounding the cyst. With the passage
of time, the capsule thickens. The parasite may be destroyed,
and the site where the cyst was located is replaced by a gran-
uloma composed of astroglial and fibrous tissue that subse-
quently becomes mineralized with deposits of calcium
salts. The process of calcification of the granuloma takes
several years after the disappearance of the parasite.124 In
any individual, one or several hundred cysticerci may exist.
Cysts that develop in the subarachnoid space are associated
with an inflammatory response in the subarachnoid space
with subsequent fibrosis of the arachnoid membranes.
Hydrocephalus is a complication of the inflammation and
fibrosis in the subarachnoid space that interferes with the
normal CSF resorption in the arachnoid granulations. Cysts
in the sylvian fissure and the subarachnoid space at the base
of the skull may grow as large as 10 to 15 cm. A single cyst
that is lodged inside the fourth ventricle can produce a valve
mechanism on the outflow of CSF and can lead to subacute
hydrocephalus with episodes of sudden increases in ICP
related to movements of the head. This ventricular form of
neurocysticercosis is the result of the arrival of the onco-
spheres at the choroid plexus of the lateral ventricles via
the bloodstream with the parasites remaining in the epen-
dyma of the choroid plexus. In meningeal and spinal cord
cysticercosis, the oncospheres also enter the CNS at the
choroid plexus, but the passage of the parasites along
the CSF pathways is rapid, and the oncospheres hatch in
the arachnoid membranes along the neural axis and evolve
into cysticerci.124

CLINICAL FEATURES. The diagnosis of neurocysticer-
cosis should be considered in any patient who is a resident
or immigrant from areas endemic for cysticercosis, or who
has traveled to areas endemic for cysticercosis, and has
new-onset partial seizures, with or without secondary gen-
eralization (Video 74, Secondary Generalized Seizure),
cognitive impairment, confusion, stupor, or signs of raised
ICP. In the majority of patients, the clinical manifestation
of parenchymal granulomas is partial seizures. Patients
with meningeal cysticercosis may present with headache,
vertigo, vomiting, papilledema, an altered level of con-
sciousness, and gait disturbances due to the intense and
widespread immune response in the subarachnoid space
and the subsequent development of hydrocephalus. Cysti-
cerci located in the spinal canal may manifest with signs
and symptoms similar to an intraspinal tumor.124

EVALUATION. The lesions of neurocysticercosis are
readily visualized by CT and MRI. Granulomas are the
most common finding in patients with neurocysticercosis.
A very early sign of cyst death is hypointensity of the ve-
sicular fluid on MRI T2-weighted images compared with
CSF. The enzyme-linked immunoelectrodiffusion transfer
blot is the preferred serologic test for neurocysticercosis,125

but false-positive results occur in healthy individuals from
endemic areas who have cysticerci outside the CNS.
ELISA and the complement fixation test can be performed
on CSF and are highly specific and sensitive for the detec-
tion of anticysticercus antibodies. It is recommended that
both tests be done on the CSF to increase the probability
of diagnosis. These CSF immunodiagnostic tests are also
useful to distinguish the inactive sequelae of neurocysticer-
cosis, such as granulomas and calcifications, from the
active forms. The test results are negative in the absence
of active forms of the parasite. These tests remain positive
for a few months in patients who are successfully treated
with an anticysticercus drug after the disappearance of
cysts. In addition, patients with parenchymal or ventricular
neurocysticercosis with positive immunodiagnostic tests on
CSF may have negative serology.124

MANAGEMENT. Treatment of neurocysticercosis is
controversial and must be individualized based on the neu-
roimaging characteristics of the lesions, which help define
the stage of evolution of the cysts, cyst location (intrapar-
enchymal, ventricular, or subarachnoid), associated inflam-
mation, and severity of clinical presentation. Albendazole
and praziquantel are cysticidal. Most authors agree that
viable intraparenchymal cystic lesions should be treated
with anticysticidal therapy, and that calcified lesions do
not require anticysticidal therapy. The dose of albendazole
is 15 mg/kg/day for at least 7 days. Albendazole is adminis-
tered with dexamethasone (0.1 mg/kg/day) for at least the
first 7 days of therapy. Praziquantel is given in a single-
day regimen in three doses of 25 to 30 mg/kg every 2 hours
or the standard 15-day regimen of 50 to 100 mg/kg/day.
Dexamethasone (0.1 mg/kg/day) is also recommended to
decrease the inflammatory reaction due to the destruction
of the parasites.125 Approximately 85% of parenchymal
cysts are destroyed by a single course of albendazole, and
approximately 75% are destroyed by a single course of pra-
ziquantel. During the first few days of cysticidal therapy,
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headache, vomiting, or seizures may develop owing to an in-
tense inflammatory response from the host to the acute death
of the parasites. These symptoms are particularly intense in
patients with many cysts. In the management of parenchy-
mal cysticercosis, a differentiation must be made between
active and inactive forms of the parasite, such as granulomas
and calcification, because no response to cysticidal therapy
will occur in inactive disease. Seizure activity secondary to
parenchymal cysts should be managed with anticonvulsants.
Parenchymal cysts that are destroyed by cysticidal therapy,
without leaving granulomas, do not result in long-term sei-
zure disorders. In these patients, the early withdrawal of
antiepileptic drugs is recommended. A seizure disorder that
is secondary to granulomas requires long-term anticonvulsant
therapy.124
MALARIA

Human malaria is caused by one of four species of Plasmo-
dium. The majority of cases of malaria worldwide are
caused by P. falciparum, and P. falciparum is the only spe-
cies that causes cerebral malaria. Malaria is transmitted to
healthy individuals through the bite of an infected mos-
quito.126 The World Health Organization defines cerebral
malaria as “unarousable coma not attributed to any other
cause in a patient with P. falciparum malaria.”127 Malaria
can be transmitted by the bite of an Anopheles mosquito,
through blood transfusions, and by intravenous injections
with blood-contaminated needles. The incidence of cere-
bral malaria in a population is determined by the popula-
tion’s immunity. In holoendemic areas, which are areas
of the world where significant transmission of malaria
occurs annually with little change from year to year, native
adults rarely develop cerebral malaria. People at risk for
severe malaria in these areas are children 1 to 4 years of
age, new residents from nonendemic areas, returning resi-
dents who have lived abroad for years, residents who were
maintained on chemoprophylaxis but have stopped, and
pregnant women. Travelers to endemic areas are at high
risk for infection. Infected mosquitoes can be transported
from endemic areas via airplane, and travelers may acquire
malaria during brief stopovers without disembarking
from the airplane. Plasmodium falciparum malaria requires
a minimum of 8 days for incubation, and 95% of all
infections present within 4 weeks of the last mosquito
exposure.125

Systemic signs of malaria include jaundice, retinal hem-
orrhage, hepatosplenomegaly, fatigue, diarrhea, vomiting,
abdominal pain, chest pain, cough, myalgia, and arthralgia.
The majority of patients are febrile. Cerebral malaria pre-
sents with headache followed by an altered level of con-
sciousness and convulsions. On neurological examination,
upper motor neuron signs are common, as is decerebrate
or decorticate posturing, delirium, hallucinations, delu-
sions, and disorders of dysconjugate gaze. Coma is often
associated with shock, acidosis, noncardiogenic pulmonary
edema, hemolysis, anemia, renal insufficiency, and hypo-
glycemia. These are all potentially treatable complica-
tions.128 Diagnosis is made by examining a blood smear
for parasites. Blood smear should be examined every 12
to 24 hours for a period of 2 or 3 days, and the number
of intraerythrocytic parasites should be counted.

In the United States, parenteral quinidine is the drug
of choice for the treatment of cerebral malaria. Cerebral
malaria is treated with a loading dose of 10 mg/kg of intra-
venous quinidine gluconate over a period of 1 or 2 hours
followed by continuous infusion of 0.02 mg/kg/min. Load-
ing doses of quinidine are not recommended for patients
who have received mefloquine, quinine, or quinidine in
the 24 hours before initiation of therapy. When the patient
is able to take oral medication, therapy can be changed to
one of the oral antimalarial agents to complete a total
of 7 days of treatment from the initiation of intravenous
therapy.126 Quinidine is cardiotoxic, and patients receiving
parenteral forms of this agent should be monitored for
arrhythmias, prolongation of the QT interval, and widening
of the QRS complex.

Recommendations for malaria chemoprophylaxis depend
on the area to which the individual plans to travel. In the
few areas where the parasite remains sensitive to chloro-
quine, this antimalarial agent should be taken in a weekly
dose of 300 mg base. Chemoprophylaxis should begin
2 weeks before departure and should continue for 6 weeks
after return. In areas where the parasite is resistant to chlo-
roquine, mefloquine is recommended at a once per week
oral dose of 250 mg beginning 2 weeks before departure
and continued for 4 weeks after return.129
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CHAPTER 43
Transmissible Spongiform Encephalopathy
Paul Brown
SPORADIC DISEASE IATROGENIC DISEASE
FAMILIAL DISEASE VARIANT DISEASE
The outbreaks of “mad cow” disease (bovine spongiform
encephalopathy [BSE]) and its human analog (variant
Creutzfeldt-Jakob disease [vCJD]), which generated such
concern during the past two decades, are now receding
and have left a legacy not only of death but also of sig-
nificant advances in our understanding of these diseases
and of transmissible spongiform encephalopathies (TSEs)
in general.

This evolution stems from the fact that the different
TSEs are merely variations on a theme and are more prop-
erly considered as a single disease taking different forms in
humans and animals. Historically, these forms were given
different names only because they were described before
their shared properties were appreciated. Because there is
now good evidence that they all result from a “proteina-
ceous infectious particle,” the TSEs are often referred to
as prion diseases.

The first TSE to be described was scrapie, a disease of
sheep that devastated the woolens industry in 18th-century
England. Scrapie remained the sole recognized example
of TSE until the 20th century, when a number of additional
animal and human diseases were identified that sub-
sequently proved to be spontaneous or transmitted forms
of TSE (Fig. 43-1). In animals, the disease occurs in
mink (transmissible mink encephalopathy [TME]), deer
and elk (chronic wasting disease [CWD]), and, most re-
cently, cattle (BSE). In humans, the prototypic disease
was kuru, brought to epidemic proportions in an isolated
population of New Guinea by the practice of ritual endo-
cannibalism but now extinct because the practice has
ceased. The other human varieties—Creutzfeldt-Jakob
disease (CJD), Gerstmann-Sträussler-Scheinker disease
(GSS), and fatal familial insomnia (FFI)—have a world-
wide distribution. They occur in sporadic, inherited, and
environmentally acquired forms (CJD), sporadic and inher-
ited forms (FFI), or exclusively as an inherited disease
(GSS). The most important, numerically speaking, is the
sporadic form of CJD, first described in the 1920s by the
German neurologist Alphonse Jakob but not recognized
as a transmissible disease until the 1960s.
SPORADIC DISEASE

PATHOGENESIS AND PATHOPHYSIOLOGY. A critical
early observation by Alper and colleagues1 emphasized
that infectivity of scrapie was not decreased by levels of
ionizing irradiation sufficient to destroy the biological
function of nucleic acid. Subsequent research fostered a
number of hypotheses about non-nucleic acid replication by
membrane-complexed polysaccharides or proteins. Upon a
background of repeated failures to detect any foreign
disease-specific nucleic acid, the protein hypothesis was
further bolstered in the 1980s by the demonstration that
highly purified brain extracts from diseased subjects
contained a host-encoded membrane-bound glycoprotein
(PrP) that is inseparable from infectivity.2

The controversy about whether this protein is not only
necessary but also sufficient to initiate the infectious pro-
cess has not been resolved; however, two studies, if con-
firmed, support the prime role of the protein. In the first
study, recombinant mouse PrP polymerized into fibrils
was reported to have induced a transmissible spongiform
encephalopathy when injected into healthy transgenic mice.3

In the second study, an infectious extract of brain tissue was
incubated with normal brain tissue and then subjected to
repeated cycles of sonication and further incubations with
fresh normal tissue, continuing to a point at which (by virtue
of dilution) no further residual infectivity from the original
extract could have been present, but substantial infectivity
was still detectable.4 Both studies lead inescapably to the
conclusion that the protein was indeed “replicating” but
neither study excludes the participation of an additional
molecular entity; in fact, amplification by sonication does
not proceed in the absence of normal brain tissue.

The primary structure of the protein does not differ from
that of the protein in healthy individuals. In consequence,
the functional differences between the protein in normal
and affected individuals—solubility, proteinase resistance,
ease of separation from cell membranes, and, most impor-
tant, ability to replicate (infectivity)—must reside in post-
translational secondary or tertiary alterations in protein
folding. The normal form of the protein is rich in a-helical
domains, whereas the abnormal isoform has fewer a
helices and a greatly increased amount of anti-parallel
b sheet structure, the “signature” of amyloid protein
(Fig. 43-2). The mechanism by which such protein mis-
folding leads to replication is presumed to be either a pro-
cess of polymerization akin to inorganic crystal formation
or a molecular constraint imposed by the misfolded protein
upon normal molecules to assume its own abnormal
configuration.
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Figure 43-2. Proposed conversion of normal to pathological isoform of
“prion” protein. Strings denote unstructured regions; coils denote a-helical
structure; ribbons denote b sheet structure. Note the reduction in a-helical
structure and corresponding increase in b sheet structure in the pathologi-
cal isoform (the normal protein structure was determined by nuclear
magnetic resonance analysis; the abnormal structure is hypothetical).
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It had been thought until recently that amyloid deposition
was the principal cause of neuronal disease and death, but
new studies indicate that submicroscopic molecular inter-
mediates formed during the misfolding process are far more
harmful than the “mature” amyloid. One study has shown
that maximal infectivity is found in particles within a mo-
lecular range of 300 to 600 kDa, which would correspond
to approximately 14 to 28 PrP molecules;5 another study
showed that in genetically engineered mice in which neu-
rons are unable to produce PrP, infection does not destroy
the neurons, and symptomatic disease is prevented, even
when the surrounding non-neuronal brain tissue is full
of stainable PrP amyloid deposits.6 Characterization of the
molecular steps in the misfolding process is thus a subject
of intense study.

The spread of infectious molecules is as puzzling as the
original conversion event and subsequent misfolding pro-
cess. Tissue sampling has revealed widespread infectivity
not only within the brain (which contains by far the highest
concentration of the infectious agent) but also in the spinal
cord, cerebrospinal fluid, lymphoreticular tissues, and, oc-
casionally, at much lower concentrations in other periph-
eral organs.7 Infectivity has never been demonstrated in
any external secretion or excretion (urine, feces, tears, spu-
tum, or saliva). A comprehensive up-to-date listing of the tis-
sue distribution of infectivity and PrP in most forms of TSE
has been published by the World Health Organization.8

EPIDEMIOLOGY AND RISK FACTORS. The sporadic
form of the disease accounts for approximately 90% of
all cases of spongiform encephalopathy, and it occurs in a
random distribution in all studied populations of the world
at an annual frequency of 1 or 2 cases per 1 million people.9

There is no documented instance of the disease being
“caught” from normal contact with other humans (whether
in the preclinical or clinical stages of illness), nor is there
any indication (by seasonality, geographical distribution,
or disease clusters) of a nonhuman environmental source
of infection. Although some of the many studies evaluating
possible risk factors have reported associations with prior
surgery, physical injury, occupation, or diet, the large
case-control study generated by the EU Collaborative Study
Group of CJD failed to confirm any plausibly significant
nongenetic risk factors.10–12 Therefore, each case must be
considered a de novo event that has no antecedent cause or
subsequent links to any chain of infection.

CLINICAL FEATURES. The disease affects males and
females equally and typically becomes manifest in late
middle age. Peak incidence occurs in the 55- to 70-year-
old age group, and the disease has a bell-shaped distribu-
tion curve that is skewed toward the younger age groups,
including rare cases in adolescents (Fig. 43-3). Clinical
features are to some extent related to the genotype of the
“prion” gene, but such correlations have little practical
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Figure 43-3. Age at onset of sporadic Creutzfeldt-Jakob disease (based on
the NIH series of 232 experimentally transmitted cases).

TABLE 43-1

Sporadic Creutzfeldt-Jakob Disease: Overall
Characteristics of the NIH Series of 232 Experimentally
Transmitted Cases

Male-to-female ratio 1:1
Median age at onset (range) 60 yr (16–82)
Neurological debut (%)
Gradual (weeks to months) 86
Rapid (sudden to days) 14
Mental deterioration only 37
Mixed mental and neurological 34
Neurological signs only 29

Median duration of illness (range) 4.5 mo (1–130)

From Brown P, Gibbs C Jr, Rodgers-Johnson P, et al: Human spongiform encepha-
lopathy: The National Institutes of Health series of 300 cases of experimentally
transmitted disease. Ann Neurol 1994;35:513–529.
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utility apart from predicting longer or shorter survival
times after the onset of illness.13 The earliest symptoms
usually appear gradually over a period of weeks but can
occur suddenly. They are limited to mental deterioration
in approximately one third of patients, physical disabilities
(especially incoordination) in another third, and mixed
mental and physical abnormalities in the remaining third
(Table 43-1). The frequencies of various symptoms at the
onset of illness, at medical presentation, and at an advanced
stage of disease are shown in Table 43-2. Memory loss and
either cerebellar (Video 12, Dysdiadochokinesis) or visual-
oculomotor signs are comparatively frequent at the outset
and, as the illness evolves, these are joined by pyramidal
and extrapyramidal signs and a variety of involuntary
movements, especially myoclonus (Video 50, Myoclonus
in Creutzfeldt-Jakob Disease). A small number of patients
present with sleep and autonomic disorders that mimic fatal
familial insomnia.14 Progressive mental deterioration termi-
nates in mutism and global dementia. Death commonly
occurs within 6 months of the onset of illness, but a signi-
ficant proportion of patients have more acute courses of a
month or two, and approximately 10% have an extended
course of 2 or more years (Fig. 43-4). A number of factors
have been shown to be associated with comparatively
longer survival times, of which the most important are a
younger age at onset of illness, heterozygosity at codon
129 of the prion gene, and a type 2a pattern of the misfolded
protein when visualized by Western blots.15

This description applies to the great majority of patients,
but the literature is replete with case reports illustrating
unusual variations on the theme. Among these are sudden
or stuttering onsets that suggest a cerebrovascular accident
or multiple sclerosis and syndromes that span a range
of appearances from the Wernicke-Korsakoff syndrome
(Video 229, Wernicke’s Encephalopathy) or bulbar palsy to
parkinsonism or amyotrophic lateral sclerosis. All represent
the extremes in a continuum of multisystem disease based
on the topographically unpredictable cerebral pathology of
spongiform encephalopathy.

LABORATORY EVALUATION. Three laboratory exami-
nations are available as aids to diagnosis. The electroen-
cephalogram (EEG) remains a useful and easily performed
examination.16 Early in the course of illness, the EEG may
be normal or may show only some background slowing,
and terminally it may simply reflect a dying brain. However,
in the fully developed phase of disease, most patients
show some form of periodic activity (Fig. 43-5). In its most
pathognomonic form, the one- or two-cycle per second
slow-wave triphasic spiking activity resembles an electro-
cardiogram; less specific but still suggestive is a “burst-
suppression” pattern in which short runs of high-voltage
spikes alternate with periods of near electrical silence.

The second test is an immunological analysis of cere-
brospinal fluid (CSF) to detect one or more brain-derived
proteins that leak into the CSF as a result of neuronal cell
death. Two proteins have proved especially valuable: a
protein kinase inhibitor called 14–3-3 and t protein.
Although these proteins are structurally and biologically
unrelated to the prion protein, the presence of elevated
CSF levels of either 14–3-3 or t protein has proved to have
diagnostic sensitivity and specificity for CJD in the 90%
range, when used in an appropriate clinical setting and
when routine examination of the CSF is normal.17

The third test is magnetic resonance imaging (MRI),
which has only recently been appreciated as a useful diag-
nostic procedure.18,19 Many patients with sporadic disease
at some point in the course of illness show a symmetrical
or sometimes unilateral hyperintense signal in the basal
ganglia (Fig. 43-6). Nonspecific abnormalities may be seen
in other types of radiographic imaging procedures, such as
computed tomography scans, which are primarily useful in
exploring alternative diagnoses.

None of these tests is 100% sensitive or specific, especially
on clinical presentation, but each can provide a highly useful
clue either for or against the diagnosis of CJD during the
course of illness (Table 43-3). As such, these laboratory pro-
cedures have entirely eliminated the need for biopsy, except
when there is reason to suspect an alternative treatable disease
that cannot otherwise be diagnosed.



TABLE 43-2

Sporadic Creutzfeldt-Jakob Disease: Symptomatology of the NIH Series of 232 Experimentally Transmitted Cases

From Brown P, Gibbs C Jr, Rodgers-Johnson P, et al: Human spongiform encephalopathy: The National Institutes of Health series of 300 cases of experimentally transmitted
disease. Ann Neurol 1994;35:513–529.
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Figure 43-4. Duration of illness of sporadic Creutzfeldt-Jakob disease (based on the NIH series of 232 experimentally transmitted cases).
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Percentage of Patients With 

Symptoms or Signs

Symptoms/Signs At Onset
On First 

Examination
During 
Course

Mental deterioration 71 84 100

Memory loss 52 65 100

Behavioral 
abnormalities

29 38 55

Higher cortical 
function

16 36 73

Cerebellar 33 54 70

Visual/oculomotor 19 30 41

Vertigo/dizziness 12 14 19

Headache 11 12 20

Sensory 5 6 11

Involuntary 
movements

4 19 88

Myoclonus 0.5 9 80

Other (including 
tremor)

3 10 36

Pyramidal 1.5 16 62

Extrapyramidal 0.5 9 56

Lower motor neuron 0.5 2 11

Seizures 0 2 20

Pseudobulbar 0 0.5 7
DIFFERENTIAL DIAGNOSIS. The spectrum of diseases
with which spongiform encephalopathies can be mistaken
is not surprising in view of the variable distribution of neuro-
pathological changes found at autopsy. As always, the guiding
principle in differential diagnosis should be the investiga-
tion of all potentially treatable diseases before winnowing
through untreatable neurodegenerative alternatives.

From a practical standpoint, differential diagnosis can be
separated into two categories: First and most important are
diseases that can mimic the onset and early course of spon-
giform encephalopathy; the second category comprises
diseases that can be confused with later stages of the ill-
ness. In the first category are drug intoxications (bismuth,
lithium, and cyclical antidepressives), infections (herpes
simplex encephalitis, cryptococcal meningoencephalitis,
and multiple cerebral abscesses), metabolic-endocrine dis-
orders (hyperparathyroidism, Hashimoto’s encephalitis,
Wernicke-Korsakoff syndrome, and vitamin B12 deficiency),
cerebrovascular accidents, neoplasms, and normal pressure
hydrocephalus. In the second category are Parkinson’s dis-
ease with dementia, diffuse Lewy body disease, amyotrophic
lateral sclerosis with dementia, progressive supranuclear



Figure 43-5. Periodic electroencephalographic recordings in sporadic
Creutzfeldt-Jakob disease. Top tracing shows a suggestive “burst-suppression”
pattern, and bottom tracing shows a virtually diagnostic 1- to 2-cycle/sec
triphasic sharp-wave pattern.

TABLE 43-3

Sensitivity and Specificity of Laboratory Aids to
Diagnosis

TEST SENSITIVITY (%) SPECIFICITY (%)

Electroencephalogram 64 91
Cerebrospinal fluid
14-3-3 protein 85 85
t protein 86 88

Magnetic resonance
imaging*

60–70 80–90

Biopsy 95 100

*T2 diffusion-weighted and/or FLAIR images.
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palsy, olivopontocerebellar atrophy, Huntington’s disease,
Ramsay Hunt syndrome, Pick’s disease, and that most diffi-
cult of all differential diagnostic problems, Alzheimer’s dis-
ease. Diagnostic uncertainty sometimes cannot be resolved
prior to necropsy.

MANAGEMENT, TREATMENT, AND PREVENTION.

During hospitalization, “universal precautions” should be
followed in managing the patient, including the handling
and disposal of tissues, excretions, and other contaminated
material.20 Ordinary surface contact is not hazardous, but if
A B
Figure 43-6. FLAIR magnetic resonance image (MRI) in normal individual (A) c
Jakob disease. Hyperintense signals are seen in the basal ganglia in sCJD and
Surveillance Unit, Edinburgh, UK.)
blood or spinal fluid is involved, the exposed area of the
worker’s skin should be swabbed with bleach and then,
after a minute or so, thoroughly washed with detergent and
water. The golden rule is to avoid penetrating injury with
anything that has penetrated the patient (e.g., needles), just
as for patients with acquired immunodeficiency syndrome
or hepatitis.

Despite early claims of clinical improvement in some
patients with CJD who had been treated with the antiviral
drugs amantadine or vidarabine, and, more recently, with
quinacrine or intrathecal pentosan polysulfate, subsequent
published and unpublished experience has failed to validate
these successes. At best, only temporary pauses in the pro-
gression of disease occur. Thus, management of the patient
with CJD is still limited to good nursing care and the sup-
pression of myoclonus or seizures, if they occur, with a
benzodiazepine or anticonvulsant. Like all patients who
become progressively helpless and bedridden, death is usu-
ally the result of sepsis from respiratory, skin, or urinary
tract infections or, when swallowing becomes difficult,
from aspiration.

This poor prognosis may soon change because new tools
for screening potentially useful chemicals and promising
new immunotherapeutic strategies have ignited optimism
that some form of preventive or at least palliative treatment
may be within reach. Various polyanionic compounds, as
well as randomly ordered “degenerate” oligonucleotides,
C
ompared to patients with sporadic (B) or variant (C) forms of Creutzfeldt-
in the putamen in vCJD. (Courtesy of Dr. Donald Collie, National CJD



TABLE 43-4

Mutations of the Chromosome 20 “Prion” Gene
Associated with Inherited Forms of Transmissible
Spongiform Encephalopathy*

MUTATION DISEASE PHENOTYPE

Octa-repeats: 1, 2, 4-9
insertions between codons
51 and 91

CJD, GSS, or atypical dementia

P102L (Pro Leu) GSS: classical ataxic form
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significantly prolong the incubation period of scrapie-
infected mice when given near the time of infection,21

and oral immunization with a salmonella vaccine geneti-
cally engineered to contain PrP has produced survivors in
a group of subsequently infected rodents.22 The key issue
is the requirement for any truly useful treatment to be
effective in advance of symptomatic disease, which will
depend on the availability of one or more of the several
preclinical screening tests for infection that are currently
under development.23
P105L (Pro Leu) GSS with spastic paraparesis
A117V (Ala Val) GSS with pseudobulbar syndrome
G131V (Gly Val) GSS: classical ataxic form
Y145* (Tyr Stop) Alzheimer-like dementia
R148H (Arg His) CJD
D178N (Asp Asn) CJD (129V on mutant allele)
D178N (Asp Asn) FFI (129M on mutant allele)
V180I (Val Ile) CJD
T183A (Thr Ala) Alzheimer-like dementia
H187R (His Arg) GSS: classical ataxic form
T188A (Thr Ala) CJD
F198S (Phe Ser) GSS with neurofibrillary tangles
E200K (Glu Lys) CJD
D202N (Asp Asn) GSS with neurofibrillary tangles
V2031 (Val Ile) CJD
R208H (Arg His) CJD
V2101 (Val Ile) CJD
E211Q (Glu Gln) CJD
Q212P (Gln Pro) GSS with Lewy bodies
Q217R (Gln Arg) GSS with neurofibrillary tangles
M232R (Met Arg) CJD
M232T (Met Thr) GSS

CJD, Creutzfeldt-Jakob disease; FFI, fatal familial insomnia. GSS, Gerstmann-
Sträussler-Scheinker disease.
*Neuropathological description was not available, or PrPTSE was not demonstrable,
in dementia patients with mutations P105T, T188R, E196K, V230I, and Q160Stop,
and thus the diagnosis of familial TSE remains unconfirmed.
FAMILIAL DISEASE

PATHOGENESIS AND PATHOPHYSIOLOGY. The
molecular genetic basis for inherited disease resides in
mutation-induced alterations in the primary amino acid
structure of PrP that evidently facilitate its transition from
an a helix to a b-pleated sheet configuration. If the magni-
tude of this facilitation were 1 millionfold, the 1 per million
occurrence of sporadic disease would assume the appear-
ance of a fully penetrant inherited disease linked to the
mutation.

EPIDEMIOLOGY AND RISK FACTORS. Approximately
10% of cases of spongiform encephalopathy are familial
and are associated with one of nearly 40 different insert
and point mutations in the gene that encodes the amyloido-
genic prion protein.24,25 Many of the mutations have been
described in only single families, some have been found
in several families, and three account for the majority
of familial cases: These occur at codons 102 (GSS), 178
(CJD or FFI), and 200 (CJD). All are inherited in an autoso-
mal dominant genetic pattern, and all are experimentally
transmissible.

Like sporadic disease, familial disease affects men and
women equally, but its temporospatial distribution is deter-
mined by the origins and migrations of affected families.
All case clusters of spongiform encephalopathy have a
familial basis—for example, those in rural Slovakia and
among Sephardic Jews, whose migrations have created
high-incidence pockets of disease in Israel, North Africa,
and Chile (due to the Spanish Inquisition and subsequent
diaspora). More typically, in the highly mobile world of
today, familial cases are geographically scattered, and indi-
vidual patients may have lost all contact with and knowl-
edge of their ancestors, leading to the mistaken appearance
of sporadic mutation-positive cases.

CLINICAL FEATURES. Familial disease can present as
CJD, GSS, FFI, or atypical Alzheimer-like syndromes,
depending on which of the mutations is present in the fam-
ily24,25 (Table 43-4). For example, point mutations at
codons 200 or 210 usually produce an illness that begins
5 to 10 years earlier but in other respects is indistinguish-
able from sporadic CJD, whereas repetitive octapeptide
encoding insert mutations cause illnesses that may begin
as early as the third or fourth decade of life and produce
a very slowly evolving dementia that ends in death after a
period of 10 to 15 years with little or no brain pathology.
Other mutations can produce a wide spectrum of intermediate
disease syndromes.

GSS typically begins in members of affected families
between ages 40 and 55 years as a slowly evolving ataxia,
sometimes with associated mental deterioration, and pro-
gresses through a multisystem array of symptoms, includ-
ing dementia and myoclonus, finally terminating fatally
after an average duration of 5 to 10 years. It is character-
ized neuropathologically by a profusion of multifocal amy-
loid plaques in the cerebellum, with or without spongiform
change. The classic syndrome (including Gerstmann’s
original case) is associated with a mutation at codon 102,
but variants of GSS have been described with mutations
at other codons.

FFI is the most recently admitted member of the spongi-
form encephalopathy group and is unusual in that patients
typically show early and pronounced autonomic and endo-
crine dysfunction, including intractable insomnia (often
associated with daytime somnolence), and unexplained dis-
orders of temperature, cardiovascular, and respiratory regu-
lation.26 Later in the course of the illness, more typical
features of CJD supervene (pyramidal and extrapyramidal
signs, cerebellar ataxia, and myoclonus), and death occurs
after an average duration of 1 to 2 years. At autopsy,
severe neuronal loss and astrogliosis are seen in the medio-
dorsal and anterior ventral thalamic nuclei, with variable
pathology in the neocortex. The disease is caused by a mu-
tation at codon 178, but curiously, it occurs only when the
mutant allele specifies methionine at polymorphic codon
129; when valine is specified by codon 129, the pathogenic
codon 178 mutation produces a CJD-like phenotype.27
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From both diagnostic and genetic standpoints, it is im-
portant to remember that these clinical stereotypes have
many exceptions, that significant phenotypic heterogeneity
is the rule even among members of the same family, and
that no matter what mutational phenotype is typical, at
least one family member will usually have died from an
illness that resembles sporadic CJD.

LABORATORY EVALUATION. In addition to the EEG,
CSF, and MRI tests described for patients with sporadic
disease, familial disease offers the possibility of identifying
the causative mutation by molecular genetic analysis of
DNA in the blood. Identification of the responsible muta-
tion is not merely an academic exercise but has practical
prognostic value for the patient’s family, First, it permits
a rough prediction of the duration of illness. Second, it
can have a crucial impact in counseling about the risk of
disease inheritance. For example, mutations at codons
200 and 210 are not fully “penetrant” during a normal life
span so that although the mutation will be transmitted as an
autosomal dominant trait, not everyone who carries the
mutation will die from the disease.

MANAGEMENT, TREATMENT, AND PREVENTION.

The care and outlook for patients with familial disease
are no different from those for patients with sporadic
disease; however, familial disease can be prevented in
subsequent generations through the use of molecular ge-
netic testing of amniotic fluid and elective therapeutic
abortion of fetuses found to carry a lethal mutation.28 This
option should be carefully explained to family members for
their ethical and medical consideration.
TABLE 43-5

Global Distribution of Cases of Iatrogenic Creutzfeldt-Jakob

SURGICAL PROCEDURE

COUNTRY
Dura mater
grafts

Surgical
instruments

EEG
needles tra

Argentina 1
Australia 5
Austria 2
Brazil
Canada 4
Croatia 1
France 13 1
Germany 8
Holland 2
Ireland 1
Italy 4
Japan 123
New Zealand 2
Qatar
South Africa 1
Spain 10
Switzerland 1 2
Thailand 1
United Kingdom 7 3
United States 3
Total 196 4 2

*Additional possible single cases following corneal transplant or keratoplasty (not listed
{Additional possible single cases due to hGH (not listed in the table) occurred in Th
was prepared in the United States; Qatar hormone was prepared in France.
{Donors with variant CJD.
IATROGENIC DISEASE

PATHOGENESIS AND PATHOPHYSIOLOGY. When
the infectious agent is accidentally introduced into the
body, whether directly into the nervous system or by
peripheral routes, the seed is sown for its replication and
spread, and when infectivity and pathology in the brain
have reached a sufficiently high level, the disease becomes
symptomatic. The length of the incubation period between
the infecting event and the onset of symptomatic disease
ranges from approximately 2 years in cases in which infec-
tion is introduced directly into the brain to an average of
nearly 15 years in those who are inoculated subcutaneously.

EPIDEMIOLOGY. The first case of iatrogenic disease
was recognized in the early 1970s in a U.S. recipient of a
corneal graft from a patient who was later discovered to
have died from CJD. Soon afterward, two cases occurred
in Swiss patients who had undergone stereotactic EEG with
needles that had been previously used in a patient with
CJD. A few years later, retrospective analysis of a series
of British neurosurgical cases revealed that three of the
patients had probably been infected by surgical instruments
contaminated during a previous operation on a CJD patient.
These few reports constituted the totality of iatrogenic
disease until the past decade, when separate outbreaks of
disease were traced to contaminated batches of pituitary
hormones and dura mater grafts obtained from human
cadavers. More than 400 cases of iatrogenic disease
approximately equally divided between the two sources
have been identified since 1985 (Table 43-5), but new
Disease

HORMONE THERAPY

Corneal
nsplants*

Growth
hormone{ Gonadotropin

BLOOD TRANSFUSION
(PACKED RED CELLS{)

1 4

2

107
1

1

6
1

51 3
1 26
2 195 4 3

in the table) occurred in Japan and the United States.
e Netherlands, Scandinavia, and New Zealand. Brazil and New Zealand hormone



TABLE 43-6

Clinical Features of Iatrogenic Creutzfeldt-Jakob Disease According to the Mode and Route of Infection

MODE OF INFECTION AGENT ENTRY INTO BRAIN MEDIAN INCUBATION PERIOD (RANGE) CLINICAL PRESENTATION

Corneal transplant Optic nerve 16, 18, 320 mo Dementia/cerebellar
Stereotactic EEG Intracerebral 16, 20 mo Dementia/cerebellar
Neurosurgery Intracerebral 17 mo (12–28) Visual/dementia/cerebellar
Dura mater graft Cerebral surface 11 yr (16 mo–23 yr) Cerebellar (visual/dementia)
Growth hormone* Hematogenous (?) 15 yr (4–36) Cerebellar
Gonadotrophin Hematogenous (?) 13 yr (12–16) Cerebellar
Blood transfusion { Hematogenous 6.5 and 8 yr Dementia/cerebellar

*Median and range were 12 years (4-22) in France, 17 years (8-26) in the United Kingdom, and 21 years (10–28) in the United States.
{One of the three transmissions was discovered only by detection of the pathognomonic “prion” protein in spleen and lymph node at autopsy in a patient with neither
neurologic symptoms nor brain pathology, who died from an unrelated disease 5 years after having received contaminated blood (i.e., in a preclinical or subclinical stage of
CJD).
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cases have radically diminished in recent years, and the
few that still occur are the result of incubation periods of
up to 30 years between exposure in the 1970s and 1980s
and symptomatic disease.29,30

CLINICAL FEATURES. Iatrogenic disease syndromes
are significantly influenced by different routes of infec-
tion.29 Introduction of the infectious agent into the brain
parenchyma, directly or via the optic nerve, produces
an illness that is in all respects similar to sporadic CJD
(Table 43-6). Introduction of the agent into the brain by a
peripheral route of infection (hormone therapy) produces
a distinctively different illness that begins with ataxia and
even in its later stages may not include significant men-
tal deterioration; this syndrome is strongly reminiscent of
kuru, which was also acquired through peripheral routes
of infection. Application of the agent to the brain surface
through dura mater grafts produces an illness with interme-
diate characteristics, comprising either prominent cerebel-
lar/visual or demential features. The duration of illness is
unrelated to the route of infection, and the disease runs a
course similar to that of sporadic CJD.

LABORATORY EVALUATION. Periodic EEG activity
has been seen in approximately half of all patients, and
the CSF 14–3-3 protein is present in most patients in whom
it has been examined. MRI studies have not been reported
but would likely show the same features as sporadic CJD.

MANAGEMENT, TREATMENT, AND PREVENTION.

Good nursing care and attention to symptomatic relief of
movement disorders remain the only palliative measures
available for these unfortunate victims of our own mis-
takes. The prevention of future episodes of iatrogenic dis-
ease is therefore an object of increasingly close scrutiny by
physicians, research scientists, and government regulatory
agencies.

In the past, neurosurgical instruments were subjected to
not more than 15 to 20 minutes of steam autoclaving at
121�C; EEG needles were disinfected with benzene, etha-
nol, and formaldehyde vapor; pooled cadaveric pituitary
tissue extracts were sequentially passed through glacial
acetic acid, acetone, and dilute NaOH; and dura mater
grafts were irradiated. We now know that none of these
procedures can be fully guaranteed to inactivate the infec-
tious agent. Therefore, the current recommendations are
that all surgical instruments, irrespective of type of
surgery, should be routinely autoclaved at 134�C for 20
minutes, and instruments used on any patient with CJD
should not be re-used. Moreover, instruments used on any
patient in whom CJD is suspected must be quarantined
until the diagnosis is disproven and discarded if the diagno-
sis is proven. If an operation is performed on a patient in
whom the diagnosis of CJD is not suspected but later
shown to be correct, all of the instruments should be traced
and either discarded or, if that is impractical by virtue
of the sheer magnitude of potential cross-contamination,
immersed in either undiluted bleach or 1 N NaOH for
1 hour and then washed thoroughly by hand and steam
autoclaved at 134�C for at least 20 minutes.20 The problem
posed by expensive instruments that cannot withstand these
harsh measures has still not been satisfactorily resolved,
but a number of gentler inactivation procedures have
been shown to be effective alternatives to bleach, NaOH,
and autoclaving.31,32 Cadaveric pituitary extracts should
be replaced by recombinant human growth hormone, and
dura mater grafts should be replaced by synthetic or
homologous nondural tissue grafts; if dura mater is consid-
ered preferable for surgical reasons, it should never come
from an “undiagnosed” cadaver and always be processed
with a 1 N NaOH immersion step. Renewed attention is
being paid to other potential sources of infection from
human-to-human transfers of tissue, tissue extracts, and
blood or plasma derivatives; chemical, chromatographic,
or filtration processing steps continue to be developed in
order to minimize any potential contamination from bio-
logical products.
VARIANT DISEASE

EPIDEMIOLOGY. vCJDwas first recognized in theUnited
Kingdom in 1996, approximately 10 years after the BSE epi-
demic had begun,33 and as of January 1, 2007, the number of
cases had grown to 168, with 21 additional cases in France,
2 cases in Ireland, the Netherlands, and Saudi Arabia, and
single cases in some other European countries and Japan (all
of which have also experienced BSE outbreaks), as shown
in Figure 43-7. Humans became infected with the agent that
causes BSE through the consumption of beef products con-
taining mechanically recovered meat that was pressure ex-
tracted from carcasses and often contained spinal cord and
paraspinal ganglia in addition to residual muscle shards.34
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Figure 43-7. Chronology of bovine spongiform encephalopathy (BSE) and variant Creutzfeldt-Jakob disease (vCJD) outbreaks in the United Kingdom.
Dark bars, BSE; light bars, UK cases of vCJD; white bars, non-UK cases of vCJD; SBO, ban on use of specified bovine offals (tissues with high infec-
tivity); MBM, ban on mechanically recovered meat (containing crushed vertebral column with embedded paraspinal ganglia). Short arrow indicates period
of maximum human exposure to BSE; long arrow indicates the probable mean incubation period.
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The period of maximum exposure to BSE in the United
Kingdom occurred in the mid-1980s before the ban on
high-risk tissues was instituted, and the delay in the peak
occurrence of vCJD clearly delineates an average incuba-
tion period of approximately 12 to 15 years, although it is
likely that (like the iatrogenic CJD outbreaks) additional
cases with increasingly longer incubation periods will
continue to occur in the years to come. The delay in the
appearance of non-UK cases reflects a delay in exposure
to BSE in other countries as a result of importation from
the United Kingdom of contaminated beef products and
cattle. In particular, because of the magnitude of its UK
imports, France may see many more cases in the years
ahead. Also, because all cases have so far been homozy-
gous at codon 129 of the prion gene, there is concern about
the possibility that heterozygous individuals may have a
significantly longer incubation period than the already af-
fected homozygotes and may form a second wave of cases
that has not yet begun.

In three instances, patients with orally acquired disease
have transmitted infection via blood transfusions,35–37

causing much concern in the blood donor/recipient com-
munities, as well as in government regulatory circles. Most
countries have put into motion programs of blood donor
deferrals of individuals with specified lengths of residence
in the United Kingdom (and, in some cases, other Euro-
pean countries) or who have received blood or blood prod-
ucts from individuals in the United Kingdom. Plasma
products are considered to pose a negligible risk because
of experimental evidence indicating large reductions of
infectivity by one or more of the processing steps used in
their manufacture.
CLINICAL FEATURES. The most distinctive feature of
vCJD is the young age at onset of illness (Fig. 43-8), which
averages 28 years, with many adolescents but only occa-
sional adults older than 50 years of age. The clinical pre-
sentation is also unusual in that the patient often has
some form of psychiatric disturbance and complains
of sensory symptoms, particularly limb pain (Table 43-7).
However, symptoms more typical of early sporadic CJD
(mental deterioration, incoordination, and visual complaints)
may also be present at the outset, and as the illness pro-
gresses, the clinical distinction between the sporadic and
variant forms of illness becomes progressively blurred.38,39

Nevertheless, the combination of psychiatric and sensory
symptoms in an adolescent or young adult is enough to
raise a suspicion of vCJD in patients who reside or have
resided in countries in which BSE occurred. The average
duration of illness is 14 months, or approximately twice
as long as that of sporadic CJD (Fig. 43-9).

LABORATORY EVALUATION. Periodic EEG activity
has not been seen in any of the UK cases of vCJD, and
the CSF 14–3-3 protein test has been positive in only
approximately half of the patients. However, the MRI has
become an extremely valuable examination40 because ap-
proximately 90% of cases examined with T2 diffusion-
weighted or fluid attenuated inversion recovery (FLAIR)
imaging show bilateral hyperintensity in the posterior thal-
amus (pulvinar), as opposed to the lower frequency of
basal ganglia hyperintensity seen in sporadic disease (see
Fig. 43-6). One other interesting and so far unexplained
feature of vCJD is its restriction to individuals with a
homozygous methionine-coding genotype at polymorphic
codon 129 of the prion protein gene. However, alternative
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TABLE 43-7

Clinical Features of Variant Creutzfeldt-Jakob Disease

PERCENTAGE OF PATIENTS

SYMPTOM OR SIGN Onset Course

Mental 17 100
Psychiatric 66 98
Incoordination 9 98
Visual/oculomotor 0 34
Sensory 19 70

Pain 13 38
Involuntary movements 4 94

Myoclonus 0 70
Akinetic mutism 0 49
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genotypes could conceivably have longer incubation peri-
ods and only begin to appear in future cases, as suggested
by the asymptomatic (pre- or subclinical) infection in a het-
erozygous recipient of blood from a patient with vCJD.
Neuropathological examination (without which a definitive
diagnosis cannot be made) reveals diffuse spongiform
changes that are especially severe in the basal ganglia, pos-
terior thalamus, cerebellum, and myriad amyloid plaques
surrounded by halos of vacuolation—so-called “florid” or
“daisy” plaques.41

MANAGEMENT, TREATMENT, AND PREVENTION.

The management, treatment, and prevention of vCJD are
similar to those of other varieties of TSE. Long-term ven-
tricular infusion of pentosan polysulfate is being used
in several patients in the United Kingdom, with uncertain
results.42–44
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In 1981, the Centers for Disease Control and Prevention
(CDC) reported the occurrence of Pneumocystis carinii
pneumonia (PCP) in five Los Angeles homosexual men.
Within months of this report, clusters of similar cases of
young, previously healthy homosexual men, who had de-
veloped unusual neoplasms and unexplained opportunistic
infections, were reported in New York and California.
The disorder, which had the clinical and immunological
hallmarks of a cell-mediated immunodeficiency (develop-
ment of opportunistic infections, depressed numbers of cir-
culating T helper cells, with “reversed T4/T8 ratios”), was
termed the gay related immune deficiency (GRID) syn-
drome. By the following year, the same syndrome complex
was recognized in recipients of blood or blood products
(mostly hemophiliacs) and in Haitians. Soon thereafter,
other high-risk groups were identified, namely men and
women intravenous drug users and women whose only
risk factor was sexual contact with men who were in-
travenous drug users, bisexuals, or both. These women’s
children were also a high-risk group. The disorder was
renamed the acquired immunodeficiency syndrome (AIDS).
Its epidemic nature was appreciated as increased numbers of
cases were identified from specific geographic regions in
the United States, Europe, and Africa. It was also appre-
ciated that transmission of the disorder was from sexual
contact, via mother to infant, or through blood-borne mech-
anisms. At that time, the agent was thought to be most
likely a virus that could survive the processing of blood
factor VIII.

The etiological agent of AIDS, a retrovirus, was isolated
in 19831–3 and named the human immunodeficiency virus
(HIV) in 1986.4 Once the agent was identified, studies con-
firmed the presence of HIV in sera that had been collected
in central Africa in 1959 and the United States in 1968.
However, it was not until the early 1980s that HIV-1 infec-
tion began to reach epidemic proportions. Since then, the
epidemic has expanded relentlessly. From its beginning un-
til December 2001, an estimated 66 million people world-
wide have been infected with HIV-1.5

As a matter of definition, all individuals with AIDS are
necessarily infected with HIV. However, patients with
HIV infection do not qualify for classification as having
AIDS unless certain criteria are fulfilled (Table 44-1). In
certain settings (i.e., pediatric cases), the actual demonstra-
tion of HIV infection per CDC definition is not required
for the diagnosis of AIDS (see Table 44-1).

Nervous system involvement complicating the course of
AIDS was recognized in the very early years of the epi-
demic. In fact, the first reports of neurological complica-
tions appeared when the disorder was still termed GRID
and thought to be restricted to homosexual males. Initially,
in adults, neurological complications were believed to be
caused strictly by central nervous system (CNS) opportu-
nistic infections and neoplasms as a consequence of the
immunodeficiency.6 However, in 1985, distinct primary
HIV-1-associated neurological disorders, unrelated to sec-
ondary infections or neoplasms, were described. In that
same year, HIV-1 was isolated from brain, spinal cord, cere-
brospinal fluid (CSF), and peripheral nerves.7,8 Between
1985 and 1988, further evidence from clinical, virological,
and neuropathological studies indicated that neurological
impairment in HIV-1-infected patients, referred to as
AIDS-dementia complex in adults9 and AIDS encephalopa-
thy/progressive encephalopathy in children,10 was asso-
ciated with primary HIV-1 CNS infection. These studies
included the following: (1) recovery of ribonucleic acid
(RNA) and deoxyribonucleic acid (DNA) from the brain,
(2) demonstration of intrathecal synthesis of anti-HIV
antibodies, (3) localization of HIV-1 antigen in brain macro-
phages and monocytes by immunocytochemistry, (4) identi-
fication of viral particles within multinucleated giant
cells and macrophages by electron microscopy, and



TABLE 44-1

CDC Classification for HIV-1 Infection and Expanded Aids Surveillance Case Definition for Adolescents and Adults

CLINICAL CATEGORIES

CD4þ CELL CATEGORIES
(A) Asymptomatic

or PGL
(B) Symptomatic Not
(A) or (C) Conditions

(C) AIDS-Indicator
Conditions

(1) � 500/mm3 A1 B1 C1
(2) 200-499/mm3 A2 B2 C2
(3) < 200/mm3 AIDS-indicator cell count A3 B3 C3

Category A
Acute retroviral syndrome
Generalized lymphadenopathy
Asymptomatic disease
Pneumocystis carinii infection
Pneumonia, bacterial
Progressive multifocal leukoencephalopathy
Salmonellosis

Category B
Bacterial endocarditis, meningitis, pneumonia, or sepsis
Candidiasis, vulvovaginal: persisting (>1 month duration) or poorly
responsive to therapy

Candidiasis, oropharyngeal (thrush)
Cervical dysplasia
Constitutional symptoms, such as fever (>38.5�C) or diarrhea lasting >1 month
Hairy leukoplakia, oral
Herpes zoster (shingles), involving at least two distinct episodes or
more than one dermatome

Idiopathic thrombocytopenic purpura
Listeriosis
Nocardiosis
Pelvic inflammatory disease
Peripheral neuropathy

Category C
CD4 count < 200/mm3

Bacterial pneumonia, recurrent
Candidiasis of bronchi, trachea, or lungs
Candidiasis, esophageal
Cervical cancer, invasive
Coccidioidomycosis, disseminated or extrapulmonary
Cryptococcosis, extrapulmonary
Cryptosporidiosis, chronic intestinal (>1 month duration)
Cytomegalovirus disease (other than liver, spleen, or nodes)
Cytomegalovirus retinitis (with loss of vision)
HIV-1 encephalopathy
Herpes simplex: chronic ulcer(s) (>1 month duration) or bronchitis,
pneumonitis, or esophagitis

Histoplasmosis, disseminated or extrapulmonary
Isosporiasis, chronic intestinal (>1 month duration)
Kaposi’s sarcoma
Lymphoma, Burkitt’s (or equivalent term)
Mycobacterial disease

PGL, persistent generalized lymphadenopathy.
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(5) demonstration of increased levels of HIV-1 DNA in the
brain compared with other organs by Southern blot analy-
sis.11–16 HIV-1 was also shown to belong to the lentivirus
subfamily of retroviruses. In 1987, HIV/AIDS encephalopa-
thy was recognized by the CDC as a major complication of
HIV-1 infection and designated as one of the AIDS-defining
conditions (i.e., a condition specific enough to diagnose
AIDS in the context of documented HIV infection).17

It is now well recognized that neurological disease at every
anatomical level is a common complication of HIV-1
infection, and neurological symptoms and signs may be
the initial manifestation of HIV/AIDS.18,19 Primary HIV-
1-associated clinical syndromes are diverse and can occur
not only at the onset but also at other times during the
course of infection. For example, a self-limited “aseptic
meningitis”20 may occur soon after initial infection, as may
an acute encephalopathy,21 myelopathy,22 or neuropathy.
During the next stage of HIV-1 disease (mild immune
dysfunction), neurological complications such as “aseptic”
meningitis, inflammatory demyelinating polyradiculopathy,
myopathy, or zoster radiculitis may occur. With advancing
HIV-1 disease (moderate to severe immunodeficiency), signs
and symptoms of cognitive dysfunction, dementia, my-
elopathy, sensory neuropathy, and myopathy become more
prevalent, as do nervous system opportunistic infections and
neoplasms.23

In general, neurological involvement becomes increas-
ingly more frequent with progression of HIV-1 disease;
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as the immunodeficiency worsens, the prevalence of asso-
ciated neurological disorders increases. This chapter first
presents a review of HIV, an overview of the virus’s gen-
eral role in disease, and the clinical criteria for AIDS. This is
followed by a detailed account of HIV-1-related neurolog-
ical disorders and a brief summary of the neurological
malignancies and opportunistic infections that occur in
the setting of AIDS.

HUMAN IMMUNODEFICIENCY VIRUS: BIOLOGY
AND GENERAL MEDICAL OVERVIEW OF
SEROCONVERSION AND EARLY INFECTION

PATHOGENESIS AND PATHOPHYSIOLOGY. HIV-1,
the etiological agent of AIDS, is a non-oncovirus RNA ret-
rovirus that belongs to the lentivirinae genus of the Retro-
viridae family. Lentiviruses are species specific, contain
RNA genome and reverse transcriptase, and have long pe-
riods of clinical latency and mechanisms to evade immune
clearance. They target specific organs and cause persistent
infection and multisystem disease in their natural hosts.
Lentiviruses characteristically cause neurological disease.
There are two distinct types of human AIDS viruses,
HIV-1 and HIV-2, which are distinguished on the basis
of their genome organizations and phylogenetic (i.e., evo-
lutionary) relationships with other primate lentiviruses.
Both have been further subclassified on the basis of phylo-
genetic criteria. Current data indicate that HIV-1 comprises
three distinct virus groups (termed M, N, and O), with the
predominant M group consisting of 11 classes, denoted
subtypes A through K.24 Similarly, HIV-2 strains infecting
humans have been found to comprise six distinct virus
groups (termed A through F).24 Reconstruction of the phylo-
genetic relationships among the many strains of HIV-1 and
HIV-2, as well as related viruses from African primates, has
elucidated the simian origins of AIDS as well as factors that
contributed to the beginning of the AIDS epidemic.

HIV-1, as other human retroviruses, is an enveloped vi-
rus containing RNA genomes of positive polarity. Structur-
ally, HIV-1 is similar to other retroviruses (Fig. 44-1).
There are two copies of the single-stranded RNA and
Re
trans

Host

Figure 44-1. A schematic depiction of the HIV-1 virion. Virion protein
components of the envelope and nucelocapsid are indicated. (Modi-
fied from Greene WC: The molecular biology of human immunodefi-
ciency virus type 1 infection. N Engl J Med 1991;324:308–317.)
reverse transcriptase (RNA-dependent DNA polymerase)
in the central cylindrical core, which also contains four nu-
cleocapsid proteins—p24, p17, p9, and p7. The nucleopro-
tein core is surrounded by a lipid bilayer membrane. The
viral genome encodes for two classes of proteins: structural
and regulatory. Three major segments code for the struc-
tural proteins: GAG (the internal core protein), POL (the
polymerase), and ENV (the envelope protein complex)
(Fig. 44-2). These are situated in a left-to-right 5’-to-3’ or-
der. The GAG gene encodes the internal core proteins of
the virion particle (p24). The POL gene encodes the poly-
merase reverse transcriptase, a ribonuclease that copies
the viral RNA into DNA, a ribonuclease (RNase H) that
degrades the viral RNA once an initial DNA copy has been
synthesized, and an endonuclease (integrase) that is re-
sponsible for integration of the DNA copy into the host cell
genome. POL also encodes a protease that is required for
the processing of the mature GAG and POL products from
their polyprotein precursors during virion assembly. The
ENV gene codes for the surface envelope glycoprotein
gp160, which is cleaved into two major glycoproteins,
gp120 and gp41. Gp120 forms surface spikes on the virion,
and gp41 is a transmembrane glycoprotein. They mediate
binding of the virus to the host target cell. Long terminal
repeats are situated at each end of the retroviral genome
and are involved in the regulation of viral expression and
the initiation and termination of viral RNA transcription.

In general, retroviruses capable of replication contain
only three genes (GAG, POL, and ENV). However, the vi-
ral genome of HIV-1 is more complex and contains addi-
tional genes for regulatory proteins. There are at least six
genes (TAT, REV, NEF, VIF, VPU, and VPR) that regu-
late viral gene expression and are essential for virus repli-
cation. TAT, a transcriptional activator, stimulates the
synthesis of HIV messenger RNAs early in the viral life
cycle. REV modulates the pattern of viral RNAs expressed
in infected cells, such as splicing and transport, and allows
ordered production of viral proteins during the virus life
cycle. The genes termed VIF, VPU, VPR, and NEF encode
products that enhance the ability of the virus to produc-
tively infect host target cells and maximize the efficiency of
viral replication. It is believed that the actions of these
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“additional” genes contribute to HIV-1’s pathogenicity.
Products of the TAT, REV, VPR, and NEF genes are
neurotoxic.

The outer envelope of HIV-1 is derived from the host
cell lipid bilayer during viral budding, when viral glyco-
proteins (coded by the ENV gene) are inserted. Electron
microscopy has revealed that the HIV virion has an ico-
sahedral structure containing 72 external spikes. These en-
velope spikes are responsible for binding to the receptor
on the host cell and are important for cellular entry. They
are composed of two components, gp120 and gp41.
Gp120, the external protein, contains the receptor-binding
determinants of the virus. The transmembrane protein,
gp41, serves to anchor the envelope glycoprotein complex
at the surface of the viral lipid bilayer and is responsible
for cell entry through fusion with the cell membrane. The
HIV-1 lipid bilayer also contains host proteins, including
class I and class II histocompatibility antigens acquired
during viral budding. Once within the cytoplasm of the
host cell, the envelope of the virus is shed, its contents
are released, and reverse transcription occurs. Reverse tran-
scriptase enables the transcription of DNA from genomic
RNA (contrary to the conventional informational flow
from DNA to RNA to protein). The provirus DNA is then
integrated into the host cell’s DNA, where it may replicate,
remain latent, or replicate at a restricted rate. When acti-
vated, the proviral DNA transcribes genomic and mes-
senger RNA (Fig. 44-3). After the viral proteins are
synthesized, new virions are assembled. Two DNA micro-
array studies have illustrated a remarkably broad-based per-
turbation in host transcriptional responses, which is in part
mediated by the HIV-encoded NEF protein. HIV therefore
seems to function as a “master regulator” of cellular gene
expression.25 The virus matures by budding from the
surface of cells or into vacuoles within the cells.26

HIV-1 targets, infects, and damages cells that have criti-
cally important functions in the host immune response.
CD4 receptor is the principal target site for HIV. This tar-
get cell preference results from the high-affinity binding
of HIV-1 gp120 to the receptor molecule, CD4, which is
used by HIV-1 during the initial stages of virus infection
of host cells. Human CD4þ T lymphocytes, monocytes/
macrophages, and dendritic cells are the major cellular tar-
gets of HIV-1 infection in vivo.27 Macrophages are an im-
portant reservoir of infection, including the microglia in the
brain.28 Dendritic cells bind HIV through DC-SIGN recep-
tors and carry it from mucosal ports of entry to the lymph
nodes, where they activate lymphocyte infection.29 Based
on the target cell preference, HIV-1 strains have been
divided into T-tropic, which replicate in T lymphocytes,
and M-tropic, which replicate in macrophages.

The CD4þ T cell molecule is essential in interactions be-
tween helper-inducer T lymphocytes and antigen-presenting
cells. It facilitates efficient recognition of antigens by CD4þ

T cells, an obligate step in the generation of host immune
responses. CD4þ lymphocytes serve as both essential regu-
lators and effectors of the normal immune response. For
example, they are involved in activation of macrophages,
induction of cytotoxic T lymphocyte function, natural killer
and suppressor cell function, induction of B cells (dysfunc-
tion of which leads to impairment of the humoral arm of the
immune system), growth and differentiation of lymphoid
cells, regulation of hematopoietic colony stimulating fac-
tors, and other factors inducing nonlymphoid cell function.
It is noteworthy that the CD4þ molecule is expressed at a
very early stage of T cell development, even on immature
thymic T cells. Therefore, CD4þ T cells appear to be sus-
ceptible to HIV-1 infection and consequent destruction at
essentially all stages of differentiation. The progressive loss
of these critically important cells and basic components of
the immune system ultimately leads to development of the
profound immunodeficiency characteristic of advanced
HIV-1 infection and eventually AIDS. In addition to the
CD4 receptors, specific chemokine receptors have been
shown to serve as important secondary cellular receptors,
which guide the viral envelope glycoproteins into a specific
conformation that allows membrane fusion and viral entry
into the cell.30,31 T-tropic strains use CD4 receptor and
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chemokine CXR4 or fusin, whereas M-tropic strains use
chemokine CCR5 receptor.32 Interestingly, a genetic vari-
ant of CCR5, Delta32, has been found to be protective
against HIV infection and to delay disease progression.

Even though most researchers agree that HIV induces
both quantitative and qualitative defects in the CD4þ T cell
compartment, it is still not known how, in vivo, the virus
destroys CD4þ T cells. In addition, it is not known whether
cell loss is due to direct destruction by the virus or to some
other, indirect factors.33 Most researchers agree that HIV in-
fection results in progressive loss of CD4þ T cells from the
circulation as well as depletion of CD4þ T cells from total
body stores. The normal young adult harbors approxima-
tely 2 � 1011 mature CD4þ T cells.34 In the HIV-infected
patient, the total number is halved by the time the pe-
ripheral blood CD4þ T cell count falls to 200 cells/mL.34,35

In more advanced disease, destruction of parenchymal lym-
phoid spaces is so extensive that counting of CD4þ T cells
has not even been attempted.With disease progression, there
is also a decrease in the proportion of quiescent, naı̈ve T cells
and an increase in the proportion of activated, memory/
effector T cells.36 Among those cells that persist, many
may be dysfunctional.37 Hence, the circulating CD4þ T cell
count is very imprecise. However, it is still one of the best
surrogate markers used to initiate treatment and to determine
the prognosis late in infection.

Despite the enormous wealth of information accrued
during the past decade concerning molecular properties
and actions of the retrovirus, many fundamental questions
remain concerning immunopathogenetic events. The fol-
lowing overview traces some of the major events once
HIV-1 is transmitted to the host (Fig. 44-4). In-depth
reviews that discuss postulated HIV’s virological and
immunological mechanisms have been published.38–40

The virus, free or within cells, enters the blood or lym-
phatic vessels and is delivered to lymphoid tissue. It is sug-
gested that macrophages may be the first target cell of
HIV-1 early after invasion. Macrophages deliver HIV-1
to lymph nodes and other lymphoid tissue and may serve
as a reservoir for HIV-1. A selection of HIV-1 strains
may occur during this acute infection stage. Studies of
HIV-1 isolates from donor-recipient transmission pairs
show that donors have heterogeneous viral populations. In
contrast, viral isolates from the newly infected person are
predominantly homogeneous in their envelope sequences
and these viruses are mainly M-tropic.41

HIV-1 then enters the lymphoid tissue and an active im-
mune response is mounted. A preferential infection of cells
that are responding to or are proliferating in response to an-
tigenic stimulation occurs. This leads to new cycles of
HIV-1 replication and target cell infection.42 Viral spread
occurs to T cells and macrophages, and during the weeks
after the initial infection, more cells are infected and more
are lost. There is an increase in viral burden and an asso-
ciated decline in the CD4þ lymphocyte counts. At this
point, some individuals may develop symptomatic acute
primary infection with both systemic and neurological
signs (see later discussion). It is believed that a host im-
mune response, cell-mediated and humoral, is mounted
and controls the infection to some degree. Clinical symp-
toms of the acute illness resolve, and the amount of virus
in peripheral blood declines. Monocytes, macrophages, and
follicular dendritic cells are able to foster viral replication
without cell death. These cells may serve as a reservoir for
the retrovirus, allowing transport and dissemination (and
possibly persistent infection) of the virus to nonlymphoid
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TABLE 44-2

Stages of HIV-1 Disease as Related to CD4þ Count

Early HIV-1 infection CD4þ � 500 cells/mL
Intermediate HIV-1 infection CD4þ 200–500 cells/mL
AIDS CD4þ � 200 cells/mL
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tissues such as the brain and other organ systems with sub-
sequent development of organ-specific HIV-1-related disor-
ders. For example, HIV-1 infection of gut epithelium may
contribute to the diarrhea-wasting syndrome seen commonly
in patients with more advanced HIV-1 infection, whereas in-
fection of bone marrow progenitor cells may contribute to
hematological abnormalities observed clinically in symp-
tomatic HIV-1-infected patients. HIV-1 infection of these
diverse organ cells may not be mediated by the CD4þ recep-
tor but by others, such as the glycolipid galactosylceramide.

HIV seeds the meninges and CSF early during the course
of infection.43 Viral load is distributed unequally in the
brain, mostly concentrating in the hippocampus and basal
ganglia (caudate and globus pallidus), correlating with the
clinical symptoms of HIV-associated dementia.44 How-
ever, absolute brain viral load does not correlate well with
the presence of HIV-associated dementia and the exact
mechanisms by which HIV-1 infection leads to dementia
are not understood. HIV-1 free viral particles, as well as
infected monocytes, penetrate to the brain tissue through
the disrupted blood-brain barrier, most likely due to the
dysfunction of endothelial cells and changes in the basal
lamina proteins, such as laminin, entactin, and collagen.45

In addition, some viral proteins may be transported to the
brain even through the intact blood-brain barrier, as was
shown for TAT.46 Both CD4 receptors and chemokine
receptors CCR5 and CCR3 have been implicated in viral
entry of HIV-1 M-strains into the brain microglial cells,31

which then undergo a productive infection, syncytial for-
mation, and cell death. In addition to the infection of mi-
croglia, HIV-1 infects astrocytes, mostly by T-tropic strains.47

The mechanism is not known because astrocytes lack both
CD4 and cytokine receptors. The HIV-1 infection of astro-
cytes behaves differently than infection of microglial cells.
Initially, the virus undergoes a productive infection, but
then it enters a latent phase and does not cause cell death.47

It practically stays in astrocytes indefinitely, escaping all
antiretroviral agents.

After the acute symptomatic or asymptomatic primary
infection, there is a period of clinical latency. Patients enter
a chronic clinically asymptomatic or minimally symptom-
atic period. Studies show that even during the clinically
“latent” period of disease there is a high rate of viral ex-
pression and replication in lymphoid tissue.48 In the stage
of early and intermediate HIV-1 disease (Table 44-2), the
greatest concentration of HIV-1-infected cells is still found
in the lymphoid organs (lymph nodes, adenoids, tonsils,
and spleen). However, there is involvement of nonlym-
phoid tissues as well.49 A very dynamic pattern of HIV-1
replication and turnover may occur. Ho and colleagues48
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estimated that approximately 1 billion new virions are pro-
duced daily, with replication occurring in lymphoid tissue.
At the same time, approximately 1 to 2 billion new CD4þ

cells are produced. Persistence of virus in lymphoid tissue
can cause chronic stimulation of the immune system.50

This may lead to dysfunction and destruction of the re-
sponding T cells. Even before the occurrence of a marked
decline in CD4þ cell numbers, specific defects in T cell
function can be noted. The effect on the immune system
is widespread, affecting multiple aspects of lymphocytic
function, the interaction of T cells with antigen-presenting
cells, and disruption of lymphoid tissue architecture.

As CD4þ lymphocytes are lost as a result of virus-
induced damage, the host’s immune system attempts to
compensate for depleted T cells by producing more cells,
which become infected. It is hypothesized that homeostatic
mechanisms exist to maintain a “normal” T cell count. This
hypothesis implies that the selective loss of CD4þ cells
will induce production of both CD4þ and CD8þ cells in or-
der to maintain homeostasis of T cell number (referred to
as “blind homeostasis”). CD4þ and CD8þ cells continue
to be produced to maintain the total lymphocyte count as
CD4þ cells are lost. This results in CD4þ cell lymphopenia
and CD8þ lymphocytosis.51 CD8þ lymphocytosis may in
itself cause symptomatic complications. Approximately
18 months before the development of AIDS, this mecha-
nism breaks down, resulting in lymphopenia. An increase
in the rate of loss of CD4þ lymphocytes and perhaps in
the appearance of more virulent viral phenotypes heralds
the progression to AIDS.52

Humoral immunity is much less effective than cellular
responses in controlling HIV-1 viremia. The remarkable
efficiency of the HIV-1 virus to evade host antibody
responses has been a major challenge for the development
of a protective and effective HIV vaccine.53

Regarding the pathophysiology of HIV-1 infection in
children, a bimodal evolution of disease progression is
noted (see later discussion). Infants with rapid disease pro-
gression (the first form) have high levels of detectable vi-
rus at birth and manifest severe clinical symptoms and
immunological abnormalities within the first years of life.
Some of these infants may lack anti-HIV-1 antibodies. This
rapidly progressive course may reflect the effects of HIV-1
on the developing fetal thymus and immune system. In
some cases, however, high levels of viral expression are
found with normal CD4þ cell counts, suggesting that in
this subset of children, early HIV-1 thymic infection may
be impaired, resulting in immunological tolerance.

In children with slowly progressive disease (the second
form), there is the occurrence of more frequent and severe
infections with common childhood pathogens followed
later by opportunistic infections. Although the principal
target of HIV-1 is the human peripheral blood CD4þ T
lymphocyte, in children one of the first immunological
abnormalities is impairment of B cell function. This is
manifested by polyclonal hypergammaglobulinemia, spon-
taneous B cell proliferation, and increased in vitro sponta-
neous production of immunoglobulin. The development of
polyclonal hypergammaglobulinemia may also be noted in
adults.54 Although the quantity of immunoglobulins is ele-
vated, there are diminished in vivo vaccine responses to
both T cell-dependent and T cell-independent antigens, as
well as decreased responses to B cell mitogens.55 In vitro
studies demonstrate diminished lymphocyte proliferation
to B cell mitogens. The decreased antibody responses pre-
dispose these infants and children to serious bacterial
infections, which at times may be overwhelming. The B
cell activation may also result in polyclonal polymorphic
B cell lymphoproliferative disorders, such as lymphoid in-
terstitial pneumonitis, parotitis, and unusual B cell-related
complications such as B cell lymphomas. Increased pro-
duction of autoantibodies may also result from B cell
dysfunction. Circulating immune complexes, antinuclear
antibodies, antibody to double-stranded DNA, red cell anti-
bodies, and antiplatelet antibodies have been reported.

EPIDEMIOLOGY AND RISK FACTORS. HIV-1 pre-
dominates throughout the world, whereas HIV-2 accounts
for a minority of cases confined to West Africa. Both are
transmitted either by sexual contact, parenteral exposure to
blood, blood products, or body fluids or from mother to in-
fant. In the United States, western Europe, Australia, and in
some Latin American countries, the majority of AIDS cases
were initially among men infected through sexual contacts
with other men. In the United States, the proportion that
this group now represents has declined from approximately
72% in 1986 to 53%.56 It is estimated that 75% of HIV-1
infection worldwide is the result of heterosexual trans-
mission. Heterosexual transmission predominates in sub-
Saharan Africa, the Caribbean, Southeast Asia (Thailand),
and India. In the United States, the number of women with
heterosexually acquired infection continues to rise.

In the United States, western Europe, and Latin America,
intravenous drug use (sharing of contaminated needles/
equipment) was and remains a significant risk factor for
transmission.57 Approximately 24% of AIDS cases in the
United States are related to intravenous drug use. Iatrogenic
spread of infection by the reuse of contaminated needles is
also reported.58 Since HIV-1 donor blood screening has been
instituted, transfusion-acquired HIV-1 infection is rare in
developed countries, but it still occurs and accounts for a
proportion of cases in undeveloped nations. Overall, in the
United States, transfusion recipients and hemophiliacs
represent less than 2% of cases.59

Maternal-to-infant transmission can occur in utero, dur-
ing labor and delivery, or postnatally by breast-feeding.60

Both the risk factors of mother-to-infant transmission
and its timing are under active investigation. In utero trans-
mission before 20 weeks of gestation is well documented.
However, evidence suggests that transmission during the
third trimester and at parturition may be most com-
mon.60–64 The rate of mother-to-infant infection is esti-
mated at approximately 25% (range, 13% to 45%).65

Maternal factors reported to be associated with increased
risk of transmission include low CD4þ counts, high viral
titers, advanced primary HIV-1 disease, AIDS, placental
membrane inflammation, premature rupture of membranes,
premature delivery, increased exposure of the infant to
maternal blood, and low vitamin A.58,60,61,66,67

The epidemiology of HIV and AIDS has fluctuated dur-
ing the past two decades. Currently, an estimated 40 mil-
lion people worldwide are living with HIV, and at least
20 million people have already died, resulting in a cumula-
tive total number of HIV infections of 66 million.5 The
worst of the epidemic is in sub-Saharan Africa, where, at



TABLE 44-3

Clinical Manifestation of Primary HIV-1 Infection

General Fever
Pharyngitis
Lymphadenopathy
Arthralgias/myalgias
Headache, retro-orbital pain
Lethargy, malaise
Anorexia, weight loss
Cough

Dermatological Erythematous maculopapular rash
Roseola-like rash
Diffuse urticaria
Desquamation
Alopecia
Palatal or gingival ulceration

Gastrointestinal Nausea, vomiting
Diarrhea
Oral-pharyngeal candidiasis

Neurological Headache
Meningitis
Encephalitis
Peripheral neuropathy
Radiculopathy
Guillain-Barré syndrome
Cognitive or affective impairment

Adapted from Hollander H: Primary HIV infection in management of HIV infections
and their complications. In Sande MA, Volberding PA (eds): The Medical Manage-
ment of AIDS, 5th ed. Philadelphia, Saunders, 1997.
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the end of 2000, there were an estimated 25.3 million peo-
ple living with HIV. Sub-Saharan Africa has accounted for
approximately three-fourths of the global death toll. There,
HIV-1 transmission continues to be dominated by hetero-
sexual sex, together with a significant level of mother-to-
child transmission. Reports from the Joint United Nations
Programme on HIV/AIDS (UNAIDS) show HIV spread-
ing rapidly in other areas as well, including areas of
China, eastern Europe, and central Asia. By the end of 2001,
there were an estimated 2.7 million children younger than
15 years of age living with HIV, more than 90% of whom
acquired infection from their mother.68 Another tragic con-
sequence of the epidemic is the increasing numbers of “AIDS
orphans” (children younger than 15 years of age who have
lost one or both parents to AIDS). By 2010, 25 million
children are projected to be orphaned as a result of HIV/
AIDS (www.UNAIDS.org). Therefore, despite the stabi-
lization of the HIV epidemic in the developed world, the
number of affected individuals continues to increase.

In the developed countries, the epidemic changed due to
initiation of the highly active antiretroviral therapy (HAART).
During 2000, an estimated 30,000 adults and children
became infected with HIV in western Europe and 45,000
in North America, bringing the total number of those liv-
ing with HIV in these regions combined to 1.46 million.
In recent years, an estimated 40,000 new cases have been
diagnosed in the United States each year, indicating a
slight decline in the number of new cases. During 2001,
5 million people were newly infected with HIV-1 world-
wide; 1.8 million were women and 800,000 were children;
approximately 2000 HIV-1-infected infants were born per
day.68 Persistent incidence at relatively low levels during the
past decade has combined with longer survival.59 UNAIDS
provided a comprehensive review of the HIV/AIDS epi-
demic worldwide, with detailed distribution of the disease
as well as predominant ways of transmission, which differ
in different continents and countries.68

Although adolescents comprise only approximately 1%
of total AIDS cases in the United States, approximately
20% of total AIDS cases are in the young adult age group
(up to 29 years of age). Given that it may take approxi-
mately 10 years between infection with HIV-1 and the on-
set of symptoms, it can be assumed that many of these
people were infected as adolescents. In fact, it is estimated
that at least 50% of the worldwide HIV-1 population were
infected between ages 15 and 24 years.69 In the United States
and Europe, transfusion-acquired HIV-1 infection had
been the most common cause of adolescent HIV-1 infec-
tion. However, since HIV donor blood screening has been
instituted, the percentage of all cases that this group now
represents has declined. Currently, the most common risk
factors for adolescents include sexual exposure and intra-
venous drug use.58 It is estimated that approximately 65%
of adolescents ages 13 to 19 years and 90% of 20- to 24-year-
olds with AIDS were infected through these means.69,70

Because of improved medical management and the differ-
ential natural history of pediatric AIDS, an increasing
number of vertically infected children are living into ado-
lescence and even young adulthood. It is anticipated that
the percentage that this group represents will continue
to increase as more effective therapies for HIV-1 and its
associated disorders lengthen survival.
CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Within 2 to 6 weeks after HIV-1 infection, virus can be
detected in the blood (see Fig. 44-4).71 Primary HIV-1
infection may be associated with constitutional, derma-
tological, gastrointestinal, as well as neurological signs
and symptoms (Table 44-3). A self-limiting acute viral
syndrome (fever, myalgia, arthralgia, lymphadenopathy,
maculopapular rash, and aseptic meningitis [see later dis-
cussion]) is described in a subset of patients a few weeks
after primary infection and may last 1 or 2 weeks.72 The
HIV-1 rash is characterized as an erythematous, nonpru-
ritic, maculopapular rash that is symmetrical, may affect
the face or trunk with or without involvement of the palms
and soles, or may be generalized. Lesions may be 5 to
10 mm in diameter. Other patients are asymptomatic. Factors
determining if a newly infected person will develop symp-
tomatic primary infection are not clearly defined. Inoculum
size, immunological state of the individual, transmission of
HIV-1 from a person with late-stage disease, possibly viral
strain differences, and other host factors may be important
variables. It is suggested that those people who are symp-
tomatic with the acute retroviral syndrome (especially those
with symptomatic disease lasting more than 2 weeks),
those with neurological signs and symptoms, or those who
acquired HIV-1 from a person with late-stage disease may
be more likely to have more rapid disease progression than
those without these early symptoms.73 Clinical and laborato-
ry features at the time of acute primary HIV-1 infection
may also portend the subsequent course of disease.73 Thrush,
persistent fever, diarrhea, weight loss, oral hairy leukoplakia,
cutaneous herpes zoster, and age older than 35 years during
this early phase of infection appear to be associated with
more rapid disease progression.74 Virological markers
include infection with the SI strain of virus, persistent p24

http://www.UNAIDS.org
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antigenemia, and high HIV RNA viremia after serocon-
version. Immunological features that may have adverse
prognostic significance include low p24 antibody titers,
high gp120 antibody titers, the presence of specific anti-
HIV-1 IgM and IgA antibodies after infection, persistent
low CD4þ lymphocyte count, high CD38 expression on
CD8þ lymphocytes, and an oligoclonal T cell response.

Within 6 months of infection, most infected people have
detectable levels of anti-HIV antibodies.75 A stage of clin-
ical latency follows. Signs and symptoms of progressive
immune dysfunction or of HIV-1 generally develop from
6 months to several years thereafter. Mild to moderate clin-
ical manifestations during the intermediate stage of the
disease (see Table 44-2) may include generalized lymph-
adenopathy, chronic diarrhea, night sweats, weight loss,
fatigue, and infections indicative of cell-mediated immuno-
deficiency (e.g., herpes zoster [see Chapter 41], oral candi-
diasis, and oral hairy leukoplakia). These diverse clinical
manifestations of HIV-1 infection may in part reflect the
immunological response to the rapid and extensive dissem-
ination of HIV-1.

The time to occurrence of AIDS is variable. A small per-
centage of patients may develop an AIDS-defining condi-
tion (see Table 44-1) during the first 2 years of infection,
whereas some infected people remain healthy for more
than 15 years. In the absence of treatment, approximately
50% of adults will develop AIDS within 10 years after in-
fection.76 As the CD4þ count declines, more serious op-
portunistic infections develop. The risk of developing an
AIDS-defining condition increases as the duration of
HIV-1 infection increases and usually occurs in patients
with less than 200 CD4þ cells/mL. The natural history of
vertically acquired HIV-1 infection in infants and children
differs from that of adults. The adverse effects of HIV-1 on
the developing immune system and nervous system often
result in more rapid onset of clinical symptoms and pro-
gression to death. A bimodal evolution of symptomatic
pediatric HIV-1 disease, with different rates of survival,
is recognized from both clinical and data modeling studies.
The first “hump” occurs in infancy, and the second (and
larger hump) occurs later in childhood.66,70,77 There is probably
a trimodal evolution with the third hump (albeit smaller)
occurring in the pre- and early adolescent years.60,70,78 As in
adults, latency to onset of symptoms in this group of children
may be 10 years or more.

Infants in the first group develop symptomatic disease
during the first years of life (“AIDS/HIV encephalopathy,”
PCP, cytomegalovirus [CMV] infection, and/or wasting
syndrome). The children in the second group have a more
“benign” initial course (slower progression). Evidence of
lymphoproliferative processes characteristic of pediatric
HIV-1 infection is frequent and includes lymphadenopathy,
hepatosplenomegaly, and parotid gland enlargement. Mul-
tiple or recurrent bacterial infections, ranging from otitis
media, pneumonia, and bone and joint infection to sepsis
and meningitis, are common in both groups, as is failure
to thrive, persistent oral candidiasis, and chronic or recur-
rent diarrhea.55 Although these children have a form of
HIV-1 disease that progresses more slowly, the disease
may ultimately involve many organ systems, including
the CNS, cardiovascular system (cardiomyopathy), and
kidneys. A polyclonal, polymorphic B cell lymphoproli-
ferative disorder is commonly described with nodular lym-
phoid lesions in the lung as well as other organs and with
lymphoid infiltrate in both nodal and extranodal sites. With
HIV-1 disease progression, T cell abnormalities develop,
including lymphopenia, low absolute numbers of CD4þ

cells, poor in vitro lymphocytic proliferation to T cell mito-
gens, and cutaneous anergy. Infections indicative of cell-
mediated immune dysfunction occur. PCP is the most com-
mon opportunistic infection, whereas disseminated candidi-
asis, Mycobacterium avium-intracellulare (MAI), and
disseminated invasive CMV are the next most common.
As in adults, CMV may produce colitis, pneumonitis, or ret-
initis. Other infections include disseminated ulcerative her-
pes simplex infections, cryptosporidiosis, and, rarely,
toxoplasmosis.

The 1993 revised CDC classification system for HIV-1
infection incorporates both clinical conditions and immu-
nological parameters determined by CD4þ cell counts.
There are three clinical categories: (A) asymptomatic
infection, persistent generalized lymphadenopathy, acute
primary HIV-1 infection; (B) symptomatic conditions
occurring in an HIV-1-infected person, excluding those
conditions specified in categories A and C; and (C) symp-
tomatic conditions occurring in an HIV-1-infected person
(AIDS-indicator diseases). Immunological categories are
stratified according to CD4þ cell counts: (1) CD4þ cells
greater than or equal to 500 cells/mL; (2) CD4þ cells 200
to 499 cells/mL; and (3) CD4þ cells less than 200 cells/
mL (AIDS-indicator counts).

For the purpose of epidemiological surveillance, the
CDC initially defined AIDS in children younger than age
13 years with the same restrictive clinical case definition
as adults (i.e., required documentation of an opportunistic
infections or an AIDS-related malignancy). Additionally,
primary (congenital) or secondary immunodeficiency dis-
orders and congenital infections had to be excluded. After
HIV-1 was identified and with the advent of serological
testing for the presence of anti-HIV-1 antibodies in 1985,
only a small proportion of children with confirmed HIV-1
infection and HIV-1-related disease manifestations were
found to fit the case definition criteria for AIDS. Sub-
sequent revisions by the CDC broadened this definition.
In 1985, biopsy-proven lymphoid interstitial pneumonitis
was included as a pediatric AIDS indicator condition. In
1987, a major revision substantially expanded the criteria.
This classification was based on laboratory evidence of
HIV-1 infection, immunological function, and a spectrum
of clinical manifestations (Table 44-4). In 1994, revised
CDC criteria based the diagnosis of AIDS in children on
three indices: (A) infectious status, (B) clinical status, and
(C) immunological status (Table 44-5).79 The revised clas-
sification system reflects the child’s disease and establishes
mutually exclusive categories.

DIFFERENTIAL DIAGNOSIS. Serological testing for
anti-HIV-1 antibody (enzyme-linked immunosorbent assay
[ELISA]), with a confirmatory Western blot, usually pro-
vides the diagnosis. However, during the stage of acute
HIV-1 infection before seroconversion, there may be a
false-positive heterophil, which can confuse the diagno-
sis.80 The clinical syndrome of acute HIV-1 infection in
the adult is distinctive (see preceding discussion). It
contrasts with the distribution of rubella rash, which is



TABLE 44-4

CDC Classification System for HIV in Children (Revised
1994)

Category N: Not Symptomatic

Childrenwho have no signs or symptoms considered to be the result ofHIV
infection or who have only one of the conditions listed in category A

Category A: Mildly Symptomatic

Children with two or more of the conditions listed but none of the
conditions listed in categories B and C:
Lymphadenopathy (� 0.5 cm at more than two sites; bilateral equals
one site)

Hepatomegaly
Splenomegaly
Dermatitis
Parotitis
Recurrent or persistent upper respiratory infection, sinusitis, or otitis
media

Category B: Moderately Symptomatic

Children who have symptomatic conditions other than those listed in
category A or C that are attributed to HIV infection. Examples of
conditions in clinical category B include but are not limited to the
following:
Anemia (< 8 g/dL), neutropenia (< 1000 cells/mL), or
thrombocytopenia (< 100,000/mL) persisting �30 days

Bacterial meningitis, pneumonia, or sepsis
Candidiasis, oropharyngeal thrush
Cardiomyopathy
Cytomegalovirus infection
Diarrhea, recurrent or chronic
Hepatitis
Herpes simplex virus (HSV) stomatitis, recurrent
HSV bronchitis, pneumonitis, or esophagitis
Herpes zoster (at least two distinct episodes or more than one
dermatome)

Leiomyosarcoma
Lymphoid interstitial pneumonia (LIP)
Nephropathy
Nocardiosis
Persistent fever (lasting >1 month)
Toxoplasmosis, onset before 1 month of age
Varicella

Category C: Severely Symptomatic

Children who have any condition listed in the 1987 surveillance case
definition for acquired immunodeficiency syndrome (with the
exception of LIP)
Serious bacterial infections
Candidiasis, esophageal or pulmonary
Coccidioidomycosis
Cryptococcosis
Cryptosporidiosis
Cytomegalovirus disease
Encephalopathy
HSV infection
Histoplasmosis
Kaposi’s sarcoma
Lymphoma, primary, in brain
Lymphoma
Mycobacterium tuberculosis
Mycobacterium, other species or unidentified species
Mycobacterium avium complex or M. kansasii
Pneumocystis carinii pneumonia
Progressive multifocal leukoencephalopathy
Salmonella
Toxoplasmosis of the brain with onset >1 month of age
Wasting syndrome

Adapted from Centers for Disease Control and Prevention: Revised classification
system for human immunodeficiency virus infection in children less than 13 years
of age. MMWR Morb Mortal Wkly Rep 1994;43:1.
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characterized as an erythematous fine and mild maculopap-
ular rash that rapidly spreads in a cephalocaudal fashion
from face to extremities, is usually generalized within 1
day, and clears within 72 hours to 4 days. A rash is also un-
usual in Epstein-Barr virus or CMV infection (<5% of
patients) unless antibiotics have been given.

The infant or child with vertically acquired HIV-1 in-
fection may present with several clinical manifestations.
Differential diagnosis, therefore, is dependent on the pre-
senting signs and symptoms and the age of the child. Later
in infancy and in childhood, if the presenting symptoms are
chronic or recurrent infections or opportunistic infections,
the most important and likely diagnosis is an immunodefi-
ciency disorder. An appropriate history, examination, and
immunological analysis, including HIV-1 testing, can
usually rule out these conditions.

EVALUATION. The goal of the diagnostic workup is to
establish the presence of HIV-1 infection and determine
the stage of the disease, extent of immune dysfunction,
and the presence or absence of neurological involvement.
Accurate staging helps to formulate a prognosis, plan
prophylactic therapy for opportunistic infections, and
determine antiretroviral therapeutic strategies for primary
HIV-1 infection. Once HIV-1 infection is confirmed by
anti-HIV-1 antibody testing (i.e., ELISA, with a confirma-
tory Western blot in adults), a complete history should be
obtained, including a review of risk factors for HIV-1 ex-
posure, drug and alcohol history, sexual history, travel his-
tory, and medical history. A complete baseline physical
examination should be performed. Focused follow-up
examinations are then recommended with attention di-
rected to findings that indicate disease progression, such as
general appearance and weight loss, dermatological condi-
tions (seborrheic dermatitis, folliculitis, dermatophytosis,
Kaposi’s sarcoma, and bacillary angiomatosis), oral lesions
(candidiasis, hairy leukoplakia, aphthous ulcers, and peri-
odontal disease), localized lymphadenopathy, splenomeg-
aly, and signs or symptoms of neurological/neuropsychiatric
involvement (mood or affective disorders, psychomotor
slowing, abnormal eye movements, hyper-reflexia, and
change of gait).

Initial laboratory studies should include CD4þ/CD8þ

counts (absolute cell counts and percentages) and, if possi-
ble, HIV-1 RNA levels. Complete blood count (CBC) with
differential count, electrolyte and liver function panel, hep-
atitis screen, reactive protein reagin or Venereal Disease
Research Laboratory (VDRL) titer, anti-toxoplasma IgG
antibodies, purified protein derivative with anergy panel,
and chest x-ray should also be obtained. Ophthalmological,
dental, and gynecological examinations (including a Papa-
nicolau smear and chlamydia and gonorrhea studies) should
be pursued. The stage of HIV-1 infection will then determine
follow-up, prophylaxis, and therapeutic strategies.

In addition to declining CD4þ cell counts and CD4þ/
CD8þ lymphocyte ratios, other immunological markers
of disease progression include elevated levels of serum
b2 microglobulin, neopterin, serum acid labile interferon,
and decreased or absent levels of anti-p24 antibody. Viro-
logical indicators of disease progression are p24 antigen-
emia, HIV culture, quantitative polymerase chain reaction
(PCR) of proviral DNA in cells or RNA in serum, and
the presence of syncytium-inducing strains of virus.



TABLE 44-5

CDC Pediatric Human Immunodeficiency Virus Classification (1994)

AGE OF CHILD

IMMUNOLOGICAL CATEGORIES <12 Months, Cells/mL (%) 1–5 Years, Cells/mL (%) 6–12 Years, Cells/mL (%)

No evidence of suppression �1500 (�25) �1000 (�25) >500 (�25)
Evidence of moderate suppression 750–1499 (15–24) 500–999 (15–24) 200–499 (15–24)
Severe suppression <750 (<15) <500 (<15) <200 (<15)
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Elevated erythrocyte sedimentation rate (ESR) and de-
creased hematocrit values serve as nonspecific markers.

HIV-1 infection in infants can be diagnosed as early as 1
month and by 6 months in the vast majority of chil-
dren.81,82 All children known to be at risk or exposed to
HIV in utero need to be tested. HIV DNA PCR is the
recommended test for infants. Neonates at risk should be
tested before 48 hours of age and subsequently at 1 or
2 months, as well as between 3 and 6 months of age. Posi-
tive virological test at 48 hours of age is indicative for in
utero HIV infection. Negative virological test at 48 hours
of age but positive at the subsequent test times is indicative
for the acquired infection during the intrapartum period.
Two negative virological tests on separate blood samples,
performed at more than 1 month of age and at more than
4 months of age, tentatively exclude the diagnosis of
HIV-1 infection in an exposed infant. If an infant is older
than 6 months, two or more negative virologic tests or
two negative HIV IgG antibody tests, performed at least
1 month apart, again tentatively exclude HIV infection if
there is no evidence of clinical HIV symptomatology. Fi-
nally, at 18months of age, if all virological tests are negative,
HIV IgG antibody test is negative, there is no hypogam-
maglobulinemia, and there are no clinical signs of HIV
infection, HIV infection can be definitely excluded.81,82

The initial laboratory evaluations of children older than
age 18 months suspected of having HIV-1 infection should
include HIV-1 serological testing (ELISA/Western blot), a
CBC, and lymphocyte subsets (CD3, CD4, CD8 [and CD4:
CD8 ratio]) enumeration. Other routine diagnostic tests,
such as chest x-ray study, urinalysis, appropriate cultures
for pathogens, a chemistry panel, and IgA, IgM, and IgG
levels, may also be warranted.

MANAGEMENT. Early recognition and diagnosis of
HIV-1 infection is important to institute appropriate
counseling, prevent further spread of the virus, limit the
number of additional clinical and laboratory evaluations,
and exclude possible other disorders. Thereafter, the main-
stays of management of HIV-1 infection include antiretro-
viral therapy for primary HIV-1 infection and prophylaxis
and treatment of opportunistic infections.83 Drugs that treat
HIV-1 infection attempt to interfere with the replication of
HIV. Targeted points in the growth cycle of the virus in-
clude (1) blockage of viral entry (soluble CD4þ prepara-
tions), (2) prevention of transcription of RNA to DNA
(reverse transcriptase inhibitors), (3) interference with
translation (drugs acting on regulatory genes or their pro-
teins), (4) inhibition of assembly (protease inhibitors),
and (5) interruption of the release of virus (interferon)
(Fig. 44-5). Guidelines for the evaluation and medical
management of the HIV-infected person and use of antire-
troviral agents are available on the HIV/AIDS Treatment
Information Service Web site (www.hivatis.org) and
should be consulted by the clinician.84

The 15 drugs currently approved for the treatment of
HIV-1 infection fall into three therapeutic classes: the
nucleoside (and nucleotide) analogue reverse transcrip-
tase inhibitors (NRTIs), the non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs), and the protease inhibitors
(PIs). Retroviral drugs (NRTIs) include zidovudine (ZDV
and AZT), didanosine (ddI), dideoxycytidine (ddC),
stavudine (d4T), and lamivudine (3TC). These agents are
nucleoside analogues that inhibit reverse transcriptase.
NNRTIs inhibitors include delavirdine and nevirapine. P
s include saquinavir, indinavir, ritonavir, and amprenavir.
The primary goal of antiretroviral therapy is to maintain
viral suppression as long as possible.85 Effective treatment
reduces plasma HIV RNA levels and increases CD4þ cell
counts. Treatments offer the potential to delay onset of
AIDS, prolong survival, and interrupt transmission.85

Unfortunately, limitations have also been observed. Antire-
trovirals do not completely inhibit viral replication, and
HIV-1 disease progresses despite therapy. Studies show
that treatment with antiretroviral drugs favors the fall of
HIV RNA titers, the rise of CD4þ cell counts, the prolon-
gation of time until HIV-1-related symptoms begin,
and prolongation of survival. When to initiate primary
HIV-1 therapy to an individual patient, however, remains
unclear.

Recommendations for institution of antiretroviral ther-
apy are guided by evaluation of the individual’s clinical
status and use of surrogate markers, such as CD4þ cell
counts and plasma HIV-1 RNA levels.85 Some investiga-
tors suggest treatment before the onset of HIV-related
symptoms when the CD4þ cell count falls to or below
500/mL, HIV RNA titer is 30,000 to 50,000 copies/mL,
or CD4þ cell count is rapidly declining. Treatment may al-
so be considered if the HIV RNA titer is greater than 5000
copies/mL in those individuals whose CD4þ cell count is
less than 500/mL.

It is not certain which initial antiretroviral agent or
combination of agents should be used. The specific initial
antiretroviral treatment should be based on an assessment
of the potency, expected duration of benefit, resistance,
toxicity, potential interactions with other medications,
ease of use, and cost.85 These medications are extra-
ordinarily expensive and have certain common and dis-
tinct side effects (Table 44-6; see also Chapter 55).
Because this information is rapidly changing, clinicians
should review yearly updates on therapy recommendations.

http://www.hivatis.org
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TABLE 44-6

Complications of Treatment with Specific Agents

AGENT COMPLICATIONS

Nucleoside (and Nucleotide) Analog Reverse Transcriptase Inhibitors (NRTIs)

Zidovudine Anemia, neutropenia, nausea, anorexia, fatigue, insomnia, headache, myalgia, myopathy
Didanosine Pancreatitis, peripheral neuropathy, hyperamylasemia, hyperuricemia, transaminase elevations
Dideoxycytidine Peripheral neuropathy (dose-dependent), pancreatitis, rash, stomatitis, gastrointestinal disturbances
Stavudine Peripheral neuropathy, arthralgia, myalgia, anemia, asthenia, gastrointestinal disturbances, headache, insomnia
Lamivudine Pancreatitis, paresthesias, peripheral neuropathy, rash, cough, headache, dizziness, fatigue, hair loss, insomnia
Abacavir Fatal hypersensitivity reactions, gastrointestinal disturbances, weight loss, sleep disorders
Zalcitabine Peripheral neuropathy, pancreatitis, lactic acidosis, hepatic toxicity with steatosis, ulcers, cardiomyopathy

Nonnucleoside Reverse Transcriptase Inhibitors (NNRTIs)

Delavirdine Skin rash, multiple drug interactions, myalgias, gastrointestinal disturbances, encephalopathy
Nevirapine Skin rash, hepatitis/hepatic failure, granulocytopenia, encephalopathy
Efavirenz Psychiatric symptoms including depression and psychosis, dizziness, sleep alterations

Protease Inhibitors

Saquinavir Bleeding disorders, gastrointestinal disturbances, hepatic dysfunction, myalgias, arthralgias, skin rash
Indinavir Nephrolithiasis/urolithiasis, hyperbilirubinemia, abdominal pains, nausea
Ritonavir Diabetes, bleeding disorders, elevated cholesterol and plasma lipids, multiple drug interactions
Amprenavir Bleeding disorders, fat redistribution, skin rash, multiple drug interactions, gastrointestinal disturbances
Nelfinavir Diabetes, bleeding disorders, gastrointestinal disturbances, multiple drug interactions
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Clinical experience has shown that, over time, antire-
troviral therapy has a diminished benefit. The optimum
choice of secondary treatment is often a major dilemma.
Many factors must be taken into consideration; for exam-
ple, the patient’s previous antiretroviral regimen, length
of time the antiretroviral was taken, toxicities encoun-
tered, as well as side effects or toxicities of the new
agent. Development of resistance to antiretroviral agents
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is a major problem, especially when protease inhibitors are
administered as monotherapy or when not taken by the
patient as directed.

The long-term clinical effectiveness of all available
drugs is limited by the ability of patients to adhere to their
complex dosing regimens and to tolerate their side effects.
Over time, inadequate drug exposures due to limited drug
efficacy or inadequate adherence may permit viral replica-
tion in the presence of the drug, leading to the emergence
of drug-resistant viruses. In addition, because of their sim-
ilar chemical structures and mechanisms of action, the
emergence of viral resistance to one drug frequently results
in cross-resistance to other, often all, members of the same
therapeutic class. Therefore, there is an urgent need for
new and effective drugs that will be convenient, well toler-
ated, and capable of suppressing viruses that are resistant
to existing drugs.

Numerous clinical trials aimed at providing new treat-
ment options for AIDS patients are currently ongoing.
Among NRTIs, the tenofovir prodrug, tenofovir disoproxil
fumarate, has demonstrated antiviral activity in two phase
III clinical trials and is currently under consideration for
marketing approval for HIV-1 therapy. Two others, emtri-
citabine (FTC) and diaminopurine dioxolane/dioxolane
guanosine (DAPD/DXG), show somewhat greater potency,
the potential for once-daily dosing, good tolerability, and
antiviral efficacy in phase I/II studies.86,87 In addition, sev-
eral NNRTIs are in phase I/II trials,88 and protease inhibi-
tors tipranavir and BMS-232632 are in phase III clinical
trials.89,90

In addition, there are attempts to design new drugs that
will have a novel mechanism of action compared to the
existing drugs. The major classes of these new drugs are
integrase inhibitors, viral entry inhibitors, and viral assem-
bly inhibitors. Integrase is the third of the enzymatic pro-
teins encoded by HIV-1, which catalyzes the insertion of
the HIV-1 DNA into the genome of the host cell. Viral en-
try inhibitors are being designed to block HIV-1 entry by
inhibiting gp120-CD4 binding, gp120-coreceptor binding,
or gp41 function. In fact, each of these potential targets
has been exploited by multiple inhibitors in cell culture
systems. There is now at least one inhibitor in each class
being tested in clinical trials. Also, antagonists of cytokine
receptors CCR5 and CXCR4, used by HIV-1 strains to en-
ter the target cells, are currently being tried as possible the-
rapeutic agents.91 Assembly and release of HIV-1 are
primarily governed by the viral GAG and VPU proteins.
It might be possible to discover and develop drugs that
block assembly or release by binding to one of these com-
ponents. Indeed, there is one known example of a small
molecule that has antiviral efficacy in vivo and is thought
to inhibit assembly by binding to a GAG protein. This
compound, a tripeptide with the sequence Gly-Pro-Gly-
NH2 (GPG), is being developed by Tripep AB, which has
presented unpublished results from a 2-week clinical
trial.92 The RNA interference (RNAi) has been considered
as a possible approach to treat HIV-1 infection.93 As RNAi
operates in the cytoplasm, it can degrade the genomic viral
RNAs that enter the cytoplasm upon infection as well as
prevent the formation of the integrated provirus.94 Some
studies are examining how to use the RNAi to affect
HIV-1 replication.95 All these attempts provide hope for
future management and control of HIV-1 infection and
AIDS.

Finally, there is now ongoing research to develop an
HIV vaccine. Despite initial optimism and high expecta-
tions, there are many obstacles confronting the develop-
ment of an effective vaccine.96 HIV vaccines have been
evaluated so far in more than 70 phase I (dose-escalation
safety and toxicity), 5 phase II (expanded safety and dose
optimization), and 2 phase III (efficacy) clinical trials.
These studies have evaluated safety and immunoge-
nicity of preventive vaccines in more than 3500 subjects.97

However, no study to date has demonstrated sustained
clinical benefits to “therapeutic vaccination.”

During the past decade, it has been recognized that many
patients develop resistance to antiretroviral drugs. There-
fore, current guidelines in the United States recommend
that resistance testing is done in patients who have been
infected for 2 or more years, in cases of retroviral failure,
and during pregnancy.98 Two types of HIV resistance test-
ing are available—genotypic and phenotypic assays. Geno-
typic assays test the coding regions of the HIV isolated
from the patient and require an HIV viral load of greater
than 1000 copies/mL.99 Phenotypic assays are standard
bacteriologic sensitivity assays and provide the minimal in-
hibitory concentration for a specific patient. However, phe-
notypic assays can be done only for one drug at a time and
cannot predict the effects of combination of drugs.100
HIV-RELATED CENTRAL NERVOUS SYSTEM
DISORDERS

Aseptic Meningitis
Retrospective studies have suggested that up to 10% of
patients with HIV-1 infection and AIDS develop clinically
apparent aseptic meningitis during the course of their ill-
ness. Additionally, HIV has been isolated in blood and
CSF of patients with an acute self-limited aseptic meningi-
tis at the time of HIV seroconversion. The clinical features
in these cases are similar to those present in patients with
aseptic meningitis owing to other viruses, outside the
setting of HIV infection. Patients may have fever, menin-
geal signs, and headache that can be mild or severe with
a dull or throbbing quality. These features may be accom-
panied by other constitutional signs that are characteristic
of a viral syndrome, including fatigue, malaise, myalgias,
nausea, chills, and minor vomiting. Some individuals may
have associated arthralgias, lymphadenopathy, and a macu-
lopapular rash. This rash is erythematous, nonpruritic, and
typically involves the face or trunk. Occasionally, cranial
neuropathies may be a concomitant finding, most often af-
fecting the trigeminal, facial, or vestibulocochlear nerves
(Video 23, Cranial Nerve VII, Facial Diplegia; Video 28,
Nystagmus; Video 106, Trigeminal Neuralgia).

The differential diagnosis of this clinical presentation
includes other causes of aseptic meningitis (enteroviruses
and varicella zoster), bacterial meningitis, intracranial mass
(abscess), subarachnoid hemorrhage, and other causes of
headache (migraine). In HIV-related aseptic meningitis,
the CSF will reveal a mononuclear pleocytosis ranging
from 20 to a few hundred cells/mL in the association of
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an elevated protein. The diagnosis will be made by the dem-
onstration of HIV-1 infection, which may require repeat
testing after the resolution of the acute presentation.

The treatment of aseptic meningitis is supportive in na-
ture and includes symptomatic treatment. In association with
fluids and bed rest, acetaminophen, aspirin, and nonsteroidal
anti-inflammatory agents may be utilized to reduce fever
and lessen headache.
HIV-associated Cognitive Impairment—Adults
During the past two decades, various terms have been used
to describe the cognitive features, including mental slow-
ness, diminished concentration, and a decline in memory,
in the setting of HIV infection. These cognitive changes
are variably associated with changes in behavior (lethargy,
apathy, and diminished emotional responses) and motor
symptoms (clumsiness, gait abnormalities, tremor, and
reduced motor control). The term HIV-associated dementia
or HIV dementia incorporates the cognitive changes seen in
HIV-1 infection as well as those occurring in the setting of
AIDS. It is synonymous with the previously existing terms
AIDS dementia complex101 and HIV encephalopathy.102 A
separate term, HIV-associated minor cognitive/motor dis-
order, has been used to denote minor degrees of cognitive
and motor impairment that are not sufficient for the diag-
nosis of dementia. According to the American Academy
of Neurology AIDS Task Force,65 this term is appropriate
because it is unclear whether this degree of impairment
uniformly progresses to overt dementia. The term HIV-
associated delirium should be used in the setting of an al-
teration in consciousness with a rapid worsening of cogni-
tive function in at least two domains (Table 44-7). The
terms HIV encephalitis, HIV-associated diffuse poliodys-
trophy, and HIV leukoencephalopathy are pathological
findings that may be seen at autopsy in patients with HIV de-
mentia and should not be used to denote clinical syndromes.

PATHOGENESIS AND PATHOPHYSIOLOGY. Much
has been learned about the biology of HIV-1, the cells it
TABLE 44-7

Classification of HIV-associated Cognitive Dysfunction

Category 1
(HIV-associated,
minor)

0.5 SD below normal on standardized
neuropsychological tests

Decline in work or other activities of daily
living (ADLs)

Symptoms for 1 month
Criteria for HIV-1–associated dementia or
delirium is absent

No other etiology
Category

2 (HIV-associated
dementia)

Marked impairment in at least two ability
domains

Significant impairment in work and other
ADLs

Symptoms for 1 month
No other etiology
Free of delirium for a period sufficient to
establish the presence of dementia

Category 3
(HIV-associated
delirium)

Clouding of consciousness
Marked, rapid worsening of cognitive
function in �2 domains

SD, standard deviation.
infects, and the mechanisms by which viral entry into cells
occurs. However, just how HIV-1 exerts its effects on the
CNS remains uncertain and continues to be the focus of
ongoing research. Current knowledge indicates that HIV-
1-infected macrophages/monocytes in blood are recruited
to the brain by upregulation of chemoattractant-chemokines
such as MCP-1103 and adhesion molecules on endothelial
cells. Upregulation enables transendothelial migration of
activated macrophages/monocytes104 and has been corre-
lated with a high frequency of circulating activated mono-
cytes expressing CD14/CD16 and CD14/CD9 in patients
with HIV-associated dementia. Endothelial cells, oligoden-
drocytes, and neurons contain the virus only rarely, although
a decrease in neuronal density and dendritic spines has
been demonstrated.105 Takahashi and coworkers,106 how-
ever, have demonstrated a latent HIV DNA provirus in some
astrocytes. Furthermore, development of HIV-associated
dementia in advanced AIDS may correlate with the exis-
tence of neurotropic HIV-1 strains that have an increased
propensity to invade the CNS rather than neurovirulent
strains, which have an increased propensity to cause CNS
damage. In vitro studies of HIV-1 neurotoxicity indicate
that changes in the envelope sequence might influence
neuronal survival.107 It has already been shown in in vitro
models of simian immunodeficiency virus (SIV) and feline
immunodeficiency virus (FIV) that specific sequences of
ENV or NEF genes confer neurovirulence.108 FIV specifi-
cally activates proteases that lead to the induction of matrix
metalloproteinase-2 (MMP-2) and proteinase-activated re-
ceptor (PAR-2), leading to gliosis and NMDA-mediated neu-
ronal death.109 HIV-affected macrophages secrete MMP-2,
indicating similar mechanisms as shown for FIV.110

Pathogenetic mechanisms of HIV-associated dementia
are complex and most likely multifactorial. Activated
macrophages release multiple proinflammatory cytokines,
as well as other factors that might impair the function of
virtually all neural cell types and interfere with the release
of neurotransmitters and therefore synaptic transmission.
This process would then correlate with the neuropsycho-
logical findings in HIV-associated dementia. Most recent
studies have indicated the role of tumor necrosis factor-a
(TNF-a) in HIV-induced neuronal apoptosis, and this
finding promoted subsequent clinical trials with TNF-a
antagonists.111 However, little progress has been made.
An initial trial with pentoxifylline was aborted due to the
side effect profile of the drug.112 A novel TNF-a antago-
nist, CPI-1189, is currently undergoing trials in the United
States.

Studies of the viral load in HIV-associated dementia
have indicated that plasma HIV RNA level is predictive
of the development of dementia.113 Similar data have been
reported in SIV encephalitis.114 However, HIV PCR analy-
sis of the CSF viral load of patients with HIV-associated
dementia has been controversial because not all studies in-
dicate a correlation between CSF HIV load and severity of
dementia.115–118 It is not clear how well the CSF viral load
reflects brain parenchymal viral loads. It has been shown
that CSF and parenchymal levels did not correlate when
CSF levels were low (<105 copies/mL) but did correlate
when CSF levels were high (>106 copies/mL). In addition,
CSF HIV RNA levels sometimes correlated well with the
treatment efficacy.119,120
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Macroscopic brain pathology from HIV-infected indi-
viduals with cognitive impairment shows cerebral atrophy
of variable degrees. There is ventricular enlargement, par-
ticularly in the frontal and temporal lobes, widening of
sulci, and attenuation of deep cerebral white matter with,
occasionally, softening of the centrum semiovale.121,122 A
spectrum of characteristic gross and microscopic changes
has been described and categorized by an international
working group consensus in 1991 as follows (Table 44-8).
HIV-1 encephalitis is characterized by foci of inflamma-
tory cells, microglia, and macrophages, called microglial
nodules, as well as multinucleated giant cells (Fig. 44-6).
Location tends to be perivascular with predominance in
the basal ganglia and subcortical white matter, although to
a lesser degree the cortical gray matter may also be affected.
In adult series, HIV encephalitis is reported in up to 90%
(15% to 90%) of AIDS cases studied. The severity of path-
ological findings in HIV encephalitis is generally greater
in adults than in infants and young children.123 HIV-1 leu-
koencephalopathy is characterized by diffuse myelin pallor
and extensive damage to white matter with myelin loss.
Associated findings, such as reactive astrogliosis, the pres-
ence of macrophages, and multinucleated giant cells, may
also be present. Symmetrical white matter pallor can be
seen in the hemispheres (Fig. 44-7) and less often in the
cerebellum. Leukoencephalitis was reported in one third
of patients clinically diagnosed with HIV dementia124 and
in 38% of autopsy series cases.125 A diffuse poliodystrophy
has also been described in approximately 50% of cases.
Neuronal loss, dendritic changes, and reduced levels of
synaptophysin have also been demonstrated by quantita-
tive methods with a frontal and parieto-occipital predom-
inance.126,127 In addition, increased levels of ceramide
have been reported both in brain tissue and in the CSF in
HIV encephalitis.128 Ceramide is produced during the sphin-
gomyelin breakdown and may contribute to neuronal
apoptosis.
TABLE 44-8

CNS Neuropathological Findings in HIV

Gross Examination

Cerebral atrophy of variable degrees
Ventricular enlargement
Widening of sulci
Attenuation of deep cerebral white matter

Microscopic Examination

HIV-1 encephalitis
Perivascular foci of inflammatory cells, microglia, macrophages,
MGC involving the basal ganglia and subcortical white matter
predominantly

HIV-1 leukoencephalopathy
Diffuse myelin pallor and white matter damage, reactive astrogliosis,
macrophages

Calcific vasculopathy
Small vessel mineralization of basal ganglia, frontal white matter
(children > adults)

Leukoencephalopathy and gliosis
Basal ganglia calcific vasculopathy (infants and children)
Diffuse poliodystrophy

MGC, multinucleated giant cells.
Modified from Budka H, Wiley CA, Kleihues P, et al: HIV-1 associated disease of
the nervous system: Review of nomenclature and proposal for neuropathology-based
terminology. Brain Pathol 1991;1:143–152.
Microscopic examinations reveal that HIV-1 is most fre-
quently localized in cells of bone marrow lineage (blood-
derived macrophages), intrinsic microglia (the resident
mononuclear phagocytic system of the brain), and multi-
nucleated giant cells (formed by the fusion of these cell
types). It is these cells that support productive infec-
tion.15,16,129 Their presence correlates both with the degree
of dementia and with the detection of HIV-1.130 Interest-
ingly, it seems that particular HIV-1 strains have specific
affinity for specific cells types. For example, the V3 region
of the HIV-1 envelope (ENV) gene sequences was differ-
ent in astrocytes than in macrophages or multinucleated gi-
ant cells, indicating cell-specific compartmentalization.131

By immunocytochemistry, HIV-1 antigen is localized most
often in the basal ganglia, subthalamic nucleus, substantia
nigra, dentate nucleus, and white matter.132 PCR studies,
however, show HIV to be more abundant in subcortical
white matter than in basal ganglia, deep white matter, or
cortex.133 With more sensitive and specific techniques of
viral detection, a greater number of both infected cells
and cell types infected have been demonstrated. These in-
clude endothelial cells,134 astrocytes,135,136 and neurons,137

although this may be restricted infection.
The clinicopathological correlates of HIV-1-associated

CNS disease are not clearly delineated, nor is the exact role
of the virus defined. Although studies have confirmed di-
rect HIV-1 CNS infection early in the disease, the develop-
ment of clinical HIV-1-associated CNS disease does not
occur until the late stage of HIV-1 infection when the pa-
tient is immunosuppressed. Moreover, the pathological
changes seen at autopsy in some cases do not always corre-
late with the clinical course. Some patients with clinically
severe neurological disease may have relatively mild neu-
ropathological findings. Even in cases with more marked
pathological findings, there may be a relatively small pro-
portion of infected cells and those actively replicating. In-
deed, one prospective study found that 50% of patients
with clinically diagnosed dementia had neither the hall-
mark features of HIV encephalitis nor white matter pallor,
and only 25% of dementia cases had multinucleated giant
cells.124 Brain levels of HIV RNA correlate with the path-
ological features of encephalitis but do not clearly distin-
guish demented from nondemented subjects.44,118 These
discrepancies suggest that other factors besides direct
cellular damage by HIV-1 may be important in pathogene-
sis.138 Both virological and neuroimmunological processes
have been implicated (Table 44-9). Many questions remain
unanswered concerning the role of the virus, CNS viral
load, evolution of neurotropic strains, mechanisms underly-
ing viral protein and cytokine-mediated effects and toxici-
ties, undefined host factors, and viral-host interactions.

EPIDEMIOLOGY AND RISK FACTORS. Of the 1 to 1.5
million HIV-1-infected people in North America,139 up to
30% will manifest some form of cognitive impairment dur-
ing the course of their infection. However, estimates vary
as to the frequency and degree of neurocognitive deficits.
Two major factors account for the differences in estimate.
First, people with HIV infection who came to medical atten-
tion in the early years of the epidemic were generally in
more advanced stages of the disease. Early reports were thus
probably biased toward a higher frequency rate of demen-
tia. Second, terminology, study design, and methodology



Figure 44-6. Multinucleated giant cells (arrows) obtained on biopsy from the brain of an AIDS patient. (Reproduced with permission from Belman AL,
Diamond G, Dickson D, et al: Pediatric AIDS: Neurologic syndromes. Am J Dis Child 1988;142:29–35.)

Figure 44-7. A 30-year-old male with AIDS. This T2-weighted magnetic
resonance image demonstrates atrophy and diffuse white matter hyperin-
tensity. (Courtesy of Clemente Roque, MD.)

TABLE 44-9

Possible Factors in the Pathogenesis of HIV-associated
CNS Disease

Viral Proteins

Blocking of transmitters
Possible interference with neurotrophic factors and cell function
Toxicity of viral polypeptides

Cytokines

Direct toxicity
Neuroimmune-mediated CNS dysfunction/injury
Stimulation of astrocytes

Excitotoxins

Toxic Effects of Other Soluble Factors

Blood-Brain Barrier Disruption

Exposure of parenchymal cells to circulating cytokines and systemic
factors

Ingress of HIV-1-infected cells and free virus

Autoimmunity

Deregulation and T cell activation
Molecular mimicry
Immune response to HIV antigens

Increased CNS HIV-1 Viral Load

Transactivation
Infectious agents
Cytokine induced

Emergence of neurovirulent strains
Host factors

Data from Johnson RT, McArthur JC, Narayon O, et al: The neurobiology of human
immunodeficiency virus infections. FASEB J 1988;2:2970–2981.

996 Etiological Categories of Neurological Diseases / 44



Belman and Maletic-Savatic / Human Immunodeficiency Virus and Acquired Immunodeficiency Syndrome 997
differed among studies, particularly with regard to the clas-
sification schemes used to categorize levels of HIV-1-
related neurocognitive impairment. Thus, initial clinical
reports described characteristics of a disorder with cogni-
tive, motor, and behavioral manifestations, which was de-
scribed in unitary terms as a single diagnostic entity,
“AIDS dementia complex.”9 Delineation of clinical stages
and precise definitions of clinical characteristics were not
uniformly used across different studies. This lack of precise
definition led to considerable variation in estimates of
dementia in HIV-infected people.140

Current data suggest that dementia develops in 10% to
20% of patients with AIDS, occurring at an annual inci-
dence of approximately 7% after AIDS onset.18 HIV de-
mentia occurs as a late complication of HIV-1 infection
when patients are immunosuppressed. It develops as the
first AIDS-defining illness in only 3% of adults.101 More
generally, patients at risk for dementia are those who are
farther along in the disease process and who have experi-
enced moderate to severe immunosuppression, constitution-
al symptoms (e.g., anemia, weight loss, and poor nutrition),
and systemic opportunistic processes.141,142 Higher plasma
HIV RNA levels and lower CD4 counts are predictive of
dementia, as well as of sensory neuropathy.113 One study
suggested that the presence of E4 isoform of apolipoprotein
E indicates higher risk for development of dementia. Edu-
cation and premorbid capacities are factors as well: Indi-
viduals with lower levels of education and premorbid
function show more frequent cognitive deficits; those with
higher levels of education appear to benefit from the pro-
tective effects of “cognitive reserve” despite the impact of
the virus on the CNS.143 Concurrent with the widespread
use of antiretrovirals, a decline in the frequency of HIV
dementia was reported.144–146

Nonetheless, estimates of HIV dementia suggest its
prevalence ranges from approximately 5% to approxi-
mately 14%.147 Unfortunately, there are no clear estimates
of the rates of either HIV-associated minor cognitive/motor
disorder or HIV-associated delirium. Most investigators
believe that symptomatic HIV-1 infection presents at least
some risk of neurocognitive impairment, but estimates of
the rate of impairment vary. Neurocognitive findings on
asymptomatic individuals have varied considerably as
well. An early report suggested an increased incidence of
impairment among asymptomatic patients.148 However,
subsequent studies indicated no significant differences be-
tween asymptomatic HIV-positive patients and controls
on selected cognitive measures.149,150 Still other concurrent
efforts have again indicated mild deficits in asymptomatic
individuals relative to control subjects.151–153 Among stud-
ies that have shown impairment in HIV-infected asymp-
tomatic individuals, estimates of rates of impairment
range from 9.1% to 30.5%.

Since the introduction of the antiretroviral therapy, the
incidence of HIV-associated dementia has declined by 40%
to 50%, whereas prevalence has remained unchanged.154

Patients with HIV-associated dementia live longer, which
indirectly leads to a proportional increase in the number of
patients diagnosed.155

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Clinical features of HIV-associated dementia encompass
changes in behavior, cognition, and neurological function.
Initial clinical features of HIV-related cognitive impair-
ment vary considerably in terms of time of presentation
and severity. Symptoms are often sufficiently subtle that
they may be overlooked or mistaken for psychiatric prob-
lems. Neuropsychological findings have not been com-
pletely consistent across the literature, particularly with
regard to asymptomatic individuals and people with a mild
disorder. In part, this is due to the varying measures that
have been used with subjects, as well as the variety of pa-
rameters used to define subject groups. It is also likely due
simply to the fact that presentation varies from individual
to individual. There are indications that a subgroup of sero-
positive, asymptomatic individuals may show deficits, par-
ticularly in memory and executive functioning.151,153

These deficits may be related to declines in CD4þ lympho-
cyte counts and may precede clinical evidence of AIDS.

HIV dementia has been termed subcortical in nature, at
least with respect to initial presentation, whereas sub-
sequent deterioration is more global in nature. In early
stages, typical symptoms of behavioral changes include ap-
athy, inertia, and mild depressive symptoms. Change of
personality and social withdrawal are very common. In
some cases, however, behavioral changes are quite oppo-
site, and agitation and mania may be the presenting mani-
festations.156 Cognitive symptoms are intermixed and
include forgetfulness, difficulty with sustained concentra-
tion, and psychomotor slowing. Manifestations of these
problems in daily life may include problems in keeping
track of appointments, telephone numbers, or medications;
misplacement of personal items; and difficulty following
the direction of conversations or the plots of films or
books. Other neurological features that occur early include
primarily motor abnormalities, such as slow and clumsy
handwriting, other fine-motor problems, insecure balance,
and impaired gait.

On neuropsychological testing, these patients may have
memory loss with particular difficulty in retrieval of newly
learned information, impaired manipulation of known
material, and slowed psychomotor and information pro-
cessing speed. Simple attention and language skills are not
typically affected during the initial stages of HIV-related
cognitive impairment,146 although these functions may also
mildly deteriorate as the disease progresses.

HIV dementia in the setting of AIDS occurs along with
increasing constitutional symptoms, immunosuppression,
and opportunistic processes. With advancing dementia,
the patient is likely to develop global behavioral deteriora-
tion. Mutism and abulia are typical, but euphoria and de-
nial of deficit, lack of insight/awareness, and hallucinations
can be alternative syndromes. The most pronounced neuro-
cognitive deficits remain in the areas of retrieval of new in-
formation and psychomotor function, although deficits in
executive function, language, attention, and new learning
become more pronounced as well. Neurological exami-
nation is notable for diffuse signs of CNS dysfunction, for
example, slowed and erroneous motor programming,
hyper-reflexia, hypertonia, and frontal release signs (Video
80, Hyper-Reflexia; Video 82, Cross-Adductor Reflex).
Myelopathy and neuropathy might occur. Motor function
and posture testing may be notable for marked psychomo-
tor retardation, spasticity and weakness, ataxia, and, ulti-
mately, decorticate posturing. Although myoclonus is not
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consistently a feature of late dementia, generalized seizures
may occur.157

Progression of the dementia varies widely from individ-
ual to individual. In some, it may occur rapidly over the
course of 3 to 6 months, whereas others may show relatively
mild and stable dementia up until death. The reason for this
difference between rapid progressors and slow progressors
is not known, but those with CD4þ cell counts less than
100/mL at the onset of HIV dementia tend to progress more
quickly. It is interesting to note that despite the widespread
use of antiretrovirals, survival after diagnosis of HIV
dementia has not improved significantly in recent years.

Systemically, it has been reported that patients with
HIV-1-associated dementia may develop diabetes.158 Those
who are treated with the antiretroviral therapy develop hyper-
lipidemia and hypertension, increasing their risk factors for
cerebrovascular events.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of HIV dementia is often problematic, particularly in the
early period. Initial symptoms overlap with and can be
mistaken for adjustment and mood disorders, alcohol and
other substance abuse, medication effects, metabolic en-
cephalopathy, and other brain disorders.159 It is important
to pursue information from those close to the patient re-
garding the individual’s history and current behavior in
order to rule out psychiatric or substance abuse compli-
cations as causes of an apparent dementia. Metabolic
derangements (e.g., hypoxia and sepsis) must be consid-
ered. Other CNS processes, such as CMV encephalitis,
toxoplasmosis, primary lymphoma, progressive multifocal
leukoencephalopathy, and cryptococcus, can complicate
the diagnostic process and must be excluded as causes of
cognitive deterioration. Time course, level of conscious-
ness, the presence of fever and headache, and focal signs
and symptoms on neurological examination may help dif-
ferentiate these conditions. Of these disorders, CMV en-
cephalitis is probably the most frequent and problematic
differential diagnosis. In approximately 10% of all
patients with AIDS, it presents as a rapidly developing
encephalopathy. CMV encephalitis can be distinguished
from HIV dementia by the presence of coexisting CMV
infection, electrolyte abnormalities, and periventricular
abnormalities.

Depression frequently complicates cognitive function
in HIV infection. HIV-infected individuals are known to
have higher rates of major depression than those seen in
the general population, and it is thought that in most cases
depression predates HIV infection.159 It appears that a sub-
stantial number of HIV-positive individuals can experience
depression in concert with neurocognitive impairment,
whereas others may show significant deficits without de-
pressed mood, suggesting that although depression is a
frequent concomitant of cognitive impairment in HIV in-
fection, it does not play an etiological role in such im-
pairment.160 All of the preceding factors necessitate the
need to screen individuals at high risk, who have unsup-
pressed plasma levels of HIV RNA and CD4þ cell counts less
than 200/mL. In those individuals, a complete cognitive and
behavioral evaluation and particularly neuropsychological
testing is warranted.

EVALUATION. A thorough neurological examination
and history are essential. In the early stage, there may only
be mild abnormalities of rapid eye and limb movements, as
well as diffuse hyper-reflexia. Increased tone, especially in
the lower extremities, hyper-reflexia, clonus, frontal re-
lease signs, and tremor are seen with disease progression.
Focal neurological signs are suggestive of another CNS
process (opportunistic infections, neoplasm, and vascular
events). In addition to mental changes, CNS-based motor
complications are also frequently seen in association with
HIV dementia, especially myelopathies, myopathies, and
neuropathies.

Neuropsychological assessment is particularly useful for
characterizing the dementia and for tracking its progress;
it can also help in monitoring the patient’s response to anti-
retrovirals and other medications. Critical domains and
specific assessment tools are listed in Table 44-10 and
are reviewed in Chapter 27. Particularly important are tests
of both explicit and implicit learning and memory, com-
plex attention, information processing speed, and psy-
chomotor speed, such as Trailmaking, Grooved Pegboard,
and Symbol-Digit tests. These areas are most likely to ap-
pear abnormal during early stages of HIV dementia and
to demonstrate deterioration as the dementia progresses.
On the other hand, calculation and language are usually
not affected in initial stages of HIV-associated demen-
tia.146 Although neuropsychological assessment can be
helpful with respect to the objective quantification of the
nature and severity of cognitive impairment and the track-
ing of such impairment over time, it should be noted that
neuropsychological testing in the case of HIV infection
tends to be sensitive rather than specific. Clearly, numer-
ous disease processes may present with a similar neurocog-
nitive picture. Consideration of this issue is particularly
important because HIV-infected individuals often present
with histories that include other problems (e.g., alcohol/
drug abuse, depression and other psychiatric disorders,
learning disabilities, and head injury). In addition, con-
current CNS processes such as metabolic encephalopathy
and opportunistic infections can cause similar cognitive
deficits, and some of these can be specifically treated.

Cerebrospinal fluid in HIV dementia is abnormal, but
similar abnormalities can be found in HIV-seropositive
patients who are neurologically normal. CSF is usually
acellular or shows mild lymphocytic pleocytosis. Total
protein is elevated in approximately 65% of cases, with el-
evated b2 microglobulin and increased total IgG fraction.
Elevated b2 microglobulin, an immune activation marker,
has the greatest diagnostic value, particularly in cases of
mild dementia in the absence of opportunistic infections.
A b2-microglobulin level greater than 3.8 mg/dL has a pos-
itive predictive value of 88%.161 Work by Martin and col-
leagues152 has also suggested that elevated CSF quinolinic
acid concentrations in HIV-infected individuals are asso-
ciated with deficits in motor learning and reaction time.
Even though the CSF HIV RNA levels are not diagnostic
for HIV-associated dementia, they should be measured be-
cause they correlate with its severity.162 Measurement of
serum and CSF interleukin-18 levels may indicate the
presence of HIV-associated dementia and opportunistic
infections, respectively.163

Imaging studies are essential for differentiation between
HIV-associated dementia and opportunistic infections. Com-
puted tomography (CT) and magnetic resonance imaging



TABLE 44-10

Assessment Tools for Patients with HIV-related Cognitive
Deficits

General Intellect

Wechsler Scales (WAIS-R, WAIS-III)
Stanford Binet IV
Kaufman Brief Intelligence Test

Attention—Simple and Complex

Continuous performance tests (simple and choice reaction time)
Auditory and visual span
Serial calculation tasks (Serial 3 addition, Serial 7 subtraction, Paced
Auditory Serial Addition Test, etc.)

Stroop Test
Contingency Naming Test

Speech/Language/Academic Achievement

Confrontation naming
Praxis
Verbal fluency
Reading, spelling, arithmetic tests

Visuospatial/Vasoconstrictive

Block design and puzzle assembly tasks (WAIS-R, WAIS-III)
Rey-Osterrieth Complex Figure
Developmental Test of Visual-Motor Integration (VMI)
Bender Visual-Motor Gestalt Test

Learning/Memory

Wechsler Memory Scale (WMS-R, WMS-III)
Rey Auditory-Verbal Learning Test (RAVLT)
Selective Reminding Test
Hopkins Verbal Learning Test
California Verbal Learning Test
Rey-Osterrieth Complex Figure

Sensory-Perceptual/Psychomotor

Sensory-perceptual examination
Grooved or Purdue Pegboard
Finger tapping
Symbol Digit Modalities Test
Motor programming (limb movements, Luria-Christensen, Manual
Imitation subtest from Test of Memory and Learning)

Motor learning (mirror writing, rotary pursuit)

Executive Functions/Reasoning

Trail Making Test
Wisconsin Card Sorting Test
Category Test
Tower Tasks (Tower of London, Tower of Hanoi, Tower of Texas,
Tower of Toronto)

Contingency Naming Test

Emotional/Personality Functions

SDM IV Interview Schedules
Beck Scales
Symptom Checklist 90–Revised
Millon Clinical Multiaxial Inventory
Minnesota Multiphasic Personality Inventory–Second Edition
(MMPI-2)
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(MRI) may not show abnormalities in people with HIV-
associated minor cognitive and motor disorder, despite posi-
tive neuropsychological findings. In mild HIV dementia,
neuroimaging suggests subcortical and cortical atrophy with
MRI abnormalities seen in deep white matter. White matter
abnormalities, which may represent disruptions of the
blood-brain barrier, progress and are more diffuse with in-
creasing severity of dementia.164 The degree of atrophy also
correlates with cognitive impairment.165 Volumetric MRI
indicates caudate atrophy as well as decreased gray mat-
ter.166,167 Proton MR spectroscopy is emerging as a tool to
assess brain damage as well as treatment efficacy over time.
N-acetylaspartate, a marker of neuronal viability, can be
changed in cortical areas, whereas myoinositol, a marker
for glial turnover, may indicate tissue damage even ear-
lier.168,169 MR spectroscopy indicates higher myoinositol-
to-creatine ratio and increased choline levels in white matter
and basal ganglia, indicating glial activation in AIDS
patients.170 Positron emission tomography (PET) studies
have suggested that subcortical hypermetabolism occurs
during early HIV dementia, particularly in the basal ganglia
and thalamus. This hypermetabolism later appears to
progress to subcortical and cortical hypometabolism.171,172

PET scanning with 11C-PK11195, used to image brain
macrophages and recently applied to SIV-infected macaques,
demonstrated an increase of labeling in the presence of enceph-
alitis,173 indicating potential usefulness of this marker for
predicting encephalitis development in human patients.
Single-photon emission computed tomography (SPECT)
indicates abnormalities in cerebral blood flow in both
neurologically normal HIV carriers and demented patients.
However, cocaine ingestion may also produce similar PET
and SPECT patterns and should be ruled out. Neither
PET nor SPECT scans are useful as diagnostic tools for
HIV-associated dementia, and their patterns do not correlate
with treatment efficacy.

Electroencephalographic (EEG) abnormalities have been
reported in some asymptomatic seropositive patients,174 but
this is not the experience of all investigators.175 Patients
with early dementia may show EEG abnormalities, but up
to 50% of subjects have normal recordings. As dementia
becomes severe, diffuse slowing is frequently noted, con-
sistent with widespread dysfunction.9 Despite the observa-
tions, EEG can be used only as an adjunct tool and has no
specific diagnostic or predictive value.

MANAGEMENT. During the past several years, major
advances have been made in antiretroviral therapy and care
for patients with HIV-associated dementia. There are now
15 Food and Drug Administration-approved antiretroviral
agents in the United States, and many studies have moni-
tored the response to therapy through regular measurement
of CSF-to-plasma drug level ratios, CSF HIV RNA levels,
and CD4þ counts, all currently part of standard clinical
care for AIDS patients.

Initial studies reported a decline in the number of new
cases with HIV dementia after the introduction of zidovu-
dine therapy in 1987.144 The dose was 1000 to 1200 mg/
day, and other groups reported a decrease in the number
of patients developing new HIV-1 dementia when treated
with zidovudine 1200 mg/day compared with patients
taking lower doses.176 However, there were only two
placebo-controlled monotherapy antiretroviral trials
showing that zidovudine improved neuropsychological per-
formance.177,178 The response was dose dependent, with
recommended doses of 2000 mg/day.179 Since 1992, as
new antiretroviral drugs emerged, polytherapy has replaced
monotherapy in the treatment of HIV-associated dementia.
Although only a few systematic studies have been per-
formed, they indicate that the use of combination anti-
retroviral therapy without protease inhibitors can reduce
risk of developing HIV dementia180 and can improve neu-
ropsychological performance in patients with HIV demen-
tia.181 With the introduction of protease inhibitors in
1996, trials of combination of antiretrovirals and protease
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inhibitors showed improvement of neuropsychological per-
formance compared to monotherapy or no treatment.182,183

In 1998, a new reverse transcriptase inhibitor, abacavir,
was tested in a placebo-controlled, double-blinded fashion
and showed that CSF viral load decreased and neuropsy-
chological performance improved when the drug was
used in combination with antiretrovirals. Two other drugs,
stavudine and nevirapine, have been shown to be useful
when combined with antiretrovirals, particularly due to
their pharmacokinetic properties, tolerability, and dosing.
Patients on antiretroviral therapy have shown improve-
ments in psychomotor speed, verbal fluency, and visuo-
construction tasks, but not complex attention and learning
efficiency.184,185 Despite mixed cognitive improvement,
patients on antiretroviral therapy can have dramatic im-
provements from a state of marked cognitive impairment
to independent living.

In addition to the antiretrovirals and protease inhibitors,
several adjunctive therapies have been clinically tested in
order to block macrophage activation and restricted release
of neurotoxic factors. These include Lexipafant, an antago-
nist of platelet-activating factor186; memantine, an open-
channel NMDA antagonist187; peptide T188; selegiline189;
and, most recently, valproic acid.190 Because patients with
HIV-associated dementia are very susceptible to adverse
effects of psychoactive drugs, hypnotics and anxiolytics
should be avoided. Risperidone in small doses may be use-
ful in agitated and combative patients; stimulants such as
methylphenidate may be tried for excessive inertia.

During the past several years, it has been recognized
that HIV-1 protease and transcriptase genes can undergo
development of drug-resistance mutations. In patients with
HIV-associated dementia receiving HAART therapy, this
represents a significant problem because mutations seem
to develop independently in different brain regions and
therefore pose a considerable challenge for treatment.191

HIV-1 genome mutations that particularly affect drug resis-
tance have been found in the POL gene within the HIV-1
localized in the chorioid plexus.192

In summary, even though there are no specific guide-
lines for antiretroviral therapy in HIV-associated dementia,
combination of antiretrovirals with or without protease
inhibitors and adjunctive medications are generally recom-
mended. These agents have complex side effects and are
very expensive, making them inaccessible to the majority
of HIV-infected patients worldwide.
Cerebrovascular Disease in AIDS
Cerebrovascular abnormalities in patients with HIV-1 in-
fection have been unrecognized. A recent study, however,
indicates an estimated prevalence of 1% or 2% for transient
ischemic attacks and strokes.193 The likely reason is a com-
bination of hyperlipidemia, hyperglycemia, and hyperten-
sion due to the antiretroviral therapy in aging patients
with AIDS, associated with a high prevalence of nicotine
abuse. Development of aneurisms is well recognized in
children and involves direct endothelial invasion, release
of cytokines, and fibrotic inflammatory vasculopathy. How-
ever, the mechanism of HIV-1-induced cerebral vascular
damage is still not clear.
HIV-associated Central Nervous System
Disorders—Children
Neurological involvement was reported as a frequent
complication of pediatric AIDS in the early years of the
epidemic. A devastating progressive encephalopathy (PE)
was described,194 as was more stable neurological im-
pairment.195 It was observed that by the time HIV-1 infec-
tion had advanced to full-blown AIDS, cognitive and
motor impairments of varying duration, progression, and
severity were extremely common. In the majority of cases,
neuropathological studies revealed no evidence of CNS op-
portunistic infections or neoplasms.14,195,196 The clinical
syndrome of PE in children (variously termed AIDS en-
cephalopathy, HIV-1 encephalopathy, PE, subacute PE,
HIV-1-associated CNS disease, and HIV-1-associated PE
of childhood) is now recognized to be similar to the adult
counterpart, HIV dementia,17 and is directly related to
HIV-1 brain infection.

PATHOGENESIS AND PATHOPHYSIOLOGY. In adults,
the pathophysiological mechanisms underlying HIV-1-
associated CNS disease are not clearly defined. In infants
and children, the study of neuropathophysiological mech-
anisms and their clinicopathological correlates is even
more complex because developmental-maturational issues
must also be considered. Adult, horizontally transmitted
HIV-1 CNS infection and disease occur in the mature, fully
developed, and completely myelinated nervous system.
The immune system and CNS elements of the mononuclear
phagocyte system (intrinsic microglia) are also fully devel-
oped. Pediatric, vertically transmitted HIV-1 infection and
disease occur in an immature, evolving organism. It is be-
lieved that HIV-1 invades the CNS early in the course of
infection. Maternal-infant transmission may occur during
gestation in some patients, whereas in others, the infection
may occur during the perinatal period. The time of infec-
tion (gestational versus perinatal, and if gestational, in
which trimester) is likely to be an important factor. The de-
velopmental stages of the nervous and immune system
when exposed to the direct and indirect effects of the virus
must be considered. Innumerable dynamic interactions oc-
cur between these two systems during development, and
these undoubtedly interact in complex ways with HIV-1
variables. The maturational stage of CNS development
when exposed to the effects of the virus is likely to manifest
as different patterns of pediatric HIV-1 CNS disease.197

The nervous system may also be affected secondarily
by complications related to the immunodeficiency, includ-
ing CNS neoplasms, infections with pathogens other than
HIV-1, and strokes. The nervous system may also be af-
fected by systemic AIDS-related conditions (neurological
complications of systemic illness), nutritional deficiencies,
endocrinological and metabolic derangements, and by
toxic/metabolic complications that arise as a consequence
of therapy. These conditions are not mutually exclusive,
and coexisting conditions are common.197,198

In addition, the developing nervous system in HIV-1-
infected infants (as in non-HIV-1-infected infants) may
be adversely affected by maternal conditions during preg-
nancy, such as substance abuse, inadequate nutrition, defi-
cient prenatal care, and AIDS-associated illnesses (e.g.,
infections with pathogens other than HIV-1).197 Premature
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delivery is associated with some of these high-risk mater-
nal conditions. The prematurely born HIV-1-infected in-
fant, like any premature infant, is, in turn, at risk for
developing perinatal CNS complications—intraventricular
hemorrhages, periventricular leukomalacia, hypoxic en-
cephalopathy—that carry the risk of neurological sequelae.

EPIDEMIOLOGY AND RISK FACTORS. The true inci-
dence of pediatric HIV-1-associated CNS disease is not
known. A review of the published literature is difficult to inter-
pret because of differences in terminology, definitions, study
p opu latio ns, and study desig ns.6 6,77 ,19 8–20 1 Extrapol ating from
the experiences of many investigators, it appears that HIV-
1-associated CNS disease in children generally parallels
the progression and severity of immunodeficiency and
systemic disease. One study indicates that increased viral
load appears to be the only significant factor associated with
the development of PE in children.202

More than 1 million children are currently infected with
HIV-1 worldwide, and more than 1000 new pediatric cases
occur daily, as reported by Association Francois-Xavier
Bagnoud.203 Whereas 1% to 3% of reported AIDS cases
in Western countries account for HIV-1 infection of chil-
dren, in sub-Saharan Africa it reaches 20%. This epidemic
of pediatric HIV-1 infection and disease represents a major
international health crisis.

The pediatric HIV-1-associated CNS disease follows a
bimodal distribution, with an “early,” very aggressive form
that occurs within the first 2 years of life and a “late” form
that occurs years after the perinatal infection. The latter
corresponds in its course to the adult HIV-associated de-
mentia. The incidence of the early form is much higher
than the incidence of adult CNS infection 1 or 2 years after
infection: approximately 10% in the first year and 4% in
the second year, compared to 0.5% in adults. In these
children, HIV-1-associated CNS disease is frequently the
initial clinical manifestation: in up to 56% of infants youn-
ger than 1 year old and 32% of older children, compared
to 9% of adul ts.66,77,204–2 07 The inciden ce of the late form
is similar in children and adults: less than 1%.206–208 Al-
though the initiation of zidovudine therapy in the second
and third trimester in HIV-1-infected mothers significantly
decreases the incidence of perinatally infected infants, the
lack of resources in many Third World countries limits
treatment availability. Pediatric HIV-1 infection and dis-
ease remain significant worldwide problems.207 Due to im-
proving therapies throughout the years, there is a growing
population of perinatally infected children who survive
well into adulthood.209

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

HIV-associated CNS disease is a clinical diagnosis, sup-
ported by neuroimmunological/virological testing, neuro-
imaging, and psychometric evaluation.208 HIV-1-infected
newborns are usually well at birth, and clinically recogniz-
able neurological features of HIV-1-associated CNS dis-
ease are exceedingly rare. However, some HIV-1-infected
neonates do have neurological problems owing to co-
morbid conditions. Observations in both clinical care set-
tings and longitudinal research studies show that the rate
and pattern of disease progression have considerable clini-
cal diversity.140,197 In some infants and young children,
neurological deterioration is rapidly progressive; in others,
it occurs over a period of weeks to months, followed by a
relatively stable period and then further deterioration. Clin-
ical deficits may not evolve uniformly, and some children
develop progressive and disabling motor problems yet
maintain relatively stable cognitive and socially adaptive
skills. In contrast, others have more impaired cognitive
than motor function. Finally, there is a subset of children
who have relatively minor and stable motor and cognitive
finding s, defi ned as HIV- 1-associat ed static encephal op-
athies .195,197,201 ,204,208,210 In an effort to delinea te further
the clinical characteristics of HIV-1-associated CNS dis-
ease syndromes in children, a classification scheme was
adopted based on (1) age of onset of clinically apparent
disease, (2) rate and pattern of disease progression, and
(3) domains of function most affected.201

The most severe, devastating, and clearly recognized
syndrome is HIV-1-associated PE of childhood.65 This
entity corresponds to the HIV-associated dementia of
adults.211,212 Age of onset is usually in the first year of life
(3 to 8 months of age) but may begin later. It can develop
in perinatally infected infants even though they are im-
munocompetent.206,207 There is evidence that the develop-
ment of PE during the first year of life correlates with the
viral load and not strictly with the CD4þ lymphocyte mar-
kers.213 Even in severe cases of PE, CSF and brain viral
load can be significantly lower compared to plasma levels.
Furthermore, there is no evidence that prenatal ZDV treat-
ment prevents early development of PE.207

Neurological signs of PE of childhood consist of a well-
defined triad: impaired brain growth, progressive motor
dysfunction, and loss, plateau, or inadequate acquisition
rates of neurodevelopmental milestones.81,208 The clinical
diagnosis of PE is made if one of the preceding clinical
findings is present in a child who was neurologically nor-
mal at baseline or if two of the preceding clinical findings
are present in a neurologically abnormal child at base-
line.81 Microcephaly at birth in an HIV-1-exposed neonate
is suggestive of in utero HIV-1 infection and indicates high
risk for the development of PE in the first year of life.207

Acquired microcephaly is easier to detect in children youn-
ger than 3 years of age, due to the rapid head growth. In
older children, head circumference velocity decreases,
and a much longer interval is required to detect impaired
brain growth. In these cases, serial neuroimaging studies
are valuable because progressive loss of brain parenchyma
can be observed.214 Progressive motor dysfunction results
in fine and gross motor impairments, gait disturbance,
and spasticity. Opisthotonic posturing and rigidity may de-
velop and are usually superimposed on spasticity. Some
children display extrapyramidal syndromes, with rigidity,
dysarthria or oromotor dyspraxia, dysphagia with drooling,
hypomimetic facies, and gait abnormalities.215 Feeding dif-
ficulties due to pseudobulbar signs are frequent. Although
these children appear alert and wide-eyed, they have a pau-
city of spontaneous facial expressions. Despite these fea-
tures, there is little facial weakness, and the lingual,
buccal, and forehead muscles show full and symmetrical
movement when the child cries. Nonetheless, the child is
hypophonic and has decreased spontaneous and responsive
vocalizations. Play deteriorates and previously acquired
language skills or adaptive skills are progressively lost.
Psychometric measures document a decline in the compos-
ite cognitive score. At end stages, the child is apathetic,
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withdrawn, and quadriparetic with markedly impaired higher
cortical function.10,216 Functions associated with cranial
nerves and brain stem nuclei are usually spared, although
autopsies often reveal HIV-1 within these structures.217

Cognitive decline, loss of interest in school performance,
social withdrawal, emotional lability, decreased attention,
and psychomotor slowing are reported as signs of HIV-1-
associated PE in school-age children.10,195,201,218 With ad-
vancing disease, psychometric tests show a decline in the
composite IQ score. No specific neuropsychometric marker
has been developed to predict the appearance of PE in
asymptomatic children.

Additional neurological and psychiatric manifestations
are common. Among them, seizures are particularly fre-
quent and develop not only because of focal pathology208

but also because there is a higher incidence of unprovoked
seizures in PE compared to the general pediatric popula-
tion.212 Although HIV-1 is well-known to affect cerebro-
vascular tissue, infarcts are not common.219 However, the
syndrome of “reversible occipital parietal encephalopathy”
has been described and relates directly to vascular pathol-
ogy in HIV-1 infections.220 In addition, some children
may develop cerebral aneurisms, usually fusiform involving
the major blood vessels.221 These may either be asympto-
matic or cause subarachnoid hemorrhages or infarcts. Vac-
uolar myelopathies and neuropathies are very rare in
children and often result as complications of intercurrent
illnesses, such as measles or CMV, or due to drug-related
adverse effects.81,219,222 ZDV-associated myopathy has
been reported and can be ameliorated with carnitine sup-
plementation.223,224 In addition, cardiomyopathy is present
in approximately 30% of children with PE and cardiac
evaluation is important in all children with PE.206

Psychiatric and behavioral manifestations are numerous
and include acute psychoses, common at the end stage of
disease,225 depression, anxiety, adjustment disorders,208,226

attention deficit hyperactivity disorder,227,228 as well as
language and communication impairments that lead to
learning disabilities.229

A less severe neurological syndrome also occurs in the
first 2 years of life.204,216 Most of these infants are hypo-
tonic and have marked delays in attaining motor milestones.
Cognitive impairment of a variable degree and expressive
language problems are common.201,210 Poor brain growth
as determin ed by serial head circumfe rence measur ements
may be pres ent. 13,197,204,2 16 In early childhoo d, som e of
the children develop a diparesis-type syndrome,201 whereas
others remain stable and continue to acquire mental, motor,
and adaptive skills. A change in gait is often the first sign
of HIV-1 motor involvement in early childhood, as the child
begins to toe walk. These individuals become hyper-reflexic
and have increased tone in the lower extremities.201 The
rate of progression and the severity of deficits vary. Some
children maintain independent ambulation for years, al-
though they have a mildly spastic gait and are clumsy.197,204

Impairment of fine motor ability is frequent. Progression
and severity in other children may be more rapid and
marked. Some require orthotics for ambulation, whereas
others become wheelchair-bound within months.195,201

Cognitive impairment is frequent but not invariable. In a
subset of children, cognitive function is not affected, and
composite IQ scores remain within the normal range. For
most, the degree of impairment ranges from borderline
intelligence to mild or moderate retardation.10,195

A subset of the children, who had a prolonged stable
course, ultimately developed further neurological deterio-
ration, formerly referred to as “plateau followed by further
deterioration.” The course then becomes similar to that of
subacute PE.195 Progressive atrophy and white matter
changes are invariably seen. In contrast, other children
show improvement and steadily acquire additional devel-
opmental skills. Their rate of acquisition of new skills
accelerates compared with their previous plateau perfor-
mance.195 Children who in infancy and early childhood
had marked delays in motor and mental development and
were followed from birth in prospective studies continued
to acquire milestones and skills, although the rate and qual-
ity deviated from the norm.201 This suggests that HIV-1
may compromise the normal developmental process and
result in a stable or static encephalopathy.

It is unknown whether HIV-1-associated CNS disease
manifestations in adolescents differ in early signs and pro-
gression from that of adults or children, although it is antici-
pated that manifestations will be similar to those of adults.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
includes other neurodegenerative disorders, infectious
etiologies, and psychiatric conditions. CNS opportunistic
infections and primary CNS lymphoma are not common
in HIV-infected infants and young children, except in cases
of congenital opportunistic infections. They are more prev-
alent in older children and adolescents.81 However, oppor-
tunistic infections should always be considered in a case of
acute behavioral changes, headache, focal findings on neu-
rological exam, or overall deterioration.230 Fungal opportu-
nistic infections (cryptococcal meningitis), Toxoplasma
gondii abscess, primary CNS lymphoma (sometimes asso-
ciated with Epstein-Barr virus [EBV]), and herpes simplex
or CMV encephalitis can all have the previously listed pre-
sentations.81,231,232 Noncongenital CNS opportunistic in-
fections are common in children older than 6 years of
age, when CD4þ levels are less than 200, and particularly
when they are less than 100 cells/mL.232

EVALUATION. The evaluation of the HIV-1-infected
child with neurological involvement requires the clinical
skills and major diagnostic tools of the neurologist.204

The approach to the diagnosis of HIV-1-associated CNS
disease, including differential diagnosis (secondary com-
plications and co-morbid complications), involves a careful
medical and developmental history, HIV-1 systemic dis-
ease history, current immunological status, neurological
examination, psychological assessment, and neuroimaging
studies.197,204 The diagnosis of HIV-1-associated PE is
relatively straightforward if the patient has been followed
prospectively. Longitudinal assessments of the infant or
child reveal progressive involvement. The diagnosis is
also fairly straightforward if the child on initial examina-
tion is found to have motor deficits (e.g., spasticity, ataxia,
weakness, abnormalities of tone, and change in gait),
and by a careful history, either the new onset or progres-
sion of motor impairment can be documented (again, when
other causes for progressive motor dysfunction have
been excluded). Confirmation of progression can occasion-
ally be obtained by review of family photographs of the
child.
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However, diagnostic difficulties arise when an HIV-1-
infected youngster who was not followed from birth or in-
fancy by the examiner is found at the initial neurological
evaluation to have deficits or delays. Because the fre-
quency of neurological and developmental impairment in
this population is high, it is often impossible for the clini-
cian to ascribe these findings to HIV-1-associated CNS dis-
ease rather than to possible co-morbid conditions. A
careful history is paramount. If there are no other risk fac-
tors, the diagnosis is likely. The child should have a formal
psychological assessment and be re-evaluated by the neu-
rologist and psychologist in 2 to 4 months.233

Head circumference measurements are very helpful, and
because these measurements are commonly recorded in pri-
mary care settings, a careful review of medical records will
usually document at least one or two past head circumference
measurements. This comparison allows the examiner to plot
serial measurements, and the pattern of downward deviation
and “crossing percentiles” makes the diagnosis of HIV-1-
associated CNS disease likely. Diagnostic probability is espe-
cially high if acquired microcephaly is documented.

Examination of CSF for HIV-1 in cases of suspected
HIV-associated PE is not always helpful because CSF
quantitative HIV-1 microculture, p24 antigen, or HIV-1
PCR, as well as anti-HIV-1 IgG, are not present in all
cases.81,234 Perinatally infected infants may even have un-
detectable levels of CSF HIV RNA despite clinical PE.207

Neuroimaging studies are particularly helpful and in fact
critical to proper diagnosis. If calcification of basal gan-
glia, with or without mineralization of the frontal white
matter, is present, it is probable that the child has HIV-1-
associated CNS disease. If cerebral atrophy is present in
the absence of documented perinatal complications, steroid
use, or other known causes of atrophy, the diagnosis like-
wise becomes extremely likely. Neuroimaging evidence
of atrophy accompanied by acquired microcephaly clearly
strengthens the diagnostic certainty. In addition, a study
by Civitello and collaborators indicated correlation be-
tween quantitative cerebral atrophy on CT scans and CSF
viral load. In recent years, magnetic resonance spectros-
copy (MRS) has emerged as a possible tool for monitoring
disease progression and treatment efficacy.235,236 Follow-up
neuroimaging studies should be requested in addition to the
previously mentioned serial neurological and psychological
evaluations.

TREATMENT. As in HIV-associated dementia of adults,
retroviral therapy revolutionized the treatment of HIV-1-
infected children. In addition, the emergence of NRTIs,
NNRTIs, and PIs further improved the approach to aggres-
sive treatment of HIV-1 infection in children. Initial mono-
therapy with ZDV did not have a sustained benefit in all
children,237 and it was replaced with monotherapy with
NRTIs such as ddI, 3TC, and d4T.238,239 However, it was
soon evident that polytherapy with ZDV and ddI was
clearly better in preventing and treating HIV-associated PE
compared with monotherapy with each agent.240,241 In ad-
dition, a successful introduction of protease inhibitors in
HIV-associated dementia of adults led to pediatric guide-
lines for treatment of HIV-associated PE. Currently,
recommendations include an initial antiretroviral regimen
consisting of two compatible NRTI agents and one highly
active protease inhibitor.82
Adjunctive therapies of HIV-associated PE correspond
to some agents tried in adults, such as methyl group donors
(S-adenosylmethionine and glutathione, baclofen for spas-
ticity, NSAIDs for pain, stimulants for psychomotor
slowing, and selective serotonin reuptake inhibitors for de-
pression). Hypnotics and anxiolytics should be avoided be-
cause HIV-1-infected individuals are highly susceptible to
adverse effects. Good nutrition is essential, and some anec-
dotal reports indicate benefits of omega-3 and omega-6
polyunsaturated fatty acid supplements.

In addition, optimal treatment of HIV-associated PE in
children is also directed to assist in neurodevelopment,
and a battery of services, including not only physical and
occupational therapists but also speech pathologists, for
both language delays and feeding difficulties should be
provided.

HIV-associated Myelopathies
Spinal cord involvement associated with HIV-1 infection
has diverse causes. As with other neurological disorders
associated with HIV-1 infection, different conditions occur
with increased prevalence during different stages of HIV-1
infection. Some conditions are related to HIV-1, whereas
others are associated with other infectious, neoplastic, vas-
cular, or nutritional and metabolic etiologies.22,242–244 A
self-limiting myelitis at the time of seroconversion and a
vacuolar myelopathy (VM) that occurs during more ad-
vanced HIV-1 disease stages are related to primary HIV-
1 infection.22,142 Other infectious agents reported include
the herpesviruses (VZV, HSV-2, and CMV); HTLV-1 or
-2; Treponema pallidum, Mycobacterium tuberculosis,
and other bacterial pathogens; as well as toxoplasmosis,
cryptococcus, and aspergillosis. Epidural and paraspinal
abscesses due to bacteria, fungi, or mycobacteria should
also be considered. Intramedullary lesions due to infectious
agents have also been described. Compressive lesions
may be caused by neoplasms, of which lymphoma is most
common.6 In addition, direct involvement of the spinal
cord, although rare, has been caused by lymphoma or mul-
tiple myeloma. Vascular causes of noninfectious spinal
cord disease in AIDS include ischemic myelopathy due to
disseminated intravascular coagulation. Finally, vitamin
B12 and folate deficiency should always be investigated in
HIV-1-infected patients who present with myelopathy.245

PATHOGENESIS. There is no evidence of the direct
HIV-1 infection of the spinal cord in patients with VM.
The virus can be identified within macrophages, which
are abundant in areas of vacuolization, but not in neurons
or microglia. It is possible that macrophage-derived fac-
tors, such as interferon, interleukin-1 (IL-1), and TNF-a,
are directly toxic to myelin, or that these factors may be re-
sponsible for a metabolic abnormality that affects my-
elin.246 These possibilities are supported by the notion that
VM clinically and pathologically resembles myelopathy of
vitamin B12 or folate deficiency. Cobalamin deficiency
is common in AIDS patients, but there is no correlation
between VM and vitamin B12 serum levels nor between
vitamin B12 supplementation and VM clinical course.
However, the similarity between VM and vitamin B12 my-
elopathy suggests that the transmethylation pathway using
cobalamin as a cofactor may be involved in the white



TABLE 44-11

Peripheral Neuropathies Associated with HIV-1 Infection

Toxic Neuropathy

Vincristine, isoniazid, dapsone, choloramphenicol, metronidazole,
pyridoxine, dideoxyinosine (didanosine), dideoxycytidine
(zalcitabine), d4T (stavudine)

Nutritional Deficiencies

Vitamin B1, B12 deficiency

HIV-1–Associated Peripheral Neuropathy Syndromes

Inflammatory polyneuropathy
Acute
Chronic

Distal symmetrical polyneuropathy
Progressive polyradiculopathy
Mononeuritis multiplex

Autonomic Neuropathy

Sensory Ganglionitis

Motor Neuron Disease
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matter vacuolization. HIV-1 may ultimately lead to impair-
ment of transmethylation and myelin vacuolization through
the activation of macrophages or other mechanisms.247 In
addition, it has been suggested that NEF prevents proper dif-
ferentiation of oligodendrocytes by affecting both CNPase
and MBP, therefore predisposing the development of VM.248

PATHOLOGY. VM is characterized by the presence of
intramyelinic and periaxonal vacuoles in the lateral and
posterior columns of the spinal cord. The axons are usually
intact in areas of mild or moderate vacuolization, but in ad-
vanced cases with severe vacuolization, the axons are dis-
rupted. Initially, the vacuolization is symmetrical, but
with the progression of the disease, it often becomes asym-
metrical. The myelopathy usually affects the midportion of
the thoracic cord, but vacuolization can be present in other
portions of the thoracic cord, the cervical cord, and lumbar
cord.249

CLINICAL COURSE. VM complicates the clinical
course of 5% to 27% of all HIV-1-infected patients. It is
reported in up to 55% of autopsy series, and in one clini-
copathological series examining adult AIDS patients, VM
occurred in 47%.58,244,250 VM usually appears late in the
course of HIV infection, although there are occasional
reports of AIDS initially presenting as VM.251 The disease
develops insidiously, and frequently it is not diagnosed
until 3 to 16 weeks after onset. Initial symptoms include
urinary urgency and increased frequency, sexual dysfunc-
tion, complaints of stiffness or heaviness of the legs, with
initially no weakness or pain. As the disease progresses,
walking becomes difficult, with painful spastic paraparesis,
mild paresthesias, and urinary incontinence.

Neurological examination typically demonstrates spastic
paraparesis with asymmetrical weakness, hyper-reflexia,
clonus, extensor plantar responses, and mild or moderate loss
of vibration and joint position sense in the lower extrem-
ities.166 Sensory level is usually absent. Sensory ataxia
may be present due to the severe proprioceptive loss. If
there is an associated sensory neuropathy, ankle reflexes
may be hypoactive, and hypesthesia to pain may be present
in a stocking distribution.

EVALUATION. The clinical examination confirming the
preceding findings is essential for the diagnosis since there
are no confirmatory tests for VM. Spine MRI is usually
normal but may show atrophy of the affected thoracic or
cervical region. In addition, increased signal on T2 images
may be observed, whereas enhancement after gadolinium
injection is very rare.252 CSF studies may show a mild
pleocytosis (<20 cells/mL) and increase in protein content.
Somatosensory evoked potentials are an important diag-
nostic and prognostic tool to detect abnormal central con-
duction time even before the clinical manifestation of
VM. When used sequentially, this test can monitor the
progression of the disease or response to therapy.

DIFFERENTIAL DIAGNOSIS. VM is a diagnosis of ex-
clusion that can be made only after other causes of myelop-
athy have been excluded. The differential diagnosis
includes opportunistic infections (HTLV-1 or -2, CMV,
herpes simplex 2, toxoplasmosis, tuberculosis, syphilis,
cryptococcus, or aspergillosis), metabolic disease (vitamin
B12 and folate deficiency), neoplastic lesion (lymphoma
and multiple myeloma), and toxic myelopathy induced by
nitrous oxide.
TREATMENT. There have been very few clinical trials,
and no specific treatment is available. Zidovudine and
high doses of vitamin B12 given intramuscularly have
failed. No clinical benefit has been shown with cortico-
steroids, intravenous immunoglobulin (IVIg), or protease
inhibitors. A double-blinded, placebo-controlled study with
L-methionine indicated no clinical benefit in myelopathy,
with some improvements in central conduction time.253

Currently, therapy is primarily supportive and symptomatic.
HIV-RELATED PERIPHERAL NERVOUS SYSTEM
DISORDERS

HIV-associated Neuropathies
Peripheral neuropathies are a frequent complication of
HIV-1 infection and AIDS. A wide range of disorders have
been described, and their causes are diverse. Some neu-
ropathies are related to HIV-1 or HIV-induced immune-
mediated mechanisms. HIV-1, for example, in sensory
neurons is dependent on CCR5 receptors present on macro-
phages, although tropic forms of HIV-1 sensitive to
CXCR4 receptors have also been reported in peripheral
nerves of AIDS patients.254 These receptors are instrumen-
tal to the development of infection in the CNS as well. In
other cases, neuropathies may be related to toxic complica-
tions of therapy, complications of systemic HIV-1 illness,
nutritional deficiencies, metabolic derangements, opportu-
nistic infections, or neoplasms (Table 44-11). Drug-induced
injury can also exacerbate HIV-associated neuropathic dis-
ease. “D” drugs (didanosine, stavudine, and zalcitabine)
are most likely to induce such injury, particularly when used
in combination with one another or with hydroxyurea.255

Because these drugs have a primary affinity for mito-
chondrial g-DNA polymerase, drug-induced peripheral nerve
injury has been added to the enlarging spectrum of antiretro-
viral-associated mitochondrial toxicity syndromes. Risk
factors for neuropathy in HIV-infected patients are male
sex, older age, alcohol abuse, and NRTI use.256 In addition,
studies indicate that HIV-associated neuropathies are not
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associated with the viral load or CD4 count but, rather, with
the drug abuse, particularly in the case of distal sensory
neuropathy (Video 259, Sensory Polyneuropathy).257,258

The major HIV-1-associated peripheral neuropathy syn-
dromes have well-defined clinical characteristics (Table
44-12). Distinctive clinical features that aid in the diagno-
sis, management, and, occasionally, prognosis of patients
are stage of HIV-1 disease, CD4þ lymphocyte count,
rate of symptom progression, degree of weakness relative
to sensory loss, and characteristic electrophysiological
findings.

Different neuropathic syndromes occur with increased
prevalence at particular stages of HIV-1 disease. Some syn-
dromes are encountered frequently, whereas others are
rare. In general, the overall incidence of peripheral neu-
ropathies increases with advancing systemic disease, progres-
sive immunodeficiency, and declining CD4þ counts.259 By
the time patients develop AIDS, clinical and electrophys-
iological evidence of neuropathy is present in up to one-
third of patients.259 Even higher rates of nerve pathology
are reported in autopsy studies. Acute demyelinating poly-
neuropathy, brachial plexopathy, and mononeuritides may
occur at the time of acute infection or seroconversion.
Acute inflammatory demyelinating polyneuropathy (AIDP)
and chronic inflammatory demyelinating neuropathy
(CIDP), although rare, are the most common form of pe-
ripheral neuropathy during the latent, asymptomatic, or
mildly symptomatic stage of HIV-1 disease when CD4þ

cell counts are greater than or equal to 500 cells/mL. As
immunodeficiency progresses and as CD4þ cell counts de-
cline to the 200 to 500 cells/mL range, the most frequent
neuropathies encountered are mononeuritis multiplex and
herpes zoster neuropathy (Video 217, Anterior Interosseous
Neuropathy, Pinch Sign; Video 219, Ulnar Neuropathy,
Froment Sign). With HIV-1 disease progression (CD4þ

<200 cells/mL), the occurrence of distal symmetrical poly-
neuropathy increases, as does the prevalence of other types
of neuropathies, such as autonomic neuropathy, mononeu-
ritis multiplex, cranial mononeuropathies, mononeuropa-
thies-radiculopathies associated with neoplasms, and toxic
neuropathies. Progressive polyradiculopathy occurs in
advanced HIV-1 disease when the patient is severely
immunosuppressed (CD4þ <50 cells/mL).

Inflammatory Demyelinating Polyneuropathies
Although they are relatively uncommon, both AIDP and
CIDP are well-recognized complications of HIV-1 infec-
tion.260 Unlike other HIV-associated neuropathies, the in-
flammatory neuropathies occur primarily in patients early
in the course of the illness, before AIDS develops, and
may be the initial manifestation of the disease. AIDP, in
particular, may occur coincidentally with seroconver-
sion.261 Clinical and electrophysiological features of in-
flammatory demyelinating polyneuropathies are similar to
those of patients without HIV-1 infection (see Chapter
44). Patients with AIDP present with progressive, ascend-
ing symmetrical weakness of the lower and upper extremi-
ties. Although sensory symptoms may be present, the
examination commonly shows sensory deficits that are
mild in comparison to the degree of weakness. Areflexia
is a common finding. The CSF protein may be elevated,
and a majority of patients have a mononuclear pleocytosis
of up to 50 cells/mL, a helpful differentiating feature from
AIDP in non-HIV-1-infected patients. Nerve conduction
velocity (NCV) studies and sural nerve biopsy fre-
quently demonstrate demyelination. As in non-HIV-1-
infected patients with AIDP, the pathophysiological mech-
anism is thought to be due to autoimmune dysfunction.
AIDP is a monophasic illness that responds well to the treat-
ment, but it can also remit without therapy. IVIg and plas-
mapheresis are the treatments of choice.

The natural history of HIV-1-associated CIDP is un-
known. As in treatment of CIDP in non-HIV-1-infected
patients, prednisone, IVIg, or plasmapheresis are reported
to be efficacious (see Chapter 49).

Distal Symmetrical Polyneuropathies
PATHOGENESIS AND PATHOPHYSIOLOGY. Patho-

physiological mechanisms of this form of HIV-associated
polyneuropathy remain unclear. Several hypotheses have
been proposed: (1) direct effects of HIV-1,8,262–264 (2)
HIV-1-mediated effects of activated macrophages and the
production of cytokines (TNF-a, IL-1, and IL-6),265,266

(3) nutritional deficiencies, and (4) toxins. Further studies
are needed to clarify the role of these agents in the patho-
genesis of distal symmetrical polyneuropathy (DSPN) in
AIDS. Infectious etiologies (mainly CMV) have also been
implicated; however, some investigators believe that
infection-related DSPN should be considered as a separate
and distinct category.58

Pathological examination of nerve biopsies shows de-
generation of first unmyelinated and then myelinated
axons,263,267 with mild epineurial and endoneurial perivas-
cular mononuclear inflammation. The inflammatory cells
are characterized as T lymphocytes and activated macro-
phages. In the endoneurium, suppressor/cytotoxic cells
(CD8þ) predominate over helper/inducer (CD4þ) cells. A
more equal ratio is seen in the epineurium and perineu-
rium. Immunoglobulin, complement, or fibrin are not seen.
Associated demyelination may be present but does not ap-
pear to be macrophage mediated or segmental.263 Distal
axonal degeneration is noted in both central and peripheral
projections of dorsal root ganglion cells and is a frequent
autopsy finding in AIDS patients. Gracile tract degenera-
tion in the upper thoracic and cervical segments may also
be seen.264 Loss of dorsal root ganglion cells and mono-
nuclear infiltration is usually mild in comparison with the
degree of axonal degeneration and inflammation of distal
nerves.

EPIDEMIOLOGY. DSPN is the most frequent type of
HIV-associated neuropathy and an incidence of 2.81% is
estimated in HIV-1-infected patients; however, it can be
detected clinically in more than 35% of patients with
AIDS.260,268,269

CLINICAL FEATURES. Characteristically, sensory symp-
toms in the form of neuropathic pain far exceed motor
dysfunction in DSPN.270 Typical symptoms are burning
pain, numbness, or tingling of the toes or over the soles.
Some patients develop contact hyperalgesia. Upper extrem-
ity involvement occurs somewhat later in the course of
the neuropathy. Muscle weakness is not a prominent symp-
tom. The most common signs are those typical of a



TABLE 44-12

HIV-1-associated Peripheral Neuropathies: Clinical Features

NEUROPATHY
HIV DISEASE STAGE
(CD4þ CELLS/mL) ONSET SYMPTOMS SIGNS DIAGNOSTIC STUDIES COMMENTS

Inflammatory
Demyelinating
Polyneuropathy
(AIDP or CIDP)

AIDP: early (pre-AIDS)
CIDP: early > late
(variable)

Subacute Progressive symmetrical
weakness, paresthesias

Moderate to severe
weakness � mild
sensory loss

EMG: demyelination
CSF: "" Protein
" WBC

Indistinguishable clinically
from AIDP and CIDP in
non-HIV-infected states

Areflexia
Distal Symmetrical

Polyneuropathy
Late (variable <200-400) Subacute Pain is predominantly

symmetrical distal
dysesthesias/paresthesias,
numbness, burning pain

Stocking-glove sensory
loss (symmetrical
length-dependent)
# ankle DTRs

EMG: distal
axonopathy

Most common
HIV-1–related form of
neuropathy

Progressive
Polyneuropathy

Late (<200) Acute Prominent lower extremity
syndrome, back pain,
radicular pain,
paresthesias, lower
extremity weakness,
urinary incontinence

Bilateral lower extremity
weakness ! flaccid
paraparesis, saddle
anesthesia, bowel and
bladder dysfunction
# ankle and knee DTRs

EMG polyradiculopathy
CSF: "" WBC
þ CMV culture

Prominent lower extremity
syndrome resembling
spinal cord compression

Mononeuritis
Multiplex

Early: limited Acute or
subacute

Facial weakness, wrist drop,
foot drop

Asymmetrical multifocal
cranial and peripheral
neuropathy

EMG: multifocal
axonal neuropathy

Laryngeal nerve
involvement can occur
and lead to hoarseness
with vocal cord paralysis

Late: extensive
progressive (variable) Focal deep aching pain Nerve Bx:

inflammation
vasculitis � CMV
inclusions

AIDP, acute inflammatory demyelinating polyneuropathy; CIDP, chronic inflammatory demyelinating polyneuropathy; Bx, biopsy.
Modified from So YT, Holtzman DM, Abrams DI, Olney RK: Peripheral neuropathy associated with acquired immunodeficiency syndrome; Prevalence and clinical features from a population-based survey. Arch Neurol 1988;45:945–948.
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predominantly sensory length-dependent neuropathy with
depressed or absent ankle tendon reflexes, elevated sensory
threshold, increased vibratory thresholds, decreased pin-
prick and temperature, and stocking-and-glove distribution
(Video 259, Sensory Polyneuropathy). Joint position sensa-
tion is relatively normal. If present, weakness is minimal
and is generally restricted to intrinsic foot muscles.244,260

DIFFERENTIAL DIAGNOSIS. HIV-1-associated DSPN
should be differentiated from other neuropathic lesions,271

including toxic neuropathies attributable to chemother-
apeutic and retroviral (NRTI) agents (e.g., vincristine,
isoniazid, ddC, ddI, and d4T)272,273 and tarsal tunnel syn-
drome. Electrodiagnostic studies do not differentiate be-
tween toxic neuropathies and other causes of DSPN. The
diagnosis of toxic neuropathy is based on the temporal as-
sociation of the peripheral neuropathy with drug treatment
and improvement after the suspected agent is removed.
However, patients with severe immunosuppresion (CD4þ

<100/mL), anemia, and a prior history of DSPN are at
highest risk to develop NRTI-associated DSPN. Co-morbid
conditions, such as diabetes, vitamin B12 deficiency, or ex-
cessive alcohol intake, may exacerbate, unmask, or predis-
pose HIV-1 patients to develop this neuropathy sooner than
expected.

EVALUATION. The electrodiagnostic features of DSPN
in AIDS are consistent with distal and symmetrical degen-
eration of sensory and motor axons, in a pattern similar to
other forms of DSPN. NCV studies usually demonstrate
absent or low-amplitude sural nerve action potentials
(SNAPs).260 Late responses are also delayed in a pattern
consistent with axonal neuropathy. Reduction in the ampli-
tudes of the peroneal or tibial compound muscle action po-
tential (CMAP) is less common. Electromyography (EMG)
may demonstrate signs of active or chronic partial dener-
vation with reinnervation in distal leg muscles.260,270 Serum
vitamin B12 levels, folate, ESR, antinuclear antibodies, fast-
ing blood glucose, liver enzymes, creatinine, thyroid func-
tion tests, and serum protein electrophoresis are usually
normal.260 CSF examination is nonspecific and often shows
mild abnormalities in cell count and protein level (as is
common in HIV-1-infected patients).274

MANAGEMENT. DSPN is often a disabling condition
owing to severe pain. The main treatment is symptomatic
and includes those agents used in the treatment of painful
non-AIDS peripheral neuropathies, ranging from analgesics
and NSAIDs to anticonvulsants (see Chapter 20). Studies in-
dicate beneficial effects of gabapentin275,276 and lamo-
trigine277,278 in the treatment of HIV-associated DSPN. A
controlled study using recombinant human nerve growth
factor in HIV neuropathy failed to show prominent evidence
of nerve fiber regeneration, although significant reduction
of pain occurred. DSPN caused by the nucleoside analogue
reverse transcriptase inhibitor therapy leads to depletion of
serum acetyl-L-carnithine levels, but the cause is still not
established.279 However, this finding offers the possibility
of trying the carnithine supplement as a possible treatment
for DSPN. Other treatments, such as antidepressants, mex-
iletine, and even acupuncture, have been tried in HIV-asso-
ciated DSPN but have proved ineffective.280,281 It has
been shown that erythropoetin may prevent sensory axonal
degeneration due to both HIV envelope glycoprotein
gp120 effect and the effect of ddC,282 underscoring a
combined effect of both the virus and the treatment and
the necessity for more detailed research on DSPN.

Mononeuritis Multip lex
Two forms of mononeuritis multiplex (MM), both rela-
tively rare, have been recognized as a complication of HIV-1
infection and AIDS. The first form affects patients in early
stages of HIV-1 infection (CD4þ cell counts > 200 cell/
mL), and the second affects those individuals with ad-
vanced disease.267,283 Patients in early HIV-1 stages have
a more benign disease, the extent of nerve involvement is
more restricted, and the course is self-limited. Motor and
sensory deficits develop over the course of a few weeks
in the distribution of discrete peripheral nerves. This form
of MM is a self-limited disease and does not usually re-
quire specific treatment. As in non-AIDS MM, an autoim-
mune vasculitis is proposed (see Chapter 50).284,285 This
form of mononeuritis neuropathy should be differentiated
from compressive neuropathies of the ulnar or peroneal
nerves, seen particularly in patients who are bed-bound
with profound weight loss (Video 219, Ulnar Neuropathy,
Froment Sign; Video 220, Ulnar Neuropathy, Main en
Griffe; Video 237, Foot Drop).

In contrast, more widespread, multifocal weakness is
characteristic of the second type of MM, which occurs pri-
marily in patients with low CD4þ counts. The clinical
presentation is typically subacute with progression over
several weeks or a few months. Asymmetrical, multifocal
sensory and motor deficits in the distribution of several
major peripheral nerves or spinal roots are characteristic
of this neuropathy. Significant motor deficits are present,
and deep tendon reflexes mediated by the affected nerves
are diminished or absent. Cranial neuropathy is common,
and some patients have hypophonia, hoarseness, and vocal
cord paresis (Video 44, Dysphonia).267 The asymmetrical
weakness in discrete distributions of peripheral nerves
and occasional laryngeal nerve involvement help distin-
guish these patients from those with the more frequently
encountered CIDP. Before establishing the diagnosis, other
causes of MM should be excluded, such as herpes zoster
and lymphomatous nerve root infiltration.

Electrodiagnostic studies show multifocal neuropathy
with mixed demyelination and axonal loss, reduced CMAP
and SNAP amplitudes, and mild reduction in conduction
velocities. Compressive or entrapment neuropathies are ex-
cluded by these studies. Pathological specimens from
patients with advanced AIDS show polymorphonuclear
infiltrates, with mixed axonal and demyelinative lesions,
as well as evidence of CMV.284,285 The late form of MM
requires specific anti-CMV therapy, including ganciclovir,
foscarnet, or cidofovir, alone or in combination.

Progressive Polyneuropathy/Radiculitis
This syndrome develops primarily in patients with very
low CD4þ counts and advanced HIV-1 disease. With the
introduction of HAART, the incidence of progressive poly-
neuropathy significantly declined. It is generally consid-
ered to be due to secondary viral, infectious, or neoplastic
processes in the immune-compromised host and not di-
rectly related to HIV infection. Presenting features of
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progressive lumbar polyneuropathy include an acute cauda
equina syndrome with rapid progression of bilateral leg
weakness and urinary/fecal incontinence. Back pain is a
prominent feature in some patients. Initially, weakness is
restricted to the lower extremities, as is areflexia. Paresthe-
sias are common, but sensory deficits are rarely marked.
Perineal or perianal sensory changes are characteristic but
not always present. Areflexia and sensory disturbance (al-
beit mild) help differentiate this syndrome from weakness
due to myopathy or the wasting syndrome. Sphincteric dis-
turbances and sparing of the upper extremities separate
this disorder from AIDP, CIDP, and MM. EMG demon-
strates denervation in lower extremity muscles as well as
in lumbar paraspinal muscles. NCV abnormalities may be
present in up to one third of patients and indicate a coexist-
ing polyneuropathy. CSF examination is the most important
confirmatory study. Elevated protein content and hypogly-
corrhachia are common. Approximately half of patients
have a marked pleocytosis, with cell counts in excess of
500 cells/mL. The other half has a less striking mononuclear
cell count.

CMV infection is the most important infectious cause
of this syndrome286 and may be detected by CSF culture
and the use of CMV PCR testing. This disorder should be
treated with ganciclovir and foscarnet (see Chapter 41),
and early treatment may partially reverse the neurological
deficits. Delayed diagnosis and treatment leads to poor
prognosis.

A polyradiculopathy syndrome may also be caused by
pathogens other than CMV (e.g., herpes zoster infections,
Treponema pallidum, M. tuberculosis, and toxoplasmosis
of the conus medullaris) and by leptomeningeal lym-
phoma.287 Therefore, CSF studies should include viral
cultures, VDRL titer, and cytological studies. A lumbosa-
cral spine MRI excludes a compressive or mass lesion
and may show enhancement of nerve roots. When herpes
zoster radiculitis is present, lesions are improved and the
incidence of neuralgia is reduced by acyclovir. Parenteral
acyclovir (30 mg/kg/day) should be used when cervical
or lumbar dermatomes are involved, in an attempt to
prevent severe myeloradiculitis. Amitriptyline, carbamaze-
pine, and capsaicin can be used in the setting of postherpe-
tic neuralgia.

Autonomic Neuropathy
Autonomic neuropathy has been reported in nearly 50% of
HIV-1-infected patients. The severity of autonomic im-
pairment is correlated with the degree of immunosuppres-
sion. Patients primarily experience dizziness, diarrhea,
bladder and sexual dysfunction, and, sometimes, palpita-
tions. Both sympathetic and parasympathetic systems are
involved. Sometimes, autonomic neuropathy is caused by
pentamidine, and this drug should be excluded in every
patient. Treatment is symptomatic and may require cardio-
vascular monitoring.

HIV-1-related Myopathies
Muscle disorders related to HIV-1 infection include HIV-
1-associated polymyositis, ZDV toxic myopathy, pyo-
myositis or infectious myopathy, cardiomyopathy, and the
so-called wasting syndrome myopathy. Of these condi-
tions, HIV-1-associated polymyositis and toxic myopathy
related to ZDV are the most common. Distinguishing be-
tween these two forms of myopathy may occasionally be
difficult.

PATHOGENESIS AND PATHOPHYSIOLOGY. The
pathophysiological mechanisms underlying HIV-related
myopathy are uncertain. A wide spectrum of histopatho-
logical findings have been described, including inflammatory
infiltrates288–290 noninflammatory myofiber degenera-
tion,289 nemaline rod bodies,288,299 cytoplasmic bodies,
and mitochondrial abnormalities.291 Muscle biopsy exami-
nation usually shows characteristic myopathic features,
such as variation in fiber size or degenerating muscle
fibers. Features of polymyositis (necrotic fibers and lym-
phocytic infiltrates in the perimysium and perivascular
space) are also noted in some patients, although the degree
of these changes is variable.292 In a subset of patients,
Gomori trichrome-stained sections of muscle show promi-
nent abnormalities of mitochondria giving the appearance
of ragged-red fibers.293–295 In other subsets of patients,
electron microscopy examination shows granular material
that appears as electron-dense rod bodies.289 Variable
amounts of inflammatory infiltrates have been described
in both of these types.

Before the widespread use of ZDV, overt myopathy or a
polymyositis-like syndrome was reported but not fre-
quently. With increasing use of ZDV, and especially at the ini-
tially high 1200 mg/day dosage, reports of myopathy in
ZDV-treated patients and those who improved following
ZDV withdrawal appeared in the literature.295–297 Studies
showed ZDV to be an inhibitor of the g-polymerase of the
mitochondrial matrix,298 and ZDV toxicity in skeletal mus-
cle mitochond ria was dem onstrated in some 291,294,296 ,299–301

but not all studies.300,301

Investigators have suggested that muscle changes may
be due to the virus, the length of time of the patient’s infec-
tion, and the length of time taking ZDV. Whether there are
patho logical features that disti nguish betwee n HIV-1- and
ZDV-r elated myop athies remains uncer tain. 293,294,296 ,302

One clinical study of HIV-related myopathy conducted in
unselected patients of all disease stages found that none
of the patients taking ZDV had symptomatic myopathy
thought to be related to ZDV. However, some patients
had characteristic ZDV morphological changes on muscle
biopsy.302 The clinical relevance of the structural changes
described previously in the chapter, the causal role of
ZDV, and, thus, the pathogenesis of HIV-related myopathy
remain unclear and the subject of controversy.

HIV-1 has been localized in infiltrating monocyte/
macrophage cells by immunocytochemistry.303 Myofibers do
not appear to be directly infected.289 This suggests that it
is unlikely that HIV-1 has a direct role in myopathy. As in
other forms of polymyositis (see Chapter 50), immune-
mediated mechanisms are proposed. It is postulated that
activated macrophages secrete toxic factors (cytokine hy-
pothesis) that mediate myofiber damage. TNF, which
causes cachexia in laboratory animals and is produced
mainly by monocytes, is also implicated, as is IL-1a
(shown to accumulate in muscle fibers of HIV-infected
patients).304 HIV-1-infected CD8þ cells produce cytokines
that expose muscle fiber antigens against which there is no
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self-tolerance. It has also been suggested that homology be-
tween viral GAG protein and muscle ribonucleoproteins
triggers an autoimmune process leading to cellular infiltra-
tion and myofiber damage.305

EPIDEMIOLOGY AND RISK FACTORS. Risk factors
are not clearly defined. One study of 50 unselected patients
in all stages of HIV-1 infection found that 26% of patients
had myopathy. An autopsy series reported myopathic
changes in 26% of AIDS cases.290 A retrospective analysis
of patients enrolled in an antiretroviral clinical trial showed
a 0.4% incidence of myopathy in patients not treated with
ZDV (placebo group), which increased to 3% in ZDV-
treated patients (D. Simpson, personal communication).
HIV-associated myopathy may develop in patients in all
stages of HIV-1 infection and does not appear to be asso-
ciated with the degree of immunosuppression.289

CLINICAL FEATURES ANDASSOCIATEDDISORDERS.

Muscle weakness is the predominant sign and symp-
tom.289,293 Patients present with slowly progressive sym-
metrical and predominantly proximal weakness of the
upper and lower limbs. Patients have difficulty arising
from a chair or climbing stairs. Myalgia is present in
25% to 50% of affected patients. Neurological examina-
tions reveal symmetrical weakness of proximal muscle
groups with prominent involvement of neck and hip flex-
ors. HIV-1-associated polymyositis can occur at any stage
of HIV-1 infection. Presentation is similar to sporadic
polymyositis, with proximal muscle weakness, myalgias,
and elevated creatine kinase (CK).

There are no clinical features that differentiate HIV from
ZDV myopathy. ZDV myopathy usually occurs after at
least several months of therapy, and there appears to be a
dose and duration effect. Although some patients may im-
prove after ZDV withdrawal (resolution of muscle pain
and a slower recovery of strength),295,296 others do not.293

To add further confusion, ZDV rechallenge in some patients
does not cause a relapse.297

DIFFERENTIAL DIAGNOSIS. Other myopathic compli-
cations of HIV-1 infection include wasting syndrome and
infectious myopathies. Patients with advanced HIV-1 dis-
ease frequently develop a wasting syndrome (Slim’s dis-
ease) consisting of fatigue, profound involuntary weight
loss, and diffuse weakness. Affected individuals are cachec-
tic, weak, and have a general loss of muscle bulk. The fre-
quent finding of the wasting syndrome in people with
severe HIV-1 infection makes it difficult to delineate a
myopathic component. Although a myopathy can also cause
a wasting syndrome characterized by involuntary weight loss
and chronic muscle weakness,306 occasionally it is difficult
to distinguish between the two. HIV-1-associated myo-
pathy can occur at any stage of HIV-1 infection. Thus, if
myopathy develops in early HIV-1 infection before
other AIDS-defining illnesses and immunosuppression,
the diagnosis of HIV-related myopathy is likely if systemic
or nutritional factors have been excluded and criteria for
a diagnosis of myopathy are met. The importance of deter-
mining a specific diagnosis of myopathy in patients is
evidenced by some patients’ improvement with prednisone
therapy.306

Infectious causes of myopathy in patients with AIDS, al-
though infrequent, should be considered in the differential
diagnosis. Pathogens reported in muscles of AIDS patients
include T. gondii,307 CMV, Microsporidia, Cryptococcus
neoformans, MAI, and Staphylococcus aureus.290

HIV-infected individuals may present with acute rhabdo-
myolysis characterized by a myopathic syndrome (my-
alagia and muscle weakness) associated with serum CK
levels greater than 1500 IU/L. The cause of acute rhabdo-
myolysis in HIV-1 disease is unknown, although investiga-
tors have suggested several etiologies, including HIV-1,
drug toxicity (e.g., ddI, sulfadiazine, and pentamidine),
and opportunistic infections.308

EVALUATION. The diagnosis of myopathy is made by
the presence of limb weakness with CK elevation, along
with supportive electrodiagnostic and muscle biopsy stud-
ies. As in the diagnosis of polymyositis (non-HIV-1 re-
lated), if three of four features are present, the diagnosis
is considered probable; if two of four features are present,
the diagnosis is possible (see Chapter 50). Electrophysio-
logical studies show typical myopathic EMG features
(small, brief, and polyphasic motor unit potentials that re-
cruit with full interference patterns and fibrillation poten-
tials).293 Some patients also have NCV abnormalities
indicative of coincident DSPN.289

In HIV myopathy, CK levels are usually elevated to a
moderate degree, with a median level of approximately
500 IU/L.289,294–296 The CK elevation parallels the degree
of myonecrosis observed in coincident muscle biopsies
but does not seem to correlate with weakness and is not a
specific marker of HIV myopathy (patients may have
elevated CK without clinical features of myopathy).

Muscle biopsy is useful in the evaluation and manage-
ment of patients. Some investigators propose that the histo-
logical finding of ragged-red fibers supports the diagnosis
of ZDV myopathy.294,296 However, not all ZDV patients
with myopathy have ragged-red fibers on biopsy; thus, the
absence of the finding does not exclude a toxic myopathy.

MANAGEMENT. Because it is often difficult to distin-
guish patients with ZDV-related myopathy from those with-
out, the initial management of patients with significant limb
weakness and objective evidence of myopathy includes ZDV
withdrawal. An 18% to 100% rate of improvement in muscle
strength is reported from different series.293,295,302 Some
patients show further deterioration or no improvement after
cessation of ZDV but do respond to treatment with corti-
costeroids. Thus, if signs and symptoms persist after ZDV
withdrawal (approximately 1 month), a muscle biopsy
should be considered. If there are signs of inflammation, a
trial of steroids is warranted. Prednisone may be effective
in treatment of polymyositis or rod-body myopathy.288,293

One study indicates that the prognosis of HIV-associated
myositis is good because many cases remit even spontane-
ously and particularly after therapy with prednisone.309
HIV-ASSOCIATED NEOPLASMS

Primary CNS lymphoma (PCNSL), non-Hodgkin’s lym-
phoma metastatic to the CNS, and Kaposi’s sarcoma are
the principal brain neoplasms associated with HIV/AIDS.
Of these neoplasms, PCNSL is the most common in both
adults and children and is designated as an AIDS-defining
condition. Neurological involvement associated with
Kaposi’s sarcoma is rare. Metastatic CNS lesions are found
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at the junction between gray and white matter, and on MRI
scans they enhance with contrast material. They are often
highly vascular tumors and can hemorrhage.

Primary Central Nervous System Lymphoma
PCNSL (see Chapter 46) develops in approximately 5% of
patients with AIDS and is found at autopsy in up to 10%
of cases. It is the initial AIDS-defining illness in 0.6% of
adults. In children, PCNSL is the most common mass le-
sion, and in adults it is the second most common after toxo-
plasmosis. PCNSL develops in patients with advanced
HIV-1 disease who are severely immunosuppressed. The
incidence of PCNSL in the AIDS population may be in-
creasing as longevity is extended by medical management
and antiretroviral agents. Lymphomas are usually of the
diffuse immunoblastic, diffuse large cell, or small cell non-
cleaved B cell type310 with a predilection for the deep ce-
rebral gray matter, corpus callosum, periventricular white
matter, and cerebellar vermis. Strong evidence links
PCNSL to EBV. EBV is frequently detected in the tumor
tissue, and detection of EBV DNA by PCR in CSF is a sen-
sitive and specific test for establishing a diagnosis in the ap-
propriate clinical setting.311 It is suspected that in HIV-1-
infected patients, destruction of T cells enables a sub-
population of immortalized and latently infected B cells to
persist in the CNS, leading to the development of non-
Hodgkin’s lymphoma, particularly PCNSL. Clinical presen-
tation includes headache, mental status changes (confusion,
lethargy, and memory problems), seizures, cranial nerve
palsies, and focal neurological deficits such as hemiparesis
or aphasia.13,310 In children, neurological deterioration at
times may be rapidly progressive and fulminant.14 Because
this clinical presentation is nonspecific, neuroimaging is
recommended, with MRI as the procedure of choice.

Neuroimaging characteristics of lymphoma include (1)
hyperdense or isodense multiple mass lesions with variable
ring enhancement, (2) diffusely infiltrating contrast-
enhancing lesions, (3) periventricular contrasting lesions,
(4) thallium-avid on SPECT, and (5) hypermetabolic area
on PET scan.311–313 Surrounding edema is variable, and a
large solitary mass may be seen as well as multiple lesions.
Diffusion-weighted MRI and MRS have been used to dis-
tinguish abscess, Toxoplasma encephalitis, and primary
lymphoma, although with limited success.314,315 In addi-
tion to brain MRI, spinal MRI is indicated on the basis
of clinical examination, as well as CSF studies for EBV
DNA, ocular slit lamp exam, bone marrow, chest x-ray,
and abdominopelvic CT scan.

The differential diagnosis of intracranial lesions in AIDS
patients includes a variety of infectious, neoplastic, and ce-
rebrovascular processes. In adults, the most common mass
lesion is toxoplasmosis. Unlike T. encephalitis, PCNSL
lesions may cross the midline in the corpus callosum and
be associated with patchy nodular ventricular enhancement.

Recommendations for the management of intracranial
mass lesions in AIDS patients have been published. Large
lesions with mass effect and threatening impending hernia-
tion require open biopsy with decompression. SPECT
should be performed when available because it appears
to be highly specific for PCNSL. A combination of
SPECT, PET scan, and CSF EBV analysis, if all positive,
establishes the diagnosis in virtually 100% of patients,
eliminating the necessity for brain biopsy.316 Biopsy in
AIDS patients is generally avoided, not only because of
the possibility for HIV-1 contamination but also because
of a high risk for significant hemorrhage after biopsy in
AIDS patients.317 In adults, empirical treatment for toxo-
plasmosis should be instituted in all other cases except
when a single intracranial mass lesion accompanies nega-
tive serology for toxoplasmosis, in which case all the
preceding diagnostic approaches should be initiated.

Primary CNS lymphoma are radiosensitive tumors, but
prognosis is extremely poor.318,319 Reduction in tumor size
has been noted in patients following whole brain radiation
therapy and steroids (300 cGy in 10 fractions for a total of
3000 cGy).319,320 A 2- to 4-month survival after diagnosis
is reported. In general, chemotherapy regimens have not
significantly altered long-term survival rates. Prognosis
for long-term survival is grim, with death resulting from
concurrent illness and opportunistic infections rather than
lymphoma. The absence of opportunistic infections at the
time of diagnosis is associated with a longer median sur-
vival. Selected patients may be candidates for combined
chemotherapy and radiation therapy.321

Metastatic Non-Hodgkin’s Lymphoma
Non-Hodgkin’s lymphoma occurs in 5% of AIDS patients.
This malignancy develops in patients who are severely
immunosuppressed, and, like PCNSL, it is linked etio-
pathologically to EBV. Non-Hodgkin’s lymphoma often
presents as an aggressive tumor, and there is a propensity
for CNS metastasis. Approximately one third to one half
of patients with non-Hodgkin’s lymphoma develop meta-
static CNS disease. Leptomeningeal involvement is com-
mon, with extension along the Virchow-Robins spaces,
the cranial and spinal nerve sheaths, and the CSF path-
ways. Clinical features include mental status changes, sei-
zures, cranial neuropathies and radiculopathies, and
paraspinal masses.322 Neuroimaging studies often reveal
hydrocephalus with basilar meningeal enhancement. Dif-
fuse leptomeningeal and cortical enhancement may also
occur. CSF studies show depressed glucose levels. Lym-
phoma cells may be seen on cytological studies. Combina-
tion chemotherapy regimens have not been as successful
in prolonging life in patients with AIDS-associated
non-Hodgkin’s lymphoma as they have in non-AIDS/
non-Hodgkin’s lymphoma patients. The poor response and
short survival may be due to severe immunosuppression
and the occurrence of opportunistic infections.
OPPORTUNISTIC INFECTIONS IN AIDS

A variety of opportunistic infections occur in the setting of
AIDS and may affect the CNS (Table 44-13). The suscep-
tibility of individuals with HIV to opportunistic infections
is related to the degree of immunosuppression and cor-
relates to the peripheral blood CD4þ lymphocyte count
(Table 44-14). A full discussion of the clinical features,
evaluation, and management of infection with these organ-
isms is detailed in the chapters on viral (see Chapter 41)
and nonviral (see Chapter 42) infections.



TABLE 44-14

Correlation Between Central Nervous System Disease
Susceptibility and Peripheral Blood CD4 Count

CD4þ COUNT (CELLS/mL)

>500 500–200 <200 <100

Toxoplasma encephalitis X X
Cryptococcal meningitis X X
Syphilitic meningitis X X X X
Tuberculous meningitis X X X
Coccidioidal meningitis X X
Cytomegalovirus
encephalitis or
polyradiculopathy

X

Progressive multifocal
leukoencephalopathy

X

Modified from Marra CM: Opportunistic infections in AIDS, Infections of the Nervous
System II. Minneapolis, MN, American Academy of Neurology, 1997, pp 234–260.

TABLE 44-13

HIV-1-associated Opportunistic Infections of the
Central Nervous System

Bacterial

Mycobacterium tuberculosis
Mycobacterium avium-intracellulare
Treponema pallidum
Nocardia
Salmonella
Listeria monocytogenes

Viral

Cytomegalovirus
Herpes simplex viruses 1 and 2
Varicella-zoster virus
JC virus
Epstein-Barr virus

Fungi

Cryptococcus neoformans
Candida
Coccidioides immitis
Aspergillus
Histoplasma capsulatum

Protozoa

Toxoplasma gondii
Trypanosoma cruzi
Acanthamoeba

Modified fromMarra CM: Opportunistic Infections in AIDS. Infections of the Nervous
System II. Minneapolis, MN, American Academy of Neurology, 1997, pp 234–259.
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Note: Because of the rapidity of scientific advances in the field of HIV/
AIDS, the authors recommend the following Internet resources for
up-to-date information: www.hivatis.org, www.unaids.org, and www.
nih.gov/medlineplus/aids.html.
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HISTORICAL BACKGROUND

During the 17th and 18th centuries, physicians and mor-
phologists recognized that the brains of patients who died
of apoplexy often contained hemorrhages and softenings
and that brain damage could result from either bleeding
or deprivation of the vital blood supply. During the 19th
and early 20th centuries, physicians became interested in
correlating the neurological symptoms and signs found in
stroke patients during life with the anatomical region of
damage in the brain found after death. Anatomical-clinical
correlations defined the territories of supply of the various
vessels within the anterior and posterior brain circula-
tions and noted the findings in patients with infarcts in
the territories of the various arteries.

During the middle years of the 20th century, clinicians
focused increasingly on the clinical findings in patients with
brain hemorrhages and infarcts. In 1935, Aring and Merritt
analyzed the clinical findings in patients who died at the
Boston City Hospital from large strokes and tried to separate
the signs of embolism, thrombosis, and brain hemorrhage.
Kubik and Adams, in 1946, reported the first detailed clini-
copathological analysis of a stroke syndrome—occlusion
of the basilar artery (BA). In 1951, Miller Fisher described
the clinical findings in patients who had internal carotid
artery (ICA) occlusions in the neck. Fisher emphasized that
warning spells, which he dubbed transient ischemic attacks
(TIAs), often preceded strokes in his patients and that the
causative vascular disease was located in the neck, where it
could theoretically be repaired by surgeons, rather than
intracranially in the middle cerebral arteries (MCAs), where
most of the prior literature had indicated that the usual vas-
cular lesions were located. Soon thereafter, Hutchinson and
Yates showed that patients with posterior circulation infarcts
and TIAs also often had occlusive disease in the neck, at the
origins of the extracranial vertebral arteries (VAs), rather
than in the head. Wallenberg and Kubik and Adams had
identified the vascular pathology. In 1961, Miller Fisher
described the clinical findings in patients with large fatal
brain hemorrhages located in the putamen, thalamus, pons,
and cerebellum.1 Stimulated by these seminal reports and
their own clinical experiences, physicians became more
interested in the clinical features of stroke, brain ischemia,
and cerebrovascular disease.

During the third quarter of the 20th century, most neu-
rologists had only modest interest in stroke, and most
patients were cared for by non-neurologists. Furthermore,
few investigations were available that could be performed
safely during life to clarify the nature, location, and extent
of stroke-related brain damage or the causative cardiac and
cerebrovascular lesions. Physicians during this era turned
to classifications based solely on the temporal features of
symptoms. Thus, the terms TIAs, reversible ischemic neuro-
logical deficit, stroke-in-evolution, progressing stroke, and
completed stroke became popular and were used as a basis
for treatment. These terms, however, proved to be of little
clinical usefulness and are now obsolete. TIA is the only
term that remains useful, mainly for ease in communication
but not as a guide to diagnosis or treatment.2

During the last quarter of the 20th century, explosive
advances occurred in brain imaging (computed tomography
[CT], magnetic resonance imaging [MRI], single-photon
emission computed tomography [SPECT], and positron
emission tomography [PET]) and less invasive or noninva-
sive imaging technologies for the cervicocranial arteries
were developed (digital subtraction angiography, MR angi-
ography [MRA], CT angiography [CTA], and extracranial
and transcranial ultrasonography). Knowledge of the role
of blood cells and coagulation factors in causing or con-
tributing to thromboembolism also advanced. During this
time, potential treatments proliferated: agents that modify
platelet functions; standard anticoagulants including hepa-
rin, heparinoids, low-molecular-weight heparins, and warfa-
rin; thrombolytic treatment using intravenous injection of
recombinant tissue plasminogen activator (rtPA); endarter-
ectomy and surgical bypass of stenotic or occluded arteries;
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angioplasty and stenting; and neuroprotective drugs aimed
at increasing the brain’s tolerance of ischemia. Treatment
now is based mainly on three considerations: (a) the nature,
location, and severity of the causative cardiac, vascular, and
hematological disorders;(2) the pathogenesis of the stroke;
and (3) the state of the brain (normal, stunned, infarcted, or
containing a hematoma). The newer available diagnostic
technologies now make it possible to collect these data safely
and quickly in most stroke patients.

In the early 21st century, stroke still has a major impact
on public health and ranks among the leading causes
of death, resulting in enormous costs measured in both
health care resources and lost productivity. There are still
many unanswered questions regarding the most effective
therapies to treat acute stroke and prevent recurrent stroke.
Therefore, on the basis of advances in imaging technol-
ogy and research methodology, stroke is under intensive
research to define a variety of stroke phenomena more
practically, delineate new risk factors, understand mecha-
nisms of acute stroke, and develop innovative acute thera-
pies. Also, the results of many recent clinical studies and
therapeutic trials have made it possible for a variety of
academic organizations to propose the best evidence-based
diagnostic and therapeutic guidelines and practice param-
eters in acute stroke patient care and primary and secondary
prevention of stroke.
Hemorrhage
Intracerebral hemorrhage (ICH)

Subarachnoid hemorrhage (SAH)

Ischemia Embolism

“Thrombosis”

Systemic hypotension

Large artery extracranial and
intracranial occlusive disease

Heart

Intra-arterial

Small penetrating artery disease

Aorta

Paradoxical

Figure 45-1. Major categories of stroke.
OVERVIEW OF STROKES

Classification of Strokes
Ischemia
Brain ischemia results from the occlusion of cervicocranial
vessels or hypoperfusion to the brain caused by various
processes: atherothrombosis, embolism, or hemodynamic
instabilities. Atherothrombosis occurs in the large cervi-
cocranial arteries in the neck and head and in the small
penetrating arteries of the brain. A localized thrombus
is formed in situ on an atherosclerotic arterial narrowing;
it impedes distal blood flow and causes ischemia and
ensuing infarction of the brain tissue supplied by the artery.
The neurological symptoms and signs depend on the location
of the brain vessel affected.

In brain embolism, a brain artery is suddenly blocked
by embolic material that has developed more proximally
in the heart (cardiogenic), aorta, proximal arteries (intra-
arterial), or venous system (paradoxical). These donor sites
give rise to various types of particulate matter (white
platelet-fibrin and red erythrocyte-fibrin thrombi, choles-
terol crystals, fragments of atherosclerotic plaques, calcific
fragments of valves and plaques, air, fat, myxomatous tumor
fragments, and bacterial vegetations), which then travel
within the cervicocranial arteries to reach a recipient site.
If the embolic material lodges at a recipient site, the resulting
hypoperfusion causes an infarct that often becomes hem-
orrhagic when the embolus moves distally or fragments
and reperfusion occurs. The clinical findings depend on the
location of the recipient brain artery affected.

Watershed infarction develops when cerebral blood flow
is critically lowered (too severe to be compensated by cere-
bral autoregulation mechanisms), as in cardiac pump failure
or severe hypovolemia. During such episodes, most
patients are hypotensive and infarction develops in the
border zones between the major cerebral arteries. There
is also widespread bilateral cerebral dysfunction.

Hemorrhage
Rupture of a brain vessel causes leakage of blood into the
brain parenchyma, cerebrospinal fluid (CSF) spaces around
the brain, or both. Bleeding injures the neighboring tissues
by interrupting and cutting vital brain pathways, by exerting
local pressure on the surrounding brain structures, and
by causing ischemia of tissues adjacent to the hematoma.
Further increase in intracranial pressure (ICP) causes shifts
and herniations of brain tissues and may compress the brain
stem. There are two large subcategories of spontaneous in-
tracranial hemorrhages. Intracerebral hemorrhage (ICH) is
bleeding in the brain parenchyma, and subarachnoid hemor-
rhage (SAH) refers to bleeding around the brain into the sub-
arachnoid spaces and CSF. These two types of hemorrhages
have different etiologies, clinical courses, and outcomes and
thus require different management strategies.

The major categories of stroke are depicted in Figure 45-1.

Stroke Incidence and Prevalence
Stroke is a major public health problem, ranking among the
top three causes of death in most countries. It affects the
brains of almost a half million people every year, causing
150,000 deaths, and there are approximately 3 million
stroke survivors in the United States. Overall, age-adjusted
incidence rates range between 100 and 300 per 100,000
population per year. Stroke is the major cause of serious
disability in adults and is responsible for $20 billion per
year in lost wages in the United States.

Stroke incidence rates declined during the 1950s and
1960s but increased during the 1980s. This increase may
be due to increased diagnostic recognition related to
advances in neuroimaging technology, increased survival
of patients with ischemic heart disease, better detection of
milder cases of stroke, and other undefined factors during
the past few years.3
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Stroke accounts for approximately 10% of all deaths in
most industrialized countries, and the great majority of
deaths are among people older than age 65 years. The aver-
age age-adjusted mortality rate is 50 to 100 per 100,000
population per year in the United States. Stroke mor-
tality rises exponentially with age, virtually doubling every
5 years. Stroke death rates are higher among African
Americans. The stroke mortality rate has steadily declined
in the United States since 1915; the decline in black mor-
tality rates has exceeded that of whites and spans all age
groups. Improved survival after stroke contributes to this
trend most significantly. Ischemic stroke accounts for more
than 80% of all strokes. ICH usually accounts for 10% to
30% of cases depending on the ethnicity of the patient,
with greater relative frequencies reported in Asians and
blacks. Frequency of SAH is usually one third to one half
that of ICH.

Among patients with brain ischemia, cardioembolism
accounts for 20% to 30% of cases, atherothrombotic infarction
accounts for 14% to 40%, and small deep infarcts due to
penetrating artery disease (lacunes) account for 15% to 30%.4

There are major sex and racial differences in the distri-
bution of occlusive cerebrovascular lesions. Extracranial
occlusive diseases usually affect white men; are located at
the origins of the internal carotid and VAs in the neck; occur
twice as often in men than in women; and are strongly asso-
ciated with coronary and peripheral vascular occlusive dis-
ease, systolic hypertension, and hyperlipidemia. Compared
to white men, blacks, persons of Asian origin, and women
have more severe diseases of the intracranial arteries and
their perforating branches. Intracranial stenosis is usually
less frequently associated with coronary and peripheral
vascular disease.

Risk Factors for Stroke
Knowledge of stroke risk factors has advanced substan-
tially during the past several decades and exceeds that of
many other major neurological diseases. Improved detec-
tion and modification of risk factors has reduced the impact
of stroke.

Important nonmodifiable stroke risk factors include age,
gender, ethnicity, and genetic determinants. Although there
is little that can be done to control these factors, they identify
people who may be at increased risk for future strokes.

Modifiable risk factors include hypertension, cardiac
disease (particularly atrial fibrillation [AF]), diabetes melli-
tus, cigarette smoking, alcohol consumption, hyperlipid-
emia, sedentary lifestyle, and carotid artery stenosis. Each
of these risk factors carries a different relative risk, and
prevalence varies among different groups of people.
Although the risk from a specific factor may be only
moderate, if its prevalence rate is high, it may be responsible
for a significant number of strokes.5

Based on epidemiological data from the Framingham
study, a risk profile table can be used to estimate a
person’s 10-year probability of stroke occurrence. Stroke
rates increase dramatically with age. Approximately two
thirds of all strokes occur after age 65 years. In the
Framingham study, the mean age of stroke patients was
65.4 years for men and 66.1 years for women. As the popula-
tion ages, the burden of stroke becomes greater.6 In terms
of gender, the stroke incidence rate is greater in men than
in women.

Hypertension is the most significant modifiable risk
factor for stroke, and stroke incidence is proportional to
the level of the blood pressure. This is particularly true in
blacks because of higher prevalence, earlier onset, greater
severity, and poorer control of hypertension in this popula-
tion. Decreasing systolic blood pressure by approximately
10 mmHg reduces the relative risk of stroke by 35% to
40%.7 Improved control of hypertension has resulted in a
dramatic decline in stroke frequency, most notably in black
women. Some large-scale trials have shown that certain
antihypertensive regimens may confer benefit beyond the
lowering of blood-pressure values. In the Losartan Interven-
tion for Endpoint Reduction in Hypertension (LIFE) study,
patients aged 55 to 80 years with hypertension and left ven-
tricular hypertrophy on electrocardiogram (ECG) who took
an angiotensin-II receptor blocker had a decreased risk of
stroke compared to those who took b-blocker, although
both agents lowered blood pressure (BP) equivalently.8

In another study, taking an angiotensin-converting enzyme
(ACE) inhibitor significantly decreased the risk of stroke,
myocardial infarction (MI), and vascular death in patients
older than 55 years with stroke, coronary artery disease,
peripheral vascular disease, or diabetes mellitus, regardless
of initial hypertensive status.9 The combination of an ACE
inhibitor and diuretic may be particularly effective for sec-
ondary stroke prevention. In patients with ischemic stroke or
TIA who received an ACE inhibitor plus a diuretic, in addi-
tion to any other BP regimen they were taking, the risk of
stroke and major vascular events was significantly decreased,
regardless of stroke subtype (ischemic or hemorrhagic) and
even if they were initially normotensive.10

Diabetes mellitus is also a significant risk factor and
is present in approximately 10% of stroke patients.6 It is
common among blacks and particularly contributes to the
development of intracranial atherosclerosis.

Cigarette smoking is a very important preventable cause
of stroke, and approximately 30% of stroke patients smoke.
Heavy cigarette smoking (more than one pack per day)
carries 11 times the ischemic stroke risk and 4 times the
SAH risk of people who do not smoke.11 The combination
of hypertension, diabetes, and cigarette smoking is particu-
larly risky and requires aggressive interventions. Smoking
has an especially toxic effect on women taking oral contra-
ceptives, in whom it carries 22 times the risk of developing
stroke than occurs in nonsmoking women who use other
forms of birth control. Migraine also increases the stroke
risk remarkably if a subject smokes and/or takes contra-
ceptive pills. With cessation of cigarette smoking, the risk
of stroke declines after 2 to 5 years.

A J-shaped relationship exists between alcohol and
stroke. Those who drink one or two units per day have a
lower ischemic stroke risk than those who do not drink at
all. On the whole, the relative risk for ischemic stroke
increases significantly with heavy alcohol consumption of
five or more units of alcohol per day.12

Heart diseases are clearly associated with increased risk
of ischemic stroke, particularly AF, valvular heart disease,
MI, coronary artery disease, congestive heart failure, left
ventricular hypertrophy on ECG, and mitral valve prolapse.
AF, which alone carries a fivefold increased risk of stroke,
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is particularly important in the elderly and among those
with coronary artery disease or heart failure or valvular
heart disease. Ischemic stroke associated with AF is nearly
twice as likely to be fatal as non-AF stroke. Recurrence is
more frequent, and functional deficits are more likely to be
severe among survivors. Because stroke is usually the ini-
tial manifestation of embolism in AF, prevention is critical
to reducing disability and mortality.13

Abnormal serum lipid levels are regarded as risk
factors. High-density lipoprotein (HDL) is protective against
stroke. Higher HDL levels are more protective against
atherosclerotic disease (extracranial carotid artery disease
and intracranial atherosclerotic disease). Apolipoprotein (a)
has both atherogenic and coagulation effects. Apolipopro-
tein A1 (Apo A1) and apolipoprotein B (Apo B) are major
protein components of lipoproteins HDL and low-density
lipoprotein (LDL), respectively.

Carotid atheroma is linked to increased LDL (Apo B) and
may be inversely related to HDL (Apo A1).5 Lipid-lowering
agents, particularly 3-hydroxy-3-methylglutaryl-coenzyme
A reductase inhibitors or statins, which lower LDL and
triglyceride levels and increase HDL, reduced the risk for
vascular events such as stroke and MI in at-risk populations
with a history of coronary artery disease or MI in recent
trials.14 For patients who have suffered a stroke or MI,
LDL less than 70 is considered optimal.15,16 In addition,
patients taking lipid-lowering agents at the time of an isch-
emic stroke might have lower poststroke mortality and a
lower risk of worsening during hospitalization.17 Physical
activity lowers the risk of stroke even in the elderly.5

Factors causing blood vessel endothelial injury, includ-
ing hyperhomocysteinemia and chronic infections such as
Chlamydia pneumoniae and periodontal disease, have been
found to increase the risk of stroke. Hyperhomocysteine-
mia is an established risk factor for stroke and myocardial
infarction. Homocysteine is both genetically and envi-
ronmentally controlled. A genetic defect in the enzyme
cystathionine b synthetase is associated with hyperhomo-
cysteinemia. An environmental deficiency of vitamin B12,
folic acid, or vitamin B6 affects homocysteine metabolism
and increases circulating plasma levels. However, a large
randomized clinical trial failed to prove that lowering homo-
cysteine levels (e.g., by prescribing folate, vitamin B6, or
vitaminB12) lowers the risk of a recurrent event.

18 Stroke rates
in the United States, however, decreased after government-
mandated folate supplementation of grain products in 1996.
Dietary supplementation with these vitamins reduces ho-
mocysteine levels, thus possibly preventing risk for endo-
thelial injury that can lead to stroke. Excessive alcohol
consumption and physical inactivity are also associated
with elevated homocysteine levels.19

Chlamydia pneumoniae is a common cause of community-
acquired pneumonia, pharyngitis, and sinusitis. It can infect
and injure the endothelium, thus increasing the likelihood of
platelet aggregation.20

Transient Ischemic Attacks and Strokes
Miller Fisher first described the phenomenology of TIAs,
which nearly always preceded cerebral infarction in
patients with occlusion of the ICA.21 The classic definition
of TIA has been a sudden, focal neurological deficit lasting
as long as 24 hours. However, it is arbitrary and outdated
because in reality most TIA symptoms typically last 5 to
20 minutes and rarely more than 1 hour. In addition, with
advances in acute stroke imaging such as brain MRI scans,
acute lesions are identified very early in the course of
stroke in patients whose ischemic symptoms last only
hours. Thus, a new definition of TIA based on the presence
or absence of a biologic end point was proposed by a group
of stroke researchers.22,23 The newly proposed definition
of a TIA is a brief episode of neurologic dysfunction caused
by focal brain or retinal ischemia, with clinical symptoms
typically lasting less than 1 hour and without evidence of
acute infarction. It indicates that transient ischemic symp-
toms can cause permanent brain injury, encourages use
of neurodiagnostic tests to identify brain injury and its
cause, and facilitates rapid interventions for acute brain
ischemia. By defining the duration of transient neurological
deficits less than 1 hour, the new definition reflects the pres-
ence or absence of ischemic brain injury more accurately.
If neurological deficits last 4 hours or longer, patients often
have infarcts in the locations corresponding to the transient
symptoms.

Clinical symptoms of TIA include hemiparesis, hemi-
paresthesia, dysarthria, dysphasia, diplopia, circumoral
numbness, imbalance, and monocular blindness. They are
usually similar to those of infarctions located in the arteries
affected, except for the transient nature of the clinical
episodes. TIA is a strong indicator of a subsequent stroke.
Among patients who present to an emergency room with
a TIA, 5% will have a stroke within the next 2 days and
25% will have a recurrent event within 3 months. Urgently
identifying the cause of a patient’s first stroke or TIA is
vital in determining the proper therapy to prevent a second,
more disabling event. Also, TIAs suggest the underlying
cardiological, hematological, and cerebrovascular diseases,
and patients should be thoroughly evaluated for the spe-
cific vascular lesions and underlying causative diseases
to prevent further TIA episodes or subsequent stroke.2,21

Detailed clinical information is essential and helps to pre-
dict the underlying cause. Laboratory tests are also helpful
in defining the causative mechanisms of TIAs, but they
should be ordered on the basis of judicious interpretation
of clinical data.

Diagnosis
Clinical Diagnosis
To determine the stroke mechanism or mechanisms, the
following clinical bedside data should be obtained through
careful history taking: (1) ecology—past and present per-
sonal and family illnesses; (2) the presence and nature of
past strokes and TIAs; (3) the time of onset of the symp-
toms; (4) activity at stroke onset; (5) the temporal course
and progression of the findings; and (6) accompanying
symptoms. A general physical examination should then
be done to add more data that can be used for diagnosis
of the stroke mechanism. Elevated blood pressure, cardiac
enlargement or murmurs, bruits in the carotid and supracla-
vicular region, and symmetry of blood pressure and pulses
in the arms are important check points (see Chapter 22).1

The presence of some findings, such as headache, vomiting,
loss of consciousness, and seizures, is helpful in diagnosing



TABLE 45-1

Laboratory Studies for Stroke Patients

Neuroimaging

Structural imaging
Computed tomography (CT)
Magnetic resonance imaging (MRI)

Functional imaging
Single-photon emission tomography (SPECT)
Positron emission tomography (PET)
Magnetic resonance spectroscopy (MRS)
Diffusion and perfusion MRI

Vascular Imaging

Noninvasive
B-mode ultrasound
Continuous wave and pulsed Doppler (Duplex)
Transcranial Doppler ultrasound (TCD)
Magnetic resonance angiography (MRA)

Invasive
Digital subtraction angiography (DSA)
Conventional angiography

Heart Studies

Echocardiography: transthoracic, transesophageal
24-Hour ambulatory cardiac monitoring
Cardiac nuclear scanning

Blood Tests

Coagulation and platelet function tests
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subtypes of strokes. Headache at onset is an invariable feature
of SAH and is also common in patients with large ICHs and
large cerebral infarcts due to large artery occlusive disease
and brain embolism. Headache is rare in patients with lacunar
infarction due to penetrating artery disease.

Vomiting is very common in patients with SAH and
ICH and in those with brain stem and cerebellar infarcts.
Vomiting is very rare in patients with cerebral hemispheric
infarction due to large artery occlusive disease or embo-
lism. Seizures at or soon after the onset of the stroke are
relatively common in patients with lobar hemorrhages
and those with brain embolism but do not occur in patients
with lacunar infarcts.

Loss of consciousness at onset is common in patients
with large SAHs and in those with embolism to the BA
but is rare in strokes due to other mechanisms. Patients
with large ICHs often have headache, vomiting, and pro-
gressive loss of alertness as the hematoma enlarges and
ICP rises.

Neurovascular Imagings
Neuroimaging studies include CT scan, MRI, diffusion and
perfusion-weighted MRI, SPECT, and PET. CT scans are
best for differentiating ischemic stroke from hemorrhagic
stroke. MRI is more sensitive than CT for detecting acute
ischemic lesions, and preliminary evidence suggests that
certain MRI modalities may be useful for detecting acute
hemorrhage.24 Diffusion-weighted and perfusion MRI
can often identify acute brain infarcts within minutes of
ischemia onset and can delineate the ischemic penumbra.25

A quicker MRI regimen based on diffusion-weighted imag-
ing, fluid attenuated inversion recovery, and MRA images
may be used for pre-thrombolysis evaluation of acute ische-
mic stroke patients. MRI is also the preferred technique for
identifying brain stem and cerebellar infarcts. SPECT and
PET scans image the perfusion and metabolic state of the
brain and can quantify cerebrovascular reserve capacity.

MRA and CT Angiography
Vascular imaging can be divided into noninvasive and
invasive studies. Four commonly used noninvasive tests
are duplex scans (B-mode and Doppler combined), trans-
cranial Doppler ultrasonography (TCD), MRA, and CTA.
Duplex scans show an accurate image of the extracranial
carotid and vertebral arteries. TCD is useful for the evalua-
tion of the intracranial cerebral arteries by measuring flow
velocities and directions. MRA and CTA are useful for the
evaluation of intracranial and extracranial large arteries.
Combined use of gadolinium-enhanced MRA and contrast-
enhanced CTA may be equivalent to catheter angiography
in evaluating extracranial carotid stenosis. Thus, these rela-
tively noninvasive modalities with the ability to evaluate
both extracranial and intracranial vasculature may replace
carotid duplex, TCD, and catheter angiography in the
routine etiologic evaluation of ischemic stroke patients.26

MR venography (MRV) is a very useful diagnostic tool
for showing cerebral venous sinus thrombosis and has
largely replaced invasive conventional cerebral angiography.
When there is any suspicion of significant vascular lesions,
such as severe intra- or extracranial stenosis, aneurysm,
arteriovenous malformation (AVM), or vasculitides, stan-
dard transfemoral artery catheterization and angiography
are usually done to further define and characterize the lesions
and, when possible, to intervene to treat vascular lesions at
the same time. Important laboratory tests for stroke patients
are listed in Table 45-1.
DISEASES THAT CAUSE BRAIN ISCHEMIA

Atherothrombotic Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. Athero-

thrombosis implies a reduction or occlusion of blood flow
caused by a localized thrombotic process in one or more
atherosclerotic cervicocranial arteries. Branching points
of arteries are the predilection sites of development of
atherosclerosis (Fig. 45-2).

In atherosclerosis, fibrous and muscular tissues of the
vessel wall overgrow in the subintima, and fatty materials
form plaques that can encroach on the lumen. Platelets
adhere to the crevices in the plaques and form clumps that
serve as nidi for the deposition of fibrin, thrombin, and
clot. Plaques and ulcers are associated with denudation of
the endothelium and decreased release of endothelium-
relaxing factors including nitric oxide. Endothelins can
promote platelet activation and thrombus formation. Intra-
luminal thrombi are of different types: so-called “white
clots,” which are mainly composed of platelets and fibrin,
and “red thrombi,” which are red blood cells enmeshed in
fibrin. White platelet clumps form most often in fast-
moving streams, adhering to crevices and irregularities
along the intimal surface. Fibrin-dependent red thrombi
develop in slow-moving streams, such as in arteries with
severe luminal narrowing. Narrowing of arteries decreases



ACA
MCA

PCA

ICA

CCA

Vertebral
artery

Subclavian
arteryAortic

arch

Basilar
artery

Anterior
communicating

artery

Posterior
communicating

artery
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blood flow, leading to stagnation of the blood column and
activation of clotting factors. Clot and fibrin-platelet clumps
form and break off, blocking distal arteries and further
impeding flow in the affected parent artery (Fig. 45-3).1

EPIDEMIOLOGY AND RISK FACTORS. There are
important sex and racial differences in the distribution and
incidence of lesions. White men have more severe disease
of the extracranial arteries, whereas in blacks, persons of
Asian origin, andwomen, there is a predilection for narrowing
of the intracranial arteries.4
A B C D

Figure 45-3. Internal carotid artery atherosclerotic lesions: A, plaque; B,
plaque with platelet-fibrin emboli; C, plaque with occlusive thrombus;
D, recent ischemic cerebral infarct due to internal carotid artery occlusion.
(Adapted from Caplan LR: Caplan’s Stroke: A Clinical Approach, 3rd ed.
Boston, Butterworth-Heinemann, 2000.)
Patients with extracranial large artery disease have a high
incidence of coronary artery disease (angina pectoris and
MI), peripheral vascular occlusive disease (claudication),
hypertension, and hypercholesterolemia. Death is more
often due to fatal coronary artery disease than stroke.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Development of neurological deficits preceded by
brief, frequent shotgun-like TIAs in the same vascular terri-
tory usually suggests atherothrombosis as the vascular
mechanism. Stroke caused by a thrombotic process often
develops during or just after sleep. Atherothrombotic infarc-
tions are usually characterized by postural sensitivity of
symptoms; occlusion or severe stenosis of a large artery;
the absence of distal embolus by angiography; infarct on
CT or MRI near the border zone territory of the affected
artery; and the presence of risk factors for atherosclerosis,
such as hypertension, diabetes mellitus, and smoking. The
neurological symptoms and signs depend on the vessels
involved and the regions of brain ischemia.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
diagnosis of large artery occlusive disease is based on the
demographic and epidemiological situation of the patient,
analysis of the time course of the brain ischemia, physical
examination of the heart and neck vessels, and tests that
define the anatomy and function of the cervicocranial
arteries.

CT or MRI is used to define the presence, location, and
size of infarction and sometimes can show asymptomatic
(“silent”) infarcts unexpected from the history and neurolog-
ical examination. MRA, CTA, or both are helpful in imaging
the structural status of large extracranial and intracranial
arteries (Fig. 45-4).

Ultrasonography is also frequently used for noninvasive
vascular imaging. Duplex scans of the origins of the carotid
and vertebral arteries combined with color-flow Doppler
ultrasound can define and quantify most extracranial ICAs
and VA lesions. TCD can detect occlusive or stenotic
lesions of the intracranial large arteries, such as the MCAs,
anterior cerebral arteries (ACAs), ophthalmic arteries, BA,
VAs, and posterior cerebral arteries (PCAs). TCD also
yields information on the collateral flows that may develop
following the occlusive lesions in extracranial and intra-
cranial arteries. When ultrasound and MRA or CTA are
concordant and define the occlusive vascular lesions,
conventional angiography is not necessary for diagnostic
purposes but is usually performed for therapeutic purposes,
such as intra-arterial thrombolysis, angioplasty, stenting, or
embolization.

MANAGEMENT. The very basic goal of management of
ischemic stroke patients in the acute phase is protection of
the so-called penumbra zone. This zone comprises the brain
tissues at risk of irreversible ischemic damage. Brain tissues
adjacent to the ischemic core are often impaired functionally
(“stunned”), but ischemia is potentially reversible if the
circulation is restored soon enough. To achieve this goal,
the following principles are applied: (1) recanalization of
occluded vessels (thrombolytic therapy), (2) maximization
of blood volume and cerebral blood flow and reduction of
blood viscosity (hemodilution), (3) maintenance of perfu-
sion pressure (by careful control of blood pressure, reduction
of cerebral edema, and lowering of ICP), and (4) blocking of
progression of occlusive processes using antithrombotic
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Figure 45-4. Angiographic features of the proximal internal carotid artery stenosis: A, 3D reconstruction image of conventional angiography; B, MRA; and
C, 3D reconstruction image of CT angiography.
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agents such as anticoagulants or antiplatelet drugs. All these
measures should be guided by the severity and reversibility
of the lesion; the nature, location, and severity of the under-
lying stroke mechanism; and the viscosity and coagulability
of the blood.

Recanalization is usually performed by thrombolysis and
will be discussed later in this chapter. Hemodilution ther-
apy decreases blood viscosity by lowering the hematocrit
level. Blood pressure should not be aggressively lowered
during the acute phase because this decreases pressure in
the collateral channels and may extend the infarct. Intrave-
nous infusion of autologous bone marrow-derived mes-
enchymal stem cells has been shown to be a feasible and
safe therapy that might improve functional outcome in
severe cerebral infarcts.27

For prevention of recurrence of ischemia in the future,
prophylactic treatment should be guided by the mechanism
of the stroke. Theoretically, red clots would respond more
to anticoagulants such as warfarin and heparin, and white
clots would be better prevented with platelet antiaggregants
such as aspirin.

Surgery (endarterectomy), angioplasty, or warfarin may
be indicated for patients with tight stenotic lesions perfus-
ing clinically important tissues at risk for further ischemia.
The choice of warfarin versus surgery or angioplasty
depends on the accessibility of the lesions to treatment,
the risk of surgery and angioplasty, the patient’s wishes,
the likelihood of the patient’s compliance with anti-
coagulant usage, and any contraindication to the use of
anticoagulants. Anticoagulation using intravenous heparin
or subcutaneous low-molecular-weight heparin may be used
for as long as 2 or 3 weeks to prevent propagation and embo-
lization of clot. Long-termwarfarin use is usually not needed
after the clot organizes and adheres to the vessel wall in
atherothrombotic stroke (usually 3 or 4 weeks). Because
platelet adhesion, activation, and aggregation are funda-
mental components of thrombus formation during vascular
occlusion, antiplatelet agents are effective in the prevention
of ischemic stroke. Antiplatelet agents are given regularly to
reduce the risk of recurrent stroke and other vascular events
following a noncardioembolic (atherothrombotic, lacunar, or
cryptogenic) stroke or TIA if there is no contraindication.28

Aspirin, 50 to 325 mg daily, can prevent platelet-
fibrin emboli in patients with minor or moderate stenosis.
An increase in the dose of aspirin (especially if an
in vitro aspirin effect is not shown at the lower dose) or
use of ticlopidine should be tried if symptoms recur. The
combination of aspirin, 25 mg, and extended-release dipy-
ridamole, 200 mg twice a day, is more effective than aspi-
rin alone for the prevention of stroke and has a similarly
favorable serious adverse effect profile based on indirect
comparisons. The thienopyridine derivatives, ticlopidine
hydrochloride and clopidogrel, are also antiplatelet agents.
They produce significantly less gastrointestinal hemorrhage
and upper gastrointestinal upset than aspirin. Compared
to aspirin, the thienopyridines produced a proportional
reduction of 9% in the odds of a vascular event, corresponding
to an absolute reduction of 11 events prevented per 1000
patients treated for approximately 2 years in a large rando-
mized trial. Ticlopidine hydrochloride, 250 mg twice a day,
is effective for prevention. The side effects include diarrhea,
skin rash, leukopenia, thrombocytopenia, and thrombotic
thrombocytopenic purpura (TTP), which require careful mon-
itoring of clinical findings and blood tests during the first
3 months. Clopidogrel is a newer antiplatelet agent that inhi-
bits ADP-induced platelet aggregation and is at least as
effective as aspirin.29 The safety and tolerability seem to be
superior to those of ticlopidine, although a few cases of TTP
have been reported. For patients who are allergic to aspirin,
clopidogrel is preferred to ticlopidine.

The uncertain magnitude of additional benefit and the con-
siderable extra cost of these alternative regimens make their
routine use in stroke prevention difficult to justify. It is
reasonable to consider the addition of modified-release
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dipyridamole to aspirin in patients who continue to have
ischemic cerebrovascular events on aspirin and to use clopido-
grel in patients for whom aspirin is contraindicated or
poorly tolerated. If the patient has a primary coagulopathy,
polycythemia, or thrombocytosis, these disorders should be
treated more specifically.

PROGNOSIS AND FUTURE PERSPECTIVES. In pa-
tients with large artery occlusions, the risk of infarction is
maximal in the first few days following occlusion. After
the first week, the likelihood of further infarction is much
less. Prognosis depends on whether the initial thrombus
propagates distally or embolizes to distal arteries and on
how sufficiently the collateral circulation develops.

Optimization of blood pressure and blood volume during
the time when the collateral circulation is developing helps
to augment blood flow to the penumbral zones and thus
limits the extent of infarction. Of course, patients with
large artery atherostenosis are at risk of narrowing and
occlusion of other arteries during the subsequent months
and years, so preventive measures instituted at the time
of the initial symptoms may help in preventing or delaying
further strokes. The effectiveness of surgery and angio-
plasty for various occlusive lesions is under study in large
trials. Occasionally, thrombolysis and angioplasty may
be used together because patients with thrombi super-
imposed on severe atherosclerotic occlusive disease often
experience reocclusion of the artery after thrombolysis
unless the atherostenosis is repaired. The optimal throm-
bolytic agent, portal of delivery, dose, timing, and target
population for thrombolysis are being studied.

Occlusive Disease of Small Penetrating Arteries
PATHOGENESIS AND PATHOPHYSIOLOGY. The so-

called cerebral small arteries are the penetrating arteries
that have small calibers (<500 mm in diameter) and supply
the blood deep into the brain substance. They are compa-
rable to the cortical or leptomeningeal arteries that step
down gradually in caliber from the large parent cerebral
arteries and thus are protected from abrupt pressure
changes. In contrast, the cerebral small arteries arise directly
from the large parent arteries and have very thin media of the
arterial wall, composed of only one or two layers of smooth
muscles. Thus, they are quite sensitive to changes in the
Basilar
artery

A B C
intraluminal pressures of the parent large arteries and are
susceptible to hypertensive arteriopathic changes. Because
they usually do not have anastomoses with the neighboring
arteries and form the “end artery” zone in the deep brain
parenchyma, cerebral infarcts can occur relatively easily
if they are occluded. They are also the common sites of
hypertensive intracerebral hemorrhages.

Lipohyalinosis is the most classical destructive vascu-
lopathy linked to severe hypertension and affects the cere-
bral small arteries. The arterial lumen is compromised by
thickening of the vessel wall but not by an intimal process
as in atherothrombosis. Subintimal lipid-laden foam cells
and pink-staining fibrinoid material thicken the arterial
walls. In places, the arteries are replaced by tangles and
wisps of connective tissue that obliterate the usual vascular
layers. The small, deep infarcts that result from occlusion
of these small arteries are usually called lacunes.30

Small, deep infarcts can also result from microatheromas
forming at the origin of penetrating arteries (Fig. 45-5A), as
well as by plaques within the parent arteries that obstruct
directly or extend into the branches (junctional plaques)
(Fig. 45-5B and C ). Rarely, they are occluded by micro-
emboli (Fig. 45-5D).

Vascular lesions involving the mouths of penetrating
arteries are called intracranial branch atheromatous
disease and cause infarcts larger than in lacunar infarcts.31

The arteries commonly affected are the lenticulostriate
branches of the MCAs, the thalamogeniculate and thala-
moperforant branches of the PCAs, and midline and para-
median penetrating branches of the vertebral and basilar
arteries (Fig. 45-6; Video 95, Brain Stem Infarction).

Infarcts do not involve the cerebral cortex but usually
affect the subcortical structures, such as the basal ganglia,
thalamus, internal capsule, white matter, and brain stem.

CADASIL (cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy) is a
familial arterial disease of the brain that begins in early adult
life. Its gene is mapped to chromosome 19. The CADASIL
vasculopathy affects the media of leptomeningeal and
perforating arteries of the brain. The media is thickened by
an eosinophilic granular material of unknown origin. Clini-
cally, patients present with recurrent subcortical infarcts,
progressive or stepwise dementia, migraine with aura, and
depression. Usually, there is no hypertension or other vascular
D

Figure 45-5. Branch atheromatous dis-
eases of the basilar artery:A,microather-
oma originating in orifice of branch; B,
plaque within parent artery blocking the
branch artery orifice: C, plaque extends
into the branch from the parent artery
(so-called junctional plaque); and D,

microemboli. (Modified from Caplan
LR: Intracranial branch atheromatous
disease: A neglected, understudied, and
underused concept. Neurology 1989;39:
1246–1250, with permission.)
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Stroke: A Clinical Approach, 3rd ed. Boston,
Butterworth-Heinemann, 2000.)
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risk factors. Prominent subcortical white matter and basal
ganglia hyperintensities are noted on T2-weighted MRI.
Vascular studies are usually not helpful diagnostically.32

EPIDEMIOLOGY AND RISK FACTORS. Hypertension
is the most significant risk factor for small vessel occlu-
sive diseases and is responsible for approximately 80%
to 90% of lacunar infarctions. In addition to hypertension,
diabetes mellitus and smoking are also significant risk
factors for small vessel occlusive disease, particularly for
branch atheromatous disease. Blacks and Asians, races with
a predilection for hypertension, also have a higher frequency
of penetrating artery disease and lacunar infarction than
whites.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Neurological deficits are usually monophasic in
pure lacunar infarction but may progress gradually or step-
wise over 1 to 7 days in cases of branch atheromatous
disease. Clinical findings are characteristically less severe,
neurological dysfunctions are restricted within a few
systems, and cognitive and behavioral abnormalities are less
common (Video 215, CADASIL Stroke). Lacunar infarcts
present diverse clinical syndromes.30 Deep infarcts in some
strategic areas such as the caudate nucleus, anterior thala-
mus, and genu of the internal capsule can produce apathy,
inertia, and reduced interest in the environment. Bilateral
extensive lacunar infarcts are often associated with white
matter damage and clinical dementia, causing Binswanger’s
disease.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
major differential diagnostic considerations are restricted
cortical and brain stem infarcts due to large artery occlusive
disease or embolism and small ICHs. The diagnosis of
penetrating artery disease is based on (1) the presence of risk
factors, especially hypertension and diabetes; (2) clinical neu-
rological symptoms and signs typical for or compatible with
occlusion of a single perforating artery; and (3) CT or MRI
showing a lacunar cerebral infarct or a brain stem infarct
in the territory of a single penetrator, or at least no cortical
infarct. In uncertain cases, vascular and cardiac imaging
may be needed to clarify the diagnosis of penetrating versus
large artery occlusive disease.1

MANAGEMENT. There have been no controlled thera-
peutic trials of patients with acute lacunar infarcts. Anti-
platelet agents have not been shown to be effective in
classical lacunes but are frequently prescribed. In case of
branch atheromatous disease, antiplatelet agents may be ef-
fective. Efficacy of heparin and warfarin anticoagulants has
not been established. However, if a patient has an embolic
source, anticoagulation may be indicated to prevent future
recurrence. Preventive treatment consists primarily of
controlling the underlying causative process—hypertension.
For CADASIL, no specific treatment is available.

PROGNOSIS AND FUTURE PERSPECTIVES. Recovery
from lacunar infarctions or branch atheromatous diseases
is usually better than that from cortical infarctions. How-
ever, many patients develop recurrent lacunar infarcts and
white matter ischemia, causing vascular dementia, pseudo-
bulbar dysarthria and dysphagia, gait abnormalities, and
parkinsonian-like signs (Video 10, Dysarthria).

Brain Embolism
PATHOGENESIS AND PATHOPHYSIOLOGY. There

are three major sources of embolism—cardiogenic, intra-
arterial, and paradoxical (Fig. 45-7). Emboli from any
source tend to be arrested in a recipient artery, depending
on the location of branch points and the size of the embolic
material. The most common recipient arteries are the MCAs
and ACAs in the anterior circulation and the VAs, distal
BA, superior cerebellar arteries, and PCAs in the posterior
circulation. Once lodged, infarcts are often wedge shaped,
involving the cerebral cortical surface. Embolic materials
often migrate distally within 48 hours, allowing reperfusion
of the previously ischemic zone. This reperfusion frequently
accompanies extravasation of blood through the disinte-
grated endothelial linings causing hemorrhagic conversion
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Figure 45-7. Examples of potential sources of embolism: a, cardiac mural
thrombus; b, vegetation on heart valve; c, emboli from carotid plaque;
and d, infarcted cortex in area supplied by terminal anterior cerebral artery
due to embolism. (Adapted from Caplan LR: Caplan’s Stroke: A Clinical
Approach, 3rd ed. Boston, Butterworth-Heinemann, 2000.)

TABLE 45-2

Common Cardiac Sources of Emboli

Coronary Artery Diseases

Myocardial infarcts
Ventricular aneurysms
Mural thrombi
Hypokinetic segments (focal and global)

Cardiomyopathies and Endocardiopathies

Endocardial fibroelastosis
Alcoholic cardiomyopathy
Cocaine cardiomyopathy
Myocarditis
Sarcoidosis
Amyloidosis

Valvular Diseases

Mitral stenosis, rheumatic
Aortic stenosis, rheumatic
Bicuspid aortic valve
Mitral annulus calcification (MAC)
Calcific aortic stenosis
Mitral valve prolapse (MVP)
Bacterial endocarditis
Nonbacterial thrombotic (marantic) endocarditis—systemic lupus

erythematosus (SLE)
Prosthetic valves

Arrhythmias

Atrial fibrillation and flutter
Sick sinus syndrome

Intracardiac Lesions, Defects, and Shunts

Myxomas
Fibroelastomas
Malignant cardiac tumors
Metastatic tumors
Ball-valve thrombi

Cardiac Chamber Abnormalities

Atrial and ventricular thrombi
Spontaneous contrast on echocardiography

Septal Abnormalities for Paradoxical Embolism

Atrial septal defects
Patent foramen ovale
Atrial septal aneurysms
Pulmonary arteriovenous fistulas

Modified from Caplan LR: Stroke: A Clinical Approach, 2nd ed. Boston, Butterworth-
Heinemann, 1993.
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of the ischemic lesions, so-called hemorrhagic infarction.
Advances in technology have improved the identification
of previously unrecognized potential embolic sources and
have demonstrated that a higher proportion of ischemic
strokes than previously suspected are embolic in origin.
Arrhythmias, especially AF and sick sinus syndrome, are
important causes of brain embolism. Thrombi also form
within the heart in patients with myocardial infarcts, cardio-
myopathies, ventricular aneurysms, and other diseases causing
endocardial and myocardial damage. Valvular diseases—
rheumatic, congenital, calcific, and bacterial and nonbacte-
rial vegetations—are also very important donor sources
for embolism. Cardiac sources of emboli are listed in
Table 45-2.

Intra-arterial thromboembolism develops when thrombus
is formed on the ulcerative plaque of an atheromatous arte-
rial wall, dislodges, and travels up to a distal intracranial
cerebral artery. Usually, emboli are composed of clot, plate-
let clumps, or fragments of plaques. Embolism is especially
likely to occur just after a clot is formed, before it becomes
organized and adheres to the arterial wall. Cholesterol crys-
tals, fat, tumor, and foreign body material, particularly talc
and cornstarch injected by drug abusers, are less frequent
intra-arterial embolic materials. Intra-arterial sources of
cerebral embolism are usually atheromatous plaques at the
carotid bifurcation but may be found at the originating sites
of the common carotid arteries or VAs from the subclavian
arteries or aorta. Protruding, often mobile and pedunculated,
atheromas and clots in the thoracic aorta can cause cerebral
embolism. They are often observed during transesophageal
echocardiographic studies.33 Angiographic catheterization
and cardiac surgery with clamping of the aorta can promote
embolism from atheromatous aortic or arterial lesions.

A less common form of embolism, paradoxical embo-
lism, occurs when the heart serves as a conduit for emboli
arising from blood clots in the peripheral veins; these clots
pass through septal defects, a patent foramen ovale (PFO),
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Figure 45-8. Common routes of paradoxical embolism. A, Right-to-left shunts. B, Emboli passing through the patent foramen ovale (PFO), particularly
during Valsalva maneuver. C, A large blood clot impinged at the PFO between the right atrium (RA) and left atrium (LA). ASD, atrial septal defect;
LV, left ventricle; PA, pulmonary artery; PAVF, pulmonary arteriovenous vein fistula; PV, pulmonary vein; RV, right ventricle. (Adapted and modified
from Caplan LR: Caplan’s Stroke: A Clinical Approach, 3rd ed. Boston, Butterworth-Heinemann, 2000.)
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or pulmonary arteriovenous fistulas to reach the brain and
systemic circulation (Fig. 45-8). Because PFO opens with
reversed pressure gradient causing a right-to-left shunt,
stroke frequently occurs during Valsalva maneuvers as in
strenuous exertion or sexual intercourse.

EPIDEMIOLOGY AND RISK FACTORS. At least 30%
of ischemic strokes are caused by cardiogenic embolism.
The lesions with the highest risk probably involve AF,
acute MI with mural thrombosis, ventricular aneurysms,
prosthetic heart valves, rheumatic heart disease with atrial
enlargement, myocardiopathies, and bacterial and marantic
endocarditis. Cardiac surgery and various interventional
procedures also pose an important risk of embolism from
the heart and aorta.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Embolic events often occur during activity or sudden
straining, coughing, or sneezing. Brain embolism usually
presents with abrupt neurological dysfunction. During
the first 24 to 48 hours, clinical fluctuations are common,
probably because of distal migration of emboli. Usually
in embolism, infarcts are larger and neurological deficits
are more severe than in atherothrombosis. Single or infre-
quent but longer lasting TIAs may precede embolic infarc-
tions. Infarcts may involve multiple vascular territories and
individual infarcts may differ in age.

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Embolic strokes are often difficult to distinguish from in
situ thrombosis developing on stenotic lesions and ICH,
but embolic strokes often begin instantly and in approxi-
mately 80% of patients reach their peak neurological defi-
cits at or near onset. Patients with brain hematomas more
often develop signs gradually. Decreased consciousness,
headache, and vomiting are less common in embolic infarc-
tion than in acute hematomas. Compared to embolic infarct,
in patients with an atherothrombotic infarct, stereotypic TIA
episodes may occur several times over a period of weeks or
months. Because collateral circulation usually develops
from the repeated attacks of preceding minor ischemic
insults in atherothrombosis, the region of ischemia is smaller
than in embolism. Also, the signs tend to accumulate over a
longer period of time, producing frequent fluctuations and
stepwise changes in neurological signs. CT scanning must
be performed to differentiate ischemia from hemorrhage.
Early cerebral angiography performed during the first
12 hours shows distal intra-arterial emboli in a high percent-
age of cases. However, after 48 hours emboli may no longer
be detectable and hemorrhagic conversion of the infarcted
areas is commonly noted on CT and MRI scans. In patients
in whom brain embolism is suspected, the possible em-
bolic sources should be evaluated to prevent further strokes.
Cardiac and aortic sources must be searched using cardiac
studies, including transthoracic echocardiography, trans-
esophageal echocardiography, and cardiac rhythm monitor-
ing. Noninvasive vascular tests (ultrasound, MRA, and CTA)
are done to evaluate arterial sources.

MANAGEMENT. Treatment of cerebral embolism con-
sists of two major strategies: (1) acute thrombolytic therapy
to lyse the embolus and (2) prevention of recurrence of
embolic events using long-term prophylactic therapy and
removal of the embolic source(s).

Acute thrombolytic therapy to lyse the embolus is usually
tried in patients with acute embolic stroke to recanalize
the blocked artery, to restore cerebral blood flow, to limit
ischemic regions, and thus to reduce neurologic disability.
Recanalization may also assist the recovery of reversibly
ischemic tissue. Several large-scale trials of intravenous
(IV) thrombolysis have been performed for acute stroke.28,33

In the National Institute of Neurological Disorders and
Stroke (NINDS) studies, IV rtPA given within 3 hours of
stroke onset afforded a 30% decrease in risk of disability
and no increase in mortality at 1 year, despite a 6.4% rate
of symptomatic intracranial hemorrhage. Even within the
3-hour window, the earlier the rtPA administration, the great-
er the benefit.34 Community studies confirmed a benefit
of IV rtPA for up to 1 year after stroke, demonstrated that
well-trained non-neurologists can administer IV rtPA with
results comparable to those of the NINDS studies, and that
IV rtPA administration after 3 hours carries an increased risk
of intracranial hemorrhage and poor outcome.35–37

The decision for thrombolytic treatment with rtPA must be
based on the inclusion and exclusion criteria (Table 45-3). IV
rtPA is given in a dose of 0.9 mg/kg (maximum of 90 mg),
with 10% of the total dose given as an initial bolus and the
remainder infused over 60 minutes for eligible patients. Strict
adherence to eligibility criteria and protocol of the NINDS
trial is recommended.28,38



TABLE 45-3

Inclusion and Exclusion Criteria for Thrombolytic
Treatment with rtPA

Inclusion criteria Ischemic stroke causing measurable
neurological deficit (NIH Stroke Scale)

Onset of symptoms < 3 hours before beginning
treatment

Neurological deficit: not clearing
spontaneously; not being minor and isolated

Hypodensity lesion less than one-third cerebral
hemisphere in size

Blood pressure – systolic < 185; diastolic
< 110 mm Hg

aPTT in normal range in patients receiving
heparin in previous 48 hours

Exclusion criteria History of head trauma, stroke, or myocardial
infarction in previous 3 months

Symptoms suggestive of SAH
Previous intracranial hemorrhage
Gastrointestinal or urinary tract hemorrhage in

previous 21 days
Major surgery in previous 14 days
Arterial puncture at a noncompressible site in

previous 7 days
Evidence of active bleeding or acute trauma

(fracture) on examination
Taking oral anticoagulant, INR � 1.5
Platelet count < 100,000 mm3

Blood glucose concentration < 50 mg/dL
(2.7 mmol/L)

Seizure with postictal residual neurological
impairments

aPTT, activated partial thromboplastin time; INR, international normalized ratio;
SAH, subarachnoid hemorrhage.
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Because thrombolysis should be performed within 3 hours
after stroke onset, rapid assessment of patients with acute
ischemic stroke is essential. Thus, an exhaustive neurologic
examination is not practical in the emergency setting. Instead,
emergency stroke diagnosis requires a syndrome-based
knowledge of neuroanatomy. Performance of the National
Institutes of Health Stroke Scale (NIHSS) by specially trained
personnel allows for rapid (<10minutes) assessment of stroke
severity and prognosis. A low NIHSS score indicates a mild
stroke.39 NIHSS scores after IV rtPA administration are an
accurate predictor of discharge disposition.40

Several prognostic factors must be considered when
selecting candidates for IV thrombolysis. Younger age,
absence of cardiac disease or diabetes, lower blood pressure
on admission, lower neurological score assessed using the
NIHSS, absence of early ischemic parenchymal changes
and large artery thrombus visible on baseline brain CT,
and a developed collateral circulation are all factors asso-
ciated with a more favorable outcome.41 Patients who pre-
sent to the emergency department within 24 hours of stroke
onset with NIHSS greater than 15 have a poor prognosis if
they receive no acute therapy. Patients with a baseline score
greater than 20 who receive rtPA have a higher incidence
of intracranial hemorrhage than those with a lower score
but still fare better than patients with a score greater than
20 who do not receive rtPA.39

There have been several trials using intra-arterial (IA) rtPA
or pro-urokinase directed to thromboemboli lodged in the ce-
rebral artery visualized on angiography between 3 and 6 hours
after ischemic stroke onset.42 Based on the available evidence,
it is unacceptable to use IA thrombolysis in patients who are
eligible for IV rtPA. Also, the Food and Drug Administration
has not yet approved IA thrombolysis for stroke patients.39

Use of a combination of IV and IA thrombolysis is under in-
vestigation. It has the potential benefit of providing both
timely IV and location-specific IA therapy.43 In addition to
pharmacological thrombolysis, a wide range of endovascu-
lar devices to mechanically fragment thrombi have been
designed and are under clinical trial. Repeated passage of
a micro-guidewire through a thrombus is a simple form of
mechanical disruption frequently performed during IA fibri-
nolytic procedures.44

The most feared complication of thrombolytic therapy is
intracranial hemorrhage, mainly into the evolving infarc-
tion. Risk factors for developing brain hemorrhage include
longer time to treatment, higher dose of thrombolytics,
higher systolic blood pressure level, severe neurological
deficit (higher NIHSS score), higher serum glucose level,
and larger volume of ischemic tissue on MR diffusion-
weighted imaging.45 Following rtPA administration, BP
should be closely monitored and kept less than 180/105
mmHg and antithrombotic agents should be avoided for
the initial 24 hours.28 Besides hemorrhage, potential compli-
cations of thrombolysis include reperfusion injury, arterial
reocclusion, and secondary embolization due to thrombus
fragmentation. Thus, adequate hospital facilities and person-
nel are required for administration of thrombolytic therapy
as well as for monitoring and managing potential complica-
tions. TCD monitoring for embolic signals can help identify
the presence of continuing embolism.

If a patient arrives later than 3 hours after symptom
onset, thrombolysis is not recommended but anticoagula-
tion is recommended, particularly for those who are at high
risk for early recurrent embolism (i.e., patients with me-
chanical heart valves, an established intracardiac thrombus,
AF associated with significant valvular disease, or severe
congestive heart failure). There is no evidence that IV hep-
arin is safe or effective in patients with acute ischemic
stroke, although it is still commonly used. Many stroke
physicians prescribe IV heparin without a bolus to maintain
an activated partial thromboplastin time (aPTT) of 50 to 70
in patients who will likely require chronic warfarin for
secondary prevention. Oral warfarin is begun concurrent
with IV heparin, and heparin is discontinued when the
international normalized ratio (INR) is 2 or 3.

When potential contraindications to anticoagulation are
present, such as a large infarction (based on clinical syn-
drome or brain imaging findings), uncontrolled hyperten-
sion, or other bleeding conditions, early aspirin therapy
(160 to 325 mg/day) may be administered within 48 hours
of ischemic stroke onset to decrease the risk of recurrent
stroke and death. For patients with ischemic stroke who
are not receiving thrombolysis or anticoagulation, aspirin
should be started immediately in combination with low
doses of subcutaneous heparin or low-molecular-weight
heparins or the heparinoid danaparoid for deep vein throm-
bosis prophylaxis.28 If a patient receives rtPA, the admin-
istration of aspirin should be delayed for at least 24 hours.
IV low-molecular-weight heparinoid is not more effective
than placebo in stroke patients, and studies of subcutaneous
low-molecular-weight heparins in stroke patients have had
equivocal results.



Chung and Caplan / Stroke and Other Neurovascular Disorders 1031
For long-term prevention of recurrent embolic stroke in
patients with AF or other high-risk cardiac sources, long-
term anticoagulation is performed with oral warfarin fol-
lowing IV heparin, particularly in those who experienced
a recent stroke or TIA. Patients with a mechanical heart
valve require a higher target prothrombin time (PT) level
at 3.5 (range, 3.0 to 4.0), whereas the target PT level in
most patients is 2.5 INR (range, 2.0 to 3.0).46 In older
patients, long-term anticoagulation poses important risks
and problems. Antiplatelet agents may be useful for
prophylaxis in some patients with cardiac lesions of rela-
tively lower embolic risk (e.g., nonvalvular AF in patients
younger than 65 years) and in patients with absolute or
relative contraindications to warfarin use.28

Cardiac sources of embolism must be searched thor-
oughly and corrected surgically if indicated. Transthoracic
echocardiography is superior for evaluating the left ventri-
cle for cardioembolic sources (e.g., hypokinetic or akinetic
wall segment, mural thrombus, and ejection fraction
< 35%), whereas transesophageal echocardiography is
superior for evaluating the left atrium (e.g., clot in atrium
or its appendage, spontaneous echo contrast, valvular
disease, PFO, and atrial septal aneurysm [ASA]) and the
aortic arch (e.g., atherosclerotic wall thickening > 4 mm
and aortic mural thrombus).

Antithrombotic Therapy for Secondary Prevention
In patients with cerebral ischemia due to large artery
atherosclerosis or small artery disease, antiplatelet agents
are preferred to anticoagulants.47 Among antiplatelet agents,
aspirin is the first choice in most cases and clopidogrel is a
logical second choice. Both of these agents decrease the risk
of ischemic stroke and MI. Clopidogrel plus aspirin twice
daily resulted in increased bleeding risk without significant
reduction in ischemic events compared to clopidogrel alone
in patients with previous cerebral ischemia in the MATCH
study.48 The combination of low-dose aspirin with extended-
release dipyridamole significantly decreases the risk of isch-
emic stroke but does not decrease the risk ofMI, and headache
is a common side effect of dipyridamole.

In patients with stroke due to high-grade intracranial steno-
sis, aspirin is superior to warfarin, with less bleeding compli-
cations, less coronary ischemia, and no difference in stroke
rates (Warfarin Aspirin in Symptomatic Intracranial Disease
study). The role of angioplasty in these patients remains
unclear, as does the optimal BP management.

If carotid artery stenosis is present, carotid endarterectomy
(CEA) can be considered for stroke prophylaxis. Two large
randomized trials showed that, among such patients, immediate
CEA produced a relative reduction of more than one-half in the
risk of major stroke or death during the next 2 or 3 years.49,50

CEA reduces the stroke risk compared to medical therapy
alone for patients with 70% to 99% symptomatic stenosis
(16% absolute risk reduction at 5 years). Endarterectomy is
moderately useful for symptomatic patients with 50% to
69% stenosis (4.6% absolute risk reduction at 5 years) and
not indicated for symptomatic patients with greater than
50% stenosis. For asymptomatic patients with 60% to 99%
stenosis, the benefit/risk ratio is less compared to that of
symptomatic patients, and decisions must be made on a
case-by-case basis. Endarterectomy can reduce the future
stroke rate if the perioperative stroke/death rate is kept low
(<3%). Low-dose aspirin (81 to 325 mg) is preferred for
patients before and after CEA to reduce the rate of stroke,
MI, and death.51

Symptomatic carotid stenosis of 70% or more is a sur-
gical indication. Reduction in stroke risk after CEA is
evident within 6 months of surgery and peaks by 2 years.50

CEA in patients with symptomatic moderate carotid steno-
sis of 50% to 69% yields only a moderate reduction in the
risk of stroke; patients with less than 50% do not benefit
from surgery.52 Asymptomatic carotid stenosis of 60% to
99% may be an indication of CEA,53 but one analysis has
shown that the risk of stroke among such patients is rela-
tively low and that 45% of strokes are lacunes or cardioem-
bolism rather than carotid artery-related stroke. Thus,
absolute benefit of CEA may be low.54

In elderly patients, the benefit of CEA has been uncer-
tain, and physicians have been reluctant to recommend
CEA for them. Advanced age is associated with an
increased risk of stroke in the medically treated group.
Therefore, elderly patients benefit more from CEA than
younger patients in each category of symptomatic ICA
stenosis.55

Carotid angioplasty and stenting (CAS) has not been
proven superior to CEA but seems to have similar major
risks and effectiveness at prevention of stroke compared
with carotid surgery. Thus, it is a potential alternative to
CEA because the technology for angioplasty and stenting
is improving very rapidly, especially in regard to cerebral
protection devices.56 Endovascular treatment has the
advantage of avoiding minor local complications such as
damage to the lower cranial nerves or local hematoma for-
mation (Fig. 45-9).57 CAS may be used in the following
circumstances: (1) when there is high surgical risk due to
medical conditions; (2) carotid stenosis following radio-
therapy to the head or neck (radiation-induced atheroscle-
rosis); (3) postendarterectomy restenosis; (4) surgically
inaccessible stenotic segment; and (5) arterial dissection,
fibromuscular hyperplasia, or Takayasu’s arteritis.

The roles of PFO and ASA as causes of stroke are con-
troversial, as is the optimal management of stroke patients
with these cardiac conditions. PFO alone is not associated
with increased risk of subsequent stroke or death among
medically treated patients with cryptogenic stroke, but the
coexistence of PFO and ASA possibly increases the risk
of subsequent stroke (but not death) in medically treated
patients younger than 55 years, particularly in patients with
hypercoagulable states. Transcatheter closure of PFO is
done for patients with paradoxical embolic stroke. How-
ever, the role of surgical or transcatheter closure of PFO is
still not clear in many patients because there is insufficient
data to evaluate the efficacy of surgical or endovascular
closure.58–60

PROGNOSIS AND FUTURE PERSPECTIVES. Prognosis
depends on the nature of the potential embolic sources and
the effectiveness of prophylaxis. The advent of monitoring
for emboli with TCD technology has opened new diagnos-
tic possibilities. Further advances in this technology with
the use of multiple concurrent channels (e.g., electroen-
cephalography) will allow better recognition of the source
and of the nature and frequency of release of embolic
material.
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Figure 45-9. Carotid angioplasty and stenting (CAS) performed in a 70-year-old woman with a symptomatic carotid stenosis. A, Conventional angiography
shows a stenotic segment in the right proximal extracranial internal carotid artery (asterisk). B, Ballooning of the stenotic segment after insertion of a stent.
C, Dilated stent. D, Post-CAS angiographic picture.
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Systemic Hypotension (Border Zone Infarction)
PATHOGENESIS AND PATHOPHYSIOLOGY. Inade-

quate pumping of the heart results in a global lack of blood
flow to the brain. This occurs when there is too little blood
in the system (shock and hypovolemia), when the pump
fails (myocardial failure or severe arrhythmia), or when
systemic hypotension is present. Collateral blood flow is
affected first by a generalized lowering of blood pressure.
In contrast to thromboembolic stroke, hypoperfusion is
global and causes so-called border zone or watershed
infarcts in the areas between the major regions of vascular
supply: between the ACAs and MCAs and between the
MCAs and PCAs (Fig. 45-10).

Infarcts are usually bilateral but may also occur unilater-
ally when there is severe stenosis of the ipsilateral proxi-
mal carotid or other large arteries. The most common
area of border zone ischemia is in the temporoparietal region
between the MCA and PCA supply regions.61
Middle cerebr
artery

A

Figure 45-10. Watershed infarction due to low pump pressure secondary to hear
border zones between the major cerebral arteries (darker shade) and in the int
EPIDEMIOLOGY AND RISK FACTORS. Causes of
stroke due to cerebral hypoperfusion include orthostatic
hypotension (due to diabetic dysautonomia or antihyper-
tensive therapy), orthostatic brain ischemia (without hypo-
tension), perioperative complications (especially cardiac
surgery), myocardial ischemia, cardiac arrhythmias, severe
carotid stenosis or occlusion, or combinations of these.

CLINICAL FEATURES AND ASSOCIATED FEATURES.

Faintness, pallor, dim vision, dim hearing and lightheaded-
ness, dizziness, and lack of thought clarity are commonly
noticed. The patient’s symptoms increase with sitting or
standing, and the blood pressure is low. Profuse sweating
is common. Temporoparietal border zone ischemia most
often causes visual abnormalities. Balint’s syndrome is
common and consists of asimultagnosia (difficulty in
seeing multiple objects at one time), optic ataxia (abnor-
mal hand-eye coordination in one or both visual hemi-
fields), and apraxia of gaze (difficulty in directing the
eyes where willed). Ischemia in the anterior border zone
al

B

*

t failure. A, Later aspect; B, coronal section. Blood flow is deficient in the
ernal border zone area (asterisk).
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between the ACA and the MCA affects mostly the con-
vexal surface of the precentral and postcentral gyri and
causes shoulder and thigh weakness, usually with sparing
of the face, feet, and often the hands. Occasionally,
patients have ischemia in the cerebellar border zones be-
tween the posteroinferior, anterior, and superior cerebel-
lar arteries and have some gait and limb ataxia (Video
14, Tremor with Ataxia).1

DIFFERENTIAL DIAGNOSIS AND EVALUATION

Frequently, watershed infarction is diagnosed on the basis
of one or more of the following: documented hypotension,
a history of syncope or near-syncope preceding the event,
and characteristic patterns of infarction on CT or MRI.
Orthostatic hypotension is defined as a persistent decline
of greater than 20mmHg in systolic pressure from the supine
to the standing position.62 Hypotension due to other causes is
defined as systolic blood pressure of 90 mmHg or less or at
least a 25% drop from preexisting levels. Symptoms of syn-
cope, near-syncope, or cardiac arrhythmia should be sought.
Laboratory tests include (1) systemic blood tests including
complete blood count (CBC), blood urea nitrogen, and
electrolytes; (2) cardiac studies—ECG, echocardiography,
and Holter monitoring; and (3) neuroimaging—CT, MRI,
and SPECT.

MANAGEMENT. Correction of underlying disorders
is essential. Care should be taken when performing interven-
tional procedures such as CEA or cardiac surgery. Excessive
use of antihypertensive drugs should be avoided. Recurrences
are common, and if they are not treated early, the outlook is
poor. The mortality rate is approximately 10%, and there
is a high association with MI.
Selected Nonatherosclerotic Occlusive Diseases
Noninflammatory Vascular Diseases
Fibromuscular dysplasia (FMD) is a rare condition that
affects any or all of the three layers in the arterial walls
of both extracranial and intracranial arteries, particularly
those of the bilateral ICAs. FMD causes fibrous dysplastic
tissue and proliferating smooth muscle cells in the media,
presenting as constricting bands and a string-of-beads
appearance on arteriography.1 FMD is commonly found
in middle-aged women and is most often asymptomatic.
Because of its frequent association with cerebral aneurysms,
FMD is often found during the evaluation of SAH.63 FMD
also causes arterial dissections, producing ischemic stroke
syndromes, but it may present as a TIA or stroke without
any evident compromise of the vascular lumen, possibly due
to functional constriction. The stroke recurrence rate is
quite low, even with no therapy. If the patient is hypertensive,
the renal arteries should be studied.63

Moyamoya disease is defined as progressive occlusion
of the intracranial ICAs at their intracranial bifurcations
and formation of collateral channels through the basal
penetrating branches of the cerebral arteries (Video 216,
Moyamoya Stroke). Pathologically, this condition is charac-
terized by endothelial hyperplasia and fibrosis with intimal
thickening and abnormalities of the internal elastic laminas
and arterial walls of the perforating arteries, probably due
to greatly increased flow through these small vessels.
Inflammatory changes are absent. Moyamoya vessels are
also found in patients with sickle cell disease, neurofibro-
matosis, and FMD and also in young women (especially
those who smoke cigarettes and take oral contraceptives).1

Although the disease was first described in young Asians,
it has subsequently been found to be widespread and is
not limited to Asians. Clinically, children younger than age
15 years usually present with transient episodes of hemipa-
resis, headache, seizures, or other focal neurological deficits,
often precipitated by physical exercise or hyperventilation.
In contrast, adults usually present with brain hemorrhages—
usually in the thalamus, basal ganglia, or deep white matter.
Occasionally, the hemorrhages are SAH. Cerebral angiog-
raphy, the standard method of diagnosis, shows progressive
abnormalities in the intracranial ICAs bilaterally. MCA
and ACA branches are also frequently involved. Collateral
vessels appear as a cloud of smoke.64 MRA has been
used as a noninvasive alternative to conventional angi-
ography in typical moyamoya disease. Some patients with
moyamoya disease stabilize clinically, often after they
have developed disabilities. The best treatment is not
known. A variety of surgical revascularization procedures
called encephaloduroarteriosynangiosis have been used,
but whether they improve the outcome is uncertain.
Cerebrovascular Diseases Especially Related
to Pregnancy
There is no increased risk of stroke associated with oral
contraceptive use in healthy, nonsmoking, normotensive
women. Although there is a three- or fourfold increased
risk of venous thromboembolism with current oral con-
traceptive use, the absolute risk is very small and is half
that associated with pregnancy.65,66

Although the incidence of ischemic stroke is not much
increased during pregnancy and the early puerperium,
pregnancy increases the risk of cerebral hemorrhage. The
incidence rates for ischemic stroke associated with preg-
nancy vary from 5 to 210 per 100,000 deliveries. Ischemic
strokes seem to be most common in the puerperal period
and third trimester, with few cases occurring in the first
trimester. Hypertension contributes independently to the risk
of pregnancy-related stroke, especially in older women with
chronic hypertension.67

Eclampsia is the main cause of both ischemic and hem-
orrhagic stroke. Eclampsia accounts for approximately half
of ischemic strokes, and eclampsia-related ICH carries a
poor prognosis. Stroke is responsible for 4.3% of maternal
deaths. Up to one third of pregnancy-related brain infarcts
may be due to intracranial venous thrombosis, which is
most frequent in the third trimester and in the early post-
partum period. Dehydration, infection, and sepsis may con-
tribute to venous thrombosis. Patients with eclampsia
present with focal neurological deficits of sudden onset in
addition to headaches, seizures, or altered consciousness,
which usually resolve in several days. The precise pathogenesis
is still poorly understood.

Other causes of ischemic stroke during pregnancy include
premature atheroma, amniotic embolism, choriocarcinoma,
reversible postpartum cerebral angiopathy, arterial dissec-
tion, postpartum cardiomyopathy, paradoxical embolism,
border zone infarction, use of ergot, pregnancy-related
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cardiac diseases, hematological disorders, antiphospholipid
antibody syndrome, and homocystinuria. Prognosis is worse
than in nonpregnant women or men of the same age.68

Arterial dissection, especially spontaneous dissection
of the cervicocranial arteries, is an important cause of
ischemic strokes, especially in people younger than age
50 years. Congenital changes in the media or elastic layer
of the arteries or edema of the arterial wall following
mechanical stress promote cervicocranial arterial dissection.
They include Marfan’s disease, Ehlers-Danlos syndrome,
pseudoxanthoma elasticum, or fibromuscular dysplasia,
migraine, chiropractic manipulation of the neck, sports and
other activities involving sudden neck stretching, or pro-
longed holding of the neck in an eccentric position. The
pharyngeal portion of the extracranial ICA and the first and
third segments of the VA are more mobile and thus most
vulnerable to dissection.69,70

A tear within the arterial wall leads to bleeding, which
dissects along the longitudinal course of the artery. When
the dissection develops between the intima and the media,
the expanded arterial wall can compromise the lumen and
may cause hemodynamic strokes such as TIAs or infarcts
(Fig. 45-11A). More frequently, however, the dissection
causes thromboembolism. Because clots formed in the
lumen of the dissected artery are usually loosely adherent
to the intima, they may readily embolize distally, causing
embolic infarction. Strokes usually develop within the
first few days after the dissection, and late strokes are
unusual.69 The intraluminal clot is absorbed within
several weeks, and the lumen usually returns to its normal
size. When dissections extend between the media and
the adventitia, tears through the adventitia may lead to
SAH (Fig. 45-11B). If the adventitia is not torn, fusiform
aneurysmal masses or pouches may develop.

Cervicocranial arterial dissection causes ipsilateral
throbbing headache; local sharp pain in the neck, jaw,
pharynx, or face: ipsilateral Horner’s syndrome; or cranial
nerve palsies.71 Pain in the neck and head is an important
symptom that helps to separate the dissection from other
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causes of brain ischemia. Occasionally, both carotid
arteries and even the VAs are dissected at the same time.

CT andMRI can directly visualize the intramural bleeding
and expansion (Fig. 45-12B), confirming the diagnosis.
MRA and ultrasound testing are reliable noninvasive tools
for diagnosis and follow-up of extracranial ICA dissections,
but conventional angiography is more useful for VA dissec-
tions.70 Angiography may show regions of severe narrowing
(“string sign”), or the ICA may be totally occluded, begin-
ning more than 2 cm distal to the ICA origin, sparing the
siphon, and having a gradually tapering segment. Localized
aneurysmal sacs or outpouchings may be seen.

Duplex scans can show increased arterial diameter,
decreased pulsatility, intravascular abnormal echoes, and
hemodynamic evidence of decreased flow. TCD can dem-
onstrate diminished intracranial velocities in the ICA
siphon and the MCAs or the intracranial VAs and also
show the postdissection collateral blood flow.

Although there have been no controlled trials of medical
therapy, prevention of embolization of clots at or soon after
the dissection is critically important because the risk of
thromboembolic strokes is particularly high during the
acute period. Unless there are contraindications, anticoagu-
lation with IV administration of heparin followed by oral
warfarin with a target INR of 2.0 to 3.0 is generally used
for 3 to 6 months. Most extracranial dissections heal spon-
taneously with time. Arteries retaining some residual
lumen invariably heal and become normal, but when com-
plete occlusion has occurred, the arteries often do not re-
canalize and remain occluded. In patients with SAH,
intracranial dissections can be repaired surgically. Recur-
rence is uncommon, occurring in 3% to 8% of patients with
dissection.69

Inflammatory Vascular Disorders
This subject is discussed in depth in Chapter 50. Table 45-4
outlines some of the important vasculitides and their key
features.
Adventitia

Media

Intima

urysmal
ouch

Figure 45-11. Diagrams of two types of arterial dissec-
tion: A, dissection between intima and media, forming
an intramural hematoma compressing and compromis-
ing the arterial lumen, causing hemodynamic stroke
and/or distal embolism from thrombus developing
on the distal portion of the dissecting arterial intima;
B, dissection between media and intima, forming an
aneurismal pouch compressing the neighboring cranial
nerves or vessels or rupturing to cause subarachnoid
hemorrhage.
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Figure 45-12. Radiological findings in a 61-year-old man with a dissection of the internal carotid artery (ICA). A, An axial view of brain MRI shows in-
tramural hematoma in the left proximal ICA (arrow). B, Conventional angiography shows severe narrowing of the left extracranial portion of the ICA,
showing so-called “string sign” (arrow).

TABLE 45-4

Important Vasculitides

CONDITION DEMOGRAPHY PATHOLOGY VESSEL TYPE CLINICAL ENVIRONMENT OTHER FEATURES

Polyarteritis nodosa 1:25 f/m ratio;
30–50 years old

Necrotizing, small-medium
muscular arteries

Strokes; kidney, peripheral
nerves

Fever, hypertension,
circulating immune
complexes

Churg-Strauss
syndrome

1:1.4 f/m ratio;
10–50 years old

Fibrinoid necrosis with
eosinophils; small-medium
arteries, veins, capillaries

Asthma; skin, kidney,
encephalopathy, peripheral
nerves

Eosinophilia, fever,
rhematoid factor

Hypersensitivity
vasculitis

Any age and sex Leukocytoclastic vasculitis,
postcapillary venules

Peripheral nerves and plexus,
encephalopathy, palpable
purpura

Drug-induced
cryoglobulins,
circulating immune
complexes

Wegener’s
granulomatosis

1:1.2 f/m ratio; any age Granulomas in organs,
necrotizing arteritis

Sinuses, respiratory tract,
kidneys, cranial and
peripheral nerves

cANCA-positive; upper
and lower respiratory
tract involvement

Sarcoidosis 20–30 years old; no sex
predilection, blacks >
whites

Perivenous, granulomas Peripheral nerves, muscle,
eyes, lungs, skin, lymph
nodes, brain granulomas

Granulomas in skin,
muscle, liver, nodes

Temporal arteritis 1:2 to 1:3 f/m ratio;
>50 years

Segmental granulomatous,
external carotid, and aortic
branches

Eyes, peripheral nerves,
occasional strokes

High ESR, jaw
claudication, scalp
tender

Isolated CNS
angiitis

1:2 f/m ratio; any age Mononuclear perivascular cell,
granulomas

Brain only, seizures, confusion High CSF protein, no
systemic symptoms

Takayasu’s arteritis 9:1 f/m ratio; Asians;
age range 15–40 years

Acute inflammatory giant cell;
large arteries of aortic arch

Syncope, lightheadedness,
headache, absent arm pulses
(strokes rare)

Systemic symptoms,
hypertension

Behçet’s disease 1:9 f/m ratio; Japan and
Mediterranean
heritage

Perivascular cell loss and
demyelinization,
perivascular plasma cells
and lymphocytes

Aphthous oral ulcers, genital
ulcers, eye inflammation,
meningitis, brain stem
lesions

Strokes and
meningoencephalitis
with focal brain stem
lesions

Cogan’s disease Young adults Arteritis of small and medium-
sized arteries

Interstitial keratitis of eye,
uveitis, ear involvement

Vertigo, tinnitus,
decreased hearing,
cornea opacification

Eales’ disease Mostly young men, aged
20–30 years old;
Middle East and
Indian heritage

Inflammation of retinal
arteries and veins

Retinal and vitreous
hemorrhages, meningitis,
occasional brain and spinal
cord infarcts

Characteristic sheathing of
retinal arteries and
veins and vitreous
hemorrhages

Microangiopathy of
thebrain, retina, ear

Almost always women,
15–30 years old

Obliterative, noninflammatory
arteries and arterioles

Retina, ear, brain High CSF protein

Continued
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TABLE 45-5

Drug Abuse and Strokes

DRUG ROUTE ISCHEMIA HEMORRHAGE OTHER FEATURES

Heroin IV Strokes—brain and spinal cord No Increased gamma globulins
Amphetamines Oral, IV No ischemic strokes SAH, ICH; aneurysms and AVMs rare Hypertension
Cocaine HCl Nasal, IV Ischemic strokes SAH, ICH; aneurysms and AVMs common Hypertension
Crack cocaine Nasal, IV Ischemic strokes very common SAH, ICH; aneurysms and AVMs common Hypertension
Mashed pills IV Ischemic strokes No Talc particles in eyes and lungs

AVM, arteriovenous malformation; ICH, intracerebral hemorrhage; IV, intravenous; SAH, subarachnoid hemorrhage.

TABLE 45-4

Important Vasculitides—cont’d

CONDITION DEMOGRAPHY PATHOLOGY VESSEL TYPE CLINICAL ENVIRONMENT OTHER FEATURES

Kohlmeier-Degos
syndrome

Young adults
15–30 years old

Fibrous vascular proliferation,
rare inflammation

Small, yellow, raised skin
lesions; GI tract; brain
infarcts

Skin, GI, and brain
infarcts

Sneddon’s disease Females > males;
age 30–50 years

Proliferative thrombo-
occlusive disease of skin
and brain and small arteries
and arterioles

Livedo reticularis of skin and
brain infarcts

Antiphospholipid
antibodies common

cANCA, classic antineutrophil cytoplasmic antibody; CSF, cerebrospinal fluid; ESR, erythrocyte sedimentation rate; f/m, female-to-male; GI, gastrointestinal.
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Drug-Related Vasculopathies
Illicit drug use and abuse has become an important cause
of stroke, especially in young individuals. This topic is dis-
cussed in Chapter 39. Table 45-5 outlines the common
drugs implicated and some features of the strokes that they
cause.

Migraine-related Stroke
Stroke is a rare but potentially devastating complication of
migraine. Ischemic stroke in a migraine sufferer may be
categorized as cerebral infarction of other cause coexisting
with migraine, cerebral infarction of other cause presenting
with symptoms resembling migraine with aura, or cerebral
infarction occurring during the course of a typical migraine
with aura attack. Increased risk for stroke in migraine
patients has been demonstrated in women younger than
age 45 years in several studies. Evidence of an association
between migraine and stroke in older women and in men is
inconsistent. The term migrainous infarction is used only
when stroke attack occurs in a patient with migraine with
aura during a typical attack of migraine with aura and
when neuroimaging demonstrates ischemic infarction in a
relevant area.72 Infarction is thought to be due to prolonged
intense vasospasm associated with migraines. Intense vaso-
spasm can impede flow, promoting thrombosis. Platelets
are activated during migraine and the vasoconstrictive pro-
cess may stimulate the endothelium to release factors that
promote thrombosis. Severe vasoconstriction and thrombi
have been demonstrated in patients with migraine who
have PCA and BA territory infarcts.73 To complicate mat-
ters, atherosclerotic lesions in the coronary arteries of
humans—and in the extracranial and retinal arteries of
experimental animals—seem to predispose them to super-
imposed vasoconstriction. Thus, vasoconstriction can com-
plicate atherostenosis. TCD shows promise of identifying
vasoconstriction by showing high velocities that change
with time and with various pharmacological treatments.
Hemorrhage can occasionally complicate a severe migraine
attack. Intense vasoconstriction leads to ischemia of a local
brain region, accompanied by edema and ischemia of the
small vessels perfused by the constricted artery. Then,
when vasoconstriction abates, blood flow to the region is
augmented, and the reperfusion can cause hemorrhage
from the damaged arteries and arterioles. Prophylactic
agents (most often calcium channel blockers, cyprohepta-
dine, or methysergide) should be maintained as well as
agents that modify platelet function and coagulation. Aspi-
rin may be prescribed, but warfarin can be used in patients
with prior infarcts.74

Stroke in Coagulation Disorders
Brain ischemia and hemorrhage often result from hema-
tological disorders. Changes in the formed cellular con-
stituents of the blood may be quantitative or qualitative.
Polycythemia increases blood viscosity, decreases cerebral
blood flow, and increases the risk of thrombosis. Sickle
cell disease and sickle cell hemoglobin C disease are exam-
ples of qualitative red blood cell abnormalities that affect
blood flow. Sickle cell disease causes occlusive changes
in large intracranial arteries and small penetrating vessels.
Subcortical, cortical, and border zone infarcts are often
found on CT and MRI.

Increased platelet counts, especially those more than
1 million, are associated with hypercoagulability. Thrombocy-
tosis can be primary (so-called essential thrombocythemia),
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associated with other myeloproliferation, or, less often,
secondary to systemic disease. Essential thrombocythemia
is associated with strokes and digital arterial occlusions.
There are also qualitative abnormalities of platelet func-
tion. In some patients, increased coagulability has been
attributed to increased adhesion and aggregation of plate-
lets (so-called sticky platelets) in the absence of thrombo-
cytosis.

Leukemia is occasionally complicated by brain hemor-
rhages and microinfarcts. When the white blood cell count
is very high (increased leukocrit), the white blood cells can
pack capillaries, leading to microinfarcts and vascular rupture
with small hemorrhages in the brain. Larger intraparenchyma-
tous hemorrhages and SAHs are most often related to throm-
bocytopenia, due to replacement of the bone marrow with
leukocyte precursors. Abnormalities of the coagulation
cascade can also cause hypercoagulability and lead to venous
and arterial occlusions and brain infarction. Table 45-6 lists
some of the most common abnormalities.

Stroke in Immunological Abnormalities
Circulating antibodies, such as lupus anticoagulant (LA)
and anticardiolipin antibodies, may be related to stroke.
The LA is a phospholipid antibody that interferes with
the formation of the prothrombin activator. In the labora-
tory, there is a prolonged activated PTT. Some patients
with LA have systemic lupus erythematosus, but most
do not. When antiphospholipids of the IgG, IgM, or IgA
classes are found in the absence of a known systemic ill-
ness, and patients present with an increased incidence of
spontaneous abortions, thrombophlebitis, pulmonary embo-
lism, and large and small artery occlusions, the disorder is
referred to as primary antiphospholipid lupus anticoagulant
(APLA) syndrome. The APLA-associated stroke syndrome
is characterized by its younger age at onset, predominance
in women, and high risk of recurrent thrombo-occlusive
events. Some patients havemitral and aortic valve vegetations
and ocular ischemia. In addition to the presence of LA or
anticardiolipins or both, laboratory abnormalities include
false-positive Venereal Disease Research Laboratory, throm-
bocytopenia, antinuclear antibodies, and prolonged activated
PTT. The risk of recurrent thrombosis in patients with the
antiphospholipid antibody syndrome is high. More than one-
half of patients have at least one recurrent thrombo-occlusive
stroke, with most occurring within the first year. Long-term
TABLE 45-6

Common Coagulation Disorders Causing
Hypercoagulability

Deficiencies of natural coagulation inhibitors
Antithrombin III
Protein C
Protein S

Resistance to activated protein C
Increased levels of serine protein coagulation factors (can occur in
patients with inflammatory diseases), factors V, VII, and VIII

Cancer, especially mucinous adenocarcinomas
Abnormalities of the normal fibrinolytic system
Tissue plasminogen activator (t-PA)
Plasminogen activator inhibitor (PAI)
Dysfibrinogenemias, including increased levels of fibrinogen
anticoagulation therapy is recommended, maintaining the
INR at or higher than 3.75,76

Disseminated intravascular coagulation occurs when a pri-
mary disorder leads to local or diffuse clotting and the co-
agulation cascade is activated, with generation of excess
intravascular thrombin. The coagulation system is then acti-
vated further, fibrin is deposited into the microcirculation,
hemostatic elements have a shortened survival, and the fibri-
nolytic system is activated. Themost common disorders incit-
ing disseminated intravascular coagulation are infections,
obstetric and vascular emergencies, cancer, nonbacterial
thrombotic endocarditis, head trauma, SAH, brain tumors,
and vascular malformations. The laboratory findings usually
include thrombocytopenia, reduced fibrinogen levels, prolon-
gation of PT and PTT, and increased levels of fibrin split
products. Neurological findings are frequent and include an
encephalopathy with multifocal signs and frank thrombotic
and embolic infarcts. Bleeding can also occur.

Whole blood viscosity is one of the major determinants of
cerebral blood flow, especially in themicrocirculation.Whole
blood viscosity is very dependent on the hematocrit and fibrin-
ogen levels, and these are often elevated in patients with
stroke.77 Hyperviscosity is also probably pathogenetically
related to Binswanger’s disease (subcortical arteriosclerotic
encephalopathy).78 Less often, viscosity is increased by high
levels of globulins as in Waldenström’s macroglobulinemia
or in other disorders with abnormal proteins or cryoglobulins,
such as multiple myeloma, or by very high levels of serum
lipids, especially chylomicra.

TTP is characterized clinically by fever, renal failure,
thrombocytopenia, and microangiopathic hemolytic ane-
mia. Transient focal neurological signs and a more diffuse
encephalopathy are common, but occasionally, persistent
neurological deficits due to occlusion of medium-sized
arteries or brain hemorrhages occur. Plasma exchange can
be an effective treatment.

Cerebral Venous Thrombosis
Cerebral venous thrombosis (CVT) is a relatively uncommon
disorder. Advances in imaging technologies such as MRI and
MRVhave resulted in an improved ability to detect CVT early
and noninvasively. Thus, treatment and outcome prediction
are more feasible. In addition, increased use of anticoagula-
tion has improved the prognosis of patients with even severe
neurologic deficits.79,80

CVT is caused by a number of conditions, including endo-
crine, hematological, immunological, vasculitic, infective,
and neoplastic diseases, which cause venous stasis, increased
clotting tendency, and traumatic or infective changes in the
venous walls. The main causes of CVT differ between age
groups. In neonates and children, regional infections (otitis
media and mastoiditis), neonatal asphyxia, severe dehydra-
tions, and congenital heart diseases are common associated
diseases. In young women, pregnancy, puerperium, oral
contraceptive pills, and various connective tissue diseases
such as systemic lupus erythematosus are the major causes.
Risk of CVT is increased in carriers of prothrombin and
factor V gene mutations, which may be enhanced in women
receiving oral contraceptives. Other causes include malig-
nancies, antithrombin III protein C and protein S deficiencies,
and Behçet’s disease.81
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Figure 45-13.MR findings in a 21-year-old man with superior sagittal sinus thrombosis. A, MR venography shows poor visualization of the superior sagittal
sinus (arrow). B, Brain MRI shows multifocal infarcts with hemorrhagic transformation.
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Occlusion of a dural sinus often results in severe brain
edema and venous infarction in the cortex and adjacent
white matter, whereas deep cerebral vein thrombosis
causes venous infarcts in the basal ganglia, thalamus, or
both.82 The venous hypertension caused by blockage of
blood draining from the skull can also lead to brain hem-
orrhages. Brain edema, ischemia, and hemorrhages result
from extensive thromboses. The sagittal sinus is involved
most often, followed by the lateral sinuses and the caver-
nous sinus. Thrombi in CVT are rich in red blood cells
and fibrin but poor in platelets (“red thrombus”) and are
replaced by fibrous tissue over time.

CVT has a variable mode of onset, presents with diverse
clinical presentations, and usually has a favorable out-
come.83 The clinical patterns include (1) isolated intracra-
nial hypertension presenting with headache, vomiting,
papilledema, and cranial nerve VI palsy and thus mimick-
ing benign intracranial hypertension (BIH) (Video 1, Cra-
nial Nerve VI Palsy); (2) focal neurological signs or
seizure attacks resulting from brain ischemia, edema, or
hemorrhage; and (3) a cavernous sinus syndrome.

The key to diagnosis of CVT is clinical suspicion in
patients with a condition known to predispose to CVT on
the basis of clinical presentations and neuroimaging find-
ings including MRV. Conventional angiography is rarely
needed. Venous infarcts appear as unilateral or bilateral,
or single or multifocal. Hemorrhagic transformation and
small hematoma are common because of the increased
pressure in draining veins.84 Differential diagnoses include
BIH or pseudotumor cerebri, migraine, meningitis, enceph-
alitis, cerebral arterial infarction, ICH, brain abscess, brain
tumor, and eclampsia. Diagnosis is based on clinical data,
CT or MRI, and MRV findings (Fig. 45-13).

Management of patients with CVT includes administra-
tion of full-dose anticoagulant therapy, reduction of ICP,
thrombolytic therapy, and antibiotics in case of an infected
thrombus. Steroids and osmotic diuretics for brain edema
or increased ICP and anticonvulsants for seizures may also
be employed.

Patients show a clear and definite improvement in outcome
when treated with anticoagulation using IV heparin fol-
lowed by warfarin. Unfractionated or low-molecular-weight
heparin can be used safely during the acute phase, followed
by oral anticoagulation for 3 to 6 months (target INR,
2.5; range, 2.0 to 3.0), even in the presence of hemorrhagic
infarction before treatment. In patients who demonstrate
progressive neurologic deterioration despite adequate anti-
coagulation, other options, such as superselective local intra-
thrombus infusion of a thrombolytic agent together with
IV heparin, are under investigation. Hypercoagulable states
must be searched and corrected if present. Patients not
responding to anticoagulation may require thrombolysis or
rheolytic thrombectomy.83,85,86

CVT usually resolves spontaneously, and the prognosis
is generally much better than previously thought but
remains largely unpredictable. Among survivors, only a
minority develop a permanent deficit, such as focal limb
weakness, epilepsy, or optic atrophy. Poor prognostic
factors include rapid evolution of thrombosis, coma, infancy
or old age, involvement of deep cerebral and cerebellar
veins, and septic thrombi.28

HEMORRHAGIC CEREBROVASCULAR DISEASES

Primary Intracerebral Hemorrhage
PATHOGENESIS AND PATHOPHYSIOLOGY. Chronic

hypertension causes fibrinoid necrosis in the penetrating
and subcortical arteries, weakening of the arterial walls,
and formation of small aneurysmal outpouchings, so-called
Charcot-Bouchard microaneurysms, that predispose the
patient to spontaneous ICH. Bleeding usually arises from
the deep penetrating arteries of the circle of Willis, includ-
ing the lenticulostriate, thalamogeniculate, and thalamoper-
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forating arteries and perforators of the BA. Acute increases
in blood pressure and blood flow can also precipitate
ICH even in the absence of preexisting severe hyperten-
sion. A ruptured vascular malformation is the second most
common cause of ICH.

Bleeding is limited by the resistance of tissue pressure in
the surrounding brain structures. If a hematoma is large,
distortion of structures and increased ICP cause headache,
vomiting, and decreased alertness. Because the cranial
cavity is a closed system, enlargement of a hematoma or
development of severe edema may shift brain tissues
into another compartment, so-called herniation, and cause
deterioration in the clinical condition.

EPIDEMIOLOGY AND RISK FACTORS. ICH is a major
cause of morbidity and death and accounts for 10% to 15%
of all strokes in whites and approximately 30% in individ-
uals of African or Asian origin. Pregnancy may increase
the risk of ICH. Eclampsia accounts for more than 40% of
ICHs in pregnancy, and ICH is a common cause of death
from eclampsia. Locations of hypertensive ICHs are the
putamen (40%), cerebral lobes (22%), thalamus (15%), pons
(8%), cerebellum (8%), and caudate (7%) (Fig. 45-14).

Spontaneous ICH can also occur in association with
bleeding diatheses, especially the prescription of anticoag-
ulants, primary or metastatic brain tumors or granulomas,
and use of sympathomimetic drugs. Aneurysms rarely
bleed only into the brain, but when they do, they cause a
local hematoma near the brain surface.
Putamial
hemorrhage

Cerebellar
hemorrhage

Caudate
hemorrhage

Thalamic
hemorrhage

Pontine
hemorrhage

Lobar subcortical
hemorrhage

Figure 45-14. Horizontal cerebral section (top) and sagittal brain stem
section (bottom) showing most common sites of intracerebral hemorrhage.
(Adapted from Caplan LR: Caplan’s Stroke: A Clinical Approach, 3rd ed.
Boston, Butterworth-Heinemann, 2000.)
CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. In addition to the symptoms and signs of suddenly
increased ICP, ICH presents with specific neurological fea-
tures according to its location of occurrence. Occasionally,
even the hematomas arising in the same anatomical location
may present with different clinical features and prog-
noses because they differ in size, intraregional location,
direction of intraparenchymal extensions, and presence
of ventricular hemorrhage.87,88

The earliest signs relate to blood issuing into paren-
chymatous structures. For example, a hematoma in the left
putamen and internal capsule would first cause weakness
of the right limbs; a cerebellar hematoma would cause
gait ataxia. Involuntary movement can develop following
basal ganglionic hemorrhage (Fig. 45-15; Video 257,
Posthemiplegic Athetosis).

As the hematomas enlarge, the focal symptoms increase.
If the hematoma becomes large enough to raise ICP,
then headache, vomiting, and decreased alertness develop.
Some hematomas remain small and the only symptoms
relate to the focal collection of blood. Table 45-7 notes
the most important features of hematomas at the most
common sites (see Chapter 22).

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Diagnostic considerations include infarcts in similar re-
gions and subdural and epidural hematomas. Rarely, brain
tumors and abscesses can have a rapid onset mimicking
ICH. It is very important to identify the cause of the
hemorrhage. Hypertension, bleeding diatheses (especially
as a result of iatrogenic prescription of coumadin), trauma,
and amyloid angiopathy are the most frequent causes.
Figure 45-15. A CT scan showing caudate hemorrhage (arrow) with intra-
ventricular hemorrhage in a 68-year-old man who presented with cho-
reoathetoid movement of acute onset in the contralateral side of the
body (see Video 257, Post-Hemiplegic Athetosis).



TABLE 45-7

Signs in Patients with Intracerebral Hemorrhages at Various Sites

LOCATION MOTOR/SENSORY EYE MOVEMENTS PUPILS OTHER SIGNS

Putamen or
internal capsule

Contralateral hemiparesis
and hemisensory loss

Ipsilateral conjugate
deviation

Normal Left: aphasia

Right: left-sided neglect
Thalamus Contralateral hemisensory

loss
Down and in upgaze

palsy
Small; react
poorly

Somnolence, decreased alertness;
left: aphasia

Lobar
Frontal Contralateral limb weakness Ipsilateral conjugate gaze Normal Abulia
Temporal None None Hemianopia

Left: aphasia
Occipital None None Hemianopia
Parietal Slight contralateral

hemiparesis and
hemisensory loss

Hemianopia; left: aphasia; right: left
neglect; poor drawing and copying

Caudate None or slight contralateral
hemiparesis

None Normal Abulia, agitation, poor memory

Pons Quadriparesis Bilateral horizontal gaze
paresis, ocular bobbing

Small; reactive Coma

Cerebellar Gait ataxia, ipsilateral limb
hypotonia

Ipsilateral gaze or cranial
nerve VI paresis

Small Vomiting, inability to walk, tilt when
sitting
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In young, normotensive patients, especially those with lobar
and intraventricular hemorrhages, vascular malformations
are the most likely source of bleeding. Aneurysms can also
rarely bleed directly into brain parenchyma. Some primary
and metastatic brain tumors, especially renal carcinoma and
choriocarcinoma, have a propensity to develop hemorrhages
within the tumor, thus causing an abrupt onset or worsening
of neurological symptoms. During the initial evaluation,
blood samples for basic laboratory studies, including CBC,
chemistries, coagulation studies (PT, PTT, bleeding time,
and platelet count), arterial blood gas analysis, and toxicology
screen, are obtained.

The CT scan is an essential tool for diagnosis, manage-
ment, and follow-up of ICH. It accurately documents the
size and location of the hematoma, the presence and extent
of any mass effect, and the presence of hydrocephalus and
intraventricular hemorrhage. CT scans should be per-
formed immediately in patients suspected of having an
ICH. Follow-up CT scans are requested when there is a
change in clinical signs or state of alertness in order to
monitor changes in the size of the lesion and ventricular
system and to detect important pressure shifts. If the clini-
cal syndrome and CT findings are typical of hypertensive
hemorrhage in the basal ganglia, caudate nucleus, thala-
mus, pons, or cerebellum, angiography is usually not nec-
essary. If the hemorrhage is in an atypical location or the
patient is young and not hypertensive, angiography is indi-
cated to exclude an AVM, aneurysm, vasculitis, or tumor.
Patients who have ICH after cocaine use have a high like-
lihood of vascular malformations and aneurysms and need
angiography.

MANAGEMENT. Prompt and careful management of
patients with ICH may be life saving and is important even
in those who will later undergo surgical intervention. Ade-
quate airway and respiratory support should be established.
Blood gases should be measured in patients with reduced
alertness. Endotracheal intubation is performed for patients
presenting in coma, for those who are unable to protect
their airway, and for those who have respiratory failure.
Wide swings in blood pressure, especially hypertension,
are common in the initial period following hemorrhage.
Intravenous labetalol or sodium nitroprusside with concomi-
tant intra-arterial pressure monitoring is an effective method
of controlling such elevations. Continuous cardiacmonitoring
for arrhythmias is important. However, hypotension from
cardiac or other etiologies can be devastating due to the
impact on cerebral perfusion pressure. Control of local
tissue pressure and ICP is also important to guarantee
adequate cerebral perfusion pressure. If CT is taken within
3 hours after the onset of ICH, one-third of patients show an
increase in the volume of the hematoma related to subsequent
bleeding. Recombinant activated factor VII (rFVIIa) has been
shown to reduce hematoma growth if used within 4 hours
after the onset of ICH, to reduce mortality, and to improve
functional outcomes at 90 days. However, it can increase the
frequency of thromboembolic adverse events.89

The available medical and surgical treatment modalities
are outlined in Table 45-8. They are not competitive, but a
combined approach utilizing both medical and surgical
modalities will often yield satisfactory results.90,91

Seizures may occur at the onset of ICH or within the
first 24 hours and require anticonvulsant treatment. The
anticonvulsants can usually be discontinued after the first
month in patients who have had no further seizures.
Patients who have a seizure more than 2 weeks after
the onset of ICH are at higher risk for further seizures
and may require long-term prophylactic treatment with
anticonvulsants.92

Emergency surgical treatments have been tried for sev-
eral decades, but their efficacy has been disputed. Open
surgical hematoma removal, if done early after the onset,
seems to be promising in patients with moderate to large
hematomas who are still awake. CT-guided stereotactic
surgery has made it possible to approach the core of hema-
toma percutaneously and to evacuate it safely (Fig. 45-16).
When the hematoma cannot be drained completely, fibri-
nolytic agents can be instilled to soften and lyse coagulated
hematoma.93



TABLE 45-8

Treatment of Intracerebral Hemorrhage

Medical

Medical decompression for increased intracranial pressure
Intubation and mechanical hyperventilation
Dexamethasone (Decadron), 4 mg every 6 hours
Mannitol, 0.5–1 g/kg every 4 hours intravenously (IV)
Glycerol, 1–1.5 ounces orally every 6 hours
Furosemide (Lasix), 40 mg (4 mg/min) IV*

Control of hypertension
Labetalol, 10 mg IV, followed by 10-mg doses as needed
Trimethaphan camsylate (Arfonad), 0.5–1 mg/min IV by drip
Nitroprusside sodium, 15–200 mg/min
Hydralazine hydrochloride (Apresoline), 50–100 mg twice daily

orally
Reversal of bleeding diathesis
Fresh frozen plasma
Antihemophilic factor
Phytonadione (vitamin K, AquaMEPHYTON), 20–40 mg IV
Platelet transfusion
Fresh blood transfusion

Surgical

Drainage of hematoma—stereotactic drainage or surgical
evacuation

Ventricular drainage or shunt
Removal of bleeding arteriovenous malformation or tumor
Repair of aneurysm

*FDA approved for this indication.
Modified from Chung C-S, Caplan LR: Parenchymatous brain hemorrhage. In Rakel
RE (ed): Conn’s Current Therapy. Philadelphia, Saunders, 1995, p 794.
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PROGNOSIS AND FUTURE PERSPECTIVES. Survival
depends on the location, size, and rapidity of development
of the hematoma. ICHs are at first soft and dissect along
the fiber tracts. If the patient survives the initial changes
in ICP, blood is absorbed over several weeks and a cavity
or slit forms that may disconnect brain pathways. Patients
with small hematomas located deep and near the midline
structures often develop secondary herniation and mass
effect, and these patients have a high mortality rate.
Figure 45-16. Brain CT findings of a 55-year-old woman with an intracerebra
hematoma in the right basal ganglia.
Survivors invariably have severe neurological deficits.
In patients with medium-sized hematomas, the deficit var-
ies with the location and size of the hematomas. Most
patients survive with some residual neurological signs.
Recurrence rate of hypertensive ICH is approximately 2%
per year. The site of the subsequent ICH usually differs
from the first one. Diastolic blood pressure (DBP) is the
most critical factor for recurrence, with the average DBP
at 90 mmHg (10% if DBP > 90 mmHg; less than 1.5% if
DBP < 90 mmHg).92

Subarachnoid Hemorrhage
SAH is a common and often devastating condition. Despite
considerable advances in diagnostic, surgical, and anes-
thetic techniques as well as perioperative management,
the outcome for patients with SAH remains poor.94

PATHOGENESIS AND PATHOPHYSIOLOGY. The
cause of SAH is a ruptured aneurysm in 85% of cases, non-
aneurysmal perimesencephalic hemorrhage (with excellent
prognosis) in 10%, and a variety of rare conditions such as
vascular malformations in 5%. Aneurysms, often referred
to as berry or congenital, are outpouchings on arteries,
probably caused by a combination of congenital defects
in the vascular wall and degenerative changes. Aneurysms
usually occur at branching sites on the large arteries of the
circle of Willis at the base of the brain (Fig. 45-17).
Approximately one fifth of patients with aneurysms have

more than one vascular anomaly or other aneurysms.
AVMs are the second most common identifiable cause of
nontraumatic SAH, accounting for approximately 10% of
SAHs. Rupture of AVMs often causes ICH and SAH.
Bleeding of AVMs is usually less vigorous and under less
pressure than aneurysmal bleeding. Dissection through the
adventitia of arterial walls can cause fusiform aneurysm.
Patients with degenerative elongation and tortuosity of
arteries (dolichoectasia), fibromuscular dysplasia, poly-
cystic kidney disease, and connective tissue diseases have
a higher incidence of aneurysms. Infected materials from
l hemorrhage before (A) and after (B) stereotactic surgical aspiration of
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Figure 45-17. Most common sites of intracranial aneurysms: a, posterior in-
ferior cerebellar artery; b, basilar artery; c, posterior communicating ar-
tery; d, internal carotid artery (ICA); e, anterior communicating artery
(ACA); and f, bifurcation of the middle cerebral artery (MCA). CCA,
common carotid artery; PCA, posterior cerebral artery. (Adapted from
Caplan LR: Caplan’s Stroke: A Clinical Approach, 3rd ed. Boston,
Butterworth-Heinemann, 2000.)
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endocarditis (bacterial or fungal) or cardiac myxoma
can embolize to the vasa vasorum of intracranial arteries
and can cause mycotic aneurysms. Other less frequent
causes of SAH include bleeding diatheses, bleeding into
meningeal tumors, and sympathomimetic drugs such as
methamphetamine and cocaine. Amyloid angiopathy is an
important cause of SAH during the geriatric years.

EPIDEMIOLOGY AND RISK FACTORS. SAH is a signif-
icant cause of worldwide morbidity and mortality, predomi-
nantly among young adults of both genders. Most patients
are younger than 60 years of age. Population-based incidence
rates for SAH vary from 6 to 16 per 100,000, with the highest
rates reported in Finland and Japan. The annual prevalence of
aneurysmal SAH in the United States probably exceeds
30,000 people. Unlike other stroke types, the incidence of
BAA B

Figure 45-18. Brain CT scan and CT angiographic findings of a 49-year-old wo
noted in the interhemispheric and bilateral sylvian fissures. B, Postcontrast CT
C, A saccular aneurysm (8 mm in diameter; arrow) is noted in the anterior co
SAH has not declined over time. Any apparent decrease is
attributable to a higher rate of CT scanning, by which other
hemorrhagic conditions are excluded. The incidence of SAH
increases with age (mean age of approximately 50 years)
and is higher in women than in men. Blacks are at higher risk
than whites. Case fatality is approximately 50% overall
(including prehospital deaths) and one-third of survivors
remain dependent. Population-based mortality rates for SAH
have progressively declined, and the survival rate after
SAH has improved since the 1970s.

Risk factors include smoking, hypertension, and heavy
alcohol use, and genetic factors operate in only a minority.
The risk of SAH is increased during the third trimester of
pregnancy. SAH due to aneurysm rupture is a leading
cause of maternal mortality, contributing to between 6%
and 25% of maternal deaths.94,95 During pregnancy, there
is also a greater risk of AVM rupture.68

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. When an aneurysm ruptures, blood is released
under arterial pressure into the subarachnoid space and
quickly spreads into the cerebrospinal fluid (CSF) spaces
around the brain and spinal cord. This causes a sudden
increase in ICP and chemical irritation of the meninges,
thus causing sudden severe, explosive headache; cessation
of physical and intellectual activity; vomiting; and alter-
ation of consciousness. Drowsiness, restlessness, and agita-
tion are especially common. Severe focal neurological
signs such as hemiplegia and hemianopia are absent at
onset unless the aneurysm also bleeds into the brain.
SAH commonly accompanies various complications, includ-
ing recurrent hemorrhage, acute hydrocephalus, or global
brain ischemia associated with vasospasm.

Expanding aneurysms or focal surrounding collections
of blood within the cisterns and subarachnoid space can
affect the cranial nerves and adjacent brain structures,
causing characteristic focal features that depend on the
location of the aneurysm. For example, rupture of an aneu-
rysm at the junction of the ICA and posterior com-
municating artery can compress cranial nerve III, causing
oculomotor palsy.

DIAGNOSIS AND EVALUATION. Clinical history and
neurological examination form the essential core of SAH
diagnosis and grading of clinical status. CT scan performed
CCC

man with subarachnoid hemorrhage (SAH). A, High density (blood clot) is
scan shows an enhancing aneurysm in the interhemispheric fissure (arrow).
mmunicating artery.
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within the first 24 hours detects approximately 95% of all
SAH cases (Fig. 45-18A). CT scan is also useful for iden-
tifying large AVMs. When the clinical signs strongly
suggest the diagnosis of SAH but the CT scan is normal,
a lumbar puncture is necessary to detect blood in the
CSF. After the diagnosis of SAH is made, a complete
diagnostic cerebral angiography should be performed as
soon as feasible for precise localization of the source of
bleeding (Fig. 45-18B). Once the aneurysm(s) is defined,
the surgical or endovascular procedure is routinely carried
out within the first 3 days after the bleeding has occurred.95

Conventional catheter angiography is gradually being
replaced by CT angiography.94 Severe migraine and men-
ingitis are the major differential diagnostic considerations.

MANAGEMENT. When patients present to the hospital,
they should be stabilized immediately with particular con-
cern for airway management, blood pressure, and pain
and agitation control and should be admitted to a neuro-
sciences critical care unit for further monitoring and man-
agement. The treatment of patients with SAH involves
the prevention and management of the relatively common
secondary complications of SAH—rebleeding, vasospasm,
hydrocephalus, hyponatremia, and seizures.

Rebleeding may be due to variations or changes in blood
pressure rather than to absolute blood pressure. Bed rest,
analgesics to relieve headache, and stable maintenance
of blood pressure using antihypertensive medications are
generally recommended in hypertensive patients. Early sur-
gical clipping of the aneurysm and washing out the cister-
nal blood clots effectively prevent rebleeding. Because
antifibrinolytic therapy to prevent rebleeding has been
found to be associated with a higher risk of brain ischemia
and no benefits in overall outcome, use of antifibrinolytic
agents is usually not recommended.

Endovascular coil embolization techniques are used as an
alternative or adjunct to surgery. Endovascular therapy is
reported to be associated with fewer complications and lower
rates of in-hospital mortality whether the treated aneurysms
are ruptured or unruptured. Patients with significant medical
co-morbidities, and hence at high risk for surgery, or patients
with surgically inaccessible aneurysm or multiple aneurysms
are treated with endovascular therapy. Endovascular therapy
may be particularly advantageous in patients presenting with
vasospasm prior to treatment since angioplasty can be per-
formed simultaneously. However, patients with parenchymal
hematomas, mass effect from the aneurysms, or with vessels
emanating from the aneurysm dome should be treated
surgically rather than with endovascular therapy.

Cerebral vasospasm, which develops in approximately
one-half of patients with SAH, is the delayed narrowing
of large capacitance arteries at the base of the brain and
often leads to diminished brain perfusion in the territory
of the constricted arteries. Vasospasm may resolve sponta-
neously or progress to cerebral infarction. Angiographic
vasospasm runs a typical temporal course: onset between
3 and 5 days after hemorrhage, maximal narrowing be-
tween 5 and 14 days, and gradual resolution over 2 to 4
weeks. To reduce the risk of delayed cerebral ischemia,
patients are treated with supply of fluids, avoidance of an-
tihypertensive drugs, and administration of the calcium an-
tagonist nimodipine. Patients should be closely monitored
for hemodynamic changes using TCD in an intensive care
setting. Once ischemia has occurred, so-called “triple H
therapy” comprising hypertension, hypervolemia, and he-
modilution is recommended. Transluminal angioplasty can
be tried in patients for whom conventional therapy has
failed.94 Fifteen percent to 20% of patients with vasospasm
die despite maximal therapy.

Acute obstructive hydrocephalus following SAH com-
plicates approximately 20% of cases. Ventriculostomy is
recommended in severe cases, but this intervention may
be associated with increased chance of rebleeding and in-
fection. Chronic communicating hydrocephalus also occurs
frequently, and temporary or permanent CSF diversion is
often required in symptomatic patients. In many patients,
hydrocephalus and increased subarachnoid fluid can be
relieved by repeated lumbar punctures. Hyponatremia
occurs in 10% to 34% of cases after SAH. Hypotonic fluids
should be avoided and fluid restriction should not be insti-
tuted to treat hyponatremia. Volume should be maintained
using isotonic solutions. Seizure-like episodes occur in
25% of patients after SAH. Because seizure increases the
potential risk of rebleeding, some recommend the adminis-
tration of prophylactic anticonvulsants. The long-term use
of anticonvulsants is not routinely recommended for
patients with no seizure episodes and should be considered
only for patients with risk factors such as prior seizure,
hematoma, infarcts, or MCA aneurysms.

MANAGEMENT OF UNRUPTURED INTRACRANIAL

ANEURYSMS. As a result of improved imaging techniques,
intracranial aneurysms are often diagnosed in asymptomatic
patients. But because of incomplete and conflicting data
about the natural history of these lesions and the risks asso-
ciated with their repair, management remains controversial.
Many factors seem to be involved in management of patients
with unruptured intracranial aneurysms. In a large-scale in-
ternational cooperative study, 4060 patients with asymptom-
atic unruptured cerebral aneurysms were assessed—1692
did not have aneurysmal repair, 1917 had open surgery,
and 451 had endovascular procedures.96 Five-year cumula-
tive rupture rates for patients with unruptured aneurysms
located in the anterior circulation were 0%, 2.6%, 14.5%,
and 40% for aneurysms less than 7 mm, 7 to 12 mm, 13 to
24 mm, and 25 mm or greater, respectively, compared with
rates of 2.5%, 14.5%, 18.4%, and 50%, respectively, for
the same size categories involving the posterior circulation.
In this study, patients’ age was a strong predictor of surgical
outcome, and the size and location of an aneurysm predicted
both surgical and endovascular outcomes.96

During pregnancy, the management options after SAH are
early clipping or early delivery (spontaneous or by cesarean
section), with a possible risk of rebleeding during delivery
when aneurysms are unclipped. Cesarean section may be ap-
propriate for patients with an acute hemorrhage who are near
term, but management is otherwise similar to that for non-
pregnant patients. Craniotomy and clipping have been suc-
cessfully performed in women at early, mid-, and late
stages of pregnancy. There is no difference in prognosis be-
tween pregnant and nonpregnant patients with SAH.

Reduction of exposure to the risk factors for SAH might
result in a decreased incidence of SAH. Treatment of hy-
pertension with antihypertensive medication, cessation of
smoking, and moderation of alcohol use reduce the risk
of SAH. Screening of certain high-risk populations for
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unruptured aneurysms is of uncertain value. Advances in
MRA may facilitate screening in the future. In patients with
acceptable surgical risk, clipping of unruptured aneurysms
larger than 5 to 7 mm is often recommended.94,95

PROGNOSIS AND FUTURE PERSPECTIVES. Occa-
sionally, the initial bleeding is so severe that death or irre-
versible brain damage occur. If the bleeding is limited, the
patient survives but is at risk for rebleeding in the days and
weeks after the initial SAH. For untreated, ruptured aneu-
rysms, there is a 3% or 4% risk of rebleeding in the first 24
hours, 1% or 2% risk per day in the first month, and a long-
term risk of 3% per year after 3 months. Urgent evaluation
and treatment of patients with suspected SAH is strongly
recommended. Many recent advances in endovascular
treatment of aneurysms and AVMs may improve the out-
come in patients with lesions that are inaccessible to sur-
gery. The major problem is early recognition and referral
to neurological centers for early definitive treatment.94,95

Arteriovenous Malformations
PATHOGENESIS AND PATHOPHYSIOLOGY. Vascular

malformations are congenital in origin. They are classi-
fied into the following subtypes according to the pre-
dominant vasculature: (1) AVMs, (2) cavernous angiomas,
(3) venous angiomas, (4) dural arteriovenous fistulae
(AVF), and (5) capillary telangectasia. Of these, AVMs
and cavernous angiomas are common symptomatic angio-
mas. Intracranial AVMs, also known as pial AVMs, paren-
chymal AVMs, or cryptic AVMs, are the most common
vascular malformation to cause symptomatic intracranial
bleeding. They are composed of clusters of abnormal
arteries and veins of varying size, without intervening capil-
laries. Approximately half of AVMs present with hemor-
rhage, with ICH being most common, followed by SAH
and IVH.97 Bleeding is most likely due to fragility of the
abnormal vessels. ICH caused by AVM rupture presents as
a wedge-shaped lesion from the cortex down to the ventri-
cles as a deep ICH sometimes with extension to intraven-
tricular or subarachnoid spaces (Fig. 45-19). Primary IVH
or SAH may also occur. Primary SAH is usually caused by
cortically based AVMs and is less severe than aneurysmal
SAH. Severe vasospasm can occur rarely in SAH at the base
of the brain or in predominately IVH.98
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Figure 45-19. CT, MR, and angiographic images of a 29-year-old man with rig
(A), an enhancing vascular structure on MRI (B), and an arteriovenous malfor
conventional angiography (C).
Venous angiomas are composed of anomalous veins
without any direct feeding artery. Telangiectasia, usually
found deep within the brain, particularly in the brain stem,
is composed of vessels morphologically resembling capil-
laries but slightly larger than capillaries and is often found
at necropsy. Another less common vascular abnormality,
which also rarely causes symptoms, is the venous varix.

EPIDEMIOLOGY AND RISK FACTORS. Vascular mal-
formations are the second most common cause of nontrau-
matic SAH and ICH. Vascular malformations are one-10th
as common as aneurysms; an estimated 1000 new cases are
identified in the United States each year. In the New York
Islands AVM study, the average annual AVM detection
rate was similar at 1.34 per 100,000 person-years. The inci-
dence of first-ever AVM hemorrhage was 0.51 per 100,000
person-years.99 They are often noted prior to the age of 50
years and rupture most commonly during the second and
third decades of life. Hemorrhage from malformation is
most common during early pregnancy or delivery.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The presentation, natural history, and management
of an AVM are dependent on the type and location of
the AVM, its size, overall angioarchitectural characteris-
tics, presenting symptoms, and overall medical status
of the patient. The most frequent clinical presentation is
hemorrhage, followed by focal or generalized seizures,
migraine-like headache, progressive neurologic deficit, and
pulsatile tinnitus. They can also be asymptomatic. Symp-
toms and signs of hemorrhages caused by AVM rupture
depend on the location of hemorrhage. There are usually
signs of meningeal irritation due to bleeding into the CSF
spaces. Not all ruptures are symptomatic, but evidence of
previous bleeding is often observed on MRI or at necropsy.

The second most common clinical presentation of
AVMs is focal or generalized seizure, occurring in 15%
to 35% of cases. Seizures develop most commonly in either
frontal or temporal lobe AVMs. Generalized seizures usu-
ally occur from frontal AVMs, whereas focal seizures
occur from parietal lesions. Chronic migrainous headaches,
either ipsilateral or contralateral to the lesion, are another
frequent symptom in patients with AVMs (15%). Some
present with a typical aura.

Progressive neurologic deficits are uncommon, occur-
ring in 1% or 2% of patients, and seem to be caused by
CCC

ht temporal lobe hemorrhage and intraventricular hemorrhage on CT scan
mation (asterisk) arising from the right posterior cerebral artery shown on
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neuronal injury secondary to chronic ischemia by an intra-
cerebral steal phenomena of blood through the fistula,
depriving some surrounding neurons of its required blood
supply or secondary to compression of adjacent brain tissue
by the pulsating blood vessels.100 Angiomas in the brain
stem may cause serious bleeding or progressive neurologi-
cal deficits, which may fluctuate in clinical course and may
simulate multiple sclerosis. A variety of visual symptoms
can occur from occipital AVMs. Pulsatile tinnitus may
occur, but it is less common than in dural AVF. Patients
with unruptured AVMs may present with increased ICP
and papilledema. Rarely, angiomas, particularly aneurysms
of the vein of Galen, present with hydrocephalus by dis-
rupting the normal flow of CSF. If there is enough shunting
through a large AVM, high-output congestive heart failure
may develop, especially in children.

In spinal AVMs, patients may present with back pain,
myelopathic symptoms, and root dysfunction. A number
of patients with spinal AVMs have intracranial symptoms,
including headache, mental status changes, loss of con-
sciousness, papilledema, decreased vision, nystagmus, di-
plopia, seizures, cranial nerve VI palsy (Video 1, Cranial
Nerve VI Palsy), and oculomotor paresis. When a spinal
AVM ruptures, severe headache can occur, mimicking
aneurysmal SAH.

Some cavernous angiomas are familial. Patients with he-
reditary hemorrhagic telangiectasias (Osler-Weber-Rendu
syndrome) have a higher than normal incidence of vascular
malformations.1

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Diagnostic considerations include aneurysms and brain
infarcts and tumors. Diagnosis of AVMs can be suspected
clinically when young patients present with ICH, seizures,
or frequent unilateral headaches. CT scan, MRI, MRA, and
TCD are helpful noninvasive tests. However, a confirma-
tive diagnosis is made using angiography, through which
therapeutic embolization can sometimes be performed at
the same time. On angiography, a typical AVM shows large
feeding arteries; a central tangle of vessels; enlarged, tor-
tuous draining veins; and rapid arterial-to-venous shunting
of blood (see Fig. 45-19).

MANAGEMENT. Complete removal of AVM nidus and
preservation of normal circulation without complications
comprise the ideal management of AVMs. The therapeutic
options include surgery, radiation, endovascular emboli-
zation, medical therapy for headache and seizure control,
or some combination of these. The factors affecting the ther-
apeutic choice are the clinical findings and history; the loca-
tion of the AVMnidus, arterial feeders, and venous drainage;
and the compromise of the normal brain arteries and veins.

Direct surgical excision of AVMs has been improved
with the use of the operating microscope and often can
be carried out with low rates of morbidity and mortality.
The major complications of surgical excision are loss of
normal brain tissue, with additional loss of neurological
function, and the so-called breakthrough phenomenon. This
term describes massive brain swelling and ICH occurring
postoperatively, which is caused by redirection of the large
volume of blood into small vessels that are unable to han-
dle the large volume that previously flowed into the AVM.

Endovascular treatment of AVMs using embolization tech-
niques can be used alone, before surgery or radiotherapy, or at
the time of surgery. It is particularly useful in treating lesions
that are not surgically accessible and as an adjunct to surgi-
cal removal. Complications include hemorrhage, ischemic
stroke, and angionecrosis due to toxicity of the embolic
materials.101

Radiotherapy of AVMs with focused beam irradiation
(high-energy x-rays, gamma rays, and protons) is
employed to treat small AVMs. It induces subendothelial
deposition of collagen and hyaline substances, which
narrow the lumen of small vessels and shrink the nidus
of the malformations by progressive occlusion of vessels
during the months after treatment. The gamma knife,
which uses a cobalt source to generate highly collimated
gamma rays, focuses the radiation beams on small regions.
Modified linear accelerators can deliver radiation to a defined
volume of tissue with very good accuracy. Pre-radiotherapy
embolization can be done to reduce larger AVMs to a size
small enough to permit the lesions to be treated effectively.
Complications include radionecrosis of normal brain tissue,
bleeding, hydrocephalus, immediate post-therapy seizures,
loss of body temperature regulation, and possibly long-term
cognitive function deficits.102 Medical management includes
strict control of blood pressure and avoidance of anticoagu-
lants and antiplatelet drugs. Because pregnancy increases risk
of bleeding, appropriate contraception may be recommended
in fertile women with an AVM.

PROGNOSIS AND FUTURE PERSPECTIVES. In the
short term, the prognosis of ruptured AVMs and cavernous
angiomas is better than that of aneurysms. The rebleeding
rate is low during the first few months. Only 6% of patients
rebleed during the first year, and vasospasm occurs only
rarely. Mortality from the first hemorrhage is low—only
approximately 10%. However, in the long term, the prog-
nosis of AVMs is not as good. With subsequent hemor-
rhages, the mortality rate is higher—approximately 20%.
With each recurrence, the chances of additional bleeding
increase. Improved noninvasive diagnosis using MRI and
MRA and improved methods of treatment (endovascu-
lar and radiotherapy) promise to help reduce the rates of
morbidity and mortality of this serious vascular condition.
TRAUMATIC NEUROVASCULAR DISEASES

Carotid-Cavernous Sinus Fistulas
A carotid-cavernous sinus fistula (CCF) is an abnormal
communication between the cavernous sinus and the carotid
arterial system. CCFs usually develop after head trauma but
can occur spontaneously. CCFs are classified as direct
and dural types. The most common type is the direct type
(70% to 90%), in which there is a direct connection between
the intracavernous portion of the ICA and the cavernous
sinus. This is a high-flow type often caused by a traumatic
tear of the arterial wall. The dural types are communica-
tions between the cavernous sinus and meningeal arterial
branches of the ICA, the external carotid artery, or both.
They develop spontaneously or in the setting of atheroscle-
rosis, systemic hypertension, or collagen vascular disease
and during and after childbirth. These fistulas are usually
of the low-flow type and almost always produce symptoms
and signs spontaneously without antecedent trauma.
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Patients with a direct CCF may develop monocular visual
loss and abnormalities of the oculomotor nerves (III, IV,
and VI) ipsilaterally or bilaterally. Ocular manifestations
include diplopia, proptosis, ocular bruit, chemosis, ocular
pulsation, dilatation of retinal veins, optic disk swelling,
visual loss, and, potentially, glaucoma. There are often signs
of intracranial hypertension. Trigeminal nerve dysfunction is
the most common cranial nerve abnormality. Dural types
usually occur in middle-aged or elderly women. They pre-
sent similar clinical symptoms and signs but are less severe
than those of the direct type. If a CCF is suspected, CT
or MRI and ocular ultrasonography are performed and
often show enlarged extraocular muscles, dilated superior
ophthalmic veins, and an enlarged affected cavernous sinus.
The ultimate diagnostic test is cerebral arteriography of both
the bilateral internal and external carotid arteries. Recently,
CT angiography has been used for diagnosis.103

Urgent treatment is indicated in patients who have rapidly
deteriorating vision, hemorrhage, and intracranial hyperten-
sion. Surgical repair of the damaged portion of the intra-
cavernous ICA is only rarely used. Endovascular occlusion
using detachable balloons has a success rate of 90% to
100%with low complication rates (2% to 5%).104 The recur-
rence rate is 1% to 3.9%, and recurrence often responds to
second balloon treatment. Early complications include
migration of balloons and thromboembolism resulting in
stroke; delayed complications are pseudoaneurysm for-
mation and persistent ophthalmoplegias. If the condition is
left untreated, almost all patients have progressive ocular
problems, including increasing proptosis, chemosis, and
visual loss. The most feared complications are central retinal
vein occlusion and secondary glaucoma. Endovascular
techniques have greatly improved the prognosis of CCFs.
Most symptoms and signs usually disappear within days
after treatment or at least improve with this procedure, but
complete resolution may take weeks to months.105

Subdural Hematomas
A subdural hematoma (SDH) results from venous bleeding
after blunt head trauma, which causes brain motion within
the skull, shearing off the bridging veins between the
surface of the brain and adjacent dural venous sinuses. The
most common site of SDHs is the temporal pole, followed
by the frontal pole, and then the convexity. The blood leaks
and collects slowly in the subdural space. They can be sim-
ple or complex. Simple SDHs have no underlying parenchy-
mal injury and the outcome is usually good if evacuated
early (within 2 to 4 hours). Complex SDHs are associated
with cortical contusions, lacerations, and ICHs.

A chronic SDH usually develops after minor trauma,
typically in an elderly person under anticoagulation or in
an alcoholic individual with some degree of brain atrophy.
Bleeding may continue around the atrophic brain, causing
headaches, behavioral changes, altered level of conscious-
ness, or a focal neurological deficit such as hemiparesis.
Patients under anticoagulation and those with bleeding
disorders may develop spontaneous SDH. Occasionally,
subdural collections develop after lumbar puncture, par-
ticularly in patients with intracranial CSF hypovolemia.
Because a fall frequently causes retrograde amnesia, the
patient may not recall the injury.
An SDH may be absorbed spontaneously or may form
an encapsulated and liquefied hematoma, a so-called
hygroma. After approximately 2 weeks, membranes form
around the hematoma. The outer membrane is thicker and
more vascular than the inner membrane. The center of
the encapsulated SDH liquefies and may enlarge due to re-
peated bleeding from the vascular outer membrane, assum-
ing a progressively larger biconvex lens shape. Acute
SDHs developing after severe head trauma carry a poor
prognosis, with a mortality rate of 50% even if treated.

The most common presentations of SDHs are headache,
decreased level of alertness, and abnormalities of cortical
function. Headache is usually ipsilateral to the hematoma
and may be worse at night. Drowsiness and decreased
alertness reflect an increase in ICP. Patients may present
with contralateral hemiparesis, hyper-reflexia (Video 80,
Hyper-Reflexia), positive Babinski sign contralateral to
the hematoma, mild aphasia in left-sided hematomas, or
neglect in right-sided SDHs. Usually, the neurological def-
icits are seldom profound as in patients with large hemi-
sphere infarcts or ICHs. Seizures may develop if there is
some contusion of the underlying brain tissue. Ipsilateral
Babinski sign, signs of ipsilateral cranial nerve III palsy
(Video 32, Cranial Nerve III Palsy), or both may indicate
midbrain compression.

The diagnosis is usually obvious in patients with head
injury. The insidious development of symptoms, especially
in patients who provide no history of trauma, can readily
mimic brain tumor or abscess. Cerebral infarcts and hema-
tomas usually present with more acute-onset symptoms and
signs and more severe focal deficits. On a CT scan, an
acute SDH appears as a sickle-shaped, hyperdense lesion
over the outer surface of the brain lying against the inner
surface of the skull and dura (Fig. 45-20). A chronic
SDH appears hypodense on CT scans. MRI clearly demon-
strates the extra-axial hematoma and is particularly useful
when a subacute hematoma appears isodense on CT. If an
SDH is left untreated, it may cause a severe neurological
deficit or death. Surgical evacuation is generally indicated
for acute SDHs thicker than 3 or 4 mm; however, several
studies support conservative medical management if the he-
matoma thickness is less than 10 mm and the midline shift
is not more than 5 mm. A generous craniotomy allows for
proper exploration of all potential bleeding sites and serves
as a potential treatment option (decompressive craniotomy)
for the management of cerebral edema.

The prognosis is primarily related to the degree of asso-
ciated brain injury. In older patients and in those with brain
atrophy, re-expansion of the compressed brain may be
delayed. Recovery is usually excellent in patients in whom
SDHs are recognized and treated. Small SDHs are common
and may heal spontaneously without surgical treatment.
Because SDHs represent a very treatable cause of cognitive
dysfunctions and neurological signs in the elderly prone
to falls, improved screening of these patients would be an
important public health advance.106

Epidural Hematomas
An epidural hematoma (EDH) develops when blood collects
between the skull and the dura mater as the result of a severe
head injury causing a skull fracture of the squamous portion
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Figure 45-20. Precontrast (A) and postcontrast (B) CT scans show subacute subdural hematoma in the right parietal area and mild midline shift. (C) Postoperative
CT scan shows disappearance of subdural hematoma.

Chung and Caplan / Stroke and Other Neurovascular Disorders 1047
of the temporal bone (> 90%) and producing a tear in the
middle meningeal artery. Thus, the most common location
of EDH is along the lateral wall of the middle cranial fossa.
Because the blood escapes under arterial pressure, it dissects
the dura inward away from the bone and forms a large hema-
toma rapidly. The underlying brain is displaced inward and
brain herniation may follow. Rarely, an EDH may be venous
in origin due to laceration of the middle meningeal vein or a
dural venous sinus. EDHs are less common compared to
SDHs. They may be an important cause of death in patients
with severe head injury and are particularly common in those
younger than age 40 years because the dura is more adherent
to the bone in older adults. SDH, ICH, and SAH often coexist.

Classically, the initial injury causes brain concussion
and loss of consciousness from which the patient awakens;
the patient may complain of headache but seems to be
recovering (so-called lucid interval) and then often pro-
gressively deteriorates into coma as the hematoma enlarges
rapidly. The acute development of epidural bleeding causes
pressure on the ipsilateral cerebral hemisphere and head-
ache, reduction in consciousness, and dysfunction of the
ipsilateral hemisphere. Downward transtentorial herniation
may develop rapidly, causing dilatation of the ipsilateral
pupil due to cranial nerve III compression and an ipsilateral
hemiparesis due to compression of the contralateral cere-
bral peduncle of the midbrain against the contralateral ten-
torial edge. Altered mental status and hemiparesis develop
before signs of brain herniation. Diagnosis is made by CT.
The hematoma typically appears as a biconvex lens-shaped
hyperdense lesion. There is an underlying skull fracture.
EDHs should be surgically evacuated as soon as possible;
there is no place for conservative management. Rapid drain-
age can be life saving, and the outcome is usually excellent
when the hematomas are rapidly removed. Death usually
results from unrecognized EDH.107 The overall mortality for
epidural hematomas is 10%. However, individual morbidity
and mortality depend on patients’ Glasgow Coma Scale
prior to surgery; therefore, early diagnosis and treatment
are critical for good outcome for this highly treatable injury.

Spinal Cord Strokes
PATHOGENESIS AND PATHOPHYSIOLOGY. Spinal

cord strokes are very rare in comparison to strokes in the
brain. Spinal cord infarcts are most often caused by inter-
ruption of the blood flow in one or more of the arteries that
feed into the anterior spinal arterial system, which runs in
the ventral midline from the medullospinal junction rostrally
to the conus medullaris and the filum terminale caudally.
This system is supplied by 5 to 10 single radicular arteries.
The cervical region is supplied by the branches of the intra-
cranial VA and inferiorly by branches of the thyrocervical
and costocervical branches of the subclavian arteries. The
thoracic and lumbar spinal cord segments are fed by radicu-
lar arterial branches of the deep cervical and intercostal
arteries and branches of the aorta. The lower thoracic cord
is supplied by direct branches from the aorta, the largest of
which is the artery of Adamkiewicz, which most often enters
between T12 and L2. The sacral cord and cauda equina are
supplied by branches of the hypogastric and obturator
arteries. This system is vulnerable to interruption of flow
through any one of the feeding arteries. Resulting infarcts
usually affect the anterior horns and the lateral and ventral
white matter columns. In contrast to the anterior spinal
artery system, there are paired posterior spinal arteries, which
are fed by small posterior radicular arteries. The posterior
spinal arteries supply the posterior columns and posterior
gray horns of the spinal cord. Because of the multiple feed-
ing channels, this system is very resistant to interruption of
its blood supply. Interruption of blood flow in anterior spinal
branches is probably most often due to diseases within the
aorta, including aortic aneurysms, surgery on the aorta, aortic
dissections, and emboli from atheromatous aortic plaques.
Disk cartilage can also fragment and enter spinal arteries
and veins and lead to infarction. Arteriovenous fistulas are
an important cause of spinal cord infarction in older men.
Direct communications developing between radicular arteries
and veins outside the dura mater greatly increase pressure in
the venous system, and large drainage veins develop on the
surface of the spinal cord. At the same time, shunting of blood
decreases flow to the spinal cord from the feeding artery.
In order to maintain adequate spinal perfusion, the pressure
of blood in the arterial system must exceed venous pressure.
The spinal-dural AV fistula often creates a situation in which
venous pressure exceeds arterial pressure intermittently, and
ischemia develops. At first, ischemia can be intermittent,
and spinal cord TIAs can result. Adhesive arachnoiditis fol-
lowing infection of the meninges (syphilis, tuberculosis, and



TABLE 45-9

Differential Diagnosis of Pediatric Brain Ischemia (1–15
Years)

Migraine
Trauma: Dissection and other vascular injuries; abuse including

whiplash-shake injuries; oral foreign body trauma to the internal
carotid artery

Cardiac: Congenital heart disease with right-to-left shunts;
tetralogy of Fallot; transposition of the great arteries; tricuspid
atresia; atrial and ventricular septal defects; cardiomyopathies;
endocarditis; pulmonary arteriovenous fistula

Drugs, especially cocaine and heroin
Infections: Bacterial meningitis, especially Hemophilus influenzae,

pneumococci, and streptococci; facial, otitic, and sinus
infections; AIDS; dural sinus occlusion and infection;
tuberculous meningitis

Genetic and metabolic: Neurofibromatosis; hereditary disorders of
connective tissue (Marfan’s and Ehlers-Danlos syndromes,
pseudoxanthoma elasticum); homocystinuria; Menkes’ kinky
hair syndrome; hypoalphalipoproteinemia; familial
hyperlipidemias; methylmalonicaciduria; MELAS syndrome
(mitochondrial myopathy, encephalopathy, lactic acidosis,
strokes)

Hematological and neoplastic: Sickle cell anemia; purpuras;
leukemia; L-asparaginase and aminocaproic acid (Amicar)
treatment; radiation vasculopathy; hypercoagulable states (e.g.,
caused by decrease in natural inhibitors such as antithrombin III)

Arteritis: Collagen vascular disease; local infections; Takayasu’s
disease; Behçet’s disease

Venous sinus thrombosis: Head and neck infections; dehydration;
coagulopathy; paroxysmal nocturnal hemoglobinuria; puerperal
or pregnancy-related

Systemic disease: Rheumatic; gastrointestinal; renal; hepatic;
pulmonary

Moyamoya disease

From Caplan LR, Estol CE: Strokes in youths. In Adams HP (ed): Cerebrovascular
Disease. New York, Dekker, 1993, pp 233–254.
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Lyme borreliosis) and parasitic invasion of the spinal arteries
(schistosomiasis) can cause obliteration of spinal arteries and
lead to cord ischemia. Hypoxic-ischemic injury to the spinal
cord also develops in patients with severe systemic hypoten-
sion and shock. Spinal cord hemorrhage most often results
from trauma. Bleeding diathesis, especially anticoagulation,
is another important cause. Aneurysms of intradural arteries
and intradural AVMs and cavernous angiomas are other
causes of spinal cord hemorrhages.

CLINICAL FEATURES AND DIAGNOSIS. Spinal cord
infarcts usually develop abruptly. Most spinal strokes are
thoracic or lumbar so that the lower extremities are selec-
tively involved. The most common signs are motor and
include both lower motor neuron and upper motor neuron
abnormalities within the lower limbs. Paraplegia is usually
symmetrical. There may be a pain and temperature level
along the thorax. Sphincter function is most often lost. Pos-
terior column functions (vibration and position sense) are
usually spared. The findings are most often roughly sym-
metrical. When the lesion is asymmetrical or unilateral,
sensory dissociation occurs, producing a Brown-Séquard-
like pattern. In patients with spinal-dural AV fistulas, TIAs
and steplike development of deficits are common. Almost
always, the symptoms and signs allow recognition that
the lesion is spinal. Occasionally, medullary and pontine
infarction can be a consideration. Tumors, abscesses, and
syrinxes usually cause symptoms that develop gradually,
but hemorrhage into a spinal cord tumor, most often an epen-
dymoma, can be an important consideration. Spinal cord
compression caused by cancer, epidural and subdural infec-
tions, and hematomas are other considerations. Almost all
compressive spinal cord lesions involve the vertebral col-
umn. Plain bone x-ray studies and CT, MRI, and bone scans
can yield information about osseous lesions that could com-
press the spinal cord. MRI is the best method to visualize the
spinal cord, dura mater, and overlying bony structures. MRI
can show spinal hemorrhages and infarcts and can identify
the presence of spinal cord compression. MRI is not very
sensitive for the detection of spinal-dural AV fistulas.
Myelography may be needed to show the characteristic
dilated veins that course on the surface of the spinal cord.
Lumbar puncture is helpful in identifying spinal hemorrhage
and infection. Spinal angiography is often necessary to
characterize spinal vascular malformations and fistulas.

MANAGEMENT AND PROGNOSIS. There is little infor-
mation about treatment of patients with spinal cord infarcts.
Definitive treatment depends, as it does in the brain, on iden-
tification of the etiology in the individual patient. Hemor-
rhage, infection, and infarction can be separated by MRI and
lumbar puncture. Identification of spinal-dural AV fistulas is
very important because obliteration of the abnormalities can
prevent further spinal cord damage. Rehabilitation and man-
agement of sphincter functions is similar to that pursued in
other diseases of the spinal cord. Outcome depends almost en-
tirely on the cause of the spinal cord vascular damage. More
accurate ways to study the aortic blood supply to the spinal
cord need to be developed. Intravascular ultrasound is
promising. Perhaps further development of MRA and venog-
raphy will be helpful and obviate the need for spinal angiogra-
phy, which can be hazardous. Basic research on spinal cord
protection may help limit damage in patients with vascular
spinal cord insults.1
STROKES IN THE YOUNG

Strokes in children younger than age 15 years are often dif-
ferent from those in adults. Brain infarcts tend to be limited
more to the deeper regions of the cerebral hemispheres,
especially the striatocapsular areas. Vascular occlusive
lesions are more often intracranial and affect mostly the
intracranial carotid and the middle cerebral and basilar
arteries. Extracranial lesions are less common; when they
occur, they usually involve the pharyngeal portions of the
carotid and vertebral arteries rather than the arterial origins
that are involved more commonly in adults. Vasoconstric-
tion, dissection, fibromuscular dysplasia, trauma, and con-
tiguous infection are the major conditions that affect the
extracranial arteries of children. When the vascular occlu-
sive process or embolism involves the MCA, vascular
compromise is maximal in the territory of the lenticulostri-
ate branches. Because of the invariable absence of severe
occlusive disease, collateral circulation over the convex-
ities is abundant. This explains the striatocapsular local-
ization of infarcts. Because atherosclerosis is very rare
in youth, the types of vasculopathies that cause brain ische-
mia in children are much more diverse than in adults,
and the differential diagnosis is very broad. Congenital
cardiac disease is an important cause of stroke in children.
Table 45-9 lists the most important causes of brain is-
chemia in children younger than age 15 years. ICH and



TABLE 45-10

Differential Diagnosis of Ischemia in Young Adults
(15–40 Years)

Migraine
Arterial dissection
Drugs, especially cocaine and heroine
Premature atherosclerosis, hyperlipidemias, hypertension, diabetes,
smoking, homocystinuria

Female hormone–related (oral contraceptives, pregnancy,
puerperium): eclampsia; dural sinus occlusion; arterial and
venous infarcts; peripartum cardiomyopathy

Hematological: Deficiency of antithrombin III, protein C, protein S;
fibrinolytic system disorders; deficiency of plasminogen
activator; antiphospholipid antibody syndrome; increased factor
VIII; cancer; thrombocytosis; polycythemia; thrombotic
thrombocytopenic purpura; disseminated intravascular
coagulation

Rheumatic and inflammatory: Systemic lupus erythematosus;
rheumatoid arthritis; sarcoidosis; Sjögren’s syndrome;
scleroderma; polyarteritis nodosa; cryoglobulinemia; Crohn’s
disease; ulcerative colitis

Cardiac: Interatrial septal defect; patent foramen ovale; mitral valve
prolapse; mitral annulus calcification; myocardiopathies;
arrhythmias; endocarditis

Penetrating artery disease (lacunes); hypertension, diabetes
Others: Moyamoya disease; Behçet’s disease; neurosyphilis;
Takayasu’s disease; Sneddon’s disease; fibromuscular dysplasia;
Fabry’s disease; Cogan’s disease

From Caplan LR, Estol CE: Strokes in youths. In Adams HP (ed): Cerebrovascular
Disease. New York, Dekker, 1993, pp 233–254.
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SAH, especially from aneurysms and vascular malfor-
mations, comprise a much higher percentage of strokes in
children than they do in adults.108

Premature atherosclerosis and stroke risk factors are
much more important in young adults than in youths. Car-
diac disease and hematological diseases and cancer provide
a higher proportion of infarcts in young adults than during
the geriatric years. Table 45-10 lists the major differential
considerations of brain ischemia in people 15 to 40 years
of age.1 Hypercoagulable states have been found to be an
important and underappreciated cause of stroke in young
adults. Approximately 25% of patients had thrombophilia
and the most common cause was elevation in IgG anticar-
diolipin antibodies. Therefore, it is best to perform com-
plete hypercoagulability studies on young adults with
cerebral ischemia.109
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Primary malignant brain tumors have been a cause of
increasing concern in the past several years. There has
been a steady rise in the incidence of primary brain tumors,
with an almost 25% increase during the past two decades,
perhaps due to improved detection with neuroradiological
imaging.1,2 Although the incidence of some tumors such as
lung cancer has declined, and improvements in therapy have
increased survival for other tumors such as breast cancer, the
incidence of brain tumors continues to increase. Just as
important as the rise in incidence is the fact that the need
for treatment of these neoplasms is urgent because they
afflict the young in disproportionate numbers, significantly
affecting their chances of living productive lives.

According to statistics gathered by the American Cancer
Society for 2005, the annual incidence of brain and other
nervous system cancers is 18,500 (with 12,760 deaths)
involving 10,620 men and 7880 women (Table 46-1). More
than half of these cases are malignant gliomas. The annual
death rate for brain and other nervous system tumors remains
high. For comparison, the estimated annual incidence of
breast cancer is 212,930 and it is 34,810 for leukemia. In
children, brain tumors are the most common solid tumor
and are second only to leukemias in overall incidence.

Early studies date back centuries to descriptions or draw-
ings of lethal brain tumors discovered at autopsy. In 1828,
John Ambercrombie published the first pathological de-
scriptions of brain tumors in his monograph Pathological
and Practical Research on Disease of the Brain and Spinal
Cord. The first acknowledged resection of a brain tumor
was performed in London in 1884 after Hughes Bennett pro-
vided sufficient clinical localization to permit Rickham
Godlee to perform a craniotomy. Even then, doctors were
quick to announce their findings in the lay press, and a report
documenting the operation was published in The London
Times a mere 21 days following the procedure. Formal reports
of the operation were later published in the medical literature.
The first monograph on brain tumors was prepared 4 years
later by Sir Byron Bramwell.

Pathological criteria for the diagnosis of primary brain
tumors remained under study and were controversial for
almost a century. Even at the turn of the 20th century, sur-
geons complained bitterly that a lack of precise pathological
criteria hindered diagnosis. Fedor Krause, in his three-
volume Surgery of the Brain and Spinal Cord (1912), de-
scribed several successful tumor surgical procedures in which
the neuropathologist was either unable or unwilling to venture
a diagnosis. Bailey and Cushing published the first modern
treatise on brain tumors and pathological description in
1932. Previously, they had histologically defined and coined
the termmedulloblastoma.3 Use of this term to refer to a blue
cell tumor of the posterior fossa continues to spark debate.4

In the first half of the 20th century, Cushing continued
to develop and refine the techniques of neurosurgical
removal and localization, including angiography and pneu-
moencephalography. Greg Walter described the first use
of electroencephalography for tumor localization in 1936.
Improvements in radiotherapy and chemotherapy5 during
the second half of the 20th century marked the emergence
of neuro-oncology as a multidisciplinary field. In the 21st
century, analysis of the biological markers and genetic
behavior of these tumors is expected to advance the ability
of clinicians to treat effectively this class of cancers.

NEUROECTODERMAL TUMORS

Low-Grade Glioma, Astrocytoma, and Pilocytic
Astrocytoma

PATHOGENESIS AND PATHOPHYSIOLOGY. The diag-
nosis of glioma remains one of the most difficult areas of



TABLE 46-2

Histological Criteria for Cerebral Gliomas

Astrocytomas
1. Uniform cells closely resembling mature resting or reactive,

nonanaplastic astrocytes
2. Moderate cell density
3. Mitoses absent or very rare

Anaplastic astrocytoma
1. Increased cellular and/or nuclear pleomorphism
2. Increased cell density
3. Increased mitoses
4. Vascular endothelial proliferation

Glioblastoma multiforme
1. All of above
2. Foci of coagulative necrosis

TABLE 46-1

Frequency of Primary CNS Tumors

CHILDREN (0–14 YEARS) ADULTS (�15 YEARS)

Type Percentage Type Percentage

Glioblastoma 20 Glioblastoma 50
Astrocytoma 21 Astrocytoma 10
Ependymoma 7 Ependymoma 2
Oligodendroglioma 1 Oligodendroglioma 3
Medulloblastoma 24 Medulloblastoma 2
Neuroblastoma 3 Neurilemmoma 2
Neurilemmoma 1 Pituitary adenoma 4
Craniopharyngioma 5 Craniopharyngioma 1
Meningioma 5 Meningioma 17
Teratoma 2 Pinealoma 1
Pinealoma 2 Hemangioma 2
Hemangioma 3 Sarcoma 1
Sarcoma 1
Others 5 Others 5

Total 100 Total 100
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neuro-oncology. As advances occur in the understanding
of biological behaviors and cellular markers of these
tumors, the diagnostic criteria continue to change. The
popularity of stereotactic biopsy has resulted in problems
of firm diagnosis because small tissue samples may not
be representative of the entire tumor. Furthermore, previ-
ously determined diagnostic criteria have been found to
be inconsistent; therefore, comparisons of results of clini-
cal trials of radiotherapy and chemotherapy have often
been unreliable because the patient populations for indi-
vidual studies were not homogeneous. Finally, and most
important, histological interpretation does not necessarily
predict biological behavior in the individual patient.

Attempts to devise a grading system that provides ease
of interpretation and interobserver consistency have had lim-
ited success. For example, the St. Anne-Mayo (Daumas-
Duport) system proposed a modification of previous grading
schemes that relied on histological criteria, including nu-
clear atypia, mitosis, vascular endothelial proliferation, and
necrosis, as differentiating features. A point system was
assigned to these histological variables as follows: Grade 1
tumors had none of these features, grade 2 tumors had one
feature, grade 3 tumors had two features, and grade 4 tumors
had three or more features. In the initial evaluation, these
groups led to distinct median survival curves, but a sub-
sequent review of 251 cases at the Massachusetts General
Hospital found no statistical difference in survival between
patients with grade 2 and 3 tumors.6 Even when the histolog-
ical criteria are consistent, clinical features such as age or
extent of resection alter the survival characteristics. For
example, a patient with an astrocytoma at age 20 years has
a median survival of 5 to 10 years, whereas a patient at age
60 years may have a survival similar to that characteristic
of a malignant astrocytoma.

The modified Ringertz system remains the most reason-
able grading scheme for astrocytic gliomas. It separates
these tumors into three categories (Table 46-2): astrocy-
toma, anaplastic astrocytoma, and glioblastoma multi-
forme. This grading system appears to correlate best with
survival. The recent World Health Organization classifica-
tion incorporates the Ringertz system, assigning grades II
to IV, respectively, to these histological categories and
including a fourth category, pilocytic astrocytoma, as grade
I (Fig. 46-1). Even with current research, necrosis remains
the only significant histological predictor of survival.

Astrocytomas can infiltrate and invade vital neural sys-
tems and may prohibit complete surgical removal. They
eventually lead to death because of this disruption of neural
systems or because of increased intracranial pressure due
to volume expansion. Histologically, they appear to be
characterized by increased cell number and nuclear pleo-
morphism without necrosis. Mitotic figures should not be
present. Microcystic changes separate these tumors from
a glial reaction.

Pilocytic astrocytomas are commonly found in the cere-
bellum, brain stem, thalamus, and optic nerve tracts of pre-
teenage youths, but they can occur in individuals up to 30
or 40 years of age. They have a gelatinous appearance,
are often well circumscribed, and, if in a favorable loca-
tion, can be totally excised. Histologically, they have a
highly recognizable pattern marked by fibrillary astrocytes
and stellate cells. Rosenthal fibers and microcystic changes
are often evident. Pleomorphic xanthoastrocytomas are
cerebral tumors with lipid-filled cytoplasm found in teens
and young adults. Subependymal giant cell astrocytomas
are common in the initial decades of life of patients with
tuberous sclerosis and arise from the lateral ventricles.
Brain stem gliomas are seen in younger individuals and
usually are present in the pons or medulla. They rarely
undergo biopsy. Magnetic resonance imaging (MRI) usu-
ally demonstrates a “fat” pons without gadolinium enhance-
ment. Cervicomedullary gliomas carry a more favorable
prognosis than pontine gliomas because brain stem gliomas
in the medulla tend to be lower grade tumors.

EPIDEMIOLOGY AND RISK FACTORS. Gliomas are
the most common tumors of the brain and spinal cord.7

Astrocytomas occur most commonly in the 20- to 40-
year-old age group and represent approximately 15% of
all primary central nervous system (CNS) tumors (see
Table 46-1). The incidence of low-grade gliomas appears
to be on the rise, perhaps because they are often diagnosed
incidentally when patients undergo neuroradiological im-
aging for other reasons such as trauma.8,9 Patients with
astrocytomas have a more favorable median survival than
those with glioblastomas. However, because astrocytomas
are usually found in young people, even a survival time



Figure 46-1. Histopathological picture of four types of astrocytomas. A, Pilocytic astrocytoma, elongated bipolar tumor cells forming a dense fibrillary
matrix with numerous Rosenthal fibers. B, Astrocytoma, elongated hyperchromatic nuclei with diffused infiltration of the white matter (note lack of
nuclear pleomorphism). C, Anaplastic astrocytoma, demonstrating nuclear pleomorphism, frequent mitosis, and vascular proliferation. D, Glioblastoma,
small, anaplastic tumor cells, vascular proliferation, and areas of necrosis with pseudopalisading of tumor cells.
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of 5 to 10 years appears unfavorable to the patient and the
family. As a rule, gliomas in children are more often found
in the posterior fossa, whereas gliomas in adults are most
often located in the cerebral hemispheres. So far, there are
no known risk factors associated with the development of
astrocytomas.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Patients presenting with low-grade gliomas may have a
very gradual onset of symptoms, including headache or
subtle neurobehavioral changes. Slowly evolving neuro-
logical deficits also raise suspicion of a malignant lesion.
These tumors can grow very slowly, and diagnosis may
be difficult on initial presentation. For example, increased
difficulty with schoolwork or other cognitive tasks is easily
blamed on social problems but may indicate a neurological
malignancy. Patients with brain stem gliomas present with
oculomotor problems or symptoms that may be confused
with spinal cord involvement.

Seizures can also occur and may be either focal or gen-
eralized (Video 74, Secondary Generalized Seizure); if sub-
tle, they may be mistakenly associated with psychological
problems, such as anxiety or panic attacks. Among patients
with a new onset of seizures, approximately 5% are found to
harbor a tumor, although approximately 25% of patients
with gliomas have seizures. If patients who have previously
had seizures experience an alteration in seizure characteris-
tics or frequency, or if the seizures become refractory to
medication, a re-evaluation with MRI scanning with gado-
linium may be warranted. Occasionally, patients with new-
onset seizures have normal MRI scans. In these patients,
the seizures may be increasingly difficult to control. Repeat
neuroradiological imaging after 3 to 6 months may uncover
an astrocytoma or other mass lesion that was too small
for detection on the earlier imaging. Those patients with
seizures as a result of the tumor tend to have a lower grade
of tumor, have ore focal seizures, and are more difficult to
maintain seizure free.10

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of astrocytomas includes other malignant gliomas (ana-
plastic astrocytoma, oligodendroglioma, and glioblastoma
multiforme) or primary CNS lymphoma and metastatic
lesions. Nonmalignant diagnoses such as abscess and viral
infections including herpes encephalitis or demyelinating
processes should also be considered. In most patients, the
symptoms evolve slowly over a period of weeks. Occasion-
ally, in older patients a stroke may be diagnosed because a
low-attenuation lesion vaguely following a vascular pattern
is discovered after a sudden onset of new symptoms. Later,
with deterioration of the patient’s condition, which is oc-
casionally diagnosed as a progressive stroke in evolution,
repeat imaging shows an expanding mass, later diagnosed
as a tumor and most likely responsible for the initial symp-
toms. One must always beware of attempts to diagnose
lesions histopathologically based on radiological imaging.
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EVALUATION. Low-grade gliomas are often seen as dif-
fusely hypodense or isodense lesions with some flattening
of the cortical gyral areas on computed tomography (CT)
or significant changes on T2-weighted images on MRI
(Figs. 46-2 and 46-3). There is correspondingly less edema
formation. Often, low-grade tumors do not enhance or
there may be very small areas of enhancement that become
more evident on triple-dose gadolinium injection. The
presence or absence of enhancement does not predict the
pathological diagnosis in an individual patient.

Surgical evaluation is usually needed to establish the di-
agnosis. Although a pilocytic astrocytoma of the cerebellum
can often be fully resected, hemispheric astrocytomas are
diffuse, and occasionally only a biopsy can be performed.
Attempts should be made to perform a biopsy of any small
enhancing areas to increase the likelihood of obtaining a
representative sample for pathological examination. Surgi-
cal intervention for brain stem gliomas was previously
thought to be impossible except in some cystic tumors that
were amenable to decompression. Recent reports suggest
that CT-guided biopsy may be feasible. The morbidity rate
was found to be approximately 5%, and, surprisingly, 12%
of the patients who underwent biopsy were found to have
a benign pathology, usually infectious in nature.11 Nonma-
lignant causes were seen more often in patients with focal
enhancing lesions. Therefore, biopsy may be reasonable
in selected patients at centers qualified to perform such
procedures.
MANAGEMENT. Although surgery can be curative in
patients with pilocytic astrocytomas, it is rarely an option
or successful in those with low-grade gliomas. Previous
therapeutic interventions were designed to treat symptom-
atic patients. With an increase in the number of patients
diagnosed incidentally and presymptomatically, specific
treatment regimens for these patients remain highly con-
troversial. Furthermore, the small number of patients diag-
nosed with these tumors has led to limited enrollment in
clinical trials. The evolution of histological criteria, vari-
able patient clinical status, and prolonged patient accrual
periods have all led to more heterogeneous criteria for
patient inclusion in treatment studies. However, because
histological criteria cannot predict biological behavior,
some clinicians advocate the use of serial neuroradiological
imaging to establish the growth characteristics of these
tumors without intervention that might distort the natural
history. One study examined the neurocognitive effects of
radiation therapy compared to watchful waiting and found
a significant risk of neurocognitive dysfunction with the
radiotherapy. The majority of patients in this study, how-
ever, were not biopsied, and thus the true number of
patients with a low-grade glioma is not known.12

Most studies favor maximal surgical removal and radio-
therapy, although certain subgroups of patients may benefit
more from this combined treatment than others. Questions
have been raised about whether purported tumors found
on radiological imaging even need to undergo biopsy,
Figure 46-3. MRI of a juvenile pilocytic astrocytoma of the
thalamus demonstrating contrast enhancement among a
hypointense lesion budding into the lateral ventricle.

Figure 46-2. MRI of a low-grade astrocytoma demonstrating a
hypointense right temporal lesion without contrast enhance-
ment on T1 and hyperintense signal on T2.
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let alone treatment with radiation.12 Concern has been raised
that because these tumors are so slow growing, standard
radiation therapy with 60 to 66 Gy for 6 weeks may not
provide treatment when the tumor is less radiation sensitive.
A study by the EORTC Radiotherapy and Brain Tumor
Groups suggests that radiation therapy immediately after sur-
gery lengthens the time to tumor progression but not overall
survival.13 Delaying radiotherapy would also delay the neu-
rotoxic effects of radiation that are found many years after
treatment, thereby perhaps improving the patient’s quality
of life. There are incidental reports of successful treatment
with chemotherapy following radiotherapy; however, no
data are available to support these treatments. Chemotherapy
is useful if recurrence is documented and surgical biopsy con-
firms that the tumor has undergone malignant degeneration.

Pilocytic astrocytomas can be treated with surgical re-
moval alone. Radiotherapy should be reserved for patients
in whom resection has been incomplete and evidence of
tumor progression is found on clinical evaluation and
neuroradiological imaging. Tumors in patients older than
age 20 years can behave more aggressively and should be
closely monitored.14 Cranial irradiation and chemotherapy
should be considered following surgery in older patients,
especially those with poor prognostic factors.15

Previous studies have not systematically evaluated the
neurobehavioral impact of radiotherapy on long-term survi-
vors. A decline in neurocognitive status 3 or 4 years follow-
ing radiotherapy has been found in children.16 Patients must
be made aware of the risk of late-onset cognitive decline.17

Astrocytomas in older patients, especially those older than
age 45 years, are most likely to represent a poor sampling
of heterogeneous tumors. Survival data indicate that these
tumors behave like the more malignant gliomas and should
be treated aggressively with radiation and chemotherapy as
for anaplastic astrocytoma or glioblastoma multiforme.

The primary treatment for brain stem gliomas is radio-
therapy to the area of tumor. Recent work has suggested
that the brain stem may tolerate higher doses of radiation
of up to 72 Gy. Early transient clinical deterioration may
result from radiation to the brain stem, but patients there-
after usually improve.18 Chemotherapy has no consistent
benefit, although in anecdotal cases, treatment with nitro-
soureas alone has been reported to prolong survival. A trial
utilizing temazolamide after radiotherapy demonstrated no
benefit of the chemotherapy.19 Prolonged survival in some
patients may be the result of misdiagnosis.

Patients should be followed closely during the first years
after diagnosis to establish the biological behavior of the
tumor. To facilitate comparison, radiological scanning
should be performed in a standardized manner using exclu-
sively MRI or CT. Neuroradiological imaging may demon-
strate a change in the original resection area consistent
with either tumor regrowth and malignant degeneration or
radiation necrosis. Pathological confirmation is required
to resolve this diagnostic ambiguity and to exclude other
possible explanations. No reliable predictor is available
except histological examination. Radiation necrosis is
becoming more common as newer radiotherapy techniques
and higher dosage radiation therapy protocols are devel-
oped. Radiation damage is related to total dose, and there
has been a shift toward directing the radiation beam more
closely to the tumor areas and less to the surrounding nor-
mal brain. Higher local doses in excess of 66 Gy to the
tumor bed may lead to increased risk of necrosis. Studies
have shown that the tumor can extend outside radiographi-
cally abnormal areas, leading to concern that as radiother-
apy protocols attempt to spare the normal areas, the
patient may have an increased risk of far-site recurrence.
Far-site recurrences are usually present with local-site
regrowth of tumor.

People who undergo cranial radiation while taking
phenytoin have an increased risk of developing Stevens-
Johnson syndrome.20 Complications of the tumor and its
treatment include neurobehavioral decline, an increased
risk of cerebrovascular events, and seizures. Patients have
a higher risk of recurrent seizures with gliomas and a
higher incidence of side effects with the use of anticonvul-
sants, especially if seizures were present at the time of dis-
covery of the tumor.21 Seizures should be treated with the
appropriate medical therapy. Any sudden change in the
frequency of seizures or the occurrence of new neuro-
logical findings should prompt re-evaluation with MRI.
Occasionally, seizures can become refractory to medica-
tion, although the tumor does not progress. In this instance,
surgical intervention may be required. Serial examinations
should be conducted to determine whether neurobehavioral
sequelae of the tumor and its treatment are present. Careful
early testing may uncover problems that can be addressed
with counseling, training, and an alteration in lifestyle or
work environments to enhance the patient’s quality of life.
Complications resulting from the tumor and the treatment
may indicate a need for prolonged rehabilitation or assisted
care.

PROGNOSIS AND FUTURE PERSPECTIVES. Patients
with low-grade astrocytomas may have prolonged survival
with surgery and radiotherapy. Five-year survival occurs in
approximately 25% of patients with surgery alone and in
50% when radiation is added.22 Patients with pilocytic
astrocytomas can be cured with complete surgical resec-
tion; 5-year survival in these patients approaches 90%.
A similar length of survival can be expected in patients
with xanthoastrocytomas. Those with brain stem gliomas
have a poor prognosis, with a survival of only months.

Further examination of these tumors with molecular or
genetic markers may provide clinicians with information
that will allow them to predict which of these tumors will
become more aggressive forms and which treatment strate-
gies can best prevent this progression. Large randomized
trials are needed to study the effects of observation versus
radiotherapy or even surgery for low-grade gliomas.
Anaplastic Astrocytoma and Glioblastoma
Multiforme

PATHOGENESIS AND PATHOPHYSIOLOGY. Malig-
nant tumors are thought to evolve from lower grade
tumors, although they can evolve spontaneously, perhaps
as the result of abnormalities of certain gene functions.
Alteration of one gene may lead to transformation to a low-
grade glioma; subsequent cell divisions can lead to the accu-
mulation of multiple genetic alterations that ultimately result
in a tumor with the histological characteristics of a glio-
blastoma multiforme. Alternatively, a putative glioblastoma
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multiforme “gene” may be affected immediately, resulting
in a high-grade malignancy. A low-grade astrocytoma that
is first diagnosed in a young patient may, many years later,
recur as an anaplastic astrocytoma and then subsequently
as a glioblastoma multiforme. In another situation, a glio-
blastoma may occur in a patient with only a short history of
neurological symptoms and a radiographically small tumor.

In recent years, multiple genetic alterations have been
associated with malignant gliomas in different stages of
malignant progression. These changes involve chromo-
somal changes in terms of deletion, addition, duplication,
mutation, or amplification of specific genes, as illustrated
in Table 46-3. The most frequently observed alterations
include deletions in chromosomes 17p, 9p, and 10q as well
as multiple copies of chromosome 7. Some changes are
specific to certain types of tumor; for example, losses of
genetic materials from chromosomes 1p, 9p, 10p, 10q,
11p, 13q, and 17p are often found in astrocytic tumors,
whereas deletions in 19q are seen more often in oligoden-
drogliomas, and those of 22q occur in meningiomas. Inter-
estingly, 1p/19q deletions have been noted in both the
astrocytic and the oligodendroglial areas of an oligoastor-
cytoma, suggesting that this tumor arises from a common
cell. Mutations of the p53 gene are found in low-grade as
well as high-grade gliomas, indicating that they may repre-
sent early events in the malignant transformation of normal
astrocytes to astrocytic tumors. Alterations of the p16 and
Rb (retinoblastoma) genes as well as the loss of chromo-
some 10 and amplification of the epidermal growth factor
receptor (EGFR) ERBB gene are found mostly in glioblas-
tomas, suggesting that these changes are associated with
late-stage tumor progression. Other, less frequently observed
genetic abnormalities in malignant gliomas include over-
expression of the platelet-derived growth factor (PDGF),
transforming growth factor (TGF)-a and TGF-b, basic fibro-
blast growth factor (bFGF), vascular endothelial growth
factor (VEGF), insulin-like growth factors I and II, and the
MYC, GLI, RES, FOS, and ROS oncogenes.23

The p53 gene encodes a 53-kDa protein that functions as
a transcriptional factor and is mapped to the short arm of
chromosome 17. The wide-type (WT) p53 protein has been
shown to have tumor suppression activity, and mutation of
the WT gene has resulted in loss of this tumor suppressive
function, thus increasing the transformation risk of the
TABLE 46-3

Molecular Phenotypes in Gliomas

ONCOGENES SUPPRESSOR GENES

GROWTH FACTORS/
GROWTH FACTOR
RECEPTORS

erb-B p16 (MTS1) FGF/FGFR
mdm-2 p53 EGF/EGFR
ras Retinoblastoma (Rb) PDGF/PDGFR
c-fos Chromosome 10q and 10p TGF-a
ros Chromosome 1p, 11p, 19q, 22q TGF-b
gli IGF-I, IGF-II, VEGF

EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; FGF,
fibroblast growth factor; FGFR, fibroblast growth factor receptor; IGF, insulin-
like growth factor; PDGF, platelet-derived growth factor; PDGFR, platelet-
derived growth factor receptor; TGF, transforming growth factor; VEGF, vascular
endothelial growth factor.
normal cells. Deletion of the short arm of chromosome
17 (17p13) on which the p53 gene resides has been
observed in more than 60% of malignant astrocytomas.
Mutations of p53 are rare in low-grade astrocytomas but
are equally common in anaplastic astrocytomas and glio-
blastomas, suggesting that this p53 mutation may represent
an early event in the genesis of glioma. However, other
studies have demonstrated a higher frequency of p53 muta-
tions in glioblastomas than in anaplastic astrocytomas. The
fact that p53 mutations are detectable in small numbers of
cells in a group of low-grade astrocytomas and are more
frequently seen in the recurrent high-grade astrocytomas
may indicate that the histological progression of low-grade
astrocytoma to high-grade anaplastic astrocytoma is asso-
ciated with clonal expansion of the transformed astrocytes
carrying the same p53 mutations. The p53 protein is also
a nuclear protein involved in the regulation of cell cycle
proliferation. It mediates its growth effect through two
major mechanisms: induction of apoptosis and transient
cell cycle arrest at G1 by induction of the p21 WAF1
(Cip1) protein. Furthermore, p53 gene function is inhibited
by the oncogene mdm-2. Thus, amplification of the mdm-2
protein may result in an alternative pathway for apoptosis
independent of p53.

Loss of or deletions associated with chromosome 10
have been observed in high-grade malignant astrocytomas
examined by cytogenetic and molecular techniques. Loss
of an entire copy of chromosome 10 occurs in 80% to
90% of glioblastomas, and approximately 40% of these
tumors also show amplification of the EGFR gene. Such
a high frequency of loss of genetic material involving an
entire copy or a large segment of chromosome 10 strongly
suggests the presence of one or more tumor suppressor
genes (TSGs) on chromosome 10. This conclusion is par-
tially substantiated by experiments in which a copy of nor-
mal chromosome 10 was reinserted into a glioblastoma
cell; the resulting hybrid cells showed reversal of the
malignant phenotype in vitro and in vivo. The hybrid cells
were not able to form colonies in soft agar nor able to form
tumors in nude mice.

Epidermal growth factor receptor ERBB, a 170-kDa
glycoprotein, is amplified and overexpressed in 40% to
60% of gliomas. Approximately 40% of gliomas show
increased autophosphorylation activity of EGFR. However,
no apparent relationship between amplification of EGFR
and tumor grading can be established except that amplifi-
cation of EGFR occurs almost exclusively in glioblasto-
mas. Several structurally and functionally altered EGFRs
have also been found in approximately 40% of gliomas that
show amplification of the EGFR gene. One class of mutant
EGFR resembles the ERBB oncoprotein and is unable to
bind EGF, but its intrinsic tyrosine kinase activity is not
fully activated. A second mutant has an 83-amino acid
deletion in domain 4, high-affinity EGF binding, enhanced
tyrosine kinase activity, and the ability to transduce EGF-
mediated glioma cell proliferation. The third mutant, which
is seen in approximately 30% of glioblastoma with ampli-
fied EGFR, has an in-frame deletion of 267 amino acids
in domains 1 and 2 and exhibits low-affinity binding for
EGF, which then activates the intrinsic kinase activity. This
mutant has been shown to have transformation activity.
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The fourth mutant is a larger (190-kDa) protein that has
autoactivated tyrosine kinase activity.

The TGF-a gene, which encodes for the 6-kDa TGF-a
peptide, has increased expression in many glioblastomas
and anaplastic astrocytomas. TGF-a protein can be de-
tected in all tumor specimens tested, and the higher grade
tumors show stronger staining with anti-TGF-a mono-
clonal antibodies. In several glioma cell lines, TGF-a is
cell associated and is not secreted into the medium.
Together with EGFR, TGF-a forms an autocrine growth
mechanism. Moreover, TGF-a has also been shown to have
angiogenesis activity that is capable of stimulating endo-
thelial cell growth, thus forming small capillaries feeding
the tumor.

Vascular endothelial growth factor, a 34- to 43-kDa
dimeric glycoprotein, induces endothelial cell proliferation,
angiogenesis, and capillary permeability. Three mRNA
forms are produced by alternative splicing and code for
three protein products, VEGF189, VEGF165, and VEGF121.
VEGF, as opposed to EGF, is mitogenic specifically for
tumor endothelial cells that display increased expression
of VEGF receptors, suggesting that VEGF acts as the me-
diator for tumor angiogenesis. VEGF has also been shown
to increase capillary permeability, suggesting that it may
play an important role in tumor-induced edema. Because
increased tumor vascularity and peritumoral edema are key
features of high-grade astrocytomas, and because VEGF
plays a unique role in angiogenesis and edema, it is espe-
cially important to understand VEGF’s role in glioma
transformation and progression.

Fibroblast growth factors are a family of heparin-binding
proteins that express both mitogenic and angiogenic prop-
erties. Elevated levels of aFGF and bFGF are expressed
in human glioma cells. More recently, elevated levels of
bFGF and bFGF receptor have been described in a human
glioma cell line in which the influence of endogenously
excreted bFGF on cellular proliferation is downregulated
by antisense oligonucleotide primers. Immunostaining
experiments have also demonstrated elevated levels of
bFGF in glioma cells as well as endothelial cells in all
glioma specimens tested.

The p16 gene, also known as the MTS1 gene, is loca-
lized to the 9p21 region. It is a potent inhibitor of the
cyclin-dependent kinases 4 and 6 (cdk4 and cdk6) and is
often mutated and deleted in a variety of human cancers
including gliomas. The p16 protein functions by forming
a complex with D1 cyclin and prevents D1 cyclin and
cdk4 from forming a phosphoprotein complex, thus para-
lyzing the activation of the Rb gene and resulting in a G1
blockade. A mutation or deletion of the p16 gene allows
formation of an active Rb protein, thus allowing cells to
proceed through the normal cell cycle and maintain
continued proliferation.

Mutations of the Rb gene, a well-characterized tumor
suppressor gene, have been reported in 20% to 30% of ma-
lignant gliomas. They are usually associated with glioblas-
tomas, suggesting that alteration of the Rb gene represents
a late event. Hypophosphorylated Rb protein is essential to
allow cells to remain in G1 without entering mitosis and
proceeding to the G2 to M phases. Mutation and deletion
of the Rb gene renders this critical step inactive and allows
cells to continue to go through proliferation.
One problem with the management of these tumors is
the evolving realization that malignant gliomas are not
localized circumscribed malignant clones. They have a
facile ability to migrate along white matter pathways. Cur-
rent management techniques usually revolve around more
localized treatments such as resection and radiotherapy.
Although localized tumor areas remain difficult to treat,
the clinician must bear in mind that numerous studies have
demonstrated tumor outside radiographic areas of abnor-
mality and brainwide therapy must be included in any
treatment pathway.

EPIDEMIOLOGY AND RISK FACTORS. Malignant
astrocytomas, including anaplastic astrocytoma and glio-
blastoma multiforme, are seen more often in adults and
are characterized by a shorter survival time than low-grade
astrocytomas. They constitute more than 50% of all malig-
nant tumors of the brain and are the third most frequent
type of cancer in the 15- to 34-year-old age group. They
are also the fourth most frequent type of cancer in the
35- to 54-year-old age group. Incidence increases with
age, especially after 50 years, and a higher frequency of
glioblastoma multiforme than anaplastic astrocytoma is
seen in successive decades. Malignant astrocytomas arise
primarily in the frontal lobes and cerebral hemispheres.
Anaplastic astrocytomas are differentiated from astrocyto-
mas by histological evidence of increasing cellular atypia
and nuclear pleomorphism. The addition of necrosis labels
the tumor as glioblastoma multiforme (see previous dis-
cussion). There are increasing numbers of reports of
glioblastoma multiforme found outside the CNS.24

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Symptoms of these high-grade tumors can arise gradually,
reflecting the manner of evolution of astrocytomas. More
often, immediate symptoms are found, such as seizures
(either focal or generalized), speech disturbances, a change
in or increasingly severe headache, vomiting, nausea, visual
disturbances, and weakness or sensory disturbances (Video
4, Pronator Drift) (Table 46-4). Careful interviews with the
patient or family members may lead to the unappreciated
discovery of neurobehavioral symptoms. Elderly patients
may have memory loss, suggesting dementia. Occasionally,
older patients present with a sudden onset of focal neurolog-
ical findings that are believed to be a vascular event. Neuro-
radiographic imaging abnormalities (often CT performed
without contrast dye) are consistent with a vascular distribu-
tion, leading to a mistaken diagnosis of stroke. However,
instead of improving, these patients often continue to deteri-
orate. Such patients should be re-evaluated with MRI
performed with gadolinium. Malignant gliomas are consid-
ered to have no definite hereditary association. There are
case reports of family members who have had similar tumors
in an autosomal dominant fashion, and studies have found
a familial association in 7% of cases.25 Turcot’s syndrome
is a genetic disease in which gastrointestinal adenomatous
polyps and primary brain tumors, including gliomas and me-
dulloblastoma, are combined. It is dominantly inherited and
has been associated with the gene for familial adenomatous
polyposis and should be considered a variant. Gliomas are
also associated with neurofibromatosis (see subsequent
discussion) and tuberous sclerosis.

DIFFERENTIAL DIAGNOSIS. Patients with malignant
astrocytomas have a differential diagnosis similar to that



Figure 46-4. MRI of a glioblastoma multiforme demonstrating a large
contrast-enhancing left temporal lesion with irregular border as well as a
central lucency suggesting an area of necrosis.

TABLE 46-4

Presenting Symptoms in Patients with Glioma

NUMBER (%)

Total (n = 565) Grade III (n = 147) Grade IV (n = 418) P

Changes in consciousness 91 (16.2) 16 (10.9) 75 (18.3) .04
Headache 314 (56.0) 77 (52.7) 235 (57.3) .34
Memory loss 200 (35.5) 39 (26.5) 161 (39.2) .006
Nausea/vomiting 74 (13.1) 12 (8.2) 61 (14.8) .04
Language deficit 183 (32.5) 33 (22.5) 149 (36.2) .002
Personality change 130 (23.1) 16 (10.9) 113 (27.4) .001
Motor deficit 186 (33.0) 37 (25.2) 148 (35.9) .02
Seizure 180 (31.9) 83 (56.5) 97 (23.5) .001
Cognitive changes 194 (34.4) 33 (22.5) 160 (38.8) .001
Sensory deficit 71 (12.6) 22 (5.0) 49 (11.9) .34
Papilledema 26 (4.6) 7 (4.8) 19 (4.6) .94
Visual problems 122 (21.6) 34 (23.1) 87 (21.1) .61
Other 98 (17.4) 21 (14.3) 76 (18.5) .25
Functional status, KPS, No. (mean score)* 536 (81) 143 (86) 380 (79) .001

KPS, Karnofsky performance status.
From Chang SM, Parney IF, Huang W: Patterns of care for adults with newly diagnosed malignant glioma. JAMA 2005;293:557–564.
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for astrocytomas. Practitioners must be aware that a defin-
itive diagnosis cannot be made on the basis of the neurora-
diological evaluation alone. It is essential to obtain tissue
diagnosis by surgical resection or biopsy when feasible.
The main differential is between an abscess and a malig-
nant tumor (a primary brain tumor, lymphoma, or metasta-
sis). Because of the increasing number of multifocal
gliomas, the presence of multiple lesions does not always
indicate metastatic disease from a systemic cancer.

EVALUATION. Patients often present with a single
lesion. Physicians may be tempted to undertake an exten-
sive search for a primary cancer elsewhere that is often
unfruitful, ultimately requiring resection of the lesion.
Patients with large lesions that are amenable to resection
should undergo a complete neurological and physical
examination with rectal examination and stool guaiac anal-
ysis, a pelvic examination in women and a testicular exami-
nation in men, complete blood count, serum chemistries,
coagulation profile, chest x-ray, and MRI of the brain with
high-dose gadolinium (Fig. 46-4). If no other lesions are
seen, biopsy and surgical resection are indicated to deter-
mine the pathological diagnosis. Even if the tumor is found
to be metastatic, resection of a single metastasis has been
shown to prolong survival.26

Comprehensive neurobehavioral studies should be per-
formed prior to surgery to determine pretreatment deficits.
After surgery, re-evaluation may be indicated to define
areas of improvement and provide a baseline before further
therapy is undertaken. These studies can help patients and
their families define those areas that may be a problem
for the patient and a focus for rehabilitation. Such studies
can help as the patient begins to adjust to daily living at
home, and they can also increase the ease of patient care.
Data documenting the risk of cognitive impairment after
surgery have not shown that significant worsening occurs.
Indeed, in some patients, surgical debulking may improve
cognitive status as well as other neurological symptoms
and signs of disease.26

MANAGEMENT. Patients are often treated with steroids,
usually dexamethasone, immediately on discovery of a lesion
in the brain. Unless the patient is in danger of herniation
or has another serious problem that specifically requires
steroids, however, such treatment is not indicated. Cases
of primary CNS lymphoma in patients without acquired
immunodeficiency syndrome (AIDS) have increased in
frequency. Dexamethasone can be oncolytic to some
tumors, especially leukemias and lymphomas, leading to
resolution of lesions and causing diagnostic confusion.
Therefore, the authors favor delaying the use of steroids
until after the tumor has been evaluated but before surgery.



Janus and Yung / Primary Neurological Tumors 1061
Dexamethasone is the steroid of choice because it is a
glucocorticoid with no mineralocorticoid activity and has
better CNS penetration than other steroid preparations.
Occasionally, patients with large lesions may require dexa-
methasone for several days before surgery. After surgical
debulking has been performed, steroids can be rapidly
tapered. Radiation oncologists often maintain patients on
low doses of dexamethasone throughout radiotherapy, usu-
ally 2 to 4 mg a day. Medications with H2 blockade activity
are routinely given with steroids to prevent ulcers, although
some believe the risk of ulceration is not sufficiently high
to warrant its use. After radiotherapy is complete, steroids
can usually be stopped by gradually tapering the dose.

All patients in whom the tumor is suspected require sur-
gical intervention for pathological confirmation. Recently,
there has been an increase in the use of limited surgery
with stereotactic biopsy. In patients in whom mass lesions
can be safely removed, however, maximum surgery is indi-
cated. Small biopsies may not provide sufficient tissue
to allow accurate neuropathological interpretation, leading
to incorrect therapeutic interventions. All patients should
be offered treatment in clinical trials whenever possible.
The advent of computer listings of available studies on
the Internet may facilitate enrollment in these studies
(www.clinicaltrials.gov).

The use of anticonvulsant medications prophylactically
in patients with newly discovered mass lesions remains
controversial. There are no studies that allow a direct an-
swer to the question of whether patients are at increased
risk of seizures. This question is complicated by the fact
that virtually all patients undergo surgical decompression
or biopsy and are given anticonvulsants at that time. The
authors do not routinely administer anticonvulsants until a
patient has sustained a seizure. Certainly, any patient pre-
senting with seizures should be treated with anticonvul-
sants. If anticonvulsants are utilized during neurosurgical
intervention, they can be tapered rapidly in the weeks fol-
lowing surgery. The American Academy of Neurology has
published guidelines regarding the use of anticonvulsants
in patients with a newly diagnosed mass lesion.27

Cranial radiation following surgery remains the main-
stay of treatment. A maximum radiation dose of 6000 to
6500 cGy is recommended. Recent radiotherapy techniques
involve the application of approximately 4600 cGy to a
larger field with a 2- or 3-cm margin encompassing
the contrast-enhancing tumor and an additional 2000 cGy
delivered to a reduced field encompassing only the
contrast-enhancing abnormality. Irradiation to the brain dur-
ing pregnancy has been shown to be feasible with minimal
risk to the fetus.28 Brachytherapy, in which radioactive
seeds are applied to the tumor area, has been shown to be
beneficial in some patients with glioblastoma multiforme.
This technique, however, is associated with substantial
morbidity; the high risk of radiation necrosis necessitates
reoperation in approximately 50% of patients undergoing
interstitial brachytherapy. It is therefore useful only in a
limited number of patients with polar tumors. Stereotactic
radiation may increase survival in those patients with
radiosensitive tumors29; however, neither the neurobehav-
ioral effects of this treatment nor randomized studies have
been reported. A Radiation Therapy Oncology Group
(RTOG) study of stereotactic “radiosurgery” with conven-
tional radiotherapy and chemotherapy demonstrated no
benefit.30 Use of stereotactic radiotherapy at recurrence also
demonstrated no benefit.31 Effects of radiation include
hypersomnolence during treatment and cognitive dysfunc-
tion. These effects are more commonly seen in patients with
prolonged survival after radiotherapy.

Chemotherapy regimens produced modest improvement
in the overall time of tumor progression and patient sur-
vival. It appears that anticonvulsant use may affect efficacy
by altering metabolic clearance of the chemotherapy agent,
again arguing against their use in patients without seizures.32

The efficacy of chemotherapy declines with patient age.33

Previously, the standard treatment included the use of
nitrosourea-based regimens such as carmustine (BCNU)
alone or the triple drug regimen of lomustine (CCNU), pro-
carbazine, and vincristine (PCV).34 Although some advo-
cate use of wafers impregnated with BCNU (at either low
or high concentration), studies in which the discs were
placed at primary resection or on a second resection have
failed to demonstrate any realistic benefit. Furthermore,
the placement of the wafers can interfere with interpre-
tation of neuroradiologic imaging, requiring additional sur-
gery to differentiate further tumor growth from side effects
of disc placement.

Temozolomide, an oral alkylating agent similar to
dacarbazine (DTIC), was approved as monotherapy for
the treatment of recurrent anaplastic astrocytoma (and for
glioblastoma multiforme in Europe). The use of this agent
with radiotherapy was demonstrated to have significant
benefit in those patients with glioblastoma multiforme.35

Most of the 573 patients in the study received maximal
cytoreductive surgery and were randomized to receive ei-
ther temozolamide with radiotherapy or radiotherapy alone.
Whereas median survival demonstrated a modest 2-month
improvement, a 2-year survival rate of 26.5% for patients
receiving the combination was found to be statistically
significant compared the 10.4% 2-year survival of patients
receiving radiotherapy alone (Fig. 46-5). Further work sug-
gests a molecular marker (methylated MGMT promoter)
may predict response to temozolamide.36 This is important
because for the first time in the treatment of malignant
gliomas we may be able to predict treatment response
and better direct therapy to those patients for whom we
have a better chance of assisting. This will also provide
an economic benefit because we can better tailor therapy
to the patient’s tumor characteristics. Those for whom the
marker suggests no benefit could then be immediately
placed on alternative therapies, which may have a better
chance for success. The role of this agent in combination
with other chemotherapeutic and biologic agents and in
different schedules is under study.

Salvage chemotherapy regimens with agents such as car-
boplatin, etoposide, procarbazine, interferons, and diaziquone
(AZQ) produce mixed results, but some responses occur.
Newer agents under study alone and in combination regimens
include thalidomide, radiation sensitizations agents, and
metalloproteinase inhibitors. The efficacy of chemotherapy
declines with patient age.33 Blood-brain barrier disruption
agents, carotid artery infusion, gene therapy, and combination
therapy with multiple agents have not demonstrated overall
survival benefit. An analysis of the changes in normal
biological function or chromosomal aberrations occurring in

http://www.clinicaltrials.gov


Figure 46-5. A, Kaplan-Meier estimates of overall survival according
to treatment group. The hazard ratio for death among patients
treated with radiotherapy plus temozolomide, compared to those
who received radiotherapy alone, was 0.63 (95% confidence inter-
val, 0.52 to 0.75; P < .001). B, Kaplan-Meier estimates of
progression-free survival according to treatment group. The hazard
ratio for death or disease progression among patients treated with
radiotherapy plus temozolomide, compared to those treated with
radiotherapy alone, was 0.54 (95% confidence interval, 0.45 to
0.64; P < .001). (From Stupp R, Mason WP, van den Bent, et al:
Radiotherapy plus concomitant and adjuvant temozoline for
glioblastoma multiforme. J Clin Oncol 2005;352(10):987–996.)
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tumor cells and their response to chemotherapy is under
way.37,38

Although the majority of these patients will be treated
by multiple physicians, the neurologist has an important
role to play in the general management of these patient’s
care, including quality of life. The neurologist has an acute
understanding of the cognitive dysfunction resulting from
the tumor and its treatment and management of seizures,
stroke, etc. All neurologists should familiarize themselves
with the newest management guidelines for these patients.
An ongoing study of care for these patients (Glioma Out-
come Project) reveals that patients do not receive aggres-
sive treatment of their tumor nor its complications. For
example, patients require extreme vigilance for throm-
boembolic complications inherent in the natural history of
these tumors. All patients are at risk of depression and
should be monitored closely. Anticonvulsants should be
administered only when indicated. Finally, there is a poten-
tial for drug interactions between chemotherapy agents and
so-called “herbal remedies.”39

PROGNOSIS AND FUTURE PERSPECTIVES. Overall,
prognosis is related to histological diagnosis, age, perfor-
mance status, and treatment. Patients who receive more
complete surgical resection tend to survive longer. Follow-
up resection after tumor regrowth also prolongs survival
and increases overall well-being in many patients. Median
survival for patients with a glioblastoma multiforme, with-
out accounting for age, is approximately 1 year. Patients
with anaplastic astrocytoma have a life expectancy of 3 to
5 years. Prolonged survival with diagnosis of a malignant
glioma can occur but may suggest incorrect pathological
diagnosis of tissue type. In a review of patients entered in
RTOG studies, histology was the most important determi-
nant of survival for patients younger than 50 years of age,
whereas performance status was the most important variable
for patients older than age 50 years.40



Figure 46-6. Histopathological picture of an oligodendroglioma. Nuclei
are surrounded by swollen, clear cytoplasm, demonstrating a “fried-egg”
appearance, and fine vascular channels.
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Clinical trials have to be conducted to better define
the effects of treatment, including surgery, radiotherapy,
and chemotherapy. Accrual of all brain tumor patients
into clinical studies stands at 10%. Careful analysis and
evaluation of all patients with these tumors is needed.
Recent concerns have been raised about possible enroll-
ment bias.41 Newer imaging techniques may enhance the
ability to evaluate both the disease and the treatment
response. Positron emission tomography has not been
demonstrated to separate reliably the tumor from the
treatment effects. Recent studies of gene therapy for these
tumors have demonstrated infrequent short-term re-
sponses. Overall utility of this approach using newer viral
vectors remains under investigation and is highly experi-
mental. The combination of gene therapy with other mo-
dalities, including concomitant chemotherapy, remains to
be studied.

Oligodendroglioma and Oligoastrocytoma
PATHOGENESIS AND PATHOPHYSIOLOGY. Because

these tumors arise from oligodendrocytes, they usually oc-
cur in the white matter of the cerebrum, and because there
are relatively more oligodendrocytes in the frontotemporal
area, oligodendrogliomas have a predilection for these
areas. Usually, surgical specimens contain areas that are
identifiable as astrocytoma. Increasing difficulty in the
diagnosis of these tumors centers on the percentage of
oligodendroglioma cells needed to categorize these
tumors as pure oligodendrogliomas rather than mixed
oligodendroglioma-astrocytoma (oligoastrocytoma). The
grading system of Smith and colleagues42 has been used
by most neuropathologists for the histological categorization
of oligodendroglioma. Only necrosis has been found to be a
predictor of biological behavior: Mitotic activity apparently
becomesmore importantwith advancing age.43Onmicroscop-
ic examination, most tumors show tumor cell infiltration
into the cortex, and many tumor cells show an artifactual
halo around the nucleus (the so-called fried-egg appear-
ance). A delicate vascular pattern is also a prominent feature
(Fig. 46-6).

EPIDEMIOLOGY AND RISK FACTORS. Oligodendro-
gliomas occur most commonly in young adults. The peak
incidence occurs in the third to fifth decade, and the tumor
occurs predominantly among men. There are no known
established risk factors. Recent epidemiological work has
suggested that gliomas may be associated with repeated
exposure to high-voltage electrical lines. These tumors have
a poorer prognosis with age. Although typically considered
to represent approximately 2% of intracranial primary
tumors, recently the incidence has been increasing owing
to changes in neuropathological diagnostic criteria. For ex-
ample, at the University of Iowa, 25 patients were diagnosed
with oligodendroglioma from 1961 to 1991, whereas from
1992 to 1995, 48 such diagnoses were made.

Research on the genetic mutations that may lead to
development of a malignancy has determined that most
oligodendrogliomas have a characteristic deletion of chro-
mosome 1P (short arm) or 19Q (long arm) or both. This
deletion appears to have a greater prognostic significance
when combined with typical histologic features of oligo-
dendrogliomas.44 More interesting, these deletions, if seen
in tandem, appear to define a subset of patients that appear
to have a better response to chemotherapy and radiation
therapy.45 Furthermore, there may be an association of
tumors with certain deletions and the tumor location in the
brain.46 This is important because for the first time we may
be able to more reliably predict response to therapy and
therefore tailor therapy for an individual patient.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Because of their infiltrative nature, oligodendrogliomas
commonly cause seizures. Occasionally, patients with
medically refractory seizures who undergo surgical aboli-
tion of the seizure focus are found to have an oligoden-
droglioma. These tumors can infiltrate and surround the
neuronal networks without causing loss of function until
they achieve a rather large volume. Retrospectively, subtle
neurobehavioral changes can be detected long before the
tumor is discovered. As with other gliomas, patients may
also present with symptoms of hydrocephalus, headache,
and sudden focal neurological findings consistent with
acute hemorrhage into the tumor. There is also a higher
risk of dissemination through the cerebrospinal pathways,
resulting in spinal cord or patchy symptoms within the neu-
roaxis, which are sometimes confused with metastatic dis-
ease.47 Rarely, oligodendrogliomas can metastasize outside
the CNS.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. Eval-
uation of oligodendrogliomas is the same as that discussed
previously for astrocytomas and glioblastoma multiforme.
The differential diagnosis for oligodendroglioma and oli-
goastrocytoma is similar to that for astrocytomas. Because
oligodendrogliomas are more often non-contrast enhancing
on MRI scans, they may be confused with low-grade glio-
mas. With CT imaging, hypodense areas may also cause
confusion with stroke or gliosis. Oligodendrogliomas are
commonly found to have calcium deposits, and in many
cases, contrast-enhancing areas are also found in the
lesions on CT imaging. However, patients should undergo
MRI to better define the areas of tumor involvement. There
may be a correlation of genetic abnormalities with magnetic
imaging characteristics.48 Surgical diagnosis and attempts
to achieve maximum cytoreduction are mandatory. Small
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stereotactic or open biopsies may lead to a misdiagnosis of
astrocytomas, thereby affecting subsequent radiotherapy
and chemotherapy treatment of these tumors.

MANAGEMENT. Neurological problems such as sei-
zures should be treated with appropriate medications as
discussed previously for astrocytomas. Patients should be
monitored closely for tumor regrowth or dissemination
within the neuroaxis. The treatment of these tumors has
become increasingly controversial. Some believe that these
tumors are biologically less aggressive and can be observed
with serial imaging until tumor growth is apparent either
clinically or radiographically. Others believe that all oligo-
dendrogliomas should be treated with radiation after histo-
logical confirmation. A large study at Duke University
suggested that radiotherapy may not benefit patients with
oligodendrogliomas.49 Studies have also suggested that
anaplastic oligodendrogliomas are more responsive to
chemotherapy and should be treated with PCV in addition
to radiation, especially for Smith grade B, C, and D
lesions.50–53 Others have suggested that although chemo-
therapy for these oligodendrogliomas before radiotherapy
may be harmful, this combination of chemotherapeutic
agents is beneficial for patients with oligoastrocytomas.54

Finally, there are reports of treatment with chemotherapy
alone for patients who have a more benign-appearing his-
tological diagnosis.55 A RTOG study suggested that neo-
adjuvant chemotherapy with PCV had no survival benefit
but some extension of progression-free survival.56 How-
ever, a subset analysis suggested that those patients with
1p/19Q deletion may have had a survival benefit. This
needs to be confirmed in a prospective study, possibly with
temozolamide.

PROGNOSIS AND FUTURE PERSPECTIVES. Patients
with oligodendrogliomas presenting with seizures seem to
survive longer, possibly due to earlier discovery of the
tumor. Reported overall median survival ranges from 5 to
10 years depending on the study, the reporting period,
and the treatment regimen. Survival statistics will probably
change as the diagnostic criteria continue to evolve and
more is learned about the genetic alterations of these
tumors. Survival for patients with oligoastrocytomas is sim-
ilar to that for patients with anaplastic astrocytomas. Better
neuropathological criteria for diagnosis of these tumors
and higher enrollment of patients into clinical trials will
provide better and timelier data on the optimal treatment
for these tumors.

Ependymoma
PATHOGENESIS AND PATHOPHYSIOLOGY. There

are no known risk factors for these tumors. Ependymomas
arise from ependymal cells lining the ventricles and the
spinal cord central canal. Histologically, ependymomas
are well demarcated from the surrounding structures and
are marked by pseudorosettes, often located in the perivas-
cular region. Blepharoplasts, intracellular structures asso-
ciated with cilia formation, are also present. Anaplastic
ependymomas have increasing features of nuclear atypia,
necrosis, and mitotic figures. Myxopapillary ependymomas
are usually confined to the filum terminale and have a dis-
tinctive fibrillary pattern with mucin secretion.57 Newer
analysis with chromogenic in situ hybridization suggests
differentiation of tumor morphological variants by analysis
of chromosome 7 polysomy.58

EPIDEMIOLOGY AND RISK FACTORS. Ependymomas
represent less than 5% of all intracranial tumors. They oc-
cur in younger patients, usually children, with a slight pre-
dominance among young men, although they can present
in adults up to 30 years of age. An infratentorial location
is more common in children, whereas supratentorial epen-
dymomas are more common in adults. Cerebrospinal fluid
(CSF) dissemination and systemic metastasis can occur.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Patients with ependymomas have symptoms corresponding
to the part of the neuroaxis affected by the tumor. For
example, tumors arising in the spinal cord can lead to loca-
lized back pain, sensory disturbances with a demonstrated
dermatomal line, weakness of both legs, or disturbances
of bowel or bladder control. Ependymomas arising in the
fourth ventricle, brain stem, or lateral ventricles can pre-
sent with evidence of headaches or other symptoms of
hydrocephalus (especially nausea and vomiting), ataxia
(Video 211, Gait Ataxia), and increasing head circumfer-
ence. Neck pain and behavioral changes are also common
presenting complaints in children. Because ependymomas
may be present for as long as 3 to 6 months before they
come to clinical attention, symptoms may sometimes be
labeled chronic.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
differential diagnosis of these tumors includes other CNS
tumors such as medulloblastoma and low-grade glioma.
Other more benign lesions such as meningioma do not
have similar characteristics on MRI. Patients require surgi-
cal intervention to obtain pathological diagnosis and for
gross total resection. Prior to surgery, the entire neuroaxis
should be imaged with gadolinium MRI to determine
involvement of other sites such as “dropped” metastasis.
The resection attempt should be as extensive as possible,
but occasionally this is not feasible. At least 2 weeks fol-
lowing surgery and before radiotherapy, the CSF should
be evaluated for seeding of the cerebrospinal pathways
with tumor cells. However, if evidence of tumor is present
on MRI, some suggest CSF evaluation is of little benefit.59

MANAGEMENT.After surgery, radiotherapy is the main-
stay of treatment for patients with residual tumor.60 Some
advocate watchful waiting after surgery and administering
radiotherapy only when there is evidence of tumor recur-
rence or growth, especially if a gross total resection of tumor
has been achieved and confirmed with MRI,61 whereas
others advocate localized gamma knife therapy after surgical
resection.62 Craniospinal irradiation is often given to treat
clinically undetected seeding of cerebrospinal spaces. In
patients with negative CSF examination after surgery, this
is not indicated because it may hamper future treatment of
localized recurrence. Myxopapillary ependymomas can often
be cured with complete surgical resection. Chemotherapy
has been shown to be of minimal benefit in patients with
anaplastic ependymoma, although chemotherapy regimens
including carboplatin and etoposide have been shown to
prolong survival in several small series.63,64 The use of
craniospinal irradiation results in extensive treatment of
the vertebral bone marrow, leaving little reserve for the
cytotoxic chemotherapy. With newer cytokines such as the
colony-stimulating factors that stimulate bone marrow func-
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tion, patients may be able to tolerate more chemotherapy,
allowing better appraisal of its use in these patients. Recur-
rence is usually local, although patients can develop distant
metastasis. An increased risk of recurrence is associated with
incomplete resection. Surgical resection, if feasible, should
be strongly considered when the tumor recurs, followed by
conventional radiotherapy to previously nonirradiated areas.
Salvage chemotherapy also remains an option at recurrence.

PROGNOSIS AND FUTURE PERSPECTIVES. Survival
may be increased in patients who undergo resection of tu-
mor and radiotherapy. Overall survival is similar to that
for low-grade gliomas or oligodendrogliomas. Patient age
younger than 5 years and a posterior fossa location of the
tumor can have a worse outcome. No histological pre-
dictors of survival are available. Future improvements in
therapy can be expected with better understanding of the
histological variants, application of radiotherapy and che-
motherapy to more malignant subtypes of these tumors,
and a better understanding of the molecular basis of tumor
pathogenicity.

Medulloblastoma
PATHOGENESIS AND PATHOPHYSIOLOGY. Almost

two thirds of these tumors are located in the midline of
the cerebellum, and more than 90% are located in the ver-
mis with encroachment on the cisterna magna. Laterally
placed tumors are more common in adults. The macro-
scopic appearance is that of a soft friable tumor with central
necrosis. In adults, these tumors are highly demarcated, but
in children, they are less so. Microscopically, neuropatho-
logical analysis has attempted to define these tumors as a
subset in a larger category termed primitive neuroectoder-
mal tumors.65 This classification stems from the belief that
these tumors result from the germinal neuroepithelium dur-
ing embryogenesis and thus can differentiate into tumor
cells with neuronal, glial, or ependymal characteristics.
Medulloblastomas are often classified as small blue cell
tumors with little cytoplasm and pseudorosettes, which
may signify neuronal differentiation (Fig. 46-7). A desmo-
plastic variant has been proposed for tumors in adults and
may signify a different cell of origin.
Figure 46-7. Histopathological picture of a medulloblastoma showing prim-
itive, undifferentiated tumor cells with numerous neuroblastic (Homer-
Wright) rosettes.
Recent work has attempted to combine histologic
features with cytogenetic characteristics in an attempt to
identify patients most in need of treatment.66 For example,
in a group of patients with metastatic disease at diagnosis,
a large cell/anaplastic phenotype with associated MYC
amplification or 17p13.3 loss defined a set of children with
a statistically significant poorer outcome. This has been
confirmed by others who also demonstrated that CDK6
may be a prognostic factor.67 This is important because
the CK6 marker is involved in both the p53 and retinoblas-
toma (RB1) pathways. Not surprisingly, desmoplastic
medulloblastomas had a different genetic profile.

EPIDEMIOLOGY AND RISK FACTORS. Medulloblas-
tomas are usually located infratentorially, accounting for
approximately 2% of all CNS tumors in adults and 25%
of intracranial tumors in children, second only to cerebellar
astrocytomas. Although 50% of medulloblastomas are seen
in children in the first decade of life, approximately 25%
occur in patients older than the age of 18 years. Tumors
diagnosed in the seventh decade of life have been reported.
There is a small second peak in incidence in patients 20 to
25 years of age. Interestingly, there seems to be a seasonal
variation, with higher incidences in children born during
the winter months and in those with congenital cerebral
defects, possibly suggesting that these tumors are a rem-
nant of embryonic dysfunction. Familial cases are known,
including four cases in monozygotic twins, although there
is no proven familial association. An association with
leukemias and other CNS tumors, such as glioblastoma
multiforme in first-degree relatives, has been noted.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Patients often present with subtle problems that evolve
over extended periods of time. In some patients, symptoms
can exist for more than 3 months before the tumor is diag-
nosed. The most common complaints include symptoms of
increased intracranial pressure such as headache (espe-
cially in the morning) and vomiting. In younger children,
behavioral changes such as decreases in activity or appetite
may exist. Examination may demonstrate papilledema,
truncal or limb ataxia (Video 212, Heel-to-Shin Testing),
or nystagmus (Video 8, Gaze-Evoked Nystagmus). A few
patients have an increased head circumference or symp-
toms of leptomeningeal seeding similar to that seen in
metastatic meningitis. There is a higher incidence of me-
dulloblastoma in patients with nevoid basal cell syndrome,
Turcot’s syndrome, ataxia telangiectasia, and xeroderma
pigmentosa.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. The
differential diagnosis for these tumors includes other pri-
mary CNS tumors such as ependymomas or gliomas, as
discussed previously, or metastatic tumors. Although CT
scans are more readily available and may reveal evidence
of hydrocephalus, all patients should undergo MRI with
gadolinium. Occasionally, subarachnoid seeding is evident
on initial imaging. CT or MRI scans usually demonstrate a
hypodense mass with variable heterogeneous enhancement.
Patients often present with evidence of obstructive hydro-
cephalus that requires immediate neurosurgical intervention
such as shunting. Often, conservative management with cor-
ticosteroids allows surgical planning, and some reports
suggest that shunting should not be performed if at all pos-
sible. Some believe that midline lesions are more commonly
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medulloblastomas, whereas hemispheric lesions are more
often astrocytomas, but histological confirmation is manda-
tory. Gross total resection of tumor should always be the
goal.

MANAGEMENT. Once the diagnosis has been estab-
lished, patients should receive craniospinal MRI with gad-
olinium enhancement to study the entire neuroaxis for
tumor dissemination. This also allows examination of the
resection bed without worry about postoperative enhance-
ment caused by the surgery. MRI evaluation may be supe-
rior to CSF evaluation to detect dissemination.68 If MRI
of the spine is contraindicated, myelography can be per-
formed with cytological evaluation of CSF at least 2 weeks
after surgery. Although medulloblastomas have been
known to spread outside the nervous system, especially to
the bone and lungs, staging with bone marrow biopsy and
imaging of the chest or radioactive bone scan should be
performed only when such spread is clinically suggested.
Reoperation should be considered at the time of tumor
regrowth.

Patients have an increased risk of recurrence if gross
total resection was not possible; if they are younger than
4 years old; or if the tumor has a lateral location, evidence
of CSF dissemination, or a differentiated cellular histo-
logical appearance. Patients younger than 18 months should
undergo chemotherapy alone, whereas older patients should
receive both radiotherapy and chemotherapy. Patients with-
out the features just mentioned are considered to have a
decreased risk of recurrence and can receive craniospinal
irradiation and observation, with chemotherapy given only
with evidence of recurrence.

Radiotherapy remains the mainstay of postsurgical treat-
ment. Typically, craniospinal irradiation with increased
doses to the tumor bed is performed because undetected
tumor may be disseminated in the spinal cord. Newer radio-
therapy techniques utilizing conformal hyperfractionated
radiotherapy may improve survival with less neurocognitive
side effects.69 Recent advances in chemotherapy include the
use of CCNU, carboplatin, and vincristine.70 Newer treat-
ment regimens with postoperative chemotherapy alone (both
systemic and intrathecal) show promise but with significant
side effects, including cognitive dysfunction and leukoen-
cephalopathy.71 Use of stem cell rescue after intensive che-
motherapy has demonstrated effectiveness in a small study
of pre-teen children with poor prognostic factors.72 Treatment
failure is usually evident at the original site alone; cerebro-
spinal dissemination may occur, or systemic involvement
may be seen in a later stage. Almost half of patients show
evidence of cerebral hemispheric involvement at recurrence.
Refinements in radiotherapy may increase the incidence of
systemic dissemination at relapse.73

Neurobehavioral abnormalities, such as mutism, pseudo-
bulbar affect (Video 10, Dysarthria), or derangements
of eyelid opening, have been documented in children
undergoing posterior fossa tumor resection.74 These usu-
ally resolve within months of surgery. Patients may have
problems with CSF drainage, requiring shunting. Children
are at risk of decline in intellectual performance related
to radiotherapy and possibly chemotherapy, especially if
they are younger than age 7 years.75 Treated patients with
radiotherapy had substantial declines in reading and math
skills with a lower overall IQ.76 Post-therapy MRI surveil-
lance for recurrence with the appearance of white matter
lesions may be associated with more cognitive problems.77

Endocrinological problems resulting from pituitary failure,
including delay of puberty, may be seen. Children who sur-
vive for a long time display decreases in perceptual motor
tasks, manual dexterity, learning, and physical growth and
development.78

PROGNOSIS AND FUTURE PERSPECTIVES. Medullo-
blastoma seems to follow Collin’s law that the risk of
recurrence of tumor is highest during the period equal to
the patient’s age at diagnosis plus 9 months.79,80 Survival
is correlated with the extent of surgical resection for those
older than the age of 3 years in whom dissemination is
absent.81 Five-year survival can occur in nearly 75% of
patients who undergo high-dose craniospinal irradiation
after gross total resection. Survival is poorer in patients
younger than 5 years of age. Adults seem to have the same
survival duration as children.82

Primary Central Nervous System Lymphoma
PATHOGENESIS AND PATHOPHYSIOLOGY. The rea-

son for the increase in primary CNS lymphoma (PCNSL)
in the immunocompetent and immunocompromised popula-
tion is unclear. Because there are no lymphatics in the CNS,
the mechanism for neoplastic transformation remains un-
known. Viral causes have been suggested. In studies of
AIDS-related PCNSL, the Epstein-Barr virus was found in
a majority of cases,83 but this was not found in samples ana-
lyzed from immunocompetent patients. Herpes virus type 6
has also been proposed as a causative agent. PCNSL is con-
sidered a non-Hodgkin’s lymphoma, usually of B cell ori-
gin, with a high-grade diffuse large cell, immunoblastic, or
lymphoblastic type. T cell PCNSL has been reported but is
rare.84 This is interesting because B cells are not usually
present within the CNS. Moreover, there appears to be an
association of PCNSL with germinal center, not present in
the CNS. For example, BCL-6 protein is required for germi-
nal center development and has been proposed as a possible
prognostic survival marker for PCNSL.85 Microscopically,
the tumors aggregate near blood vessels and may provoke
a normal reactive immune response. The tumor cells stain
positive for appropriate immunohistological B cell or T cell
markers. In the older literature, PCNSL was described as a
microglioma or a reticulum cell sarcoma because the tumor
stroma stained positive for reticulum.

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of PCNSL has shown a three- to fivefold increase during
the past 20 years.86 Because the treatment for PCNSL is
vastly different from that for malignant gliomas, clinicians
should always keep the diagnosis of PCNSL in mind dur-
ing the evaluation of a patient with a new cerebral lesion.
The peak incidence, in immunocompetent patients, occurs
in the fifth and sixth decades, and there is a slight predom-
inance in men. The tumor is commonly associated with
immunodeficiency states including AIDS, drug-induced
causes such as immunosuppressive therapy for organ trans-
plants, and other genetic immune deficiency states.

CLINICAL FEATURESANDASSOCIATEDDISORDERS.

While patients with PCNSL commonly present with cogni-
tive dysfunction, focal findings or evidence of elevated intra-
cranial pressure can also be present (Video 11, Hemiplegic
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Gait). Patients with frontal lesions or the elderly may have
neurocognitive changes that are sometimes confused with a
dementing process. Seizures are common in immunocom-
promised patients and less so in others compared with glial
tumors. While ocular involvement can be frequent, only
occasionally do patients have ocular complaints such as
blurred vision.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
for PCNSL includes primary gliomas, metastatic lesions
(if multifocal), demyelinating processes such as multiple
sclerosis, and acute disseminated encephalomyelitis. In the
immunocompromised population, toxoplasmosis, progres-
sive multifocal leukoencephalopathy, and other infectious
causes should also be considered.

EVALUATION. Neuroradiologically, PCNSL may be
missed on CT; hence, MRI is the imaging modality of
choice. Because PCNSL is often densely cellular and highly
vascular, lesions usually enhance brightly on MRI with
gadolinium, although exceptions have been reported in
the literature. In the non-AIDS population, lesions are
usually multifocal and periventricular in location. Adminis-
tration of gadolinium reveals intense enhancement. Immu-
nocompromised patients are more likely to have single
lesions, which are often confused with those of toxoplas-
mosis, and radiographically they have a higher incidence
of necrosis with the appearance of ring enhancement.
Edema is usually minimal. Leptomeningeal spread of PCNSL
is present in more than one fourth of patients. Cytological
examination of CSF in patients in whom lumbar puncture
can be performed is mandatory. CSF should be evaluated for
the concentration of b2 microglobulin and compared to serum
levels as a marker of disease. Slit-lamp evaluation should be
done and can sometimes provide diagnosis of vitreous or
choroid involvement.

Because steroids can be oncolytic and can change the
appearance of PCNSL on CT or MRI scans, whenever pos-
sible patients should not be given steroids before diagnostic
studies have been completed. A marked reduction in tumor
size and contrast-enhancing pattern occurs soon after ste-
roid therapy is initiated. All immunocompetent patients
should undergo biopsy for pathological confirmation of
disease. Although neurosurgical intervention with maxi-
mum cytoreduction is favored in patients with malignant
gliomas, in those with PCNSL, which is very sensitive to
radiotherapy and chemotherapy, stereotactic biopsy for tis-
sue confirmation is a reasonable option. However, because
of concern about the disease and the lack of identifying
markers to separate PCNSL from malignant gliomas, open
biopsy and tumor resection is usually performed. Once the
diagnosis of PCNSL has been established, further resection
is not warranted.

In the AIDS population, stereotactic biopsy is the rule.
In AIDS patients in whom a single lesion is seen on
MRI, treatment is often first performed with antitoxoplas-
mosis agents. Patients who are unresponsive to treatment,
as evidenced by clinical or radiographic deterioration, then
receive biopsy. Patients with multifocal disease and nega-
tive toxoplasmosis antibody titers should undergo biopsy.
Occasionally, some patients may harbor both toxoplasmo-
sis and lymphoma. Development of newer imaging tech-
niques such as positron emission tomography may help in
differentiating PCNSL from toxoplasmosis.
MANAGEMENT. After the diagnosis has been con-
firmed, patients should have a complete neuroradiological
evaluation of the spinal cord with gadolinium-enhanced
MRI. If not performed previously, a full ophthalmological
evaluation and cytological examination of CSF are also
required. Because systemic lymphomas spread into the
CNS in approximately 10% of patients, the initial evalua-
tion should include a complete physical examination, chest
x-ray, abdominal CT, routine serum chemistries, and CBC
to rule out systemic lymphoma. Further evaluation, such as
bone marrow biopsy or lymphangiograms, is usually not
necessary because the diagnostic yield is low.

Treatment of PCNSL includes the use of steroids, which
may produce a significant decrease in tumor burden.87

Radiotherapy alone has produced little overall increased
survival beyond 12 months88 and is no longer appropriate
except in patients with AIDS or other immunocompro-
mised states who cannot receive steroids or chemotherapy.
Occasionally, ocular recurrence requires directed radiother-
apy to the orbit. Immunocompromised patients with AIDS
should receive whole brain radiotherapy. Craniospinal
radiotherapy should be avoided in patients with localized
disease.

Because of different response criteria among various clin-
ical trials, attempts have been made to standardize baseline
evaluation and definitions of treatment response.89 Routine
treatment now includes chemotherapy, both intrathecally
and systemically, followed by radiotherapy. Chemotherapy
has been shown to markedly improve survival, especially
when methotrexate is included (Fig. 46-8). In 1992,
DeAngelis and colleagues90 reported that a regimen that in-
cluded intrathecal and systemic methotrexate, procarbazine,
vincristine, and dexamethasone followed by radiation therapy
and subsequent treatment with systemic ara-C yielded an
increase in median survival of 41 months compared with
10 months for patients receiving radiotherapy alone. Other
reports of preradiation treatment with high-dose methotrex-
ate have provided similar results.91 It appears that use
of higher dosing of systemic methotrexate either alone or
with intrathecal administration is primarily responsible for
prolonged treatment response. Methotrexate following
radiotherapy should be avoided because it is associated
with an increased risk of treatment-related encephalopathy.
There have been reports that radiotherapy followed by the
PCV chemotherapy typically used for malignant gliomas
may also induce remission.92

As therapies for PCNSL continue to increase survival
times, effects of treatments on neurocognitive function
and, therefore, quality of life become exceedingly impor-
tant. One must bear in mind that radiotherapy administered
after methotrexate increases the risk of leukoencephalopa-
thy compared to administration of methotrexates simulta-
neously or after radiotherapy. Many patients will develop
white matter changes as a consequence of treatment,
although this does not necessarily correlate with cognitive
dysfunction.93 An interesting dilemma with treatment deci-
sions is the balance between treatment of disease and the
development of cognitive dysfunction based on treatment
modalities (chemotherapy and/or radiotherapy) and age.
For example, a study suggested that in the elderly (age >
60 years) there was a higher risk of death due to neuro-
toxicity if radiation therapy is used with chemotherapy,



Figure 46-8. MRI of a patient with primary CNS lymphoma
(HIV negative). Left, Before therapy; right, after 6 months
of therapy with preradiotherapy methotrexate, procarbazine,
vincristine, and dexamethasone, followed by radiotherapy
and postradiation Ara-C.
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but patients experienced a longer disease-free period. Con-
versely, if radiation therapy was withheld, patients more
often died of disease. Younger patients faired better, with
less neurotoxicity even after radiotherapy, and improved
overall survival.94

PROGNOSIS AND FUTURE PERSPECTIVES. Survival
of patients with PCNSL who receive no treatment except
surgery is poor, usually only several months. Radiotherapy
alone can extend survival to approximately 1 year. Chemo-
therapy combined with radiation therapy can extend sur-
vival to approximately 3 or 4 years. Future work should
examine the response of this tumor to various combinations
of chemotherapy utilizing a standardized selection of response
criteria. As survival times increase, more effort should be
placed on the effects of treatment on cognition and physi-
cal functioning. An interesting issue is whether radiothera-
py should be performed only at relapse or at the failure of
chemotherapy. There is evidence that radiotherapy may be
afforded to patients of a younger age (<60 years) because
radiotherapy in older patients may increase the risk of post-
radiation dementia.95 Further examination of the origins
of this tumor and a study of the pathological and genetic
markers related to treatment response may offer more in-
formation that can be used to direct specific treatment stra-
tegies.
NERVE SHEATH TUMORS

Acoustic Schwannoma and Trigeminal Neurilemmoma
PATHOGENESIS AND PATHOPHYSIOLOGY. Acoustic

neuromas, found incidentally on imaging performed for other
reasons or due to new symptoms as described following,
have a variable course. Less than 10% have a familial associ-
ation. There appears to be no association with unilateral
acoustic neuromas or with either form of neurofibromatosis.
Some investigators have tried to examine the growth rates
of these tumors by performing serial neuroimaging of the
tumors to gauge their growth.96 Some suggest that the
female predominance of these tumors indicates a sex
hormonal influence. There is little and conflicting evidence
to support an association of cell phone use with the risk
of schwannoma. There may be a small increased risk after
10 years.97–99
EPIDEMIOLOGY AND RISK FACTORS. Neuromas
(schwannoma and neurilemmoma) are benign tumors that
usually involve the sensory and motor cranial nerves, most
commonly cranial nerves VIII, V, and VII. Neuromas rep-
resent approximately 10% of all intracranial tumors, the
majority being acoustic neuromas. They present most fre-
quently in the fourth and fifth decades of life, predomi-
nantly among women. Except for bilateral acoustic neuromas,
which occur in neurofibromatosis II (see the subsequent
discussion), they are unilateral.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Acoustic neuromas are considered slow growing, but they
grow in a physiologically important area, the cerebello-
pontine angle, thus leading to multiple subtle complaints
that may evolve slowly over many years. Symptoms may
progress slowly, although sudden presentations can be
seen. Patients usually present with hearing loss (especially
sound discrimination), tinnitus, loss of balance, nystagmus,
loss of facial sensation, or loss of function of the facial
muscles or the muscles of mastication. Pain is uncommon
but may sometimes mimic trigeminal neuralgia. Cerebellar
findings such as ipsilateral limb can occur; ataxia and gait
abnormalities may be noted when extremely large tumors
have extended into the cerebellum (Video 7, Abnormal
Tandem Gait). In patients with trigeminal pain (Video
106, Trigeminal Neuralgia), multiple sclerosis may be
diagnosed initially; only with further hearing loss and a
lack of involvement of intracranial areas of the nervous
system will re-evaluation be conducted. Meningiomas are
occasionally confused with neuromas, and, rarely, choles-
teatomas or choroid plexus papillomas are identified at
surgery.

EVALUATION. Sometimes, early neuroradiological
examination may fail to detect these tumors. Patients with
increasing symptoms that are not amenable to medical
treatment may require repeat studies. MRI with gadolinium
enhancement remains the imaging modality of choice
because it permits better definition of soft tissue involve-
ment and identification of alternative diagnoses. Neuromas
most often demonstrate bright enhancement with contrast
agents. CT is performed to evaluate bony erosion of the
skull. All patients should undergo audiometry and brain
stem auditory evoked potentials at presentation to define
pretreatment abnormalities.
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MANAGEMENT. Surgical removal remains the mainstay
of treatment for larger tumors. Improvements in stereotac-
tic radiotherapy make this treatment a viable alternative
to surgery.100,101 No large series are available to compare
their efficacy with that of surgery alone. After treatment,
patients are at risk of hearing loss and facial nerve paral-
ysis. In patients with smaller tumors, hearing can some-
times be preserved. Radiotherapy has been shown to
delay tumor regrowth after subtotal resection but carries
a risk of radiation damage to other cranial nerves and
brain stem vascular events. Chemotherapy has not been
sufficiently explored.

Neurofibroma
PATHOGENESIS AND PATHOPHYSIOLOGY. Both

types of neurofibroma are associated with a gene localized
to chromosome 17q11.2 for neurofibromatosis type I
(NFI)102 and to chromosome 22 for neurofibromatosis
type II (NFII). The NFI gene encodes a protein termed
neurofibromin that is involved in regulation of the RAS
protein.

EPIDEMIOLOGY AND RISK FACTORS. NFI, also
known as von Recklinghausen’s disease, comprises a con-
stellation of tumors of the CNS. NFII is defined by bilateral
acoustic neuromas. Patients with NFI have an increased risk
of astrocytic tumors, including optic pathway glioma and
brain stem gliomas.103 Patients with NFII are at risk of ocu-
lar abnormalities, other cranial nerve schwannomas, and
meningiomas. Spinal cord gliomas are seen more commonly
in patients with NFII. NFI has a frequency of approximately
1 in 4000, and the frequency of NFII is 1 in 40,000. Both are
inherited as autosomal dominant traits, with NFI having
incomplete penetrance (see Chapter 32).

CLINICAL FEATURESANDASSOCIATEDDISORDERS.

In NFII, the bilateral acoustic neuromas usually become
evident at the same time. Presenting complaints include
tinnitus or hearing loss. Most patients have a first-degree
relative who is similarly afflicted. Patients with NFII are
also at risk of meningioma, gliomas, ependymoma, and
schwannoma. Symptoms are the same as those discussed
for the respective tumors.

DIFFERENTIAL DIAGNOSIS AND EVALUATION.

Patients with NFI must be closely examined for any history
consistent with visual disturbances or other visual abnor-
malities or signs of nerve root impingement, including
bowel and bladder dysfunction or constipation. Patients
may show evidence of peripheral nerve dysfunction caused
by impingement by a neurofibroma. Patients may also have
a plethora of other complications.104 Only when the clinical
findings suggest changes requiring intervention should tests
be performed. Yearly MRI scans of the brain and spinal
cord searching for tumor are not indicated. Some clinicians
advocate yearly screening of children with visual evoked
potentials for early detection of optic gliomas.103 Patients
and their spouses need genetic counseling for family
planning purposes105 and extensive social work intervention
to help with issues related to the disease and the possibility
of tumor generation.

Patients with NFII should be closely observed for any
changes in auditory function, including hearing loss and
tinnitus. During the neurological examination, particular
attention should be focused on other cranial nerve abnor-
malities. Physicians should monitor the patient for any evi-
dence of vertigo or difficulty with balance, possibly with
yearly brain stem auditory evoked potentials. Formal audi-
ometry on a yearly basis is a reasonable alternative as well;
yearly MRI scanning is not generally indicated but may be
repeated serially to allow a gauge of tumor enlargement.

MANAGEMENT. Patients with NFI should be monitored
closely for development of treatable abnormalities, as
previously described. Optic gliomas can be treated with
surgical removal when feasible or with radiotherapy.106

Malignant degeneration of a schwannoma or a neurofi-
broma (neurofibrosarcoma) occurs in 5% of patients. Patients
with NFII require intervention to remove the acoustic
neuromas, as described previously. In these patients, referral
to a center that has facilities to perform a cochlear implant
should be considered because these patients are at great risk
of bilateral hearing loss. Patients receiving radiotherapy,
especially children, are at risk for further neurobehavioral
deterioration and endocrine abnormalities.

PROGNOSIS AND FUTURE PERSPECTIVES. Further
investigation into the genotype and how it relates to the
variable phenotypic expression and manifestation of
tumors remains to be conducted. A better understanding
of the mechanism of action of the genes responsible for
these diseases and the way in which malignant degenera-
tion occurs may advance treatment of patients not only
with NF but also with gliomas. In utero diagnosis remains
a possibility. Genetic analysis of families and in family
planning should be thoroughly explored.

Other Peripheral Nerve Tumors
Benign tumors of the peripheral nerves are often localized
to single sites and are related to pressure or trauma. For ex-
ample, Morton’s neuroma is commonly associated with
increased pressure or tight-fitting shoes and represents
fibrotic swelling of the nerve in response to repeated insult.
Located on the plantar surface of the foot, it is treated with
excision or observation. Symptoms include localized pain,
tenderness, and weakness of the distally affected muscles
innervated by the nerve. Ganglion cysts may result from
repeated trauma, leading to undue inflammation and cystic
degeneration. In other cases, transected stump nerves un-
dergo unorganized sprouting, leading to a large clump of
disorganized cells and their processes.
SPINAL CORD TUMORS

Although rare, spinal cord tumors continue to carry a grave
prognosis for patients. They are difficult to resect and treat.
Both the tumor and the treatment often lead to profound
physical and neurological disability due to spinal cord
damage. Spinal cord tumors represent approximately 7%
of all primary tumors of the CNS and are seen more com-
monly in children, in whom they represent up to one fourth
of all intra-axial tumors by location. The most common
histological type is that of the glioma histology, especially
astrocytomas and ependymomas. Their frequency is un-
doubtedly related to the percentage of total tissue of the
spinal cord involved.
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Often, patients are brought to medical attention because
of weakness of the legs, loss of bowel or bladder control,
back pain, or, rarely, loss of sensation. In children, these
symptoms may be confused with “regression” of the
child’s development, “growth pains,” or muscle disease.
Often, a child’s lesion is discovered incidentally during
evaluation for a minor injury such as a sledding accident,
when studies are performed to calm the fears of worried
parents. Cervical or foramen magnum lesions may present
with torticollis or nuchal rigidity.

Most patients are evaluated by MRI, which demonstrates
an enlarged or thickened cord. Frequently, the spinal canal
may be enlarged around the area of the slowly expanding
tumor. Once the tumor has been identified, the entire neu-
roaxis should be studied for any other areas of involve-
ment. Although a tissue diagnosis may be suggested by
the tumor’s location and radiographic pattern, pathological
confirmation is essential prior to treatment. All patients
should be evaluated by a neurosurgeon for consideration
of biopsy or evacuation of the lesion. Preoperative and
postoperative testing with evoked potentials can be per-
formed to monitor disease evolution. Because of the loca-
tion, patients are at a significant risk of morbidity from
the tumor and any treatment for it.

Treatment of these tumors includes surgical evacuation
when possible, followed by radiotherapy to a malignant
lesion and the surrounding cord. Low-grade tumors may
be monitored closely for evidence of recurrence or malig-
nant degeneration. In children, consideration of a delay in
radiotherapy will allow the treating physician to weigh
risk-benefit options and consider the possibility of un-
wanted side effects due to the treatment. Although chemother-
apy has not been systematically studied in these patients,
one would intuitively expect that agents with known
effects on supratentorial tumors would also be effective on
spinal tumors with a similar histology. Patients with spinal
column defects, such as scoliosis, that are related to the
tumor or treatment can be treated appropriately with surgery
(if necessary) and physical therapy.
PITUITARY TUMORS

Adenomas
PATHOGENESIS AND PATHOPHYSIOLOGY. Pituitary

adenomas are neuroepithelial tumors of the adenohypophy-
sis. They are generated in a stepwise fashion from initia-
tion to growth evolution, probably in a manner similar to
that characteristic of other CNS tumors. This growth may
be caused by derangements in the metabolic processing
of cells of the adenohypophysis due to mutations of unde-
termined gene alterations. Several putative gene alterations
have been proposed, including the retinoblastoma gene
and, because of its association with pituitary adenomas,
the multiple endocrine neoplasia type I (MEN-I) tumor sup-
pressor gene. Approximately 3% or 4% of adenomas of the
pituitary are associated with MEN-I. Certainly other gene
elements will also be found to play a role as laboratory inves-
tigations continue. An alternative hypothesis suggests that
overstimulation or deranged signaling from the hypothalamus
leads to pituitary cell dysfunction and inappropriate growth.
Pituitary adenomas can be classified by size, hormonal
secretion, or histological appearance. Tumors less than 1
cm in diameter are considered microadenomas, and those
larger than 1 cm are considered macroadenomas. Alterna-
tively, pituitary adenomas can be classified as hormone
secretors or nonsecretors. Approximately 15% to 20% of
these tumors do not secrete hormones under current de-
tection techniques. Of those that do, the majority secrete
prolactin, followed by growth hormone (GH), adrenocorti-
cotropic hormone (ACTH), gonadotropins, and thyrotropic
hormone. Some tumors secrete multiple hormones and are
termed null tumors. Null tumors that contain a buildup of
mitochondria are termed oncocytomas, but this fact has
no clinical relevance. Histologically, cells can appear
acidophilic, basophilic, or chromophobic on routine stain-
ing techniques. By histological analysis, the tumor can be
difficult to differentiate from normal tissue or metastatic
disease. Immunohistochemical staining and evaluation by
a neuropathologist is essential.

EPIDEMIOLOGY AND RISK FACTORS. Aside from
craniopharyngiomas in childhood, pituitary adenomas are
the most common tumor in the region of the sella, compris-
ing approximately 6% of all CNS tumors. Although pitui-
tary adenomas are clinically evident more often in young
women, autopsy series suggest that they appear equally in
men and women. In a survey of clinically normal asymp-
tomatic men and women, a 10% incidence of focally
abnormal areas within the pituitary was found on MRI
scans with contrast agent.107

CLINICAL FEATURESANDASSOCIATEDDISORDERS.

Most pituitary adenomas can be detected while they
are relatively small because they are located in a clinically
sensitive area that controls hormonal function, just below
the hypothalamus, and in close proximity to the optic
chiasm (Table 46-5). If hormonal derangements do not
bring the patient to medical attention, the tumor may be
discovered during ophthalmological examination for a
visual disturbance. Early pressure on the optic chiasm
may result in a superior bitemporal quadrantanopia and
can lead to a full bitemporal hemianopia. Alternatively,
pressure symptoms such as headache may lead the patient
to seek medical advice. The headaches can be diffuse and
nonpulsatile and may be mistaken for daily headaches. As
the adenoma enlarges, the patient may note hypothalamic
dysfunction, basal forebrain abnormalities, anosmia, and
seizures.

Symptoms of pituitary dysregulation are common.
Prolactin-secreting tumors may lead to clinical presentation
in women because of menstrual irregularities (usually amen-
orrhea), galactorrhea, and an inability to conceive. Men
have a decrease in potency and libido. Abnormal prolactin
function may also result from other pituitary tumors due to
obstruction of the dopaminergic pathways between the
hypothalamus and the pituitary. GH-secreting pituitary ade-
nomas usually present at a younger age with evidence of ac-
romegaly. Gonadotropin-secreting tumors cause precocious
puberty, infertility, or impotence. ACTH alterations cause
the typical features of Cushing’s syndrome, including hyper-
tension, diabetes mellitus, fat deposition around the neck
and shoulders (buffalo hump), acne, myopathy, and purple
striae. Occasionally, patients present with psychiatric
disturbances such as psychosis, mood alterations, or sleep



TABLE 46-5

Clinical Features of Derangement of Pituitary Hormone Function

HORMONE CLINICAL FEATURES

Prolactin Excess Hypogonadism, galactorrhea, amenorrhea, infertility, sexual activity dysfunction, impotence
Growth hormone Deficiency Infertility, ? impotence

Excess Acromegaly—hypertension, diabetes mellitus, coarse facial features, increased height, gigantism,
nerve entrapment, visceromegaly, headaches, visual impairment, myopathy

Deficiency Growth failure, dwarfism
Thyroid-stimulating hormone Excess Weight loss, personality changes, psychosis, cardiac dysfunction, myopathy

Deficiency Cold intolerance, headache, constipation, paresthesias, infertility
Follicle-stimulating hormone,
luteinizing hormone

Excess Precocious puberty, amenorrhea, infertility
Deficiency Delayed puberty, impotence, amenorrhea

Adrenocorticotropic hormone Excess Cushing’s syndrome—easy bruising, amenorrhea, hirsutism, hypertension, diabetes mellitus, acne,
moon facies, truncal obesity, purple striae, psychiatric disturbance

Deficiency Nausea, malaise, weakness, hypotension

TABLE 46-6

Tests for Anterior Pituitary Function*

PITUITARY FUNCTION HORMONE LABORATORY TEST

Thyrotropin (TSH) Thyroxine TSH, free thyroxine
(free T4)

Gonadotropins
(LH/FSH)

Testosterone Male: testosterone
Estrogen Female{: estradiol,

progesteroneProgesterone
Corticotropin
(ACTH)

Cortisol Morning ACTH
Fasting AM cortisol
24-Hour urine free cortisol
Dexamethasone suppression
test

Somatotropin Somatomedin Morning growth hormone
Somatomedin-C

Lactotropin Prolactin Prolactin

*Test results may be altered by pharmacological agents.
{Tests should be performed and related to normal values for timing of menstrual cycle.
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disturbances, especially when the regulation of cortisol or
prolactin is altered.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of a pituitary adenoma includes other space-occupying
lesions in this area such as meningioma, metastatic tumors,
craniopharyngioma, glioma, or, rarely, pituitary carcinoma.
These alternatives can in most cases be resolved by surgi-
cal intervention performed with histological diagnosis.
Confusion about compression of the sella area due to hem-
orrhage, a carotid aneurysm, or an empty sella caused by
herniation of the meninges into the sella can often be
resolved by appropriate neuroradiological imaging. An
appropriate history will resolve questions about possible
trauma to the area from a skull base fracture, previous sur-
gery in an area near the sella, or a history of irradiation.
Autoimmune or infectious causes of problems, including
sarcoidosis, histiocytosis X, bacterial meningitis, tubercu-
losis, or abscess, are typically resolved by the presence of
other findings of these diseases. Lymphocytic hypophysitis
and Sheehan’s syndrome often occur in the peripartum.
Finally, one must always be vigilant to detect prescription
or recreational drugs that interfere with normal pituitary
function.

EVALUATION. X-ray examination of the skull is of lim-
ited use in the evaluation of the patient with a suspected
pituitary adenoma. CT scanning with bone windows is usu-
ally selected first, but this may miss a very small adenoma.
MRI with contrast enhancement defines the soft tissue
characteristics and is more sensitive to tumor identification
in patients with large tumors. Angiography may be necessary
to define the arterial supply for surgical planning and to
exclude the presence of aneurysm. Neuro-ophthalmological
evaluation for accurate mapping of visual disturbances is
important prior to surgery. Evaluation of pituitary function
is needed in all patients (Table 46-6). All patients require
evaluation for cortisol insufficiency, especially to guard
against cortisol insufficiency postoperatively.

MANAGEMENT. Prolactin-secreting tumors can be
managed with the use of dopamine agonists such as bromo-
criptine (0.5 to 2.5 mg/day). These drugs interfere with
the dopaminergic pathways between the hypothalamus
and the pituitary. Ketoconazole has been proposed to stop
the effects of ACTH hypersecretion. Use of somatostatin
for GH-secreting tumors is still under investigation. Surgery
remains the best way to produce a definitive diagnosis. The
typical surgical pathway is a trans-sphenoidal approach and is
usually curative. Use of radiotherapy (including stereotactic
radiation) remains effective for patients with evidence of
recurrence and for those who are not surgical candidates or
who have not benefited from postsurgical medical interven-
tion. After surgery, patients remain at risk for visual field
defects or pituitary insufficiency, including panhypopitui-
tarism requiring hormonal supplementation.

PROGNOSIS AND FUTURE PERSPECTIVES. Because
of the success of surgical intervention, these tumors have
a very favorable prognosis. Recurrence is usually confined
to patients in whom resection is incomplete. Further refine-
ments in the medical treatment for microadenomas may
allow nonsurgical treatment throughout life in some patients.

Craniopharyngioma
PATHOGENESIS AND PATHOPHYSIOLOGY. Cranio-

pharyngiomas are thought to be congenitally derived and
to arise from remnants of Rathke’s pouch. Embryonic
collections of epithelial cells remain after absorption of
the hypophyseal-pharyngeal duct, from which the infundib-
ulum/tuber cinereum is derived (Fig. 46-9). The squamous
cells are found to be metaplastic and may be present for a
significant period before transformation occurs. Alternative



Figure 46-9. MRI of a craniopharyngioma demonstrating a cystic contrast-
enhancing mass in the suprasellar area extending upward, compressing the
hypothalamus.
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proposals suggest that these tumors are derived from a
malformation of the embryonic cells that can linger in the
area and are not absorbed during fetal life for a significant
period of time, leading to abnormal growth. There are
two main histological types, one seen in children and the
other in adults, suggesting the possibility of two different
explanations for their origin.

These tumors range in size from very small round
nodules to large loculated cysts. Two main histological
types are found. In the majority of children, an adamanti-
nomatous form that appears to resemble tooth-forming ma-
terial is composed of interspersed fibrous and necrotic
tissue as well as many multiloculated cysts. Cholesterol
and an oily, thick cystic fluid may also be present, and this
fluid can spill from the sack into the subarachnoid space,
causing a chemical meningitis. These types of craniopha-
ryngiomas are more often found to have calcium deposits
that can be visualized on plain skull radiographs. In adults,
a squamous papillary form occurs; although it has no ada-
mantinomatous features, a less cystic stratified squamous
epithelium is found histologically. Keratin deposition may
also occur. In many cases, it may be difficult to differenti-
ate these two main forms, leading some to propose the
presence of a third mixed form.

EPIDEMIOLOGY AND RISK FACTORS. Craniopha-
ryngioma is an epithelial tumor arising from the region of
the sella and represents 3% of all primary intracranial
neoplasms. It is the most common childhood tumor involv-
ing the sella area. Although it is the third most common
tumor in childhood, approximately 50% of all cases occur
in adults. There are no known risk factors.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Because this tumor is located near the pituitary, the result-
ing syndromes resemble those characteristics of pituitary
adenomas. Symptoms can arise slowly over many months.
The most common presenting complaints are compression
of the chiasm, causing visual disturbances in the form of
bitemporal visual field loss or obstruction of the CSF path-
ways, yielding papilledema, headache, or nausea and
vomiting. Involvement of the hypothalamus or pituitary
may lead to endocrinological disorders. With enlargement,
pressure on the third ventricle in children can lead to
a failure to attain developmental milestones or, in adults,
a dementing process. In 90% of cases, endocrinological
abnormalities are present, usually involving the anterior
pituitary, yet most patients do not seek initial evaluation
for problems related to endocrinological dysfunction. Not-
withstanding, almost half of affected children are of short
stature, and one fourth are obese at presentation. The pri-
mary endocrinological disturbance found is related to GH
production; next in frequency are disturbances in luteinizing
hormone/follicle-stimulating hormone, ACTH, and thyroid-
stimulating hormone. In contrast to pituitary adenomas,
abnormalities of prolactin are seen in only approximately
one fifth of cases.

DIFFERENTIAL DIAGNOSIS. Craniopharyngiomas usu-
ally have a characteristic radiographic appearance that
generally excludes other pathological processes. The dif-
ferential diagnosis of these tumors includes pituitary ade-
nomas, which have no calcifications, and separation of
these two possibilities without surgery may be difficult in
adults. Rathke’s pouch cysts are usually single cysts and
lack a solid component. Meningiomas often possess a “dural
tag,” and a cleavage plane can be visualized on imaging
studies. In adults, metastatic tumors such as melanoma
should also be considered.

EVALUATION. Neuroradiographic studies should be
designed to aid in surgical planning. Plain skull radio-
graphs may show enlargement of the sella or calcium
deposits, thereby giving a hint of potential diagnoses, espe-
cially in children. CT scans with and without contrast agent
and paying attention to the sella in the coronal section may
show bony alterations, whereas MRI with and without gad-
olinium can define the soft tissue extension of the tumor
and the presence of cysts. Craniopharyngiomas tend to
extend downward into the sella, whereas pituitary adenomas
extend upward from the sella. Occasionally, angiography is
required to define lateral displacement that can interfere
with arterial blood supply, especially the internal carotid
artery. Full endocrinological evaluation is mandatory
before and after surgery (see Table 46-6).

MANAGEMENT. Surgical resection remains the main-
stay of treatment to establish diagnosis and to relieve
pressure from the surrounding structures.108 Patients need
corticosteroids at the time of surgery regardless of their
preoperative status. All patients require assessment of fluid
and electrolyte balance, which should be monitored closely
in the operative period. Derangements in water and electro-
lyte balance caused by diabetes insipidus, the syndrome of
inappropriate antidiuretic hormone secretion, or cerebral
salt wasting109 are common in the postoperative period.
Following total removal of the tumor, further treatment is
usually not required. With subtotal removal, patients can
be evaluated with serial neuroradiological imaging, and
reoperation at regrowth of the tumor can be considered.
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Alternatively, depending on the amount of residual tumor,
radiotherapy is also an option. There is increasing contro-
versy about the role of stereotactic radiation or gamma
knife as the sole treatment modality. Follow-up periods
for patients treated with radiosurgery have been relatively
short, and further research in this area is required. Instilla-
tion of radioactive phosphorus may be considered in some
patients with cystic lesions.110 Endocrinological evaluation
and postoperative treatment are similar to the regimen fol-
lowed for patients with pituitary adenomas. Children require
close observation with careful monitoring of neurocognitive
and hormonal status and are at risk of obesity.111

PROGNOSIS AND FUTURE PERSPECTIVES. Even
when these tumors are detected before any neurological
deficits become apparent, the prognosis remains guarded.
Recurrence approaches 30% within 5 years and is higher
in children and in those who have undergone incomplete
resection. Recurrence is usually observed within 1 year
of surgery. A significant number of patients continue to
require hormonal supplementation. Further work is needed
to determine ways to identify more aggressive tumors for
which the use of radiotherapy and chemotherapy at initial
tumor diagnosis may prevent recurrence.
MENINGIOMAS

PATHOGENESIS AND PATHOPHYSIOLOGY. Many
classification schemes are used for meningiomas, usually
based on the histological appearance (Table 46-7). Menin-
giomas have a firm off-white appearance, and because they
are extra-axial, they are usually well demarcated from the
surrounding brain. Microscopically, they display a charac-
teristic whorled pattern with calcifications (psammoma
bodies). Discussion abounds about the classifications and
subtypes and the histological characteristics of these
tumors and their clinical course. For example, proposed
papillary and clear cell forms appear to be found more
commonly in younger people and children and seem to
behave more aggressively. Various cell-labeling tests, such
as MIB-1 or p53, and analysis of estrogen and progesterone
receptor concentrations have been proposed to predict
biological growth.112 However, the pathological features
of brain invasion and mitotic activity are the most impor-
tant pathological determinants of aggressive behavior.
Hemangiopericytomas are highly vascular tumors that are
seen equally often in usually younger men and women.
TABLE 46-7

Classifications of Meningiomas

HISTOLOGICAL
LABEL FEATURES

Fibroblastic Narrow, long cells in sheets; less commonly, whorls,
psammoma bodies

Syncytial Meningothelial cells, whorls, psammoma bodies
Transitional Features of both syncytial and fibroblastic
Angioblastic Intertwined, complex, thickened blood vessels,

reticulin background, seldom contain whorls,
psammoma bodies
Histologically similar tumors can be found in non-CNS
regions. They are more prone to malignant behavior.

EPIDEMIOLOGY AND RISK FACTORS. Meningiomas
are extra-axial tumors that arise from dural elements within
the cranial and spinal spaces. Although considered benign,
they can enlarge and cause compression of neural elements
and can behave aggressively, invading the bone or brain
and threatening life. They comprise approximately 15% of
all intracranial tumors and increase in incidence with age.
Meningiomas have estrogen and progesterone receptors,
possibly explaining why they occur in women almost one-
third more often than in men. Because of these receptors,
meningiomas show increased growth during pregnancy.
Furthermore, meningiomas in the spine are almost always
found in women. However, in blacks, men are more often
affected. Several risk factors have been proposed for their
occurrence, including trauma, infections, electrical expo-
sure, and exposure to radiotherapy. Meningiomas are com-
mon in patients with NFII, in whom multiple tumors are
commonly found.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Meningiomas can arise in virtually any extra-axial loca-
tion in the CNS, although certain locations predominate
(Table 46-8). Patients can present with epilepsy or subtle
symptoms such as progressive headache, memory loss, or
cognitive changes, which occur over an extended period
of time. Slow progressive dementia and chronic depression
in an older patient are also common presentations. Loca-
tion of the tumor along the motor strip may present, possi-
bly suddenly, with hemiparesis (Video 4, Pronator Drift).
Sagittal tumors along the falx may cause the development
of bilateral leg weakness. Sphenoid area tumors may cause
ophthalmological or cavernous sinus symptoms, and olfac-
tory groove meningiomas may lead to anosmia. Because
these tumors grow slowly, they may be identified inciden-
tally in asymptomatic patients. Although hydrocephalus
is extremely rare, children are more likely to present with
symptoms of this entity.

DIFFERENTIAL DIAGNOSIS. Meningiomas are often
“diagnosed” from neuroradiological scans. The typical fea-
tures and location do offer a reasonable amount of certainty
in this diagnosis, yet clinicians must always be vigilant for
unexpected possibilities. The ability to characterize these
tumors radiographically still does not allow differentiation
of a benign from a malignant meningioma. Malignant forms
are more commonly seen in men, and unexpected metastatic
TABLE 46-8

Locations and Presentations of Meningiomas

LOCATION PRESENTING MANIFESTATION

Parasagittal Urinary incontinence, dementia, gradual paraparesis,
seizures

Lateral
convexity

Variable depending on structures compressed,
including slow hemiparesis, speech abnormalities

Olfactory
groove

Anosmia, visual disturbance, dementia, Foster-
Kennedy syndrome

Suprasellar Hormonal failure, bitemporal hemianopia, optic
atrophy

Sphenoid
ridge

Extraocular nerve paresis, exostoses, proptosis,
seizures



Figure 46-10. MRI of a posterior fossa meningioma demonstrating an extra-
axial, homogeneously contrast-enhancing mass arising from the tentorium
and compressing the cerebellar hemisphere.
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deposits may be discovered. Suprasellar lesions may be
confused with pituitary adenoma or craniopharyngioma.
Extremely vascular lesions may be hemangiopericytomas.

EVALUATION. MRI with gadolinium remains the diag-
nostic method of choice. Contrast agents demonstrate sig-
nificant homogeneous enhancement (Fig. 46-10) and may
highlight a dural “tail.” CT may complement MRI findings
and should include bone windows to show evidence of
hyperostosis, calcifications within the tumor, and bone
invasion. MRI angiography or routine angiography may
reveal a tumor blush and can help with presurgical planning.
In elderly patients, preoperative and postoperative neuro-
psychological testing can be performed to evaluate patient
response to and recovery from surgical resection.

MANAGEMENT. Meningiomas can be cured surgically.
The location and size of the tumor and its involvement
with close vital structures partially determine the extent
of resection that is feasible. For example, sphenoid ridge
meningiomas are rarely fully removed. The main decision
is whether surgery is required. In patients in whom the
tumor is an incidental finding or who are poor surgical
risks, observation with serial scanning may be appropri-
ate.113 In those with large meningiomas, angiography and
embolization are frequently used to aid in surgical removal.
Extremely vascular lesions may be hemangiopericytomas.
Following surgery, whether complete or near-complete,
patients should be observed with serial MRI or CT scans
for evidence of regrowth. Recurrence is related to extent
of resection and location because the site of resection
may preclude complete removal. Radiotherapy can be
given for relapse following a second surgery or for
anaplastic meningiomas.114 Stereotactic radiotherapy and
brachytherapy are under evaluation, with early results
promising, although observation times have been short.
Patients must be watched closely for evidence of cognitive
decline from these intensive radiation doses. Chemotherapy
with cytotoxic agents has met with limited success. Because
meningiomas do possess estrogen and progesterone recep-
tors, endocrine manipulation of the tumor residua with
hormonal or biological agents such as tamoxifen or b-
interferon is under study and remains investigational. Study
of RU-486 has shown no benefit.

PROGNOSIS AND FUTURE PERSPECTIVES. As the
population continues to age, the frequency of meningiomas
will only increase. Techniques for neurosurgical removal
in the elderly must be further refined.115 Histological varia-
tions and groups must be standardized to allow more
timely and thorough evaluation of therapeutic treatments
designed for a homogeneous population of tumors. Because
meningiomas are amenable to resection but can remain to
invade and disrupt vital neurological structures, future work
must include detailed studies of their nonsurgical manage-
ment, in relation to both timing and type of therapy. Attempts
to predict biological behavior through histological and cell
kinetic studies can help in management by identifying which
patients are at increased risk of tumor regrowth and which
have the potential to respond to medical management.
CONGENITAL TUMORS

Dermoid, Epidermoid, and Teratoma
These rare embryonic remnant tumors may present any-
where in the CNS but most commonly occur in the poste-
rior fossa and the cauda equina. They are congenital
tumors and may be seen at any age; however, they are
more likely to occur in children or young adults of either
sex. They are slow growing and present with symptomatol-
ogy specific for compressive syndromes at their location
within the CNS. These symptoms can be insidious, and
blockage of CSF flow occurs rarely. Seizures or headaches
are not common. Skin lesions are commonly associated
with these tumors, and any infant with a dermal sinus tract
should undergo neuroradiological evaluation to exclude
these growths. Communication with a dermal tract may
lead to recurrent meningitis, and any patient with repeated
meningitis, whether associated with a bacterial cause or
not, should undergo evaluation for an unnoticed dermal
sinus. Prenatal diagnosis with ultrasound and resection
soon after birth are now possible.116

Epidermoid tumors, or cholesteatomas, are composed of
ectodermal remnants and present as cystic structures in lat-
eral positions within the CNS, especially around the brain
stem or thoracic cord. Neuroradiological imaging usually
demonstrates a hyperdense structure with poor enhance-
ment characteristics. MRI scans demonstrate low but vari-
able signals on T1-weighted images and high but variable
signals on T2-weighted images. CT scans may demonstrate
bone destruction and calcium within the lesion. These
tumors have a thick ring that may be calcified and can
appear “pearl-like.” Epidermoids can interdigitate around
vital neuronal structures, complicating surgical removal.
Care should be taken during removal to prevent spilling
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the contents to avoid a chemical meningitis. Complete
surgical removal is curative.

Dermoid tumors, composed of ectoderm and mesoderm,
are more likely to be found in the midline, especially in the
lumbar area and in the brain stem. Neuroradiological imaging
usually shows an appearance similar to that of epidermoids
with poor enhancement characteristics. These tumors are
round multilobulated lesions containing fluid that also leads
to a risk of chemical meningitis if the cysts are ruptured.
Dermoids should be considered whenever lumbar puncture
yields fat in the CSF.117 Surgical removal is usually curative.

Teratomas are composed of ectoderm, mesoderm, and
endoderm and are most often seen in infants and children,
especially in the pineal region or the spinal canal. Because
these tumors are composed of cells of all embryonic layers,
they can generate hair, teeth, or other elements. Surgical
removal, often not complete, is curative. Observation and
an attempt at more complete re-resection may be feasible.

Pineal and Germ Cell Tumors
Pineal region tumors account for approximately 1% of all
brain tumors. They can be extremely difficult to diagnose
and treat because of their location. Tissue confirmation is
important because of the varied histologies found in this
region as well as the implications of these differences in
influencing treatment options. Occasionally, small samples
of benign lesions may be confused with more malignant
processes.

Patients with pineal region tumors often present with
symptoms of hydrocephalus caused by compression of the
cerebral aqueduct that result in elevated intracranial pres-
sure (Table 46-9). Patients may present acutely with nausea,
vomiting, lethargy, headaches, or changes in sensorium and
mentation. Enlargement and infiltration of the nearby struc-
tures, including the midbrain, may lead to a kinetic mutism.
Further expansion to involve the superior colliculus can lead
to Parinaud’s syndrome, characterized by paralysis of up-
TABLE 46-9

Presentation and Evaluation of Pineal Region Lesions

TYPE CLINICAL PRESENTATION

Germ cell tumor Headache, Parinaud’s syndrome, endocrine
dysfunction, nausea, vomiting, diabetes
insipidus

Pineoblastoma Headache, Parinaud’s syndrome, endocrine
dysfunction, nausea, vomiting

Glial neoplasms
(astrocytomas,
ependymomas, etc.)

Slowly progressive, headache, nausea,
vomiting

Meningioma Slowly progressive, headache, late nausea,
vomiting

Lymphoma Headache, Parinaud’s syndrome, endocrine
dysfunction, nausea, vomiting, diabetes
insipidus

Metastatic tumors Often history of cancer

Pineal cysts Slowly progressive, headache, late nausea,
vomiting, or incidental finding

Vein of Galen Most commonly male, high cardiac output,
cranial bruit, enlarging head

CSF, cerebrospinal fluid; CT, computed tomography; hCG, human chorionic gonadotrop
gaze, near-light dissociation, and convergence-retraction
nystagmus. Further compression may result in paralysis of
downgaze. In patients with germ cell tumors, precocious
puberty, especially in boys, may be observed.

The primary differentiation of lesions in this location
can be separated into tumors and cysts or, in infants, a vein
of Galen aneurysm. Tumors can be divided into germ cell
tumors (germinomas, teratomas, or choriocarcinomas), in-
trinsic pineal tumors (pinealcytomas or pinealblastomas),
metastatic lesions, or other tumors including ependymo-
mas, astrocytomas, or meningiomas. Patients should un-
dergo MRI with gadolinium or, if this is unavailable, CT
with a suitable contrast agent. This will help to localize
the tumor and define the involvement of local structures.
Occasionally, angiography is required for surgical planning
or to exclude an aneurysm of the vein of Galen.

MRI can help in differentiating possible pathological
causes. For example, teratomas usually contain fat and
calcium, whereas meningiomas may reveal a dural tag. All
patients should undergo CSF analysis, including cytological
examination when feasible. a-Fetoprotein and b-human
chorionic gonadotropin (hCG) measurements in the CSF
should be compared with serum levels. Any clinical evi-
dence of pituitary dysfunction should prompt thorough
endocrinological studies.

Pineal region tumors require histological confirmation.
Total resection is curative for benign lesions, whereas
maximum resection may improve the overall survival of
patients with malignant lesions. Hydrocephalus requiring
shunting is common. Pineal or germ cell tumors require post-
operative MRI for evaluation of seeding of the cerebrospinal
pathway. Patients with germ cell tumors should undergo
CSF evaluation when feasible. Testing should include a com-
parison of serum with CSF b-hCG and a-fetoprotein, which
can be used as markers for disease. Radiotherapy can be
curative for localized lesions. Patients with evidence of
cerebrospinal dissemination require craniospinal radiation.
Because these tumors are so radiation sensitive, the use of
EVALUATION TREATMENT

MRI with gadolinium, hormone
evaluation; when feasible, CSF
evaluation including b-hCG

Biopsy radiotherapy

MRI with gadolinium Resection radiotherapy

MRI with gadolinium Resection, chemotherapy,
radiotherapy

MRI with gadolinium Resection, radiotherapy
with incomplete resection

MRI of craniospinal contents: when
feasible, CSF evaluation including
b2-microglobulin

Biopsy, chemotherapy, (?)
radiotherapy

MRI with gadolinium, evaluation for
other metastatic deposits

Resection, radiotherapy, (?)
chemotherapy

MRI with gadolinium Observation, reduction

CT with contrast Surgery, (?) embolization

in; MRI, magnetic resonance imaging.
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chemotherapy with cisplatin and etoposide has often been
reserved for patients with recurrent disease or those with
more malignant tumors such as yoke-sac tumors or malig-
nant choriocarcinoma. Although systemic germ cell tumors
are very sensitive to chemotherapy, CNS germ cell tumors
appear to be less responsive. Use of chemotherapy before
or after primary treatment with radiotherapy remains to be
fully explored. Use of thiotepa with stem cell rescue was
shown to be of some benefit in patients with germinoma.118

Relapse most commonly occurs locally or with CSF dissem-
ination. Overall, survival approaches 75% at 5 years, and
survival of patients with germinomatous germ cell tumors
is more than 90%.
OTHER TUMORS

Hemangioblastoma
Hemangioblastoma, a benign vascular tumor, is seen
primarily in middle-aged adults but often presents at a
younger age in patients with von Hippel-Lindau disease.
These tumors are primarily located in the posterior fossa,
although they can occur anywhere within the neuroaxis.
They are usually cystic and are sometimes classified as a
variant of meningiomas (angioblastic variant). Histologi-
cally, they are characterized by distinctive vascular channels
with fat-laden cells. Occasionally, they can be mistaken for
xanthochromic astrocytomas.119

The clinical presentation is similar to that of other pos-
terior fossa lesions. The neuroradiological appearance is
that of a well-demarcated, cystic lesion with a distinctly
enhanced tumor nodule on administration of contrast mate-
rial. Identification should prompt a search for other lesions,
including lesions of the cervical spine, especially in those
with von Hippel-Lindau disease; retinal examination and
evaluation for intra-abdominal neoplasms such as renal cell
carcinoma or pheochromocytoma should also be done.
Angiography is performed to help in the search for radio-
graphically silent lesions and to aid in preoperative planning.
Surgery is usually curative, although the use of stereotactic
radiation is being explored. Because these tumors are known
to express an erythropoietin-like factor, the accompanying
erythrocytosis may be a marker for the extent of resection
or for occult lesions in patients with known hemangio-
blastoma or von Hippel-Lindau disease.
Chordoma
Chordomas are often considered “benign” tumors that are
amenable to surgical resection alone. However, they can
be invasive and can metastasize, and without complete
resection, they can produce local regrowth. They are consid-
ered embryonal tumors and are remnants of the notochord.
The primary histological feature is the presence of large
mucin-containing physaliferous cells. Areas of hemorrhage
and calcification may also be seen. Chordomas may degener-
ate to a more malignant histological appearance, the chondro-
sarcoma. Chordomas originate in essentially two locations,
the clivus or sphenoid region and the sacrococcygeal region,
although they can arise in other areas as well, including in-
filtration into the facial structures. They are relatively rare
and account for less than 1% of primary CNS tumors. They
usually occur at midlife and predominate in men. Men who
have smaller non-necrotic tumors seem to have a better
overall outcome.120

Clinical presentations of patients with clivus or cervical
region tumors include headache, oculomotor nerve ab-
normalities, or other cranial nerve dysfunction, especially
in the lower motor nerves. Tumors in the sacrococcygeal
region present with symptoms similar to those typical of
cauda equina or conus medullaris disruption. Radiological
evaluation should include both CT to examine bone abnor-
malities and MRI to evaluate soft tissue destruction. These
tumors are extra-axial, and displacement of brain stem or oth-
er structures may be seen. Nerves exiting from the nervous
system may become entrapped in the tumor. Chordomas
can be confused with craniopharyngiomas, meningiomas,
metastatic carcinoma, or possibly adenoma. They show vari-
able enhancement with contrast dye. Angiography may be
necessary to define the arterial structures prior to surgery.
The differential diagnosis for these tumors includes the ma-
lignant variant, chondrosarcoma, and other lesions known to
occur in this region such as meningiomas or schwannomas,
metastatic tumors such as carcinomas, or, remotely, cranio-
pharyngiomas.

Definitive surgery for diagnosis and maximum tumor
removal is imperative. Patients should be referred to large
centers staffed by neurosurgeons who are adept at skull-
base surgery. Tumors usually exhibit regrowth at the site
of the previous resection. Radiotherapy, including directed
stereotactic radiotherapy, is improving overall survival;
however, radiotherapy should be reserved for patients
who show evidence of tumor after surgery.

In a study of 60 patientswith chordomaor chondrosarcoma,
overall regrowth-free survival at 5 years was found in 84%
of patients with near-total resection and in 64% of patients
with partial resection.121 Extent of surgical resection was
the greatest predictor of overall survival. Importantly, extent
of surgical resection did lead to some decrease in patient
performance postoperatively, but with rehabilitation, most
patients regained their level of preoperative performance in
approximately 6 months.

Glomus Jugulare (Carotid Body) Tumors
Glomus jugulare tumors arise from the paraganglionic tissue
surrounding the jugular vein in the area of the middle ear.
These tumors most often present late in life, in the sixth or
seventh decade, and may have a genetic predisposition. They
are locally invasive and highly vascular. Although presenting
symptoms include complaints similar to those typical of
acoustic neuromas, with tinnitus or hearing loss, the key dif-
ferentiating features of these tumors are pain and the presence
of loud pulsations in the ear. Occasionally, blood may drain
from the ear. On examination, the patient may have tumor
visible in the ear canal and, with larger lesions, evidence
of cranial nerve or cerebellar dysfunction. The differential
diagnosis includes neuromas, cholesteatomas, meningiomas,
vascular malformations, or metastatic disease.

MRI with gadolinium enhancement demonstrates a bright-
ly enhancing lesion and defines the spread and involvement of
the local structures. Angiography is important to define
the presence of vascular involvement before any attempts
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are made to remove the tumor surgically. Often, preoperative
embolization of the involved vascular territories and intrao-
perative electrophysiological monitoring will help in surgical
removal, which can be curative. Radiotherapy, including the
use of stereotactic radiation or gamma knife, is an option for
patients who are poor risks for surgery or who have residual
disease that appears to be growing on serial MRI examina-
tions. Prognosis is excellent.

Colloid Cysts
Colloid cysts are benign tumors that are amenable to cura-
tive neurosurgical resection. They must be diagnosed
promptly before symptoms develop that can lead to acute
conditions and sudden death. They are rare tumors but,
with the advent of neuroradiological imaging, can be iden-
tified incidentally when imaging is performed for other
reasons. They typically present in midlife, although pediat-
ric diagnoses are known. They are located most frequently
in the third ventricle and can cause variable symptoms due
to intermittent obstruction of CSF pathways.

Patients may have weakness in the legs not associated
with loss of consciousness, headache that is progressive,
or paradoxical lightning headache that is relieved by posi-
tional changes of the head. Papilledema may be present
on examination. Occasionally, patients with colloid cysts
present with symptoms consistent with normal pressure hy-
drocephalus (Video 54, Normal Pressure Hydrocephalus).
Imaging with noncontrast CT demonstrates ventricular
obstruction and dilatation with a hyperdense mass in the
third ventricle. Coronal MRI usually demonstrates the mass
in the anterior third ventricle. These tumors can be con-
fused with basilar aneurysms or choroid plexus papilloma,
although these lesions are not as hyperdense on noncontrast
neuroradiological studies. Management includes immediate
attention to hydrocephalus, often with ventricular drainage.
Early surgical intervention is recommended to prevent neu-
rological deterioration.122

Choroid Plexus Papilloma
Choroid plexus papillomas are extremely rare vascular
tumors that are often located in the ventricular areas of
infants and children of both sexes. Although the lateral
ventricles are the most common location, these tumors
can present in the third or fourth ventricles, especially in
adults. Although some believe the childhood predilection
suggests that these tumors are congenitally derived, no risk
factors are known.

Patients commonly present with symptoms of increased
intracranial pressure. In infants and small children, these
manifestations can include changes in behavior and decreased
feeding. Seizures are not uncommon, and hemorrhages
are known to occur. The main differential factor is that
of malignant degeneration to a choroid carcinoma or an
ependymoma. Choroid plexus carcinomas aremore common
in children, whereas in adults the differentiation of a choroid
plexus carcinoma from a metastatic carcinoma may be
difficult.123 Occasionally, these tumors can be confused
with colloid cysts, although the latter lesions have much
different imaging characteristics, as discussed previously in
the chapter.
Evaluation usually begins with CT or MRI. CT scan
reveals hydrocephalus with a brightly enhancing rounded
mass located within or near the ventricular system. MRI
usually establishes the intraventricular location and may
identify leptomeningeal seeding of malignant forms. Calci-
fications may be present. These tumors can be extremely
vascular, necessitating angiography prior to surgery.

Shunting may be required prior to surgery to allow time
for thorough surgical preparation. Because papillomas are
usually well-demarcated lobules that shell out easily, these
tumors can be cured with surgical resection. Those that are
more adherent suggest a more malignant type. Choroid
plexus papillomas require no further treatment beyond se-
rial neuroradiographical studies to survey for early asymp-
tomatic regrowth. A single institution study suggested that
only half of those patients with subtotal resection require
reoperation.124 In patients with choroid plexus carcinomas,
further treatment is important. Patients require evaluation
of the neuroaxis of any evidence of seeding by craniospinal
MRI and CSF evaluation. Because radiotherapy is not
favored in young children, chemotherapy is the mainstay
of treatment for choroid plexus carcinomas that are not
completely resected, those that show evidence of regrowth,
and those that have malignant potential. No large series ex-
ist in regard to the choice of optimal chemotherapeutic
agents, although carboplatin and etoposide are commonly
used. Some advocate presurgical chemotherapy in patients
who require reoperation.
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CHAPTER 47
Metastatic Neoplasms and Paraneoplastic
Syndromes
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METASTATIC NEOPLASMS

Intraparenchymal Metastases

Skull-Base Metastases

Spinal Metastases

PARANEOPLASTIC SYNDROMES
Meningeal and Ventricular Metastases Peripheral Nerve Metastases
Neurological complications occur in as many as 40% of
patients with systemic cancer as a direct result of the underly-
ing malignancy, paraneoplastic conditions, or complications
of therapy. These conditions are feared and devastating,
with significant morbidity. An estimated 170,000 patients an-
nually experience brain or spinal cord difficulties from either
direct or remote effects of a systemic neoplasm. One fifth
of the yearly cost of cancer in the United States is relegated
to therapy for patients with systemic malignancies metastatic
to the nervous system or those with primary tumors com-
mencing in the brain. From the first symptoms, patients
experience an uninterrupted cycle of repetitive hospitaliza-
tions; neurologicalmorbidity; complicated surgical, radiation,
or medical therapies; and extended periods of rehabilitation
care. Both the prevalence and the associated costs of these dis-
orders will invariably rise as cancer patients live longer and
have the benefit of sophisticated blood and imaging diagnos-
tic procedures. The neurological complications of cancer are
outlined in Table 47-1 This chapter provides both the primary
caregiver and the neurological specialist with the bases for the
recognition of these disorders and focuses on neurological
issues in day-to-day management as well as those problems
best handled at specialized neuro-oncological centers.

METASTATIC NEOPLASMS

Intraparenchymal Metastases
PATHOGENESIS AND PATHOPHYSIOLOGY. A major

determinant of distribution of metastases is blood flow with
respect to both end organ selection and affected compart-
ment within the end organ.1 However, receptor-mediated
interaction between cancer cells and end organ is required
before a metastasis can grow—a mechanism proposed by
Paget more than 100 years ago (“seed and soil hypothe-
sis”).2 Tumors of the pelvis and mediastinum can spread
through the valveless venous paravertebral low-flow sys-
tem, known as Batson’s plexus. Rarely, metastases develop
in another tumor, such as breast cancer metastasizing to
meningioma or to a vascular malformation.3

To establish a metastasis in brain, cancers enter a cas-
cade of events. First, tumor cells dislodge from the primary
tumor, invade the extracellular matrix using proteolytic
enzymes (metalloproteinases and cathepsins), and enter
draining blood vessels. Following intravasation, they embo-
lize to the first capillary bed where, depending on cancer
type, they recognize surface molecules on endothelial cells
in certain end organs.4 The tumor cells extravasate and grow
within the parenchyma stimulated by trophic factors. These
factors are produced by the tumor cells as well as by the
target organs.5 As the cells circulate and grow, they survive
by avoiding the killing effects of macrophages, natural killer
cells, and cells of the reticuloendothelial system. Within the
end organ, a metastasis cannot grow larger than 1 or 2 mm
unless it develops its own vascular supply.6 Once grown to
a critical mass, the metastatic cancer cells again enter the cir-
culation. Hematogenous metastasis to the central nervous
system (CNS) requires passage of cancer cells to the arterial
circulation in the lung. Cancer cells arrest in the CNS at the
gray-white junction in the same location as cardiogenic or
atherosclerotic emboli.7 Gene expression profiling of brain
metastases has identified candidate genes of possible impor-
tance for brain seeding.8 Cancer cells may enter a stage of
“dormancy” for months to years after seeding to an end
organ.9 This is especially common in melanoma and breast
cancer and gives rise to tumor relapse years to decades after
presumed “cure.”

EPIDEMIOLOGY AND RISK FACTORS. The exact inci-
dence of cerebral parenchymal metastases remains unknown
and population-based data are largely unavailable. It is esti-
mated that metastases are between twice and 10 times more
common than primary brain tumors. Clinical series underes-
timate the incidence of brain metastases due to incomplete
ascertainment, whereas a frequency of up to 15% reported
in autopsy series is likely an overestimation.10 In a Dutch
population-based study, the frequency of brain metastases
in patients with five common cancers was 8.5% over a
5-year period (Fig. 47-1).11 Brain metastases may become
more frequent with increasing survival of cancer patients
as a result of more effective systemic therapies insufficiently
penetrating into the CNS.12 Virtually all systemic cancers
have the capacity to disseminate to the brain or spinal cord.
In adults, lung and breast cancer are the most common
causes of cerebral metastases, although melanoma has the
highest disease-specific incidence.11 Hematological malig-
nancies such as non-Hodgkin lymphoma (NHL) or the acute
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Figure 47-1. Primary tumors in patients with intracranial metastases: dis-
tribution versus frequency. Tumor type: 1, lung; 2, breast; 3, melanoma;
4, urogenital tract; 5, prostate.

TABLE 47-1

Classification of Neurological Complications of Cancer

I. Metastasis of Cancer to the Nervous System (Direct/Metastatic)
A. Intracranial (intraparenchymal and dural)
B. Leptomeningeal and ventricular
C. Bony (calvarium and skull base)
D. Spinal (vertebral, epidural, and intramedullary)
E. Nerves (cranial nerves, peripheral nerves, nerve plexus, or

nerve roots)
II. Nonmetastatic Neurological Complications of Cancer

A. Vascular disorders
1. Cerebral hemorrhage in cancer patients
2. Intracerebral hematoma (intratumoral, coagulopathy,

hypertension)
3. Subdural hematoma
4. Subarachnoid hemorrhage
5. Cerebral infarction
6. Atherosclerosis
7. Intravascular coagulation
8. Nonbacterial thrombotic endocarditis
9. Septic occlusion

10. Tumor embolus
11. Venous occlusion

B. Infections
1. Bacteria (Listeria, Nocardia)
2. Fungi (Cryptococcus, Coccidioides, Histoplasma)
3. Parasites (Toxoplasma, Strongyloides)
4. Viruses (varicella zoster, papovavirus, cytomegalovirus,

herpes simplex)
C. Metabolic and nutritional encephalopathy

1. Drugs
2. Sepsis
3. Oxygen deprivation (hypoxia, ischemia)
4. Hypercapnia
5. Fluid and electrolyte imbalance
6. Hepatic failure
7. Vitamin deficiencies
8. Endocrine disorders

D. Side effects of chemotherapy, radiation therapy, surgery, or
other diagnostic procedures

E. Paraneoplastic syndromes

Data from Posner JB: Neurologic Complications of Cancer. Philadelphia, Davis, 1995.
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leukemias tend to seed the leptomeninges but are rare causes
of parenchymal metastases. In the pediatric population, osteo-
genic sarcoma, rhabdomyosarcoma, and testicular germ
cell tumors are the most frequent solid brain metastases.
With the exception of lung cancer, metastases tend to occur
late in the course of a systemic malignancy. Up to 10% of
patients with non-small cell lung cancer are found to have
brain metastases at initial staging,13 a number that is sur-
passed by patients with small cell lung cancer (15%).14 In
contrast, the average interval between the diagnosis of breast
cancer and the development of brain metastasis is 3 years.
Delay reflects the speed of tumor growth and the time re-
quired to pass through intermediate organs such as the lung.
The pulmonary circulation accounts for the usual passage of
tumor cells to the cranial vault.

Two thirds of intracranialmetastases are to the parenchyma
of the brain. The remaining one third involve leptome-
ninges, subdural or extradural spaces. Brain involvement is
in proportion to both tissue volume and blood flow. The
cerebral hemispheres receive the majority of blood flow
and are the site of nearly 75% of metastases, whereas the
smaller and less vascular cerebellum, thalamus, and brain
stem account for 15%, 5%, and 3%, respectively.7 Highly
vascularized areas, including the leptomeninges, ventricles,
and pituitary gland, receive a disproportionately large num-
ber of cancers. Hemispheric metastases lodge in regions
where arterioles rapidly diminish in size to small capillaries,
which occurs at the junction of cortical gray and white
matter.7 Tumors of the pelvis or retroperitoneal space have
proclivity for the posterior fossa.

CLINICAL FEATURES. Signs and symptoms of increased
intracranial pressure (headache, nausea, and vomiting), sei-
zures, and focal neurological symptoms typically herald
the diagnosis of cerebral metastases (Table 47-2). Symptoms
are often caused by excessive vasogenic edema surrounding
a comparatively small metastasis and thus readily respond
to corticosteroids. Headache, the presenting complaint in
one half of patients, is mild, not particularly disabling, and
seldom migrainous. When visual or auditory features sug-
gest migraine, these symptoms should raise concern for sei-
zure activity (Video 74, Secondary Generalized Seizure).
Headache may be worse in the morning as a result of
increased edema from carbon dioxide retention and venous
pooling within the tumor during sleep. Headache is omi-
nous when associated with emesis, hiccups, yawning, tran-
sient visual loss, or altered awareness. Seizures are the
presenting complaint in up to one third of patients. Seizure
frequency among cancer patients, however, is not suffi-
ciently high to support the use of prophylactic anticonvul-
sants. Careful examination discloses weakness in two
thirds of patients, but less than half complain of focal weak-
ness (Video 4, Pronator Drift). Similarly, although only one
third of patients note behavioral or mental status changes,
when careful mental status testing is done, impaired cog-
nitive function is apparent in three fourths of patients.15

The apathy, inattention, and abulia that accompany frontal
lobe lesions are commonly attributed to exogenous depres-
sion. Psychotic thought disorders, unusually querulous and
“viscous” personality changes, food intolerance, or halluci-
nations of smell and tingling may accompany lesions of the
temporal lobe. Right parietal lobe lesions alter the ability to
attend to one side of space and may produce apraxia of
dressing (Video 40, Apraxia). Multiple metastases, often
of breast or lung origin, can produce a confusional state.
Cerebellar metastases, likely the most symptom-inducing
lesions of all intracranial tumors, are heralded by imbal-
ance, headache, or signs of spinal fluid flow obstruction
(Video 214, Stance Ataxia).16

Hemorrhage within a metastatic brain tumor occurs in one
tenth of patients and gives rise to acute symptoms. Metas-
tases of choriocarcinoma, melanoma, papillary thyroid, and
renal cell carcinomas are most prone to bleeding, although
bronchogenic carcinoma, due to its overall incidence,



TABLE 47-2

Presenting Symptoms and Signs of Brain Metastasis

SYMPTOM COMMON SIGNS

Headache Focal weakness or
unexplained falls

Mental status change Focal sensory deficits
Altered level of consciousness Speech difficulty
Seizures occurring when older than 35
years of age

Aphasia, focal weakness

Papilledema or visual obscurations Ataxia
Visual complaints or unexplained motor
vehicle accidents

Visual field defect
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remains the most common cause of hemorrhagic brain
metastasis.17,18

DIFFERENTIAL DIAGNOSIS. One out of 10 presumed
metastases are of other origin, including primary CNS
tumors, abscess, granuloma, acute demyelinating disease,
resolving cerebral hematoma, stroke, and radiation necrosis.
Many nontumor masses have characteristic magnetic reso-
nance diffusion signals and spectroscopy patterns. Brain
abscesses occur with frequencies of less than 2% of those
for intracranial tumors but are on the rise in immunodeficient
populations. Granulomas in the brain result from infection
with Mycobacterium, Candida, Aspergillus, Cryptococcus,
and Histoplasma species. Demyelinating lesions of acute
disseminated encephalomyelitis present as focal neurological
dysfunction with seizures and edematous mass(es).

EVALUATION. Magnetic resonance imaging (MRI) with
contrast medium is the most sensitive and specific noninva-
sive test to exclude or confirm brain metastasis. Unenhanced
computed tomography (CT) may serve as an emergency
imaging modality in a patient presenting with strokelike
symptoms or cerebrospinal fluid (CSF) flow obstruction
(Fig. 47-2). Administration of iodinated contrast dye with
MRI abnormal and suggestiv
metastases; extent of disea

workup including:

Physical examination including
guaiac and pelvic examination

CXR, CT of chest/abdomen an
pelvis, bone scan, mammogra

Appropriate serum tumor mark
(CEA, PSA, Ca 125, Ca 153, A
hCG, LDH)

Hematological, hepatic, renal, 
coagulation profile

Figure 47-2. Evaluation of patients with
suspected metastatic cancer to the central
nervous system. AFP, a-fetoprotein; CEA,
carcinoembryonic antigen; CT, computed
tomography; CXR, chest x-ray; hCG, hu-
man chorionic gonadotropin; LDH, lactate
dehydrogenase; MRI, magnetic resonance
imaging; PSA, prostate-specific antigen.
CT only exposes the patient to the risks of allergy and
renal failure and does not obviate the need for gadolinium-
enhanced MR. The characteristic features of metastases
include iso- to hyperintense signal on T1-weighted images.
Edema appears as “finger-like” T2-weighted hyperintensity
surrounding the hypointense tumor and sparing the cortex.
The tumors are avidly enhancing after contrast administra-
tion but may exhibit irregular rim enhancement when central
necrosis is present. Several newer techniques, including
proton MR spectroscopy (with elevated ratios of choline to
creatine) and diffusion-weighted MRI (DWI), can further
delineate brain tumors from infections, abscesses, and
strokes. However, these modalities lack sufficient specific-
ity. Metastases from squamous cell or adenocarcinoma
may contain cystic components filled with highly viscous
proteinaceous material that can mimic the appearance of
an abscess on DWI (Fig. 47-3).

In the absence of a known malignancy, the physician
should obtain a history; complete physical and neurological
examination including palpation of breast and prostate; CT
of the chest, abdomen, and pelvis; serum chemistry and dif-
ferential cell counts; liver enzyme studies; mammography;
and cytological evaluation of urine sediment where appro-
priate. The indiscriminate search for serological “tumor
markers” including prostate-specific antigen, carcinoem-
bryonic antigen (CEA), CA-125, and CA19-9, is of little
use. Without a known systemic cancer, as occurs in 5% to
10% of patients, the surgeon is obligated to provide surgical
material from the brain for diagnosis of the primary tumor.
If a primary site cannot be identified, the staining profile
using immunohistochemistry may reveal the origin of the
tumor (Table 47-3).

MANAGEMENT. The optimal treatment of patients
with brain metastasis continues to evolve. Conventionally
fractionated photon radiotherapy is successfully given to
“radiosensitive” tumors (lung, breast, or germ cell origin),
whereas “radioresistant” lesions (melanoma, renal cell
MRI of appropriate level of neuraxis
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Figure 47-3.Metastases to the central neuraxis. A, Isolated brain metastasis from liver cancer. A rim-enhancing mass lesion surrounded by vasogenic edema
is seen at the gray-white matter junction of the left frontal lobe (T1-weighted MRI with gadolinium). B, Multiple metastases from non-small cell lung
cancer (T1-weighted MRI with gadolinium). C, Hypothalamic metastasis in a patient with testicular non-Hodgkin lymphoma (arrowheads; T1-weighted
MRI with gadolinium). D, Hemorrhagic metastasis in the right occipital lobe from papillary thyroid carcinoma (unenhanced CT). Vasogenic edema in the
frontal lobes reflects multifocal metastatic disease. E, Left frontal metastasis from squamous cell carcinoma of the lung displays restricted proton diffusion
(diffusion-weighted MRI). F, This axial T1-weighted MRI with gadolinium of the lower thoracic spine demonstrates an intramedullary metastasis from
papillary thyroid cancer.

TABLE 47-3

Histological Stains with Tumor Specificity*

HISTOLOGICAL STAIN TUMOR SPECIFICITY

Keratin Carcinomas
Mucicarmine (chromogranin) Neuroendocrine tumors
HMB-45 Melanoma
S-100 Melanoma, sarcoma
CEA Adenocarcinomas of colon, stomach,

lung, breast, pancreas, uterus,
ovary; medullary carcinoma of
thyroid, squamous
carcinoma

Estrogen and progesterone
receptors

Breast and uterus

Muscle-specific actin Rhabdomyosarcomas
a-Fetoprotein, human

chorionic gonadotropin
Genitourinary tumor

Placental alkaline phosphatase Germ cell tumors
Prostatic acid phosphatase or

prostate-specific antigen
Prostate carcinomas

Leukocytic common
antigen, immunoglobulin
light chains, L26, UCHL 1,
Leu-M1, and CD30

Lymphoma

*The approach suggested in the evaluation of patients with suspected brain metastases
is identi fied in Figure 47-1.
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carcinoma, colon cancer, or sarcoma origin) are best
treated with single or multiple radiosurgical fractions. Pro-
phylactic cranial irradiation provided in the setting of small
cell lung cancer reduces the likelihood of CNS relapse
by 20%, although it fails to provide long-term survival
benefit.19,20 In general, these studies do not take into ac-
count the quality of life of radiation recipients, a subject of
great concern to older individuals likely at risk of memory
and intellectual alterations. Radiosurgery utilizes single
fractions provided by “gamma knife” or linear accelerators,
proton beams, or interstitial x-ray generators. These treat-
ments are optimized for symptomatic lesions less than
3 cm in size (volume < 12 cm3), which are spherical and lo-
cated in noneloquent brain areas. In general, technologies
with rapid “fall-off” of radiation penumbra are best offered
to sites close to the optic chiasm or the brain stem. Adjunc-
tive whole-brain irradiation is often added after radiosurgery
to prevent recurrence in local or distant sites.

Surgical excision is indicated in sizable solitary lesions,
cases of impending morbidity or death from edema, herni-
ation or hydrocephalus, or in patients with an unknown ma-
lignancy for whom operation will provide the diagnosis.21

Resection of multiple metastases should only be considered
in patients with controlled systemic disease and reasonable



TABLE 47-4

Common Primary Sites of Cancer in Patients with
Leptomeningeal Metastases

Breast
Lung
Lymphoma
Melanoma
Adenocarcinoma of unknown origin

Data from Olsen ME, Chernik NL, Posner JB: Leptomeningeal metastases from sys-
temic cancer: A report of 47 cases. Trans Am Neurol Assoc 1971;96:291-293;
Wasserstrom WR, Glass JP, Posner JB: Diagnosis and treatment of leptomeningeal
metastases from solid tumors: Experience with 90 patients. Cancer 1982;49:759-772.

Baehring, Quant, and Hochberg / Metastatic Neoplasms and Paraneoplastic Syndromes 1085
performance status. Finally, new chemotherapeutic agents
as single or combination treatments (temozolomide,22 to-
potecan,23 and capecitabine24) have shown some promise
and may play a greater role in the management of brain
metastasis in the future. The importance of the blood-brain
barrier in the treatment of metastatic brain cancer remains
unclear; in fact, the major determinant of response to che-
motherapy of brain metastases may be the responsiveness
of the systemic cancer as the barrier function of the tumor
vasculature is impaired.

PROGNOSIS AND FUTURE PERSPECTIVES.Untreated,
brain metastases are fatal within 1.5 months of diagnosis.
These patients succumb from neurological, not systemic,
causes. Corticosteroids produce a clinical response in
70% of these patients but extend the median survival to
only 2 months. For most patients, poor prognosis is asso-
ciated with extensive systemic disease, multiple lesions,
Karnofsky performance score below 70, recurrence within
4 months, and age older than 40 years.25 Patients with
breast metastasis younger than 40 years, however, carry a
poorer prognosis than older subjects.26 The palliative addi-
tion of whole-brain radiotherapy (WBRT), 30 Gy in 10
fractions, has extended median survival to 3 to 6 months.
With palliative radiotherapy, the rates of neurological
deaths are reduced to the level of those seen from systemic
disease. Brain metastases from breast cancer carry a better
prognosis than spread from lung cancer, melanoma, or co-
lorectal cancer. Therapy is often based on the prognosis of
the systemic cancer. With surgical resection and WBRT,
patients with solitary brain metastases remain functionally
independent for an extended period of time in comparison
to recipients of radiation alone but do not live longer.27

An individualized approach tailored to tumor type, stage,
and patients’ performance status is required. In a retrospec-
tive study, women with breast cancer and brain metastasis
had a median survival of 1 month, 6.5 months, and 21
months when rendered corticosteroids only, WBRT, and
surgery alone, respectively.26

Future trends are likely to focus on the role of improved
chemotherapy and “targeted” cancer treatments, such as small
molecule inhibitors of growth promoting pathways, expanded
use of radiosurgery to include larger and more numerous
lesions, and the concomitant use of oxygen-enhancing or
hypoxic radiosensitizers.

Meningeal and Ventricular Metastases
PATHOGENESIS AND PATHOPHYSIOLOGY. Lepto-

meningeal metastasis (meningeal carcinomatosis, lympho-
matosis, and “neoplastic meningitis”) denotes seeding of
malignant cells to pia, arachnoid, and ventricular spaces.
Tumor cells may enter the arachnoid space hematogenously
through leptomeningeal veins, the choroid plexus, veins
draining the diploe of the skull or marrow of the spinal col-
umn, through perineural spread along cranial or spinal seg-
mental nerves, or as a result of inadvertent shedding during
neurosurgical procedures. Rarely, primary or secondary
parenchymal tumors of brain or spinal cord seed into the
CSF, usually when there is involvement of the cerebellum
in proximity to the subarachnoid space or fourth ventricle.28

Meningeal seeding of cancer is frequently associated with
disturbances of CSF circulation. Meningeal or parenchymal
tumor deposits at “bottlenecks” of spinal fluid flow result
in obstructive hydrocephalus. CSF reabsorption at the arach-
noid granulations may be impaired by cancer cells or
proteinaceous debris. As with meningeal infections,
chronic inflammation, or hemorrhage, hypoglycorrhachia
is observed

EPIDEMIOLOGY AND RISK FACTORS. Between 5%
and 15% of patients with systemic cancer develop lepto-
meningeal metastases.29,30 Adenocarcinomas predominate
(usually of breast, lung, or gastrointestinal origin), although
melanoma, small cell lung cancer, the acute leukemias and
high-grade NHLs have the highest disease-specific inci-
dence (up to 50% in Burkitt’s and lymphoblastic lymphoma)
(Table 47-4). Risk factors for neuraxis seeding in lymphoid
neoplasms include involvement of testis, orbit, paranasal
sinuses, skull base or bone marrow, nodal invasion, and ele-
vated lactate dehydrogenase at presentation.31,32 Although
CNS involvement is rare at initial presentation in pa-
tients with acute myeloid leukemia, a 30% incidence is seen
in patients with translocations involving MLL (11q23)—
mostly included within the myelomonocytic (M4) and
monocytic (M5) types as defined by the French-American-
British Cooperative Group.33 Although days to years may
pass before the meninges are invaded, the diagnosis of lepto-
meningeal involvement is most commonly made 6 months
to 3 years after the primary tumor is discovered. The menin-
geal compartment serves as a sanctuary for cancer cells
where systemic chemotherapy does not achieve sustained
therapeutic levels, a problem that has become more relevant
with the implementation of more successful treatment pro-
tocols for various types of systemic cancer with limited
penetration into CSF (taxane- or trastuzumab-based therapy
for breast cancer, imatinib mesylate therapy for chronic
myelogenous leukemia, and transretinoic acid therapy for
promyelocytic leukemia).

CLINICAL FEATURES. A progressive multifocal asym-
metric polyradiculopathy combined with cranial neuro-
pathies in a patient with systemic cancer is an almost
pathognomonic manifestation of neoplastic meningitis
(Video 43, Tongue Fasciculations). However, the clinical
syndrome is commonly elusive and 5% to 10% of patients
lack a history of cancer. Classical signs of meningeal irri-
tation are frequently absent. In patients with acute leuke-
mia, meningeal involvement is encountered at the time of
staging procedures in the absence of neurological symp-
toms. Nonlocalizing signs and symptoms predominate.
Headache, gait disturbance (apraxia, ataxia, or paresis)
(Video 7, Abnormal Tandem Gait), psychomotor decline



TABLE 47-5

Cerebral Symptoms and Signs in Patients with
Leptomeningeal Metastases from Solid Tumors

SYMPTOMS COMMON SIGNS

Headache Papilledema
Mental status changes Dysarthria/dysphasia
Nausea/vomiting Extensor plantar
Vertigo/ lightheadedness Hemiparesis
Seizures Diabetes insipidus
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reminiscent of a subcortical dementia, and micturition
abnormalities reflect direct effects of cancer or hydroceph-
alus (Video 211, Gait Ataxia). A more fulminant presenta-
tion with headache, nausea, vomiting, and hiccups is seen
with aggressive neoplasms or CSF flow obstruction. The
cranial nerves are either compressed by infiltrates of tumor
cells or rendered ischemic when tumor invades the feeding
vessels (Table 47-5). This results in impaired visual acuity,
diplopia from oculomotor or abducens nerve involvement
(Video 1, Cranial Nerve VI Palsy), facial numbness or
atypical facial pain, Bell’s palsy, sensorineural hearing
loss, dysphagia, or hoarseness (Video 44, Dysphonia).
The compromised spinal nerve roots induce radicular pain
and paresthesias. Involvement of the cauda equina pro-
duces pain, foot drop, perineal dysesthesias, and inconti-
nence (Video 237, Foot Drop). Acute focal neurological
deficits resembling thrombotic small vessel occlusion arise
from tumor progression in Virchow-Robin spaces and
obstruction of blood flow in encased penetrating vessels.

DIFFERENTIAL DIAGNOSIS.Meningeal carcinomatosis
has to be distinguished from opportunistic meningeal infec-
tions such as bacterial, varicella zoster, or cryptococcal men-
ingitis and herpes simplex meningoencephalitis. In the
absence of systemic cancer, chronic meningitis of infectious
(Borrelia) or noninfectious etiology has to be considered.
Cranial neuropathies in cancer patients can result from dural
tumor growth, leukemic obstruction of vasa nervorum, or
hyperviscosity. Communicating hydrocephalus is observed
in recipients of whole- or partial brain radiotherapy.

EVALUATION. The diagnosis of meningeal cancer is
generally difficult. A single CSF examination reveals tumor
cells in 50% of patients, increasing to 80% after two proce-
dures.30 It is recommended that at least 10 mL of fluid from
both ventricular and lumbar areas be sampled if possible,
especially when assessing response to treatment. Sensitivity
may be further increased if the sample is taken in proximity
to a site involved clinically or radiographically (i.e., cister-
nal puncture in a patient with involvement of cranial nerves
and lumbar puncture in a patient with cauda equina syn-
drome).34,35 CSF cytology remains persistently negative on
repeated fluid examinations in 20% of patients with lepto-
meningeal disease.30 Certain tumors, such as sarcomas or
malignant gliomas, are seldom detected in CSF because their
cells strongly adhere to the leptomeninges or occur as focal
nodules rather than widespread leptomeningeal disease.36

Lymphatic neoplasms are even more challenging because,
in a cell suspension, they are frequently indistinguishable
from reactive infiltrates on morphological grounds. Cell
numbers are commonly insufficient for flow cytometry
characterization. Polymerase chain reaction (PCR)-based
clonality assessment is available, but sensitivity and speci-
ficity of this test in CSF remain unknown. MRI is a valuable
tool in the investigation of leptomeningeal metastasis.
Often, gadolinium-enhanced MRI is definitive in the ab-
sence of CSF cytological abnormalities or provides equal
sensitivity to CSF cytology. Typically, MRI delineates
leptomeningeal or subependymal enhancement, superficial
cerebral lesions, enhancement of cranial nerves, or commu-
nicating hydrocephalus, with the latter occurring most often
in patients with solid, rather than hematological, tumors
(Fig. 47-4).37,38 The single most characteristic finding is
the appearance of thickened, often nodular enhancing lum-
bar nerve roots within the subarachnoid space. In the ab-
sence of contrast-enhancing lesions, increased sulcal signal
on fluid attenuated inversion recovery sequences may be
of diagnostic value in the correct clinical setting. The notion
that intracranial hypotension after a lumbar puncture may
mimic the findings of neoplastic meningitis is a myth. Intra-
cranial hypotension results in diffuse pachymeningeal en-
hancement that is easily distinguished from the typically
multifocal, leptomeningeal abnormalities of carcinomatosis.
Nonetheless, an imaging study is preferably obtained prior
to lumbar puncture, especially if obstruction of CSF flow
is suspected.

Biochemical markers such as vascular endothelial growth
factor or carcinoembryonic antigen have not improved
the diagnosis of leptomeningeal cancer. Exceptions are a-
fetoprotein and b-human chorionic gonadotropin, which,
given an adequate clinical setting and imaging findings,
may be diagnostic for nongerminomatous germ cell tumors
of the CNS and obviate the need for tissue-based confirma-
tion of diagnosis.39

In patients without the diagnosis of systemic cancer or in
the absence of imaging or CSF findings, a meningeal bi-
opsy may be indicated. As with parenchymal CNS lym-
phoma, it is advisable to withhold the use of corticosteroids
until appropriate diagnostic material has been retrieved if
leptomeningeal lymphomatosis or leukemia is suspected.

To plan therapy, many clinicians perform CSF flow
studies using 111indium- or 99Tc-diethylenetriamine penta-
acetic acid or 99Tc-macroaggregated albumin, which is
injected into the lumbar CSF. Sequential scans may reveal
obstruction at the level of the basal cisterns, the spinal canal,
within the ventricular system, or over the cerebral convex-
ities; localized hypoperfused regions of CSF circulation;
or CSF reabsorption abnormalities.40

MANAGEMENT. Therapy is based on irradiation and
chemotherapy. As a general rule, symptomatic or nodular
foci of tumor require irradiation, whereas chemotherapy
is provided to patients without these findings. Radiation
therapy of tumor nodules larger than 5 mm and sites of
obstruction of CSF flow or reabsorption is provided as
local boosts. Radiation to the entire neuraxis is generally
avoided, with the exception of patients with isolated
meningeal disease, excellent performance status, and bone
marrow reserve.

Chemotherapy can be administered either systemically
or intrathecally, but in most instances intrathecal chemo-
therapy via an Ommaya device is the preferable route of
administration. The device, a titanium-based reservoir cov-
ered by a Silastic membrane implanted beneath the galea
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Figure 47-4. Leptomeningeal metastases. A, Extensive leptomeningeal seeding to the posterior fossa (cerebellar foliae and surface of pons and midbrain) is
demonstrated on this T1-weighted MRI with gadolinium of a patient with esophageal cancer. B, This patient presented with cauda equina syndrome after
removal of a pituitary metastasis from poorly differentiated adenocarcinoma of unknown origin. T1-weighted MRI with gadolinium shows linear and nod-
ular enhancement of lumbosacral nerve roots. CSF analysis confirmed carcinomatosis. C,99Tc-DTPA-cisternography of a patient with systemic diffuse
large B cell lymphoma shows early ventricular filling 4 hours after radiotracer injection into the lumbar cistern (left). The subarachnoid space overlying
the cerebral hemispheres is only outlined on late images (48 hours; right). Cytopathological evaluation of CSF revealed meningeal lymphomatosis.
D, Microscopic view of CSF sediment of a patient with meningeal involvement by diffuse large B cell lymphoma. The large atypical neoplastic cells
are easily distinguished from small reactive lymphocytes (scale bar ¼ 20 mm). E, Automated fluorescent cell sorting using kappa light chain and
CD19 antibodies identifies a clonal B cell population (right upper quadrant of this scatter plot; same patient as in part D). F, Subependymal (arrows)
and leptomeningeal (arrowhead) tumor deposits in a patient with meningeal metastases from systemic non-Hodgkin lymphoma (T1 with gadolinium).
G, Immunoglobulin heavy-chain gene rearrangement analysis of DNA isolated from CSF of a patient with lymphomatous seeding of leptomeninges.
Polymerase chain reaction using DNA isolated from CSF and degenerate primers for the complementarity determining region III of the immunoglobulin
heavy-chain gene yielded a single product of 122 base pairs in length reproducible in duplicate assays (bottom, two superimposed curves—x-axis is the
length of PCR product in base pairs, and y-axis is the relative concentration of PCR product; top, “polyclonal control” using DNA isolated from a human
tonsil as a template).
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aponeurotica in communication with the ventricle, serves
as a painless delivery port.41 Complications from its use
occur in 5% to 20% of patients and include infection, fail-
ure, bleeding, or drug toxicities to white matter.42 When
aresorptive hydrocephalus complicates neoplastic menin-
gitis, placement of a ventriculoperitoneal shunt with an
in-line on/off valve and reservoir should be used.

Commonly used chemotherapeutic agents include metho-
trexate (MTX; 12mg twice a week), cytarabine (50mg twice
a week or liposomal cytarabine every 2 weeks), and thiotepa
(10 mg twice a week); these should be used until CSF is
cleared of malignant cells. Remission induction is followed
by variable consolidation and maintenance schedules. Com-
bination of these drugs or the addition of corticosteroids
does not appear to improve outcome compared to single
agents.43,44 Myelosuppression can occur after intrathecal
chemotherapy. If MTX is chosen, this complication can be
prevented by using folinic acid (10 mg every 6 hours for
24 hours after administration of MTX). Use of the extended-
release preparation of cytarabine results in extended time to
neurological progression and an increased complete re-
sponse rate but does not prolong survival.45-47 Intrathecal
rituximab is an alternative for patients with meningeal
seeding from B cell lymphoma.48,49 Intensive treatment
regimens are required in adults with CSF seeding by leuke-
mia. Early whole brain radiation therapy (WBXRT) is
provided with intrathecal MTX or triple therapy.50 How-
ever, the appearance of neurocognitive sequelae without im-
proved survivorship has prompted investigators to delay or
defer WBXRT in favor of high-dose MTX or cytarabine.51

The most common adverse reaction to intrathecal adminis-
tration of chemotherapy is chemical meningitis. This is most
common after liposomal cytarabine but can effectively be
treated with corticosteroids. A strokelike syndrome is a rare



TABLE 47-6

Syndromes of Base of Skull Metastases and Their
Associated Symptoms

SYNDROME SIGNS AND SYMPTOMS

Orbital and
parasellar

Progressive, dull, continuous pain in the supraorbital
area over the affected eye, diplopia, proptosis of
the involved eye, external ophthalmoplegia, first-
division trigeminal sensory loss

Parasellar Ipsilateral frontal headache, oculomotor or abducens
palsies without associated proptosis or visual loss

Middle fossa Facial pain or numbness referable to the second or
third divisions of trigeminal nerve

Jugular foramen Paralysis of cranial nerves IX through XI
Occipital

condyle
Unilateral occipital pain and unilateral tongue
paralysis

Data from Greenberg HS, Deck MDF, Vikram B, et al: Metastasis to the base of the
skull: Clinical findings in 43 patients. Neurology 1981;31:530-537.
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complication of intrathecal MTX injection occurring 7 to
10 days after treatment. Symptoms are transient and re-
exposure without recurrence of the syndrome has been
described.52,53 A calcific leukoencephalopathy with devas-
tating cognitive sequelae follows the combination of whole
brain radiotherapy with high daily fractions and subsequent
intrathecal MTX. It must be stressed again that intrathecal
chemotherapy is contraindicated if spinal fluid flow is
obstructed by a meningeal or parenchymal deposit at a
bottleneck such as the foramen of Monro or the aqueduct.
Only after successful treatment with irradiation can such
treatment be reconsidered.

Systemic chemotherapy options for leptomeningeal can-
cer exist. High-dose MTX (exceeding 3 g/m2) or cytara-
bine (3 g/m2) given intravenously penetrate into the CSF
at therapeutic concentrations and the pharmacokinetic
profile appears even better than with direct intrathecal
administration. However, incorporation in chemotherapy
regimens targeting the systemic component of the disease
is difficult; thus, these regimens are usually reserved
for patients with isolated meningeal disease.54 Responses
of leptomeningeal carcinomatosis from breast cancer to
systemic hormonal therapy (antiestrogens and aromatase
inhibitors) have been reported.

Patients with NHL at high risk of nervous system
involvement commonly receive prophylactic intrathecal
chemotherapy or cranial irradiation. Prophylactic treatment
of brain or meninges is provided for lymphoma of testicu-
lar, eye, or cranial sinus origin as well as lymphoblastic
histologies or Burkitt’s lymphoma of any location.31 In-
trathecal MTX (12 mg weekly for five doses) may be
combined with cytarabine or hydrocortisone.

MTX-based regimens are provided as prophylaxis of
and treatment for CNS involvement in children with acute
lymphocytic leukemia. These therapies include intrathecal
MTX or MTX in combination with cytarabine and corti-
costeroids (triple intrathecal therapy: MTX 15 mg/m2 to
a maximum of 15 mg, cytarabine 30 mg/m2 to a maximum
of 60 mg, and hydrocortisone 60 mg/m2). In addition,
systemic MTX is often included in the consolidation phase
of treatment, after which is provided whole brain radia-
tion therapy.55 Intrathecal chemotherapy is sufficient
for patients with standard risk. High-dose systemic MTX
is provided in patients at intermediate risk who are not
radiated. Adults are prophylaxed with whole-brain XRT
(with inclusion of the posterior retina and orbital apex
[optic nerve sheath; 24 Gy at 2 Gy/day in 12 fractions]).
High-risk children receive 18 Gy at 1.8 Gy/day in 10
fractions. Lower radiation doses may be possible with in-
tensification of systemic chemotherapy. Because CNS
involvement is rare at initial presentation in patients with
acute myeloid leukemia, CNS prophylaxis is not generally
provided.

PROGNOSIS AND FUTURE PERSPECTIVES. Although
a percentage of patients with leukemia, lymphoma, and
breast cancer respond to treatment, the prognosis for
patients with non-small cell lung cancer, other adenocarci-
nomas, and melanoma is extremely poor both quoad vitam
and in regard to functional recovery. Patients with leptome-
ningeal spread from breast cancer survive a median period
of 7 months. The survival is reduced for other solid tumors.
Without treatment, patients succumb within 6 weeks.
Survival extends to 3 to 6 months with radiation therapy
to symptomatic sites and intrathecal chemotherapy.38

Future trends are likely to concentrate on treatments uti-
lizing slow-release chemotherapy agents or those with high
penetrance of the CSF after parenchymal administration.
Drugs being evaluated for neoplastic meningitis include
topotecan,56 gemcitabine,57 mafosfamide,58 diaziquone,59

cytokines, a microcrystalline formulation of temozolomide,60

and radioactively labeled monoclonal antibodies.

Skull-Base Metastases
Less common than parenchymal brain metastases are those
tumors compressing dura from sites in bone of the calvar-
ium (plasmacytoma or myeloma), those surrounding para-
nasal sinuses (carcinomas of the sinus epithelium or
parotid, submandibular, or maxillary glands), and the cra-
nial lymphoid tumors (lymphoma or plasmacytoma of the
sinuses, lacrimal glands, and orbit) that spread directly
through the bone and periosteum to the dura. In addition,
cancers of breast and prostate origin also produce these
dural masses (Table 47-6).

PATHOGENESIS AND PATHOPHYSIOLOGY. The skull
base and the dura are involved by cancer by hematogenous
spread, direct extension from tumors of paranasal sinuses,
or perineural spread from tumors of the skin and skin
appendages of the face and neck. Pelvic and mediastinal
tumors may reach these structures through Batson’s plexus.
Skull-base metastases most commonly involve the middle
cranial fossa, in the area of the Gasserian ganglion. Other
sites include the jugular foramen, occipital condyle, and
orbit. Often, the cancer appears as a thin skin of tumor
cells, termed en plaque.

EPIDEMIOLOGY AND RISK FACTORS. Metastases to
the skull base usually fall within the territory of the otolar-
yngological surgeon or oncologist. Cancers of the breast,
lung, and prostate have a propensity to produce skull-base
and dural metastases, which can entrap the cranial nerves
and vessels at their exit foramina. Skull-base involve-
ment also occurs in giant cell tumors, tumors of the orbit
and nasopharynx, eosinophilic granuloma, chordomas, and
sarcomas of the skull base. Dural and skull-base metastases
appear to be a late complication of cancer; most patients
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Figure 47-5. Sites of metastases to the spine. (Adapted from Benjamin R:
Neurologic complications of prostate cancer. Am Fam Physician 2002;
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have widely metastatic disease at the time this complication
is identified.

CLINICAL FEATURES. Midline lesions in the anterior
cranial fossa (tumors arising from the frontal sinus or the
nasal cavity, ethmoid bone, or the olfactory groove) give
rise to anosmia. Diverse neurological syndromes arise from
dural metastases of the middle cranial fossa. Lesions
compromising the superior orbital fissure give rise to exter-
nal ophthalmoplegia, neuropathic pain or dysesthesias of
the forehead, and exophthalmos. When the orbital apex is
involved, visual disturbances, papilledema or optic atro-
phy, chemosis, and exophthalmos are encountered (Video
106, Trigeminal Neuralgia). The cavernous sinus syndrome
is characterized by opthalmoplegia and facial sensory
disturbances. Destruction of the pituitary fossa or compres-
sion of its content leads to diabetes insipidus, heat/cold
intolerance, fatigue, menstrual irregularities, and decreased
libido. Heteronymous visual field disturbances ensue when
the optic chiasm is compromised. Dural neoplasms of the
posterior fossa reveal themselves as occipital pain com-
bined with hypoglossal nerve palsy (syndrome of the ante-
rior occipital condyle). Tumors of the jugular foramen
cause hoarseness; weakness of the sternocleidomastoideus
muscle; sensory disturbance of the soft palate, pharynx,
and larynx; and deviation of the soft palate. The presence
of Horner’s syndrome indicates infiltration of the retro-
pharyngeal space (Video 17, Horner’s Syndrome). Hearing
loss, vertigo, nystagmus, and cerebellar dysfunction (Video
91, Cerebellar Ataxia) are seen with cerebellopontine angle
tumors (Video 210, Bradydiadochokinesia).

In general, facial numbness or atypical facial pain in a
cancer patient should elicit a search for a skull-base metas-
tasis. The “numb chin syndrome” is characterized by oral
and facial numbness in the distribution of the mental nerve
(chin and lower lip) as a result of perineural spread, meta-
static involvement of the mandible, infiltration of the Gas-
serian ganglion, occlusion of vasa nervorum by leukemic
cells, or leptomeningeal disease.

EVALUATION. Owing to their insidious subacute onset,
skull-based metastases are difficult to identify on MRI or
CT where masses may coalesce with changes of prior irra-
diation or surgical extirpation. Often, the T2-weighted
changes in contiguous bone after radiotherapy may be con-
fused with tumor. Radionuclide bone scans with careful
evaluation of the skull may improve diagnosis. Positron
emission tomography is superior in purely osteolytic lesions.
The clinician has to distinguish metastatic lesions from
dermoid cysts and infections (Mucor mycosis).

MANAGEMENT. Treatment depends on the nature of the
underlying tumor and is typically confined to irradiation.
Prognosis is dependent on type and extent of systemic
malignancy. Radiation to the base of the skull may restore
function or at least prevent further progression. Surgical
removal is indicated in localized lesions and good per-
formance status. Depending on tumor type, a response to
systemic chemotherapy is possible.

Spinal Metastases
PATHOGENESIS AND PATHOPHYSIOLOGY. Malig-

nant spinal cord compression (MSCC) results from the
direct extension of a hematogenous metastasis to a vertebral
body into the epidural space or the pathologic fracture of a
vertebral body infiltrated by a metastatic deposit resulting
in cord injury by a bone fragment or spine instability.
Involvement of posterior spine elements with nerve root
impingement is less common. Transforaminal progression
of paravertebral tumor is encountered in lymphoma and
neuroblastoma. Other paravertebral tumors, such as the
Pancoast tumor of the lung apex, infiltrate the epidural space
after destruction of a vertebral body. Primary hematogenous
seeding to the epidural space is a rare cause ofMSCC. Spinal
cord compression can also result from intradural mass
lesions (large leptomeningeal metastases) (Fig. 47-5).

The mechanism of cord injury is not entirely understood.
The early myelopathy associated with MSCC may be due
to impairment of venous drainage leading to intramedullary
vasogenic edema. Irreversible cord necrosis results from
ischemia. Pathological fracture of a vertebral body and pos-
terior displacement of bone fragments leads to mechani-
cal cord destruction. Demyelination or necrosis of white
matter is the predominant autopsy finding at the level of
cord compression, whereas gray matter is relatively well
preserved.

EPIDEMIOLOGY AND RISK FACTORS. Compression
of the spinal cord is one of the most devastating neuro-
logical complications, affecting 5% to 10% of patients with
cancer.61 The majority of patients with MSCC are older
than 50 years of age. The lifetime incidence in cancer
patients is 1% to 6%, although autopsy series have revealed
higher percentages (5% to 10%).62 The most common
types of cancer accounting for spinal cord compression
are breast, prostate, and lung cancer and lymphoma
(Table 47-7).61-64 The cumulative incidence of MSCC is
disease specific and is highest in multiple myeloma (8%),



TABLE 47-7

Common Primary Malignancies in Patients with
Symptomatic Spinal Cord Compression

Breast
Lung
Prostate
Lymphoreticular system
Sarcomas
Kidney
Unknown primary
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prostate cancer (7%), nasopharyngeal cancer (6.5%), and
breast cancer (5.5%).62 The median interval between cancer
diagnosis and manifestation of MSCC ranges from 6 to 12.5
months. Late axial bonemetastases causing cord compression
are more common in breast cancer (43 months). Although
spinal cord compression as part of the presenting oncological
syndrome is rare, 20% of MSCC cases lack a history of
cancer.65 MSCC as the primary manifestation of a malignan-
cy is more common in NHL, myeloma, and lung cancer,
especially the small cell variant; it is almost unheard of in
breast cancer. Two thirds of MSCC cases affect the thoracic
spine and most of the remainder occurs in the lumbar region.
Colon and prostate cancer seem to have a predilection for the
lumbosacral spine. Multiple epidural metastases are detected
upon initial presentation in up to one third of patients in
whom the whole axial skeleton is investigated.66 One in 10
patients develops a second metastatic deposit causing cord
compression at a different spine level within 5 months of
the first event.

The tumor spectrum causing cord compression is quite
different in the pediatric population. Neuroblastoma and
Ewing’s sarcoma predominate, followed by primary verte-
bral osteosarcoma and lymphoma. Cord compression at ini-
tial manifestation of the tumor occurs more frequently than
in the adult population.67

CLINICAL FEATURES. Pain is the most common pre-
senting symptom in patients with metastases involving
the axial skeleton (Table 47-8). Any back pain in a patient
with cancer known to seed to spine or epidural space
should be considered of metastatic origin until proven oth-
erwise. In its early stage, the pain may be localized to the
affected spine segment. Pain likely ensues when the richly
innervated periosteum is involved. The vertebral body
affected by metastatic spread is tender to percussion. The
pain resulting from epidural mass effect is typically exacer-
bated by sneezing, coughing, or the Valsalva maneuver.
Because the recumbent position aggravates the pain, many
patients experience maximum intensity upon awakening in
the morning or even have to sleep in a sitting position.
Compression of a nerve root is associated with excruciating
TABLE 47-8

Signs and Symptoms of Spinal Cord Compression

Pain
Weakness
Autonomic dysfunction
Sensory loss
Ataxia
pain in the corresponding radicular distribution. It has a lan-
cinating character and is likewise aggravated by Valsalva
maneuver. Radicular pain in the thoracic region is usually
bilateral, whereas cervical and lumbar radiculopathies are
unilateral. Paravertebral muscle spasm caused by nerve
root irritation from a metastasis results in straightening of
the physiologic cervical or lumbar lordosis. Straight leg
raising (Lasegue maneuver) or, more specifically, crossed
straight leg raising (passive elevation of the contralateral,
pain-free leg) exacerbate a radiculopathy. Referred pain
may mimic a radiculopathy. Especially with intraneural
tumor spread, neuropathic features (allodynia, hyperpathia,
and hyperalgesia) may predominate. Neurological symp-
toms typically evolve within weeks to months of the onset
of back pain. Hyperacute presentation with the evolution of
paraplegia within hours to days of onset of neurological
symptoms is not uncommon in bronchogenic carcinoma.
A much slower course is typical for metastases from breast
cancer. Motor dysfunction (paraparesis or quadriparesis
and spasticity) is the earliest sign and occurs before senso-
ry disturbance. Typical early complaints are leg “heavi-
ness” and difficulty climbing stairs or getting up from a
chair. Epidural progression of metastases to the upper lum-
bar spine results in a conus medullaris syndrome with dis-
tal lower extremity weakness, saddle paraesthesias, and
overflow leakage from bladder and bowel. Ataxia in a
patient with MSCC reflects compression of spinocerebellar
pathways (Video 7, Abnormal Tandem Gait; Video 91,
Cerebellar Ataxia). Only few patients report diminished
sensation to all sensory qualities below the level of com-
pression at initial presentation. The level of hypesthesia is
usually two or three segments below the metastatic lesion.
Discrepancy of up to 10 levels above or below the lesion
has been described. Tingling paresthesias radiating down
the spine into the extremities upon brisk flexion of the neck
(Lhermitte’s sign) indicate an intrinsic or extrinsic spinal
cord process. Symptoms of neurogenic bladder dysfunction
are less common at symptom onset but are frequently
overlooked or “rationalized” by the patient. At diagnosis,
almost half of patients with MSCC are incontinent or
require catheterization.68 The presence ofHorner’s syndrome
indicates transforaminal progression of tumors located at
the level of the cervicothoracic junction and infiltration of
the stellate ganglion (Video 17, Horner’s Syndrome).

DIFFERENTIAL DIAGNOSIS. Infiltration of the lumbo-
sacral plexus or peripheral nerves originating from it (fem-
oral and sciatic nerves) has to be distinguished from
malignant epidural compression of a root or the cauda
equina. With unilateral involvement, bladder and bowel
symptoms are absent; however, bilateral infiltration of
plexus or nerve has been seen in neurolymphomatosis
and perineural spread from pelvic malignancies. Herpes
zoster is encountered at spinal levels previously or concur-
rently affected by cancer. The presence of the cauda equine
syndrome is suspicious for leptomeningeal carcinomatosis.
Signs and symptoms referable to intracranial disease (head-
ache and asymmetric cranial neuropathies) facilitate the
diagnosis. Intraparenchymal spinal cord metastases and
primary cord tumors are rare but may resemble epidural
disease. Metastatic cord tumors predominantly arise from
small cell lung and breast cancer.69 Infectious (herpes
simplex and human T lymphotropic virus) or autoimmune
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myelitis are examples of myelopathies not directly cancer
related that have to be distinguished from MSCC. Predom-
inance of transverse myelopathic features in the absence of
pain is indicative of an intraparenchymal process. Spinal
cord hemisyndromes indicate intrinsic spinal cord disease.
Leptomeningeal spread of highly aggressive tumors can
lead to spinal cord infiltration, causing an overlap syn-
drome of extrinsic and intrinsic cord disease. Metastases
have to be distinguished from other pathologic processes
involving the axial skeleton, epi- and intradural space,
and spinal cord. Bacterial abscesses typically cause end
plate destruction and invasion of the disc space, whereas
metastatic deposits leave the latter intact.

EVALUATION. With the availability of MRI, the diag-
nosis of MSCC has been simplified. The decision to use
this tool is dependent on the clinical evaluation. New onset
or change in character of preexisting back pain in a cancer
patient or atypical back pain in the absence of a cancer his-
tory warrant measures beyond plain x-ray films and symp-
tomatic therapy. MRI of the whole spine is the most
sensitive diagnostic test when MSCC is suspected in a can-
cer patient (Fig. 47-6). The study can accurately identify
the level of the metastatic lesion and guide the radiation
oncologist in planning the treatment. Multiple levels of
involvement are present in up to one-third of patients.
Vertebral metastases without protrusion into the epidural
space are detected before a potentially irreversible cord syn-
drome ensues. Plain films of the spine lack sufficient sensi-
tivity and multiple levels of involvement are easily missed.
Myelography after intrathecal injection of water-soluble
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Figure 47-6. A, Ewing sarcoma (arrowheads) infiltrating the left lung apex an
fascicles are seen lateral and superior to the vein; T1-weighted MRI). B, Pat
dislocation of a bone fragment causing epidural cord compression (T2-weighte
B cell lymphoma. The right sciatic nerve is markedly enlarged from lymphoma
maximus muscle; R, rectum; V, femoral vein (T1-weighted MRI). D, Osteolyt
lare; M, foramen magnum (CT). E, Dural metastasis from multiple myeloma
cancer to the skeletal musculature of the pelvis and gluteal region. I, iliac
(T1-weighted MRI with gadolinium, fat suppression).
contrast dye with or without CT (myelography and CT my-
elography) remains an option for patients in whom MRI is
contraindicated. Scintigraphic examination of the skeletal
system is most useful as a screening procedure for bone
metastases. The osteolytic lesions of myeloma may com-
pletely evade scintigraphic detection. Positron emission
tomography is likewise most useful as a staging procedure
and cannot substitute for more detailed anatomic imaging
procedures. Accurate treatment planning requires a tissue
diagnosis. If cancer initially presents with MSCC, a biopsy
is mandatory prior to initiation of therapy. This can be
done by excisional biopsy of the mass or by CT-guided
needle biopsy

A lumbar puncture is of no diagnostic value in epidural
cancer. However, the procedure might be considered in a
patient presenting with transverse myelopathy or cauda
equina syndrome before the results of imaging studies are
known. Complete obliteration of the subarachnoid space
by an epidural metastasis results in compartmentation of
the spinal canal with the possibility of herniation (“con-
ing”) after pressure reduction in the compartment below
the level of obstruction by a lumbar puncture. Although
cord herniation is a rare event, an MRI scan of the spine
is advisable whenever MSCC is suspected before a lumbar
puncture is performed. Thrombocytopenic cancer patients
or those anticoagulated with fractionated heparinoids are
at risk of developing a spinal epidural hematoma at the site
of a lumbar puncture. A platelet transfusion or interruption
of anticoagulation may be required before the procedure
can be safely performed.
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MANAGEMENT. Treatment with corticosteroids should
be initiated immediately when MSCC is suspected. Corti-
costeroids reduce vasogenic cord edema and may prevent
additional damage to the spinal cord from decreased perfu-
sion. At the same time, pain management is facilitated.
After an initial intravenous bolus, doses of up to 10 mg every
6 hours are most commonly used. Oral bioavailability is
excellent, and intravenous application is only required in
patients who cannot swallow. One fourth of patients with
MSCC are provided comfort care only due to widespread
disease and poor quality of life. Two thirds of patients are
treated with conventional external beam radiation therapy.62

Various treatment schedules have been applied with compa-
rable results. Protocols consist of 5 to 10 applications of 3 or
4 Gy or higher daily doses (5 Gy) during a 3-day induction
phase, followed by daily fractions of 3 Gy for 5 days for
consolidation.70 In the palliative situation, single fractions
of 8 Gy may be preferable. Response to treatment depends
on tumor histology. As one would anticipate, patients with
radiosensitive tumors (breast cancer and lymphoma) have a
higher chance of regaining or preserving motor function than
patients with less radiosensitive tumors (non-small cell lung
cancer, melanoma, and renal cell carcinoma). Stereotactic
radiosurgery of spinal metastases is feasible, but it remains
to be shown if patients benefit from this approach.71

A benefit from surgical intervention has not been con-
vincingly shown for the majority of patients. However,
for carefully selected patients surgical intervention may
preserve or even restore function. Commonly accepted
indications are involvement of a previously irradiated seg-
ment, progressive painful radiculopathy despite irradiation,
cord compression resulting from pathological fracture, spi-
nal instability, and metastatic deposits from relatively
radioresistant tumors. Selection criteria have been con-
firmed in a randomized prospective study.72 Posterior
exposure with laminectomy at the level of cord compres-
sion has been a common approach.73,74 However, the met-
astatic focus, usually located within the vertebral body, can
only be removed partially and laminectomy may increase
the degree of instability when there is kyphotic deformity
as a result of pathologic fracture. Thus, an anterior
approach for surgical decompression is favored in selected
patients. This procedure includes resection of the affected
vertebral body and implantation of stabilizing instrumenta-
tion. Surgical morbidity is considerable, and frequently two
surgical sessions are required. Systemic chemotherapy is
an appropriate treatment only for patients with MSCC
caused by highly chemosensitive tumors such as NHL.
Radiation or surgical intervention may not be necessary.75

It is unclear if asymptomatic patients benefit from treat-
ment of incidentally detected epidural metastases. The
therapeutic decision is dependent on tumor type and the
patient’s condition. Observation and serial MRI scans
may be appropriate until pain ensues. Bisphosphonates
are now widely used, particularly in the treatment of breast
cancer and multiple myeloma. Monthly provision of intra-
venous pamidronate at a dose of 90 mg in combination
with other treatment modalities for the underlying cancer
reduces skeletal morbidity.

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis for the patient with epidural metastasis and cord com-
pression is dependent on type and extent of the underlying
malignancy. Untreated, patients with MSCC succumb
within 1 month of diagnosis. The median overall survival
of patients with MSCC ranges from 3 to 16 months.
Patients with therapy-sensitive tumors, such as lymphoma
or myeloma, live longer (lymphoma, 6 to 14 months) than
patients with solid tumors. Most patients die of systemic
tumor progression. The most important determinant of
functional outcome is the severity of neurological damage
at the time treatment is initiated. Eighty percent of patients
who are treated when a significant neurological deficit is
absent and 50% of those with mild transverse myelopathy,
but only 5% of patients who are paraplegic when definitive
treatment is initiated, remain ambulatory or regain the abil-
ity to walk after treatment. Late return of function within
6 to 20 months of treatment has been observed in long-term
survivors of MSCC in NHL. The faster the neurological
deficit evolves, the lower the chance for recovery of motor
function after treatment.
Peripheral Nerve Metastases
PATHOGENESIS AND PATHOPHYSIOLOGY. Cancer

can affect peripheral nerves either by compression or by
direct invasion (see Fig. 47-6). Direct invasion occurs
from hematogenous spread of tumor to cranial or periph-
eral nerves or dorsal root ganglia or by direct extension
from surrounding structures. Tumor cells spread along a
plane of least resistance in the epineurium and perineuri-
um. In the early stages of perineural spread, axial extension
exceeds concentric growth. When concentric growth in-
creases, symptoms ensue as a result of pressure degenera-
tion and vascular compromise.76

EPIDEMIOLOGY AND RISK FACTORS. Perineural
tumor spread is encountered in head and neck malignancies
such as squamous cell carcinoma, basal cell carcinoma,
adenoid cystic carcinoma, or microcystic adnexal carci-
noma; melanoma; lung and breast cancer; and lymphoma
and abdominal and pelvic tumors (adenocarcinoma of the
prostate). In general, this involvement is late in the disease,
with the possible exception of head and neck cancer,
neurotropic skin cancers, and lymphoma.77,78

CLINICAL FEATURES. Frequently, pain, sensory symp-
toms, or weakness reflect involvement of single or multiple
cranial nerves, spinal roots, nerve plexus, or peripheral
nerves (Video 219, Ulnar Neuropathy, Froment Sign).
More complex syndromes arise when tumor cells reach
the skull base or the leptomeninges (Video 106, Trigeminal
Neuralgia).

DIFFERENTIAL DIAGNOSIS. Distinction between meta-
static and radiation-induced plexopathy is challenging. In
metastatic plexopathy, pain predominates. Myokymia exists
on the electromyogram in approximately two-thirds of
patients with radiation fibrosis but rarely in tumor involve-
ment (Video 110, Facial Myokymia).79 Acute ischemic or
inflammatory neuropathies and complications of paraneo-
plastic neurological syndromes and peripheral neurotoxicity
of therapeutic agents should also be considered.

EVALUATION. Definitive diagnosis often requires neu-
roimaging studies of the appropriate area. Cranial neuropa-
thies mandate both CT and MRI studies of the foramina of
the skull base, whereas lesions of the brachial and lumbar



TABLE 47-9

Paraneoplastic Syndromes Affecting the Nervous System

Brain and Cranial Nerves

Cerebellar degeneration
Opsoclonus-myoclonus
Limbic encephalitis and other dementias and brain stem encephalitis as
part of encephalitis, encephalomyelitis

Optic neuritis
Retinopathy/photoreceptor degeneration

Spinal Cord and Dorsal Root Ganglia

Necrotizing myelopathy; myelitis, as part of encephalomyelitis
Subacute motor neuronopathy
Motor neuron disease
Myelitis
Sensory neuronopathy

Peripheral Nerves

Subacute or chronic sensorimotor peripheral neuropathy
Acute polyradiculoneuropathy (Guillain-Barré syndrome)
Mononeuritis multiplex and microvasculitis of peripheral nerve
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plexus obligate fat-suppressed MRI studies performed in
three planes. Fat-suppressed studies are frequently per-
formed to detect perineural tumor spread. Although this
technique, in ideal circumstances, may reveal the cancer
as linear contrast enhancement surrounding the nerve, it
is prone to artifact, and loss of the perineural fat pad—a
sensitive sign of cancerous involvement of cranial nerve
exit portals at the skull base—may be obscured.80 If imag-
ing studies fail to reveal the presence of tumor, exploration
of the affected area is recommended depending on the
extent of the underlying malignancy, degree of patient’s
disability, and surgical accessibility and morbidity.

MANAGEMENT. Control of pain, frequently severe and
unrelenting, is a priority. This control may be achieved
with systemic chemotherapy or focal radiation. Addition-
ally, pain control with analgesics or anesthetic blocks may
be successful. Prognosis is often good for both pain control
and functional improvement after treatment of lymphoma,
breast cancer, and some head and neck malignancies.
Brachial neuritis
Autonomic neuropathy
Peripheral neuropathy with islet cell tumors
Peripheral neuropathy associated with paraproteinemia

Neuromuscular Junction and Muscle

Lambert-Eaton myasthenic syndrome
Myasthenia gravis
Dermatomyositis, polymyositis
Acute necrotizing myopathy
Carcinoid myopathies
Myotonia
Cachectic myopathy
Stiff-person syndrome

Data from Rusciano D, Burger MM: Mechanisms of metastases. In Levine AJ,
Schmidek HH (eds): Molecular Genetics of Nervous System Tumors. New York,
Wiley, 1993.
PARANEOPLASTIC SYNDROMES

Paraneoplastic syndromes affect all levels of the central
and peripheral neuraxis. In the majority of patients, the
neurological syndrome precedes the diagnosis of the under-
lying neoplasm by months to years and, not uncommonly,
the cancer is only identified at autopsy or not at all. Occa-
sionally, a paraneoplastic syndrome develops in the setting
of prior cancer that can no longer be identified. Spontane-
ous resolutions of paraneoplastic neurological syndromes
and the causative cancer have been reported (Table 47-9).

PATHOGENESIS AND PATHOPHYSIOLOGY. Para-
neoplastic syndromes result when an appropriate immune
response against a tumor antigen cross-reacts with similar
antigens expressed by the nervous system (“onconeural”
antigen). Tumor cells must invade regional lymph nodes
in order to trigger such an immune response. Onconeural
antigens can be categorized into those expressed on the cell
surface (voltage-gated calcium channels [VGCC], voltage-
gated potassium channels, EFA6A, and associated dual-
pore potassium channels) and intracellular antigens
(cytoplasmic [CDR34, CDR62, amphiphysin, and Tr) versus
nuclear [Hu and neuro-oncologic ventral antigen {NOVA}]).
Other mechanisms of nervous system injury (e.g., possibly
antibody-mediated injury to peripheral nerves in plasma
cell dyscrasias, paraproteinemic neuropathies in NHL, and
Waldenstrom’s macroglobulinemia) are not considered in
this chapter.

LOCATION OF UNCONEURAL ANTIGENS. Onco-
neural antigens are classified based on their subcellular
expression pattern (Table 47-10). Intracellular antigens are
found within the cytoplasm or the nucleus. Antibodies de-
signated as anti-Hu or ANNA-1 (antineuronal nuclear anti-
body type 1) target 35- to 40-kDa proteins constituting a
family of RNA binding proteins characterized by an RNA
recognition motif of 80 amino acids. Three of these nuclear
proteins (HuD, HuC, and Hel-N1) are neuron specific; the
fourth is expressed ubiquitously (HuR). All of them share
homology with the Drosophila embryonic lethal abnormal
visual protein (ELAV). Hu proteins bind to AU-rich elements
in the 30-untranslated region of mRNA. The autoimmune
response targets all homologues, but antibody titers for
the neuron-specific Hu proteins are higher than for HuR.81

The target antigens of anti-Ri antibodies (ANNA-2) are
55- and 80-kDa proteins encoded by NOVA-1 and NOVA-2
and seem to be predominantly expressed in subcortical
structures (ventral brain stem and spinal cord).82-84 NOVA
proteins regulate neuronal premessenger RNA splicing by
directly binding to RNAs encoding multiple components of
the inhibitory synapse (c-Jun N-terminal kinase 2, neogenin,
and gephyrin).85,86 The CRMP-5-antigen (collapsing media-
tor response protein) is identified by Western blot as a
62-kDa protein that is encoded by a gene on chromo-
some 2.87 The staining pattern for anti-CRMP-5 antibodies
resembles that of anti-amphiphysin antibodies (synaptic
regions of rat cerebellum, small nociceptive neurons in
dorsal root ganglion, and neuronal elements in the rat gut
wall). Sera from patients with cancer-associated retinopathy
(CAR) contain antibodies against a photoreceptor cell-specific
protein.88 This calcium-binding protein, named recoverin,
regulates rhodopsin kinase in a calcium-dependent fashion.
Patients with melanoma-associated retinopathy (MAR) pro-
duce a diverse immunologic response targeting bipolar cells
and other retinal elements.89 There are three different pro-
teins recognized by the anti-Yo antibody named according
to their molecular weight: CDR34 (34 kDa),90 CDR62-1,91

and CDR62-2. The 62-kDa protein contains a leucine zipper
motif and binds to c-myc. These proteins are expressed in



TABLE 47-10

Neoplasms and Antigens Associated with Specific
Paraneoplastic Syndromes

SYNDROME TUMOR TYPE ANTIGEN

PEM/SSN SCLC Hu, CV2
Amphiphysin

Limbic encephalitis SCLC Hu, CV2
Testicular Ta (Ma2)
Breast VGKC

PCD Breast/ovary Yo
SCLC Hu, CV2, VGCC
Hodgkin’s Tr, metabotropic

Glu receptor
Breast Ri

POM Breast Ri
Non-SCLC,

SCLC
Hu

Neuroblastoma Hu
CAR, MAR SCLC, renal Recoverin

Melanoma Retinal bipolar
cell

LEMS SCLC P/Q-type VGCC
Synaptotagmin
CV2

Stiff-person syndrome Breast, colon Amphiphysin
Paraneoplastic chorea

syndrome
SCLC,

lymphoma
Hu, CRMP-5

CAR, cancer-associated retinopathy; CRMP-5, collapsin response-mediator protein 5
(likely the same protein as CV2); Glu, glutamate; LEMS, Lambert-Eaton myasthenic
syndrome; MAR, melanoma-associated retinopathy; PCD, paraneoplastic cerebellar
degeneration; PEM/SSN, paraneoplastic encephalomyelopathy/subacute sensory neu-
ronopathy; POM, paraneoplastic opsoclonus-myoclonus; SCLC, small-cell lung can-
cer; VGCC, voltage-gated calcium channel; VGKC, voltage-gated potassium channel.
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the cytoplasm of cerebellar Purkinje cells. Antibodies target-
ing the metabotropic glutamate receptor mGluR1 have been
identified in patients in remission from Hodgkin’s disease.92

mGluR1 is abundantly present in dendrites of Purkinje cells.
As opposed to other central onconeural antigen-directed
antibodies, anti-GluR1 antibodies induce a neurological syn-
drome upon transfer into animals.93 Anti-Tr antibodies are
anti-Purkinje cell antibodies that can be recognized by their
characteristic strong staining of Purkinje cells and proximal
dendrites as well as punctate immunoreactivity in the molec-
ular layer of rat cerebellum. These antibodies likely recog-
nize conformational epitopes because characterization of
the antigen has been unsuccessful. Thus, diagnosis can only
be established by recognition of the characteristic pattern of
immunoreactivity; confirmatory Western blot is unavail-
able. Anti-Ma antibodies stain all neurons of the central
and peripheral nervous system, predominantly nuclei and
nucleoli (speckled pattern), and testicular germ cells.
In tumors associated with anti-Ma, cytoplasmic staining is
observed. On Western blot, two distinct bands are recog-
nized: 37 kDa (Ma1) and 40 kDa (Ma2). Ma2 is a 40-kDa
protein exclusively expressed in brain and testicular tumors.
Immunohistochemistry of brain slices with an anti-Ma2
antibody (“anti-Ta”) stains the nucleus (especially the
nucleolus) and cytoplasm of neurons.94 Amphiphysin is a
128-kDa protein expressed at nerve terminals and has a puta-
tive role in endocytosis of synaptic vesicles. Amphiphysin
and glutamic acid decarboxylase are associated with the
cytoplasmic surface of synaptic vesicles.95

Other onconeural antigens are expressed on the cell sur-
face. In Lambert-Eaton myasthenic syndrome (LEMS),
autoantibodies develop to the neuronal voltage-gated
calcium channels, especially the P/Q type, synaptotagmin,
a synaptic vesicle protein acting as a calcium sensor, and
the b subunit of the neuronal calcium channel. The former
occurs far more frequently than the latter (85% to 90% ver-
sus 10% to 30%). Calcium channel function is disrupted by
the antibody, leading to reduced acetylcholine release at
the neuromuscular junction and at synapses of autonomic
nerves.96 Changes in membrane voltage and depolarization
of the neuronal membrane by influx of potassium ions
leads to the opening of calcium channels. Calcium ions
flow into the nerve terminal, and neurotransmitter vesicles
fuse with the neuronal membrane. When muscle biopsy
specimens from LEMS patients receive a single supramax-
imal stimulus, miniature end plate potentials are normal in
amplitude but reduced in number, suggesting a reduction
in the number of quanta of acetylcholine being released
into the neuromuscular junction. An antibody has been
described in patients with ovarian teratomas that stains
the inner aspect of the molecular layer adjacent to the gran-
ular neurons of the dentate gyrus of the hippocampus.
Contrary to the intracellular onconeural antigens of central
paraneoplastic syndromes, immunolabeling is restricted to
neuronal cell membranes and processes, whereas cell
bodies are spared. EFA6A, a protein involved in the regu-
lation of dendritic development of hippocampal neurons,
has been identified as a putative antigen of this process.97

EFA6A interacts with KCNK1 (TWIK-1) and probably
also KCNK3 (TASK-1) and KCNK9 (TASK-3), all
members of a family of potassium channels containing four
transmembrane and two pore-forming domains. TASK-1
and TASK-3 have been implicated in the control of
breathing and arousal. Antibodies targeting the nicotinic
acetylcholine receptor (nAChR) are found in the few cases
of paraneoplastic myasthenia gravis. Antibodies directed
against voltage-gated potassium channels (Shaker family)
are identified in paraneoplastic neuromyotonia.98

MECHANISMS OF PARANEOPLASTIC SYNDROMES.

It appears that the serological immune response targeting
intracellular antigens is not neuropathogenic but, rather, a sur-
rogate marker for activation of cytotoxic T cells directed at
peptide sequences derived from the intracellular antigen.87

Thus far, immunoglobulin G (IgG) accounts for the only class
of antibody associated with paraneoplastic syndromes, with
IgG1 and IgG3 being the major subclasses.99 IgG1 and IgG3
synthesis probably reflects a Th1-type response of CD4þ

helper cells to the antigen. In the anti-Yo syndrome, paraneo-
plastic immunoglobulin production is entirely restricted to
IgG1. In this disease, cytotoxic T cell lymphocytes may play
a role in the autoimmune destruction of Purkinje neurons.
Expanded populations of major histocompatibility complex
class I-restricted cdr2-specific cytotoxic T lymphocytes
(CD8þ) have been identified in the blood of patients with
paraneoplastic cerebellar degeneration.100 For at least some
of the onconeural antigens expressed on the cell surface
(VGCC in LEMS),96 a pathogenetic role has been proven or
at least suggested.

CLINICAL IMPLICATIONS OF ONCONEURAL ANTI-

BODIES. Finding a tumor-specific anti-onconeural autoanti-
body in a patient with a neurological syndrome predicts the
identification of an underlying carcinoma of a specific histo-
logical type. All small cell lung cancers (SCLCs) with or
without paraneoplastic symptoms express the Hu antigen.
Sixteen percent of patients with SCLC without neurological
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dysfunction develop low titers of anti-Hu antibody. There is
no overlap between the titers of anti-Hu antibodies in SCLC
with paraneoplastic encephalomyelitis and sensory neuro-
nopathy and those without neurological symptoms. The
presence of anti-Hu antibodies at low titers is correlated
with confined tumor stage, complete treatment response,
and improved outcome.101 Anti-CRMP-5 antibodies are also
most commonly associated with SCLC. Immunoreactivity is
seen in the underlying tumor. Cerebellar degeneration is
most commonly associated with SCLC (anti-Hu and anti-
PCA-2), adenocarcinoma of the breast and ovary (anti-Yo),
and Hodgkin’s disease (anti-mGluR1 and anti-Tr).102,103

One third of patients with ovarian cancer without neurologi-
cal symptoms have circulating anti-Yo antibodies.104 Anti-
bodies targeting the metabotropic glutamate receptor
mGluR1 have been identified in patients in remission from
Hodgkin’s disease.92 Tumor cells are rarely recognized by
the anti-Tr antibody, raising the possibility that antibody
production may be the result of the polyclonal B cell acti-
vation that frequently accompanies Hodgkin’s disease.105

Testicular tumors are discovered in 20% of patients who
elaborate anti-Ta (anti-Ma2) antibodies. Anti-recoverin-
mediated retinopathy is usually associated with SCLC and
breast cancer, but it has also been described in gynecological
cancers (ovarian, cervical, endometrial carcinoma, uterine
sarcoma, and breast cancer) and Hodgkin’s disease. Anti-
recoverin antibodies are also found in patients with retinitis
pigmentosa. Another type of retinopathy has been observed
in melanoma (MAR). Voltage-gated potassium channel anti-
bodies and acquired neuromyotonia have been found in
patients with thymoma, SCLC, lymphoma, and plasmocy-
toma.96 Myasthenia gravis is associated with thymic tumors
in 10% of patients, especially older males.

PATHOLOGIC CHANGES IN PARANEOPLASTIC SYN-

DROMES. ANNA-1-related paraneoplastic encephalomy-
elitis is characterized by extensive, rapid, and irreversible
neuronal loss; reactive gliosis; marked perivascular cuffing
by lymphocytes; and meningeal infiltrates (CD4þ and
CD8þ lymphocytes) predominantly affecting the limbic
lobes, brain stem, cerebellum, and the gray matter of the
spinal cord. Loss of neurons in the dorsal root ganglia
along with an inflammatory infiltrate as well as secondary
degeneration of the dorsal root and posterior column of the
spinal cord are found in sensory neuronopathy. Neuropa-
thies are predominantly axonal, although segmental demy-
elination may also be found. Paraneoplastic opsoclonus-
myoclonus occurs in the context of Purkinje cell loss,
changes in the dentate nucleus, or demyelination of cere-
bellar white matter. Paraneoplastic cerebellar degeneration
(PCD) is accompanied by diffuse degenerative changes of
cerebellar cortex, especially loss of Purkinje cells, and
deep cerebellar nuclei, thinning of the molecular layer,
as well as a decrease in the number of granule cells. Men-
ingeal and perivascular clusters of inflammatory cells are
found. Autopsy data are scarce for mGluR1-associated
PCD. Loss of Purkinje cells to a lesser degree than with
other types of PCA and the absence of an inflammatory in-
filtrate have been noted. Autopsy findings in a patient with
anti-Ma paraneoplastic encephalitis showed loss of cere-
bellar Purkinje cells, neurons in the dentate and inferior
olivary nucleus, as well as perivascular and interstitial lym-
phocytes in the mesencephalic tectum and the tegmentum
of medulla, pons, and midbrain.106 Paraneoplastic retino-
pathy is characterized by diffuse degeneration of photore-
ceptor cells with relative sparing of cones, loss of cells of
the outer molecular layer, and melanin-laden macrophages
in the outer retinal layer and retinal pigment epithelium.107

EPIDEMIOLOGY AND RISK FACTORS. Population-
based incidence data are unavailable. In a large referral
center for serologic testing of patients with suspected para-
neoplastic syndromes, antibodies targeting ANNA-1 (Hu)
are the most commonly detected autoantibodies (0.36%
of submitted specimens), followed by CRMP-5 (0.35%),
Yo (0.17%), PCA-2 (0.06%), amphiphysin (0.04%),
ANNA-2 (0.02%), and ANNA-3 (0.01%).108 Most patients
with ANNA-1-positive paraneoplastic syndrome present in
their seventh decade.109 The majority are smokers, whereas
data on gender distribution vary. In up to 20% of patients, a
neoplasm is never identified.

CLINICAL FEATURES. Paraneoplastic syndromes
afflict multiple sites of the nervous system to produce
encephalopathy, rhombencephalopathy and cerebellar syn-
dromes, myelopathy, sensory and motor neuronopathy,
peripheral neuropathy, disturbances of the neuromuscular
junction, and myopathy. In general, the syndromes are
never purely confined to one anatomical location.

Encephalopathy. Limbic encephalitis is characterized
by dementia, retentive memory deficit indistinguishable
from Korsakoff psychosis (Video 229, Wernicke’s Enceph-
alopathy), hypersomnia, anxiety, a delirious state, or psy-
chiatric abnormalities (mood changes [depression], panic,
delusions, and disinhibition) (Video 21, Disinhibition).
Seizures can occur and are typically of the complex-partial
type (Video 78, Frontal Lobe Complex-Partial Seizure).
The syndrome is of subacute onset and evolves within
6 months.109,110 Movement disorders, including chorea,
athetosis, parkinsonism, and dystonia (limbs, truncal mus-
culature, and blepharospasm), are indicative of basal gangli-
onic involvement (Video 51, Parkinsonism in Alzheimer’s
Disease). Myoclonus can be of various neuroanatomical
origin; typically, it is generalized and arises from cortical
or brain stem structures (Video 57, Myoclonus).

Brain Stem Encephalitis. Brain stem encephalitis
involves the medulla to produce vomiting, vertigo, nystag-
mus, ataxia, and bulbar palsy with dysarthria and dyspha-
gia (Video 12, Dysdiadochokinesis). With more rostral
disease, eye movements become restricted (internuclear
or supranuclear gaze abnormalities) and pseudobulbar
emotional lability is encountered (Video 10, Dysarthria;
Video 202, Internuclear Ophthalmoplegia). Central hypo-
ventilation requiring prolonged ventilatory support proba-
bly reflects impaired function of respiratory neurons
(Fig. 47-7)

Photosensitivity and painless visual loss (ring scotomata)
in combination with attenuation of retinal arterioles repre-
sent the classical clinical triad associated with paraneoplas-
tic retinopathy. Patients complain of photosensitivity and
light-induced glare, transient visual symptoms, and pro-
gressive visual loss. Visual acuity is decreased and color
vision is impaired.111 Anti-CRMP-5-associated retinitis/
optic neuritis is likewise characterized by painless subacute
vision loss. Visual hallucinations (spots and flashes) or
illusions (tunnel vision) have been described

Cerebellar Syndromes. Paraneoplastic cerebellar degen-
eration (PCD) presents with appendicular and gait ataxia
(Video 208, Titubation), dysarthria, and nystagmus progressing
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Figure 47-7. Paraneoplastic syndromes.A, Fluid attenuated inversion recovery MRI (FLAIR) of a patient with anti-CRMP-5-associated encephalopathy clini-
cally characterized by a choreiformmovement disorder. Increased signal is seen in the right lenticular nucleus and the head of the caudate nucleus bilaterally.
B, Encephalitis involving the mesial temporal lobes (FLAIR; same patient as in part A). C, Brain stem encephalitis (no antibody identified). D, Cerebellar
degeneration (anti-Yo positive). This T1-weighted MRI demonstrates atrophy of the cerebellar vermis. E, Sensory ganglionitis (arrowhead; same patient
as in parts A and B; T1 with gadolinium, fat suppressed). F, A thorough tumor search in the patient shown in parts A, B, and E only revealed an enlarged
mediastinal lymph node (top, CT; bottom, PET; standardized uptake value: 4.7 [mildly increased metabolic activity]). Transesophageal biopsy confirmed
small cell cancer. AA, ascending aorta; DA, descending aorta; S, superior vena cava; T, trachea.
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over weeks to a few months (Video 8, Gaze-Evoked
Nystagmus; Video 211, Gait Ataxia). In addition, patients
may complain of diplopia and vertigo. PCD has to be distin-
guished from the severe sensory ataxia accompanying sen-
sory neuronopathy (Video 5, Sensory Ataxia). Continuous
rapid, conjugate oscillations of the eyes in yaw, pitch, and
roll aggravated by voluntary fixation or movement (opsoclo-
nus) and myoclonus characterize a reversible syndrome ob-
served in children with neuroblastoma (Video 209,
Paraneoplastic Opsoclonus); in adults with SCLC, this syn-
drome is irreversible. Anti-Hu-positive PCD presents as axial
ataxia, but signs of pancerebellar dysfunction evolve during
the course of the illness.

Myelopathy. Various types of myelopathy have been
described in the context of cancer. There are several reports
of a rapidly developing necrotizing myelopathy that mimics
an acute transverse myelitis in patients with lung cancer.
This involves the spinal cord at the thoracic level, which
produces CSF protein elevation. MRI can show patchy
gadolinium enhancement and T2-weighted signal abnor-
mality. Pathologically, widespread spinal cord necrosis
is seen with little inflammatory response or evidence of
vasculitis. However, in the absence of specific diagnostic
markers, the pathogenesis of these syndromes often remains
unclear.

Motor Neuron Disease. Rarely, cancer patients experi-
ence a disorder of the spinal cord that is similar to motor
neuron disease (amyotrophic lateral sclerosis). One in five
patients with ANNA-1 antibodies develops signs and
symptoms of motor neuron dysfunction. Patients complain
of proximal muscle weakness at presentation, which can be
asymmetric. Atrophy can be profound. Fasciculations
are seen, but distinction from amyotrophic lateral sclerosis
is usually simple on clinical grounds. With Hodgkin’s
disease, a subacute motor neuronopathy with progressive
painless, asymmetrical lower motor neuron weakness
appears. The tendon reflexes are decreased. Unlike ALS,
the bulbar muscles are usually spared, fasciculations are
rare, and the course is benign. Lower motor neuron syn-
dromes should raise the suspicion for lymphoma.112-114

Upper motor neuron syndromes are indicated by extensor
plantar response and clonus (Video 84, Sustained Clonus;
Video 203, Babinski Sign)110; mimicking primary lateral
sclerosis, these are observed in SCLC or breast cancer.112

Central and Peripheral Hyperexcitability Syndromes.
Patients with acquired neuromyotonia (Isaacs’ syndrome)
complain of muscle stiffness and cramps worsening with
activity. On examination, fasciculations and myokymia are
found. In contrast to movement disorders and stiff-person
syndrome, symptomsmay persist during rest and sleep (Video
238, Stiff-Person Syndrome).115 Stiff-person syndrome is
characterized by fluctuating muscle stiffness and painful
spasms. Symptoms are triggered by activity, emotion, or a
startle response. The truncal (thoracic, abdominal, and lumbar
paraspinal) and lower extremitymusculature is predominantly
involved. Symptoms resolve during sleep.116,117
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Peripheral Neuropathy. Patients with paraneoplastic
peripheral neuropathies present with a wide spectrum of
signs and symptoms reflecting involvement of sensory,
motor, and autonomic fibers. A symmetrical sensory or
sensorimotor polyneuropathy is the most common mani-
festation. The syndrome is slowly progressive in a
fiber-length-dependent fashion, but subacute or acute
(Guillain-Barre-like) presentations have been described.
A severe, entirely sensory variant is characterized by pro-
found sensory ataxia, polyminimyoclonus, total body
hypaesthesia, and loss of deep tendon reflexes emerging
over weeks (Video 5, Sensory Ataxia). Patients position
their extremities poorly in space and adopt athetoid
postures. Autonomic failure results in postural hypo-
tension; gastroparesis, constipation, or intestinal pseudo-
obstruction118; sweating abnormalities; and neurogenic
bladder dysfunction (urinary retention) and erectile dys-
function. Pupils may be asymmetric and respond sluggishly
to light. Involvement of C-fibers gives rise to disabling neu-
ropathic pain. Cranial neuropathies are identified in 10% to
20% of patients with paraneoplastic syndromes and present
as failure of olfaction, optic neuropathy, external ophthal-
moplegia, facial dysesthesias, facial palsy, trismus, sensori-
neural hearing loss, loss of taste, and tongue fibrillations
(Video 23, Cranial Nerve VII, Facial Diplegia; Video 43,
Tongue Fasciculations; Video 230, Exotropia).

Disorders of the Neuromuscular Junction. Myasthenia
gravis predominantly affects muscles innervated by nuclei
of the brain stem, resulting in ocular palsies (intermittent
diplopia), ptosis, weakness of eye closure, myopathic facies,
as well as mastication and swallowing difficulty (Video 32,
Cranial Nerve III Palsy). Furthermore, patients are dyspneic
and struggle to hold their head up.Weakness increases as the
day passes. Lambert-Eaton myasthenic syndrome involves
muscles of trunk, limb girdles, and lower extremities.
Patients, most of them men, complain about difficulty aris-
ing from a chair, climbing stairs, and walking. When the
examiner requests that the patient perform repetitive or
sustained muscle contraction, there is obvious improvement
in strength of the lower extremity proximal muscles as the
patient continues the task. Deep tendon reflexes are dimin-
ished. Autonomic symptoms (dryness of mouth, constipation,
difficulty urinating, and impotence) are common.119

Myopathies. Paraneoplastic polymyositis is recognized
as painless weakness of proximal limb muscles, especially
of hips and thighs. Patients have difficulty arising from a
deep chair, climbing stairs, or putting an object on a high
shelf. Both neck flexion and extension are impaired. Only
few patients complain of an aching pain. In dermatomyosi-
tis, a similar distribution of muscle weakness is observed.
A lilac-colored (heliotrope) skin change around the orbits,
on the bridge of the nose, and around fingernails is pathog-
nomonic. An erythematous scaling rash is seen over the
extensor surfaces of joints. Fifteen percent of patients with
dermatomyositis have underlying cancer; this proportion is
higher in patients older than 40 years.

Clinical-Immunologic Correlations. Neurological syn-
dromes of paraneoplastic etiology are highly variable.
Identical immunological profiles result in diverse clinical
manifestations. In many cases, more than one paraneo-
plastic antibody is isolated from the patient’s serum.108

Few “pathognomonic” syndromic manifestations exist.
A severe sensory irreversible neuronopathy accompa-
nied by limbic encephalitis is almost always associated
with anti-Hu antibodies. CRMP-5-associated autoimmunity
gives rise to a relentlessly progressing syndrome involving
multiple levels of the nervous system: subacute dementia, a
mostly sensory neuropathy, autonomic failure, an extrapy-
ramidal syndrome (chorea and myoclonus), olfactory or
gustatory impairment, and optic neuropathy/ retinopathy
(Video 57, Myoclonus). The typical patient with anti-Yo
antibodies has a gynecological malignancy (ovary and
breast) and displays signs of severe cerebellar dysfunction.
Anti-Ma1 antibodies are found in patients with a cerebellar
or brain stem syndrome. The majority of patients with anti-
Ma2 antibodies present with limbic encephalitis or brain
stem encephalitis.94 Psychiatric symptoms, memory defi-
cits, impairment of consciousness, hypersomnia, central
hypoventilation, and seizures are observed in patients with
ovarian teratomas and EFA6A-related autoimmunity. The
anti-Ri-associated syndrome is typically characterized by
opsoclonus, myoclonus, and ataxia (Video 209, Paraneo-
plastic Opsoclonus). Vision loss due to retinopathy or optic
neuropathy is found in patients with antibodies targeting
recoverin, retinal bipolar cells, and CRMP-5. Although
in a few patients vision loss is the presenting symptom,
all patients with anti-CRMP-5-associated paraneoplastic
disease develop widespread peripheral and central nervous
system involvement.120

DIFFERENTIAL DIAGNOSIS. A variety of encepha-
litides resemble paraneoplastic encephalomyelopathy.
Infections from herpes simplex and zoster, or other viral
agents, Wernicke’s encephalopathy, Leigh’s disease, lepto-
meningeal carcinomatosis, and a cancer-unrelated enceph-
alitis in patients displaying antibodies targeting members
of the Shaker-related voltage-gated potassium channel
family (KCNA1 [Kv1.1], KCNA2 [Kv1.2], and KCNA6
[Kv1.6])121,122 can all mimic the syndrome. The peripheral
manifestations are difficult to distinguish from the dorsal
root ganglion effects of vitamin B12 deficiency, cyto-
megalovirus ganglionitis, Sjogren’s syndrome, excessive
ingestion of pyridoxine and autoimmune disorders, tabes
dorsalis, diabetes, chemotherapy-related neuropathy, and
direct tumor infiltration. When ataxia, dysmetria, or nys-
tagmus is noted, clinicians must exclude direct meta-
static invasion of the cerebellum or its meningeal coverings,
the effects of medication such as cytarabine, strokes,
disseminated encephalomyelitis, multiple sclerosis, and
cerebellitis. Opsoclonus-myoclonus may occur sporadically
after viral infections, with medication use such as intra-
venous phenytoin or diazepam, or in cases of amitriptyline
overdose. Some chemotherapeutic agents, such as platinum,
nitrosoureas, procarbazine, and tamoxifen, radiation fields
inclusive of the optic nerves and chiasm, and the infiltrative
effects of lymphoma may cause retinopathy with similar
clinical features and should be considered as part of the dif-
ferential diagnosis of paraneoplastic retinopathy. The rare
hyperacute forms of paraneoplastic peripheral neuropathy
must be distinguished from acute inflammatory demyelin-
ating polyneuropathy. Clearly, “double-crush” syndromes
occur by which these neuropathies have superimposed
nerve damage of compressive (e.g., carpal tunnel syndrome
and tardy ulnar palsy), neurotoxic (vincristine and paclitaxel),
metabolic, and atrophic origins.
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EVALUATION

MRI. MRI has aided in establishing the diagnosis,
but findings are nonspecific or, unless obtained in the
early stages of the disease, no abnormalities are detected
(Fig. 47-8). Limbic encephalitis is characterized by subtle
T2-weighted alterations of the amygdala and hippocampus
reflecting inflammation and gliosis. Neuronal loss can be
seen in chronic stages with enlargement of the temporal
horn of the lateral ventricle. In the acute setting of paraneo-
plastic cerebellar degeneration, the MRI is normal, but
cerebellar atrophy is soon noted and folia become more
visible. The cerebellum becomes atrophic and scarred by
glia when Purkinje cells are virtually lost. Electroencepha-
lograms may show epileptic discharges in the temporal
lobes. Cerebrospinal fluid analysis is abnormal in two-
thirds of cases. However, findings are nonspecific and in-
clude lymphocytic pleocytosis, an increased protein level,
an increased IgG index, and oligoclonal banding indicative
of intrathecal immunoglobulin synthesis. Characteristic
features of CAR and MAR exist on electroretinographic
studies (decreased and delayed cone and rod-mediated
responses). Electrophysiologic studies help in the recogni-
tion of peripheral paraneoplastic syndromes and stiff-
person syndrome. Mixed axonal and demyelinating fea-
tures are seen in sensorimotor neuropathies. Polymoyositis
and dermatomyosistis are recognized by low-voltage, short
or polyphasic motor unit potentials and increased recruit-
ment. In myasthenia gravis, a decrementing compound
motor action potential (CMAP) is elicited upon repeti-
tive stimulation of a peripheral nerve (3 Hz). Single-fiber
electromyography (EMG) reveals increased “jitter.” The
edrophonium test defines the syndrome clinically and ace-
tylcholine receptor antibodies are of confirmatory value.
In LEMS, the weakened muscles exhibit resting and
volitional reduced-amplitude CMAP and a decrementing
response at low frequencies of stimulation. With rapid
stimulation at 20 to 50 Hz or after 15 seconds of strong
• Diagnostic studies to eliminate other possibilities in the differential dia
  appropriate imaging studies (CT, MRI)
• Spinal fluid examination (cell counts, total protein, glucose, oligoclona
  microbiological studies, cytology)
• Serum studies for baseline hepatic, renal, nutritional, and hematologic
• Antibody studies including anti-Yo, anti-Hu, Anti-Ri, glutamic acid dec
  gated calcium channels
• Electrophysiological tests including EMG/NCV, EEG, electroretinogram
  psychological examination

• Extent of underlying malignancy evaluation including
• CXR, CT of chest, abdomen, and pelvis, mammogram, bone scan, a
  (CEA, Ca15–3, Ca 125, AFP, beat hCG, PSA)
• If no underlying malignancy is found but anti-Yo antibody is present 
  prophylactic TAH/BSO is recommended

• Tissue diagnosis and the appropriate surgical intervention if an und
  malignancy is apparent
• In the case of LEMS, begin 3, 4-diaminopyridine
• In cases of other neurophysiological or neurochemical syndromes,
  syndromes, and degenerative syndrome, corticosteroids, plasmaph
  column therapy, intravenous immunoglobulin, or azathioprine
voluntary contraction, electrical facilitation occurs, charac-
terized by a twofold increase in CMAP. In neuromyotonia,
motor nerve conduction studies reveal “after-discharges”;
EMG shows spontaneous firing of morphologically normal
motor unit potentials (fasciculations; doublets, triplets,
and multiplets; myokymic discharges; and irregular bursts
reaching a frequency of more than 50 Hz and up to 300
Hz). Stiff-person syndrome is characterized by continuous
motor unit activity with morphologically normal poten-
tials and simultaneous activation of agonist and antagonist
muscles.

Serologic Studies. Paraneoplastic antibodies targeting
onconeural antigens can help in the differential diagnosis
of similar central or peripheral neurological syndromes and
direct the search for the underlying malignancy. Paraneo-
plastic antibodies targeting onconeural antigens are detected
in serum and CSF. In a small subset of patients with anti-Tr-
positive PCD, antibodies may only be detectable in CSF.105

Specificity of ANNA-1 for small cell cancer is sufficiently
high to justify continued search if a different type of cancer
is identified. Anti-CRMP-5 antibodies have been described
in patients with SCLC, thymoma, and lymphoma.87 In con-
trast to ANNA-1, antibody detection in neurologically
asymptomatic patients with SCLC is exceptional.87 CRMP-
5 antibody titers in CSF can exceed serum titers. Anti-
CRMP-5 and anti-CV2 antibodies appear to be identical.87,123

Anti-Tr antibodies predict Hodgkin’s disease.105 The most
heterogeneous tumor spectrum appears to be correlated with
anti-Ma antibodies (lung, breast parotid gland, and colon).106

Anti-Ma2 antibodies (anti-Ta) are markers for seminomas
and nonseminomatous or mixed germ cell tumors.94

Management. Control of the underlying tumor may halt
the progression after several months. Broad therapeutic
guidelines are difficult to outline, but the physician is guided
by several rules. Expedient procedures are warranted and
should include the exclusion of alternative diagnoses, the
provision of appropriate scanning, and serological marker
gnosis, including 
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Figure 47-8. Evaluation of paraneoplastic syn-
dromes. AFP, a-fetoprotein; CEA, carcinoem-
bryonic antigen; CT, computed tomography;
CXR, chest x-ray study; EEG, electroencepha-
logram; EMG/NCV, electromyography/nerve
conduction velocities; hCG, human chorionic
gonadotropin; LEMS, Lambert-Eaton myas-
thenic syndrome; MRI, magnetic resonance im-
aging; PSA, prostate-specific antigen; TAH/
BSO, total abdominal hysterectomy/bilateral
salpingo-oophorectomy.
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studies. Certain syndromes justify a thorough search for an
underlying cancer and the provision of appropriate treatment
with surgery, chemotherapy, or radiation therapy. Concomi-
tant treatment of the paraneoplastic syndrome should be
provided rather than awaiting tumor response. Available treat-
ment modalities consist of plasmapheresis, intravenous im-
munoglobulin infusion (IVIG), or immunosuppression with
corticosteroids or cyclophosphamide. Immunosuppressive
therapymay be difficult to coordinatewith concurrent chemo-
therapy and reports of its successful use are anecdotal.

The treatment of paraneoplastic myasthenia gravis con-
sists of thymectomy, prednisone, or azathioprine. Plasma-
pheresis is useful during crisis. Cholinesterase inhibitors
are used for symptomatic management. LEMS should be
treated with 3,4-diaminopyridine. Because of the renal
toxicity of guanidine, use of this drug should probably be
avoided in a patient who may be undergoing chemotherapy
with agents that require renal clearance. Patients benefit
from corticosteroids and tumor-directed therapy. Plasma
exchange or IVIG has been successfully used in stiff-
person syndrome. For symptomatic relief, benzodiazepines,
dantrolene, or antiepileptic agents are indicated.

Prognosis and Future Perspectives. In general, the
paraneoplastic syndromes associated with antibodies target-
ing intracellular antigens are unresponsive to therapeutic in-
tervention, whereas treatment may be successful in those
with circulating pathogenetically relevant antibodies target-
ing surface antigens. However, there are exceptions to this
rule because partial recovery has been observed in patients
with anti-Tr- and anti-Ma2-associated syndromes.105 Exam-
ples of “treatable” conditions include LEMS, stiff-person
syndrome, and opsoclonus-myoclonus in children with neu-
roblastoma. Refractory to therapy are cell degenerative
processes, including Purkinje cell cerebellar degeneration,
retinopathy with ganglion cell loss, ANNA-1-mediated sen-
sory neuronopathy and limbic encephalopathy, and motor
neuronopathy with reduction of anterior horn cells. Regard-
less of the poor prognosis of the majority of central paraneo-
plastic syndromes, patients may live much longer than those
with an identical tumor type but lack of an “onconeural” an-
tigen-mediated immune response. For example, the median
survival for patients with breast cancer and PCD is approx-
imately 8 years, five times longer than that of patients with
gynecologic malignancies.124
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CHAPTER 48
Demyelinating Disorders of the Central
Nervous System
Istvan Pirko and John H. Noseworthy
HISTORY MULTIPLE SCLEROSIS ACUTE DISSEMINATED ENCEPHALOMYELITIS
ROLE OF MYELIN NEUROMYELITIS OPTICA
HISTORY

Multiple sclerosis (MS) is now known to be a common
malady even though it was first recognized as a distinct
clinicopathological entity less than 150 years ago.1 The
lack of clear medical reports before the early 1800s is
sometimes interpreted as evidence that MS is a relatively
new disease. However, it is more likely that the evolution
of medicine into science led to more precise observation
and description of human diseases, including MS. Saint
Lidwina of Schiedam (1380–1433) developed a relapsing
neurological disorder at the age of 18 and may be the first
case of clinically described MS.2 Ollivier was the first to
report a clinical case in the medical literature in 1824.1

Shortly thereafter, Carswell illustrated a case of what is
now clearly recognizable as MS in his atlas of anatomical
pathology. Cruveilhier published gross pathological and
clinical descriptions of MS. Vulpian first suggested the ru-
bric of “sclerose en plaque” in 1866. Charcot was primarily
responsible for establishing MS as a unique and recogniz-
able syndrome.3 He also described the clinical spectrum
and the histological appearance. Pierre Marie was the first
to suggest an infectious cause of MS in 1884, a hypothesis
that is still debated. Toxins were also considered to be
responsible in the early 1900s. A major advance toward
the understanding of demyelinating diseases was the dis-
covery of experimental allergic encephalomyelitis (EAE)
by Rivers in 1935.4 A variety of different demyelinating
diseases have subsequently been described (Table 48-1).
ROLE OF MYELIN

Myelin provides insulation for axons and is necessary for
saltatory conduction. It is composed of tightly wrapped
lipid bilayers with specialized protein constituents. Periph-
eral nervous system (PNS) myelin is formed by the exten-
sion of Schwann cells, and central nervous system (CNS)
myelin is produced by oligodendrocytes. The myelin coat-
ing is interrupted at regular intervals (nodes of Ranvier)
where the axon membrane with its concentration of voltage-
gated sodium channels is exposed to the extracellular envi-
ronment (Fig. 48-1).5 The presence of myelin is essential to
maintain conduction velocity; its loss or damage can lead to
significantly slower conduction or conduction block. Other
factors affect conduction velocity including certain antibo-
dies and chemicals like nitric oxide. In certain cases, block-
ade may be the initial event in the cascade of events leading
to demyelination.

CNS and PNS myelin differ in a number of important
ways. Schwann cells myelinate only one internodal segment
from a single PNS axon, whereas oligodendrocytes myeli-
nate multiple CNS axons. The proteins also differ. Proteo-
lipid protein (PLP) accounts for approximately 50% of the
CNS myelin proteins. Mutations in this highly conserved
protein cause Pelizaeus-Merzbacher disease. Protein zero
is the major PNS myelin protein and performs a function
similar to PLP in compacting the intraperiod line. Myelin
basic protein (MBP) makes up 30% of CNS and 10% of
PNS myelin proteins. MBP is not an integral protein but
binds to the cytoplasmic surface and is responsible for com-
paction at the major dense line. Myelin associate glyco-
protein accounts for about 1% of both peripheral and
central myelin. Myelin oligodendrocyte glycoprotein and
cyclic nucleotide phosphodiesterase are minor constituents
of CNS myelin and are not found in the PNS. Peripheral
myelin protein 22 is a minor component of PNS myelin.
MULTIPLE SCLEROSIS

MS is an inflammatory relapsing or progressive disorder of
CNS white matter and is a major cause of disability in
young adults. Pathologically, it is characterized by multifo-
cal areas of demyelination, loss of oligodendrocytes, and
astrogliosis but with relative preservation of axons. While
demyelination is the classic hallmark of MS, axonal and
neuronal injury are important aspects of the disease and
are gaining more recognition. Although certain clinical
features are characteristic of MS, investigative studies are
often needed to confirm the clinical suspicion and exclude
other possibilities. Recently, there have been advances in
understanding the etiology, mechanisms of myelin injury,
and potential for repair, and several partially effective
agents are now approved for use in relapsing-remitting
and secondary progressive MS.



TABLE 48-1

Primary (Idiopathic) Inflammatory Demyelinating
Disorders of the Central Nervous System

Acute disseminated encephalomyelitis
Monophasic
Multiphasic
Relapsing (controversial)

Monosymptomatic syndromes
Optic neuritis
Acute transverse myelitis (partial and complete)
Brain stem demyelination

Multiple sclerosis
Neuromyelitis optica
Marburg’s disease

Schilder’s myeloclastic diffuse sclerosis (controversial)
Balo’s concentric sclerosis

Major dense line

Intraperiod line

A

A = axon

Figure 48-1. Major constituent components of CNS myelin. (Modified from
Raine CS: Morphological aspects of myelin and myelination. In Morrell P
[ed]: Myelin. New York, Plenum Press, 1984, p 26.)

Figure 48-2. Pathology of MS. A, Coronal brain slice showing several focal
areas of sclerosis (arrows). B, Luxol fast blue stain of a coronal brain sec-
tion showing numerous discrete areas of myelin loss. C, Hematoxylin and
eosin stain of a chronic lesion showing perivascular mononuclear cells and
prominent gliosis. D, Luxol fast blue/periodic acid–Schiff stain showing
perivascular inflammation and loss of myelin.
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PATHOGENESIS AND PATHOPHYSIOLOGY (Fig. 48-2).
The pathogenesis and pathophysiology of MS remains
incompletely understood. Several mechanisms may be im-
portant to MS plaque formation: autoimmunity, infection,
bystander demyelination, and heredity. Although convincing
proof is lacking, dietary factors and toxin exposure have been
hypothesized to contribute as well. These mechanisms
are not mutually exclusive, and the true pathophysiology is
likely to depend on more than one of them.

Autoimmunity. During ontogenesis, autoreactive lym-
phocytes normally undergo clonal depletion, but some
escape and are merely suppressed, becoming tolerant to
their antigens. Low levels of autoreactive T and B cells
persist even in normal individuals. Autoimmune disorders
occur when the tolerance of these cells toward their antigen
is broken. The decreased suppressor activity of circulating
lymphocytes from patients with MS and other presumed
autoimmune diseases may reflect loss of tolerance.6 One
potential mechanism that may break tolerance is molecular
mimicry between self and foreign antigens. Autoreactive
T4 lymphocytes may become activated on exposure to
structurally similar foreign antigens. Some evidence
suggests that molecular mimicry is relevant in MS. Not
only do several viral and bacterial peptides share structural
similarities with MBP, but it has also been demonstrated
that these antigens may activate MBP-specific T-cell
clones derived from MS patients.7 Blood-brain barrier
leakage alone may break tolerance because it gives CNS-
reactive lymphocytes easy access to otherwise inaccessible
antigens. Alternatively, a primary event such as an infec-
tion or injury may release CNS antigens into the periphery,
where they may activate corresponding autoreactive cells.8

The major support for autoimmunity in the pathogenesis
and pathophysiology of MS is by analogy to EAE, the
major animal model for MS. EAE is, however, an artificial
situation and there is no spontaneous autoimmune animal
model of MS. While EAE is the most commonly studied
model of MS, several features of human MS can not be
adequately captured by this model.9,10 Over a hundred
different effective treatments have been described for
EAE; however, almost all of them are ineffective and some
are harmful in human MS. A recent editorial discusses the
merits and important limitations of EAE as a model for
MS.10 In EAE, just like in classic human autoimmune dis-
eases such as systemic lupus erythematosus (SLE) or rheu-
matoid arthritis, the main target antigens are known.
However, despite the discovery of several “weak” antigens
in human MS, no dominant antigens have been identified
to date. The only human demyelinating disease with an
identified specific antigen is Devic’s disease (neuromy-
elitis optica), which appears to be a novel autoimmune cha-
nellopathy with an antigen that is neither neuronal nor
myelin related (see later discussion of Devic’s syndrome
under Neuromyelitis Optica).11

Infection. The role of viral infections in the initiation
and maintenance of MS has been debated for some time.
Several viral infections are known to cause demyelination
in animals, including visna virus of goats and sheep, canine
distemper virus, and Theiler’s murine encephalomyelitis
virus. Viral infections in humans can also cause de-
myelination (progressive multifocal leukoencephalopathy
[JC papillomavirus], subacute sclerosing panencephalitis
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[measles virus], and human T-cell lymphotropic or leuke-
mia virus type 1 [HTLV-1]-associated myelopathy). The
epidemiology of MS suggests that environmental factors
may promote the disease state, possibly due to one or more
viruses. A virus may be involved in the pathogenesis of MS
in several ways:

1. Transient or persistent infection outside the CNS
may activate autoreactive T cells by means of
molecular mimicry or by other nonspecific means
(as superantigens do).

2. Transient CNS infection may initiate a cascade of
events that fosters autoimmunity (breach the
blood-brain barrier, release CNS antigens).

3. Recurrent CNS infections may precipitate repeated
inflammation and demyelination.

4. Persistent CNS viral infection could either incite
inflammatory reactions detrimental to oligodendro-
cytes or directly injure them.

Beyond speculation and epidemiological observations,
there is insufficient evidence for a viral infection playing
a causative role in MS. Early serological studies are
difficult to interpret because of nonspecific immune acti-
vation and resulting elevation of titers to many different vi-
ruses. Many MS patients have elevated cerebrospinal fluid
(CSF) titers to measles and herpes simplex (HSV) viruses,
but this finding appears nonspecific. Virus has rarely been
cultured from CSF of MS patients, but a new strain of HSV
(the MS strain) and a new virus (Inoue-Melnick virus) were
first isolated from the CSF of MS patients.12,13 Newer
molecular techniques to search for a viral genome in CSF
and brain have rejected the claim that HTLV-1 is associated
with MS. The finding that human herpesvirus 6 (HHV6),
although present in 70% of brains from both control subjects
and MS patients, is localized to the oligodendrocyte nuclei
near plaques of MS patients and to oligodendrocyte cyto-
plasm in control subjects indicates that persistent CNS viral
infection is common.14 This raises the possibility that MS
may depend on an aberrant host response to this normal
condition or that a defective virus that lacks the ability to
evade immune detection may be to blame.

More recently, measles and canine distemper virus anti-
bodies were found elevated in blood and CSF samples of
MS patients, although their relationship is not clear to the
disease process. In a study from Denmark, patients with
serological markers for late-stage Epstein-Barr virus (EBV)
infection had a threefold increase in the likelihood of devel-
oping MS. A follow-up study from Sweden failed to reach
this conclusion. In general, serum samples of MS patients
may contain higher titers of antibodies to the following infec-
tious organisms: adenovirus, canine distemper virus, HSV,
HHV6, and influenza, measles, mumps, parainfluenza, ru-
bella, vaccinia, and varicella zoster virus (VZV). Similarly,
CSF samples fromMS patients may show higher titers of ad-
enovirus; Chlamydia pneumoniae; cytomegalovirus (CMV);
EBV; HHV6; coronavirus; influenza viruses A and B; mea-
sles ormumps virus;Mycoplasma pneumoniae; parainfluenza
viruses 1, 2, and 3; respiratory syncytial virus; rubella virus;
vaccinia; and VZV. There has been an interest recently in a
potential link betweenC. pneumoniae infection and the devel-
opment of MS. No direct cause-and-effect relationship has
been observed between any of these infections and MS.
“Bystander” Demyelination. Immune actions may
mediate myelin injury in a nonspecific manner. Many sol-
uble products of the immune response other than immuno-
globulins are known or suspected to be toxic to myelin and
oligodendrocytes. Activated complement is capable of lys-
ing oligodendrocytes in an antibody-independent fashion.15

The proinflammatory cytokine tumor necrosis factor-a
causes myelin disruption and oligodendrocyte apoptosis
in vitro.16 Arachidonic acid metabolites may also partici-
pate in myelinolysis, and reactive oxygen species released
by macrophages cause lipid peroxidation that can damage
myelin. Other soluble substances that are potentially toxic
to myelin include nitric oxide and vasoactive amines.

Histological Subtypes of MS Lesion Development.
Through the groundbreaking work of Lucchinetti and
associates in the MS lesion project, it is postulated that
the formation of MS lesions follows one of four patterns.17

Patterns I and II are related to immune-mediated damage to
myelin sheaths. In pattern I, cellular mechanisms of injury
seem to prevail (macrophages and T-lymphocytes) whereas
in pattern II humoral mechanisms of injury predominate
(e.g., antibody and complement-mediated mechanisms).
Patterns III and IV are related to oligondendrocye pa-
thology: in pattern III, a distal oligdendrogliopathy and ap-
optosis have been reported, whereas in pattern IV, primary
oligodendrogliopathy and degeneration of oligodendro-
cytes have been described. Currently these subtypes can
be diagnosed only by biopsy; serum and magnetic reso-
nance imaging (MRI) markers are not yet known, although
lesional T2 hypointense rims and response to plasma
exchange may correlate well with pattern II pathology. It
is important to note that the patterns do not correlate with
clinical subtypes of MS, with the exception of pattern IV,
which has been identified only in primary progressive
(PPMS) patients. Evidence to date suggests that the pattern
of lesion formation remains the same within an individual
patient; patients do not “switch” from one pattern to the
other. Also, the patterns do not seem to represent different
chronological stages of lesion formation.

Gray Matter Involvement. It has been known since the
late 19th century that MS affects both gray and white mat-
ter structures. The importance of gray matter involvement
has received little attention until recently, largely due to
the development of advanced MRI techniques (see later)
that indicate neuronal and axonal involvement even in the
earliest stages of this disease. A classification system of
gray matter plaques was proposed by Peterson and associ-
ates18 They described three patterns of cortical demyelin-
ation: type I lesions are contiguous with subcortical white
matter lesions; type II lesions are confined to the cortex,
and are often perivascular; type III lesions extend from
the pial surface to cortical layer 3 or 4. Besides cortical
gray matter involvement, there is also evidence for promi-
nent basal ganglia involvement, which can be seen in the
early stages of MS, and may correlate better with motor
outcome and cognitive measures than measures of white
matter involvement.

Lucchinetti and associates demonstrated that biopsy
samples from newly diagnosed demyelinating cases con-
tain numerous infiltrating immune cells, and can be de-
structive. The pathological classification of cortical lesions
as described by Petersen can also be found in these early
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MS biopsy samples. Approximately 20% of biopsy cases
in which gray matter was also sampled had evidence of
clear cortical demyelination.

In 2005, an extensive histological study by Kutzelnigg
and associates investigated the role of cortical demye-
lination in all clinical subtypes of MS.19 In this study, 52
brains of MS patients (relapsing-remitting [RR], secondary
progressive [SP], and PPMS) and 30 control subjects were
studied using advanced quantitative morphological tech-
niques. Cortical demyelination and diffuse axonal injury
in the normal appearing white matter (NAWM) were
reported as hallmarks of progressive forms of MS. Cortical
demyelination was mainly seen in the subpial layer of
cortex, and was associated with significant inflammatory
infiltrates in the surrounding meninges. Diffuse inflamma-
tion was also found throughout the white matter of the pro-
gressive cases, associated with activation of microglia.
No significant correlation was shown between focal white
matter lesion load and cortical demyelination. This study
defines three crucially important pathological hallmarks
of MS—focal demyelinated white matter lesions, diffuse
injury in the white matter, and cortical plaque forma-
tion—and concludes that white matter lesion formation
predominates in active forms of MS, while cortical pathol-
ogy and diffuse white matter injury characterizes the pro-
gressive forms. The authors of this landmark paper also
established that these three processes are potentially inde-
pendent of each other.

Heredity. Epidemiological findings support a polygenic
hereditary predisposition to MS. A number of candidate
genes have been investigated, often with conflicting
results. The only definitive genetic association in MS is
with the serologically defined human leukocyte antigen
(HLA) DR15, DQ6. This is one of the DR2 haplotypes, also
known as Dw2 in cellular terminology and DRB1*1501,
DQA1*0102, DQB1*0602 in molecular nomenclature.
Though its link to MS is well established, the risk
conferred by this haplotype is small (relative risk of 3 to
4), and it is neither necessary nor sufficient for the de-
velopment of MS. Linkage to this locus has not been
proved, indicating that it plays only a minor role in familial
susceptibility. Other susceptibility genes likely contribute,
possibly the T-cell receptor variable b region and the IgG
heavy-chain variable region (especially the VH2–5 gene).
But their specific roles have not been established. Other
genes under study have been the MBP coding gene, the
CTLA-4 gene on chromosome 2q33, and the interleukin-
1ra associated gene, in concurrence with the HLA-DR15
haplotype. Mitochondrial mutations are also under investi-
gation, and an LHON-associated mtDNA mutation may
be an important cofactor in developing MS in some pa-
tients. The ApoE4 gene, as in Alzheimer’s disease, has
been associated with a higher incidence of MS. On the oth-
er hand, ApoE3 is considered to have neurotropic, immu-
nomodulatory, and antioxidant properties. These findings
are yet to be confirmed by larger studies.

Twenty percent of MS patients have at least one affected
relative. Only about 4% of first-degree relatives of patients
develop MS, but this represents a 20- to 40-fold increase in
risk compared with the general population. Unaffected
family members sometimes have abnormal findings on cra-
nial MRI, implying that this risk is even higher. One study
of MS rates in adopted relatives of MS patients verified
that the familial distribution is due to genetic factors rather
than shared environment.20 Twin studies lend support to
both genetic and environmental influences on MS develop-
ment. Genetically identical monozygotic twins are more
often concordant for MS than dizygotic twins (26% and
2.4%, respectively), indicating a genetic component;21

however, even after following monozygotic twins past
age 50 or using MRI data, less than 50% are concordant,
suggesting a role for environmental factors.

EPIDEMIOLOGY AND RISK FACTORS. MS is not a
rare disease. It affects millions worldwide and approxi-
mately 400,000 in the United States alone. Symptoms
usually begin during young adulthood, with the peak onset
at age 24. Approximately 0.3% of MS cases are diagnosed
before age 15. Women are affected nearly twice as often as
men. MS has a predilection for whites, especially those of
northern European heritage. Other races and ethnic popula-
tions are resistant to a variable extent. MS is virtually un-
known among black Africans but occurs in African-
Americans at half the rate of whites, possibly due to racial
admixture or environmental factors. MS is rare in tropical
areas, and the prevalence increases proportionally to the
distance from the equator, excluding polar regions. The
prevalence is less than 5 cases per 100,000 in tropical
areas; in high prevalence areas it can be higher than 30
per 100,000,22 reaching up to 100 per 100,000 in selected
areas. Although usually interpreted as the effect of environ-
mental factors, the prevalence gradient is at least partially
due to racial susceptibility.23

Perhaps the most incriminating evidence for the role of
environmental factors in the development of MS is the
changing risk with migration and the occurrence of MS
clusters and epidemics. Immigrant populations tend to ac-
quire the MS risk inherent to their new place of residence.
Migration from high to low prevalence before the age of 15
lowers the MS risk, whereas migration after this age does
not affect risk.18 Migration from low to high prevalence
areas increases the risk of MS, but the effect of age is
less clear. Many clusters of MS have been reported.24,25

The occurrences of MS epidemics in Iceland and the Faroe
Islands have been proposed to be the result of exposure to a
pathogen brought by British troops during their occupation
in World War II. Other environmental factors associated
with the development of MS include cigarette smoking
(odds ratio of 1.81, CI: 1.1–2.9), animal fat intake, and
deficiency of vitamin D.26,27

Epidemiological data support the view that MS is caused
or triggered by an environmental factor in persons who are
genetically susceptible. The familial frequency and distri-
bution implies that several genes contribute to suscepti-
bility, and this is consistent with the low relative risk
conferred by the genetic loci studied so far. Data from clus-
ters, migration studies, and family studies reveal that there
is a latent period of some 20 years between exposure to the
environmental factor and the development of clinical
symptoms and that the age at exposure is around 15, the
putative age at acquisition.

The precise environmental events that lead to CNS
demyelination are uncertain. Viral infection is the most
plausible, but because of the nonspecific elevation of viral
titers and long latent period, there is little direct evidence.



Pirko and Noseworthy / Demyelinating Disorders of the Central Nervous System 1107
Minor respiratory infections precede 27% of relapses in
patients with established MS. Measles infection was found
to have occurred at a later age in MS patients than control
subjects, although the incidence of MS has not been
reduced by immunization against measles. Head injury
and trauma have received attention as putative triggering
events, but cohort studies have not verified any link. Preg-
nancy does not alter the risk of developing MS, but it does
seem to influence disease activity. The annualized relapse
rate drops from approximately 0.56 to 0.12 by the third
trimester, but this is offset by an increase to 1.2 in the first
3 postpartum months. Most studies have found no long-
term effects of pregnancy on the prognosis for progression
or disability, although one did report a favorable effect.28

A multitude of other environmental factors have been
suspected to alter the risk for MS (cold climate, precip-
itation, amount of peat in the soil, exposure to dogs,
and consumption of meat, processed meat, and dairy
products), but none has been verified to be an independent
risk factor.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

MS can cause a wide variety of clinical features. Many
signs and symptoms are characteristic, and a few are virtu-
ally pathognomonic for the disorder. Conversely, some
symptoms are atypical and some are so rare as to suggest
a different diagnosis (Table 48-2). The course of the illness
is also variable, but it remains a critical consideration in
the diagnosis of MS.

Sensory symptoms are the most common presenting
manifestation in MS (21% to 55%) and ultimately develop
in nearly all patients.29 Loss of sensation (numbness), par-
esthesias (tingling), dysesthesias (burning), and hyperesthe-
sias are common. These symptoms may occur in practically
any distribution: one or more limbs, part of a limb, trunk,
face, or combinations. The more distinctive sensory relapses
of MS consist of the sensory cord syndrome and the sensory
useless hand syndrome. A common scenario is that of
numbness or tingling beginning in one foot, ascending first
ipsilaterally and then contralaterally. The sensory symptoms
may ascend to the trunk, producing a sensory level, or
TABLE 48-2

Diagnosis of Multiple Sclerosis

CLINICAL FEATURES
SUGGESTIVE OF MS

CLINICAL FEATURES NOT
SUGGESTIVE OF MS*

Onset between ages 15 and 50 Onset before age 10 or after 55
Relapsing-remitting course Continued progression from

onset without relapsesOptic neuritis
Lhermitte’s sign Early dementia
Partial transverse myelitis Seizures
Internuclear ophthalmoplegia Aphasia
Sensory useless hand Agnosia
Acute urinary retention (especially
in young men)

Apraxia
Homonymous or bitemporal
hemianopiaParoxysmal symptoms

Diurnal fatigue pattern Encephalopathy
Worsening symptoms with heat or
exercise

Extrapyramidal symptoms
Uveitis
Peripheral neuropathy

*Whereas features listed in the right column may be seen in MS, they are atypical
and should prompt consideration of alternate explanations.
may involve the upper extremities. Associated symptoms
commonly include poor balance, weakness, urinary urgency,
constipation, and Lhermitte’s sign (see later). Brown-
Séquard syndrome may occur with sensory disassociation
and hemiparesis. The sensory cord syndrome reflects an
evolving demyelinating lesion that begins in the medial
posterior column ipsilateral to the first symptoms. Sensory
cord syndromes are common in MS and suggest the diagno-
sis when they occur in young persons and remit spontane-
ously or in response to corticosteroids. Patients with the
sensory useless hand may note subjective numbness and
lose discriminatory and proprioceptive function, resulting
in difficulty writing, typing, buttoning clothes, and holding
onto objects, especially when not looking at the hand. This
problem can occur bilaterally even without lower extremity
symptoms. The responsible lesion is in the lemniscal path-
ways either in the cervical spinal cord or in the brain stem.
This syndrome usually remits over several months. The use-
less hand syndrome is a very specific symptom and is only
rarely caused by other disorders.

A large portion of MS patients have persistent sensory
loss, usually consisting of diminished vibratory and posi-
tion sensation in distal extremities (Video 5, Sensory
Ataxia). Itching may occur in a dermatomal distribution
with relapse or in paroxysms. Pain is not a major manifes-
tation of MS, but distressing lower extremity dysesthetic
pain associated with spinal cord involvement, radicular pain
from lesions at the root entry zone, paroxysms, and an un-
comfortable sensation of pressure or tightness surrounding
a leg or the trunk may be present.

Pyramidal tract dysfunction is common in MS and
causes weakness, spasticity, loss of dexterity, and hyper-
reflexia (Video 80, Hyper-reflexia). Motor deficits can
occur acutely or in a chronic progression with weakness
of one or more limbs and facial weakness, leg stiffness that
impairs gait and balance, or extensor and flexor spasms
(Video 3, Spastic Gait). Exercise or heat frequently wors-
ens subtle deficits. Muscle atrophy is usually due to disuse,
but lesions of lower motor neuron fibers or of the anterior
horn itself can cause a pseudoradiculopathy with segmen-
tal weakness, atrophy, and diminished reflexes. Motor
symptoms are presenting manifestations of MS in 32% to
41% of all cases; their prevalence is higher than 60% in
long-standing MS.

The initial symptom of MS is optic neuritis (ON) in 14%
to 23% of patients, and more than 50% experience a clini-
cal episode of ON during their lifetime. The most common
manifestation is visual loss in one eye that evolves over a
few days. Periocular pain, especially with eye movement,
usually accompanies and may precede the visual symp-
toms. Bilateral simultaneous ON is uncommon in adults,
but formal visual field testing reveals unexpected defects
in the clinically normal eye in a substantial number of
patients. Children and Asian patients are more likely to
have bilateral simultaneous ON; it may also be seen in neu-
romyelitis optica (NMO) patients. Examination shows an
afferent pupillary defect, diminished visual acuity, subdued
color perception, and often a central scotoma (Video 200,
Afferent Pupillary Defect). Funduscopic examination is
usually normal but occasionally will reveal papillitis (more
common in children) or venous sheathing. Most patients
begin to recover within 2 weeks, and significant visual
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recovery is common. There may be persistent visual blur-
ring, altered color perception, or Uhtoff’s sign. MS patients
without a clinical history of ON often have evidence of
optic nerve involvement on funduscopic examination or vi-
sual evoked potentials. Recurrent optic neuritis can occa-
sionally be seen without evidence for dissemination to
other areas of the CNS. A retrospective study of 72 cases
with recurrent ON concluded that the 5-year conversion rate
to neuromyelitis optica was 12.5%; conversion rate to MS
was 14.4%; while 73% did not convert to either condition.
Patients with frequent and severe ON events in the first
2 years were more likely to convert to NMO; they also had
a higher likelihood for significant persistent vision loss.30

Cerebellar pathways are frequently involved during the
course of MS, but a predominately cerebellar syndrome is
uncommon at onset. The manifestations include dysmetria,
dysdiadochokinesia (Video 12, Dysdiadochokinesis), action
tremor with terminal accentuation, dysrhythmia, breakdown
of complex motor movements, and loss of balance (Video
14, Tremor with Ataxia). Patients with long-standing
MS may develop a “jiggling” gait and an ataxic dysarthria
with imprecise articulation, scanning speech, or varying
inflection, giving it an explosive character.

Urinary urgency, frequency, and urge incontinence (due
to detrusor hyper-reflexia or detrusor-sphincter dyssyner-
gia) result from spinal cord lesions and are frequently
encountered in MS patients. The combined incidence of
bowel and bladder dysfunction in MS is thought to
be higher than 70%. Symptoms of bladder dysfunction
may be transient and occur with an exacerbation but are
commonly persistent. Impaired vesicular sensation causes
a high capacity bladder and may lead to bladder atonia
with thinning and disruption of the detrusor muscle. Incon-
tinence results in constant dribbling of urine in this irre-
versible condition. Interruption of brain stem micturition
center input sometimes leads to cocontracture of the urinary
sphincter and detrusor muscles (detrusor-sphincter dyssyner-
gia). The resulting high pressure may lead to hydronephrosis
and chronic renal failure if untreated.

Constipation is a common problem, occurring in 39% to
53% of MS patients, especially with limited activity and
spinal cord involvement. Fecal incontinence is a socially
devastating symptom that is often associated with perineal
sensory loss in MS patients.

Sexual dysfunction is seldom mentioned, even though it
is a frequent problem in MS. Nearly two thirds of patients
report diminished libido. One third of men have some
degree of erectile dysfunction, and a similar percentage
of women have deficient vaginal lubrication. Besides direct
neurological impairment, sensory loss, physical limitations,
depression, and fatigue additionally contribute to sexual
difficulties in MS patients. In addition, the partner’s atti-
tude and psychological factors dealing with self-image,
self-esteem, and fear of rejection may also lead to impotence
or loss of libido.

Intense vertigo associated with nausea and emesis is an
occasional manifestation of MS relapse. In the absence of
a clear diagnosis of MS, these symptoms are often attrib-
uted to vestibular neuronitis. Patients may also develop
a persistent but mild vertigo that is precipitated bymovement,
or this may be a residual finding after an acute relapse.
Internuclear ophthalmoplegia, caused by a lesion in the
medial longitudinal fasciculus, is the most common cause
of diplopia in MS patients (Video 200, Afferent Pupillary
Defect). When symptomatic, it produces horizontal diplopia
on lateral gaze that usually remits. Examination discloses
incomplete or slow adduction of the eye ipsilateral to the
lesion and nystagmus of the contralateral eye during abduc-
tion (see Chapter 9). Dissociated nystagmus may be the only
finding of an old or subtle internuclear ophthalmoplegia
(Video 19, Internuclear Ophthalmoplegia). Bilateral internu-
clear ophthalmoplegia is strongly suggestive of MS, although
this rarely may occur with tumor, infarct, mitochondrial
cytopathy, Wernicke’s encephalitis, and Chiari malformation
(Video 229, Wernicke’s Encephalopathy). Vertical and
diagonal diplopia usually results from skew deviation. Nys-
tagmus, slow saccadic movements, broken ocular pursuits,
and ocular dysmetria are other eye findings produced by
lesions of cerebellar and vestibular pathways (see Chapters
9 and 12; Video 228, Saccadic Dysmetria). Abducens pare-
sis occurs on occasion, but oculomotor and trochlear nerve
impairment is rare.

Corticospinal, spinothalamic, lemniscal, vestibular, and
cerebellar pathways can all be affected. Cranial nerve
impairment may be seen with lesions that affect brain stem
nuclei or exiting and entering fibers. Usually this occurs in
association with other symptoms. Because of the long
spinal tract and nucleus, the trigeminal nerve is frequently
involved (Video 106, Trigeminal Neuralgia). Facial nerve
paresis does occasionally occur, but MS is an extremely
rare cause of Bell’s palsy in patients without previous
symptoms. Acute unilateral hearing loss is an uncommon
manifestation. Dysphagia is often due to impairment of
cranial nerves IX, X, and XII and generally appears late
in the course of some patients.

Once thought uncommon, cognitive disorders are now
known to be present in 40% to 70% of MS patients.31

Age, duration of MS, and physical disability do not com-
pletely predict the presence of cognitive dysfunction, but
classic MRI measures like the total T2-weighted lesion
load does not seem to correlate well with the degree of
cognitive decline. Measures of cortical atrophy, venticular
enlargement, and neuronal integrity seem to correlate
better with the cognitive aspects of MS. The problems are
often subtle and may not be detected on standard mental
status evaluation. The pattern of cognitive decline is typi-
fied by decrease of episodic memory, processing speed,
verbal fluency, and difficulty with abstract concepts and
complex reasoning. To a lesser extent, executive function-
ing and visual perception, semantic memory, and attention
span may also be also decreased. General intelligence is
not typically affected. As expected, cortical symptoms such
as aphasia, apraxia, and agnosia are unusual. Homonymous
hemianopia, which can be caused by cortical or subcortical
lesions, is also uncommon. Despite prominent cerebral
white matter involvement, many of the disconnection syn-
dromes such as alexia without agraphia, conduction apha-
sia, and pure word deafness have not been reported in
MS patients.

Affective disorders are more frequent in MS patients
than in the general population. These include both anxiety
and depression. In long-term studies, the incidence of de-
pression in MS patients is close to 75%. Neither depression
nor anxiety is related to physical or cognitive disability or
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MRI lesion load. Patients sometimes experience uncontrol-
lable weeping or less commonly laughter incongruent with
their mood. Interruption of inhibitory corticobulbar fibers
is responsible for these symptoms (pseudobulbar affect).

Fatigue is a pervasive symptom among MS patients that
is not related to disability or depression. Over 75% of MS
patients experience fatigue during their disease course.
A diurnal pattern is characteristic and follows the normal
circadian pattern of body temperature fluctuations, with
the worse symptoms occurring in afternoon hours (peak
core body temperature) often giving way to improvement
in the late evening.

MS symptoms may fluctuate in a predictable fashion.
Transient worsening of symptoms frequently follows
exercise or elevation of body temperature. One example is
Uhtoff’s phenomenon, in which visual blurring occurs dur-
ing strenuous activity or with passive exposure to heat.
These episodes resolve when the body temperature cools to
normal or after a period of rest. An intercurrent infection
with fever can induce worsening of symptoms and may be
confused with a relapse. Heat sensitivity is presumably
related to conduction block, as demyelinated axons are more
prone to failed conduction than normal, myelinated fibers.32

Paroxysmal symptoms are characteristic of MS and are
believed to be due to the lateral spread of excitation
(ephaptic transmission) between denuded axons in areas
of demyelination. Symptoms are typically brief (seconds
to 2 minutes) and recur frequently, occasionally dozens of
times per day. They may be precipitated by hyperventila-
tion, certain sensory input, or particular postures. Tonic
spasms (paroxysmal dystonia) most often affect the arm
and leg on one side, but the face, one limb, or bilateral
limbs are sometimes involved (Video 20, Tonic Spasms).
These spasms may result from lesions anywhere along
the corticospinal tract. They often begin during the recov-
ery phase after an acute relapse and remit after a few
months. Intense pain and ipsilateral or crossed sensory
symptoms may accompany them. Paroxysmal weakness
occurs, but it is uncommon. A wide variety of paroxysmal
sensory symptoms may occur with MS, including tingling,
prickling, burning, or itching, and sharp neuralgic pain is
common. Trigeminal neuralgia may appear in patients with
MS (Video 106, Trigeminal Neuralgia). The occurrence of
trigeminal neuralgia in a person younger than age 40 is
suggestive of MS. Lhermitte’s sign (transient sensory
symptoms usually precipitated by neck flexion) is usually
described as an electrical or tingling sensation that travels
down the spine or into the extremities. Although quite
common in MS, Lhermitte’s sign can also occur with a
wide variety of other disorders, such as vitamin B12 defi-
ciency, spondylosis, Chiari malformation, and tumors,
and after cisplatin chemotherapy. Several other paroxysmal
symptoms are occasionally encountered, including parox-
ysmal dysarthria and ataxia, paroxysmal diplopia, and
combinations of these symptoms. Facial myokymia and
hemifacial spasm are additional transient (lasting months)
phenomena sometimes due to brain stem demyelination
(Video 110, Facial Myokymia; Video 224, Hemifacial
Spasm). Trismus, kinesigenic dystonia, paroxysmal kinesi-
genic choreoathetosis, and segmental myoclonus have also
been described in case reports of MS patients as rare and
unusual examination findings.
Seizures occur in a larger proportion of MS cases com-
pared to normal control subjects. A recently published
review of 29 case series of MS patients with epileptic
seizures yielded a prevalence of 2.3%.33 This represents
an approximately three- to sixfold increase compared to
the general adult population. Cortical and juxtacortical
lesions may be responsible for the increased incidence
of seizures in MS patients. However, such plaques are
common and seizures in MS are not, which suggests that
other factors may also contribute to the relationship
between epilepsy and MS. Focal motor seizures, possibly
with secondary generalization, are the most frequent. The
occurrence of seizures usually follows one of two patterns.
On occasion, focal onset seizures begin early in the course
of MS and later remit. The start of seizures late in the
course of MS more often poses a chronic problem and
may be difficult to control.

The eye is the only organ outside the nervous system
that is sometimes involved in MS. Uveitis and retinal
periphlebitis each occur in at least 10% of MS patients.
In a recent study, most patients with MS-associated uveitis
were white females between 20 and 50 years of age.34 The
diagnosis of MS preceded the onset of uveitis in 56%,
followed it in 25%. In over 90% of the cases, the uveitis
was bilateral. Pars planitis was found to be the most fre-
quent form of uveitis (over 80%), and concomitant ante-
rior chamber inflammation was also common. Usually
MS-associated uveitis is benign from the standpoint of
visual acuity. Uveitis can involve the posterior, intermedi-
ate (pars planitis), or rarely anterior portion and resembles
that seen in other inflammatory (e.g., sarcoid, Reiter’s syn-
drome, Behçet’s syndrome, inflammatory bowel disease,
systemic lupus erythematosus) and infectious (e.g., syphi-
lis, tuberculosis, Lyme disease) conditions. Periphlebitis
is seen as venous sheathing on funduscopic examination
and is histologically identical to the perivascular inflamma-
tion present in brain white matter. It is interesting that
inflammation commonly occurs in the retina, which has a
peripheral type of myelin produced by Schwann cells.

There are occasional reports of peripheral nerve or nerve
root demyelination in MS patients as well as central demy-
elination in acute inflammatory demyelinating polyradic-
uloneuropathy and chronic inflammatory demyelinating
polyradiculoneuropathy (see Chapter 49). Some of these
cases may be due to the incidental occurrence of two unre-
lated disease processes. However, because the PNS and
CNS share many antigens, including MBP, it is possible
that an autoimmune reaction or a viral infection could
involve both the CNS and PNS.

Persons with one autoimmune disorder generally have
an increased risk of others. Even though there are several
reports of systemic and organ-specific autoimmune diseases
in MS patients, population-based studies have not confirmed
any increase in prevalence of these disorders among MS
patients.35 In fact, there appears to be a negative association
between MS and rheumatoid arthritis.

Multifocal CNS involvement and acute relapses, remis-
sions, and slow progression of neurological deficits typify
MS. A single episode of neurological dysfunction can
be suggestive of MS if it follows the typical time course
of a relapse: progression over less than 2 weeks (usually
days), with or without a period of stabilization, and



TABLE 48-3

Differential Diagnosis of Multiple Sclerosis

Other inflammatory
demyelinating CNS
conditions

Cerebrovascular disorders
Multiple emboli
Hypercoagulable states

Acute disseminated
encephalomyelitis

Sneddon’s syndrome
Neoplasms

Neuromyelitis optica Metastasis
Systemic or organ-specific

inflammatory diseases
Lymphoma
Paraneoplastic syndromes

Systemic lupus
erythematosus

Metabolic disorders
Vitamin B12 deficiency

Sjögren’s syndrome Vitamin E deficiency
Behçet’s disease Central (or extra) pontine

myelinolysisInflammatory bowel disease
Vasculitis Leukodystrophies

(especially
adrenomyeloneuropathy)

Periarteritis nodosa
Primary CNS angiitis
Susac’s syndrome Leber’s hereditary optic

neuropathyEales’ disease
Granulomatous diseases Structural lesions
Sarcoidosis Spinal cord compression
Wegener’s granulomatosis Chiari malformation

Infectious disorders Syringomyelia/syringobulbia
Lyme neuroborreliosis Foramen magnum lesions
Syphilis Spinal arteriovenous

malformation/dural fistulaHTLV-1 associated
myelopathy Degenerative diseases

Viral myelitis (HSV, VZV) Hereditary spastic paraparesis
Progressive multifocal

leukoencephalitis
Spinocerebellar degeneration
Olivopontocerebellar atrophy

Subacute sclerosing
panencephalitis

Psychiatric disorders
Conversion reactions
Malingering

CNS, central nervous system; HSV, herpes simplex virus; HTLV-1, human T-cell
lymphotropic virus type 1; VZV, varicella-zoster virus.
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improvement or resolution (often over months). Insidious
progression of deficits localized to a single site in the
CNS can also be due to MS, but other causes must be
excluded. The temporal course of MS can be described
by one of four categories: relapsing-remitting (RR), sec-
ondary progressive (SP), primary progressive (PP), and pro-
gressive relapsing (PR).32 Many physicians use the term
relapsing progressive, which encompassed patients with
SPMS, PRMS, and even those with RRMS who have
stepwise relapse-related worsening disability. This term
has recently been abandoned. Other terms that relate to
the course of MS but have no consensus regarding their
definition are sometimes encountered. Benign MS general-
ly refers to patients who have had MS for a long time but
have little or no disability. Malignant MS is sometimes
used to describe patients with frequent relapses and incom-
plete recovery but is also used in reference to patients with
acute fulminant demyelinating syndromes (see later). The
term clinically isolated syndrome (CIS) refers to patients
presenting with their first episode of region-restricted
episodes of CNS inflammatory demyelination. This may
remain an isolated syndrome (no recurrence), it may
remain a forme fruste of acute disseminated encephalo-
myelitis (ADEM), or it may be the harbinger for one of
the relapsing forms ofMS. The probability of recurrent demy-
elinating episodes (e.g., clinically definite MS) has been the
subject of several important investigations, and several clini-
cal features and test results are of predictive value. Optic
nerve, spinal cord, and brain stem are the most common sites
of these recurrent monosymptomatic events, and the time pro-
file follows that ofMS relapses. The pathogenesis, pathophys-
iology, epidemiology, clinical features, associated disorders,
differential diagnosis, evaluation, and management are the
same as in MS.

The prognosis for visual recovery after each episode of
ON is good, and most patients regain normal visual acuity.
Profound visual loss, recurrent ON, and age older than 35
are associated with a higher risk for poor recovery. Investi-
gators have concluded that recurrent multifocal demye-
linating episodes, fulfilling the diagnostic requirements
of clinically definite MS, develop in 50% or more of pa-
tients after isolated ON when follow-up is extended beyond
20 years.36 Most of this risk is incurred within the first few
years, although significant risk may continue into the
fourth decade after the event. Children much more often
develop simultaneous bilateral ON and have a lower risk
for subsequent MS than adults. Factors that are associated
with an increased risk of developing MS as a disseminated
illness are the presence of venous sheathing, recurrent ON,
family history of MS, white race, previous vague or non-
specific neurological symptoms, and the presence of oligo-
clonal bands (OCBs), elevated IgG index, or IgG synthesis
rate in CSF. The severity of acute transverse myelitis is
inversely related to the risk of acquiring further symptom-
atic demyelinating lesions. Complete transverse myelitis
with profound loss of motor, sensory, and sphincter func-
tion imparts a relatively low risk of 3 to 14 for the later
diagnosis of MS. Partial transverse myelitis with preserva-
tion of significant motor function at peak is associated with
a much higher incidence of MS. Although monosymptom-
atic brain stem demyelination is not as common as either
ON or acute transverse myelitis, similar conclusions have
been reached. In the only study available, two thirds of
these patients with cerebral white matter lesions detected
on MRI developed MS within 5 years, compared with none
of 5 patients with normal head MRI.37,38

A recently published 10-year follow-up of the original
Queen Square series continues to demonstrate the value
of the baseline cranial MRI study in determining risk of
recurrence (MS risk). In this cohort study of 81 CIS
patients, approximately two thirds had at least one asymp-
tomatic lesion (54 of 81, 67%) at baseline. After 5 years of
follow-up, slightly more than half with one to three asymp-
tomatic baseline cerebral lesions had developed MS (13 of
24) compared with the majority of cases presenting with at
least four baseline lesions (28 of 33, 85%). After 10 years
of follow-up, the majority of patients with any asymptom-
atic cerebral lesions had developed definite MS (45 of 54,
83%).39 The recently published 14-year follow-up data on
this group of patients reveals that 88% of the initially
MRI positive patients developed MS versus 19% of the
MRI negative subgroup.40 This information is helpful for
treating patients in the setting of CIS.

DIFFERENTIAL DIAGNOSIS. Only a few diseases cause
neurological deficits that regress spontaneously and relapse
in different areas of the CNS over the course of many
years. However, because of the remarkable heterogeneity
of MS, many disorders may resemble MS (Table 48-3),
especially in the first years of active disease.



Pirko and Noseworthy / Demyelinating Disorders of the Central Nervous System 1111
Other primary idiopathic inflammatory demyelinating
CNS disorders may be mistaken for MS. ADEM usually
causes monophasic CNS demyelination. Although it fre-
quently involves multifocal areas of white matter simulta-
neously, ADEM cannot be reliably differentiated from the
initial clinical episode of MS. Fulminant brain demyelin-
ation in persons without previous symptoms of MS is more
likely due to ADEM or other conditions (Schilder’s myeli-
noclastic diffuse sclerosis, Balo’s concentric sclerosis,
Marburg’s variant of MS). Neuromyelitis optica differs
from MS primarily in the topography and intensity of the
lesions.

Several systemic or organ-specific inflammatory condi-
tions can involve the CNS white matter. ON, myelitis,
and other syndromes sometimes occur with systemic lupus
erythematosus. Whether this autoimmune disease increases
the risk of developing MS or causes similar syndromes by
a different pathological process is unknown. Sarcoidosis
can affect the nervous system in several ways, including
multifocal, corticosteroid-responsive white matter lesions.
Sjögren’s syndrome sometimes occurs with MS, but this
may only represent a chance association. Neuro-Behçet’s
disease has a predilection for the brain stem. Occasionally,
isolated demyelinating syndromes are associated with
inflammatory bowel disease.

A wide variety of vasculitic syndromes (e.g., primary
angiitis of the CNS, periarteritis nodosa, Wegener’s granu-
lomatous angiitis, vasculitis associated with rheumatoid
arthritis, Susac’s syndrome, Eales’disease) may mimic MS.
However, these syndromes can usually be distinguished
by involvement of the cortex, seizures, early dementia, per-
sonality changes, psychosis, infarcts involving large vessel
territories on MRI, and lack of improvement. Findings
characteristic to the particular vasculitis (uveitis and vitreal
hemorrhage in Eales’ disease, retinal and cochlear involve-
ment in Susac’s syndrome, upper and lower respiratory
tract involvement in Wegener’s granulomatosis) also aid
in the correct diagnosis.

A few infections must also be considered in the differen-
tial diagnosis of MS. Both Lyme disease and syphilis may
cause multifocal white matter lesions. HTLV-1 causes a
chronic progressive myelopathy (HTLV-1-associated my-
elopathy/tropical spastic paraparesis). Acute or recurrent
myelitis can be caused by VZV. Progressive multifocal
leukoencephalopathy and Toxoplasma abscesses should
be considered in immunocompromised patients with pro-
gressive neurological decline. Bacterial endocarditis with
brain abscess formation, subacute sclerosing panencephali-
tis, or chronic rubella encephalomyelitis may need to be
considered in the appropriate circumstances.

Cerebrovascular disease is only rarely mistaken for MS.
Occasionally, an MS relapse has an abrupt onset that may
mimic an infarct, especially in those not previously diag-
nosed with MS. The usual circumstance is that of a hemi-
sensory or hemimotor deficit imitating a lacunar infarct.
Disorders with multiple cerebral infarcts (emboli, hyperco-
agulable states, Sneddon’s syndrome, CADASIL, vasculitis)
may produce an MRI appearance and course resembling
MS. Vascular malformations may also produce symptoms
similar to MS.

Additional neurological illnesses capable of producing
multifocal lesions rarely mimic MS. Metastatic tumors
and multifocal gliomas are often cited examples, but rarely
is this distinction difficult for an experienced clinician.
Lymphoma more commonly masquerades as MS because
the lesions may involve the white matter, may be multifocal,
and are corticosteroid responsive. In addition, demyelin-
ation sometimes presents as one (or a few) mass lesion(s).
In this situation, biopsy may be needed for diagnosis.
Neoplasms can cause paraneoplastic syndromes that may
be confused with MS. A high index of suspicion must be
kept for older age at presentation, subacute ataxia, early
dementia, and personality changes. A few metabolic dis-
orders may resemble MS, such as vitamin B12 deficiency,
vitamin E deficiency (seen in Bassen-Kornzweig syn-
drome, hypobetalipoproteinemia, and Refsum’s disease),
and central pontine or extrapontine myelinolysis (Video
113, Pontine Myelinolysis). Leukodystrophies are usually
not difficult to distinguish from MS. Krabbe’s disease
(galactocerebroside-b-galactosidase deficiency), metachro-
matic leukodystrophy (MLD; arylsulfatase A deficiency),
and the usual adult form of adrenoleukodystrophy (ALD)
and adrenomyeloneuropathy (AMN) exhibit both central
and peripheral dysmyelination. Blood leukocyte or fibro-
blast culture enzyme activity levels will confirm the diag-
nosis of Krabbe’s disease and MLD, and elevated levels
of very long chain fatty acids occur in ALD/AMN. Mito-
chondrial disorders should also be given consideration
because symptoms and MRI appearance may be similar to
MS. A relapsing remitting disorder identical to MS is
sometimes seen in patients with the mutations responsible
for Leber’s hereditary optic neuritis (LHON).41 This usually
occurs in female patients, and there may not be a fam-
ily history of visual loss. A number of rare biochemically
defined illnesses and other genetic disorders may occasion-
ally merit consideration (including cobalamin and folate
dysmetabolism, adult polyglucosan body disease, heredi-
tary spastic paraparesis, spinocerebellar degeneration, and
hereditary cerebroretinal vasculopathy).42

Several additional disorders must be excluded before
diagnosing primary progressive MS (PPMS). Spinal cord
compression from spondylosis or tumor may produce
chronic progressive myelopathy. Chiari malformations,
syringomyelia, syringobulbia, other foramen magnum
lesions, spinal arteriovenous malformations, and dural
fistulas may also need consideration. Careful imaging read-
ily identifies these structural abnormalities. Degenerative
diseases such as olivopontocerebellar atrophy may mimic
PPMS. MRI and CSF examination will help distinguish
between the two.

Conversion reactions and somatization disorders are
commonly encountered in a busy referral practice and
must be accurately diagnosed to afford optimal patient
management.

EVALUATION. The diagnosis of MS is based on the
demonstration of white matter lesions disseminated in time
and space in the absence of another identifiable explana-
tion. MS remains a clinical diagnosis, although MRI,
evoked potentials, and CSF examination can help clarify
less certain cases. For research purposes, various categories
of MS have been defined based on the certainty of the
diagnosis.43 At least two attacks and evidence of two sepa-
rate CNS lesions (clinical or paraclinical) are required for
the designation of clinically definite MS (CDMS). Two
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attacks and evidence of one CNS lesion or one attack and
evidence of two CNS lesions (clinical or paraclinical) is
considered clinically probable MS. Cases that fulfill the cri-
teria for clinically probable MS and have supportive CSF
findings are labeled as laboratory-supported definite MS.
Patients with a clear history of at least two attacks and sup-
portive CSF but a normal neurological examination and no
paraclinical evidence of CNS lesions are categorized as hav-
ing laboratory-supported probable MS. Suspected cases
that do not fit any of these criteria may be regarded as pos-
sible MS. Paraclinical evidence generally refers to abnorm-
alities on evoked potential studies or imaging procedures.

As a result of increasing availability of refined paraclini-
cal diagnostic modalities (especially MRI) and an overall
better understanding of the disease process, new diagnostic
criteria for MS were proposed by an international expert
panel in 2001.44 Three out of four of the following findings
should be present on MRI: (1) one gadolinium enhancing
lesion, or nine T2 hyperintense lesions; (2) at least one
infratentorial lesion; (3) at least one juxtacortical lesion;
and (4) at least three periventricular lesions.

According to the clinical diagnostic criteria, if a patient
had two or more attacks with objective evidence on exam-
ination of two or more anatomical areas involved, no addi-
tional data is required to make the definite diagnosis.
However, if such diagnostic studies were done and are
not supportive of a diagnosis of MS, then the diagnosis
should be reconsidered.

If a patient presents with a history of two or more
attacks, but objective clinical evidence only suggests one
lesion, the following additional data is needed to confirm
the diagnosis: the disease process has to be disseminated
in space as demonstrated by MRI; alternatively, two or
more MRI-detected lesions consistent with MS plus
positive CSF would suffice to meet the newly defined cri-
teria. The clinician also may elect to await a further attack
implicating a different anatomical site.

In case a patient had one attack, with objective clinical
evidence of two or more lesions, dissemination in time as
demonstrated by serial MRIs separated by at least 3 months
or a second clinical attack would clarify the diagnosis. If a
patient has a clinically isolated syndrome, or “monosymp-
tomatic” presentation, the following criteria should be met:
dissemination in space as demonstrated by MRI (again
separated by at least 3 months), or two or more MRI-
detected lesions consistent with MS plus positive CSF
and dissemination in time on serial MRI scans, or a second
clinical attack.

In case the patient presents with a progressive course,
the presence of positive CSF is required, and dissemination
in space should be present, as suggested by nine or more
T2-weighted brain lesions, or two or more cord lesions,
or four to eight brain lesions plus one cord lesion on
MRI. Alternatively, abnormal visual evoked potentials
(VEPs) with four to eight brain lesions, or fewer than four
brain lesions plus one cord lesion, and dissemination in
time on serial MRI scans, or continued progression for a
year would meet the diagnostic criteria.

“Positive CSF” according to this set of criteria is defined
by either the presence of oligoclonal bands detected by
established methods (preferably isoelectric focusing on
agarose gel followed by immunoblotting) different from
any such bands in serum, or by a raised IgG index. The
presence of both enhancing and nonenhancing white
matter lesions on a single MR image must not be used as
evidence of dissemination in time as well as space, because
these can also be seen in ADEM. Oligoclonal bands
(OCBs) and an elevated IgG index provide supportive
CSF findings.

Ancillary tests are frequently required to confirm the
diagnosis of MS and to exclude other possibilities in uncer-
tain cases. Laboratory tests on peripheral blood can help
to exclude many of the infectious and other inflammatory
disorders. A chest x-ray is generally needed to assess for
sarcoid or paraneoplastic disorders if these are under
consideration. An ophthalmological examination may be
needed to search for alternative causes of visual loss. Imag-
ing studies, CSF examination, and evoked potentials are
often helpful because characteristic abnormalities are fre-
quently present.

MRI of the head is the most sensitive imaging study for
MS (Fig. 48-3). Focal areas of increased T2-weighted and
decreased T1-weighted signal reflect the increased water
content associated with demyelinated plaques. The MRI
appearance of MS lesions, however, is not specific and
similar abnormalities may be seen in normal aging, small
penetrating vessel infarcts, Lyme disease, tropical spastic
paraparesis/HTLV-1-associated myelopathy, sarcoid, sys-
temic lupus erythematosus, Sjögren’s syndrome, mitochon-
drial cytopathies, vasculitis, and ADEM. The specificity
for MS can be increased by consideration of lesion number,
size, location, and shape.45 This is especially important in
persons older than age 50. MRI characteristics, other than
the ones suggested by the international criteria outlined
previously, are size larger than 6 mm, oval shape (often
with the long axis directed perpendicular to lateral ventri-
cles), and locations in the periventricular area, corpus
callosum, and posterior fossa.

Longitudinal MRI studies have shown the evolution
of MS lesions.46 Gadolinium enhancement, indicating
blood-brain barrier disruption, sometimes precedes the de-
velopment of T2-weighted lesions and typically lasts for 4
weeks in the brain (occasionally longer, especially in larger
hemispheric lesions), and perhaps somewhat longer in the
spinal cord. FLAIR imaging is especially helpful for eval-
uating periventricular lesions that may go unnoticed on
regular T2-weighted scans. The disadvantage of the tech-
nique is its relative insensitivity to posterior fossa lesions.
Proton density weighted images are also part of the usual
sets of images used in the MR diagnostics of MS. These
images can be evaluated similarly to T2-weighted images.
Technically, they are usually acquired together with the
T2-weighted datasets, as a first echo in conventional fast
spin echo sequences, where the subsequent echoes can
be used for generating the T2-weighted images. New T2-
weighted lesions have a fuzzy border and enlarge over a
few weeks. After a period of stabilization, the T2-weighted
lesion regresses and becomes more sharply delineated from
the surrounding white matter as edema resolves. Most of
the time, a residual abnormality with increased T2 weight-
ing and decreased T1-weighted signal remains, reflecting
demyelination and gliosis. The low attenuation T1 signal,
or “T1 black hole,” is more often seen in secondary pro-
gressive MS and is thought to represent actual tissue loss.



Figure 48-3. Head MRI of patients with MS. A, T1-weighted sagittal image showing multiple hypointense periventricular lesions. B, Axial T2-weighted
image showing confluent periventricular high-intensity lesions most prominent at the frontal and occipital horns. A focal lesion is also present in the
posterior limb of the left internal capsule. C and D, Periventricular lesions suggestive of MS. E, A single large right cerebellar hemisphere lesion seen
on T2-weighted MRI. F, Peripherally gadolinium-enhanced large right occipital white matter lesion. Enhancement can also be seen along the temporal
horn of the lateral ventricles.
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In several well-documented cases, hypointense lesions on
T2-weighted scans were described in subcortical gray mat-
ter structures in MS patients. On a molecular level these
areas are thought to represent iron deposition; their signifi-
cance in MS is not fully understood. The MRI activity of
disease, defined as either the number of new, recurrent,
and enlarging lesions or the number of gadolinium-enhanc-
ing lesions, is usually higher than the clinical activity. This
may be either because of the involvement of asymptomatic
areas of the CNS or because of a pathophysiological differ-
ence between symptomatic and nonsymptomatic lesions
based on the presence or absence of axonal dysfunction.

There is only poor correlation between disability and
lesion load (volume of white matter abnormalities) deter-
mined by head MRI. Sometimes individuals have severe
impairment and few MRI abnormalities, and the converse
may occur. This disparity is partially explained by variable
spinal cord involvement, but a pathophysiological differ-
ence may account for some of the discrepancy. Several
MRI markers of gray matter involvement correlate better
than measures of white matter pathology with clinical
functional outcome measures in MS. In a recent study47

EDSS showed the strongest correlation with gray matter
volume loss and with T1 black hole volume increase
(p < 0.01); both are considered to reflect neuronal and
axonal pathology. Ambulatory function, assessed as the
25-feet timed walk, also correlated well with gray matter vol-
ume loss and T1 black hole volume. On normal appearing gray
matter magnetization transfer ratio (MTR) histograms, normal-
ized peak heights inversely correlated with EDSS in 18 RRMS
patients (r¼�0.65, p ¼.01).48 In a study evaluating a num-
ber of MRI parameters (including brain T1-hypointense
and FLAIR-hyperintense lesion volume, third ventricle
width, brain parenchymal fraction and T2 hypointensities
in the dentate nucleus), the best correlation with EDSS
(and the only correlating parameter with 25-feet timed walk)
was T2 hypointensity in the dentate nucleus.49 In 41 MS
patients, an MRI study concluded that gray matter atrophy
correlated with clinical status (EDSS, 25-feet timed walking
and disease duration).47 A study of patients with PPMS and
RRMS showed that neocortical volume as determined by
MRI correlated with EDSS scores across all the patients,
but the strength of the correlation was stronger (p < 0.05)
in the PPMS (r ¼ �0.64, p < 0.0001) than in the RRMS
group (r ¼ �0.27, p ¼ 0.04).50

MR spectroscopy is increasingly becoming an accepted
diagnostic modality, where information can be obtained
about the biochemical constituents of selected voxels of
interest. With this technique, a cubic volume of interest is
defined based on a regular MR image set. Simultaneous
acquisition of multiple volume units is possible. With long
echo time (TE) studies, NAA (N-acetylaspartate), choline,
creatinine, and lactate peaks can be identified on the MR
spectrum. With short TE studies, myoinositol, lipids, and
some neurotransmitters may be identified. The resolution
of the MR spectrum (the “number of lines” in the spec-
trum) is proportionate to the magnetic field strength used.
NAA is the second most abundant amino acid constituent
in the brain after glutamate. It is localized almost exclu-
sively in neurons and axons. Creatinine is used as the “con-
stant” peak in a MR spectrum, since it is the least likely to
be altered by CNS-specific processes. Therefore, numeric
MRS data are usually presented as ratios related to
creatinine. The NAA/creatinine ratio is decreased in areas
of axonal or neuronal loss. It correlates well with disability.
It can be decreased in normal appearing white matter, also
in early stages of lesion formation, thus representing a
challenge to the usual dogma of axonal loss being second-
ary to myelin damage. The decrease of the NAA/creatinine
ratio may return to normal following the resolution of the
acute phase. This process may be related either to revers-
ibility of neuronal injury or to disappearance of edema in
the involved areas. In general, more reduced NAA peaks
are seen in progressive forms of MS with more profound
tissue loss. If a relatively large hemispheric lesion shows
decreased NAA content, similar findings may be seen in
the other hemisphere in a “mirror” location. The lactate
peak can be elevated in a variety of acute processes,
and as such, carries relatively low specificity. The short
TE spectrum is used less frequently; the “mobile lipid”
peak (which is thought to represent macromolecular protein
fragments) is increased in areas of acute demyelination.

Another newer MRI technique used in MS research
is magnetization transfer imaging. The principle behind
this imaging modality is relatively simple. In complex
macromolecular systems, there is a baseline magnetization
exchange in equilibrium between macromolecular protons
and mobile protons. If the macromolecular protons are
saturated before each excitation (and subsequent data
acquisition) with a prolonged off-resonance broadband
pulse, then the signal intensity of the image will be reduced
owing to magnetization transfer exchange between the
saturated (“bound”) and free (“mobile”) protons. By obtain-
ing duplicate sets of images (with and without magnetiza-
tion transfer pulse), a magnetization transfer ratio can be
calculated. The ratio reflects the integrity of the macromo-
lecular environment. It is reduced by approximately 3% to
5% in areas of edema, but it is more significantly reduced
in areas of demyelination or axonal loss. If the ratio “nor-
malizes” in a lesion, no subsequent tissue loss is usually
seen on other imaging modalities. Despite these advantages,
the magnetization transfer imaging is technically difficult
because it produces variable findings depending on the tech-
nical environment and is not universally available. It has not
become an accepted and standard technique for evaluation
of MS patients. It may be very useful as a marker for remy-
elination and tissue repair in future neuroprotective or tissue
restorative trials.

Diffusion-weighted imaging is well known from its
widespread use in the diagnosis of ischemic stroke. This
technique can show early stages of MS plaque formation.
The increase in apparent diffusion coefficient correlates
with acute plaques, and seems to best correspond with
T1-enhancing lesions; this technique may show the lesions
at an even earlier stage.

MRI has become an important component of clinical
trials in MS. Because of the high sensitivity of MRI for dis-
ease activity, it is reasoned that periodic MRI may deter-
mine treatment efficacy more quickly than monitoring
relapse rate or disability level. Many studies have used
MRI as a secondary outcome, but clinical outcomes are still
used as the primary outcome for definitive trials. Additional
MRI techniques have also proved useful in the diagnosis of
MS. MRI of the spinal cord shows discrete lesions in about
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80% of CDMS patients. Several semiautomatic methods
exist to determine lesion volume, ventricle volume, or hemi-
spheric volume. These are generally applied for research
purposes only, and are not part of the usual workup or
diagnostic follow-up of MS.

CSF evaluation remains a valuable diagnostic tool for
MS. A lymphocytic pleocytosis occurs during acute exa-
cerbations in about one third of patients, but this seldom
exceeds 50 cells. Eighty percent of the lymphocytes are
CD3 positive. The ratio of CD4 to CD8 cells is 2:1. Less
than 20% of the cells are B cells. CSF protein is normal
in up to 60%; levels above 100 mg/dL are unusual and
may suggest a different disorder. The proportion of g glob-
ulin is high owing to the synthesis of immunoglobulins
within the blood-brain barrier. The majority of CSF immu-
noglobulin is IgG, although IgM and IgA may also be
elevated. Measures of intrathecal IgG production have
been devised that are more useful than simple g-globulin
levels. The IgG index and synthesis rate are elevated in
70% to 90% of CDMS patients and occasionally in other
disorders. Agarose gel electrophoresis, or the more sensi-
tive isoelectric focusing of CSF proteins, often reveals
discrete bands of immunoglobulin, each a monoclonal anti-
body. It is pertinent to compare serum and CSF banding
patterns because peripheral monoclonal gammopathies
may produce CSF bands. To reduce false-positive results,
only unique CSF OCBs should be reported. Between 85%
and 95% of clinically definite MS patients have OCBs;
however, early in the course they are not as prevalent.
Once present, OCBs persist and the pattern does not vary,
although new bands occasionally appear. Unlike subacute
sclerosing panencephalitis, in which the majority of OCBs
are antibodies specific for measles virus, the antigenic spec-
ificity of OCBs in MS is unknown; they are unlikely to be
pathogen specific or autoantigen directed; there is some evi-
dence that they may be genetically determined germline
antibodies. Five percent to 10% of noninflammatory CNS
samples and 30% of inflammatory samples are also positive
for OCBs.51 More detailed recommendations about the
inclusion of CSF parameters to the diagnosis of MS were
recently published52 suggesting that the cell count and dif-
ferential should be completed within 2 hours. The new and
recommended method for the detection of OCBs includes
immunoelectophorsesis on agarose gel followed by immu-
noblotting. The reported sensitivity of this technique is
above 95%, with a specificity of 86% to 87%. In other
inflammatory or infectious illnesses, OCBs are often tran-
sient features. Their persistence is more suggestive of MS.
The presence of myelin components, antimyelin antibodies,
and kappa light chains in CSF has also been used in the
diagnosis of MS. However, the sensitivity and specificity
of these products is less than that of OCBs.

In late 2005, a new set of recommendations were pub-
lished based on the first 5 years of using McDonald’s cri-
teria in diagnosing MS.53 The original McDonald Criteria
have been incorrectly interpreted by some as mainly rely-
ing on MRI for making a diagnosis of MS. In reality, the
McDonald Criteria cannot even be applied without careful
clinical evaluation of the patient. Neurological deficits
must be evident to the examiner, and must be suggestive
of MS. Scans that “look like” MS (and meet the criteria
of Barkhof and Tintore) but have never been accompanied
by an obvious and documented neurological examination
finding do not fulfill the McDonald Criteria. There was
some sympathy among the International Panel members
revising the McDonald Criteria to allow selected symptoms
that are clearly and specifically enunciated by the patient
(e.g., Lhermitte’s symptom, trigeminal neuralgia, numb-
ness ascending to the waist or higher) coupled with objec-
tive paraclinical (such as imaging and CSF) findings to be
sufficient as an indicator of a prior or current attack needed
for an MS diagnosis. However, the panel was reluctant to
endorse the diagnosis of MS in the absence of any objective
clinical findings, even if objective paraclinical findings
are in place, at least until such a scheme is tested in pro-
spective settings. Patients with imaging and CSF findings
suggestive of MS but not showing any objective evidence
for neurological deficits commonly seen in MS require
careful clinical and radiological monitoring. Until objec-
tive evidence for neurological deficits are found, MS can
not be diagnosed.

MS may be the correct diagnosis with less stringent
imaging criteria than originally proposed; however, the panel
was uncomfortable making changes that would allow MRI
confirmation of dissemination in space based on lower
stringency imaging criteria without appropriate prospective
data. Most studies performed to date have been inade-
quately designed to address this issue. Advanced imaging
technologies are constantly evolving and will likely one
day be shown to aid in making the diagnosis of MS. Visu-
alization of intracortical lesions, use of higher field strength
magnets, and analysis of “normal appearing brain tissue,”
may be conrnerstones of a future MRI criteria for MS. Pre-
liminary evidence suggests that “occult” damage in normal-
appearing white and gray matter seen with magnetization
transfer, diffusion tensor imaging, or spectroscopy is an early
feature of MS, whereas it likely does not occur in other
demyelinating conditions such as acute disseminated enceph-
alomyelitis and NMO.

Important changes have been made to the original defi-
nition of “dissemination in time” by MRI. In keeping with
the definition that clinical relapses must be separated by at
least 1 month, it was agreed that new T2 lesions on MRI
should occur at least 30 days after disease onset. This
means that any new T2 lesion occurring at any time point
after a so-called reference scan performed at least 30 days
after the onset of the initial clinical event is useful in
meeting imaging diagnostic criteria for dissemination in
time. It should be noted though that a new T2 lesion must
be of sufficient size and location to exclude lesions that
could have been missed previously for technical reasons
of slice orientation, thickness or spacing, tissue contrast,
patient motion, or other artifacts. This requires stan-
dardized scanning procedures with emphasis on careful
repositioning, as well as input from qualified evalua-
tors experienced in MS imaging. With the new revision, there
are two ways to show dissemination in time using imaging: (1)
detection of gadolinium enhancement at least 3 months after
the onset of initial clinical event, if not at the site correspond-
ing to the initial event; or (2) detection of a new T2 lesion if
this appears at any time compared with a reference scan done
at least 30 days after onset of the initial clinical event.

Spinal cord lesions can be important in differentiating
MS from other white matter diseases; however, the original
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McDonald Criteria did not provide sufficient guidelines for
the use of cord imaging in MS. Spinal cord imaging that
detects typical MS cord lesions (minimal or no swelling
of the cord; clearly hyperintense on T2-weighted imaging;
at least 3 mm in size, but less than two vertebral segments
long; and occupying only part of the cord cross section) is
particularly helpful if brain imaging does not detect dis-
semination in space in a patient suspected to have MS.
For dissemination in space, a spinal cord lesion is equiva-
lent to, and can substitute for, a brain infratentorial lesion,
but not for a periventricular or juxtacortical lesion. An
enhancing spinal cord lesion is equivalent to an enhancing
brain lesion, and an enhancing spinal cord lesion can “count”
doubly in fulfilling the criteria (e.g., a single enhancing spinal
cord lesion can “count” for an enhancing lesion and an
infratentorial lesion). Individual cord lesions can contrib-
ute together with individual brain lesions to reach the
required nine T2 lesions to satisfy the Barkhof-Tintore
criteria (the MRI criteria incorporated in the original
McDonald’s criteria). The panel recognized that diffuse
cord changes may occur in MS, especially in the progres-
sive forms; however, these changes are not sufficiently
reliable to allow for their incorporation into the diagnostic
criteria at this time. Repeat spinal cord imaging in pa-
tients without new symptoms of myelitis has a low yield
in efforts to demonstrate dissemination of lesions in time.
In other words, while it is common to see asymptomatic
new brain lesions on repeated scans, new cord lesions gen-
erally do result in new neurological symptoms. Therefore,
repeat cord imaging is recommended only to support
an MS diagnosis when there is a clinical reason to suspect
a new cord lesion.

Important changes have been proposed in diagnosing
primary progressive MS. These Revised Criteria stress
clinical and imaging (brain or spinal cord) evidence for
diagnosis and place less emphasis on CSF findings. The
new criteria for PPMS is as follows: (1) at least 1 year of
disease progression (retrospectively or prospectively deter-
mined) (2) plus two of the following: (a) positive brain
MRI (nine T2 lesions or four or more T2 lesions with posi-
tive VEP), (b) positive spinal cord MRI (two focal T2
lesions), (c) positive CSF (isoelectric focusing evidence
of oligoclonal IgG bands or increased IgG index, or both).

Evoked potentials are summed cortical electrical res-
ponses to peripheral sensory stimulation that can be used
to localize sites of disease and measure conduction velocity
along sensory pathways. VEP and somatosensory evoked
potentials (SSEPs) may detect subclinical sites of demye-
lination, thus providing evidence of multifocality. Brain
stem auditory evoked potentials (BAEPs) are occasionally
informative. More than 90% of persons with a history of
ON have an abnormal VEP, and 85% of CDMS patients
have abnormalities on VEPs even when the history of ON
is absent. Slowed conduction is present on SSEP in nearly
three fourths of patients with CDMS. BAEs are the least
sensitive, with abnormalities in less than 50%. MRI has
largely supplanted the use of evoked potentials in MS
because of the greater sensitivity in the diagnosis and the
detailed anatomical information it provides. In 2001,
the American Academy of Neurology released practice
parameters regarding the usefulness of evoked potential
studies in MS. According to these recommendations, VEPs
are considered probably useful (class II evidence) to identify
patients at increased risk for developing clinically definite
MS. SSEPs are possibly useful, whereas the evidence for
BAEPs supporting the diagnosis of CDMS is insufficient.

MANAGEMENT. There is no available prevention or
cure for MS. Treatments focus on three areas: treating
acute exacerbations and hastening their recovery; altering
the natural history of MS; and providing symptomatic
relief of current symptoms by enhancing physical abilities
and preventing or treating complications. A fourth manage-
ment topic concerns special treatment issues related to
pregnancy.

Acute Exacerbations. Corticosteroids are the most
commonly used treatment for MS, although there have
been few studies to address their efficacy. Adrenocortico-
tropic hormone (ACTH) was shown to speed recovery
from an exacerbation but had no effect on the ultimate
degree of recovery. Because of the unpredictable cortisone
response to ACTH, oral prednisone and later intravenous
methylprednisolone became the preferred treatments. The
Optic Neuritis Treatment Trial verified that intravenous
methylprednisolone but not prednisone increased the re-
covery rate and unexpectedly increased the time to the
next relapse, thus delaying the diagnosis of CDMS.54

Moreover, the prednisone-treated group had twice as many
recurrences. The finding was not replicated in a second
study, but it has affected the practice of treating acute
MS exacerbations. The current recommendation is to treat
disabling attacks with 500 to 1000 mg of intravenous meth-
ylprednisolone per day for 3 to 5 days with or without a
short tapering dose of oral corticosteroids. According to
the practice parameters for steroid treatment of acute ON
attacks released by the American Academy of Neurology
in 2001, oral prednisone in doses of 1 mg/kg/day has no
proven value. Higher dose of oral or parenteral methylpred-
nisolone may result in quicker and more thorough recovery
of visual function. There is no evidence of long-term benefit
for visual function.

A study suggested that intravenous steroids may also
have long-term effects on disease progression when given
regularly.55 In this study, RRMS patients randomized to
receive regularly scheduled pulses of IV methylpredniso-
lone (every 4 months for 3 years, then every 6 months
for 2 years) demonstrated stability or improvement in dis-
ability measures, fewer “T1 black holes,” and less brain
atrophy than did control patients randomized to receive
steroids only with relapses. These findings suggest a possi-
ble long-term benefit of pulsed IV methylprednisolone
therapy on brain atrophy and disability. This as yet uncon-
firmed approach to long-term therapy might be considered
a reasonable “control arm” in future phase III trials of
experimental therapies.

Up to one third of patients do not have an adequate
recovery after a relapse despite the use of corticosteroids.
Plasma exchange (PLEX) alone was found beneficial in a
substantial proportion of patients with severe inflammatory
demyelinating episodes who had failed to improve follow-
ing treatment with high-dose IV methylprednisolone.56,57

A randomized, sham-controlled, double-blind trial in 22
patients (seven exchanges over 14 days) without concomi-
tant use of immunosuppressants in acute demyelinating
events confirmed these findings.58 Moderate or greater
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clinical improvement was observed in over 42% of partici-
pants. A trial of seven PLEX treatments (alternate days) is
a reasonable option for patients who fail to respond to con-
ventional IV methylprednisolone therapy in acute, severe
episodes of demyelinating diseases. The response to PLEX
is stongly associated with the histological MS subtype.59

Antibody and complement plays a crucial role in pattern
II lesion formation. In a study of 19 biopsy-proven MS
cases by Keegan and associates, 10 pattern II cases showed
good response to PLEX, whereas 9 cases of pattern I or III
did not respond at all to PLEX. Neuromyelitis optica, which
is now considered an antibody-mediated condition with a
known serological marker, also shows good response to
PLEX: in a study by the Mayo group, 60% of NMO patients
showed moderate or marked improvement to PLEX, and
an additional 10% showed mild improvement.60

Alteration of the Natural Course. The primary goal of
drug treatment is to alter the natural course of the disease
(e.g., reducing the frequency and severity of relapses, pre-
venting the chronic progressive phase, and slowing the pro-
gression of disability). The disease activity seen on MRI
is often used as a secondary outcome, although MRI mea-
sures currently correlate imperfectly with clinical outcome.
Knowledge on altering the course of MS is largely re-
stricted to three patient groups, those with clinically
isolated syndromes, those with RRMS, and those with
secondary progressive MS.

Before we discuss the known data in each of these
demyelinating disease categories, it may be worth while
to review the use of the most important evidence-based
medicine (EBM) statistics that are applied to measure the
magnitude of treatment effect. Relative risk reduction
(RRR) is the metric most commonly cited in publications
and promotional materials about clinical trials. The RRR
is the degree that the treatment reduced the frequency of
the outcome measure (experimental event rate, e.g., relapse,
progression) compared with the control treatment (control
event rate). The RRR is a ratio, not an absolute number,
and is calculated as follows:

RRR ¼ ðControl event rate� experimental event rateÞ=
control event rate

If the control event rate is low (making the denominator
smaller), it will obviously inflate the RRR. An “impres-
sive” 50% RRR may have a low biological significance if
the outcome occurs infrequently. Therefore, the absolute
risk reduction (ARR) should be calculated as this corrects
for the frequency of the outcome.

ARR ¼ Control event rate� experimental event rate

For most of the approved MS agents, the calculated
ARR is considerably less than RRR. This metric is usually
not cited in reports of clinical trials of disease-modifying
agents. To calculate risk reduction, one must have access
to the data citing comparisons of proportions (ratios), and
this is not always immediately available in publications.

Another useful measure of treatment effect is the “num-
ber needed to treat” (NNT). It is calculated as the inverse
of the ARR:

NNT ¼ 1=ARR

Overall, the NNTs for the disease-modifying agents in
MS are in the 7 to 14 range for treatment periods of 2 to
3 years. However, these NNTs are for outcomes that have
limited predictive value for long-term outcomes (e.g.,
relapse behavior does not precisely predict long-term dis-
ability) and the agents are expensive, inconvenient to use,
and not without risk. We must also remember that clinical
trials typically enroll patients with very restricted eligibi-
lity criteria (often a history of considerable recent disease
activity or progression), and considerable efforts are in
place in trials to optimize compliance with the treatment
plan. As such, the NNT experienced in a practice setting
(effectiveness) may considerably exceed what was reported
in the trial setting.

Altering the Course of a Clinically Isolated Syndrome.
When should treatment be initiated in patients with very
early demyelinating disease? Two recently published mul-
ticenter studies have addressed this issue in persons at
high risk of developing MS. In the CHAMPS study,61 383
patients with their first episode of presumed demyelinating
disease (“clinically isolated syndrome”) in the setting of
an abnormal, asymptomatic baseline cranial MRI scan, were
randomized to receive either weekly interferon-b 1a 30 mg
IM or placebo after an initial course of steroid therapy. This
study was terminated early when the primary outcome
measure of conversion to “clinically definite MS” (CDMS)
status was reached in a greater number of placebo-treated
patients. These findings were not unexpected given the
known effect of interferons on reducing relapse rate but do
provide some support for early treatment. The duration
of follow-up in this study (71% 1 year, 34% 2 years, 16% 3
years) is insufficient to determine long-term benefit from
early intervention, however. It is also clear that the treatment
is only partially effective, as 50% of interferon (IFN)-treated
patients in the CHAMPS trial had clinical or MRI evidence
of recurrent disease within 18months of starting treatment.62

The analysis of treatment effect related to the CHAMPS
trial reveal a RRR of 38%, an ARR of 14.6%, and an NNT
of 7 patients over 2 years to prevent one conversion to
“clinically definite MS.”

In a second placebo-controlled study of 309 patients
with either monosymptomatic (61%) or multifocal onset
(39%) early demyelinating disease, early treatment with
interferon-b 1a in an unusually low dose (22 mg subcutane-
ously once weekly), reduced conversion to CDMS (34%
versus 45%) at 2 years.63 Again, there is no data on whether
these treatments offer long-term benefit. The EBM calcula-
tions regarding this trial show an RRR of 24%, and ARR
of 11%, and an NNT of 9 patients over 2 years in order to
prevent one conversion to “clinically definite MS.” These
two studies provide support for considering early treatment
in patients presenting with first attack, in the presence of
multiple asymptomatic MRI lesions, but further studies are
needed to determine whether this approach will provide a
prolonged benefit on disease course. It is important to note
that these studies do not provide guidance about clinically
isolated syndromes that present with a brain MRI that is
not suggestive of MS (i.e., only one optic nerve lesion, or
one brain stem or cord lesion explaining the CIS symptoms).
We do not recommend that CIS patients with fewer than
two asymptomatic MRI lesions receive treatment with inter-
ferons. Please see the discussions under “Summary of
Recommendations for the Treatment of RRMS Patients”
for further advice on patient counseling and decision
making about the use of the disease-modifying medications.
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Altering the Course of Relapsing-Remitting Multiple
Sclerosis

b-Interferons. Interferons are a class of peptides that
have antiviral and immunoregulatory functions. Both inter-
feron-a and interferon-b are part of the anti-inflammatory
TH2 response. Interferon-b 1b (Betaseron) was the first
drug approved by the U.S. Food and Drug Administration
(FDA) specifically for the treatment of MS. A large clini-
cal study in RRMS patients demonstrated a reduction in
the frequency of relapses by about one third with subcuta-
neous injection every other day.64 The severity of relapses
was also lessened. Interferon-b 1b had a striking effect on
MRI measures of disease activity. The placebo-control
group continued to accumulate white matter lesions, where-
as patients in the high-dose arm (8 million IU) had stabili-
zation of their MRI lesion load. No difference was found
in the disability levels, however. Side effects include injec-
tion site reactions, flu-like symptoms (low-grade fever,
myalgias, headache; these lessen in frequency after treat-
ment for a few months), mild liver enzyme elevation, and
lymphopenia. Depression and attempted suicide were more
common in the treated groups.

To illustrate the magnitude of treatment effect of the piv-
otal interferon-b 1b trial, the RRR was 18%, the ARR was
15%, and the NNT analysis showed that 7 patients are
needed to be treated over 3 years to increase the number
of those who were relapse free by one. One particularly
disturbing result was the production of neutralizing auto-
antibodies (NAbs) in 38% of patients after 3 years of treat-
ment. Not only do patients with these antibodies thereafter
fail to respond to this drug, but there is also a concern that
NAbs may cross-react with natural interferon-b and inter-
fere with its function. All positive sera for NAbs seem to
cross-react with both interferon-b 1a and 1b. Switching
from one preparation to the other does not change the
pattern of antibody response.65 The long-term effects of
NAbs are unknown. Recent studies seem to support that
NAb formation reduces clinical and MRI effects although
often NAb formation subsides with time. There are no firm
guidelines for monitoring NAb formation. Most physicians
do not measure NAbs but rather change therapies empiri-
cally when patients appear to be failing treatment. Low
titer Nabs may be just transient phenomenon related to
IFN treatment; persistent high titer NAbs on two consecu-
tive tests at least 6 months apart is likely associated with
poor treatment response to INF.

Interferon-b 1a (Avonex) has the same amino acid
sequence as natural interferon-b and differs from inter-
feron-b 1b by one amino acid as well as by the presence
of carbohydrate moieties. Once-weekly intramuscular in-
terferon-b 1a has been found to have effects similar to that
of interferon-b 1b in reducing the frequency of MS
relapses. In addition, a favorable effect on disability was
also demonstrated and side effects were less common.
In the original interferon-b 1-a intramuscular trial, the pri-
mary outcome measure was time to EDSS progression. The
RRR was 37%, the ARR was 13%, and the NNT was 8 for
2 years to prevent one patient from developing EDSS pro-
gression. The calculations for “proportion relapse free”
show an RRR of 16%, and ARR of 12%, and an NNT of
8 over 2 years (8 patients need to be treated for 2 years
to increase the number of patients who were relapse free
by one). NAbs occurred half as often as with interferon-b
1b. Interferon-b 1a has been approved by the FDA for
treatment of “relapsing MS.”66

The “correct” dose of interferon continues to be debated.
In a recent placebo-controlled trial, patients randomized to
a high dose of interferon-b 1a (44 mg three times per week)
did better than those receiving half this weekly dose. Both
groups outperformed placebo and the high dose seemed to
have more effect on relapse severity, hospitalizations, MRI
activity, and lesion volume accumulation, and possibly on
delaying disability in the most severely disabled patients.
At the end of the 2 years of follow-up, placebo-treated
patients were randomized to 22 or 44 mg subcutaneously
three times weekly; patients on active treatment were
continued on their original dose.67 The authors reported a
benefit for the higher dose and for those treated for the full
4 years, again suggesting that early treatment and perhaps
higher doses of interferons may be beneficial. The pri-
mary outcome, however, was relapse count per patient
per 4 years and, as such, patients treated early had a signif-
icant advantage using this outcome measure. There were
trends favoring the higher dose (relapse rate, MRI volumes;
not for time to first confirmed progression, however). The
authors did not make statistical adjustments for multiple
comparisons and there were many dropouts in the high-dose
groups, making it difficult to draw firm conclusions. Again,
the answer to the question about the benefit of early treat-
ment can best come from long-term (perhaps 8 to 10 years)
studies using “hard outcomes” (e.g., time to progression, ma-
jor milestones in disability). The EBM calculations based
on the “proportion relapse free” data for the original
interferon-b 1a (Rebif) study show an RRR of 19%, and
ARR of 16%, and an NNT of 6 over 2 years to increase
the number of relapse free by one. Relative treatment advan-
tages of interferon-b 1a and 1b have not been clearly est-
ablished but are under study.68,69 A pilot study in RRMS
patients suggests that interferon-amay also have a therapeu-
tic effect.70 A study of interferon responders showed that
younger patients with frequent relapses, and higher EDSS
scores upon entry may be associated better response.71

Laboratory Monitoring of Interferon Products. It is im-
portant to note that even though the interferon products are
generally safe to use, they can be associated with
potentially harmful adverse reactions. We recommend that
every newly starting patient should have a baseline complete
blood count, liver function tests, and thyroid-stimulating
hormone (TSH) test. The liver function tests and blood count
studies should be repeated in 1 week, 1 month, and every
3 months thereafter; the TSH should be repeated every 6 to
12 months.

Glatiramer Acetate. Glatiramer acetate (GA) is a syn-
thetic mixture of polypeptides produced by the random
combinations of four amino acids that are frequent in
MBP. After a preliminary study suggested efficacy,72 a
phase III randomized, double-blind, placebo-controlled,
multicenter trial showed a 29% reduction in relapse rate.73

The FDAhas approved thismedication for use in RRMS. Even
though this disease-modifying therapy requires daily sub-
cutaneous administration, the side effects are relatively minor
compared to the interferons, and patients do not need regu-
lar laboratory monitoring (Table 48-4). Glatiramer acetate
reduces new lesion formation, the number of T2-enhancing



TABLE 48-4

Therapeutic Options in MS

MS TYPE AGENT DOSAGE PROVEN BENEFITS ADVERSE EFFECTS MONITORING

Acute episodes Methylprednisolone
(Solu-Medrol)

500–1000 mg IV for 3–7
days

Hastens recovery Usual steroid-related side effects As usually with short-term
steroid therapyEffects on blood-brain barrier

(transient restoration)
Long-term effects (as of yet

uncertain)
Plasma exchange 7 exchanges every other

day
Promotes recovery in patients not

responding to high-dose IV
steroids

Problems with venous access site
(hematoma, bleeding, pneumothorax);

CBC before therapy and at
regular intervals

Anemia (usually asymptomatic);
Risk of infection and sepsis
Fatigue, thrombosis, hypotension
Citrate toxicity (perioral numbness)
Heparin-associated thrombocytopenia

Relapsing-remitting Interferon-b 1b
(Betaseron,
Betaferon)

8 million IU
subcutaneously every
other day

Relapse rate reduction MRI
benefits: reduces development
of new lesions, delays increase
in volume of lesions

Flulike symptoms
Hepatotoxicity CBC and LFT before therapy,

every week in the first month,
every month in the first 3
months, then every 3 months

Leukopenia, anemia, thrombocytopenia
Myalgias, depression, anorexia
Menstrual disorders
Hypocalcemia, injection site reaction,
necrosis, neutralizing antibodies,
pregnancy category C

Interferon-b 1a
(Avonex)

30 mg IM once weekly Relapse rate reduction Flulike symptoms CBC and LFT before therapy,
every week in the first month,
every month in the first 3
months, then every 3 months

May delay progression of
disability

Hepatotoxicity
Anemia, eosinophilia

MRI benefits: reduces
development of new lesions,
delays increase in volume of
lesions

Syncope
Depression
Nausea, dyspepsia, anorexia
Neutralizing antibodies
Injection site reaction, necrosis
Pregnancy category C

Glatiramer acetate
(Copaxone)

20 mg SC daily Relapse rate reduction Pain/edema at injection site None
Moderate, delayed MRI effects Flushing

Transient chest pain
Transient dyspnea
Transient eosinophilia
Facial edema
Palpitations
Nausea, anorexia
Anxiety
Vasodilation
Lymphadenopathy
Pregnancy category B

Interferon-b 1a (Rebif) 22 mg or 44 mg SC every
other day

Relapse rate reduction Flulike symptoms CBC and LFT before therapy,
every week in the first month,
every month in the first 3
months, then every 3 months

MRI benefits: reduces
development of new lesions,
delays increase in volume of
lesions

Hepatotoxicity
Anemia, granulocytopenia, lymphopenia
Blocking antibodies

Possible dose-related benefit in
patients with more severe
disease

Injection site reaction
Pregnancy category C

Continued

1
1
1
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TABLE 48-4

Therapeutic Options in MS—cont’d

MS TYPE AGENT DOSAGE PROVEN BENEFITS ADVERSE EFFECTS MONITORING

Relapsing-
remitting—cont’d

Intravenous
immunoglobulin
(IVIG)

0.15–0.2 g/kg IV every
2 months for 2 years

Relapse rate reduction Hyperviscosity syndrome IgA level before therapy
One phase III trial to date Aseptic meningitis Renal function tests before

therapy and at regular
intervals

Headaches
Neutropenia
Anemia
Pseudohyponatremia
Renal failure

Secondary
progressive

Interferon-b 1b
(Betaseron,
Betaferon)

8 million IU
subcutaneously every
other day

Reduces disability regardless of
relapse rate

See above See above

Relapse rate reduction
MRI benefits

Mitoxantrone
(Novantrone)

5 or 12 mg/m2 every 3
months

Relapse rate reduction Cardiomyopathy Echocardiogram to determine
EF before initiating therapy
and every 6 months, more
frequently if cumulative dose
to exceed 100 mg/m2

Delays progression of disability Menstrual disorders
Not to exceed 100–140

mg/m2 cumulative
lifetime dose (cardiac
toxicity)

LeukopeniaMRI benefits
Nausea, vomiting
Urticaria, skin rash
Acute leukemia
Pregnancy category D

ECG
LFTs before each infusion
CBC before each infusion

CBC, complete blood count; ECG, electrocardiogram; LFT, linear function tests; MRI, magnetic resonance imaging.

1
1
2
0
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lesions, lesion volumes, and the percentage of new lesions
that will evolve into T1 “black holes,” although theMRI effect
may be less pronounced compared to the interferon products,
and is not apparent until the agent has been used for at least
6 months.74–76 The EBM calculations for GA using the “pro-
portion relapse free” data show an RRR of 10%, ARR of
7%, and an NNT of 14 over 2 years to increase the number
of relapse free by one.

Combined Azathioprine and Interferon-b 1b. A small
trial at NIH showed significant reduction in the number
of contrast-enhancing lesions when azathioprine in an
average maintenance dose of 2 mg/kg/day was added to
interferon-b 1b in a study of six RRMS patients followed
for a median period of 15 months. The addition of azathio-
prine may be considered in “treatment failure” cases, but
this study was hampered by the small number of patients,
no control subjects, and no blinding.77

Intravenous Immunoglobulin. Monthly treatment with
low-dose (0.15 to 0.2 g/kg) intravenous immunoglobulin
(IVIG) in RRMS patients resulted in fewer and less severe
relapses in addition to slowing the accumulation of disabil-
ity in a single randomized trial. The outcome was similar
to that of injectable interferons.78 This therapy is less ac-
cepted in the United States. More studies with larger
number of patients and extended follow-up are needed to
confirm these limited observations. Recent studies have
failed to demonstrate that IVIG administration reverses
long-standing deficits from MS and ON.79–81 IVIG was also
recently studied in acute ON and failed to demonstrate
benefit on any of the outcome measures.82

Natalizumab. In late 2004, natalizumab was approved
for the treatment of RRMS.83 Natalizumab is a humanized
a-4 integrin antibody that inhibits the migration of all leu-
kocytes (except for neutrophils) to target organs. A phase
2 study established84 that a 300-mg monthly dose reduced
the number of gadolinium-enhancing lesions by 90% and
the clinical relapse rate by over 50% compared to placebo.
This study was followed by the AFFIRM and SENTINEL
phase III studies. The AFFIRM study enrolled over 900
patients with RRMS; none of them had been on other
approved immunomodulators for longer than 6 months.
The annualized relapse rate at 1 year was reduced from
0.74 in the placebo group to 0.25 in the treated group
(66% relative reduction, p < 0.0001). The proportion of
relapse-free patients was 76% in the treated group, 53%
in the placebo group. The number of enhancing lesions
was reduced by 92%, and the number of new or newly en-
larging T2 lesions was reduced by 80%. The proportion of
patients without clinical and MRI activity was 46% in the
natalizumab group, and 14% in the placebo group. In
the SENTINEL trial, the combination of intramuscular
interferon-b 1a and natalizumab was studied against IM
interferon-b 1a and placebo in patients who had demonstra-
ted an incomplete response (relapse suppression) to interfer-
on therapy. The EBM calculations of the AFFIRM data
based on proportion with relapses suggests an RRR of
49%, an ARR of 23%, and an NNT of 4 over 1 year to in-
crease the proportion of relapse free by one. The SENTI-
NEL data shows an RRR of 31%, an ARR of 17%, and an
NNT of 6 over 1 year to increase the proportion relapse free.
The original pilot trial data shows a RRR of 50% and an
ARR of 19%, with an NNT of 5 over 6 months to increase
the proportion relapse free. Based on these data, the FDA
granted expedited approval of natalizumab on November
23, 2004.

On February 28, 2005, the medication was voluntarily
withdrawn from the market by the sponsor (Biogen-Elan)
after two cases of progressive multifocal leukoencephalopa-
thy (PML) were reported in the SENTINEL study cohort.85

Both patients were in the combined interferon and natalizu-
mab arm. A third PML case was later identified from one
of the phase III inflammatory bowel trials of this agent. At
the time of writing this manuscript, natalizumab is still off
the market. The natalizumab story has received significant
media attention. Several consequences can be drawn from
this failure. First, highly potent immunomodulators like
natalizumab are best used by specialists in selected cases.
A large number of prescriptions were written for natalizu-
mab during its short 3 months on the market, including pre-
scriptions by general practitioners. Widespread use of such
medication in relatively stable cases of MS is not indicated.
Second, the combination of potent immunomodulators may
result in unpredictable adverse outcomes. Many MS experts
anticipate that in the future MS therapies will need to be
administered in combination to optimize therapeutic benefit.
However, the exact effect of such combinations on the high-
ly complex immune system is difficult if not impossible to
predict. Furthermore, our inability to treat MS more effec-
tively does not stem from the fact that we can not provide
powerful immunosuppression, as evidenced by the autolo-
gous bone marrow transplantation studies. MS is a complex
disease with a prominent inflammatory component; howev-
er, increasing evidence suggests that the neurodegenerative
component of this illness may be independent of the inflam-
matory component, and is just as important, if not more
important, from the standpoint of long-term disability.
Third, in chronic diseases such as MS, a short 1-year trial,
no matter how convincing the outcome may be, should
not be considered sufficient to approve a medication, which
will then be used in tens of thousands of patients on a “life-
long” basis. There clearly is a need for new and more effec-
tive medications for treating MS; however, clinical trials in
chronic conditions are very difficult to sustain. To over-
come this, many MS trials use primary MRI outcome mea-
sures, since inflammation and new lesion formation-related
MRI markers respond more immediately to treatment;
however, these markers do not correlate well with long term
disability, as discussed earlier.

Summary of Recommendations for the Treatment of
RRMS Patients. When making decisions about starting
an MS patients on immunomodulators, several factors must
be considered. One must realize that even though there are
medications available for relapsing forms of MS, all the
currently available therapies are only partially effective,
the most reliable data is about short-term relapse rate re-
duction, and a relapse rate reduction does not necessarily
translate into reduction of future disabilities. Natural history
data clearly suggest that a subset of MS patients will do very
well without treatment (see discussion about the Olmsted
County cohort later); this information can be very useful
when deciding about treatment in patients with a 5- or
10-year disease history and minimal disability (EDSS �
2.0). In this patient group, a careful wait and see approach
with appropriate monitoring is acceptable. Counseling of
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newly diagnosed MS patients is of crucial importance, and
it should usually include family members. Most patients
have easy access to an abundance of frequently misleading
information on the Internet, or from relatives and friends
with MS. It is important to realize that every case is differ-
ent; however, through the rational use of natural history
data, clinical and MRI features of the specific case, and
the clear understanding of the available clinical trial data,
the clinician should be able to provide customized and
relevant advice to patients and families. Considering that
the treatments are only partially effective, the wishes of
an educated patient constitute an important part in the
decision-making process. Ultimately, the treatment deci-
sions should remain individualized between the patients
and their treating physicians, and the physician’s role as
an information clearinghouse and educator cannot be
overemphasized in this process.

The three interferon products and GA represent the most
commonly used MS immunomodulators in the United
States; therefore, it is important to draw some practical
conclusions about these agents. By now, several class I
studies demonstrate that these agents are effective in reduc-
ing the relapse rate in RRMS over a 2- to 3-year period; the
reduction is roughly 30% with the high-dose interferons
and GA. The above-mentioned NNT data are also very
useful for the clinician and the well-informed patient
when making treatment decisions. There is evidence for
a dose-response relationship among the interferon prod-
ucts, mostly from the EVIDENCE and INCOMIN studies.
The double dose IM interferon-b 1a study did not show
a dose-response relationship; this may be related to the fact
that the increased dose was given with the same frequency
as the standard dose. The injectable immunomodulators
have incomplete evidence for efficacy in disability-based
outcome measures. Many of the long-term extension stud-
ies suffer from several drawbacks, including open label
unblinded design, significant dropout rate, and lack of con-
trol subjects; this is especially true for the GA extension
data. The currently available few head-to-head comparison
studies are also hampered with methodological issues; new
comparative studies are under way. Overall, these agents
remain partially effective in relapsing forms of MS; their
long-term effects on reducing the clinically most important
feature of MS—disability—still remains unclear.

Altering the Course of Secondary Progressive MS.
Within 15 years of onset, almost 60% of RRMS patients
will enter the secondary progressive phase of the disease.
Treatment approaches aimed to affect the natural course
of disease are available for these patients.

Interferons. Interferon-b 1b may have a beneficial effect
on the overall outcome of SPMS and may also alter
MR lesions,86,87 but this question remains incompletely
answered. In the placebo-controlled European study88 of
inteferon-b 1b in SPMS, the time to worsening was extended
for treated patients. Treated patients were less likely to be
wheelchair-bound and had fewer hospitalizations. Another
analysis89 of this study confirmed the benefits, though the
dropout rate in this study was relatively high. The patients
who responded best to interferon therapy were those who
experienced relapses during their disease course. MRI
monitoring suggested that the benefit on T2 lesion activity
was seen early and persisted into the second half of
the second year of treatment. T2 lesion load increased in
placebo- but not interferon-treated patients in the first 2 years
of treatment.90

Contrasting with these results, in another trial involving
patients with SPMS,91 both high dose (44 mg) and lower dose
(22 mg) interferon-b 1a failed to change the primary outcome
of time to disability worsening. Positive effects were seen on
relapse rate and reduction of MRI activity, but the effect
on disability did not replicate the European interferon-b 1b
report. A combined analysis of the American and European
trials concluded that continued relapse activity and more
rapid progression over the preceding year (by >1 on the
EDSS scale) are the best predictors of response.92

IVIG in Secondary Progressive MS. A recent European
trial reported that IVIG did not have a significant impact
on clinical and disability related outcome measures. IVIG
did reduce the accumulation of brain atrophy in SPMS,
but did not reduce the incidence of blood-brain barrier
abnormalities. There was no statistically significant change
on magnetization transfer MRI measurements; however,
a trend for conservation of normal-appearing brain tissue
was found.93

Overall Recommendations for SPMS. In general, as the
evidence that interferons alter long-term disability is lim-
ited and controversial, we generally do not newly start
SPMS patients on interferon products. In a subset of
patients still having disabling relapses, interferon therapy
may be offered to specifically reduce relapse rate. The data
by Confavreux and associates, however, suggest that the
EDSS in populations of SPMS patients continues to prog-
ress independent of relapses94 once a “fixed” baseline level
of moderate disability has been reached. Therefore, while
interferons may reduce the relapse rate in SPMS, the rate
of progression of disability may not be reduced by these
treatments. More usually, SPMS patients are already on an
injectable immunomodulator, and the question of whether
it is worth continuing the therapy may come up, especially
in patients who have a hard time tolerating these medica-
tions and feel that the side effects of the medications have
a clear negative impact on their overall health. In these
cases, we usually allow the patients to stop their medica-
tions. Just like in the RRMS cases, however, patient educa-
tion about SPMS trials and realistic expectations about the
treatment is a crucial element in the decision-making pro-
cess. Understanding the patient’s needs and fears and clari-
fying potential misconceptions constitute a very important
role of the treating neurologist. In those patients who con-
tinue their interferon therapy, we must continue to follow
them for toxicity and disease activity. Please also see the
following discussion under mitoxantrone for recommenda-
tions on the potential use of that specific agent in SPMS.

Mitoxantrone. Mitoxantrone (Novantrone) is an anthra-
cenedione chemotherapeutic agent licensed

. . .for reducing neurologic disability and/or the frequency of clin-
ical relapses in patients with secondary (chronic) progressive, pro-
gressive relapsing, or worsening relapsing-remitting multiple
sclerosis (i.e. patients whose neurologic status is significantly
abnormal between relapses). Mitoxantrone is not indicated in
treatment of patients with primary progressive multiple sclerosis.
Significant benefits were observed in a group of SPMS
patients as in a European phase III study of mitoxantrone.95

It has also been used in combination with methylpredniso-
lone.96 Several clinical and functional outcome measures
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were reported to stabilize or improve with every 3-month
administration of this intravenous medication. Secondary
MRI outcome measures, including enhancing lesion for-
mation and overall T2 lesion load, were also better in the
treated patients. The greatest concern regarding this medica-
tion is its cardiac toxicity: the cumulative lifetime maximum
dose was established at 140 mg/m2. Mitoxantrone can in-
duce a seemingly dose-dependent cardiomyopathy, leading
to potentially fatal congestive heart failure. We generally
avoid exceeding a total lifetime dose of 96 mg/m2 (8 doses
of 12 mg/m2). Patients receiving mitoxantrone should also
be monitored every 3 months with echocardiograms or
MUGA (multiple gated acquisition) scans to determine the
ejection fraction. Reduction in the ejection fraction should
prompt discontinuation of this therapy.

Besides the cardiac side effects, mitoxantrone may cause
menstrual irregularities or overall ablation of the menstrual
cycle, which may be permanent. In a review of the litera-
ture, Ghalie97 estimated the risk of mitoxantrone therapy-
related acute leukemia in MS patients at 0.05% to 0.1%;
in an international registry of MS patients taking mitoxan-
trone, the risk of leukemia seems somewhat higher. This
therapy has been approved by the FDA for treatment of
SPMS, but no peer-reviewed full report of the MIMS study
had been published until 4 years after the initial report in
an abstracts form. The study98 showed a treatment effect
in RRMS and SPMS patients with “recent rapid worsen-
ing.” The study had a high dropout rate and a small sample
size. Most patients (74%) had relapses in the preceding
2 years, suggesting this cohort mostly includes worsening
RRMS or PRMS patients, in whom a positive treatment
effect is expected; however, it does not mean that for clas-
sic SPMS patients who no longer have relapses the study
outcome is applicable, and it is especially not applicable
to PPMS cases. The primary outcome measure was a com-
posite score comprised of five clinical measures: change in
EDSS at 2 years; change in Ambulation Index at 2 years;
change in the baseline standardized neurological status at
2 years; number of relapses requiring corticosteroid treat-
ment; and time to first relapse. Seventy-seven percent com-
pleted 24 months of follow-up. At 24 months, benefit was
reported in all five components of the composite measure
for both active treatment arms, with the overall greatest
benefit noted between placebo and the group receiving
mitoxantrone at a dose of 12 mg/m2. The magnitude of
the effect on EDSS was rather modest (mean EDSS change
for high-dose mitoxantrone, –0.13 [SD 0.90] versus þ0.23
[SD 1.01] in the placebo group). The MRI results of the
MIMS trial were published in 2005 and are frankly disap-
pointing.99 In a subset of 110 patients (out of 194 in the
trial overall), the 12 mg/m2 dose failed to reach a signifi-
cant difference from placebo as measured by the primary
MRI outcome (total number of scans with gadolinium-
enhancing lesions). The 12 mg/m2 dose reduced the number
of T2-weighted lesions at month 24 (p¼ 0.027) and showed
a trend at month 12 (p ¼ 0.069). The number of active MR
lesions showed a trend toward reduction in the 12 mg/m2

group only at month 24 (p ¼ 0.054).
Overall, the limited evidence to date supports the con-

clusion that mitoxantrone reduces relapse frequency and
MRI evidence for blood-brain barrier disruption in
patients with very active MS. The benefit for patients
with relapse-independent progression is uncertain at best.
From the MIMS results, one would need to treat 11 patients
with secondary progressive multiple sclerosis for 2 years
to prevent one person from worsening by 1.0 EDSS point.
This modest benefit must be carefully examined in light
of the significant risk for toxicity.

Therapy of PPMS. Unfortunately, for classical PPMS
cases that present with insidious progression of usually
myelopathy symptoms, none of the currently available
treatments offer any clear benefit. The PROMISE trial, in
which over 900 PPMS patients were treated with GA,
was terminated early owing to lack of effectiveness. The
results of this trial have not yet been published. A small
study with intramuscular interferon-b 1a was also nega-
tive.100 Currently a large trial is under way with rituximab
in CSF OCB-positive PPMS patients. Until we clearly un-
derstand the pathophysiology of slow progression in MS, it
is unlikely that we will find a treatment that has an impor-
tant impact on this form of MS. Symptomatic treatment
modalities, including physical and occupational therapy,
are very important, yet frequently overlooked in this patient
population.

Other Immunomodulator Therapies. Cyclophosphamide
is an alkylating agent that has indiscriminate cytotoxic
effects on rapidly dividing cells, including lymphocytes,
making it a potent immunosuppressant. Several studies
have claimed a beneficial effect in both relapsing and
progressive patients. Because one of the major studies in-
cluded ACTH, IV methylprednisolone is sometimes given
with the cyclophosphamide. Other trials have not found a
favorable effect. Because of the inconsistent results, high
potential for serious side effects, and adverse reactions,
including hemorrhagic cystitis and malignancy, cyclophos-
phamide is not widely used. Some centers, however, use
cyclophosphamide in patients with aggressive disease in
whom more conventional treatments have failed.

Azathioprine, a purine analog antimetabolite, has mar-
ginal efficacy in the treatment of MS. A meta-analysis
of all blinded, placebo-controlled studies confirmed a
slight benefit of slowed progression and less frequent
relapses.101 The toxicity of azathioprine and its slow onset
of action have prevented its widespread use. Besides the
liver toxicity and hematological effects, the induction of
malignancies has been a concern. One retrospective study
did not find an increased incidence of cancer in MS patients
treated with azathioprine, but this remains a potential risk.

Methotrexate is a folate antagonist that is effective in
rheumatoid arthritis. Weekly low-dose oral methotrexate
was found to delay upper extremity dysfunction in SPMS
patients, although it had no effect on the more traditional
measures of disability, including the Expanded Disability
Status Scale (EDSS).102

The use of cyclosporine in the treatment of MS has been
evaluated in three clinical trials, none of which have
demonstrated a convincing benefit. In addition, side effects
such as hypertension and elevation of creatinine were
common.

Numerous additional therapies have been tested, and
many others are undergoing evaluation. The antiherpes-
virus drug acyclovir has been shown to reduce relapse
frequency in a small prospective trial. Total lymphoid irra-
diation was found to slow the chronic progression of MS,
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but because this approach precludes the later initiation of
immunosuppressant drugs and may be associated with a
higher mortality rate, it is not widely used. Cladribine is
a nucleoside derivative that was found to decrease relapse
rate and slow the progression in patients with SPMS in
an initial investigation.103 The drug is better tolerated than
other parenteral immunosuppressants, although bone mar-
row suppression is a risk. In a more extensive clinical
trial,104 cladribine therapy did not change disability scores,
but significant reduction in enhancing lesions and overall
T2 lesion burden was observed with higher dose treatment.
A study of a small number of patients treated with autol-
ogous stem cell transplantation105 suggested possible clini-
cal stabilization or minor improvement over a 15-month
period of follow-up in both secondary and primary progres-
sive MS. The induction chemotherapy (BEAM regimen)
resulted in one fatality in this trial; similar incidences are
known in patients undergoing this procedure. The small
number of patients and the different methods used (some
patients received CD34þ selected graft) makes the inter-
pretation of this data very difficult. Trials with higher
number of patients under standardized circumstances are
needed to verify the validity of these observations.

Symptomatic Treatment of Existing Disabilities
Spasticity. Spasticity is common even in patients with

onlyminimal weakness (Video 3, Spastic Gait). It is usually
prudent to begin treatment of mild spasticity with a
stretching program. A randomized controlled crossover
trial106 of physical therapy (8-week blocks of therapy twice
a week, for 45 minutes per session) showed significant
benefit on several outcome measures related to improved
mobility. No apparent differences were observed between
home-based or hospital-based therapy. The addition of an
evening dose of benzodiazepine may help relieve extensor
spasms and clonus that may interfere with sleep. As spas-
ticity worsens, it becomes necessary to use baclofen. Doses
should be escalated slowly to prevent the occurrence of
overt side effects, and up to 120 mg/day may be required.
Although baclofen is well tolerated in most patients, limit-
ing side effects such as sedation and increased muscle
weakness may occur, and rarely a paradoxical increase in
spasticity is noted. Liver enzyme elevation and nonconvul-
sive status epilepticus presenting as encephalopathy have
also been reported in association with baclofen. Abrupt
withdrawal of baclofen may result in hallucinations or sei-
zures, making it necessary to taper doses. Despite symp-
tomatic improvement, antispasticity measures may not
increase function or independence. In paraplegic patients
with severe spasticity and intolerance to the required oral
dose, intrathecal baclofen delivered by a subcutaneously
implanted pump allows a much smaller dose and is often
effective in alleviating intractable spasticity and may
lessen urinary urgency. Tizanidine seems to be as effective
as baclofen, although it may be associated with more
fatigue. Dantrolene has been used for spasticity, although
the therapeutic window is small.

Fatigue. For treating fatigue, medications are only par-
tially effective. Amantadine at 100 mg twice a day is the
standard initial treatment, although pemoline 37.5 mg daily
is also superior to placebo. A recent, small pilot study by
the Mayo group suggested that high-dose aspirin (1300
mg/day) may sometimes be effective in the treatment of
MS-related fatigue.107 This finding needs to be confirmed
by a second, larger trial, however. The stimulating effects
of the selective serotonin reuptake inhibitors may also
be somewhat effective in combating MS-related fatigue.
Modafinil, a medication approved for the treatment of narco-
lepsy, has also been used with good success. Often, however,
patients need to limit activities and schedule rest periods.

Paroxysmal Symptoms of MS. Paroxysmal symptoms
are highly responsive to medical treatment. A small dose
of carbamazepine is often very effective. If not tolerated,
several alternative medications may be tried, including
phenytoin, acetazolamide, baclofen, and gabapentin. In
addition, misoprostol has been claimed to be effective in
MS-related trigeminal neuralgia. After about 1 month of
treatment, a periodic attempt at tapering off these medica-
tions is a reasonable approach because these symptoms
usually remit.

Seizures in MS are treated no differently than in non-MS
conditions.

Heat Sensitivity. Heat sensitivity may require avoidance
of precipitating activities, but this depends on the nature of
symptoms and the situation in which they occur. If the pre-
cipitating activity cannot be avoided, a cooling jacket may
be an option. A potassium channel blocker, 4-aminopyri-
dine, improves temperature sensitivity in some patients but
occasionally causes seizures or disturbing paresthesias.

Action Tremor. Action tremor is a common disabling
symptom (Video 14, Tremor with Ataxia). Unfortunately,
it is often only marginally amenable to medical therapy.
Clonazepam may offer some relief, but tolerance fre-
quently develops, necessitating increasing doses. Isoniazid
and carbamazepine have also been found marginally bene-
ficial. One clinical trial showed ondansetron to reduce
tremor-related disability. Anecdotal reports suggest that
gabapentin may be partially effective. Improvements in
stereotactic neurosurgery have made thalamotomy a legiti-
mate option in those whose disability is mainly due to
tremor and not ataxia.

Cognitive and Memory Problems. Cognitive problems
can also be seen in MS patients. These symptoms are gen-
erally not very severe; however, in some patients these
may be one of their subjectively most bothersome com-
plaints. It is important to make sure that such complaints
are not depression related, as mood disorders are otherwise
rather common in MS, and may explain the subjective cog-
nitive impairment. While it is not FDA approved for the
treatment of MS related cognitive dysfunction, in a placebo
controlled, randomized, 24-week long study of donepezil
in 69 patients, significant improvement was found on the
Selective Reminding Test (SRT).108 This improvement
was independent of MS subtype, gender, age, reading abil-
ity, and baseline SRT results. The patients did not improve
on other cognitive scales, but they were twice as likely to
report cognitive improvement.

Dysesthetic Pain. Dysesthetic pains are difficult to con-
trol but sometimes respond to tricyclic antidepressants,
carbamazepine, or baclofen. Gabapentin, tramadol, and
duloxetine may also be effective. Standard analgesics are
not often useful in MS-associated pain, and narcotics
should be avoided in the treatment of chronic pain.

Emotional incontinence may be amenable to a low dose
of a tricyclic antidepressant (Video 10, Dysarthria).
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Symptoms of Bladder Dysfunction. Symptoms of a
hyper-reflexic bladder (urgency, frequency, and urge in-
continence) are often manageable with anticholinergics
such as oxybutynin, propantheline, or imipramine. A flaccid
bladder can sometimes be aided by bethanechol, although
intermittent self-catheterization is more often needed.
Symptoms that suggest urinary retention (a feeling of
incomplete emptying, frequency, hesitancy, or a need to
apply pressure to the lower abdomen to urinate) should
prompt evaluation with urinalysis and a post-void residual
urine measurement. Residuals in excess of 15 mL are abnor-
mal; and if they are above 50 mL, consideration should
be given to urological consultation for more thorough
investigation and to blood chemistries to determine urea
and creatinine levels. Detrusor-sphincter dyssynergia, diag-
nosed by cystometrography, is treated with anticholinergics,
sometimes with the addition of an a-1 blocking agent (tera-
zosin) or intermittent catheterization. It is important to
reassess bladder function periodically, and residual urine
volumes should be monitored if there are any persistent
changes in function or symptoms. Intermittent catheteriza-
tion should be considered when post-void residuals reach
100 mL. A chronic indwelling urinary catheter should be
avoided if reasonably possible. It is usually not necessary
to use antibiotics prophylactically in the prevention of uri-
nary tract infections. Urinary calculi may be prevented by
acidification of the urine with cranberry juice.

Bowel Dysfunction in MS. Constipation can usually be
managed with bulk laxatives and stool softeners. More
severe cases may require osmotic agents, bowel stimulants,
anal stimulation, suppositories, or enemas. Bedridden pati-
ents may develop fecal impaction unresponsive to these
measures and require manual disimpaction. Fecal inconti-
nence can be minimized by adherence to a schedule for
bowel movements. Fiber supplementation may be of some
benefit even in these cases.

Sexual Dysfunction in MS. The clinician should de-
termine the precise nature of any sexual dysfunction in
patients with MS. Physical difficulty from spasticity
may be alleviated by premedication with baclofen, and
a fast-acting anticholinergic such as oxybutynin may
calm urinary urgency. Sexual dysfunction should not be
automatically attributed to MS. It may be necessary to
investigate hormonal levels and to obtain urological or
gynecological consultation. Manual lubrication with gel is
a ready solution to vaginal dryness. Erectile dysfunction
responds very well to sildenafil. Less frequently, vacuum
devices, intracavernous injections of papaverine (or combi-
nations of papaverine, prostaglandins, and epinephrine;
triple agent), or penile implant are also used in the treat-
ment of erectile dysfunction. Thalamotomy or thalamic
stimulation may provide some short-term clinical benefit
to patients disabled by appendicular cerebellar tremor and
ataxia. The benefits on disability and quality of life are
much less clear, however, and the early benefits may wain
within 1 to 3 years.109,110 Further studies are needed to
clarify how best to select patients for these ablative and
stimulation treatment interventions.

General Recommendations for MS Patients. It is advis-
able for MS patients to attain good health habits, including
proper diet and fitness. Smoking, excess alcohol intake,
and obesity should be avoided. Exercise can help
maximize function by increasing and maintaining joint
mobility, strength, and stamina; may promote improved
sleep hygiene; and may reduce the severity of fatigue.
Physical and occupational therapy can play an important
role in regaining independence. Canes, walkers, and
wheelchairs or scooters may be needed to maintain safe
mobility. Hand controls can be installed in automobiles
for patients with lower extremity dysfunction. In debilitated,
immobilized patients, periodic shifts in posture to change
weight-bearing regions and air or water mattresses prevent
bedsores. Passive range of motion exercises prevent con-
tractures. When ventilatory dysfunction occurs, it should be
evaluated and activity schedules should be appropriately
modified.111

Special Considerations during Pregnancy. Before
initiation of any drug in a woman of reproductive age,
the potential for teratogenicity must be discussed. In gen-
eral, immunomodulator therapy should be avoided if one
is planning a pregnancy. The treatment of acute exacerba-
tions is unchanged during pregnancy, although one might
have a higher threshold for treatment. Both corticosteroids
and plasma exchange are relatively safe during pregnancy.
None of the drugs used to alter the disease course, how-
ever, should be used during pregnancy. Interferon-b drugs
should be stopped 2 to 3 months before planning pregnancy.
Interferons are associated with an approximately 39% like-
lihood of abortions. This is close to eight times higher than
the usually quoted approximately 5% spontaneous abortion
rate in women. Interferon-b use is also associated with lower
birth weight.112 The cytotoxic immunosuppressants have
teratogenic effects. The effects of many of the other drugs
are unknown. It is best if these drugs are stopped several
months before a planned pregnancy.

PROGNOSIS AND FUTURE PERSPECTIVES. Because
most information on the prognosis of MS is reported in
terms of the EDSS, it is important to have some under-
standing of this scale. The EDSS is a 10-point scale, with
each increase representing worsening symptoms of func-
tion. The score is derived from severity scores in each of
six systems as well as ambulation and work ability. A score
of 0 means no signs or symptoms; 1 to 3 represent mild
disability with no or minimal impairment of ambulation;
3.5 to 5.5 refer to moderate disability and impairment of
gait; the need for a cane to walk one-half block (100 m)
receives a score of 6; an EDSS of 8 refers to the need for
a wheelchair and effective upper extremity function; an
EDSS of 10 refers to death related to MS.

MS has a highly variable outcome, ranging from asymp-
tomatic to fulminant with death ensuing in a matter of
months. Autopsy series have estimated that unsuspected
MS may occur in as many as 0.2% of the population. Even
when symptomatic, MS may cause only nuisance symp-
toms. Benign MS, when defined as unrestricted ambulation
or EDSS of 3 or less 10 years after onset, accounts for
about one third of cases. However, many of these patients
acquire more disability later. When considering all patients
with MS, Weinshenker found that 15 years after onset,
80% had EDSS worse than 3, 50% had reached EDSS
of 6 or more, 10% were at EDSS 8, and 2% had died.
The percentage of patients with initially RRMS who de-
velop SPMS increases steadily with disease duration.113

At 10 years, 40% to 50% have continual deterioration;
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after 25 years, approximately 80% have slow progression. In
the most recent study published about the Olmsted County
MS prevalence cohort consisting of 161 patients, the
mean change in EDSS over 10 years was 1 point, and only
20% of patients had a change larger than 2.0 points.114

Eighty-three percent of the patients with mild symptoms
(EDSS < 3.0) were still ambulatory without cane 10 years
later. Among the patients with an EDSS of 3 to 5, 51% were
using a cane; in the 6 to 7 EDDS range, 51% were wheel-
chair bound. Strong predictors for the outcome were not
identified in this study. Population-based studies with com-
plete ascertainment can effectively remove the bias of a
referral practice, which is inherently biased towards the
more active and more serious cases. These studies also pro-
vide some much needed balance to the “heavily skewed for
recent disease activity” clinical trial experience.

From the most recent extensions to the Olmsted County
MS cohort studies conducted by the Mayo group, several
conclusions can be drawn. The number of relapses in the
first year of the disease do not predict long term outcome.
The time to disability is not influenced by ongoing relapses
once patients achieve an apparently permanent degree of
moderate disability (EDSS 3.5). Overall, 80% patients
who are still classified as RRMS into their second decade
of disease continue to do well for 15 to 20 years with lim-
ited permanent disability. Patients doing extremely well
(EDSS � 2.0) after 10 years of MS generally do well in
the next decade. However, very rarely patients doing well
even for 2 to 3 decades may develop severe late disability.
We advise that neurologists share these findings with
patients who are in periods of prolonged remission during
the discussions about the merits of beginning disease-mod-
ifying agents.

Natural history studies have identified several prognostic
indicators that predict outcome to a limited extent. Factors
associated with a better prognosis (slower accumulation of
disability, longer time before chronic progression) include
young age at onset, female gender, RR course (as opposed
to PPMS), initial symptoms of sensory impairment or ON,
first manifestations affecting only one CNS region, high
degree of recovery from initial bout, longer interval be-
tween first and second relapses, low number of relapses
in the first 2 years, and less disability at 5 years after onset
(both EDSS and number of systems affected—sensory,
motor, sphincter, brain stem, vision, cerebral). Despite the
indolent nature, a PP course is the worst prognostic factor,
with the median time to reach EDSS 6 of only 6 years,
compared with approximately 20 years in RR patients.
Men and patients with an older age at onset are more likely
to have PPMS.

The survival of MS patients is only slightly below
expected. Seventy-six percent of patients are alive 25 years
after onset, which is 85% of that seen in age- and sex-
matched control subjects.35 MS is rarely the direct cause
of death. Complications of MS such as pneumonia, pul-
monary emboli, aspiration, urosepsis, and decubiti are
responsible for 50% of deaths. Most of the other deaths
are from heart disease, cancer, cerebrovascular disease, and
trauma. Suicide is the only cause of death that is overrepre-
sented among these cases. The suicide rate among
MS patients may be as high as two to seven times that of
non-MS persons.
NEUROMYELITIS OPTICA

Neuromyelitis optica (NMO) is an uncommon neurological
illness characterized by the occurrence of optic neuritis and
myelitis. The names Devic’s syndrome, Devic’s disease,
and NMO are often used interchangeably, although the first
name encompasses all patients who fit the preceding defi-
nition and the second and third should only be used to refer
to those patients presumed to have a distinct disorder. The
term opticospinal MS is often used in the Far East to
denote patients with exclusive or predominant involve-
ment of optic nerves and spinal cord, encompassing most
patients with Devic’s syndrome. Devic’s disease (NMO)
may be a monophasic illness, or may show a relapsing-
remitting course.115 It is the first inflammatory demyelinat-
ing disease with a known serum marker, the NMO-IgG
antibody.

PATHOGENESIS AND PATHOPHYSIOLOGY. Devic’s
syndrome may occur with ADEM, autoimmune disorders
(e.g., systemic lupus erythematosus), MS, and possibly
viral infections. Also, patients with Devic’s disease may
have other coexisting autoimmune conditions. Classically,
acute spinal cord lesions demonstrate diffuse swelling that
extend over several levels or involve nearly the entire cross
section of the cord. Acutely, there is destruction with dense
macrophage infiltration involving white and gray matter,
loss of myelin and axons, and lymphocytic cuffing of ves-
sels. In chronic lesions, the cord is atrophic and necrotic,
occasionally with cystic degeneration and gliosis. In the
absence of perivascular cuffing, these extensive lesions
resemble infarctions. The prominent spinal cord swelling
in the confines of the restrictive pia presumably may raise
intramedullary pressure, leading to the collapse of small
parenchymal vessels, further propagating tissue injury.
Proliferation of vessels with thickened and hyalinized walls
similar to that seen after infarction or other extensive injury
may occur.116 Less fulminant lesions may coexist and are
much more typical of inflammatory demyelination. The
optic nerve lesions often involve the chiasm. Even though
NMO is usually restricted to the optic nerves and spinal cord,
one may see classic MS like lesions in up to 10% of cases,
and hypothalamic lesions have also been described in
approximately 10%. The newly discovered serum marker,
NMO-IgG has a sensitivity of 73% and specificity of
91%.117 The discovery of this novel immune marker also
clarified that most if not all cases of “opticospinal MS”
reported in the Japanese literature are also cases of NMO.
To the surprise of the MS research community, the antigen
is neither myelin nor neuron related: it is the aquaporin-4
water channel, a component of the dystroglycan protein
complex located in astrocytic foot processes at the blood-
brain barrier.11 NMO thus may represent the first example
of a novel class of autoimmune channelopathies.

EPIDEMIOLOGY AND RISK FACTORS. Devic’s syn-
drome occurs in patients of varied ages (range, 1 to 73
years). The mean age at onset of monophasic Devic’s syn-
drome is 27, whereas relapsing NMO (see later) tends to
occur in an older age group (mean age at onset of 43).
Monophasic Devic’s syndrome affects males and females
equally, whereas relapsing NMO affects females predomi-
nantly (F:M, 3.8:1). One third of patients have a preceding
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infection within a few weeks of neurological symptom on-
set. Most commonly this is a nonspecific upper respiratory
tract infection, flu, or gastroenteritis. The most common
specific infections preceding the development of Devic’s
syndrome are chickenpox and pulmonary tuberculosis.
Devic’s syndrome has also followed vaccination for swine
flu and mumps. Only a few instances of a possible familial
occurrence of Devic’s syndrome have been reported, and in
one of these families, a unique mitochondrial mutation was
found. Devic’s syndrome is said to be more common in
Japan and East Asia, although even there it is uncommon
(less than 5 per 100,000). Three cases have been described
in the literature with familial occurrence of Devic’s disease
in the Far East. In a genetic study, HLA-DPB1*0501
was more frequently associated with “opticospinal MS,”
whereas HLA-DPB1*0301 is the most strongly associated
allele with conventional MS in the Japanese.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Symptoms of ON and myelitis develop over hours to days
and are often preceded or accompanied by headache, nau-
sea, somnolence, fever, or myalgias. Continued progression
of symptoms over weeks or months occasionally occurs.
Most patients (greater than 80%) develop bilateral optic
neuritis. Bitemporal or junctional field deficits, indicating
chiasm involvement, are sometimes present early in the
course of the ON. Visual loss is often accompanied by
periocular pain, and myelitis onset is sometimes heralded
by localized back or radicular pain. Lhermitte’s sign is
common. Severe degrees of neurological deficits are usual,
and the degree of recovery is variable.

Approximately 35% of NMO patients have a monopha-
sic illness, 55% develop relapses usually limited to the
optic nerves and spinal cord (relapsing NMO or optico-
spinal MS), and rarely patients have a fulminantly progres-
sive course without relapses or a course typical of MS.115

According to a study conducted at the Mayo Clinic,115

patients with a monophasic course usually presented with
rapidly sequential events (median, 5 days) with only mod-
erate recovery. Patients showing characteristics of the
relapsing form of Devic’s had a median interval of 166
days between index events, followed within 3 years by
clusters of severe relapses isolated to the optic nerves and
spinal cord. Most relapsing patients developed severe dis-
ability in a stepwise manner. Approximately one third died
from respiratory failure. Predictors of a relapsing course in
NMO118 include longer inter-attack intervals (relative risk
[RR]: 2.16 per month increase), older age at onset (RR ¼
1.08 per year increase), female sex (RR ¼ 10.0), and less
severe motor impairment with sentinel myelitis event
(RR ¼ 0.48 per severity scale point increase). Autoimmune
disease history (RR ¼ 4.15), higher attack frequency in
first 2 years (RR ¼ 1.21 per attack), and better recovery
following index myelitis (RR ¼ 1.84 per point) are asso-
ciated with increased mortality rate. Features of NMO
distinct from “typical” MS included normal initial brain
MRI, more than 50 cells/mL in CSF with polymorpho-
nuclear predominance, and lesions extending over three
or more vertebral segments on spinal cord MRI. Relapsing
NMO is often associated with autoimmune disorders, most
commonly systemic lupus erythematosus. These patients
also frequently have an elevated erythrocyte sedimentation
rate and nonspecific elevation of autoantibodies, including
antinuclear antibodies, anti-ds-DNA, and antiphospholipid
antibodies. Tonic spasms and neuropathic lower extremity
pain are common sequelae to the spinal cord damage.
Symptoms referable to brain stem lesions (nystagmus,
ophthalmoparesis, and vertigo) can occur in these patients
as well.

DIFFERENTIAL DIAGNOSIS. The differential diagnoses
for Devic’s syndrome includes MS, ADEM, pulmonary
tuberculosis, and viral infection (especially in the immuno-
compromised patient). In patients with an apparent affected
family member, consideration should be given to mitochon-
drial disease. Relapsing NMO should raise the suspicion for
associated autoimmune disorders. Because Devic’s syn-
drome can occur in persons older than age 60, when an
unrelated ischemic optic neuropathy could occur, and
because isolated or recurrent myelopathy may precede the
ON, additional consideration must be given to spinal cord
compression, spinal cord tumor, and spinal arteriovenous
malformation (AVM) or dural fistula.

EVALUATION. Imaging is needed to exclude structural
lesions and provide information on the pathological pro-
cess. Optic nerve or chiasm enlargement, T2-weighted sig-
nal changes, and enhancement may be seen on head MRI
during the acute phase. Increased T2-weighted signal in
the medulla is not uncommon and usually represents exten-
sion of high cervical lesions. Spine MRI characteristically
shows cord swelling, signal changes, and enhancement
extending over at least three levels (Fig. 48-4). This
appearance may resemble a spinal cord tumor, prompting
consideration for biopsy.

On magnetization transfer (MT) MRI, no significant
difference was found on normal-appearing white matter
of Devic’s patients and control subjects, whereas MS
patients had a significantly lower MT ratio peak and histo-
gram average.119 T1 hypointense lesions in the cord and
linear lesions that cross over more than two segments are
more suggestive of Devic’s disease.

An occasional patient may need prone and supine my-
elography to exclude a spinal dural-based AVM. Laboratory
investigations reveal an elevated erythrocyte sedimentation
rate in one third, positive antinuclear antibodies in nearly
one half, and occasionally other autoantibodies (e.g., thyro-
peroxidase antibodies). 39 It is reasonable to exclude syphi-
lis, Lyme disease, and human immunodeficiency virus
by laboratory testing. In a few patients with the Far East
variety of Devic’s disease, hyperprolactinemia was
described predominantly with optic nerve involvement. A
chest x-ray helps to exclude pulmonary tuberculosis and
sarcoidosis. CSF examination is an essential part of the
evaluation for Devic’s syndrome, and repeated studies are
sometimes necessary to ensure that there is no infection in
that the CSF findings are sometimes atypical for
inflammatory demyelination.

A marked pleocytosis is often present, sometimes
exceeding 100 cells. Moreover, neutrophils are commonly
seen in CSF and may predominate, a situation virtually
unknown in MS.120 The protein concentration is often very
high and in 41% exceeds 100 mg/dL. Anti-MOG antibod-
ies are the predominant autoantibody detected in CSF;
anti-MBP or anti-S100b antibodies are less frequently



Figure 48-4. Spine MRI of patients with relapsing NMO. A, Sagittal T2-weighted image of the cervical spine showing cord expansion and signal abnor-
malities extending through the cervical and upper thoracic cord. B, T1-weighted sagittal MRI showing cord swelling and extensive gadolinium enhance-
ment from C1 to C7. Further enhancement is seen in the upper thoracic area. C and D, Sagittal T2-weighted spine MRI showing a diffuse hyperintense
lesion extending from T1 to the conus.
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seen. Despite the intense inflammatory response, OCBs
are conspicuously absent in the majority, being present in
fewer than 20% of patients. CSF serology for the herpes-
virus family (HSV types 1 and 2, VZV, EBV, and CMV)
is important, and polymerase chain reaction testing should
be done in cases suggestive of viral infection (immuno-
compromised patients).

MANAGEMENT. Patients with acute or subacute Devic’s
syndrome may respond to corticosteroids (e.g., intravenous
methylprednisolone). They may respond to plasma ex-
change even when intravenous methylprednisolone does
not produce significant improvement. Attempts at prevent-
ing relapses and the subsequent disability are often disap-
pointing even with the use of immunosuppressive agents.
The classic injectable immunomodulators used in MS are
insufficient to reduce the relapse rate in relapsing NMO.
Most commonly, a combination of azathioprine and predni-
sone is used for secondary prevention. Other agents includ-
ing mycophenolate mofetil, IVIG, and mitoxantrone have
been described to be effective in some cases. A small study
of rituximab, a humanized anti-CD20 antibody showed a
siginifcant reduction in the relapse rate of 8 patients, making
6 of 8 relapse free.121 A large multicenter study of rituximab
in NMO is in the planning stages.

Supportive care is important in the management of
NMO. These patients are prone to many complications
and require measures to prevent deep venous thrombosis
and pulmonary embolism, urinary tract infection, decubiti,
and contractures. Mechanical ventilation may be needed
either temporarily or permanently. Patients with monophasic
Devic’s syndrome generally have simultaneous or rapid
onset of the ON and myelitis (interval usually less than
1 month). Although some have significant residual disability,
many recover remarkably and have little or no permanent
deficits. A history of previous vague neurological symptoms
or definite demyelinating events is predictive of future
relapses, either typical of MS or relapsing NMO. Those
patients destined for recurrent myelitis and ON have a longer
interval between the onsets of myelitis and ON. The vast
majority of patients with relapsing NMO have very aggres-
sive disease with frequent and severe exacerbations and a
poor prognosis.
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ACUTE DISSEMINATED ENCEPHALOMYELITIS

ADEM is a monophasic inflammatory demyelinating
disorder that characteristically begins within 6 weeks of
an antigenic challenge such as infection or immunization.
It occurs more often in the young and causes the rapid
development of multifocal or focal neurological deficits.
Perivenous inflammation, edema, and demyelination are
the pathological hallmarks of ADEM, although these lesions
commonly enlarge and coalesce, forming lesions pathologi-
cally indistinguishable from MS. Moreover, perivascular
changes typical of ADEM are common in patients with
MS. There is considerable overlap in the epidemiological,
clinical, CSF, imaging, and pathological features between
ADEM and MS, often making it difficult to distinguish be-
tween the two with reasonable confidence when encountering
patients with a single demyelinating event.

PATHOGENESIS AND PATHOPHYSIOLOGY. ADEM
closely resembles the experimental allergic encephalomy-
elitis animal model of MS (EAE) both clinically and patho-
logically, and is most likely due to a transient autoimmune
response toward myelin. The occurrence of ADEM after
vaccination with the rabbit spinal cord preparation of rabies
virus led to the discovery of EAE. Infections and non-CNS-
containing vaccinations may induce ADEM by molecular
mimicry or by activating autoreactive T-cell clones in a
nonspecific manner. Lymphocyte reactivity toward MBP
has been identified in blood and CSF from patients with
ADEM, but its absence in others indicates a role for other
antigens. Increased peripheral blood g interferon-producing
T cells have been described in ADEM.

EPIDEMIOLOGY AND RISK FACTORS. ADEM can
occur at any age but perhaps because of the higher frequency
of immunization and exposure to new antigens; it is most
common during childhood. Unlike MS, both sexes are
affected with equal frequency. No association has been
noted with pregnancy.

ADEM has been reported to follow a number of different
immunizations, usually within 6 weeks, including those for
pertussis, diphtheria, measles, mumps, rubella, influenza
(postvaccination ADEM), tetanus, and yellow fever. In
addition, there are case reports of ADEM following hepa-
titis B vaccination. However, the only epidemiologically
and pathologically proved association is with rabies vacci-
nation, which also causes demyelinating peripheral neuro-
pathies. The original Pasteur rabies vaccine, prepared in
rabbit spinal cord, was associated with an incidence of
ADEM of approximately 1 per 3000 to 1 per 35,000 vacci-
nations and is no longer in use. A later vaccine, made in
duck embryo, which contains little neural tissue, carries a
risk for ADEM of 1 per 25,000 vaccines. The use of human
diploid cell lines, which contain no nervous system tissue,
for the production of rabies vaccine has virtually elimi-
nated the risk of ADEM. The association of bee stings with
ADEM has also been reported.

Parainfectious ADEM usually follows onset of the infec-
tious illness, often during the recovery phase, but because
of the latency between pathogen exposure and illness it
may precede clinical symptoms of infection or the two
may occur simultaneously. The most commonly reported
associated illness is a nonspecific upper respiratory tract
infection. There have been a vast number of specific infec-
tions associated with ADEM, such as virus infections
(including rubella, mumps, VZV, EBV, CMV, influenza,
coxsackievirus, and hepatitis C) and infection with Myco-
plasma, Borrelia burgdorferi, and Leptospira. Measles car-
ries the highest risk for ADEM of any infection, occurring
in 1 per 400 to 1 per 1000 cases. Although ADEM has been
reported in association with measles immunization, the risk
is far lower than the risk of acquiring measles and its
neurological complications.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. A prodrome of headache, low-grade fever, myal-
gias, and malaise often precedes the onset of ADEM by a
few days. In a German study of 40 cases,122 the most fre-
quent clinical signs were motor deficit (80%), followed
by sensory deficits, brain stem signs, and cerebellar signs.
CSF findings were variable; normal results were present
in up to 20% of patients. Oligoclonal bands were positive
in over 60%. Almost all patients improved during the acute
phase of the disease. Of the 26 patients with the final diag-
nosis of ADEM, 21 had minor or no symptoms, 2 died, the
rest had moderate symptoms. Compared to MS patients,
the ADEM patients were older, and more often had a pre-
ceding infection, clinical signs of brain stem involvement,
a higher CSF albumin fraction, and infratentorial lesions.
Neurological symptoms develop rapidly in the acute phase
and are commonly associated with encephalopathy, stupor,
coma, meningismus, and seizures. Peak severity occurs
within several days, and recovery may begin soon after-
ward. Occasionally, ADEM may evolve over a few months
and there may be a second clinical deterioration or sub-
acute progression for a time. In these unusual cases, the
distinction from MS is difficult. Three recent large retro-
spective series and an accompanying editorial have high-
lighted that there remain no clinical or laboratory features
that accurately allow one to predict which adult or pediatric
ADEM patients will develop.122–125

DIFFERENTIAL DIAGNOSIS. One of the primary con-
cerns after a single demyelinating episode is whether other
bouts can be expected (e.g., MS). Several features may tip
the balance toward one or the other, but the proper diagno-
sis becomes apparent only with time. Classically, ADEM
is characterized by the multifocal involvement at onset
whereas MS often presents with monosymptomatic deficits
such as ON. However, ADEM may cause unifocal symp-
toms andMSmay present withmultifocal CNS involvement,
especially in children. The monosymptomatic deficits
caused by ADEM are more commonly severe, such as bilat-
eral ON and complete transverse myelitis. Although OCBs
occur transiently in about one third of ADEM cases, their
persistence implies a diagnosis of MS. The subsequent dis-
appearance of OCBs, when performed by consistent tech-
niques, is evidence against MS. The MRI appearance of
these two disorders is often identical,125 but the presence
of basal ganglia or cortical lesions, or large globular white
matter lesions, is more frequent in ADEM.

The fulminant development of ADEM is distinctive but
not pathognomonic, because a rare form of MS known as
Marburg’s MS is also rapid in onset and often deadly.
The appearance of brain stem, periventricular, and multi-
ple, large cerebral white matter lesions and the presence
of OCBs may distinguish Marburg’s variant from ADEM.
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On rare occasions, inflammatory demyelinating lesions
may reach a large size and resemble tumors (especially
lymphoma) on MRI, necessitating biopsy for clarification.
There is usually one dominant lesion, but smaller separate
lesions may be identifiable. These have been referred to as
both ADEM and MS in the literature. The prognosis for
recovery is often quite good, although approximately one
third suffer subsequent attacks. Some develop typical MS,
whereas others have recurring tumor-like lesions. The term
multiphasic ADEM has been used when patients have large
recurrences in the same location, and relapsing ADEM
refers to recurrences at different sites. The relationship of
these entities with MS is unclear.

Balo’s concentric sclerosis refers to the pathological
finding of alternating bands of demyelination and remyeli-
nation. These patients typically have large lesions and
subacute deficits similar to those described earlier. Typical
demyelinating lesions commonly coexist, and rarely
CDMS patients are noted to have similar-appearing lesions.
The reason for this peculiar alternating pattern is unknown.

Schilder’s myelinoclastic diffuse sclerosis is another
rare condition that may be confused with ADEM or other
demyelinating conditions. This progressive demyelinating
disorder usually begins in childhood. The features are often
atypical and include dementia, aphasia, homonymous hemi-
anopia, seizures, psychosis, elevated intracranial pressure,
and the absence of OCBs. The most characteristic finding
is the presence of two large, roughly symmetrical lesions
on MRI, one in each hemisphere. The diagnosis is made
by excluding the known inherited leukodystrophies, espe-
cially adrenoleukodystrophy.

MANAGEMENT. Treatment with intravenous methyl-
prednisolone seems to halt progression and allow recovery
to begin sooner, just as with MS. Plasma exchange can
be tried in those with severe deficits and little response to
corticosteroids. IVIG has also been used successfully
according to case reports in the literature. One fulminant
case responded to hypothermia only.
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HISTORY AND DEFINITIONS

Waldrop, in 1834, reported a single patient who probably
had acute inflammatory demyelinating polyradiculoneurop-
athy (AIDP), thereby providing the first clinical description
of a demyelinating polyneuropathy. Landry, in 1859, de-
scribed 10 patients who very likely had the same disorder;
he recounted most of the clinical features now considered
typical for AIDP. Guillain, Barré, and Strohl, in 1916,
reported two soldiers who were recovering from rapidly
evolving, principally motor, polyneuropathies. They
emphasized the loss of the deep tendon reflexes (DTRs)
and the presence, on cerebrospinal fluid (CSF) examina-
tion, of an elevated protein level with a normal cell count
(albuminocytological dissociation). Their paper probably
has been the most influential of all the articles concerned
with demyelinating neuropathies; from it, the commonly
used eponymic title for AIDP derives (Guillain-Barré
syndrome, or GBS). Haymaker and Kernohan, in 1949,
reviewed the pathology they had found in 50 fatal cases
of AIDP. Their paper confirmed, both on a clinical and a
pathological basis, that Landry’s ascending paralysis and
GBS were, in fact, the same disorder. In 1955, Waksman
and Adams first produced experimental autoimmune neuri-
tis (EAN) by injecting peripheral nerve tissue, with adju-
vants, into rabbits. In 1969, Asbury, Arnason, and Adams
observed lymphocytic infiltration and segmental demyelin-
ation on pathological examination of spinal roots and
nerves in all 19 patients they studied who had died of
GBS, thus establishing a pathological link between GBS
and EAN.1–4

The first diagnostic criteria for AIDP were proposed
in 1935. Several others have been proposed since then.
Formulated in 1978 by Asbury, Arnason, Karp, and
McFarlin, the most widely used set resulted from a collo-
quium sponsored by the National Institute of Neurological
and Communicative Disorders and Stroke; it was triggered
by claims against the U.S. government for AIDP resulting
from the 1976 swine influenza vaccination program. The
electrodiagnostic (EDX) features of AIDP, principally the
results of the nerve conduction studies (NCS), were first
described in detail by Lambert and Mulder in 1964.1–4

Osler and Targowla described chronic progressive and
relapsing forms of polyradiculoneuropathy in the 1890s, but
it was not until 1958 that Austin first catalogued many of
the clinical features of what is now termed chronic inflamma-
tory demyelinating polyradiculoneuropathy (CIDP). Austin’s
report triggered the widespread use of corticosteroids in
patients thought to have this disorder.2–4 Nonetheless, there
was no generally accepted clinical presentation for CIDP
until 1975, when Dyck and coworkers established it as a
distinct clinical entity, based on their review of 53 patients.5

Because the features of CIDP are relatively nonspecific, a
number of polyneuropathies and polyradiculoneuropa-
thies associated with specific diseases resemble, and may
represent instances of, it.
OVERVIEW OF PERIPHERAL NERVOUS SYSTEM
MYELINATION AND ELECTROPHYSIOLOGY

The peripheral nervous system (PNS) comprises less than
0.1% of all nerve tissue. The somatic PNS, when defined
anatomically by the presence of Schwann cells, includes
the primary roots, dorsal root ganglia, mixed spinal nerves,
plexuses, nerve trunks, autonomic nervous system, and cra-
nial nerves III to XII. Peripheral nerve trunks are composed
of a great number of axons, which are grouped into individ-
ual bundles or fascicles. These structures vary in number,
depending on the nerve, its size, and the site at which it is
studied. Schwann cells ensheath every PNS axon nearly
throughout their extent. Peripheral nerve fibers are divided
into two groups, either myelinated or unmyelinated, depend-
ing on whether they have one or several axons per Schwann
cell. In the human sural nerve, the ratio of unmyelinated to
myelinated axons is approximately 3.7 to 1.6
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Figure 49-1. Motor nerve conduction studies of the ulnar nerve in a patient
with CIDP, recording from the hypothenar eminence with stimulation at
wrist (top trace), distal to the elbow (second trace), above the elbow
(third trace), axilla (fourth trace), and at supraclavicular notch (bottom
trace). With stimulation at more proximal sites, there is a cumulative
effect of segmental demyelinating lesions, resulting in the dispersion of
the responses with conduction block.
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A myelinated peripheral nerve fiber consists of an axon
and a series of Schwann cells located sequentially on its
external surface. Each Schwann cell encircles the axon
segment adjacent to it with a multilayered cell membrane
structure, the myelin sheath. The short, constricted, mye-
lin-free axon segment where consecutive Schwann cells
abut each other is called the node of Ranvier. This region
contains voltage-gated Naþ channels. The myelin-coated
axon segment between two nodes of Ranvier is an inter-
node. Saltatory conduction is the characteristic means of
impulse transmission along myelinated fibers. The myelin-
ated axon is depolarized only at the nodes of Ranvier,
thereby permitting it to conduct much faster than an unmy-
elinated fiber. Approximate linear correlations have been
noted between myelin thickness and conduction velocity
(CV).6 Myelinated motor axons conduct impulses centrifu-
gally to the extrafusal muscle fibers, whereas myelinated
sensory axons transmit impulses centripetally from the
muscle spindles and Golgi tendon organs; they subserve
the sensations of touch, pressure, and vibration.6,7

Segmental demyelination (SD), or damage to the myelin
sheath, can be either primary or secondary. With primary
SD, only the myelin portion of the nerve fiber is affected;
the axon is spared. Through several different mechanisms,
numerous entities can cause primary SD, including diph-
theria toxin, lead salts, cold, acute and chronic compres-
sion, and disorders such as AIDP and CIDP. Nonetheless,
both clinically and electrophysiologically, the demyelin-
ation that results is quantitatively the same. With secondary
SD, damage to the myelin results from initial changes in
the axon, typically consisting of chronic shrinking and
atrophy. Axon atrophy with secondary SD occurs in some
chronic polyneuropathies (e.g., uremia). Pathophysiologi-
cally, whether it is primary or secondary, SD produces
conduction abnormalities—slowing or block—as well as
abnormal (ectopic) impulse generation. Clinically, these
abnormalities can result in muscle weakness, impairment
of large fiber sensory modalities, fasciculations, myokymia,
cramps, and paresthesias.8,10

The underlying pathology of a specific peripheral
polyneuropathy frequently can be predicted by its EDX
features. Based on these patterns, most peripheral poly-
neuropathies can be divided into two types: (1) axonal
degeneration or axon loss (frequently referred to as axonal)
and (2) SD. Both familial and acquired polyneuropathies
can be found in each group. For example, axon loss poly-
neuropathies include familial Charcot-Marie-Tooth disease
type II (Dyck classification) and acquired arsenic polyneurop-
athy, whereas SD polyneuropathies include familial Char-
cot-Marie-Tooth disease type I, as well as acquired AIDP
and CIDP. Most classifications make no distinctions be-
tween peripheral polyneuropathies and peripheral polyradi-
culoneuropathies, although often their clinical and EDX
presentations differ. All of the acquired disorders discus-
sed in this section actually are polyradiculoneuropathies,
regardless of the terminology used.

With axon loss polyneuropathies and polyradiculoneu-
ropathies, the main EDX features include the following:
On NCS, there is uniform reduction of amplitudes, ultimate-
ly culminating in unelicitable responses at all stimulation
points. This change is not accompanied by any significant
alterations in latencies or conduction velocities (CVs),
because they are being measured along surviving, unaffected
axons. On needle electrode examination (NEE), fibrillation
potentials occur, accompanied by reduced motor unit poten-
tial (MUP) recruitment, if the motor nerve involvement is
severe, and chronic neurogenic MUP changes, if the disorder
is of more than 4 months’ duration and rather severe. 9,10

With generalized SD disorders, the underlying patho-
physiology may be conduction slowing, conduction block,
or both, depending on the severity of involvement of the
individual fibers. Whenever SD conduction slowing affects
all, or nearly all, of the large myelinated fibers to the same
degree, then only the latencies and CVs are affected on
NCS. In these cases, the amplitudes and durations of the
responses are unaltered. Alternatively, if conduction is
slowed along different fibers to different degrees, then the
NCS responses become dispersed, and as they do so, the
amplitudes decrease (Fig. 49-1). With SD conduction block
lesions, the NCS responses decrease in amplitude but are
not dispersed (Fig. 49-2). Importantly, all types of SD
lesions affect only a focal area of nerve, so the CVs, dura-
tions, and amplitudes on stimulating distal to that area
(while recording still more distally) are unaffected, because
conduction is being determined along a normal segment of
nerve. On NEE, conduction slowing produces no changes,
whereas conduction block, if severe, causes reduced MUP
recruitment.9,10

Some confusion exists regarding the pathophysiological
and clinical correlations found with these two basic types
of peripheral nerve lesions. Unelicitable responses and
low-amplitude nondispersed responses are the NCS coun-
terpart of weakness and of fixed sensory deficits, due to in-
volvement of large myelinated fibers. They indicate that,
regardless of cause, impulses are not able to traverse the
nerve segments between the stimulating and recording
sites. The only two pathophysiological processes that
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Figure 49-2. Motor nerve conduction studies of the median nerve in a pa-
tient with motor neuropathy with multifocal conduction block, recording
from the thenar eminence with stimulation at wrist (top trace) and above
the elbow (bottom trace). A severe conduction block is noted in the
segment of nerve between the two stimulating sites.
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produce such NCS amplitude changes are axon degeneration
and SD conduction block. In contrast, SD conduction slow-
ing has very few clinical counterparts. If differential slowing
is present, certain neurological examination techniques that
require transmission of highly synchronized nerve volleys
may be altered (e.g., DTRs and vibratory sensation). How-
ever, SD conduction slowing generally does not produce
clinical weakness when it affects motor axons because all
of the nerve impulses are reaching their target muscle fibers;
the fact that they are doing so a few milliseconds later than
normal is of no clinical significance.9,10

Based on various EDX features, familial and acquired
demyelinating disorders often can be differentiated from
one another, and the acquired disorders can be subdivided
into acute and chronic types. Familial SD polyneuropathies
are length-dependent polyneuropathies and have predict-
able presentations that vary principally with the severity
of the process. Some of their features are (1) NCS of the
same type (i.e., motor or sensory) are affected earlier and
more severely in the lower extremity than in the upper
extremity; (2) in a given limb, the sensory NCS, compared
with the motor NCS, tend to be involved earlier and more
severely; (3) NCS of the same type, assessing nerve seg-
ments at approximately the same limb level, are affected
to approximately the same degree; (4) NCS performed on
corresponding nerves in contralateral limbs are affected
equally; (5) along any specific nerve, conduction rate
abnormalities are uniform; (6) late responses, H-responses
and F waves, usually are unelicitable; (7) NEE abnormal-
ities appear first and ultimately are most severe in the more
distal lower extremity muscles.9,10

In contrast to the familial demyelinating polyneuropa-
thies, the acquired demyelinating disorders are all polyradi-
culoneuropathies. Nonetheless, at times they have an EDX
presentation identical to that seen with the familial poly-
neuropathies, and in those instances, they cannot be distin-
guished from the familial types in the EDX laboratory.
This most frequently occurs in patients with CIDP and with
AIDP in the recovery stages. More often, however, the EDX
findings with the acquired disorders deviate sufficiently
from those listed earlier so that they can be recognized. This
is particularly the case with AIDP relatively early in its
course. There are several such variations:

1. Nerves of the same type may show abnormalities that
are more severe in the upper extremities than in the
lower extremities—for example, the sural NCS may
be normal, whereas the median sensory NCS may be
grossly abnormal; this combination of changes
virtually is never seen with a familial demyelinating
polyneuropathy.

2. Abnormalities may be focal or multifocal, rather
than generalized, along a specific peripheral nerve;
thus, a conduction block or focal slowing may be
found only between the elbow and wrist segment
of the median nerve, whereas it may be absent from
more distal and more proximal segments or, con-
versely, progressive conduction blocks or progres-
sive differential slowing may be found along a nerve.

3. Nerves of the same type, in the same limb, at the
same level, often show very dissimilar findings.

4. Homologous nerves in contralateral limbs may be
affected differently.

5. In a given limb, motor NCS may be more abnormal
than sensory NCS.

6. H-responses and F waves may be variably affected;
with acute disorders they may be abnormal when the
standard NCS are normal, if the SD conduction
changes are restricted to the proximal segments of
the PNS.

7. On NEE, abnormalities may be found in any mus-
cle, or they may be generalized, rather than mani-
festing a distal-proximal gradient.2–4,9–12

With acute SD polyradiculoneuropathies, conduction
blocks often dominate the NCS, whereas with chronic
SD polyradiculoneuropathies, conduction slowing typically
is prominent. This chapter focuses on several acquired
forms of neuropathies, most of which are characterized
pathologically by SD.
ACUTE INFLAMMATORY DEMYELINATING
POLYRADICULONEUROPATHY (GUILLAIN-BARRÉ
SYNDROME)

Guillain-Barré syndrome (GBS) in developed countries in
the post-poliomyelitis era, is the most common cause of
acute progressive flaccid paralysis. Typically, it manifests
as rapidly progressing limb weakness, accompanied by
paresthesias and often cranial nerve dysfunction.13–16 For
many years, GBS was considered to be a single clinical
entity, a rapidly evolving sensorimotor polyradiculoneu-
ropathy resulting from widespread demyelination in the
PNS due to inflammation. Consequently, GBS was viewed
as synonymous with AIDP. However, two decades ago it
began to be appreciated that demyelination is only one of
the causes for the constellation of clinical features labeled
GBS; different pathological processes can lead to the same
clinical presentation (Table 49-1).17,18 In 1986, Feasby and
coworkers reported that some patients who were con-
sidered to have GBS had axon loss rather than SD as their



TABLE 49-1

Acquired Demyelinating Disorders of the Peripheral
Nervous System

Acute

Guillain-Barré syndrome
Acute inflammatory demyelinating polyradiculoneuropathy
(AIDP)

Acute axon loss (“axonal”) polyradiculopathy
Acute motor axonal neuropathy (AMAN)
Acute motor-sensory axonal neuropathy (AMSAN)

Chronic

Chronic inflammatory demyelinating polyradiculopathy (CIDP)
Monoclonal gammopathies of undetermined significance (MGUS)

MGUS IgM neuropathy with anti-MAG antibody
MGUS IgG, IgA, IgM neuropathy without anti-MAG antibody

CIDP with multiple myeloma
CIDP with osteosclerotic myeloma
CIDP with Waldenström’s macroglobulinemia
Motor neuropathy with multifocal conduction block

MAG, myelin-associated glycoprotein.
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underlying pathophysiology; these cases were labeled the
acute axonal form of GBS.19 More recently, it has been
appreciated that this subdivision must be further separated
into two groups: the first with both motor and sensory fibers
affected, labeled acute motor-sensory axonal neuropathy
pattern, or AMSAN,20 and the second with only motor fi-
bers affected, particularly at the root level, labeled acute
motor axonal neuropathy pattern, acute motor neuropathy,
or AMAN.20,21 In addition, Miller Fisher syndrome (MFS)
is also considered one of the subgroups of GBS (Video
221, Miller Fisher Syndrome).13,14

PATHOGENESIS AND PATHOPHYSIOLOGY. All sub-
divisions of GBS appear to be autoimmune diseases re-
sulting from aberrant immune responses against various
components of peripheral nerve fibers.22 With AIDP, both
humoral and cell-mediated factors appear to be operative,
with both antiganglioside antibodies and activated T cells
functioning in an attack on myelin sheaths and possibly
Schwann cell membranes by sensitized macrophages.
However, the exact target molecules in the immune reac-
tion is not yet known.23,24 The pathology that results is
well documented: inflammatory lesions, consisting of
circumscribed areas containing lymphocytes, macro-
phages, and localized demyelination scattered throughout
the PNS. The roots, plexuses, proximal nerve trunks, some
cranial nerves, and autonomic fibers may be involved,
often with a predilection, at least soon after onset, for the
roots and distal peripheral nerve fibers (the latter possibly
because the blood-nerve barrier is relatively deficit in the
region).25,26 Pathophysiologically, these focal areas of
demyelination result in conduction slowing or conduction
block, depending on the severity of the process. Almost
invariably, some axon loss also occurs, but it is much less
marked.11,12 With the acute axonal forms of GBS, a different
pathological process occurs. Both AMAN and AMSAN
probably are due to immune attacks on ganglioside antigens
on the axolemma, most likely GM1 or GD1. Macrophages in-
vade the nodes or Ranvier and interpose themselves between
the axons and their surrounding Schwann cells, sparing the
myelin sheaths. One theory is that AMSAN is merely a more
severe pathological and clinical manifestation of essentially
the same immune process.23,27 The roots are preferentially
involved with both axonal subgroups of GBS: the ventral
roots alone with AMAN, and both the ventral and dorsal roots
with AMSAN. Just as AIDP has some minor associated axon
loss, the acute axonal forms of GBS have some sparse SD
present along surviving myelinated fibers; thus, the lesions
are “predominately” rather than “purely” axon loss in type.20

Pathophysiologically, the so-called acute axonal forms pres-
ent as axon loss polyradiculoneuropathies affecting motor,
or motor and sensory, fibers, depending on the particular
subgroup.19–21 Thus, on NCS, they affect the amplitudes of
the responses, rather than the CVs.WithMFS, the underlying
pathology is unclear, because the affected portions of the
nervous system cannot be biopsied and autopsies of uncom-
plicated cases do not occur since it is a benign disorder.
It is known that IgG antibodies against ganglioside GQ1b
have been detected in the acute phase of almost all cases
studied.14,23,27 Pathophysiologically, only the sensory NCS
amplitudes are affected.23

EPIDEMIOLOGY AND RISK FACTORS. AIDP is a rel-
atively rare disorder, having an average yearly incidence
rate of 1 to 2 cases per 100,000 population. It occurs world-
wide, affects all races, and attacks more males than
females. Persons of any age are at risk, although the inci-
dence is higher in the elderly. Most cases are sporadic,
but clusters have been reported. Actual common-origin
clusters typically derive from an obvious trigger factor,
such as antirabies vaccination. Most studies have not re-
ported a seasonal variation, with the exception of AMAN
in China. Unlike the situation with CIDP, no clear relation-
ship has been demonstrated between AIDP and human
leukocyte antigen.2,3 AIDP is responsible for more than
90% of the GBS cases that occur in North America, Europe,
and Australia. In contrast, in Northern China, 60% to
80% of cases are AMAN. Also, in that locale its epidemio-
logical features differ from those described earlier.
It occurs principally in epidemics and during the sum-
mer months, has a very strong association with preceding
Campylobacter jejuni infections,28 and typically affects
children and young adults.19,20 AMAN also occurs in North
America, Japan, India, and Central America.14,22,28 The
AMSAN form, which is much less common than AMAN
(probably with a ratio of 10:1), affects mainly adults, regard-
less of the region where they live. Of all the subgroups of
GBS, MFS is the least common; it also affects mainly
adults.14,23,28

Antecedent events (so-called triggers) are associated with
GBS in approximately 60% to 70% of cases.14,22 These usu-
ally occur 1 to 3weeks before the onset of clinical symptoms,
rarely as much as 6 weeks earlier. The one most often
reported is a mundane upper respiratory infection. However,
a number of others have been described, although the lin-
kage often has been inconclusive. Nonetheless, the evidence
is convincing that connects GBS and the rabies vaccine, a
few viral infections (particularly human immunodeficiency
virus [HIV], Epstein-Barr virus, and cytomegalic inclusion
virus), and a few bacterial infections (especially C. jejuni)
(Table 49-2). None of these infections is exclusively linked
to any particular subgroup of GBS. However, severe axon
loss often follows C. jejuni infections, just as severe
sensory involvement often is preceded by cytomegalovirus



TABLE 49-2

Antecedent Events Associated with Guillain-Barré
Syndrome

Viral

Influenza
Herpes
Cytomegalovirus*

Epstein-Barr virus*

Hepatitis
Human immunodeficiency virus*

Surgery

Bacterial

Campylobacter jejuni*

Mycoplasma pneumoniae*

Spirochetal

Borrelia burgdorferi

Vaccination

Rabies (some strains)
Vaccinia

*Stronger association.
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infections.22 Major attention has been focused on C. jejuni
infection, which clinically is manifested as a gastroenteri-
tis.2–4 This particular bacterium appears to play a predomi-
nant role in the acute axonal form of GBS that occurs
in epidemics in China.19,20 Although the data are not as com-
pelling, a link between Hodgkin’s disease and GBS also
appears to exist.2–4 Fewer than 40 cases of GBS occurr-
ing during pregnancy have been reported. Apparently, this
is an incidental coexistence, which can develop during
any particular trimester. Nonetheless, a few women have
experienced GBS with successive pregnancies.2,4

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The course of GBS can be divided into four stages:
(1) preceding phase, (2) progressive phase, (3) plateau
phase, and (4) recovery phase.16 The cardinal features of
GBS are weakness, paresthesias, and diminished or absent
DTRs.4 Most patients are essentially well and lack systemic
symptoms, including fever, when their PNS symptoms
begin. Often they have recently experienced one of the
many antecedent events already described; the preceding
phase, which is the latent period between that event and
onset of symptoms, usually is about 2 to 3 weeks in dura-
tion. The initial neurological symptoms vary from patient
to patient. Distal, usually symmetrical, paresthesias (so-
called pins and needles) involving the toes, fingers, or both
herald the onset of the disorder in at least 50% of patients.
As the disease progresses, these paresthesias typically
spread proximally but seldom extend beyond the ankles
and wrists. Facial paresthesias, which are usually perioral,
are less common. Weakness can be the presenting feature,
but more often it is first noted a few days after the par-
esthesias appear. Typically, it begins in the lower extremi-
ties, especially in the proximal muscles, so that patients
may experience difficulty climbing stairs and rising from
chairs for a day or two before they realize that they are ill.
Weakness soon spreads (ascends) to the upper extremities.
Less often, weakness begins simultaneously in the upper
and lower extremities, with the lower extremities usually
more severely affected, or it begins cranially and spreads
inferiorly. This, the progressive phase of the illness, lasts
from a few days to 3 to 4 weeks. Approximately 50% of
patients reach the nadir of clinical function by 2 weeks
and 80% by 3 weeks. The flaccid weakness that is ultimately
present varies considerably in severity and distribution from
one patient to another. However, it often is profound, in-
volving all four limbs, the respiratory muscles, and the face.
Facial diplegia, or bilateral facial weakness, is seen in
approximately 50% of patients (Video 23, Cranial Nerve
VII, Facial Diplegia). Occasionally, fasciculations are
noted. Although the prominent features are motor in
nature, pain that is deep, poorly localized, and sometimes
accompanied by muscle cramping, commonly occurs.
Usually, it is most prominent in the shoulder girdle, back,
and posterior thighs and is notoriously more severe at night.2–4

On clinical examination, one of the earliest findings is
decreased or unelicitable DTRs. This finding may either
precede or follow by a few days the demonstration of
weakness on formal examination. Substantial sensory
abnormalities are found infrequently and contrast with the
high incidence of sensory symptoms. Typically, vibration
and proprioception, the sensory modalities mediated over
large myelinated fibers, are the most severely affected. In
some cases, profound proprioceptive loss results in sensory
ataxia and pseudoathetosis (Video 5, Sensory Ataxia).
Generally, once symptoms have peaked, they persist
unchanged for approximately 2 to 4 weeks, the so-called
plateau phase, and then begin to recede in an extremely
variable fashion from patient to patient.2–4,16

Several atypical presentations or clinical variants of
GBS have been described. The AMAM form is more rapid
in onset, often the DTRs are retained or even hyperactive,
and autonomic dysfunction seldom occurs, or is mild.
Two patterns of recovery are seen with AMAN: (1) rather
rapid recovery, within days, and (2) quite slow and often
poor recovery. Nonetheless, the mean recovery time with
AMAN is similar to that of CIDP, indicating that the weak-
ness manifested by many patients is due to other than axon
loss at the motor root level.14 As noted earlier, this GBS
subgroup is mainly responsible for the summer epidemics
in China and is linked to a preceding C. jejuni infection.
The Miller Fisher syndrome consists principally of a triad
of ophthalmoplegia, ataxia, and areflexia essentially occur-
ring in isolation (Video 221, Miller Fisher Syndrome).
The CSF protein usually is elevated, but the EDX findings,
consisting of sensory NCS changes, are more suggestive of
axon loss than SD. Miller Fisher syndrome generally is
a benign disorder that does not require specific immune
therapy. Finally, a pure sensory form has been reported,
although the diagnostic criteria for GBS proposed in 1978
exclude this variant.2–4 Nonetheless, some convincing
cases have been described and suggest that the spectrum of
GBS may need to be expanded to include a predominantly
sensory AIDP.29,30

DIFFERENTIAL DIAGNOSIS. GBS is the most common
type of rapidly evolving, generalized PNS disorder. None-
theless, a great number of other disorders can be mistaken
for it, particularly early in its course (Table 49-3). Ropper
and coworkers, for example, list 50 entities that must be
considered in the differential diagnosis of typical GBS.4

Certain preconditions must be met for many of these enti-
ties to be included. Thus, generally the patient must have
recently traveled to various tropical regions for fish and



TABLE 49-3

Differential Diagnosis of Guillain-Barré Syndrome

Hysteria/conversion reaction
Malingering
Brain stem infarction (locked-in syndrome)
Acute myelopathies

Poliomyelitis
Rabies
Enteroviruses
Necrotic
Transverse
Focal compression

Cauda equina lesions
Peripheral neuropathies

Heavy metals; arsenic, thallium, gold
Alcohol
Organophosphates
Hexacarbons
Diphtheria
Drugs
Lyme disease
Critical illness
Vasculitis

Neuromuscular transmission disorders
Botulism
Tick-bite paralysis
Myasthenic syndrome
Myasthenia gravis
Snake venom
Sea urchin venom
Hypermagnesemia

Muscle disorders
Hypokalemia
Hyperkalemia
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snake poisonings to be considered; traveled to underdevel-
oped countries for rabies, poliomyelitis, and diphtheria to
be included; recently been in the woods in certain areas
for tick paralysis or Lyme disease to be viable diagnostic
possibilities; or been receiving parenteral hyperalimenta-
tion for hypophosphatemia to occur.2–4,27 Transverse mye-
litis may superficially resemble GBS, particularly if spinal
shock has occurred and the lower extremity DTRs cannot
be elicited. However, asymmetrical involvement, a definite
sensory level, complete absence of upper extremity weak-
ness, urinary incontinence, and CSF pleocytosis all speak
against GBS. Heavy metal intoxication, principally sub-
acute arsenic or acute thallium poisoning, can mimic
GBS clinically; moreover, in the initial phase of arsenic
poisoning, both the CSF and EDX findings may be identi-
cal to typical GBS. Nonetheless, these disorders should be
included in the differential diagnosis of GBS only if there
were preceding bouts of gastroenteritis. Associated CNS
involvement is also common, particularly with thallium
poisoning, and sometimes more than one person is affected
simultaneously, strongly suggesting a common source.2–4

Vasculitic neuropathies occasionally are mistaken for
GBS. However, systemic signs, including fever, are com-
mon; the sensory and motor involvement in the limbs usu-
ally is both distal in location and asymmetrical; cranial
nerve involvement, respiratory complications, and sphincter
dysfunction are uncommon. Moreover, the CSF typically
is normal (except with systemic lupus erythematosus), and
EDX studies reveal changes suggestive of axon loss, rather
than SD.2–4
Acute intermittent porphyria can produce a PNS disorder
that can be mistaken for GBS. However, its evolution is
usually longer, and abdominal pain, constipation, and al-
tered mental status are almost constant findings. The motor
deficits often begin in the upper extremities; the Achilles
DTRs may be preserved; sensory loss often is proximal;
and seizures may occur. Moreover, the CSF protein typi-
cally is normal, and the EDX studies demonstrate axon loss
rather than SD. Finally, both porphobilinogen and a-ami-
nolevulinic acid are excreted in the urine in increased
amounts during attacks of acute intermittent porphyria.2–4

Botulism in adults, nearly always foodborne, has a clini-
cal presentation that resembles that of GBS. However,
frequently several cases occur simultaneously, excluding
sporadic GBS from consideration. Even with single cases,
immediately preceding gastrointestinal symptoms are pre-
requisite, and constipation often is prominent throughout
the course. Blurred vision, dry mouth, ptosis, and dilated
pupils that poorly respond to both light and accommoda-
tion are very common. Weakness descends from the bulbar
region, so that neck weakness and respiratory muscle
weakness may be far more prominent than limb weakness.
Other features include rare sensory loss and a normal CSF.
EDX changes include motor unit disintegration, affecting
the motor amplitudes on NCS and highly polyphasic, dis-
integrated MUPs, usually with fibrillation potentials, on
NEE.2–4

Finally, early in its course GBS can be mistaken for a
functional disorder (e.g., hysteria). Most neurologists can
recount situations in which patients were released from
emergency rooms with “hysterical symptoms,” only to be
admitted to an intensive care unit (ICU) a few days later
to receive treatment for GBS. This most often occurs when
the patient has a history of psychiatric illness: the sensory
complaints are mistaken for those caused by hyperventilation,
weakness is at an early stage, so that gait disturbances are
present but limb strength appears intact on formal testing,
and the DTRs are not yet lost.2–4

EVALUATION. Routine hematology studies usually
are normal. The two critical laboratory studies are CSF
analysis and EDX examination. CSF that contains increa-
sed protein concentration with a normal cell count—
albuminocytological dissociation—has been considered
one of the diagnostic findings in the GBS since Guillain,
Barré, and Strohl’s original 1916 report. Elevated CSF pro-
tein, typically ranging from 46 to 300 mg/dL, is seen in most
patients, particularly after the first week of illness. Con-
versely, the CSF cell count usually remains normal, although
it may be elevated (greater than 10 mononuclear leukocytes
per microliter) in patients whose GBS is superimposed on
acquired immunodeficiency syndrome (AIDS) or Lyme dis-
ease. The CSF protein, however, often is not elevated early
after symptom onset. Moreover, in approximately 10% of
patients with GBS, usually those with mild cases, elevated
CSF protein is never found, even with repeated sampling,
during the entire course of the illness. On EDX examination,
very often changes strongly suggestive of SD, particularly
conduction block, less often differential slowing or focal
slowing, are seen on assessment of one or more nerves
Moreover, patterns of abnormalities suggestive of an
acquired SD polyradiculoneuropathy, such as sensory NCS
responses that are unelicitable or of low amplitude in the
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upper extremity while normal in the lower extremity, often
are found. Similar to the CSF analysis, EDX studies gener-
ally are least helpful for diagnosis during the very initial
phase of the illness, precisely the period when a definite
diagnosis is being sought so that specific treatment can be
rapidly initiated. Thus, during the first several days of the ill-
ness, in many patients the CSF protein is not elevated and the
EDX studies are normal or, if abnormal, nondiagnostic.11,12

Among 31 patients who had EDX examinations within the
first week of onset of motor symptoms (i.e., weakness), a
definite diagnosis of GBS was possible in just 55%, and usu-
ally not until the fifth day. The two most helpful findings in
this regard were unelicitable H-responses and low amplitude
or absent median sensory NCS responses in the presence of
normal sural NCS. These abnormalities were more prevalent
than abnormal F waves during this critical period, although
the latter are most often mentioned in reports on AIDP.31 One
very common misconception regarding the EDX studies is
that substantial slowing of motor CV is a typical finding
with early GBS. In fact, such NCS slowing seldom is seen
during that stage of GBS. It is far more commonly found
in the late plateau or recovery stages.

MANAGEMENT. There is no known prevention for spo-
radic GBS, although those persons who previously had
a bout after immunization should probably avoid future im-
munizations, even though the risk is low.3,14 In contrast,
whenever GBS occurs in epidemic form, as it does in China
and other underdeveloped countries, its incidence may be
reduced by improved public health measures.

The treatment of GBS has two components: supportive
care and specific therapy. Supportive care remains the cor-
nerstone of therapy, because most patients recover func-
tion if they advance past the acute phase of the illness.
The major reduction in deaths from GBS over the past few
decades has been due to advances in supportive care, par-
ticularly in mechanical ventilation.2–4 A recently published
article provides practical recommendations regarding such
factors as prophylaxis for deep vein thrombosis, cardiac
and hemodynamic monitoring, respiratory monitoring,
tracheostomy timing, and late patient fatigue.32

Most authorities recommend that patients with suspected
GBS be hospitalized, regardless of how mild their disorder
appears initially. This advice is based on many instances of
rapid deterioration occurring over brief time periods, lead-
ing to respiratory failure. Once they are hospitalized,
patients must be assessed and monitored to avoid the major
life-threatening complications of GBS, including respira-
tory failure, dysautonomia, and venous thromboembolism.
Respiratory compromise is the most common serious compli-
cation and underlies the reason that approximately 30% of
GBS patients who are hospitalized require treatment in an
ICU. Weakness of the respiratory muscles, particularly the
diaphragm, is most often responsible for respiratory failure.
Other factors include weakness of various bulbar-innervated
muscles and pulmonary complications, including atelecta-
sis, pneumonia, and pulmonary embolism.2–4,33 Respiratory
function can be assessed with arterial blood gas analysis and
peak expiratory flow pressure measurements. Vital capacity
measurements provide the most useful information regard-
ing the degree of respiratory compromise. Respiratory func-
tion must be monitored closely.16,34 Generally, intubation is
required whenever the vital capacity falls below 20 mL/kg.
Intratracheal intubation is complicated in patients with GBS
because of dysautonomia, which can result in marked hypo-
tension, arrhythmias, and sudden death due to various drugs
and to airway manipulation and because of hyperkalemia, in-
duced by succinylcholine, which can cause arrhythmias and
cardiac arrest. Tracheotomies usually are not performed un-
less airway assistance is still needed at the end of the second
week of the illness.34An improvement over traditional trache-
ostomy is percutaneous dilatational tracheostomy. It reduces
the risk of accidental extubation, and yields a better cosmetic
outcome.32

Dysautonomia occurs to some extent in the majority of
GBS patients but more frequently and more severely in
those with respiratory failure and severe motor deficits.
Severe paroxysmal hypertension, orthostatic hypotension,
and various cardiac arrhythmias are all complications that
may prove difficult tomanage.33 Pulmonary embolism occurs
in about 5% of patients immobilized with GBS, typically after
the second week of immobilization. In one series, it was
responsible for approximately 28% of deaths. Preventive
measures include subcutaneous heparin—switched to war-
farin if patients are long term—and intermittent calf pneu-
matic compression devices.2–4,33 Plain support stockings
can reduce the incidence of thrombosis significantly.32 Other
complications are urinary tract infections and gas-
trointestinal disorders, including bleeding secondary to
stress ulcers and erosive gastritis, ileus, and fecal impac-
tion. Hyponatremia can develop, usually in ventilated
patients and due to inappropriate release of antidiuretic
hormone. This electrolyte imbalance responds to fluid
restriction.4,33,35

Two non-life-threatening complications of GBS that
require attention are pain and psychological trauma. Pain
occurs in 33% to 71% of patients with GBS and often is
severe.32 A number of medications have been used to treat
GBS pain with varying success. Simple analgesics and
nonsteroidal anti-inflammatory medications should be
tried, but frequently they prove inadequate. Gabapentin or
carbamazepine often is beneficial during the acute stage.
Narcotic analgesics are required in many patients.32

However, they must be used with caution because they
tend to exacerbate respiratory failure and to produce ileus.
A few reports have described sustained pain relief for a few
days following a single IM injection of 40 to 60 mg of
methylprednisolone. Certain physical measures, such as
the application of cold or hot packs, gentle massage, or
repositioning with the limbs in slight flexion, may bring
pain relief.33 The psychological stress on essentially para-
lyzed GBS patients must also be appreciated. Their fears
and concerns, particularly regarding recovery potential,
must be addressed throughout all phases of the illness.33,35

The specific treatment for GBS since 1978 has been
plasmapheresis. It can be beneficial in patients of all ages,
although there are only anecdotal reports, rather than large-
scale studies, to support its value in children with GBS.
Also, pregnancy is not a contraindication to plasmaphere-
sis; at least two pregnant women have been treated with this
method without incident.4 Although plasmapheresis has
no effect on either mortality or relapse rates, measurable
objective improvement occurs in nearly every other aspect
of the disorder in at least 50% of treated patients. Thus,
compared with nontreated patients, improvement begins
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earlier in the course and is appreciably better at 1 month after
onset. With plasmapheresis, less mechanical ventilation
is required, and both ICU and hospitalization time is
decreased. To be effective, plasmapheresis must be insti-
tuted early in the course of the disorder, preferably within
the first week. The precise regimen has not been established,
although most investigators have used 150 to 250 mL/kg
over 7 to 10 days of treatment.2–4 Studies have shown that
patients with mild AIDP benefit maximally from two plasma
exchanges while those with moderate or severe disease re-
quire four.14,36 The drawbacks of plasmapheresis include
its expense and rare complications such as hypotension and
sepsis. There is a risk of acquiring viral infections, such as
hepatitis and possibly AIDS, if fresh frozen plasma is used
as the replacement fluid. (Plasma appears to offer no benefit
over albumin with saline.4) Intravenous immunoglobulin
(IVIG) was first used to treat AIDP more than a decade
ago, and since then large-scale trials have demonstrated that
it is as efficacious as plasmapheresis in this regard, given
400 mg/kg/day for 5 consecutive days. This method of treat-
ment has advantage over plasmapheresis in that it is easier to
administer.4 Similar to plasmapheresis, it is of value mainly
when used early after onset of symptoms. Interestingly,
combining plasmapheresis and IVIG does not improve
outcome.14 However, the transmission of viral infections,
including AIDS, is a concern, because IVIG is made from
plasma pooled from thousands of donors.4 Both corticoste-
roids, in conventional doses, and adrenocorticotropic hor-
mone (ACTH) have not been effective in the treatment of
GBS. In fact, a few studies have suggested that ACTH is actu-
ally detrimental.2,4 A recent study compared a combination of
high-dose intravenous methylprednisolone and IVIG to IVIG
treatment alone, and found no substantial difference.14

The fact that a central venous line is unnecessary for
IVIG administration has made the latter treatment of
choice in children with GBS. At least in this group of
patients, a 2-day course of infusion may be more effective
than treatment for 5 days.24

During the first two trimesters of pregnancy, the man-
agement of women with GBS is identical to that of non-
pregnant patients in regard to both supportive care and
specific therapy. During the third trimester, owing to
increased respiratory demand, supportive care becomes
crucial, because the risk of respiratory failure increases,
culminating during delivery. Adequate ventilation must
be ensured during this period. Due to an increase in prema-
ture labor and delivery, a perinatal infant mortality rate of
approximately 10% mars late pregnancy complicated by
GBS.4 However, GBS is not considered an indication for
cesarean section, and infants do not acquire GBS, even
transiently, from their affected mothers.2,4

PROGNOSIS AND FUTURE PERSPECTIVES. Even as
late as 1953, Guillain always contended that GBS was an
inherently nonfatal disorder, a benign disease that left little,
if any, residual effects. Such optimism is not supported by
many series published over the past 30 years. Excluding
those with mild disease, most patients are hospitalized for
at least 1 month and often considerably longer, particularly
if mechanical ventilation is required. Overall, approxi-
mately 5% of patients die; mortality rates of 15% to 20%
have occurred in ICUs, most often from adult respiratory
distress syndrome. Approximately 75% of patients recover
without serious neurological residuals, and recovery typi-
cally ensues over the 6 to 12 months after onset and is usu-
ally maximal by 18 months after onset. Some patients may
be left with persistent minor weakness, paresthesias, or
sensory loss.4 Approximately 7% to 15% of patients have
permanent, substantial neurological sequelae (e.g., bilateral
footdrop, intrinsic hand muscle weakness and wasting,
sensory ataxia, burning dysesthesias). Only a very few,
however, are permanently bedridden by the disorder.2–4

Several factors during the acute phase of the illness have
been linked to subsequent poor recovery. These factors in-
clude older patient age (particularly age 60 or older); rapid,
early evolution, leading to quadriparesis within a week;
and very low motor NCS amplitudes on distal stimulations
early in the course of the disease (suggesting severe axon
loss, but equally consistent, at least theoretically, with
severe distal SD conduction blocks). The latter has proved
to be the single most reliable outcome predictor.12 Not sur-
prisingly, most of the prognostic factors listed merely indi-
cate that a poor long-term prognosis is directly related to
the severity of the acute episode.

As the past decade has illustrated, much is yet to be
learned about GBS. What is the exact initiating mechanism
for demyelination with AIDP?25 Given that a number of
patients with GBS experience long-term disability, more
effective treatment needs to be developed. This could be
in the form of specific modulators of the immune system,
such as inhibitors of cyclooxygenase-2 or complement
activation, or drugs to promote regeneration of myelin or
axons. Also, how can the neuropathic pain that often occurs
with GBS be prevente d, or at least treated more effect -
ively? 13–15,24,25 Th ese questio ns are of much more than aca-
demic interest, because the answers to them can influence
treatment and possibly prevention of this disorder.
CHRONIC INFLAMMATORY DEMYELINATING
POLYRADICULONEUROPATHY

PATHOGENESIS AND PATHOPHYSIOLOGY. CIDP is
an apparent immune-mediated disorder of the PNS. The
term chronic inflammatory demyelinating polyradiculopa-
thy was coined to emphasize that the disorder is a chronic
process that results in demyelination as well as an inflam-
matory cell response in peripheral nerves and spinal nerve
roots; typically, there is a mononuclear cell infiltration
involving the endoneurium and epineurium of peripheral
nerve fibers.37 The predominant pathological feature is
SD, although usually there is some degree of axon loss as
well (Figs. 49-3 and 49-4). These pathological changes
have been found to involve roots, plexuses, proximal nerve
trunks, and, occasionally, cranial nerves and sympathetic
trunks, as well as some autonomic nerves.38 The predilec-
tion for CIDP to involve roots and proximal nerve trunks
is responsible for the prominent proximal weakness that
may be encountered in this disorder and helps distinguish
it from most other generalized polyneuropathies. The pre-
dominant involvement of myelin in CIDP results in a char-
acteristic pattern of findings on EDX testing, including
slowed nerve CV and conduction block; the latter process
correlates with the clinical deficits. Also, the distinctive
distribution of NCS abnormalities that may occur with



Figure 49-3. Electron microscopy of sural nerve in CIDP. A normal myelin-
ated fiber (left) is adjacent to a myelinated fiber that has thin and partially
absent myelin (right).

Figure 49-4. Teased nerve fiber preparation showing segmental demyelin-
ation in a sural nerve in CIDP.
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acquired SD polyradiculopathies (already described) is
often seen.10

The evidence that CIDP is immune-mediated is compel-
ling, although still somewhat inconclusive. In many
respects, it is similar to the evidence advanced for AIDP
being an immune-mediated disorder. The onset or relapses
of CIDP on occasion seem to be triggered by a preceding
event, such as an infection or vaccination that could initiate
an immune-mediated response. In addition, most patients
with CIDP respond to corticosteroids and other immu-
nosuppressants, plasma exchange, and IVIG, therapies
designed to treat immune-mediated disorders. Furthermore,
CIDP shares many clinical and pathological features with
experimental models of immune-mediated peripheral
neuropathy, particularly EAN. This has led to speculation
that the pathogenesis of CIDP is similar to that of AIDP
and EAN. Lastly, the presence of immune-effector cells
and the deposition of antibody and complement on myelin-
ated fibers is impressive but indirect evidence of an
immune-mediated process in which both cellular and
humoral immune systems are operative.39

More recent studies have provided additional evidence
of an immune-mediated mechanism for CIDP. Passive
transfer of sera and IgG from CIDP patients to experimen-
tal animals has resulted in histological and electrodiagnos-
tic evidence of demyelination of peripheral nerve fibers.40

In addition, IgG antibodies directed at protein zero (P0),
the major integral membrane protein of peripheral myelin,
have been found in 28% of CIDP patients, and in two
thirds of these patients, the sera caused conduction block
and demyelination when injected into experimental
animals.41

A disorder clinically similar to CIDP but with patho-
logical and EDX features, indicating an axon loss process,
has been reported.38 Whether this actually represents a so-
called axonal form of CIDP similar to the axonal form of
GBS remains to be established.42

EPIDEMIOLOGY AND RISK FACTORS. The age of
onset of CIDP has been reported to range from 1 year
through the eighth decade or later, with a mean in the
fourth decade. Both sexes are affected, although there is a
slight male predominance. With the mean age of onset
being in the fourth decade, women of childbearing age
may develop CIDP. Furthermore, there is evidence that the
disorder may relapse or worsen during pregnancy and in
the postpartum period.43 Patients with certain histocompat-
ibility antigens have an increased risk of developing CIDP.
In particular, there is an increased incidence of histocompat-
ibility locus antigens AW30, AW31, A1, B8, and DRw3.
Furthermore, CIDP, GBS, and multiple sclerosis have all
been associated with the presence of the M3 allele of the
a-1 antitrypsin system located on chromosome 14.3

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. By definition, CIDP is a chronic disorder that typi-
cally evolves slowly, almost always requiring a period of
8 weeks or longer for symptoms to reach their peak, and
they typically do so over many months. CIDP can follow
either a slowly progressive monophasic course, which
occurs in approximately two thirds of patients, or a cyclical
relapsing course seen in the remainder.5,43

The symptoms of CIDP can be variable, but usually weak-
ness tends to predominate over sensory symptoms.5,37

The distribution of weakness often conforms to a typical
peripheral neuropathy pattern of symmetrical involvement,
with the lower extremities being affected more than the
upper extremities and distal muscles being affected more than
proximal muscles. However, in many patients, the weakness
is asymmetrical, and in others, it is more prominent proxi-
mally. The degree of weakness varies markedly from patient
to patient. In the majority of patients, it is mild to moder-
ate in degree, but rarely, the weakness can be severe and
generalized, sometimes associated with respiratory failure
necessitating ventilatory support. Muscle cramping and
fasciculations are infrequent symptoms.5,37,38

Sensory symptoms are usually confined to mild pares-
thesia or modest sensory loss. However, in those patients
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with chronic progressive courses, sensory symptoms may
become more prominent. In addition to numbness and
paresthesia, pain sometimes is reported, although this
occurs in less than 20% of patients. Very infrequently,
CIDP may present with predominantly sensory symptoms,
including numbness, paresthesia, and sensory ataxia (Video
87, Upward Drift; Video 98, Romberg Sign). In a subset of
these patients, this PNS disorder appears essentially con-
fined to sensory fibers, prompting speculation that the ap-
parent immune-mediated response is directed at a unique
antigen in the myelin of sensory fibers. However, in most
instances in which the disorder begins as a sensory neurop-
athy, it later evolves to a more typical pattern of sensory
and motor involvement. On occasion, the cranial nerves
may be affected, causing symptoms of diplopia, facial
weakness or numbness, dysarthria, and dysphagia (Video
23, Cranial Nerve VII, Facial Diplegia). Autonomic symp-
toms are uncommon, although incontinence and erectile
impotence have been reported.5,37,38

The physical signs noted in CIDP reflect the clinical symp-
toms. Distal symmetrical weakness, with the lower extremi-
ties more severely affected than the upper extremities, is the
rule. However, asymmetrical involvement and more promi-
nent proximal involvement can occur, and they serve as im-
portant clinical clues to the diagnosis of CIDP. Generalized
hyporeflexia or areflexia is characteristic. Sensory loss often
conforms to a distal to proximal gradient, in the so-called
stocking-glove pattern, with all modalities affected to a nearly
equal extent. Occasionally, sensory ataxia may be observed.
Cranial nerve findings may include signs of facial, bulbar,
and neck weakness. Papilledema is an unusual clinical fea-
ture, and its precise pathophysiology is unclear. It has been
attributed to altered resorption of CSF over the arachnoid villi
due to elevations of CSF protein or to increased intracranial
pressure.3 Rather rare clinical features include pupil abnorm-
alities consistent with parasympathetically denervated pupil,
Horner’s syndrome, and postural or cerebellar-type tremors
(Video 14, Tremor with Ataxia; Video 17, Horner’s Syn-
drome).34 Occasionally, hypertrophied nerves may be pal-
pated in patients with very chronic CIDP. Rarely, the spinal
nerve roots may be hypertrophied to such an extent that they
act as masses, compressing the spinal cord, and may produce
a syndrome of spinal cord compression.44

More recently, additional terminologies have been pro-
posed to define special variants of CIDP.45 Idiopathic distal
acquired demyelinating symmetric (DADS-I) neuropathy
has been suggested as a term to describe a variant of CIDP
with clinical features of a sensorimotor polyneuropathy
that is often predominantly sensory and strictly respects a
distal to proximal gradient of involvement. In addition,
DADS-I may be less responsive to the standard therapies
for typical CIDP. When this phenotype occurs in the
setting of a monoclonal gammopathy of uncertain signifi-
cance (MGUS), it is referred to as DADS-M (see later
discussion).45 This entity will be discussed in the section
dealing with MGUS. Multifocal acquired demyelinating
sensory and motor (MADSAM) neuropathy, or Lewis-
Sumner syndrome, has been proposed as a term to describe
a multifocal or mononeuritis multiplex variant of CIDP.46

In this syndrome, sensory and motor symptoms and signs
may conform to the distribution of individual peripheral
nerves. Onset is often in the upper extremities, sensory
symptoms may be prominent, and progression tends to be
slow and insidious. CSF findings are similar to those seen
in typical CIDP, and EDX findings are indicative of multi-
focal SD. These patients tend to respond to the standard
therapies used for typical CIDP. MADSAM neuropathy
may occasionally resemble multifocal motor neuropathy
with conduction block, a disorder with different clinical,
CSF, and EDX features as well as very different therapeutic
implications.

Some patients with CIDP have abnormalities on MRI
scans of the head consistent with multiple sclerosis.47

Abnormalities of visual evoked potentials may also be seen
in some CIDP patients.48 Whether these isolated patients
represent the coincidental occurrence of two disorders or
an immune-mediated disorder of both central and peripheral
myelin remains unclear.

There is no conclusive evidence that CIDP patients have a
higher incidence of other medical conditions, including auto-
immune disorders. However, associated disorders, including
systemic lupus erythematosus, Hashimoto’s thyroiditis,
thyrotoxicosis, chronic active hepatitis, inflammatory bowel
disease, urticaria, eczema, psoriasis, Sjögren’s syndrome,
melanoma, and diabetes do occur in some CIDP patients.3,49

A CIDP-like disorder may occur in the setting of MGUS, as
well as with multiple myeloma, osteosclerotic myeloma,
and other lymphoproliferative disorders. These disorders are
discussed as distinct entities in the following sections.

DIFFERENTIAL DIAGNOSIS. On purely clinical
grounds, CIDP may be confused with a wide variety of chro-
nic sensorimotor polyneuropathies, including those related to
diabetes, uremia, hypothyroidism, acromegaly, toxins, and
alcoholic-nutritional mechanisms. Although CIDP may pro-
duce distinguishing clinical features, such as predominant
motor symptoms and signs, asymmetrical involvement, prox-
imal motor involvement, and cranial nerve symptoms and
signs, the paramount factor in separating CIDP and related
disorders from the rather large group of nonspecific, chronic
axon loss sensorimotor polyneuropathies is the presence of
acquired SD features on EDX testing. Thus, EDX evaluation
is the key step in identifying the acquired SD polyneurop-
athies, including CIDP. The differential diagnosis of this
category includes not only CIDP, but also the CIDP-like dis-
orders that may be associated with multiple myeloma, osteo-
sclerotic myeloma (including the POEMS syndrome, an
acronym that stands for polyneuropathy, organomegaly,
endocrinopathy, M-protein, and skin changes), MGUS, and
Waldenström’s macroglobulinemia. These disorders may be
distinguished from CIDP by the presence of an M-protein in
the serum or urine, the presence of lytic or sclerotic lesions
on skeletal bone survey, or both. A disorder essentially identi-
cal to CIDP can result from HIV infection. Consequently,
testing for HIV is indicated in patients at risk. CIDP may be
a presenting feature of HIV infection, preceding seroconver-
sion for up to 6 months. For this reason, repeating HIV testing
6months after the onset of a CIDP-like disorder is appropriate
in patients at risk.

Familial hypertrophic polyneuropathies that produce
EDX features of SD along with axon loss may sometimes
be confused with CIDP. With the familial disorders, a pos-
itive family history typically is recorded, but in some
instances, it is not. CIDP can usually be distinguished on
clinical grounds by its more rapid tempo of evolution and
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a cyclical or relapsing course. The EDX findings may also
be helpful in differentiating CIDP from these disorders. In
the familial disorders, the SD features on NCS tend to be
symmetrical, with uniform involvement of all nerves. Focal
conduction block and focal conduction slowing usually are
not observed. Despite these numerous distinguishing fea-
tures, occasionally it still may be difficult to distinguish a
long-duration CIDP from a familial hypertrophic SD poly-
neuropathy. In such circumstances, a trial of therapy is
usually indicated.

On occasion, CIDP may be difficult to differentiate from
AIDP. Patients with more subacute courses of CIDP have
been described, and sometimes CIDP may begin with a rel-
atively acute onset. Over time, CIDP usually declares itself
by a typical chronic relapsing course or a more slowly pro-
gressive monophasic course. The distinction between
AIDP and CIDP is significant because the ultimate course,
prognosis, and treatment are different.38,39

EVALUATION. As noted earlier, the performance of a
comprehensive EDX evaluation to uncover findings consis-
tent with acquired SD is key in the evaluation and diagno-
sis of CIDP and related disorders. These EDX findings
clearly distinguish CIDP and related disorders from the
vastly more common group of clinically similar axon loss
sensorimotor polyneuropathies. The general laboratory
features of CIDP are relatively nonspecific and are not par-
ticularly useful in confirming the diagnosis. Routine labo-
ratory tests typically are normal. The CSF protein,
however, is frequently elevated to a moderate degree; in
one series, it ranged from 23 to 600 mg/dL with a mean
of 138 mg/dL. Nonetheless, it should be emphasized that
in 10% of patients with CIDP, the CSF protein may be nor-
mal.5 Even sural nerve biopsies generally do not provide
specific or diagnostic features, although in the majority of
patients they will document the presence of inflammation
and demyelination, two features that characterize CIDP.
However, these findings are not pathognomonic. Further-
more, the sural nerve biopsy may be normal in nearly
25% of patients.37 It is important to appreciate that
a normal CSF protein and sural nerve biopsy are not neces-
sarily inconsistent with the diagnosis of CIDP. On the other
hand, a normal EDX examination essentially excludes this
diagnosis.

The critical component in the evaluation of a patient
with suspected CIDP is to exclude the CIDP-like disorders.
This requires careful screening of the serum and urine for
the presence of M-proteins. Because a small amount of
M-protein may still be undetected by routine serum protein
electrophoresis testing, the search for M-protein should
include an assessment incorporating immunoelectrophore-
sis or immunofixation techniques. The presence of an M-
protein in the setting of a CIDP-like disorder may signify
a polyneuropathy associated with multiple myeloma, osteo-
sclerotic myeloma, MGUS, Waldenström’s macroglobuli-
nemia, or another lymphoproliferative disorder. Also,
a skeletal x-ray study is indicated, because a significant
percentage of patients with osteosclerotic myeloma may
not disclose an M-protein on immunofixation. HIV testing
should also be performed in all patients at risk with
a CIDP-like disorder.

MANAGEMENT. CIDP is a very treatable disorder, with
most patients showing favorable responses to one of the
many therapeutic modalities available. Some of the earliest
reports of CIDP indicated that it was often steroid respon-
sive.28 Subsequently, a controlled clinical trial clearly
established the value of corticosteroids in the treatment of
CIDP, regardless of whether the course was monophasic
and progressive or cyclical and relapsing.50 Controlled
trials have also established the efficacy of IVIG and plasma
exchange in CIDP.51,52

When constructing a treatment plan for patients with
CIDP, it is important to balance clinical symptoms against
the risks and potential benefits of the therapy. Clearly,
patients with rather modest or minimal symptoms may
not require treatment. Instead, they should be followed
and observed closely. However, in those with a progressive
course or with substantial clinical symptoms, treatment
may begin with IVIG, plasma exchange therapy, or corti-
costeroids. Although both IVIG and plasma exchange are
relatively expensive therapeutic modalities, either is justi-
fied as an initial treatment. Their advantage is that they
obviate the need for chronic corticosteroid or other immu-
nosuppressant treatment and thus avoid the associated side
effects and complications of these therapies. Both IVIG
and plasma exchange are comparable in efficacy and
expense. Nonetheless, IVIG may have certain advantages
over plasma exchange. It may require fewer treatments, is
somewhat less invasive, and may be administered at home.
It is imperative, however, that patients considered for IVIG
therapy be assessed for IgA deficiency, because anaphylac-
tic reactions have occurred following the administration of
IVIG in patients with IgA deficiency. Furthermore, caution
should be exercised in administering IVIG to patients
who have underlying renal dysfunction, because the risk
of renal failure is increased following IVIG treatment.
Traditionally, IVIG therapy is administered at a dose of
400 mg/kg/day over 5 consecutive days.39 An alternative
recommendation is to use IVIG at 400 mg/kg/day once
per week over 6 to 8 consecutive weeks.44 Follow-up doses,
typically single doses of 400 mg/kg, are administered
at intervals needed to maintain the clinical response.
Plasma exchange therapy requires expertise in its use and
is clearly more technically demanding than is IVIG treat-
ment. Plasma exchange usually is administered twice
weekly for the first 3 weeks and then once or twice weekly
for an additional 3 weeks.38 Patients typically respond
to IVIG or plasma exchange within the first several weeks
of treatment and may demonstrate sustained improvement
for many weeks or months. Relapses may require periodic
isolated treatments with a single dose of IVIG or single
plasma exchange. If a patient responds successfully to
infrequent booster treatments of either IVIG or plasma
exchange, it is reasonable to maintain this form of treat-
ment rather than adding corticosteroids or other immuno-
suppressants.

In patients who are not candidates for either IVIG or
plasma exchange, or in whom responses are not satisfactory,
chronic immunosuppressive therapy must be considered.
Corticosteroids typically are used at relatively high doses
initially and then slowly tapered while monitoring the
clinical response. Most patients who respond will do so
during their first few months of treatment. In those
patients who cannot tolerate corticosteroids and in those
who do not obtain a satisfactory clinical response to them,
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a trial of other immunosuppressants may be a reasonable
alternative.38 Anecdotal evidence suggests that azathi-
oprine, cyclophosphamide, cyclosporine, total lymphoid
irradiation, interferon-a and -b, and mycophenolate may
be of value in treating some patients with CIDP.53,54

In addition to these various immunosuppressive thera-
pies, patients should undergo a thorough physical therapy
assessment to determine if they require aids to ambulation,
including orthotic devices such as ankle-foot orthosis for
footdrop. Other physical therapy modalities, including
stretching and range-of-motion exercises, may be helpful
while a patient is responding to medical therapy.

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis is favorable for most patients with CIDP who are prop-
erly diagnosed and treated. In one large group of patients
whose disease duration averaged 5.7 years and whowere fol-
lowed for aminimum of 24months, nearly 40%were asymp-
tomatic and nearly 50% had either minor symptoms that
did not have any impact on their level of function or had
only very modest restrictions in lifestyle.55 Future research
objectives will focus on the specific immune-mediated
mechanisms and pathophysiology of CIDP. From a purely
clinical perspective, further trials are needed to better define
optimal therapeutic protocols using the modalities that have
already proved effective, including IVIG, plasma exchange,
and corticosteroids and to explore other immunomodulating
therapies that may be effective or those patients that do not
respond to the standard therapies.
MONOCLONAL GAMMOPATHIES OF UNDETERMINED
SIGNIFICANCE

PATHOGENESIS AND PATHOPHYSIOLOGY. A het-
erogeneous group of peripheral neuropathies has been
associated with the presence of an MGUS. However, the
precise relationship of the monoclonal (M) protein to the
peripheral nerve disorder remains unclear. By definition,
MGUS indicates the presence of an M-protein of less than
3 g/dL in concentration, with less than 5% plasma cells
in bone marrow, none or only a very small amount of M-
protein in the urine, and the absence of other abnormalities,
including lytic or sclerotic bone lesions, anemia, hypercal-
cemia, and renal insufficiency. Furthermore, the M-protein
should remain at stable and low concentrations over time.56

The natural history of MGUS indicates that with advancing
time-specific hematological and lymphoproliferative disor-
ders, such as multiple myeloma, Waldenström’s macro-
globulinemia, amyloidosis, and lymphoma, may develop.
Nevertheless, most patients who undergo a comprehensive
evaluation for an M-protein in their serum ultimately will
have it attributed to MGUS. MGUS is rather common,
occurring in up to 1.7% of patients older than age 50 and
in 3% of patients older than age 70.56

Acquired SD polyneuropathies with features similar to
that of CIDP have been observed in MGUS with IgG,
IgA, and IgM M-proteins. These observations, coupled
with the response of these disorders to the typical therapeutic
interventions used for CIDP, have fostered the belief
that these disorders are also immune-mediated. However,
the only strong evidence to support this theory is found
in the MGUS neuropathy associated with IgM M-protein.
In this disorder, the M-protein binds and reacts to myelin
and to an oligosaccharide determinant that is shared by
the myelin glycoproteins myelin-associated glycoprotein
(MAG) and Po and the glycolipids sulfated glucuronyl
paragloboside (SGPG) and sulfated glucuronyl lactosami-
nyl paragloboside (SGLPG).57 Approximately 50% of
patients with IgM MGUS neuropathy have anti-MAG anti-
bodies. The finding of deposits of anti-MAG M-protein and
complement on affected myelin sheaths, the presence of
widening of myelin lamellae at the sites of antibody depo-
sition, and the experiments that document the development
of polyneuropathy in animals following passive transfer
of patients’ serum support the concept that the IgM M-
protein with anti-MAG activity plays an important patho-
genetic role in the development of the polyneuropathy.57

Other observations, however, have detracted from this
theory, including the fact that the concentration of the
IgM M-protein may not always correlate with the severity
of the polyneuropathy nor with the clinical response after
treatment.58

Similar to CIDP, the demyelinating polyneuropathy
associated with MGUS typically produces physiological
alterations suggestive of an acquired SD polyradiculo-
neuropathy, often accompanied by a modest degree of axon
loss. MGUS can also produce a pure axonal sensorimotor
polyneuropathy.57,58

EPIDEMIOLOGY AND RISK FACTORS. MGUS poly-
neuropathy tends to occur later in life than CIDP, with
the mean age of onset in the mid- to late sixth decade. In
most large series, a distinct male predominance is noted.
There are no other particular risk factors, and MGUS neu-
ropathy seldom occurs in women of childbearing age.57,58

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. In general, the MGUS polyneuropathies associated
with IgG and IgA conform to a sensorimotor polyneuro-
pathy that shares many clinical features with CIDP, includ-
ing predominant proximal weakness. Nonetheless, there
may be some differences. Sensory symptoms usually are
more prominent than in CIDP. In addition, the initial phase
of the disorder often progresses much slower than it does
in CIDP, and the course is less likely to be cyclical or re-
lapsing. Also, cranial nerve involvement and autonomic
involvement are rare. Nevertheless, clinical syndromes
indistinguishable from CIDP may be seen with MGUS
polyneuropathy.

The clinical syndrome seen with MGUS IgM polyneu-
ropathy appears to differ from that seen both with CIDP
and with MGUS polyneuropathy associated with IgG and
IgA. This disorder typically conforms to a distal and sym-
metrical polyneuropathy and has been termed DADS-M
(distal acquired demyelinating symmetrical neuropathy
associated with an M-protein).45 With this disorder, senso-
ry symptoms may be even more prominent and can be the
initial presenting feature (Video 87, Upward Drift). Typi-
cally, progressive sensory impairment is followed later by
motor involvement. Sensory ataxia, particularly affecting
the gait, is a common finding, as are tremors of the upper
extremities that resemble essential tremor (Video 5, Sen-
sory Ataxia; Video 60, Marked Postural Tremor).59 Similar
to the other MGUS polyneuropathies, the clinical features
tend to progress more slowly and are less severe than the
initial symptoms associated with CIDP. Moreover, relapsing
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and cyclical courses are not seen, and cranial nerve or
autonomic involvement rarely is encountered.

There is no definitive evidence that other disorders,
particularly other immune-mediated disorders, are present
to a greater extent in patients with MGUS polyneuropathy.
It should be emphasized, however, that the diagnosis of
MGUS depends on the stability of the M-protein con-
centration. Because a significant number of patients with
MGUS will later develop malignant forms of monoclonal
gammopathy, these patients require repeated evaluations
and monitoring of the M-protein over time.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of MGUS polyneuropathy producing acquired SD changes
on EDX examination is identical to that of CIDP. It is key
to exclude the other causes for monoclonal gammopathy,
including multiple myeloma, isolated plasmacytoma,
Waldenström’s macroglobulinemia, osteosclerotic myeloma
(including the POEMS syndrome), heavy chain diseases,
malignant lymphoma, and amyloidosis. It should also be
noted that MGUS polyneuropathy may manifest as an axon
loss polyneuropathy and, consequently, should be included
in the differential diagnosis of axon loss sensorimotor
polyneuropathy discussed elsewhere.56–58

EVALUATION. In IgG and IgA MGUS demyelinating
polyneuropathy, the EDX examination typically shows
changes suggestive of a chronic, acquired SD polyradi-
culoneuropathy similar to that seen in CIDP. In patients
with IgM MGUS, the EDX examination may disclose a
distinctive pattern of distal, symmetrical demyelinating
change.45,60 Searching for an M-protein is an important
component in the evaluation of any patient with a signifi-
cant sensorimotor polyneuropathy. As noted earlier, if the
serum protein electrophoresis is negative or unrevealing,
additional testing should be performed using immunoelec-
trophoresis or immunofixation techniques. These methods
are more sensitive in detecting small amounts of M-protein
that may be important in the identification of MGUS poly-
neuropathy.56 Once an M-protein is detected in the setting
of a sensorimotor polyneuropathy, a careful evaluation
must follow to assess for a lymphoproliferative disorder.
This evaluation typically entails routine laboratory studies
to assess for anemia, hypercalcemia, and renal insuffi-
ciency. In addition, M-protein should be sought in the
urine, and a skeletal bone survey should be obtained to as-
sess for multiple myeloma, isolated plasmacytomas, or
osteosclerotic changes typical of osteosclerotic myeloma.
Although radionuclide bone scans may be valuable in this
assessment, the skeletal plain x-ray study is more sensitive
for the detection of osteosclerotic lesions. A bone marrow
aspirate should also be performed. HIV testing also should
be performed in patients at risk, with guidelines similar to
those noted for CIDP.

Routine laboratory studies in MGUS polyneuropathy typi-
cally are unremarkable. The CSF protein is consistently
increased in a fashion similar to that seen with CIDP. Sural
nerve biopsy may also disclose features of inflammation and
SD with some axon loss, which are very similar to the patho-
logical changes noted in CIDP. None of these findings, how-
ever, is specific for MGUS polyneuropathy, and none serves
to differentiate it from CIDP and other related disorders.

Although it is unclear whether the presence of anti-
bodies has any definite clinical implication regarding the
management, prognosis, or pathophysiology of IgM MGUS
polyneuropathy,45 patients with IgM MGUS are usually
assessed for anti-MAG antibodies, often in conjunction with
anti-SGPG and anti-SGLPG antibodies.

MANAGEMENT. The data regarding benefits of thera-
peutic intervention with steroids, immunosuppressants,
plasma exchange, and IVIG are largely anecdotal but tend
to indicate that MGUS polyneuropathy responds in a fash-
ion similar to CIDP.58,61 A controlled trial of plasma
exchange did disclose efficacy in MGUS polyneuropathy
but appeared to demonstrate greater improvement in
polyneuropathies associated with IgG and IgA M-proteins
compared with those associated with IgM M-proteins.62

It appears that IgM MGUS polyneuropathy, especially in
the setting of a distal sensory polyneuropathy phenotype
(DADS-M), is the least responsive to therapy, with only
30% of patients demonstrating improvement following
immunomodulating treatments.45 Although convincing
data are lacking, there is general agreement that these
patients should be treated following the same guidelines
used for CIDP. However, because MGUS polyneuropathy
tends to be a more slowly progressive disorder than CIDP,
it may be more difficult to define a precise threshold when
treatment is indicated. Furthermore, treatment must be
aggressive and sustained to provide ample time to observe
a clinical response.

PROGNOSIS AND FUTURE PERSPECTIVES. In com-
parison to CIDP, the prognosis in patients with MGUS
polyneuropathy as a group may be less favorable. Despite
the fact that the initial severity of weakness and sensory
impairment is considerably less in MGUS polyneuropathy
compared with cyclical relapses of CIDP or to the peak
of a monophasic course of CIDP, MGUS polyneuropathy
tends to be slowly progressive and ultimately, if the condi-
tion is left untreated, may result in more severe clinical
deficits and disability.55 Also, MGUS polyneuropathy,
overall, is somewhat less responsive to therapy than CIDP.
Patients with MGUS polyneuropathy who have prominent
features of acquired SD on EDX testing appear to have
the greatest chance for significant improvement following
therapeutic intervention. Those patients with DADS-M
may be less responsive to plasma exchange and other inter-
ventions. In a study of 25 treated patients with MGUS poly-
neuropathy who had a mean duration of illness of 6.6 years
and were followed for a minimum of 24 months, 12% were
asymptomatic and another 60% had either minimal, non-
disabling symptoms or minor symptoms that caused only
modest restrictions in their lifestyle.55

Very fundamental nosological issues regarding MGUS
polyneuropathies need to be clarified. Does the presence of
anM-protein in the setting of a SD polyneuropathymimicking
CIDP indicate a separate and distinct clinical entity? What is
the pathogenetic role of theM-protein inMGUS polyneuropa-
thy? Is the subset of MGUS polyneuropathy associated with
IgG and IgA M-proteins distinct clinically and pathogene-
tically from that associatedwith an IgMM-protein?More spe-
cifically, does the presence of anti-MAG antibodies in IgM
MGUSpolyneuropathy signify a distinct clinical and pathoge-
netic disorder that can be separated from CIDP and the other
MGUS polyneuropathies? And finally, what are the natural
histories of these disorders and what represents optimal
therapies for the various types of MGUS polyneuropathy?
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MULTIPLE MYELOMA

PATHOGENESIS AND PATHOPHYSIOLOGY. Multiple
myeloma is a hematological disorder characterized by a
proliferation of a single clone of plasma cells that produces a
specific immunoglobulin. This disorder may affect patients
between the ages of 40 and 70, but the peak incidence is in
the seventh decade. Multiple myeloma typically causes bone
pain, general fatigue, and weakness and is often accompanied
by anemia, chronic renal failure, and hypercalcemia. Over
99% of patients will have an M-protein detected in the serum
or urine on immunoelectrophoresis or immunofixation.56

Skeletal bone surveys reveal osteolytic or rarely osteoblastic
lesions in approximately two thirds of patients. The diagno-
sis can be established by bone marrow aspiration, which
documents prominent collections of immature plasma cells.

Peripheral neuropathy is a rare complication of multiple
myeloma, and when present, it is more likely due to asso-
ciated amyloidosis than a remote effect of the multiple
myeloma. However, an axon loss polyneuropathy as well
as an acquired SD polyneuropathy may occur as a remote
effect. The precise pathogenesis of the polyneuropathy is
unknown, but mechanisms similar to those proposed for
MGUS polyneuropathy may be operative.

EPIDEMIOLOGY AND RISK FACTORS. Patients with
polyneuropathy secondary to multiple myeloma tend to
present at a younger age than patients with multiple mye-
loma without polyneuropathy.63 Most reports document a
prominent male predominance in the patients with neuro-
pathy. In the majority of patients, polyneuropathy is the
presenting sign of the multiple myeloma and, in fact, may
predate the diagnosis of multiple myeloma for many months
or years. It is extremely rare for multiple myeloma to affect
women of childbearing age, and thus there is no known
influence or risk associated with pregnancy.

CLINICAL FEATURES AND ASSOCIATED DISORD-

ERS. Multiple myeloma typically produces a chronic,
slowly progressive, symmetrical, sensorimotor polyneuro-
pathy. However, in some patients, a more rapid evolution
may occur with prominent motor weakness that can evolve
to quadriparesis with respiratory involvement. Rarely, crani-
al nerve involvement, characterized by facial weakness or
ophthalmoplegia, may be observed. Generalized hypore-
flexia or areflexia is a common finding. Autonomic involve-
ment seldom occurs, and when present in a patient with
multiple myeloma, it raises the more likely possibility of
an underlying amyloid neuropathy.

There are no additional disorders that are directly
associated with the polyneuropathy secondary to multiple
myeloma. However, the clinical disorders that often accom-
pany multiple myeloma may be present. These disorders
include metabolic abnormalities such as anemia, leukocy-
tosis, thrombocytosis, hypercalcemia, hyperuricemia, and
chronic renal failure. Amyloidosis is also a common asso-
ciated disorder that may itself produce a polyneuropathy
with prominent small fiber involvement characterized
by burning dysesthesia and pain as well as by generalized
dysautonomia. Direct involvement of bone marrow by mul-
tiple myeloma may result in compression fractures of the
spine, which, in turn, may cause compressive myelopathy,
compressive radiculopathies, or both.
DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of an acquired SD polyneuropathy occurring in the setting
of multiple myeloma is identical to that already described
for CIDP. In particular, the presence of an M-protein and
an acquired SD polyneuropathy requires a careful, method-
ical evaluation for multiple myeloma, osteosclerotic mye-
loma, lymphoma, macroglobulinemia, and MGUS. HIV
testing should be performed in patients at risk.

EVALUATION. The EDX examination shows evidence
of a chronic, acquired SD polyradiculoneuropathy. The
presence of an M-protein in the serum or urine occurs in
nearly all patients. General laboratory studies in multiple
myeloma may sometimes disclose evidence of anemia,
chronic renal failure, hypercalcemia, and occasionally hy-
peruricemia, leukocytosis, and thrombocytosis. Skeletal
survey may disclose osteolytic or occasionally osteoblastic
lesions in approximately two thirds of patients. However,
the diagnosis of multiple myeloma is made on bone mar-
row aspiration, which demonstrates increased numbers of
immature plasma cells in the bone marrow. As noted ear-
lier, the presence of a polyneuropathy in a patient with
multiple myeloma is more likely to be due to amyloidosis.
Confirmation of systemic amyloidosis with appropriate
biopsy of such tissues as the rectal mucosa or abdominal
fat pad may be helpful; however, sural nerve biopsy for amy-
loid may provide definitive evidence of amyloidosis as the
mechanism of the underlying polyneuropathy. Amyloid neu-
ropathy can be distinguished from polyneuropathy associated
with multiple myeloma by EDX testing, which typically
discloses changes of axon loss rather than demyelination.

MANAGEMENT. The treatment of acquired SD poly-
neuropathy caused by multiple myeloma consists of optimal
treatment of the myeloma. This usually involves chemother-
apy, typically with steroids and melphalan. In some patients,
as the multiple myeloma clinically improves with treatment,
the polyneuropathy does also. In others, however, the poly-
neuropathy may persist or worsen despite successful treat-
ment of the multiple myeloma. In patients with isolated
plasmacytoma, local surgery or radiation therapy may result
in satisfactory improvement in the polyneuropathy.63

PROGNOSIS AND FUTURE PERSPECTIVES. The pub-
lished data are insufficient to define clearly the specific
prognosis of acquired SD polyneuropathy occurring in the
setting of multiple myeloma. Obviously, patients with
associated systemic amyloidosis have a poorer prognosis
than patients with polyneuropathy due solely to the remote
effect of multiple myeloma.58

Much is yet to be learned regarding the pathogenesis
of the polyneuropathies associated with multiple myeloma.
In particular, the role of the M-protein in their pathogenesis
and the possibility of an immune-mediated pathophys-
iology needs to be carefully explored. However, owing to
their rare occurrence, it has been difficult to amass enough
clinical experience to define properly the clinical and
pathogenetic mechanisms of these heterogeneous disorders.
OSTEOSCLEROTIC MYELOMA

PATHOGENESIS AND PATHOPHYSIOLOGY. Osteo-
sclerotic myeloma may be considered a rare variant of
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multiple myeloma, composing only 3% of all patients with
myeloma. Many of the typical features of multiple mye-
loma, including anemia, hypercalcemia, chronic renal
failure, fatigue, weakness, and bone pain, are rare or at
least uncommon in osteosclerotic myeloma. Furthermore,
the level of M-protein is lower, and there are fewer plasma
cells in the bone marrow. In contrast to multiple myeloma,
however, an associated polyneuropathy is relatively com-
mon in osteosclerotic myeloma, occurring in over 50% of
patients.58 Furthermore, the polyneuropathy associated with
osteosclerotic myeloma may frequently be a component
of the so-called POEMS syndrome.64

The precise pathophysiology of the polyneuropathy
associated with osteosclerotic myeloma and the multiorgan
features of POEMS syndrome is unknown. It has been
speculated that the plasma cells secrete an immunoglobulin
or some other substance that may cause both the poly-
neuropathy and the other systemic features of POEMS
syndrome.64 However, more recent evidence sugests the
role of angiogenic factors, especially vascular endothelial
growth factor, in the pathogenesis of the polyneuropathy.65

EPIDEMIOLOGY AND RISK FACTORS. Patients with
polyneuropathies secondary to osteosclerotic myeloma typ-
ically range in age from the late fourth decade through the
seventh decade with a mean age in the late fifth decade.
There is a rather prominent predilection for the disorder
to occur in males. For the preceding reasons, it would be
exceedingly rare for this disorder to occur in women of
childbearing age.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The clinical features of polyneuropathy associated
with osteosclerotic myeloma typically conform to those of
a rather chronic, progressive sensorimotor polyneuropathy.
In the majority of patients, the polyneuropathy progresses
to the point of rather remarkable weakness involving proxi-
mal as well as distal muscles and may result in significant
disability. Typically, weakness is a more prominent symp-
tom than sensory impairment. Autonomic symptoms are
rare, and cranial nerve involvement is absent except
for instances of papilledema. General systemic symptoms
of bone pain, fatigue, and weakness typical of multiple
myeloma usually are not seen.64

The neurological examination typically discloses promi-
nent weakness that is worse distally but with occasional
proximal involvement. Sensory loss is less prominent and
tends to affect the large fiber modalities of touch pressure,
joint position sense, and vibratory sensation more so than
smaller fiber modalities of pain and temperature. Papilledema
may be seen in up to 50% of patients.64

One or more additional features of the POEMS syn-
drome often are observed, but in many cases, these are
not prominent and must be carefully sought. Hepatomegaly
may be found in up to 50% of patients, whereas lymphade-
nopathy and splenomegaly are less common. Manifestations
of endocrinopathy include diabetes mellitus, hypothyroid-
ism, impotence, gynecomastia, testicular atrophy, amen-
orrhea, hyperprolactinemia, and hyperestrogenemia. Skin
changes include hyperpigmentation, thickening of the skin,
hypertrichosis, skin angiomas, clubbing, and white nails.
Some skin changes are suggestive of scleroderma. Periph-
eral edema, ascites, and pleural effusions may also be seen.
POEMS syndrome, sometimes referred to as Crow-Fukase
syndrome, is not unique to osteosclerotic myeloma. It has
been observed in multiple myeloma, Waldenström’s macro-
globulinemia, and angiofollicular lymph node hyperplasia,
also referred to as Castleman’s disease.64

DIFFERENTIAL DIAGNOSIS. In nearly all patients with
polyneuropathy associated with osteosclerotic myeloma,
the diagnosis is made during a comprehensive evaluation
for a cryptogenic polyneuropathy. The findings on EDX
examination of features consistent with an acquired SD
polyneuropathy provide the differential diagnosis of CIDP
and the related disorders, as noted earlier. Furthermore, the
presence of an M-protein necessitates a hematological eval-
uation, which encompasses skeletal bone study and bone
marrow aspirate. Careful attention to the possibility of the
systemic features of the POEMS syndrome can yield impor-
tant clues to the diagnosis of polyneuropathy associated
with osteosclerotic myeloma.

EVALUATION. Typically, the fact that there are EDX
changes suggestive of an acquired SD polyradiculoneuro-
pathy will already have been determined. The M-protein
associated with osteosclerotic myeloma is usually IgG or
IgA and is almost always of the lambda light chain type.58

The concentration is typically low and rarely more than
3 g/dL, the usual range seen in multiple myeloma. An impor-
tant point is that approximately 25% of patients with osteo-
sclerotic myeloma may not have an M-protein detected in
the serum or urine.58 Thus, to evaluate a patient properly
for this disorder, a skeletal survey is essential to uncover
osteosclerotic lesions, the hallmark of the syndrome. These
lesions typically involve the spine, pelvis, ribs, and proxi-
mal long bones of the limbs; occasionally they are not
prominent and may be misinterpreted as benign bone scle-
rosis. Usually, the bony lesions show both osteosclerotic
and lytic changes—sometimes they have the appearance
of an osteosclerotic rim around a lytic lesion. The CSF usu-
ally is normal, except for an elevation of protein compar-
able to that noted in CIDP. EDX studies show features of
an acquired SD polyneuropathy, although in some patients,
axonal degeneration may be prominent. Sural nerve biop-
sies typically show combinations of both axon loss and
segmental demyelination with occasional small foci of
inflammatory cell infiltrates in the perivascular epineurium.
Bone marrow aspirate usually discloses less than 5% of
plasma cells. Routine laboratory studies most often are
unrevealing, although thrombocytosis may be observed in
nearly half of patients, with other features, including leuko-
cytosis and polycythemia, present in a smaller number of
patients.

MANAGEMENT. Patients with solitary osteosclerotic
lesions appear to have the very best response to therapy.
Local radiation of single or multiple lesions may result in
substantial improvement in the polyneuropathy in the
majority of patients. In patients with multiple osteosclerotic
lesions, chemotherapy may result in improvement and sta-
bilization of the polyneuropathy, although the responses
appear to be less satisfactory than in those with isolated
osteosclerotic lesions.

PROGNOSIS AND FUTURE PERSPECTIVES. The poly-
neuropathy associated with osteosclerotic myeloma tends to
be slowly progressive and may produce rather prominent
generalized weakness and considerable disability, including
wheelchair or bed confinement. The majority of patients
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with isolated osteosclerotic lesions respond to treatment,
demonstrating stabilization, if not improvement, of their
polyneuropathies. Patients with multiple osteosclerotic
lesions do not respond as well.

Future research into this entity must provide a unifying
pathophysiology that can explain the multisystem involve-
ment of the POEMS syndrome. The pathogenetic roles of
the M-protein lambda light chain and vascular endothelial
growth factor are likely candidates for further study. From
a clinical viewpoint, a more systematic study of the opti-
mal mode of therapy is needed. However, the relatively
rare occurrence of this entity will make it difficult to
perform controlled therapeutic trials.
WALDENSTRÖM’S MACROGLOBULINEMIA

Waldenström’s macroglobulinemia is a chronic lympho-
proliferative disorder characterized by a clonal prolifera-
tion of B lymphocytes or lymphoplasmacytic cells in
bone marrow or in lymph nodes, or both, and a high
concentration of monoclonal IgM M-protein, typically ex-
ceeding 3 g/dL. In addition to the clinical features caused
by the circulating macroglobulin, including hyperviscosity
syndrome and cryoglobulinemic features, a polyneuro-
pathy occurs in approximately one third of patients.66 Half
of all those with polyneuropathy are positive for anti-MAG
antibodies.58 In this latter group of patients, the pathophysi-
ology of the polyneuropathy may be similar to that seen with
MGUS IgM anti-MAG–positive polyneuropathy. However,
a more heterogenous group of polyneuropathies, predomi-
nantly axon loss in type but occasionally demyelinating,
may be encountered in those patients who are anti-MAG
negative, similar to what is observed in the other IgMMGUS
polyneuropathies. The pathophysiology of these polyneuro-
pathies also is similar to that noted for the MGUS polyneu-
ropathies without anti-MAG activity. Waldenström’s
macroglobulinemia tends to occur in the middle to older
age groups, with a mean age of onset in the early seventh
decade, and there is a slight male predominance. The late
age of onset essentially precludes it occurring in pregnant
women.

The clinical features of the demyelinating polyneurop-
athy associated with macroglobulinemia and anti-MAG
activity is essentially identical to that noted in MGUS
IgM anti-MAG-positive patients.58 The disorder typically
is a chronic sensorimotor polyneuropathy with prominent
sensory involvement, including sensory ataxia. Other per-
ipheral nerve syndromes may occur in macroglobulinemia,
however, including asymmetrical mononeuropathy associ-
ated with cryoglobulinemia and a rather typical amyloid
polyneuropathy. A hyperviscosity syndrome may occur in
15% of patients with macroglobulinemia, usually in the
setting of an underlying lymphoma.66 This syndrome pro-
duces a wide spectrum of symptoms, including general
fatigue, blurred vision, and dizziness. Blurred vision may
be secondary to distended retinal veins, retinal hemorrhages,
and papilledema. Easy bleeding of mucous membranes
is also observed and usually is due to abnormal platelet
function induced by the IgM M-protein. In addition, the
IgM M-protein may function as a cryoglobulin and contri-
bute to other systemic symptoms, including renal disease,
altered liver function studies, arthralgia, Raynaud’s syn-
drome, and cryoglobulinemic neuropathy.66 Moreover, a
chronic hemolytic anemia occurs in approximately 10% of
patients. Nearly one third of patients have lymphadenopathy
or splenomegaly.

The presence of a high concentration of IgM M-protein
in the context of an acquired SD polyneuropathy requires
a careful evaluation for lymphoproliferative disorders. This
usually necessitates skeletal bone survey to assess for mul-
tiple myeloma and osteosclerotic myeloma as well as bone
marrow aspiration. The presence of lymphadenopathy and
organomegaly coupled with the other systemic features
of macroglobulinemia provide the key clinical clues to
the diagnosis.

Evidence of an acquired SD polyradiculoneuropathy
should be found on EDX studies. The evaluation of pa-
tients with IgM M-protein and acquired SD polyneuropathy
is identical to that described for MGUS polyneuropathy.
Testing for anti-MAG activity is essential to identify the
subset of patients with macroglobulinemia who may have a
more specific immune-mediated disorder. Results of nerve
biopsies and CSF analysis are similar to those seen inMGUS
IgM anti-MAG polyneuropathy. Routine laboratory studies
in patients with macroglobulinemia often disclose anemia,
monoclonal blood lymphocytosis, and Bence Jones protein-
uria as well as elevated serum b-microglobulin in nearly half
of patients. Also, the presence of cryoglobulins is not an
uncommon finding. Diagnosis is confirmed by the presence
of a high concentration of IgM M-protein in the setting of
underlying lymphoma characterized by infiltration of bone
marrow, lymph nodes, and spleen.

Waldenström’s macroglobulinemia typically is treated
with combinations of chemotherapy and plasmapheresis.
Chemotherapy for underlying lymphoma often incorpo-
rates a combination of an alkylating agent and a gluco-
corticoid. Plasma exchange often is recommended for
patients who develop polyneuropathy and in those with
clinical features of hyperviscosity syndrome and cryoglo-
bulinemia.66 Waldenström’s macroglobulinemia is a seri-
ous disease with a median survival time of approximately
4 years. Therapeutic intervention with chemotherapy and
plasmapheresis may be helpful in stabilizing or improving
the associated polyneuropathy.
MULTIFOCAL MOTOR NEUROPATHY WITH
CONDUCTION BLOCK

PATHOGENESIS AND PATHOPHYSIOLOGY. Multifo-
cal motor neuropathy (MMN) with conduction block, some-
times referred to as motor neuropathy with multifocal
conduction block, is a rare disorder that is characterized by
asymmetrical motor weakness and EDX features of ac-
quired SD lesions affecting one or more localized segments
of motor nerve fibers.67 Its pathogenesis is unknown, but an
immune-mediated mechanism is supported by pathological
features of inflammatory demyelinating changes, favorable
clinical response to immunosuppressant and immune-modu-
lating therapies, and many striking similarities with CIDP.67

Pathological features include demyelination, occasionally
with evidence of remyelination in the form of onion bulb for-
mation, and perivascular inflammatory infiltrates, primarily
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of lymphocytes. These changes have been observed in cranial
nerves as well as in proximal and distal segments of per-
ipheral nerves examined at autopsy.68 Although motor fiber
involvement is responsible for most of the clinical and
EDX features, similar pathological changes of demye-
lination with inflammation also have been reported in sen-
sory nerves, including sural nerve specimens examined at
nerve biopsy. Reflecting this, occasionally sensory NCS
abnormalities are seen.

Antibodies to the GM1 ganglioside have been reported
in a high percentage of patients with MMN.67 This factor
has led to the concept that these antibodies are playing
a pathogenetic role in this disorder. However, direct evi-
dence in support of this proposal is lacking.69 Further-
more, the presence of anti-GM1 antibodies is relatively
nonspecific, because they can be found in a wide range
of other neuromuscular disorders. Very high titers of
GM1 antibody appear to have greater specificity for lower
motor neuron syndromes, including MMN.70 Nonetheless,
patients with MMN who do not have antibodies to GM1

still respond to immune-modulating therapies. This field
is rapidly evolving. It is possible that the presence of anti-
bodies to GM1 and other antigens may eventually prove
more useful in the diagnosis of lower motor neuron
syndromes, including MMN.70

EPIDEMIOLOGY AND RISK FACTORS. MMN is a rare
disorder. The age of onset spans many decades, from the
teenage years through late adult life, but the condition
tends to begin in young adults. There is a slight male pre-
dominance. There is no known predilection for this dis-
order to affect women during pregnancy or to worsen
during pregnancy or in the postpartum period.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. MMN characteristically is a progressive disorder
that causes multifocal and asymmetrical weakness and
occasionally muscular atrophy accompanied by cramps
and sometimes fasciculations.67 This disorder often begins in
the upper extremities, and although it may spread to involve
the lower extremities, it may remain localized to or more
prominent in the upper extremities throughout its course.
Whereas some weakened muscles may be atrophic, other
involved muscles may be of normal bulk despite chronic
weakness, a clinical sign suggesting that SD conduction
block is the mechanism of weakness rather than axon
loss. Cranial nerve involvement is uncommon, although
atrophy and weakness of the tongue and other bulbar
symptoms and signs have been noted. Even though the
condition predominately affects motor function, most
patients will eventually experience sensory symptoms,
including a sense of numbness or tingling, often in the
absence of objective sensory loss. Sensory symptoms and
signs are most common in patients with long-standing
MMN. The DTRs frequently are absent or depressed in
the distribution of the affected nerves, but surprisingly,
they are sometimes preserved.

MMN typically follows a very chronic indolent course
that may span many years. On occasion, the disease appears
episodic, with patients having a stable nonprogressive
course lasting many months or years before another episode
develops. Alternatively, some patients have a more subacute
course that may lead to rather prominent widespread weak-
ness and disability over several months. Rare instances of
CNS involvement have been reported in patients with typi-
cal MMN. However, these clinical features are usually mod-
est and seldom resemble the combined features of upper and
lower motor neuron disease noted in amyotrophic lateral
sclerosis (ALS).67

DIFFERENTIAL DIAGNOSIS. Many of the clinical and
EDX features of MMN bear a close similarity to CIDP
and related disorders. In fact, MMN has been regarded by
some as a variant of CIDP.67 Thus, patients presenting with
predominately motor weakness accompanied by EDX
features of acquired SD need to be assessed for the same
conditions included in the differential diagnosis of CIDP.
As noted earlier, MMN may on occasion resemble MAD-
SAM. However, it is important to differentiate MMN from
MADSAM, as the latter condition more closely resembles
typical CIDP. Unlike MMN, in MADSAM sensory symp-
toms and signs may be noted early in its course, the CSF
protein is often elevated, anti-GM1 antibodies are absent,
and patients may respond to all of the typical therapies
known to be effective in CIDP.45 In addition, some patients
with MMN may superficially resemble patients with motor
neuron disease or ALS. Usually, MMN can be differen-
tiated from these disorders by its more chronic and indolent
course, the absence of upper motor neuron symptoms
and signs, and most important, the presence of acquired
SD features on EDX testing. An axonal form of MMN
has been described in nine patients who presented with
symptoms and signs typical of MMN, including anti-GM1

antibodies, but without conduction block or other signs of
demyelination.71 Some of these patients responded to IVIG
therapy. Whether these patients represent a true axonal var-
iant of MMN or simply one aspect of the spectrum of this
disorder is unclear.72

EVALUATION. Because MMN may represent a variant
of CIDP, it is important to evaluate patients with MMN
in the same fashion as patients with possible CIDP. A care-
ful search for an M-protein, skeletal bone survey for osteo-
sclerotic or osteolytic lesions, and HIV testing in patients
at risk should be considered in patients with clinical fea-
tures suggesting MMN. The CSF is usually normal in all
aspects, including its protein content, thereby signifying
the predilection of MMN to involve peripheral nerves rather
than spinal nerve roots. The majority of patients with MMN
will have high titers of anti-GM1 antibodies. As noted ear-
lier, the presence of the anti-GM1 antibody is not specific
to MMN and is not required for the diagnosis. The EDX fea-
tures of this disorder provide its laboratory confirmation:
They disclose evidence of multifocal conduction block,
generally confined to motor fibers (see Fig. 49-2). Typically,
the lesion sites are not common locations for entrapment or
compressive neuropathies; for example, a focal conduction
block may be found along the ulnar nerve in the forearm,
rather than at the elbow.

MANAGEMENT. Because MMN is a rare disorder, the
data are limited regarding the efficacy of the various avail-
able treatment modalities. Anecdotal reports suggest that
prednisone, azathioprine, mycophenolate mofetil, rituximab,
and plasmapheresis rarely are effective.72 However, both
IVIG and high-dose intravenous cyclophosphamide may
be of benefit.67,73 Randomized, double-blinded, placebo-
controlled trial data have confirmed the efficacy of IVIG
in MMN.74,75 Clearly, IVIG is the preferred treatment over
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IV cyclophosphamide, owing to the greater risks and com-
plications of the latter drug. In a fashion similar to CIDP,
IVIG may be administered periodically to maintain clinical
improvement. It should be emphasized that the treatment
of MMN must be individualized. Many patients with
MMN, for example, have very modest clinical symptoms
that persist unchanged for many years. The appropriate man-
agement of such patients may be observation alone rather
than have them undergo the risk and expense of IVIG or
cyclophosphamide treatments.

PROGNOSIS AND FUTURE PERSPECTIVES. The rarity
of this disease and its relatively recent initial description
in 1982 are factors that limit experience with its natural
history. Nevertheless, most patients with MMN seem to
display a chronic, slowly progressive or stable course over
many years. With the advent of IVIG treatment as well as
intravenous cyclophosphamide, it is likely that in many
patients the disorder can be stabilized, resulting in modest,
if any, disability.

Key fundamental issues to be resolved regarding MMN
include its precise pathophysiology, including the role of
anti-GM1 antibodies and its relationship to CIDP. From a
clinical perspective, more experience is required to better
formulate optimal therapeutic interventions.
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Barré syndrome. Arch Neurol 2001;58:913–917.

32. Hughes RAC, Wijdicks EFM, Benson E, et al: Supportive care
for patients with Guillain-Barré syndrome. Arch Neurol 2005;62:
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CHAPTER 50
Autoimmune and Inflammatory Disorders
Russell E. Bartt and Jordan L. Topel
HISTORY AND DEFINITIONS

INFLAMMATORY

VASCULOPATHIES: ARTERITIS

Extracranial Granulomatous Arteritis

(Giant Cell “Temporal” Arteritis)

Intracranial Granulomatous Arteritis or

Primary Angiitis of the Central

Nervous System

Takayasu’s Arteritis

Polyarteritis Nodosa, Churg-Strauss

Wegener’s Granulomatosis

Vasculitis Associated with

Antiphospholipid Antibodies

Thromboangiitis Obliterans (Buerger’s

Syndrome)

CONNECTIVE TISSUE DISEASES

Rheumatoid Arthritis

Systemic Lupus Erythematosus

Progressive Systemic Sclerosis

Mixed Connective Tissue Disease

OTHER AUTOIMMUNE

CONDITIONS

Myasthenia Gravis

Dermatomyositis and Polymyositis

Eosinophilic Myositis and Related

Syndromes

Inclusion Body Myositis

Behçet’s Disease
Syndrome, and Overlap Syndromes Sjögren’s Syndrome
HISTORY AND DEFINITIONS

Pathological disorders mediated by immune processes
directed against autologous tissues were first recognized
in the early 1900s by Erlich, who used the term “horror
autotoxicus” to describe this phenomenon. The first
descriptions of necrotizing arteritis appeared in an 1852
treatise on aneurysms by Karl Rokitansky.1 In 1866, the
term periarteritis nodosa was used to describe a single pa-
tient with a typical histological appearance of necrotizing
arteritis.1 Most of the descriptions evolved in the 1940s
and 1950s by people such as Jacob Churg and Friedreich
Wegener. With few exceptions, these syndromes continue
to be defined by the classic pathological appearance.

The ability of the immune system to differentiate between
one’s body and a wide variety of potential pathogens and
toxins is remarkable. Under normal circumstances, the
immune system may react against certain of its own tissues
such as neoplasms and senescent red blood cells. While
extensive growth in immunology has led to a better under-
standing of the pathophysiology of these diseases, often the
etiology remains obscure.

Lymphocytes recognize foreign antigens through re-
ceptors on their surface, and the differentiation between
self and nonself is essential to normal function. Several
factors may account for this ability to avoid self-reactivity:
self-directed T lymphocytes may be deleted from the reper-
toire at an early age; self-antigens may not be presented
to the lymphocytes in such a way as to induce an im-
mune response; self-antigens may be in “immunologically
privileged” tissues, which are not routinely exposed suffi-
ciently to the circulating lymphocytes; or self-response
may be downregulated by other components of the immune
system.2 It is believed that evasion of these mechanisms
leads to autoimmune disease by one of the following
pathways: (1) normal regulatory control to a given self-
antigen may be lost or bypassed; (2) self-antigens may
express major histocompatibility complexes II (MHC-II),
normally present only on immunologically competent cells;
these self-tissues may then present antigens to lymphocytes;
or (3) a foreign antigen with a similar molecular structure
may mimic a self-antigen and result in cross-reactivity.2

The autoimmune response may be directed at a rela-
tively specific tissue antigen such as the acetylcholine re-
ceptor in myasthenia gravis (organ-specific response).
Alternatively, the self-antigen may be in many tissues
and be relatively non-organ-specific, causing diseases such
as systemic lupus erythematosus.

Vasculitis is a common manifestation of a diverse group
of diseases. Though they may result from etiologically and
pathogenetically different diseases, all share the pathological
finding of inflammation of the vessel wall. Tissue injury results
from the occlusion of inflamed vessels. Vasculitides can be
organized by the size of the vessels involved (e.g., large, me-
dium, or small vessel vasculitis shown in Figure 50-1) or by
the predominant cell type involved, as discussed later.1

For neutrophil-predominant vasculitis to occur, an inflam-
matory stimulus must perturb the homeostasis of circulating
leukocytes and endothelial cells. Adhesion to certain areas
of the vasculature is induced by cytokine-stimulated expres-
sion of adhesion molecules (e.g., ICA-1, VCAM-1). In se-
vere inflammation, there is mural necrosis with rupture and
hemorrhage or leakage of plasma factors into tissues where
soluble coagulation factors contact inflammatory debris
causing fibrinoid necrosis.

Mononuclear-predominant vasculitis (lymphocytes, mono-
cytes,macrophages) can occur as a discrete entity or can evolve
from neutrophil-predominant vasculitis. Unlike neutrophils,
monocytes have a regulatory role as well as an effector role
in inflammation. Therefore, the histological demonstration of
T lymphocytes does not prove that the process is mediated by
a T lymphocyte immune response. Mononuclear-predominant
vasculitis is seen in giant cell arteritis, Takayasu’s arteritis,
and primary angiitis of the central nervous system.

Immune complex vasculitis results from deposition of
heterologous or autoantigen immune complexes in vessel
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Figure 50-1. Classification of the vasculitides by vessel size. (Adapted from Jennette JC, Falk RJ: Clinical and pathological classification of ANCA-associated
vasculitis: What are the controversies? Clin Exp Immunol 1995;101[Suppl 1]:18–22.)
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walls either from the circulation or by in situ formation.
Most circulating immune complexes are cleared from
the circulation without causing vascular inflammation.
Molecular size and electrical charge influence the ability
to survive in the circulation and deposit in vessel walls.
Medium-sized cationic particles are the most pathogenic.

Antineutrophil cytoplasmic antibodies (ANCA) are asso-
ciated with some vasculitides that involve small vessels
including epineural vessels. It is not known if ANCA cause
the vasculitis or are an epiphenomenon. Peripheral neuropa-
thies are frequently encountered in ANCA vasculitides, but
it is unclear how many neuropathies are ANCA associated.

Infections can cause vasculitis by direct effects of the
agents themselves and by the immune-mediated response.
Infectious vasculitides will not be covered in this chapter.

Connective tissue diseases as a whole are syndromes
with immunological reactivity to various tissue compo-
nents. Clinically, however, there may be overlap with other
autoimmune conditions. Tissue components of the vascu-
lature may be involved, and a vasculitis may dominate
the clinical picture. This is demonstrated by the frequent
occurrence of mononeuritis multiplex in the connective
tissue diseases, as a result of peripheral nerve ischemia
secondary to inflammation of the vasa nervorum.

Other autoimmune conditions are not targeted at the
vessels but are part of a connective tissue syndrome. Those
disorders affecting the neurological system are discussed in
the last section of this chapter.
INFLAMMATORY VASCULOPATHIES: ARTERITIS

Extracranial Granulomatous Arteritis
(Giant Cell “Temporal” Arteritis)

PATHOGENESIS AND PATHOPHYSIOLOGY. Giant
cells are the pathological hallmark of this large vessel,
T-cell-mediated vasculitis. CD4 cells aggregate with a re-
sponse centered on the internal elastic lamina. These cells
may contain elastic fiber fragments. Giant cell arteritis
(GCA) affects the aorta and its branches, including the
cervicocephalic arteries (carotid and vertebral), reflecting
its predilection for the internal elastic lamina. Intracra-
nial arteries are usually not involved, although proximal
branches of the internal carotid artery have been lesioned.
The superficial temporal artery and intraorbital branches
of the carotid artery are involved in many cases. Vertebral
arteries may be affected in very severe cases, though basi-
lar artery involvement is rare. Aortic rupture can also
occur. There is an overlap between GCA and polymyalgia
rheumatica (PMR).

EPIDEMIOLOGY AND RISK FACTORS. Age is a strong
risk factor for this disease. Maximum incidence is in the
70s with the median age of onset being 75, and virtually
no cases in the population less than 50 years of age. Over-
all, women have a higher age-adjusted incidence than men,
16.5 versus 5.7 per 100,000 per year of the U.S. popula-
tion aged 50 and older. The incidence rate reported has
increased each decade from the 1950s into the 1970s. Addi-
tionally, the number of negative biopsies in cases suspected
of having GCA has also increased. As opposed to an actual
increase in the disease, an explanation for these findings
may represent better identification of potential cases as a
result of heightened awareness of the disease.3 There has
been a tendency to reclassify cases of PMR to GCA when
the disease has been more aggressive, was accompanied
by visual symptoms or headache, or was relatively resistant
to low-dose corticosteroid therapy.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. GCA was first described in 1890, but was best
described in 1932 as giant cell inflammation of the tempo-
ral artery with a systemic syndrome of fever, anorexia,
weight loss, fatigue, and anemia. PMR was described as
an illness of the elderly with proximal muscle pain and
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stiffness along with a systemic syndrome. PMR was felt
to be a variant of rheumatoid arthritis, with synovitis but
without rheumatoid factor. In time it became clear that
there was overlap between GCA and PMR. However, the
greater sensitivity of PMR to steroids contributed to con-
tinued separation of the two syndromes. Most likely, both
are part of a spectrum of disease characterized by variable
degrees of synovitis and arteritis related to a common yet
unknown etiopathogenic agent.4 PMR occurs in 58%
of patients with GCA and is the initial symptom in 25%.
Criteria for the diagnosis of GCA and PMR are listed in
Table 50-1.5

Pain is commonly experienced by patients with GCA.
Headache, sometimes with scalp tenderness, occurs in 72%
of patients and is present in 33% at the time of diagnosis.
Jaw claudication is an occasional feature. Neck or back
pain is present in 25% of patients with GCA who do not
have PMR.6

Vascular disease may manifest in several ways. Bruits
may be audible over involved arteries. Carotid bruits occur
in 10% to 20% and are frequently bilateral. Claudication or
upper limb bruits occur in approximately 60% of patients,
and about 40% of patients with carotid bruits will have
some ischemic brain or eye complication. However, per-
manent visual loss and stroke occur with about the same
frequency regardless of the presence of bruits. About 4%
of patients with GCA will experience a transient ischemic
attack (TIA) or stroke (Chapters 22 and 45). The propor-
tion of such events occurring in the vertebrobasilar circula-
tion is greater in GCA patients than that seen in the general
stroke population. Within the vertebrobasilar system, these
events may not respect distinct vascular territories. There
are some reports of myelopathy in GCA, presumably from
vertebral or anterior spinal artery involvement.6

The risk of blindness remains poorly defined in GCA
and PMR. Overall, eye findings occur in 8% to 23% of
people with GCA. Amaurosis fugax occurs in 10% to
12%. Anterior ischemic optic neuropathy results from
TABLE 50-1

Criteria for the Diagnoses of Giant Cell Arteritis and
Polymyalgia Rheumatica

GIANT CELL ARTERITIS
(MUST MEET ALL FIVE CRITERIA)

POLYMYALGIA RHEUMATICA
(MUST MEET ALL SEVEN CRITERIA)

1. Confirmatory biopsy 1. Shoulder/pelvic girdle
muscle pain2. Tenderness to palpation �

pulselessness in temporal
artery

2. Morning stiffness

3. Any or all of:
3. Duration of symptoms for

at least 2 weeks
Visual disturbance
Temporal or occipital headache
Jaw claudication

4. Absence of true arthritis
5. Absence of objective signs

of muscle disease
4. Westergren ESR > 30 mm/hr
or
C-reactive protein > 6 mg/mL

6. Westergren ESR > 30 mm/hr
or
C-reactive protein > 6 mg/mL

5. Prompt response to steroid
therapy

7. Prompt response to steroid
therapy

Duration of symptoms for at
least 2 weeks

ESR, erythrocyte sedimentation rate.
Modified from De Silva M, Hazelman BL: Azathioprine in giant cell arteritis/
polymyalgia rheumatica: A double blind study. Ann Rheumatol Dis 1986;45:136–138.
posterior ciliary and, less frequently, retinal arteritis. Occa-
sionally, the findings are entirely retrobulbar. However,
acute optic disc edema followed by the development of
optic pallor over 2 to 4 weeks may be seen. Diplopia is
seen in 2% to 14% of patients, usually related to extraocu-
lar muscle dysfunction, but rarely as a result of brain stem
disease (Video 1, Cranial Nerve VI Palsy). Clinical find-
ings may fluctuate daily as a characteristic feature.6 When
permanent visual loss occurs, the onset is typically abrupt,
and within 2 weeks, contralateral involvement occurs in
25% to 50% of cases.7

Vertigo or unilateral hearing loss may rarely be the re-
sult of an infarct of the vestibulocochlear nerve. Other cra-
nial nerves, such as V, VII, or XII, have been affected in
isolation or as part of a mononeuritis multiplex (Video
45, Tongue Atrophy). Occasionally, other cranial neuropa-
thies have occurred, causing facial pain, hemianesthesia of
the tongue, or lingual paralysis.

Peripheral nerve disorders are common in many of the
vasculitides. Involvement of the vasa nervorum may result
in a mononeuritis multiplex. Many areas of involvement
of peripheral nerves may overlap, suggesting a distal
symmetrical polyneuropathy.6

Although myalgia is a common symptom and localized
inflammation has been described in patients with GCA,
inflammatory myositis is not a recognized feature of the ill-
ness. Myopathy in GCA usually results from corticosteroid
use (see Management).

DIFFERENTIAL DIAGNOSIS. Numerous symptoms
occur in GCA that are not specific for the condition.
Certainly, the population that is at the greatest risk for
the development of GCA is also at risk for atherosclerotic
vascular disease. This situation presents problems in evalu-
ating individual patients as well as interpreting the litera-
ture. The presence of constitutional symptoms such as
weight loss and fevers and an elevated erythrocyte sedi-
mentation rate (ESR), with or without a pain syndrome,
should raise GCA as a serious consideration.

EVALUATION. The examination in suspected GCA
should include inspection, auscultation, and palpation of ex-
tracranial arteries. Blood pressure in both arms should be
assessed for asymmetry. Routine blood work commonly
shows anemia. Serological evaluation, including ESR, and
C-reactive protein assessment are necessary.3 Abnormalities
of the temporal artery may be apparent on color duplex ultra-
sonography. Characteristic signs include a dark halo around
the arterial lumen and stenoses or occlusions of temporal
artery segments.7 Angiography may demonstrate segmental
stenosis or occlusion of the temporal artery. Superior tempo-
ral artery angiography is less reliable than biopsy.6 Biopsy
of the superficial temporal artery may show giant cells, but
several sections usually need to be examined.3

MANAGEMENT. Early studies evaluating steroid ef-
ficacy were flawed and some do not reach statistical sig-
nificance by today’s standards. Overall, however, there
appears to be a modest beneficial effect of high-dose ste-
roids consistent with the understanding of the effect of
steroids on other vasculitic syndromes. The prevention of
blindness is considered worth the approximately 50% risk
of adverse effects (symptomatic vertebral collapse in
26%, myopathy in 17%) from steroid therapy.4 Prednisone
remains the mainstay of treatment with initial dose of 40 to



TABLE 50-2

Clinical Features of Primary Angiitis of the Central
Nervous System

LITERATURE
CASES

CLEVELAND CLIN-
IC

CASES
COMBINED
CASES

N ¼ 40 N ¼ 8 N ¼ 48

Mean age in years
(range)

45 (3–74) 33 (10–73) 43 (3–74)

Sex ratio, M:F 21:18 4:4 25:23
Abrupt onset (%) 22 (56) 5 (62) 29 (60)
Signs and

symptoms
Focal 4 (10) 0 4 (8)
Diffuse 6 (15) 1 (12) 7 (14)
Both 29 (74) 7 (88) 38 (78)
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60 mg/day and treatment over the next few years. Tapering
should be done slowly. In the rapidly deteriorating patient
or one with a neurological syndrome, IV methylpredniso-
lone can be used, typically 1 g/day divided into two to four
doses. No well-controlled trials have examined differences
in dosing regimens. If relapse occurs while tapering, then
the target dose to taper to should be higher than the dose
at the time of relapse. ESR monitoring is very helpful in
determining relapses and responses to dose changes.6

A number of other immunosuppressives have been used,
including azathioprine, methotrexate, dapsone, and cyclo-
phosphamide, with inconsistent results. Cyclophosphamide
may be the most consistently effective.6 Azathioprine was
compared in a double-blind fashion to placebo in GCA
patients already taking prednisone. Because the immuno-
suppressive effect of azathioprine is delayed, a statistically
significant difference in prednisone dose was reached only
after 1 year of therapy.5

Low-dose aspirin has shown benefit even perhaps by
inhibition of platelet aggregation. Other actions may be
related to transcriptional inhibition of inhibition of inter-
feron-g gene, that can reduce T-cell function in forming
granulomatous infiltrates.8

PROGNOSIS AND FUTURE PERSPECTIVES. Although
GCA can cause death, stroke, or myocardial infarction,
the survival of GCA patients does not significantly differ
from that of age-matched control subjects.3 In a series of
21 GCA patients who died, in only one case was the cause
of death attributed to GCA.3 Catastrophic neurological
sequelae such as blindness and stroke are uncommon and
have been lessened in frequency by the use of steroids.

Intracranial Granulomatous Arteritis or Primary
Angiitis of the Central Nervous System

PATHOGENESIS AND PATHOPHYSIOLOGY. This
disorder has carried a number of names, including non-
infectious granulomatous angiitis with a predilection for
the central nervous system (CNS), granulomatous angiitis
of the CNS, primary angiitis of the CNS (PACNS), and
vasculitis confined to the CNS. First described in 1959,
very few cases were described antemortem until the wide-
spread availability of angiography in the 1960s. The term
PACNS is most appropriate because it requires the absence
of a systemic disease but does not require the presence of
granulomatous lesions.9,10 Pathologically there are mono-
cytes/histiocytes, lymphocytes, and plasma cells infiltrating
the walls of small arteries, particularly in the leptome-
ninges.11 In 85% of cases, multinucleated giant cells are seen
among the inflammatory cells.12 Small leptomeningeal
arteries are preferentially affected, although occasional
involvement of the internal carotid and vertebral arteries is
seen. Numerous small foci of infarction are common, but
there may be large areas of ischemia, sometimes with super-
imposed hemorrhage.10 Unlike polyarteritis nodosa, there
is no predilection for the branching points of arteries.11

The etiology is unknown, but there is growing speculation
of a viral cause. There is no evidence that the disease is
mediated by immune complexes, although there may be a
direct immune interaction at the level of the vessel wall.10

EPIDEMIOLOGY AND RISK FACTORS. Most patients
are young or middle aged (range, 3 to 74 years). In the
literature, early cases suggested a female predominance
of 2:1; however, currently there does not appear to be a gen-
der difference.13 The majority of cases do not have any
identifiable preexisting condition.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Typically, the patient has a headache of gradual
onset and a diffuse encephalopathy or dementia. Later,
focal neurological signs develop. In one large review of
108 cases (including 99 from the literature), 53% of cases
presented with both focal and diffuse findings, 32% with
focal findings only, and 11.1% with diffuse findings only
(Table 50-2).14 Headache is the most common presenting
symptom and is often associated with nausea and vomiting.
Occasionally, cranial neuropathies, cerebellar dysfunction,
and cauda equina syndromes have been the initial symp-
toms (Video 9, Dysmetria; Video 12, Dysdiadochokinesis).
Isolated cord involvement has been noted in a few patients.
The syndrome may be acute or insidious and may fluctuate
with periods of apparent remission. Systemic symptoms like
fever, weight loss, arthralgias, and myalgias are typically
absent and when present suggest an alternative diagnosis.12

It has been proposed that PACNS may fall into subgroups
by clinical criteria.12 According to these criteria, “true”
PACNS lasts longer than 3 months, is characterized by focal
and diffuse neurological dysfunction, and is associated with
typical biopsy findings. The cerebrospinal fluid (CSF) is
abnormal with a picture suggesting chronic meningitis.
The outcome is poor if untreated. A more “benign angiopa-
thy” of the CNS has an acute onset, normal CSF analyses,
primary diagnosis by angiography, and a benign clinical
course. Postpartum cerebral angiopathy has been described
in women in the immediate postgravid state. There are eight
well-documented cases in which headaches, nausea, vom-
iting, focal CNS signs, and abnormal CSF developed in
women who showed no signs of toxemia or hypertension.
Cerebral angiography showed alternating areas of stenosis
and ectasia with “sausaging” of multiple vessels. Normali-
zation of angiography changes demonstrated by serial stud-
ies over 4 weeks suggests that the basis of the arteritis is at
least in part vasospastic.12 The strength of the relationship
between this condition and PACNS remains unclear.

PACNS associated with immunosuppressive illness repre-
sents a small subset of these cases, which include lymphomas,
leukemias, myeloproliferative disorders, immunosuppressive



TABLE 50-3

Treatment Outcome in Primary Angiitis of the Central
Nervous System

TREATMENT N DEATHS
POOR

OUTCOME
COMPLETE
RECOVERY

None 20 19 0 1
Steroids alone 13 6 3 4
Steroids þ cytotoxic agent 13 1 2 10
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therapy for inflammatory bowel disease or following renal
transplant, and human immunodeficiency virus.12 These are
unique cases in which the immunosuppressed state may
appear crucial to susceptibility to the condition.

DIFFERENTIAL DIAGNOSIS. Other small vessel vascu-
litides such as Wegener’s granulomatosis have presented as
temporal or CNS vasculitis. Pulmonary lesions should be
helpful in this differential. GCA occurs in an older popula-
tion than PACNS. Those patients with PACNS affecting
large and small arteries are older than those with small ves-
sel involvement alone. Immunological or epitope changes
may be related to age.13 Infections and more systemic
forms of vasculitis need to be considered in the differential
diagnosis of PACNS. Tuberculosis and other mycobacteria,
meningovascular syphilis, fungal infections, hepatitis B, and
herpes ophthalmicus are other possibilities.12 Drugs, partic-
ularly stimulants, can cause a vasculitis. Noninflamma-
tory vasculopathies such as fibromuscular dysplasia and
moyamoya may be considered, and these diagnoses are best
addressed by angiography.10

EVALUATION. Most important in the diagnosis of
PACNS is appropriate clinical suspicion. The ESR is elevated
in 66% of the patients, on average 44 mm/hour, ranging up to
116 mm/hour. The ESR may be more helpful to exclude a
systemic vasculitis than to include a CNS vasculitis.11

CSF should be examined if the diagnosis of PACNS
is considered. The CSF is abnormal in 81% of those exam-
ined. Mixed or lymphocytic pleocytosis is present in 68%,
ranging up to 330 cells/hpf. Seventy percent have eleva-
tions of CSF protein averaging 118 mg/dL, but ranging
up to 825 mg/dL. Serial lumbar punctures in the same
patient may show spontaneous fluctuations in pleocytosis
and protein. An abnormal electroencephalogram is 81%
sensitive, and diffuse slowing is the most common finding.
Focal slowing or sharp wave discharges are noted on oc-
casion. Computed tomography (CT) brain scans have dis-
parate findings, showing infarcts, low-density lesions, or
gyriform enhancement.10 Magnetic resonance imaging
(MRI) may show focal areas of infarction in multiple vascu-
lar territories. Normal MRI scans are rare but have been seen
in some biopsy-proven cases.12 The combination of normal
MRI and normal CSF is a powerful negative predictor of
CNS vasculitis, although rare exceptions may occur.

In patients with angiograms, “classic arteritis” is seen in
65%, and less specific abnormalities in 19%. Thirteen per-
cent of angiograms are normal. High-resolution film mag-
nification is preferred to digital subtraction angiography
in its ability to resolve changes in small-caliber vessels.
The “arteritic” appearance of vasculitis is not completely
specific and has been seen in vasculopathies due to other
causes such as atherosclerosis, infection, and drugs and
toxins. Considered in the context of the patient’s age, clin-
ical syndrome, laboratory studies, and CSF studies, angiog-
raphy remains very helpful in establishing the diagnosis
short of biopsy.

If the angiogram is normal or atypical, leptomeningeal
and cortical biopsy should be performed.10 Owing to the
focal nature of the lesions, there is significant risk for
sampling error. In a series of 108 cases (including 99 from
the literature), the yield of leptomeningeal and cortical
tissue was 87% and 57.9%, respectively. In 43 pathologically
confirmed cases, 11 premortem biopsies were false negatives
(diagnostic sensitivity, 74.4%). The morbidity of biopsy in
patients with suspected vasculitis is 3.3%, but up to 50%
of cases referred for biopsy in whom PACNS is suspected
have an alternative diagnosis discovered. These statistics
emphasize the necessity for biopsy and the potential harm of
empirical immunosuppressive therapy in lieu of biopsy.

Because of the false-negative rates in biopsy and an-
giography, decisions about diagnosis and monitoring of
treatment must be tailored to the individual case and in-
corporate as much clinical and laboratory information as
possible. However, highly toxic therapy should not be con-
sidered unless cerebral and leptomeningeal biopsy has been
performed.11

MANAGEMENT. There are no controlled treatment trials
to date. High-dose (60 to 80 mg/day) prednisone combined
with a calcium channel blocker is recommended. With good
clinical response, tapering in a few months’ time is reason-
able. If lack of response or recurrence develops, oral cyclo-
phosphamide (1 to 2 mg/kg/day) should be added and
continued for 6 to 12 months until all signs of disease have
disappeared. Angiography can be used to reassess disease
activity, and repeated biopsies may be needed in some
cases. The rationale for treatment of PACNS is summarized
in Table 50-3. Postpartum cerebral angiitis should be treated
with a short course of high-dose steroids and calcium
channel blocker.12 Patients treated with steroids alone have
a rate of relapse as high as 90%. Treatment with cyclo-
phosphamide and low-dose prednisone for up to 6 months
is associated with a relapse in 30%, and if treatment is
continued for 12 months, a relapse is seen in only 10%.

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis in PACNS is guarded; outcome depends on the severity
of the disease and the response to the treatments described
previously. The prognosis is favorable in young women
with “benign angiopathy” or “postpartum angiopathy,” and
poorer in those with “true” PACNS. Considerable work re-
mains to be done to further the understanding of the etiology,
pathogenesis and pathophysiology, clinical subtypes, optimal
treatment, and the long-term outlook of the disorder.

Takayasu’s Arteritis
PATHOGENESIS AND PATHOPHYSIOLOGY. Takaya-

su’s arteritis (TA), first described by Takayasu and Onishi
in Asian patients with absent limb pulses and retinopathy,15

is now well recognized in Western countries as well. The
burden of disease is in the aorta and its main branches with
symptoms attributable to vascular compromise or a sys-
temic immune response. In tissue specimens, giant cells are
seen invading the media and adventitia of affected vessels.



TABLE 50-4

Criteria for the Diagnosis of Takayasu’s Arteritis

Onset or Worsening of Two of the Following:

Unexplained systemic illness (fever or musculoskeletal complaints)
Increased sedimentation rate
Features of vascular ischemia or inflammation
Claudication
Diminished or absent pulse
Asymmetrical blood pressure (arms or legs)
Bruit
Vascular pain

Typical angiographic features

Modified from Kerr GS: Takayasu’s arteritis. Curr Opin Rheumatol 1994;6:32–38.

1160 Etiological Categories of Neurological Diseases / 50
A number of changes suggest an immunopathogenesis,
including hypergammaglobulinemia, increased ratio of CD4
to CD8 cells in the periphery, circulating immune com-
plexes, antiaortic antibodies, and a positive rheumatoid
factor. Nearly half of Japanese patients have statistically
significant associations with Bw52 or DR12. The immu-
nogenetics of TA are less well defined in Western
patients.16 It is currently believed that in a genetically pre-
disposed individual and in a conducive hormonal milieu,
exposure to an unknown antigen precipitates an uncon-
trolled, inflammatory immune response that primarily tar-
gets large vessels.17 Because of descriptions occurring
in India where tuberculosis is endemic, a relationship
between TA and tuberculosis infection was briefly considered
but later abandoned.15,17

EPIDEMIOLOGY AND RISK FACTORS. Despite
increased ascertainment, TA remains rare in the Western
Hemisphere (2.6 cases per 1 million). The ratio of women
to men is about 8.5:1, and TA is more common in lower
socioeconomic classes.15 In a prospective study of 60
patients, in which 45 were followed for 6 months to 20 years
(median, 5.3 years), mean age of onset was 21 years.16 If
only Western cases are considered, the mean age of onset
is 41 years.17 Within the United States, the racial makeup
of cases largely reflects the relative proportions of ethnic
groups among U.S. residents, except that Asians account
for an unusually large number of cases (10% of cases versus
2.9% of the U.S. population).15 Occasional reports among
family members suggest a possible genetic component. Asso-
ciations between TA and various other autoimmune diseases
have been reported.17

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Although early descriptions suggested that TA had
a triphasic course with early systemic complaints followed
by symptoms related to vascular inflammation and finally
sequelae of vascular stenoses, this pattern is not universal.
In addition, the clinical manifestations of TA may differ
depending on geographic region. Aortic arch disease pre-
dominates in Japanese patients, and thoracic and abdomi-
nal aortic disease predominates in Thailand, Mexico, and
India. Within a given vascular territory, the presence of
symptoms depends largely on the extent of collateral circu-
lation to involved organs. For example, gastrointestinal
symptoms are rare even though stenoses and mesenteric
vessel occlusions are common.17

In the preceding 60-patient series, all had vascular symp-
toms or signs.17 Eighty percent of patients had bruits, most
in the carotid arteries. Carotodynia was present in 32%
of the series. Elevated blood pressure occurred in 33%,
mostly owing to lesions of the renal arteries or descending
aorta. Asymmetrical blood pressures were present in 50%
of the patients, a finding suggesting that four extremity
blood pressures can be used in diagnosis and in clinical fol-
low-up. Diminished or absent extremity pulses occur in over
half of the patients with TA. HLA-Bw52 has been associated
with an increased risk of aortic valve insufficiency and
a worse prognosis in Japanese patients.16

Among the 60 patients cited previously, nervous system
symptoms occurred in over half. Fifty-seven percent of
those with vertebral artery involvement and 23% of those
without vertebral artery involvement experienced light-
headedness or dizziness. TIA and stroke each occurred in
5 of the 60 patients. These events are presumably related
to artery-to-artery or cardiogenic emboli. Visual distur-
bances affected one third of the patients, most of whom
had carotid or vertebral artery involvement. These visual
disturbances are almost always bilateral; however, monoc-
ular blindness did occur in one patient (Video 200, Affer-
ent Pupillary Defect).16 Pregnancy does not appear to
potentiate disease activity, and there is no difference in fer-
tility rates, cesarean section rates, or neonatal death among
TA patients when compared with the general population.
It is recommended that those who wish to become pregnant
do so during an inactive disease phase. Because of increased
cardiovascular demands, the third trimester may be most
difficult for these patients. Aortic regurgitation or heart fail-
ure may develop, and hypertension may be a problem even
in the absence of preeclampsia. Typically, these problems
abate after delivery.15 Moderate doses of corticosteroids
have not had significant effects on the fetus.17

DIFFERENTIAL DIAGNOSIS. Diagnostic criteria for TA
are shown in Table 50-4.16 Other causes of large vessel dis-
ease should be entertained. Possible causes of inflammatory
aortitis include syphilis, tuberculosis, systemic lupus ery-
thematosus, and giant cell arteritis. Developmental abnor-
malities such as Ehlers-Danlos syndrome and Marfan’s
syndrome can give an abnormal appearance to the aorta and
be misleading. Aortic abnormalities can also occur as the
result of radiation fibrosis, neurofibromatosis, and ergotism.

EVALUATION. ESR greater than 20 mm/hour (>40
mm/hour during pregnancy) is considered by most to be
an indicator of active disease.15 In one series, ESR was
elevated in 72% during active disease and in 44% during
clinical remission.16 The correlation between ESR and
biopsy evidence of disease activity is poor. As many as
42% of patients with normal ESR have active lesions on
biopsy. Repeated ESR evaluations over time may be most
useful as an indicator of relative disease activity in a given
patient. Other markers of disease activity, including
endothelin-1, von Willebrand’s factor, and factor VIII anti-
gen, have not been well evaluated. The disease is presumed
to be inactive when there is an absence of clinical features,
the ESR is normal, and the angiogram is unchanged. Unfor-
tunately, the correlation between ESR and biopsy evidence
of disease activity is poor.18

Noninvasive tests have been used as diagnostic aids.
Ultrasonography and MRI have been used with varying
results, but nothing yet has the sensitivity and specificity of
an angiogram.17 Angiography is considered the diagnostic
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gold standard but carries the risks of an invasive procedure
and the risk of rupture of diseased vessels (Fig. 50-2). An
angiogram does not differentiate between acute and chronic
lesions, however, and cannot assess disease activity. In
one series, the disease burden was distributed as follows:
aortic lesions 65%, carotid 58%, renal 38%, and vertebral
35%. Long stenotic lesions were seen in 98% of patients.
Aneurysms were seen in 27% of patients and were present
in 5% of carotid and 2% of vertebral arteries.16

MANAGEMENT. Glucocorticoids are the mainstay of
therapy. Other immunosuppressive therapies are used for
patients who fail to respond to steroid therapy or who
relapse during steroid withdrawal. Azathioprine is fre-
quently used, and cyclophosphamide has been used with
some success. Methotrexate appears to be relatively well
tolerated and is beneficial in helping patients successfully
taper steroids or avoid relapse. b-Adrenergic blockers and
angiotensin-converting enzyme (ACE) inhibitors can be
used to treat hypertension due to vascular stenosis that is
not surgically correctable. ACE inhibitors must be used
with caution in patients with bilateral renal artery stenosis.
Although effective for heart failure, vasodilators are not
helpful in patients with renal artery stenosis.17 Antiplatelet
therapy is probably not indicated to prevent thrombotic
events, because native-vessel thrombosis is not a common
feature.
Figure 50-2. Angiogram of a 46-year-old Hispanic woman with intercostal
angina and pulseless left radial artery. Note the stenosis of the descending
aorta (40%) and of the left subclavian artery indicated by the arrow (95%).
Surgical treatment has an auxiliary role, because renal
artery stenosis with severe hypertension is common. Per-
cutaneous coronary transluminal angioplasty (PCTA) suc-
cessfully restores patency in as many as 80% of these
patients. Bypass surgery can be done for repeated PCTA
failure. Bypass of carotid arteries from the ascending aorta
can be done as well. In general, success of bypass surgery
is improved during disease inactivity (88% versus 53%).

PROGNOSIS AND FUTURE PERSPECTIVES. Most
patients experience morbidity from TA or the treatment
of the disease. Five- to 10-year survival rates are in the
range of 80% to 97%. Myocardial infarction, stroke, cardiac
failure, aneurysmal rupture, and renal failure are causes
of death.5

In the future, more accurate noninvasive diagnostic
tools, including vascular imaging and serum markers for
disease activity, will likely improve the accuracy of TA
diagnosis. Safer and more efficacious immune-modulating
therapies are also needed based on a better elucidation of
the etiopathogenesis of the disorder.

Polyarteritis Nodosa, Churg-Strauss Syndrome, and
Overlap Syndromes

PATHOGENESIS AND PATHOPHYSIOLOGY. Classic
polyarteritis nodosa (PAN) is a necrotizing, nodular vasculi-
tis that preferentially affects medium and small arteries, and
sometimes arterioles. The pathophysiology is believed to be
a deposition of immune complexes in the involved arteries.
PAN is associated with a number of infections, particularly
hepatitis B, tuberculosis, and Streptococcus infection.
In those cases associated with hepatitis B, hepatitis B surface
antigen, IgM, and complement can be demonstrated in the
vasculitic lesions. In most cases, however, no association
with an infectious agent can be demonstrated.19

Churg-Strauss syndrome (CSS), also known as allergic
angiitis and granulomatosis, is a systemic vasculitis marked
by systemic hypereosinophilia and multiple organ involve-
ment, which usually includes asthma. These signs and symp-
toms are somewhat distinctive and serve to reduce confusion
with the other vasculitides. Pathological features include
a necrotizing vasculitis affecting small or occasionally
medium-sized arteries and veins, eosinophilic infiltration,
and extravascular granulomata.20

Microscopic polyangiitis (MPA) is similar to PAN but
is characterized histologically by involvement of arterioles,
capillaries, venules, and rarely medium-sized arteries. PAN
and MPA overlap considerably, and the American College
of Rheumatology criteria for diagnosis do not distinguish
between the two entities.19

EPIDEMIOLOGY AND RISK FACTORS. PAN occurs
from infancy to old age, with peak incidence in the fifth
and sixth decades of life and an estimated male-to-female
ratio of 2.5:1. In a series of patients with CSS, the mean
age of diagnosis was 49.7 years (range, 17 to 75 years),
and women were affected more often than men.20 MPA,
considered an overlap syndrome, shares the epidemiology
of PAN, and an incidence separate from that of PAN is
difficult to discern.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Patients with PAN typically present with systemic
signs and symptoms, including weakness, leg and abdomi-
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nal pain, and fever. Arthralgias and hypertension are often
present. Maculopapular or nodular skin rash is common, as
is livedo reticularis. Cardiac symptoms result from hyper-
tension, pericarditis, or coronary vasculitis, and pulmonary
involvement is atypical. The CNS is rarely involved, but
stroke, delirium, seizures, and myelopathy have been re-
ported (Video 74, Secondary Generalized Seizure).21,22

Disease affecting the peripheral nervous system (PNS) is
common in PAN and usually appears in the pattern of
mononeuritis multiplex or asymmetrical polyneuropathy.23

CSS usually begins with upper respiratory symptoms
such as sinusitis and rhinitis. Symptoms of systemic vas-
culitis involving skin, heart, and peripheral nerves follow.
In a series of 42 patients with CSS, 62% had nervous
system involvement, almost entirely restricted to the PNS.
Mononeuropathymultiplex (58.6%), distal symmetrical poly-
neuropathy (24.1%), asymmetrical polyneuropathy (3.5%),
and one patient with a lumbar radiculopathy (3.5%) were
included (Video 240, Fasciculation). Three of the patients in
the series (10.3%) had cerebral infarctions.20 Inflammatory
myopathy has also been described in other series.

Little information is available on pregnancy and vas-
culitis. One woman with CSS worsened with two pregnan-
cies, then died of cardiac disease during her third. Another
woman had symptom remission during pregnancy.

Rapidly progressive glomerular nephritis is one of the
major characteristics of MPA. The clinical outcome can
be poor with chronic renal failure. Relapses may be more
common than in PAN. In MPA, peripheral neuropathy
occurs in only 10% to 20% of patients.19

DIFFERENTIAL DIAGNOSIS. Nonspecific systemic
symptoms at presentation may lead to consideration of
infection, neoplasm, or connective tissue disease.24 The
presence of mononeuritis multiplex strongly suggests vascu-
litis. In the absence of organ system involvement other than
the CNS, the differential diagnosis rapidly expands to
include virtually any vasculopathy, inflammation, or infec-
tious disease. In the appropriate clinical setting, particu-
larly with perinuclear antineutrophil cytoplasmic antibody
(pANCA) positivity, the diagnosis may be made clinically
without need for tissue diagnosis.20

EVALUATION. The ESR is typically elevated in PAN
patients, averaging 60 mm/hour.23 Other laboratory studies
may show leukocytosis, anemia, thrombocytosis, and abnor-
mal urinary sediments. Hepatitis B surface antibody is seen
in a subset of patients. pANCA is detected in almost 20%
of PAN patients, and it has been suggested that these
pANCA-positive PAN patients may actually have MPA.1

Electromyography (EMG) and nerve conduction velocity
studies demonstrate chronic partial denervation, impaired
motor and sensory nerve conduction, and sometimes con-
duction block due to focal ischemic lesions.23 Sural nerve
biopsies in patients with peripheral neuropathy demon-
strated pathological findings in 30 of 34 patients, showing
vasculitis of epineural arterioles, resulting in a central fascic-
ular pattern of nerve damage.23 In suspected cases of PAN-
associated myopathy, muscle enzymes, EMG, and biopsy
are diagnostic.25 Biopsy of symptomatic tissues such as
peripheral nerve and skin may also be diagnostic. CSF may
also be helpful in detecting CNS involvement with lym-
phocytosis and elevated protein. MRI is nonspecific but
helpful in localizing involvement in the CNS. Angiography
establishes the diagnosis in about 80% of patients, demon-
strating aneurysms and changes in blood vessel caliber or
stenotic lesions.19

In CSS, eosinophilia in the peripheral blood (defined as
greater than 1.5 � 109/L) is very helpful in leading toward
a correct diagnosis. In the clinical setting of peripheral
eosinophilia, asthma, and findings typical of vasculitis or
multiple necrotizing cutaneous lesions, the diagnosis can
be made without biopsy,20 although other hypereosino-
philic syndromes discussed later in this chapter must also
be considered. Approximately 70% of CSS patients are
pANCA positive.1

MPA may cause mononeuritis multiplex without other
defining disease features, and evaluation of the PNS as
described previously is essential.23 Skin lesions, when
present, provide a convenient means of tissue diagnosis
with minimal risk. Even in the presence of CNS vasculitis,
visualization of arteritis by angiography is usually impossi-
ble because the involved vessels are smaller than 700 mm
in diameter.26 MPA is the vasculitis most closely asso-
ciated with pANCA, and 50% to 90% of patients are
pANCA positive.1

MANAGEMENT. Glucocorticosteroids are the mainstay
of immunosuppressive therapy for all of the vasculitides.
In PAN and MPA, prednisone 1 mg/kg daily (possibly
higher), in divided doses, should be given until inflam-
matory features are controlled. Prolonged treatment may
be required, and the lowest effective dose should be sought
on an alternate-day regimen. Retrospective trials of cyto-
toxic agents have suggested efficacy, but other studies
report no added benefit. Nonetheless, if steroids are not
effective or organ system damage is progressive, cyclo-
phosphamide, at doses of 2.5 to 3.5 mg/kg/day, or another
cytotoxic agent should be used. Antiviral agents, such as
vidarabine, have been reported to be successful in cases
of hepatitis B-associated PAN. Antiplatelet agents such as
aspirin should be used throughout the course of treatment,
due to a potential platelet aggregating effect of steroids
in vasculitis patients.27

CSS is managed in the same fashion as PAN and MPA,
but CSS patients are more responsive to initial treatment
with steroids and less often require cytotoxic treatment.27

In a series of 29 CSS patients, only 2 required cytotoxic
therapy in addition to steroids.20

In a multicenter, prospective European study of ANCA-
associated vaculitides, all patients were intially treated with
prednisolone (1 mg/kg/day initially, and tapered to 0.25
mg/kg/day by week 12) with oral cyclophosphamide
(2 mg/kg/day). Patients who achieved remission in less
than 6 months were then randomized to continue with
cyclophosphamide (1.5 mg/kg/day) or azathioprine (2 mg/
kg/day) and both groups received 10 mg of prednisolone
daily. Over 90% achieved remission initally by the 6-month
point and there were not significant differences between
the two groups for maintence of remission. This suggests
that azathioprine can be used to help limit the dose exposure
in patients with ANCA-positive vaculitis.28

PROGNOSIS AND FUTURE PERSPECTIVES. Prior to
immunosuppressive therapy, patients with systemic vascu-
litides had a 5-year survival rate of about 13%. Most deaths
were attributed to renal or pulmonary failure with vascular
events in the gastrointestinal tract or CNS composing the
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rest. Since the use of steroids, the 5-year survival rate has
improved to about 47% to 57%, although older patients
have a worse outcome.23

With PNS involvement, if inflammatory features re-
spond to treatment, there is often an improvement in the
neuropathy.23

All the 29 patients with CSS in the Mayo Clinic series
received steroid therapy and 10 patients had improvement
of their neurological syndrome. In the mean follow-up of
3.9 years, four patients died, one from a cerebral infarct.
With MPA, the clinical outcome can be poor with chronic
renal failure. Relapses may be more common than in PAN.19
Wegener’s Granulomatosis
PATHOGENESIS AND PATHOPHYSIOLOGY. The

almost universal involvement of the upper or lower airway
in Wegener’s granulomatosis (WG) has led to a theory that
the condition results from exposure to an inhaled antigen
with resultant granulomatous inflammation and altered
immunoreactivity.29 Cell-mediated immunity and immune
complexes are felt to play significant roles. There may be
genetic or other predisposing host factors. A strong associ-
ation with cytoplasmic antineutrophil cytoplasmic anti-
bodies (cANCA) suggests a pathogenic role. It has been
shown in vitro that cANCA causes neutrophils to undergo
a respiratory burst and degranulation, releasing toxic super-
oxides.30 However, no direct evidence confirms that it is
an etiological factor in WG.

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of WG in the United States is about 1 in 30,000. Among
180 patients referred to the National Institute of Allergy
and Infectious Diseases, 97% with WG were white with
equal numbers of men and women. The mean age was 41
years (range, 9 to 79 years), and 15% were younger than
19 years of age.31 The ease of identification of the disorder
with cANCA has increased disease ascertainment.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Criteria for the diagnosis of WG are listed in
Table 50-5.32 Ninety percent of patients with WG have
upper or lower airway symptoms. Median duration of these
symptoms at the time of diagnosis is 4.7 months. Nasal,
sinus, and ear abnormalities are seen at presentation in
73% and during the illness in 92%. Lung disease develops
in 85% of cases over the course of the illness, although it is
asymptomatic in one third of cases. Eighteen percent of
patients present with asymptomatic glomerulonephritis,
TABLE 50-5

Criteria for the Diagnosis of Wegener’s Granulomatosis

Two or More of the Following:

Purulent or bloody nasal discharge or oral ulcers
Radiographic evidence of nodules, fixed infiltrates, or cavities
Microscopic hematuria
Biopsy evidence of granulomatous inflammation

Modified from Nishino H, DeRemee RA, Rubino FA, Parisi JE: Wegener’s gran-
ulomatosis associated with vasculitis of the temporal artery: Report of five cases
[see comments]. Mayo Clin Proc 1993;68:115–121.
and 77% develop glomerulonephritis, usually within the
first 2 years of disease onset.31

In a prospective series, peripheral nervous system
involvement occurred in 24% of patients at the time of
diagnosis of WG.33 CNS involvement occurs in 8% of
patients and includes stroke, cranial nerve abnormalities,
and diabetes insipidus.31 In literature series, neurological in-
volvement withWG occurs in 22% to 54% of patients. Virtu-
ally any portion of the neuraxis can be affected, but the most
common manifestation is peripheral neuropathy, particularly
mononeuropathy multiplex.34

Headache in WG is due to sinusitis, pachymeningitis,
or cerebral vasculitis. Multiple forms of cranial nerve pro-
blems occur. Exophthalmos, ophthalmoplegia, and optic
nerve involvement due to granulomatous involvement
may be a presenting symptom of WG.29 Ocular symptoms
are present in 15% of patients at onset and 52% of patients
during the disease course. The most helpful diagnostic
finding is proptosis (2% at onset, 15% overall), because it
is highly suggestive of WG when associated with upper
or lower airway disease. Proptosis is usually painful and
leads to visual loss owing to anterior ischemic optic neu-
ropathy in about half of affected patients. Extraocular mus-
cle entrapment can cause diplopia (Video 1, Cranial Nerve
VI Palsy). Recurrent serous or suppurative otitis media
may cause partial (33%) or total unilateral (1%) or bilateral
(1%) hearing loss.31 Multiple cranial neuropathies rarely
occur as a result of pachymeningitis.29

Intracranial vasculitis, cerebritis, and meningitis are
uncommon.29,35 Because the small vessels are typically
involved in WG, angiography is usually normal.29

PNS involvement can take several forms. Mononeuritis
multiplex is a frequent neurological complication (as in
PAN and MPA) and is highly suggestive of vasculitis
as an etiology.29 Forty-four percent of peripheral nerve
syndromes present in this manner with the common pero-
neal nerve typically involved along with one or more
other nerves (Video 237, Foot Drop).33 Polyneuropathy,
either symmetrical or asymmetrical, occurs with slightly
greater frequency (Video 259, Sensory Polyneuropathy).23

Axonal features predominate on electrodiagnostic studies,
and demyelinating features are uncommon.33 Although
myalgias and arthralgias are frequent complaints in WG,
myopathy is a relatively uncommon manifestation.29

In general, pregnancy adversely affects clinical signs.36

DIFFERENTIAL DIAGNOSIS. Constitutional symptoms
such as fever and weight loss occur to varying degrees
and may initially lead the diagnostic evaluation toward
chronic infection or malignancy. In those patients with
clinical involvement of the orbit or retro-orbital space,
malignancy and endocrinopathies are likely considerations.
When symptoms are isolated to the respiratory tract, diag-
noses of recurrent infection or allergy are common. In
patients with milder disease, diagnosis may be delayed up
to 5 to 15 years after the initial symptoms.31

EVALUATION. Routine blood studies show leukocytosis
and normochromic normocytic anemia in most and throm-
bocytosis in many patients. ESR averages 71 mm/hour
(range, 17 to 140 mm/hour) and correlates well with disease
activity before treatment in 80% of patients.31

The high specificity of cANCA for Wegener’s granulo-
matosis and its limited variants has been confirmed in large
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studies. In the appropriate clinical setting, a positive cANCA
may obviate the need for tissue diagnosis. A negative
cANCA, however, does not exclude the possibility of WG.
The sensitivity depends on extent and activity of the disease
process. There is greater than 90% sensitivity in the systemic
vasculitic phase of disease, but only 65% in patients with
predominantly granulomatous disease limited to the upper
and lower respiratory tract. In patients with no active
disease, the sensitivity is about 30%.37

In patients with CNS manifestations of the disease, MRI
is a valuable initial step in evaluation. T2-weighted se-
quences and gadolinium-enhanced images are most sen-
sitive to ischemic changes secondary to vasculitis. When
clinical suspicion of CNS vasculitis is high, angiography
and biopsy should be pursued despite a normal MRI.26

Because the size of vessels involved in CNS WG is small,
the greatest utility of angiography may be the exclusion of
other vasculitides or nonvasculitic vascular disease.26,29

Open lung biopsy is positive greater than 90% of the
time, whereas bronchoscopy-directed biopsy shows vas-
culitis in only 7%. The typical appearance is that of a
granulomatous vasculitis with necrosis, giant cells, and
microabscesses.31

MANAGEMENT. Treatment includes prednisone (1 mg/
kg/day) and oral cyclophosphamide (2 mg/kg/day). Fulmi-
nant disease is treated with more aggressive cyclophospha-
mide (up to 5 mg/kg/day) with subsequent doses based on
white blood cell counts. According to response, doses are
adjusted to eliminate prednisone and maintain patients on
cyclophosphamide alone. Then cyclophosphamide is ta-
pered until disease recurrence or discontinuation. Using this
regimen, 75% remit completely, and an additional 16% have
marked improvement. Eight percent of patients have seem-
ingly intractable disease, but achieve remission in up to 4
to 6 years. Remission is achieved at least once in 96% of
patients. However, 46% of patients have at least one relapse,
and 44% have relapses of more than 5 consecutive years’ du-
ration.31 Methotrexate may be of some value in patients with
milder disease or cyclophosphamide intolerance.32

The role of serial cANCA titers in determining the risk
of relapse in treated patients is unknown, and it is prema-
ture to recommend altering immunosuppressive therapy in
response to a changing titer.37

PROGNOSIS AND FUTURE PERSPECTIVES. The dis-
ease and its treatment carry significant morbidity. Cushing-
oid features are universal among steroid-treated patients.
With cyclophosphamide, there is a 2.4-fold overall increase
in the rate of malignancies, including a 33-fold increase in
bladder and 11-fold increase in lymphoma, compared with
rates of the National Cancer Registry for a similar cohort.
Serious infections occur in half of the patients, with a rate
of 0.11 infections per patient year. The mortality rate is
20%; more than 50% of the deaths are attributed to active
disease or treatment-related complications. Renal disease,
coronary disease, infection, malignancy, and combined
renal and pulmonary disease are contributory.31

Vasculitis Associated with Antiphospholipid
Antibodies

PATHOGENESIS AND PATHOPHYSIOLOGY. Anti-
phospholipid antibodies (aPL) are a heterogenous family
of antibodies of the IgG, IgM, or mixed classes with vary-
ing cross-reactivities. Antibodies within this family include
anticardiolipin antibodies, antibodies responsible for the
false-positive Venereal Disease Research Laboratory serol-
ogy, and the lupus anticoagulant. Antiphospholipid antibo-
dies may be detected in a number of clinical settings.
Normal elderly may have aPL of unclear significance.
They may be seen in patients treated with phenothiazines,
antiarrhythmics, and anticonvulsants, or in the context of
infections or malignancy. Antiphospholipid antibodies
are commonly seen in patients with systemic autoimmune
disorders such as systemic lupus erythematosus (SLE).
The primary aPL syndrome comprises recurrent venous
or arterial thrombosis, fetal loss, thrombocytopenia, and
positive results on serological tests for lupus anticoagulant
or anticardiolipid antibodies.38

The nervous system antigen targeted by aPL has not
been identified. All cell membranes contain phospholipids,
though they are generally protected from the immune sys-
tem by the bilayer membrane structure. The ability to form
aPL may depend on an induced conformational change in
membrane structure and interaction with cofactors. Certain
known vascular risk factors such as diabetes, hypertension,
cigarette smoking, and lipid disorders may trigger the con-
formational change, exposing the vascular endothelium to
the immune system. Old age, smoking, and diabetes melli-
tus may elevate glycoprotein cofactors such as b-2 glyco-
protein I. This cofactor normally inhibits the intrinsic
coagulation pathway and adenosine diphosphate–mediated
platelet aggregation; interference with its action may pro-
mote thrombosis and platelet aggregation.39 In addition,
aPL may interact with natural anticoagulants such as
placental anticoagulant proteins, plasminogen activators,
and proteins C and S. These antibodies may also provoke
complement activation or may interfere with the function
of prostaglandin I2. Although the exact mechanism
or mechanisms remain ill-defined, the preponderance of
evidence is that aPL cause an autoimmune-mediated pro-
thrombotic state.38

Pathological examination of affected cerebral and carotid
arteries shows a noninflammatory vasculopathy with
fibromuscular dysplasia, fibrin thrombi, and widespread
obstruction by a proliferation of intimal fibrous tissue or
myointimal cells. In later stages, fibrous webs may form
across arterial lumens.40,41

EPIDEMIOLOGY AND RISK FACTORS. The frequency
of aPL depends heavily on the population being studied.
A review of a number of studies suggests that aPL can be
detected in 2% to 12% of the normal population, 10% to
26% of patients with first stroke, 10% to 40% of women
with recurrent fetal loss, and 40% to 50% of patients with
SLE.38 In a prospective study of 147 people with aPL
and thromboses within or outside the nervous system, a
number of concomitant risk factors for thrombosis were
identified in 76%. These included pregnancy, hypertension,
hyperlipidemia, and diabetes.42

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The complications of aPL fall into four classes:
peripheral venous thrombosis and pulmonary embolism
(type I), coronary or peripheral artery thrombosis (type
II), cerebrovascular or retinal vessel thrombosis (type III),
and mixtures (type IV).43 Nervous system abnormalities



Bartt and Topel / Autoimmune and Inflammatory Disorders 1165
associated with aPL include cerebral or spinal arterial or
venous infarction, chorea, hemidystonia, seizures, migraine,
Guillain-Barré syndrome, transient global amnesia, motor
neuron disease, myasthenia gravis, and behavioral abnormal-
ities such as affective disorder or dementia (Video 15, Facial
Chorea; Video 74, Secondary Generalized Seizure).38,44–48

Several clinical features of transient focal neurological events
in aPL-positive patients distinguish these individuals from
their aPL-negative cohort. Amaurosis fugax and episodes
of unilateral paresthesias without headache and without a
family history of migraine suggest aPL positivity in young
persons.49

The risks associated with aPL in otherwise healthy
persons are ill-defined. Clearly, patients with aPL and a
single thrombotic event are at greater risk of subsequent
thrombotic events. However, the risk of primary throm-
botic events in otherwise healthy persons with aPL remains
poorly understood.

DIFFERENTIAL DIAGNOSIS. The primary aPL syn-
drome must be distinguished from other causes of athero-
sclerotic and nonatherosclerotic vascular disease. Other
connective tissue diseases such as SLE or aPL associated
with exposure to inciting drugs can be discerned using his-
tory, physical examination, and laboratory tests. An analy-
sis of 1000 patients with SLE from the medical literature
yielded an average frequency of 34% for the lupus antico-
agulant and 44% for anticardiolipin antibody.50 Within the
context of SLE, the presence of aPL is highly correlated
with a history of thrombosis, neurological disorders, and
thrombocytopenia.

EVALUATION. The diagnosis of primary antiphosholipid
syndrome rests on the demonstration of aPL (anticardiolipin
antibodies, lupus anticoagulant, or false-positive serological
test for syphilis) in a person with a characteristic syndrome.
Associated connective tissue diseases such as SLE and
Sjögren’s syndrome should be excluded with appropriate
clinical investigation and autoantibody studies. Patients with
CNS focal events should be evaluated using MRI, and scans
may demonstrate large infarcts or hyperintense white matter
abnormalities.51

MANAGEMENT. The management of aPL employs
antithrombotic agents and immunosuppression. However,
there are no prospective controlled data that support a
given course of therapy. Young patients with thrombotic
events and aPL are generally treated with antithrombotics
(warfarin, subcutaneous heparin, low-molecular-weight
heparin, and antiplatelet therapy). In a prospective study
of 147 patients with aPL and an index nervous system le-
sion or evidence of thrombosis, anticoagulation using war-
farin to an international normalized ratio (INR) of greater
than 3 (with or without aspirin) was superior to less aggres-
sive warfarin therapy (with or without aspirin), aspirin
alone, and no therapy. The highest risk of recurrent throm-
bosis in this study was within 6 months of discontinuation
of warfarin, suggesting the need for chronic therapy.42

There remains no consensus, however, on the nature and
duration of optimal anticoagulation. Corticosteroid and
other immunotherapies in the aPL syndrome are also con-
troversial. The titers of aPL may be reduced with effective
doses of immunosuppressants or with plasmapheresis,
but the clinical efficacy of these modalities in the pre-
vention of recurrent thrombosis is unknown.52 Intravenous
immunoglobulin (IVIG) infusions, usually with concomi-
tant corticosteroids and antithrombotic therapy, have suc-
cessfully prevented fetal loss in women with aPL and
recurrent fetal loss. However, there are no reliable data in
women with nervous system thrombosis, and the associa-
tion of IVIG therapy and thrombotic events in other ner-
vous system conditions warrant caution in the use of this
technique. More definitive recommendations are likely
to result from prospective trials of various therapies in
aPL-positive patients with stroke.38,53

PROGNOSIS AND FUTURE PERSPECTIVES. Patients
with the highest titers of IgG aPL have a relatively high
risk of recurrent thrombotic events, especially stroke, deep
venous thrombosis, and spontaneous abortion. Patients
with aPL and cerebral thrombosis face a recurrence risk
up to 20% per year for TIA or stroke and 56% per year
for noncerebral thrombosis.38 While the risks associated
with aPL seem well defined among patients with SLE
or those who have had thrombotic events, the prognostic
import of a finding of isolated aPL remains obscure.

Thromboangiitis Obliterans (Buerger’s Syndrome)
PATHOGENESIS AND PATHOPHYSIOLOGY. Discov-

ered in 1879 and described in 1908, Buerger’s disease, or
thromboangiitis obliterans (TO), is an uncommon vasculi-
tis of the small and medium-sized distal arteries and veins
and almost exclusively affects cigarette smokers. There
was confusion about the existence of TO for many years.
The better classification of other vasculitides and the de-
velopment of angiography have led to the identification
of TO as a separate condition.

Almost all cases of TO have occurred in tobacco users,
suggesting that the inflammatory response may be allergic.
Smokers with and without TO demonstrate a similar cellu-
lar immune response to a purified tobacco glycoprotein.
Anticollagen antibodies and cellular immune reactions
to type I and III collagen are present in patients with TO.
Other potential mechanisms involved include a derange-
ment of the endothelial cell, which could be the result of
decreased plasminogen activator inhibitor 1 release.54

There are reported familial occurrences that raise the ques-
tion of a genetic susceptibility, and an increased associa-
tion with HLA-A9 and HLA-B5 has been demonstrated
in some with the disease. Some cases have occurred in
association with other disorders such as IgA nephropathy
and hypereosinophilia and with positive serological tests
for rickettsial organisms. It has also been proposed that
the abnormality may be a hypercoagulable state with sec-
ondary inflammation. However, the exact pathogenesis
remains somewhat elusive.

Pathological findings are not routinely reported because
most of the surgeries are performed on limbs with severe
ischemia.54 Three stages of pathological changes have been
identified. Initially, non-necrotizing panarteritis occurs
with preservation of vascular wall architecture. The media
and internal elastic lamina remain intact, a finding that
differentiates TO from other vasculitides where there is
destruction of the elastic lamina. Infiltrates of inflam-
matory cells and granulomas in the thrombus differentiate
the occlusive lesions of TO from atherosclerosis where
thrombi are composed of only fibrin, red blood cells, and
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platelets. Intrathrombotic granulomas are a distinctive hall-
mark of TO. Following this development, there is organiza-
tion of the thrombus, with the type of inflammatory cells
involved changing from neutrophils to lymphocytes and
occasionally with eosinophils. Lastly, recanalization occurs
with evidence of perivascular fibrosis. Aneurysms are an
uncommon finding because the vascular wall remains intact.

EPIDEMIOLOGY AND RISK FACTORS. TO typically
occurs in young smokers. The incidence is approximately 8
to 12 per 100,000 in the general population, thereby repre-
senting less than 1% of all patients with vascular disease.
According to a report from the Mayo Clinic, there has been
a tenfold decline in U.S. case incidence from 1947 to 1986.
Japan, Eastern Europe, Southeastern Asia, and Israel have
not shown similar declines. The median age of onset is
34.5 years of age. All are tobacco users. Men are affected
about three times as often as women, but this ratio varies in
different countries in relation to the gender predominance
of smokers.54

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Clinically, intermittent claudication begins in the
feet and involves the legs more proximally as the disease
progresses. The arms become affected in 90% of cases.
Large arteries are rarely involved. Symptoms include
ischemic pain at rest in 80%, claudication in 60%, and
Raynaud’s phenomenon in 35% of patients. Common signs
are ischemic ulcers in 75% and distal gangrene in 80%.54,55

The neurological consequences of TO are sensory symp-
toms, which occur in 69% of patients. Sensory polyneurop-
athy may be secondary to severe ischemic changes or to
fibrous encasement of distal neurovascular bundles (Video
5, Sensory Ataxia).54

DIFFERENTIAL DIAGNOSIS. Differential diagnoses
include other vasculopathies and autoimmune diseases such
as SLE, scleroderma, polyarteritis nodosa, antiphospholipid
antibody syndrome, GCA, or TA. Other conditions such as
pseudoxanthoma elasticum and Ehlers-Danlos syndrome
may be considered as well. It is important to exclude
proximal sources of emboli and atherosclerosis.54

EVALUATION. The ESR is abnormal in only 15% of
patients. Angiography demonstrates involvement of small
and medium-sized vessels with segmental occlusions and
collateral vessels in the distal vessels of the feet and
hands.54 The absence of lesions proximally strongly favors
the diagnosis of TO.

MANAGEMENT. It is imperative that the patient discon-
tinues tobacco exposure. Forty-two percent of patients who
continued smoking after the diagnosis required amputation,
whereas only 5% of those who ceased smoking underwent
amputation. The use of anticoagulants and antiplatelet
agents may be beneficial on occasion, although the results
of medical therapy have been generally poor. Ilprost, a pros-
tacyclin analogue, improves leg pain in 35% and heals ulcers
in 22% of patients. Despite clear evidence of inflammation,
corticosteroids have not been of benefit.

PROGNOSIS AND FUTURE PERSPECTIVES. Twenty
percent of patients require limited resection of the toes or
feet, and another 20% have a proximal, below-the-knee
amputation. Only 6% of patients require finger or upper
extremity amputation. The sensory changes parallel the
course of the vascular disease and stabilize if the ischemic
changes are controlled. Survival rates at 5 and 10 years
approach that of the normal population.
CONNECTIVE TISSUE DISEASES

Rheumatoid Arthritis
PATHOGENESIS AND PATHOPHYSIOLOGY. Rheu-

matoid arthritis (RA) is an immune complex disease. The
most important autoantibody in RA is the rheumatoid fac-
tor (RF), an antibody, usually of the IgM or IgG class,
which reacts with immunoglobulins. The original trigger-
ing mechanism may be exposure to a microbial antigen.
Autoantibodies to other cellular antigens such as histones,
single-stranded DNA, filaments, collagen, and nuclear anti-
gens have been described. Immune complexes composed of
IgG combined with IgM or IgG anti-IgG antibodies cause
inflammation of the synovium in the joints. Although the
largest and most pathogenic immune complexes are found
in the joints, others can be detected in the blood of patients
with extra-articular manifestations such as vasculitis.

EPIDEMIOLOGY AND RISK FACTORS. RA is a chronic
multisystem disease that affects 1 to 2% of the population.
Disease onset is between 35 and 50 years of age in 80% of
cases. Women account for 75% of cases. An increased risk
in nulliparous women and a putative protective effect of oral
contraception suggest a hormonal role in disease expression.
Although there is a genetic predisposition to developing the
disorder, genetic factors probably account for only about
30% of the risk of developing RA.56

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The onset of RA is typically insidious, with pro-
dromal malaise, fatigue, and generalized weakness.
Characteristic symmetrical polyarthritis develops within
weeks to months. Articular signs and symptoms preferen-
tially affect the cervical spine and the metacarpophalan-
geal, proximal interphalangeal, wrist, elbow, knee, ankle,
forefoot, and subtalar joints. Progression of joint disease
leads to bony erosion and joint deformity. Extra-articular
manifestations, including rheumatoid nodules in sub-
cutaneous, cutaneous, connective, and pulmonary tissues;
pleuritis; interstitial fibrosis; pneumonitis; and pericardial
effusions tend to occur in patients with high levels of cir-
culating RF. Felty’s syndrome (RA, splenomegaly, neu-
tropenia, anemia, and thrombocytopenia) is seen in some
patients with long-standing disease.

A few patients develop systemic vasculitis, heralded by
the development of ischemic skin lesions, mononeuritis
multiplex, or documented visceral vasculitis. Although this
syndrome is usually seen in men who have had RA for
more than 10 years, it may be seen in women at disease
presentation.57

Neurological manifestations occur in patients with mod-
erate to severe RA. They may be caused by direct effects of
the disease process or secondary effects from bone or joint
involvement. Rheumatoid nodules frequently form in the
dura mater, where they tend to be asymptomatic except in
cases of extensive involvement with pachymeningitis.58

The occurrence of symptomatic CNS vasculitis is rare, even
in the setting of active systemic vasculitis.59,60 Clinical
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signs of rheumatoid CNS vasculitis include seizures, demen-
tia, hemiparesis, cranial nerve palsy, blindness, hemispheral
dysfunction, cerebellar ataxia, and dysphasia. Pathological
examination reveals chronic perivasculitis, transmural
chronic inflammatory cell infiltration, intimal collagen pro-
liferation with luminal narrowing, and fibrinoid necrosis of
the media of small arteries.59 Changes in the articular archi-
tecture of the cervical spine may produce CNS dysfunction
at the cervicomedullary junction or spinal cord level. Sig-
nificant disease of the cervical spine is present in up to
70% of patients with advanced disease. The major changes
in the cervical spine include vertebral body erosion and col-
lapse,61 rheumatoid discitis, dural thickening and fibrosis
with spinal cord compression, and most commonly atlan-
toaxial subluxation. Subluxation of C1 on C2 may be in
the anterior, posterior, or vertical directions, or there may
be multiple cervical subluxations resulting in a “staircase
appearance” of the cervical spine.62 Cervical subluxation
is often asymptomatic. In patients who are symptomatic,
the most striking features are myelopathic. However, other
symptoms have been reported, including occipital head-
ache63 and obstructive hydrocephalus.64 Brain stem syn-
dromes result from pseudoaneurysm of the vertebral
artery,65 direct compression of the medulla by eroded, dis-
placed odontoid fragments, and rheumatoid granulomata.
Neurological manifestations more commonly result from
intermittent or sustained anterior cord compression, some-
times complicated by compression-induced ischemia in
the distribution of branches of the anterior spinal artery.
Most patients with radiographical evidence of subluxation
are asymptomatic. Common symptoms and signs include
neck pain, weakness affecting arms before legs, flexor
spasms, sphincter disturbances, paresthesias, hyperreflexia,
and sensory changes.62

Peripheral nerve disease in RA results from nerve
entrapment, segmental demyelination, or vasculitic involve-
ment of the vasa nervorum. Entrapment or compression
of peripheral nerves occurs in 45% of patients and affects
the median, ulnar, posterior interosseous, tibial, common
peroneal, or posterior tibial nerves (Video 218, Ulnar Neu-
ropathy, Wartenberg Sign; Video 220, Ulnar Neuropathy,
Main en Griffe).66 Other patterns of neuropathy seen in RA
are distal sensorimotor or sensory polyneuropathy and mono-
neuritis multiplex. Vasculitic changes underlie all types
of noncompressive neuropathies in RA.67 Myositis may be
seen but is not usually a prominent feature of the disorder.

DIFFERENTIAL DIAGNOSIS AND EVALUATION. RA
must be distinguished from degenerative osteoarthritis
and from deforming inflammatory arthritis associated with
other connective tissue disorders. The diagnosis of RA is
based on a clinical picture of symmetrical polyarthritis,
radiological confirmation of joint erosion, and the dem-
onstration of antibodies including RF by immunological
tests. CNS signs should be explored using MRI studies of
the brain and spinal cord as clinically indicated. EMG is
useful in the differentiation of various peripheral nerve
syndromes.

MANAGEMENT. The treatment of RA is generally
divided into first-, second-, and third-line therapies. First-
line therapy for joint disease employs nonsteroidal anti-
inflammatory drugs and local or low-dose systemic
corticosteroids. Second-line therapies include gold,
D-penicillamine, sulfasalazine, and hydrochloroquine. Third-
line agents include corticosteroids and cytotoxic agents.
Most patients with significant systemic disease will be
treated with corticosteroids with weekly methotrexate at
doses of 7.5 to 15 mg. If ongoing disease activity is evident
injectable tumor necrosis factor-a antagonists, enteracept or
infliximab can reduce disease activity without significant in-
crease in toxicity.68 Rheumatoid vasculitis with central or
peripheral nervous system manifestations should be treated
as any other systemic vasculitis using immunosuppression
with corticosteroids and cytotoxic agents. The role of other
immunotherapies such as plasmapheresis or IVIG is not
known.69 The prognosis is similar to that of systemic necro-
tizing vasculitis. Cervical subluxation should be treated
conservatively with analgesics, muscle relaxants, and neck
immobilization. Protection from inadvertent and iatrogenic
trauma is essential. Patients with severe vertebral displace-
ment and marked or progressive myelopathy should be
considered for surgical fixation.70

PROGNOSIS AND FUTURE PERSPECTIVES. RA is a
chronic disease, and the remission rate over 10 years is less
than 10%.71 RA is associated with a higher mortality rate,
with a threefold increase in the risk of death. Causes of
death attributable to the disease process include infection
and renal disease, whereas those likely related to treatment
are gastrointestinal disorders.72 Vasculitic peripheral neu-
ropathy often improves, but the survival of patients with
systemic rheumatoid vasculitis is poorer than others with
RA.23 Atlantoaxial subluxation is most often clinically
static, and surgical fixation is not necessary in the majority
of cases.70

Systemic Lupus Erythematosus
PATHOGENESIS AND PATHOPHYSIOLOGY. Systemic

lupus erythematosus (SLE) is a chronic autoimmune dis-
ease of unknown etiology which causes inflammatory
changes in single or multiple organ systems. SLE is
defined by its clinical features and the almost invariable
presence of antibodies directed against certain components
of cell nuclei.73 The immunological features of SLE are the
lupus erythematosus cell, antinuclear antibodies, immune
complexes, complement activation, tissue deposition of
immunoglobulins and complement, and other autoantibod-
ies. This results in primary damage to the subendothelial
connective tissue of capillaries, small arteries, and veins.

The etiology is likely multifactorial. Tissue damage may
result from vascular causes, autoantibodies, and inflamma-
tory mediators. There is a noninflammatory vasculopathy
involving small vessels which may allow antibodies to
enter the central nervous system (CNS). Autoantibodies
react with cell-surface or serum components.73 Antiphospho-
lipid antibodies (aPL) are associated with thrombosis in
vessels of different caliber and relate to focal clinical symp-
toms such as transient ischemic attacks, stroke, seizures,
chorea, and transverse myelitis. Antiribosomal P antibodies
are linked to psychosis and depression (diffuse CNS in-
volvement). Inflammatory mediators, such as cytokines
(e.g., interleukin 6, and interleukin 10), may influence the
degree and extent of inflammation in SLE-mediated disease.



TABLE 50-6

Criteria for the Diagnosis of Systemic Lupus
Erythematosus

CRITERION DEFINITION

Malar rash Fixed erythema, flat or raised, over the malar
eminences, tending to spare the nasolabial
folds

Discoid rash Erythematous raised patches with adherent keratotic
scaling and follicular plugging; atrophic scarring
may occur in older lesions

Photosensitivity Skin rash occurring as a result of exposure to
sunlight, by patient history or physician
observation

Oral ulcers Oral or nasopharyngeal ulceration, usually painless,
observed by a physician

Arthritis Nonerosive arthritis involving two or more
peripheral joints, characterized by tenderness,
swelling, or effusion

Serositis Pleuritis—convincing history of pleuritic pain or
rub heard by a physician or pleural effusion
or

Pericarditis—documented by electrocardiogram
or rub or evidence of pericardial effusion

Renal disorder Persistent proteinuria > 0.5 g per day or greater
than 3þ if quantitation not performed
or

Cellular casts—may be red blood cell, hemoglobin,
granular, tubular, or mixed

Neurological
disorder

Seizures—in the absence of offending drugs or
metabolic derangements
or

Psychosis—in the absence of offending drugs or
known metabolic derangements

Hematological
disorder

Hemolytic anemia—with reticulocytosis
or

Leukopenia—less than 4000/mL on two or more
occasions
or

Lymphopenia—less than 1500/mL on two or more
occasions
or

Thrombocytopenia—less than 100,000/mL in the
absence of offending drugs

Immunological
disorder

Anti-DNA: antibody to native DNA in
abnormal titer
or

Anti-Sm: presence of antibody to Smith nuclear
antigen
or

Positive finding of aPL based on:
(1) an abnormal serum level of IgG or IgM

anticardiolipin antibodies
(2) a positive test result for lupus anticoagulant

using a standard method, or
(3) a false-positive serologic test for

syphilis known to be positive for at least
6 months and confirmed by Treponema
pallidum immobilization or fluorescent
treponemal antibody absorption test

Antinuclear
antibody

An abnormal titer of antinuclear antibody
by immunofluorescence or equivalent assay at
any point in time and in the absence drugs known
to be associated with drug-induced lupus
syndrome

aPL, antiphospholipid antibodies.
Modified from Tan EM, Cohen AS, Fries JF, et al: The 1982 revised criteria for
the classification of systemic lupus erythematosus. Arthritis Rheum 1982;25:1271–
1277; Hochberg MC: Updating the American College of Rheumatology revised
criteria for the classification of systemic lupus erythematosus [letter]. Arthritis
Rheum 1997;40:1725.
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The term neuropsychiatric systemic lupus erythematosus
(NPSLE) has replaced common historical terms such as lu-
pus cerebritis or lupus vasculitis in describing the clinical
manifestations of CNS and peripheral nervous system
(PNS) SLE. A cerebritis is not pathologically seen. Although
vasculitis can be seen in other organ systems such as kidney
or skin, true CNS vasculitis is rarely present in NPSLE.

More than 80 drugs, including procainamide, hydralazine,
chlorpromazine, antibiotics, and anticonvulsants, can pro-
duce a lupus-like syndrome. Some of these drugs induce
the formation of histone-dependent antinuclear antibodies
(ANA), and the syndrome usually abates with cessation of
the drug. Drug-induced lupus is milder than idiopathic SLE
and does not cause renal or CNS disease.

EPIDEMIOLOGY AND RISK FACTORS. The prevalence
of SLE varies throughout the world. In North America and
northern Europe, the incidence is about 1 in 2500. There
appears to be a higher incidence in Hispanics and African
Americans and a tendency toward more severe disease;
however, based in part on socioeconomic factors, a poten-
tial ascertainment bias exists. There is a predominance of
disease in women with an incidence of 1 in 700, and partic-
ularly among African Americans with an incidence of
1 in 245. The incidence in children and older adults is about
1 per 100,000.73 Environmental risk factors have been
implicated, including exposure to ultraviolet light, viral
infection, and physical or emotional stress.

Neuropsychiatric (NP) events in SLE can relate to lupus,
be secondary to complications of the disease (such as
infection, medication side effects, or metabolic abnormal-
ities), or be totally unrelated to SLE. NPSLE can occur at
any time during the course of the disease, and many of
the NPSLE manifestations may develop before the onset
or at time of the initial diagnosis. Wide variations in prev-
alence of NPSLE relate to differences between study
cohorts or a bias in data acquisition. Prior to the 1999
American College of Rheumatology (ACR) nomenclature
(see the next section), NP events were reported in 14%
to 75% of SLE patients.74 In one series, 91 patients were
followed for 599 patient years. In 25% of the 288 hospital
admissions, neurological problems were primary or second-
ary reasons for admission. Only 14% had no symptoms or
signs attributable to nervous system disease.75 However, five
studies after the ACR nomenclature was introduced relate the
overall prevalence of NPSLE to be between 37% and 95%.74

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. SLE has diverse clinical manifestations that can
affect virtually every organ system. A number of the com-
mon manifestations are not specific to SLE. The diagnosis
is thus acquired through identification of a combination of
clinical and laboratory data. Criteria for the diagnosis of
SLE are listed in Table 50-6.76 These criteria were revised
in 1982 and further revised by the Diagnostic and Thera-
peutic Criteria Committee of the ACR in 1997.77 Neuro-
logic criteria for the diagnosis of SLE were restricted to
seizures and psychosis (Video 22, Delusional Thinking;
Video 74, Secondary Generalized Seizure). In 1999, the
ACR published nomenclature and case definitions for
NPSLE. This provided a basis for classification of NP
disease, categorization of patients for clinical studies, and also
served as clinical diagnostic criteria for NPSLE. There are 12
CNS syndromes and 7 PNS syndromes listed in Table 50-7.78
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Eight of the syndromes (mainly those peripheral) occur in less
than 1% of SLE patients. None of the neurologic syndromes
are specific for NPSLE, but reveal that neurologic syndromes
in SLE patients are not restricted to seizures and psychosis,
both of which are relatively infrequent in SLE. Cognitive im-
pairment, themost common neurologic syndrome, is notmen-
tioned at all in the 1982 or 1997 criteria.

The most common clinical manifestation of NPSLE is
cognitive dysfunction, occurring in 17% to 80% of NPSLE
cases.79 The range in prevalence relates to differences in
patient selection and the lack of a uniform definition for
cognitive impairment.74 Most patients are only mildly
impaired and the pattern of cognitive decline is not specific
or unique to NPSLE. Cognitive dysfunction is associated
with antiphospholipid antibodies but not antiribosomal P
antibodies. The presence and extent of impairment does
not appear to relate to disease duration, disease activity,
or to the use of corticosteroids.

Seizures represent approximately 25% of the neurologi-
cal problems in patients with SLE and may occur at times
of disease inactivity.80 In most cases, the genesis of seizures
was multifactorial and included preexisting epilepsy,
trauma, azotemia, systemic infection, meningitis, or stroke.
About 30% of patients with SLE and seizures have no
other predisposing features. Seizures are positively associ-
ated with coagulopathy and stroke, and negatively associated
with cardiac disease.75

Stroke frequency has been reported from 5% to 20% of
NPSLE patients and is a significant cause of morbidity.75

Although stroke was as likely to occur during disease inac-
tivity in the study by Kaell, 86% of another series of
patients with large vessel occlusive disease stroke had
TABLE 50-7

Neuropsychiatric Syndromes in Systemic Lupus
Erythematosus

From ACR ad hoc committee on neuropsychiatric lupus nomenclature: The Ameri-
can College of Rheumatology nomenclature and case definitions for neuropsychia-
tric lupus syndromes. Arthritis Rheum 1999;42:599–608.

Central Nervous System

Aseptic meningitis

Cerebrovascular disease

Demyelinating syndrome

Headache (including migraine and benign intracranial hypertension)

Movement disorder (chorea)

Myelopathy

Seizure disorders

Acute confusional state

Anxiety disorder

Cognitive dysfunction

Mood disorder

Psychosis

Peripheral Nervous System

Acute inflammatory demyelinating polyradiculoneuropathy (Guillain-Barré syndrome)

Autonomic disorder

Mononeuropathy, single/multiplex

Myasthenia gravis

Neuropathy, cranial

Plexopathy

Polyneuropathy
active SLE at the time of the stroke.80,81 In more than half
the cases, strokes are multiple, although earlier strokes may
have been asymptomatic.80 Headache heralded ischemic
stroke in 60% of cases in one series.81 Strokes may result
from emboli, coagulopathy, accelerated atherosclerotic
disease, or arterial dissection.80 Libman-Sacks valvular dis-
ease or ventricular dysfunction may be identified in some
patients. Valvular vegetations on postmortem examination
can be found despite a normal echocardiogram.81 Vas-
culitis is a rare cause of CNS dysfunction in SLE.75,81

Long-term corticosteroid treatment may play a role in
premature cerebral and coronary atherosclerotic dis-
ease, which may contribute to stroke risk.81 Hemorrhagic
stroke occurs less commonly but frequently results in coma
or death.75

Antiphospholipid antibodies such as anticardiolipin anti-
body and lupus anticoagulant may play a significant role in
many of the thrombotic events in SLE.81 Antiphospholipid
antibodies are directed against plasma proteins bound to
negatively charged phospholipids. Whereas anticardiolipin
antibody is present in 2% to 5% of the normal population,
it is present in 23% to 47% of SLE patients. Neurologic in-
volvement is higher in SLE patients with antiphospholipid
antibodies than SLE patients without the antibodies (49%
versus 12%).82 They are associated with localized (vascu-
lar) NPSLE such as transient cerebral ischemia, stroke,
and cerebral venous thrombosis. Statistically, the presence
of these antibodies significantly raises the incidence of
primary stroke; the recurrence rate among aPL-positive
SLE patients with prior stroke exceeds 50%.75 Antiphos-
pholipid antibodies in patients with SLE are more likely
to be associated with valvular and other cardiac disease.81

Behavioral changes are frequent in NPSLE patients.
Mood disorders and anxiety can be seen in up to 75%
of patients. True psychosis occurs in up to 8% of SLE
patients.83 Psychosis and depression are linked to anti-
ribosomal P antibody but not to antiphospholipid antibod-
ies. Steroid induced psychosis is occasionally implicated
as a cause of behavioral change but can be difficult to dis-
tinguish from SLE psychosis. Determination of the pres-
ence of antiribosomal P antibody may be helpful in these
patients.

Chorea (the only movement disorder included in the
ACR nomenclature) has been described in patients with
SLE and is associated with the presence of antiphospholi-
pid antibodies in the absence of a radiographic lesion in the
basal ganglia.75 Chorea can be precipitated by pregnancy
or by estrogen-containing oral contraceptives (Video 71,
Birth Control Pill-Induced Chorea).

Peripheral nervous system abnormalities are less common
than in other autoimmune disorders. A predominantly distal,
axonal sensorimotor polyneuropathy is more common than
mononeuritis multiplex.84

Pregnancy in patients with active disease, particularly
with nephritis and hypertension, is associated with a sub-
stantial risk of disease exacerbation and injury to the fetus.
The presence of aPL has been associated with both stroke
and second-trimester abortion.73,81 For patients in remis-
sion, however, the risks during pregnancy are similar to
those of unaffected patients.73

Many neurologic symptoms and signs in SLE patients
may not be a primary manifestation of SLE but rather a
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secondary process from infection, medication, or metabolic
disturbance such as uremia or electrolyte imbalance. The
symptoms and signs may also be totally unrelated to SLE.

DIFFERENTIAL DIAGNOSIS. The diagnosis of SLE is
largely dependent on demonstrating a constellation of
relatively specific findings to differentiate it from other
systemic diseases. In approaching a patient with a given
neurological syndrome, the differential diagnosis is gen-
erated by the predominant clinical picture, but SLE should
always be kept in mind in a patient with CNS or PNS
problems and dermatological or renal disease.

EVALUATION. Various techniques can detect serum
immune complexes, but the presence or quantity of the
complexes is not specific to SLE. The most common anti-
body in SLE is the ANA that stains homogeneously on
immunofluorescence and is directed against nucleosomal
DNA histone complexes. Nearly all SLE patients have a
positive ANA, and thus normal ANA titers are strong
evidence against the diagnosis. ANA specificity for SLE
is about 60%. ANA can be positive in other autoimmune
disorders such as Sjögren’s syndrome, scleroderma, or
rheumatoid arthritis, though often in lower titers. Anti-
bodies to native or double-stranded DNA and Smith
(Sm), a ribonuclear protein antigen, are more specific than
ANA for the diagnosis of SLE.73 Antiribosomal P antibody
correlates with the presence of psychosis. Depressed serum
complement levels are useful though not specific in recog-
nizing disease activity and risk for renal and CNS involve-
ment in SLE. Levels should be assessed during disease
inactivity for comparison, and routine levels can serve as
a guide for treatment. Antiphospholipid antibodies can be
directly assessed in the serum. Anticardiolipin antibodies
and lupus anticoagulant demonstrate the most consistent
association with clinical disease.

There is no specific diagnostic test for NPSLE. Cerebrospi-
nal fluid abnormalities in SLE are nonspecific. Pleocytosis,
elevated protein, and oligoclonal bands do not consistently
correlate with the clinical syndrome or its severity and occur
in only one third of patients.85 Hypoglycorrhacia can be seen
in SLE transverse myelitis but is not present in idiopathic
transverse myelitis. CSF examination should be done if a
AA

Figure 50-3. A 54-year-old woman with systemic lupus erythematosus (SLE)
extensive white matter abnormalities on axial T2-weighted images (A) and co
CNS infection is suspected. Electroencephalography (EEG)
may be useful in a certain number of cases. Themost common
finding is generalized or focal slowing, and focal epileptiform
discharges are seen in patients with seizures. The demon-
stration of a normal EEG may be useful in differentiation of
psychosis and delirium.75

MRI abnormalities, especially white matter lesions, can
be seen in up to 70% of NPSLE patients.86 The changes,
however, are nonspecific and nondiagnostic for NPSLE
and are often indistinguishable from age-related small
vessel disease changes. Focal neurological symptoms of
NPSLE often correlate with structural (MRI) abnormal-
ities. MRI is often normal or near-normal in NPSLE
patients with depression or psychosis. On the other hand,
abnormalities on MRI may appear out of proportion to
the clinical presentation (Fig. 50-3). MRI, and diffu-
sion weighted imaging in particular, is very sensitive for
detection of a recent stroke.

MANAGEMENT. Hypertension and systemic or local
infections need to be treated.Metabolic abnormalities should
be corrected, and possible toxic effects of medications need
to be addressed. Many patients with mild symptoms such as
myalgias, arthralgias, low-grade fevers, or arthritis can be
managed with nonsteroidal anti-inflammatory medications.
Anticonvulsants, antipsychotics, and anxiolytics are given
in the appropriate clinical setting.

Treatment of NPSLE syndromes depends on the patho-
genic factors involved. Antiplatelet agents or anticoagulants
are usually initiated in patients with positive antiphospholipid
antibodies with or without an associated vascular event.
Although high-dose intravenous corticosteroids (often fol-
lowed by intravenous cyclophosphamide) are frequently felt
to be the treatment of choice for NPSLE, there are no large
controlled studies supporting this combination of medica-
tions. Other treatments suggested include azothioprine, plasma
exchange, intravenous immune globulin, methotrexate, cyclo-
sporine,mycophenolatemofetil, andautologous stemcell trans-
plant. There are no placebo controlled trials for any of these
modalities, and thus treatment success is largely anecdotal.

PROGNOSIS. The clinical course is highly variable. SLE
can evolve over many years and there can be periods
BBB

who was exhibiting personality changes and memory loss. MRI reveals
ronal FLAIR images (B).
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of remissions and relapses. The 10-year survival rate
approaches 92%.87 Patients with nephritis and systolic hy-
pertension have a worse prognosis.73 Although acutely
dangerous, seizures and psychosis are generally associated
with good long-term recovery. Patients with neurological
episodes with more than one potential etiological factor
such as hypertension, uremia, infection, drug abuse, and
electrolyte abnormalities are more likely to recover signif-
icant function than those experiencing primary SLE-related
events.80 Stroke and systemic infection carry a relatively
poor short-term outcome.75,82 The prognosis of SLE is also
significantly impacted by the presence of antiphospholipid
antibodies.

Progressive Systemic Sclerosis
PATHOGENESIS AND PATHOPHYSIOLOGY. Progres-

sive systemic sclerosis (PSS) is a condition associated with
thickening of the skin and tethering to subcutaneous tissues
as well as smooth muscle atrophy and fibrosis of internal
organs such as the gastrointestinal tract, lungs, heart, and
kidneys. The disorder is characterized pathologically by
increased collagen deposition and perivascular inflamma-
tion in the skin, subcutaneous tissues, and internal organs.

Antinuclear antibodies are typically found, usually in a
nucleolar pattern; antibodies to Scl-70, a soluble nuclear
antigen, are specific, though insensitive. The demonstration
of antibodies to smooth muscle and cytotoxicity to cultured
endothelial cells suggests that autoimmunity plays a role in
pathogenesis. The etiology of PSS is unknown, but glandu-
lar inflammatory processes appear to be related to cell-
mediated immunity or to antibody-mediated cytotoxicity
rather than to immune complex deposition.69 Immune com-
plex disease appears to be responsible for rare cases of
associated vasculitis.

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of PSS ranges from 0.6 to 2.3 per million.88 Women,
usually between the ages of 40 and 60 years, are affected
three times as often as men. The association with certain
HLA class II antigens suggests a hereditary predisposition.

CLINICALFEATURESANDASSOCIATEDDISORDERS.

Some patients have a relatively benign form of the disorder
limited to cutaneous changes in the distal extremities. In
the generalized form of the illness, cutaneous abnormal-
ities may predominate, but systemic symptoms, including
generalized malaise, are common. Vascular changes in the
hands progress from Raynaud’s phenomenon to frank necro-
sis and induration and fibrosis of the skin (sclerodactyly)
with atrophy of the underlying muscle. Rigidity of ligamen-
tous tissue in the inner ear leads to conductive hearing loss.
There may be fibrotic changes in the myocardium, pericar-
dium, pleura, or lung. Glomerulonephritis with renal crisis
is a frequent cause of morbidity and death. Mucosal gastro-
intestinal lesions occur, preferentially in the distal esopha-
gus. Keratoconjunctivitis, lens subluxation, and cataracts
are typical ocular signs, and musculoskeletal changes, in-
cluding atrophy and osteolytic lesions, joint symptoms, and
myopathy, occur in 50% of patients.89

The frequency of nervous system involvement varies; in
one series of 727 patients, 6 had nervous system changes.89

In a more recent report of 48 patients, 56% had neurologi-
cal disturbances. Electrophysiological studies suggest
subclinical nervous system dysfunction in many asymp-
tomatic patients.90

Although rare, CNS disease has been reported. It may
present as global cognitive decline or as a focal lesion.
Encephalopathy, migraine, psychiatric changes, seizures,
and focal neurological deficits have been reported.91 Three
cases with presumed cerebral arteritis have been reported,
one a reversible encephalopathy with angiographic evi-
dence of vasculitis, one with hemiplegia and aphasia with
angiographic evidence of vasculitis, and one with right
thalamic hemorrhage.

Trigeminal neuropathy is a frequent presenting feature
of PSS and is the most common cranial neuropathy found
in the disorder. It develops insidiously or acutely and
affects primarily the central part of the face. Pain is com-
mon and may resemble that of tic douloureux (Video
106, Trigeminal Neuralgia).90 Median and ulnar entrap-
ment neuropathies have been reported in up to 20% and
distal polyneuropathy in up to 15% of patients.92 Most pe-
ripheral neuropathies can be ascribed to metabolic and
nutritional factors. However, some cases of sensorimotor
neuropathy occurring before the onset of other symptoms
or very early in the disease course suggest that PSS may be
etiological. In addition, a prospective evaluation of 29
patients with limited or widespread systemic sclerosis
demonstrated raised tactile thresholds in 28, suggesting that
subclinical peripheral nerve dysfunction is common in the
disorder.93 Autonomic neuropathy is common,94 and recent
evidence suggests that gastrointestinal dysmotility may be
related to a neuropathic process.95

EMG in most cases of sensorimotor neuropathy reveals
axonopathy, and histological features include collagenous
infiltration of the peripheral nerves and the adventitia of
vasa nervorum. Low-grade distal nerve trunk ischemia
may contribute to neuropathy.96 Biopsy of the sural nerve
reveals segmental demyelination, axonal degeneration,
loss of large myelinated fibers, and an increase of collagen
fibers, without evidence of vasculitis.97

DIFFERENTIAL DIAGNOSIS. Chronic graft-versus-host
disease following bone marrow transplant can mimic the
picture of PSS, though esophageal and renal involvement
are usually not seen. Sclerodermatous skin changes can
be seen in response to certain chemotherapeutic agents.

EVALUATION. The diagnosis of PSS is generally made
clinically. Evidence of disturbed gastrointestinal motility
and vasculopathy on nailfold capillary microscopy are con-
firmatory. Generalized or focal CNS abnormalities can be
investigated using MRI. Nerve conduction velocities
(NCV) and EMG are useful in the elucidation of neuropa-
thy syndromes, and NCV can be used to detect subclinical
neuropathy.

MANAGEMENT. Symptomatic treatments include non-
steroidal anti-inflammatory drugs for arthritis and vasoac-
tive drugs for Raynaud’s phenomenon. Neuropathic pain,
especially that associated with trigeminal neuropathy, can
be treated with carbamazepine or tricyclic antidepressants.
Penicillamine, colchicine, prednisone, and immunosup-
pressants have been used for more severe disease man-
ifestations, but their relative effectiveness has not been
determined.69

PROGNOSIS AND FUTURE PERSPECTIVES. The
10-year survival rate in PSS approximates 50%.98 In some
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cases the disease is rapidly progressive, and death occurs
within 1 year. The most common causes of death are renal
failure and cardiac complications. Individual survival is
largely dependent on the extent of involvement. Digital
sclerodactyly alone carries a very benign prognosis. Prog-
nosis is worse with diffuse disease, older onset age, and
early involvement of internal organs.99

Mixed Connective Tissue Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. In 1971,

Sharp described patients in whom a new type of antibody
to ribonuclease-sensitive extractable nuclear antigen was
accompanied by clinical features of more than one connec-
tive tissue disease. He called the syndrome mixed con-
nective tissue disease (MCTD) and described several
serologic characteristics: (1) high titers of hemagglutinating
antibody to saline-extractable nuclear antigen; (2) marked
sensitivity of this antibody to ribonuclease with moderate
sensitivity to trypsin and resistance to deoxyribonuclease;
(3) high titers of speckled pattern on fluorescent ANA test-
ing; and (4) absence of Smith antibody. Saline-extractable
nuclear antigen appears to represent two moieties: ribo-
nucleoprotein (RNP) and the Smith (Sm) antigen, a glyco-
protein. Whereas high titers of anti-RNP antibodies appear
to be associated with MCTD, the presence of anti-Sm
correlates highly with the diagnosis of SLE. The etiopatho-
genesis of MCTD is poorly understood but is felt to relate
to formation of autoreactive T cells in response to exposure to
microbial antigens, which are similar to an autoantigen.100

Patients with MCTD may have ANA in a speckled pattern,
RF, and cold-reactive lymphocytotoxic and anticardiolipin
antibodies.101

EPIDEMIOLOGY AND RISK FACTORS. The prevalence
of MCTD is unknown. It is intermediate in frequency
between SLE and systemic sclerosis.102 Women are more
frequently affected than men by a factor of 4 to 79:1.103

Although most frequently seen in the second and third de-
cades of life, it has been reported in children and the elderly
as well.101 There is an association between the 68-kd-U1
snRNP and the DR4 haplotype in both SLE and MCTD.104

The existence of MCTD as a discrete syndrome is not uni-
versally accepted, because the serological markers are not
specific for the diagnosis102 and the disorder frequently
evolves over a number of years into SLE or PSS.102,105

Nevertheless, the term is still considered helpful to describe
a number of patients with a mixed clinical picture.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Patients with MCTD have clinical features of at
least two connective tissue disorders, among them SLE,
PSS, and polymyositis. Nearly all have arthralgia, nonde-
forming arthritis, inflammatory myositis, Raynaud’s phe-
nomenon, sclerodactyly, and a tapered or sausage-like
appearance of the digits, sometimes with digital ischemia
and ulceration. Pitting edema of the forehead and erythem-
atous malar or violaceous eyelid rash may be present. Dis-
orders of esophageal motility affect more than 75% of
patients. Lymphadenopathy is common and sometimes
marked, suggesting lymphoma. Fever, hepatosplenome-
galy, pleuritis, pericarditis, and cardiac and hair changes
are seen in 20% to 40% of cases. Pulmonary disease is very
common, and although it may be asymptomatic, pulmonary
hypertension is the most common cause of death.106,107

Frequent laboratory abnormalities include leukopenia, ane-
mia, and hypergammaglobulinemia.107 Renal disease is evi-
dent in some patients with MCTD. Proteinuria, sometimes
with nephrotic syndrome, hematuria, glomerulonephritis,
or proliferative vascular lesions, may be seen.

Neurological sequelae of MCTD occur in 10% to 55% of
cases.108–110 The CNS complications of MCTD resemble
those seen in SLE, whereas the PNS complications resem-
ble those seen in PSS. CNS effects occur in the context
of active systemic disease and are largely steroid respon-
sive, whereas PSS effects occur irrespective of systemic
disease activity and are largely steroid resistant. The most
common disorders are vascular-type headache, aseptic
meningitis, psychosis, and convulsions.110,111 Ischemic
and hemorragic cerebrovascular disorders, optic neuritis,
cerebellar ataxia, chorea, and transverse myelitis occur
less commonly (Video 9, Dysmetria; Video 18, Limb
Chorea).109,110,112–114

The PNS is a more frequent target of MCTD than
the CNS. In published series, unilateral or bilateral tri-
geminal neuropathy occurs in about 10% of MCTD pat-
ients.108,110,115 The maxillary and mandibular branches are
usually involved.116 Some patients may have involvement
of the motor root with masseter atrophy.110,116 Although
dysfunction of regional cranial nerves is rare, associations
with facial neuropathy have been reported.116,117 Vasculitic
polyneuropathy has been reported in up to 10% of patients
withMCTD.110 There have been rare reports of carpal tunnel
syndrome118 and neuromuscular junction dysfunction
(Video 217, Anterior Interosseous Neuropathy, Pinch
Sign).119 The importance of myositis in MCTD is under-
scored by its inclusion as a diagnostic criterion in virtually
all series of patients.101 Concurrent changes of overlying
skin mimic dermatomyositis in some patients.109

DIFFERENTIAL DIAGNOSIS. The most important dis-
tinction is between MCTD and other connective tissue
disorders such as PSS, SLE, and polymyositis. This distinc-
tion is blurred over time as the disease generally comes to
resemble one of these connective tissue diseases.

EVALUATION. The diagnosis of MCTD is made in
patients with symptoms and signs of more than one con-
nective tissue disease and the characteristic serological
markers. CNS manifestations are evaluated with MRI,
which may demonstrate signs of vascular disease. In
patients with seizures, EEG shows focal or generalized
slowing and often epileptiform activity.110 CSF in patients
with headaches or aseptic meningitis may be normal or
show a lymphocytic pleocytosis or increased protein. Ele-
vations of serum creatine kinase occur in about half of
those with myopathic symptoms. EMG changes may con-
firm the presence of myopathy, and biopsy may show
inflammatory myositis.109

MANAGEMENT. The treatment of nervous system in-
volvement in MCTD is based on anecdotal data rather than
controlled clinical trials. CNS disorders such as headache,
aseptic meningitis, psychosis, convulsions, optic neuritis,
and transverse myelitis have been reported by various
authors to be responsive to corticosteroids,109,110 plasma-
pheresis, or immunosuppressive drugs.113 Disorders of the
PNS, including trigeminal and peripheral neuropathy, are
relatively steroid resistant.110,116,118 Myositis is believed
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to mirror the systemic signs of MCTD and be quite sensitive
to corticosteroid therapy.

PROGNOSIS AND FUTURE PERSPECTIVES. The
majority of patients with MCTD evolve clinical features
typical of another connective tissue disease within 5 years
of diagnosis.100 Long-term follow-up of 194 patients in
several series revealed that 13% to 28.2% had died by 13
years’ follow-up.102,119 More benign prognosis appears to
be associated with the presence of Raynaud’s phenomenon,
less widespread and severe organ system involvement, and
HLA-DR2 or DR4.119,120

The most compelling research questions are whether
MCTD is a discrete diagnostic entity and what factors
predict its evolution into other connective tissue diseases.
Better elucidation of environmental triggering antigens
and the autoantigen immune target may lead to more effec-
tive therapies, particularly for steroid-resistant symptoms.

Sjögren’s Syndrome
PATHOGENESIS AND PATHOPHYSIOLOGY. Sjögren’s

syndrome (SS) is a chronic inflammatory disease of unknown
cause characterized by inflammation of the salivary and lac-
rimal glands and synovial tissues. Involved tissues have
infiltrates of lymphocytes and plasma cells. Autoantibodies
include RF, ANA (SS-A and SS-B type), and antibodies di-
rected against salivary duct antigens.

EPIDEMIOLOGY AND RISK FACTORS. SS is seen in
0.5% to 2.0% of the population; among the collagen vascular
diseases, it is second in prevalence only to RA. Ninety percent
of patients are women. Onset usually occurs during middle
age.109 Genetic susceptibility is suggested by an association
with HLA-B8, HLA-DR3, HLA-DR2, and HLA-DRw52.
SS occurs in isolation in 50% of cases and in the context of
RA, SLE, scleroderma, or another connective tissue disease
in the remaining patients.121

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Primary SS predominantly affects exocrine glands,
with lymphocytic infiltration and fibrosis of lacrimal and
salivary glands. Ocular, oral, and dental complications oc-
cur as a result of decreased tear and saliva production.121

Extraglandular manifestations occur in at least 25% of
patients. Lymphadenopathy and hepatosplenomegaly are
common. Cutaneous vasculitis may present with a picture
of nonthrombocytopenic purpura or urticaria. Symmetrical,
nondeforming arthritis of the small joints occurs in more
than 80% of patients. Renal disease, usually interstitial
nephritis, is seen in up to 40% of cases. Less commonly,
the lungs may be involved, with interstitial pneumonitis
and restrictive or obstructive abnormalities of pulmonary
function. Vasculitis, usually localized to the skin, PNS,
and muscle, occurs in up to 20%. Lymphoproliferative dis-
orders occur, and there is an increased risk of lymphoma in
these patients.

Although neurological disorders have been thought to
be rare manifestations of SS, as many as 25% to 80% of
patients have nervous system dysfunction, sometimes
in advance of other symptoms.122–124 CNS complications
include mild aseptic meningitis; cognitive, affective, or
personality disorders; focal cerebral deficits; and seizure.122,123

Optic neuropathy, nystagmus, ataxia, internuclear ophthal-
moplegia, and parkinsonism or other movement disorders
have occasionally been reported (Video 14, Tremor with
Ataxia; Video 202, Internuclear Ophthalmoplegia).125 Spi-
nal cord involvement may take one of three forms: progres-
sive myelopathy, acute transverse myelitis, or intraspinal
hemorrhage.122

PNS signs and symptoms occur in 10% to 32% of
cases.126 Most commonly, there is a sensory or mixed
motor-sensory polyneuropathy or entrapment neuropathy
(Video 218, Ulnar Neuropathy, Wartenberg Sign). The
polyneuropathy may be abrupt or insidious in onset, is
often asymmetrical, affects proprioceptive and kinesthetic
senses, and causes mild distal motor weakness in the legs.
Mononeuritis multiplex occurs somewhat less commonly,
and cranial nerve involvement, specifically trigeminal,
oculomotor, and abducens nerves, can occur.127

DIFFERENTIAL DIAGNOSIS. The diagnosis of primary
SS is made in the presence of two of the typical manifesta-
tions of xerostomia, xerophthalmia, and arthritis. Illnesses
that should be considered in the differential diagnosis are
all causes of parotitis, including malignancy, nutritional
and endocrine disorders, sarcoidosis, infections, and
amyloidosis.

EVALUATION. Xerophthalmia can be demonstrated by
Schirmer’s test, staining of the corneal and conjunctival
epithelium by rose bengal dye, or demonstration of epithe-
lial strands by slit-lamp examination. Xerostomia can be
assessed by nuclear scanning of the salivary glands, radio-
logical sialography, or calculation of salivary flow rate.
Biopsy of minor salivary glands, found on the inner aspect
of the lower lip, is well tolerated and diagnostic when lym-
phocytic aggregation is demonstrated. Anemia, leukopenia,
and elevated ESR are common. Hypergammaglobulinemia
and positive RF are common but not specific for the diag-
nosis. SS-B antibodies are relatively specific for primary
SS. SS-A antibodies are seen in primary SS and SS asso-
ciated with SLE. Half of SS patients have antibodies
against salivary duct antigens.

The EEG is abnormal in nearly 50% of patients with
CNS dysfunction, but the findings are nonspecific. CT
and MRI scans usually show focal regions of abnormality
in patients with clinical evidence of focal disease. Electro-
physiological studies are consistent with demyelination,
denervation, or both. CSF may be normal or may show
pleocytosis and elevated protein. CSF is characterized by
protein elevation and evidence of intrathecal immuno-
globulin synthesis, with increased IgG and oligoclonal
bands.122 Pathological studies are limited, but perivascular
inflammation and diffuse vasculitis involving the cerebral
blood vessels, as well as acute necrotizing arteritis of the
spinal cord, have been described.126 Peripheral nerve tissue
shows demyelination and acute or chronic vasculitis or peri-
vasculitis.127 Dorsal root ganglionitis, with lymphocytic
infiltration and degeneration of ganglion cells, has also been
reported to accompany subacute sensory neuronopathy,
which is a rare complication of SS.128

MANAGEMENT. Ocular and oral symptoms are man-
aged conservatively, with artificial tears and saliva and
good oral hygiene. Corticosteroids may be needed to
control arthritis and symptoms related to vasculitis.

PROGNOSIS AND FUTURE PERSPECTIVES. Primary
SS is generally compatible with prolonged survival. A
small number of patients develop more serious disease
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manifestations, including primary biliary cirrhosis, renal
disease, chronic active hepatitis, pancreatitis, visceral lym-
phocytic infiltration, lymphoma, immunoblastic sarcoma,
or Waldenström’s macroglobulinemia. Future research
should focus on the etiopathogenesis of the disorder in or-
der to increase understanding of the cause and potential
treatments.
OTHER AUTOIMMUNE CONDITIONS

Myasthenia Gravis
PATHOGENESIS AND PATHOPHYSIOLOGY. Myas-

thenia gravis (MG), although described for many years,
was first associated with decreased numbers of muscle ace-
tylcholine receptors about 25 years ago. Since then, the
identification of anti-acetylcholine receptor antibodies
(AChR-ab), the development of an animal model of the
disease, and an overall improved knowledge of immune
mechanisms have led to a very precise understanding of
the pathophysiology of MG.129

The immune effector cells in MG are both T and B cells.
Although the key to acetylcholine receptor damage is
through the AChR-ab, sensitized T cells and complement
play a role in the continued stimulation of B cells and in
cell-mediated postsynaptic destruction at the neuromuscu-
lar junction.130 The histological hallmarks of MG include
decreased numbers of acetylcholine receptors, simplifica-
tion of the postsynaptic clefts, and widening of the synaptic
space with a normal presynaptic nerve terminal.129

The thymus is unequivocally involved in the pathogene-
sis of the disease, and its surgical removal often is asso-
ciated with improvement in disease severity.130 Thymic
abnormalities are either hyperplastic or neoplastic. Hyper-
plasia is associated with areas of germinal centers that
may enlarge the gland beyond the normal size for age.
Neoplasms occur in about 12% of patients and are usu-
ally locally invasive epithelial cell tumors (thymomas
or rarely carcinomas).129,130

In addition to immune activation against acetylcholine
receptors, there is functional blockade of postsynaptic
receptors, which can in part explain the response to acetyl-
cholinesterase inhibitors and the relatively quick response
to therapies that reduce the number of AChR-ab.129

EPIDEMIOLOGY AND RISK FACTORS. MG can occur
throughout life, with a bimodal peak of incidence in youn-
ger women (second and third decades) and older men (fifth
and sixth decades).130 Overall, MG has a prevalence of 1
in 25,000 in the United States. There are cases of overlap
of MG with other autoimmune diseases and case reports
of families with various autoimmune conditions including
MG. This suggests a partial genetic predisposition.129

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The typical features of MG are fatigability and
weakness of skeletal muscles without reflex, sensory, or
coordination abnormalities (Video 42, Fatiguability). Many
cases begin with involvement of ocular muscles such as
diplopia and ptosis. Weakness may remain confined to oc-
ular muscles for long periods or involve bulbar muscles,
which control chewing, swallowing, and articulation. The
disorder remains confined to ocular muscles in up to 15%
of patients but becomes generalized in the majority (Video
225, Myasthenia Gravis). Examination of neck extensors
and flexors is often more sensitive in demonstrating
generalized disease than the motor examination of other
muscle groups. Under periods of physical stress, such as in-
fection or surgery, a precipitous worsening may occur, and
failure of respiratory muscles can be life-threatening. Clas-
sification of disease severity is usually assessed according
to a scale devised by Osserman: grade I is ocular disease
only, grade II is generalized weakness of mild (IIa) or
moderate (IIb) intensity, grade III is severe generalized dis-
ease, and grade IV is myasthenic “crisis” with respiratory
failure.129

Transient neonatal MG can occur from passive transfer
of maternal AChR-ab causing a myasthenic syndrome that
may require ventilatory assistance.129 These symptoms
typically resolve in under 2 weeks, with routine clearance
of antibodies from the neonate’s circulation.

DIFFERENTIAL DIAGNOSIS. A number of disorders
may mimic MG and include other disorders of neuromus-
cular transmission, metabolic or toxic syndromes, and
neurogenic weakness. Botulism and Lambert-Eaton myas-
thenic syndrome (LEMS) can cause ophthalmoplegia and
fatigue. Botulism affects cranial nerves early, affects the
pupillary light response, and shows an incremental re-
sponse on repetitive nerve stimulation. Botulinum toxin
may be detectable in the stools. LEMS is often associated
with a small-cell carcinoma of the lung, dry mouth and
eyes, and more distal weakness that may improve with
exercise. The presence of voltage-gated calcium channel
antibodies in the serum and a dramatic increase in compound
motor potentials on postexercise repetitive nerve stimula-
tion are confirmatory objective signs.129 The congenital
myasthenic syndromes appear asMG but are not autoimmune
in nature.130

Certain drugs, including penicillamine, curare, amino-
glycosides, quinine, procainamide, and calcium channel
blockers, may cause a myasthenia-like syndrome or exac-
erbate weakness in MG patients. Hyperthyroidism, or
Graves’ disease, may cause generalized fatigue or worsen
MG and is detectable by abnormal thyroid function tests.
Cranial nerve abnormalities may cause symptoms that
mimic MG.129

EVALUATION. Timed endurance tasks such as prolonged
upgaze, holding outstretched arms in abduction, or vital
capacities at every visit are often helpful in providing ob-
jective information about fatigability.129 Laboratory tests
useful in excluding other diagnoses include thyroid function
tests, antithyroid antibody, ANA, voltage-gated calcium
channel antibodies, and chest x-ray.

Improvement of weakness after edrophonium chloride
(Tensilon) injection is a useful sign, although false-
negative and false-positive tests do occur (Video 226, My-
asthenia Gravis: Edrophonium).131 The test is performed
by first fatiguing the patient with a task that includes signs
that can be easily clinically assessed (ptosis, vital capacity,
slurred speech). The diagnostic test is then performed by
injection of 1 mg as a test dose, then injecting 9 mg intra-
venously with attention to the fatigued muscles. A rapid
improvement or recovery of the fatigued muscles (resolved
ptosis, normalized vital capacity, clear and strong voice)
over the subsequent 2 minutes is a positive test. If ptosis
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is present, the “ice pack test” may be diagnostic. Local
cooling improves the safety factor of neuromuscular junc-
tions, possibly by slowing the kinetics of acetylcholinester-
ase (Video 86, Ice Pack Test in Myasthenia Gravis). In a
prospective series, 80% of MG patients responded after
2 minutes of ice pack application to the affected eye,
and the nonresponders with MG had complete ptosis.
Ptosis due to other etiologies did not respond.132 This test
is easier to administer in a clinic setting than edrophonium
chloride and does not require cardiac monitoring.

In recent years, the detection of AChR-ab in the serum,
using a commercially available immunoprecipitation test,
has significantly changed the evaluation of MG patients.
The sensitivity of AChR-ab in ocular myasthenia is 70%
and in generalized disease is 80%.131 In addition to
AchR-ab binding antibodies, antibodies that block or mod-
ulate acetylcholine receptors have been described. The
Ach-modulating antibodies cross-link acetylcholine recep-
tors and are often present in patients with thymoma. Fur-
thermore, in patients that are AChR-ab negative, 3% to
4% possess the modulating antibodies and are worth eval-
uating for their presence. Striated muscle antibodies, are
present in about 30% of all patients with MG and when pre-
sent are strongly associated with thymoma. Of most recent
importance are muscle-specific receptor tyrosine kinase
antibodies (anti-MuSK). Patients with these antibodies
may present with atypical features forMG such as prominent
bulbar, facial, shoulder girdle, or respiratory weakness with-
out significant ocular weakness. Patients with these atypical
features should be evaluted for these antibodies, especially
in AChR-binding ab negative individuals.133

Repetitive nerve stimulation may demonstrate a reduc-
tion of the compound muscle action potential, potentiated
after 1 minute of exercise, consistent with a postsynaptic
transmission defect. For patient comfort, the test should
first be performed on a distal muscle; negative studies on
distal muscles should prompt more extensive study of
proximal muscles. Clinically weak muscles are more likely
to demonstrate the decremental response. The sensitivity
of repetitive nerve stimulation is about 75%. It may be nor-
mal in ocular MG but is virtually always abnormal in
generalized MG.131

The demonstration of increased “jitter” by single-fiber
EMG is the most sensitive test for MG. The sensitivity
ranges from 80% in ocular MG to virtually 100% in mod-
erate generalized MG. In 9% of MG cases, this is the only
abnormal test.131 Using AChR-ab, repetitive stimulation
and single-fiber EMG identifies all MG cases.131,134

CT scanning or MRI of the chest should be done in all
patients to screen for the presence of thymoma or thymic
hyperplasia. Thymic enlargement or detectable thymic tis-
sue in a patient over age 40 raises the suspicion of thy-
moma.129 Chest imaging is also indicated in patients who
have had thymectomy but are experiencing unexplained
worsening of MG symptoms. Residual thymic tissue may
be found in some of these patients.

MANAGEMENT. Acetylcholinesterase inhibitors (mainly
pyridostigmine) inhibit the enzymatic elimination of acetyl-
choline, increasing its concentration at the postsynaptic
membrane. They play a supporting role in the manage-
ment of symptoms throughout the disease course but do
not affect the primary immune mechanism of the disease.130
Cholinergic toxicity causing transient weakness can result
from overuse of pyridostigmine and can be difficult to dis-
tinguish from the weakness of MG. MG is rarely controlled
by symptomatic treatment alone, and immunomodulating
therapy is often required.

There is general consensus that thymectomy is helpful in
the treatment of MG; however, a randomized controlled
study has never been done.129 With thymoma, there is a
clear role for thymectomy. For nonthymomatous MG, thy-
mectomy may increase the likelihood of disease remission
or improvement.135 Typically, patients with generalized
MG (Osserman stage 2b or worse) are selected for thymec-
tomy. Thymectomy for ocular MG (Osserman stage 1) has
been supported by nonrandomized, uncontrolled data but
remains a controversial issue.136 The beneficial effects of
thymectomy usually occur in the first year but may be seen
as late as 5 years from the time of surgery.130 Thymectomy
is never an urgent procedure but can be done on optimally
stabilized patients and in centers with experience in man-
aging the perioperative course of MG patients. The trans-
sternal approach is preferred because it allows for direct
visualization and complete removal of the thymus and adi-
pose tissue of the anterior mediastinum. In contrast, the
transcervical approach by indirect mediastinoscopy is asso-
ciated with a higher occurrence of residual thymus tissue,
although this method is cosmetically more appealing.129,130

Controlled comparison of these two approaches has not
demonstrated superiority of one over the other.135

Corticosteroids have been the mainstay of immunother-
apy for MG. Seventy percent to 80% of patients have com-
plete remission of their disease within weeks to months of
adequate doses of prednisone.130 The starting dose is de-
pendent upon the severity of symptoms, but most patients
require 40 to 60 mg/day. Alternate-day dosing is encour-
aged to lessen adverse side effects and should be tapered
to the lowest effective dose.129

Cytotoxic therapies are useful in MG and should be con-
sidered in patients who are not able to achieve sufficiently
low doses of prednisone or who are having significant ste-
roid side effects. Azathioprine 2 to 3 mg/kg/day is effective
in a number of patients as an adjunct to prednisone, and its
use allows lowering of the total dose of the prednisone to
more tolerable levels. Some patients respond well enough
to discontinue the prednisone.130 Cyclosporine is a more
effective and more toxic immunosuppressive agent. The
typical dose is 5 mg/kg/day. Improvement occurs in the
first several months of therapy.129 Nephrotoxicity, hy-
pertension, neutropenia, and remote risk of leukemia are
potential complications of therapy, and blood levels need
to be monitored to reduce the incidence of these toxic side
effects.130 Mycophenolate mofetil is a novel immuno-
suppressant that blocks purine synthesis in T- and B-cell
lymphocytes, selectively inhibiting proliferation. It is rela-
tively well tolerated with less frequent but similar side
effects as other cytotoxic therapies. Dosage is 1 g given
twice daily. Initial studies have shown efficacy in MG with
a relatively short time to therapeutic benefit (2 weeks to
2 months), and larger studies are ongoing.137,138

Plasma exchange and intravenous pooled immune glob-
ulin are effective short-term treatments for MG. For the
treatment of MG crisis or before thymectomy, five courses
of plasma exchange, given on alternate days, cause rapid
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improvement that lasts for several weeks. Venous access, a
mild increased risk of infection, hypotension during
exchanges, deep venous thrombosis, and cost are draw-
backs to this treatment.129 There is preliminary evidence
to support the use of pooled IVIG in the treatment of
MG. Like plasma exchange, the treatment is given over
a few days (0.4 g/kg/day for 5 days) and the effect is
relatively short-lived, lasting a few weeks.130

PROGNOSIS AND FUTURE PERSPECTIVES. Before
1958, approximately one third of MG patients died, one
third failed to improve, and one third improved spontane-
ously. Currently, the mortality rate due to MG is essenti-
ally zero, and most patients lead normal lives. Lifelong
immunomodulating therapy is often required.129

Novel approaches for potential treatment of MG are
increasing with advancing knowledge of the immune sys-
tem. Targeting specific T cells and B cells, which are “pro-
grammed” to mediate anti-acetylcholine receptor activity,
is the focus of recent experimental work. Such therapy
would tightly target the effector arm of the immune sys-
tem. This strategy is limited by evidence that T cells have
a number of targets and lack of knowledge of which T cells
are relevant to the pathogenesis of MG. Animal models
suggest that the nonselective removal of the T helper cells
may also be beneficial. Lastly, there is renewed interest in
inducing tolerance to self-antigens by ingesting them. Oral
ingestion of anti-acetylcholine receptor antibodies has been
found to prevent the disease in rat models of MG.129 New
insights generated by this work will lead to safer and more
effective therapies.

Dermatomyositis and Polymyositis
PATHOGENESIS AND PATHOPHYSIOLOGY. Derma-

tomyositis (DM) and polymyositis (PM) have been thought
to have an autoimmune origin for many years. This concept
is based on indirect associations with other autoimmune
disorders, mononuclear inflammatory cells in affected mus-
cles, and responsiveness to immunosuppressive agents.
Genetic factors play a role, as evidenced by reports of iden-
tical twins with DM, families with other connective tissue
diseases and DM or PM, and increased associations with
HLA-DR3. Without convincing evidence of support, it has
been hypothesized that these inflammatory myositides are
the result of a viral infection.

In DM, several observations suggest that circulating im-
mune complexes or antibodies induce vascular injury.
Intramuscular blood vessels show endothelial hyperplasia
with tubuloreticular profiles, fibrin thrombi, and oblitera-
tion of capillaries. Even in cases where light microscopy
is normal, electron microscopy reveals microtubular inclu-
sions and vacuoles in the lining of endomesial capillaries,
suggesting that the capillary lining may be the target of
the immune response. Perifascicular atrophy results from
ischemic changes secondary to the endomesial vasculopa-
thy. Similar changes occur in skin vasculature leading to
the rash, which is often part of the DM syndrome.

In PM, there is strong histochemical evidence for cell-
mediated immune mechanisms in the pathogenesis. The
inflammatory exudate is predominantly CD8þ T cells within
the endomysium. These exudates are seen in muscle cells
undergoing necrosis and phagocytosis. Further evidence
suggests that these T cells (and monocytes) are a few distinct
clones (i.e., oligoclonal) and are not simply nonspecific
inflammatory effectors.

EPIDEMIOLOGY AND RISK FACTORS. Both of these
syndromes affect women slightly more than men. PM typi-
cally occurs after age 20 years and rarely in childhood,
whereas DM affects both children and adults. The incidence
of the inflammatory myopathies is less than 1 in 100,000
population. Although the adult cases of PM and DM present
in the fifth and sixth decades of life, the majority of cases of
DM have childhood onset with typical age of 5 to 14 years.

The risk of cancer in association with adult PM or DM
ranges from 6% to 45% in DM and 0% to 28% in PM. A
population-based retrospective study in 788 DM patients
and 396 PM patients over 20 years reported the rate of can-
cer occurrence to be 9% in the PM group and 15% in the
DM group. The majority of these cancers were within
5 years of the diagnosis of the myopathy. In PM, the rela-
tive risk of malignancy was 1.7 for women and 1.8 for
men, with the most common site of malignancy in men be-
ing the lung (relative risk, 5.6). In DM, the relative risk for
malignancy was 2.4 in men and 3.4 in women, with the
ovary most often affected (relative risk, 16.7).139 Patients
with associated malignancy have a higher than average
age of DM or PM onset.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Childhood DM is a relatively uniform disorder usu-
ally characterized by erythematous rash and skin lesions
and coincidental muscle weakness. This photosensitive
rash usually begins as periorbital heliotrope (blue-purple)
discoloration with subsequent erythematous involvement
of extensor surfaces of the limbs and joints. The anterior neck
and chest rash may form a “V” sign or rash over the shoulders
in a “shawl” sign. The proximalmuscles of the limbs are more
affected than distal ones, the abductors of the leg affected
more than the adductors, and the extensors more than the flex-
ors. Ectopic calcifications are present in subcutaneous tissues
and muscle in about half of the cases. Associated com-
plications include hemorrhagic gastrointestinal vasculitis
and pulmonary fibrosis.

Adult DM shares the same skin features with child-
hood DM and often helps secure a clinical diagnosis. On
occasion the skin manifestations are subtle or absent and
the diagnosis of DM over PM relies on the muscle biopsy
appearance.

The clinical features of muscle involvement are similar
in DM and PM. Muscle pain and tenderness are common
and usually more prominent in the arms. Onset of symp-
toms is subacute or insidious. As the disease progresses,
dysphagia and neck flexor weakness begin. Respiratory
muscles are impaired in severe cases and result in a restric-
tive pulmonary defect. In addition, pulmonary interstitial
fibrosis may appear as a complication of the disease and
may even precede the muscle weakness. There is an
increased frequency of electrocardiographic abnormalities
(dysrythmias, heart block, etc.), and occasionally patients
may have pericarditis as part of their syndrome.

A number of other related conditions may have myositis
as a feature and are considered to be “overlap” syndromes
when the diagnostic criteria for both conditions are
fulfilled. These are other autoimmune diseases such as
PSS, SS, SLE, RA, and MCTD.
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DIFFERENTIAL DIAGNOSIS. The main clinical differ-
entiation to be made is between DM/PM and other
acquired myopathies or inflammatory diseases. The rash
of DM limits the potential diagnoses to the overlap syn-
dromes. The diagnosis of PM is one of exclusion. Inclusion
body myositis may appear similar to PM, and the serum
creatinine phosphokinase (CK) is elevated although typi-
cally not to the same extent. Endocrinopathies such as
hyperthyroidism and Cushing’s syndrome can behave sim-
ilarly. Toxic exposures and drugs that induce myopathy
should be sought as potential etiologies. Additionally,
inherited neuromuscular or metabolic disease may have
a similar appearance. Serological testing and muscle biopsy
should resolve the differences in most cases.

EVALUATION. In a patient with a possible inflamma-
tory myopathy, the diagnosis is strengthened or confirmed
by serum CK, EMG, and most important, muscle biopsy to
help exclude overlap syndromes. ESR is neither a sensitive
nor a specific indicator of PM or DM but does correlate in
general with inflammatory diseases. Testing for autoanti-
bodies such as ANA and anti-Sm (SLE), SS-A and SS-B
(Sjögren’s), PM-Scl and anti-Ku (scleroderma), anticentro-
mere (CREST syndrome), and anti-U1 snRNP (MCTD and
SLE) may be useful in considering the overlap syndromes.

Serum CK is the most sensitive muscle enzyme for the
detection of destruction of muscle cells. Typically, tenfold
elevations can be seen; however, it is possible to have nor-
mal levels even during active disease. There are elevations
of both muscle and brain isoenzyme forms of CK, reflect-
ing both necrosis and new fiber regeneration. The CK is
often used for a marker of disease activity.

Certain autoantibodies are associated with the inflamma-
tory myopathies. Of these autoantibodies (such as anti-
nRNP, PM-Scl, and antisynthetases), the anti-Jo-1 is the
most useful because 75% of patients with anti-Jo-1 have
interstitial lung disease.

Electrodiagnostic studies are helpful to evaluate clini-
cally weak muscles for evidence of a myopathic pattern
of activity and to exclude a neurogenic component. Muscle
biopsy is the gold standard in the diagnosis of inflam-
matory myopathies and to exclude other neuromus-
cular diseases. Histopathological evaluation is the mainstay
of diagnosis of these conditions. Treatment of the condi-
tion, however, should not be delayed while awaiting the
histopathologic results.

MANAGEMENT. Immunosuppressive therapy is the
mainstay of treatment. Prednisone is the agent of choice
for DM and PM, and treatment should begin with 80 to
100 mg/day (or 1 mg/kg/day) given in a single morning
dose. This dose should be maintained for 3 to 4 weeks.
If a clinical response has occurred, then tapering of the
dose on every other day (by 5 to 10 mg every 3 to 4 weeks)
should take place with an eventual goal of 80 to 100 mg
every other day. This dose can then be tapered slowly over
a period of months. The inability to taper the prednisone
without disease reactivation or a lack of clinical response
suggests the need for another agent. Corticosteroids may
cause a clinical worsening secondary to steroid myopathy.
Worsening in the absence of CK elevation and absence of
neck flexor weakness may point to steroid myopathy in
treated patients with inflammatory myopathy.
Azathioprine is most helpful in combination with corti-
costeroids and has a steroid-sparing effect. The recom-
mended dose is approximately 2 mg/kg/day, and side
effects may include gastrointestinal upset, a flulike syn-
drome, hepatotoxicity, and bone marrow suppression.
A several-month delay in effectiveness is common and
should be expected. Azathioprine can be used alone but is
probably not as effective.

Methotrexate, cyclophosphamide, and cyclosporine A
are agents that also may be useful in the treatment of DM
or PM. These agents have associated potential toxicities
to bone marrow, to liver, and during pregnancy. The effec-
tiveness of these agents is not well studied, but they may be
promising, particularly in patients who are not responding
to prednisone, azathioprine, or both.140 A randomized eval-
uation of methotrexate versus cyclosporine A in steroid
nonresponders demonstrated clinical improvement in both
groups without superiority of one therapy.141 Mycopheno-
late mofetil may also be useful but has not been well stud-
ied at this time. In a small series, clinical response occurred
in patients who had not responded to the combination of
prednisone and methotrexate or prednisone and IVIG.142

IVIG is an expensive, relatively safe, and promising
treatment for DM and PM. The dose is 2 g/kg, divided over
2 to 5 days initially, then 0.4 g/kg given at intervals based
upon the clinical response. The exact mechanism of action
is not clear but is felt to affect circulating autoantibodies,
the autoimmune target, or complement activation. Side
effects include increased serum viscosity with potentiation
of thromboembolic events, aseptic meningitis, rash, ana-
phylaxis in IgA-deficient individuals, and a low risk of
transmissible diseases such as hepatitis C. Many patients
who have failed other treatments may respond to IVIG.
Plasmapheresis has been shown ineffective in a controlled
clinical trial.

PROGNOSIS AND FUTURE PERSPECTIVES. Child-
hood DM has a variable prognosis. Some cases may have
complete reversal of signs and symptoms after months,
but 7% of cases have a fatal condition. The disease may
recur, even after prolonged remission. Overall, the progno-
sis for DM and PM is relatively favorable with 10-year
survival rates as high as 90%. Patients with interstitial
lung disease have a mortality rate that approaches 40% at
3 years. Other factors that adversely affect prognosis in-
clude advanced age at onset, acute onset, involvement of
respiratory muscles, dysphagia, fever, and inadequate
therapy.

Potential avenues for treatment include more specific
immunotherapies. Proteins that could bind the antigenic tar-
gets and interfere with recognition by auto-directed T cells
or products that mimic the antigenic target are possible
new avenues of treatment.
Eosinophilic Myositis and Related Syndromes
PATHOGENESIS AND PATHOPHYSIOLOGY. True

eosinophilic myositis occurs in the setting of a subacute or
chronic unexplained peripheral blood eosinophilia. Patients
with hypereosinophilia may be asymptomatic or may have
end-organ damage, including myositis. The skeletal muscle
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in such patients resembles polymyositis with an eosinophil-
predominant infiltrate.143

Eosinophilic fasciitis is likely a separate condition with
eosinophilia, elevated ESR, and hypergammaglobulinemia.
Clinically, these patients present with taut skin and flexion
contractures secondary to intense diffuse fasciitis. Patho-
logically eosinophilic inflammation of the fascia extends
into adjacent muscle, but there is no primary muscle
involvement.143

Eosinophilia-myalgia syndrome (EMS) is a more recently
described condition. A number of patients developed pe-
ripheral eosinophilia, fatigue, and myalgia associated with
the chronic ingestion of L-tryptophan. Biopsies demon-
strate inflammatory infiltrates of small and medium-sized
vessels and connective tissues consisting of various cell
types (histiocytes, CD4þ and CD8þ lymphocytes, and mast
cells) but few, if any, eosinophils. An autoimmune disorder
or idiosyncratic response is suspected.143 Since the with-
drawal of L-tryptophan from the market, the number of
cases reported has dramatically dropped.144 It is likely that
the vehicle, not L-tryptophan, was the responsible agent.
The toxic oil syndrome, which was the result of a toxic
contaminant in the production of rapeseed oil in Spain, is
nearly an identical syndrome with identical pathology as
EMS.143

EPIDEMIOLOGY AND RISK FACTORS. The number of
cases of eosinophilic myositis is small. The syndrome is
associated with the systemic hypereosinophilic syndromes
almost as a rule. With eosinophilic fasciitis, men 30 to
60 years of age are more often affected, and about half
have a history of intense exertion prior to the onset.

In a study of 205 patients with EMS associated with
L-tryptophan ingestion, 79% were women and almost all
were white.145 The EMS from L-tryptophan ingestion was
associated with contamination by 1,10-ethyldenebis trypto-
phan and 3-phenylamino alanine. The doses taken in the
EMS patients were generally higher than the at-risk patients
who did not develop the syndrome. One of the toxic contami-
nants in rapeseed oil was 3-phenylamino-1,2-propanediol,
an alanine derivative similar to the 3-phenylamino alanine
in the EMS outbreak.143

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The systemic syndrome associated with eosinophilic
myositis involves other organs such as lungs, heart, and
skin. There may be heart block, dysrythmias, and pulmo-
nary infiltrates, resulting in death. Esophageal motility can
be affected in some patients. Proximal muscle weakness
and elevated CK, suggestive of myositis, may be accompa-
nied by signs of neuropathy.143

Diffuse fasciitis presents acutely, usually after a short
prodromal period with low-grade fever, myalgias, and fa-
tigue. Thickening of the subcutaneous tissues ensues,
sparing the face, with pitting edema of involved areas.
Over the next weeks there may be limitations of movement
of the small joints and to a lesser degree of large joints.
Proximal and distal muscle weakness has been described
in a few patients. Spontaneous remissions are common,
and a rapid response to treatment is a rule.143

EMS begins insidiously, with severe fatigue and myal-
gias. Low-grade fever, transient maculopapular rash,
muscle pains, and cramps and weakness of the extremi-
ties with or without paresthesias may all be part of the
syndrome. The features of the syndrome in a given patient
will vary depending on whether fasciitis, myositis, peri-
pheral neuropathy, or mixed features predominate.143 There
are some vague reports of an acute encephalopathy at pre-
sentation.144 Cognitive changes have been described 1 to
23 months after the acute syndrome. Objective neurocogni-
tive changes were present in almost two thirds of those with
subjective complaints of mental difficulties. Affected were
verbal and visual memory, conceptual reasoning, and motor
speed. No risk factors for the development of cognitive
changes have been identified, and the pathogenesis of these
changes remains unknown. Proposed mechanisms include
a direct toxic effect, eosinophil-derived neurotoxin or major
basic protein, and effects of cytokines.144

DIFFERENTIAL DIAGNOSIS. Other conditions usually
considered with this group of diseases are other autoim-
mune or inflammatory states such as polyarteritis nodosa,
RA, allergic granulomatosis, hypersensitivity vasculitis, sclero-
derma, or parasitic infections. History, organ involvement,
serological studies, and tissue biopsy may be necessary to
distinguish among these conditions.

EVALUATION. In eosinophilic myositis, the severity of
peripheral blood eosinophilia is helpful in terms of diagno-
sis and reflects the severity of tissue eosinophilic inflam-
mation. RF may be present, a feature that does not occur
with eosinophilic fasciitis or EMS. ESR is often moder-
ately elevated in all of these states. Serum CK, EMG, and
muscle biopsy aid in the diagnosis of eosinophilic myositis.
The serum CK is often elevated with true myositis, but
may be normal in eosinophilic fasciitis. In EMS and in
toxic oil syndrome, the CK is normal or only slightly
elevated.143

The EMG reveals a myopathic pattern with eosinophilic
myositis. There have been reports of myopathic changes in
EMS and eosinophilic fasciitis, but this is less common.
When peripheral neuropathy is associated with eosinophilic
myositis, EMG may demonstrate axonal or demyelinative
lesions.143

In EMS, one should be aware of potential signs of cog-
nitive dysfunction and differentiate them from fatigue or
depression. If there is a question of an encephalopathy,
neuropsychological testing is recommended with follow-
up assessments. The cognitive changes in EMS may begin
or progress while other symptoms and signs of the
syndrome are improving.144

MANAGEMENT. Treatment of eosinophilic myositis is
initiated with high-dose prednisone at 1 mg/kg/day. With
control of the symptoms and peripheral blood eosinophilia,
gradual reduction of dose on an alternate-day regimen can
be initiated. Cytotoxic agents may be of benefit if steroid
doses remain high or if it is mandatory to reduce the ste-
roid dose because of side effects. Improvement of survival
has resulted.143

Eosinophilic fasciitis often will improve spontaneously,
but resolution is faster with corticosteroid treatment.
Relapses are infrequent. Although the treatment and reso-
lution are in most cases good, the acute phase of the ill-
ness can be complicated by aplastic anemia, and either a
megakaryocytic or idiopathic thrombocytopenia. Delayed
lymphoproliferative disorders have also occurred.143

There are no specific recommendations on the treat-
ment of EMS other than cessation of the inducing agent.



TABLE 50-8

Characteristic Features and Diagnostic Criteria for
Inclusion Body Myositis

Characteristic Features

Clinical

Duration of illness > 6 months
Age of onset > 30 years old
Weakness of proximal and distal arm and leg muscles; must include

at least one of the following features:
Finger flexor weakness
Wrist flexor > wrist extensor weakness
Quadriceps muscle weakness (� grade 4 MRC)

Laboratory

Serum creatine kinase < 12 times normal
Muscle biopsy:
Inflammatory myopathy characterized by mononuclear cell
invasion of non-necrotic muscle fibers

Vacuolated muscle fibers
Intracellular amyloid deposits or 15- to 18-nm tubulofilaments by
electron microscopy

Electromyography consistent with inflammatory myopathy

Diagnostic Criteria

Definite inclusion body myositis

Patients must exhibit all of the muscle biopsy features including
invasion of non-necrotic fibers by mononuclear cells, vacuolated
muscle fibers, and intracellular (within muscle fibers) amyloid
deposits or 15- to 18-nm tubulofilaments

None of the other clinical or laboratory features are mandatory if
the muscle biopsy features are diagnostic

Possible inclusion body myositis

If the muscle shows only inflammation (invasion of non-necrotic
muscle fibers by mononuclear cells) without other pathological
features of inclusion body myositis, then a diagnosis of possible
inclusion body myositis can be given if the patient exhibits the
characteristic clinical and laboratory features

MRC, Medical Research Council.
Modified from Griggs RC, Askanas V, DiMauro S, et al: Inclusion body myositis
with IVIg: A double-blind, placebo-controlled study [see comments]. Neurology
1997;48:712–716.
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Corticosteroids may induce clinical improvement and re-
mission of eosinophilia. The drugs should be tapered after
clinical benefit is maintained. Beneficial responses to other
medications have been reported, but the number of patients
is too small to draw significant conclusions.145

PROGNOSIS AND FUTURE PERSPECTIVES. In a 1982
study of 57 patients with hypereosinophilic syndromes, the
average survival was 9 months, with 12% of patients surviv-
ing 3 years. Eosinophilic fasciitis has a good prognosis with
spontaneous recovery or response to corticosteroids in most
patients. Occasional patients develop recurrence of fasciitis
or secondary myeloproliferative disorder.143 In a follow-up
of over 200 patients with EMS, at 18 to 24 months, almost
all of the symptoms and signs of the syndrome had improved
or resolved completely. Neurocognitive deficits and peri-
pheral neuropathy are less likely to respond to therapy.145

With the exception of EMS, the pathogenesis of these
syndromes is unclear, and directing more specific therapies
is difficult. The hypereosinophilic syndromes in particular
are associated with high morbidity and mortality rates
despite treatment with nonspecific immunosuppression.
The identification of the driving force behind these inflam-
matory states will likely lead to novel approaches to influ-
ence the effects of these diseases, probably at the level of
the cytokines and their regulatory effects.

Inclusion Body Myositis
PATHOGENESIS AND PATHOPHYSIOLOGY. The spe-

cific hallmarks of inclusion body myositis (IBM) are inflam-
mation, vacuolated muscle fibers, intracellular amyloid
deposits, and 15- to 18-nm tubulofilamentous inclusions.
Although there are familial forms of this disease, either auto-
somal dominant or recessive, inflammation is only rarely
seen in those cases,146 and, therefore, the familial forms
are best referred to as inclusion body myopathies.

The inflammatory cells that are present in affected muscle
are mostly CD8þ lymphocytes or macrophages expressing
MHC-II surface markers. These findings suggest a directed
response against specific antigens and a role of immune-
mediated cytotoxicity. In addition, there are changes in the
mitochondria and the nuclei of the myofibers, amyloid pro-
tein, and abnormally present filaments that suggest a possi-
ble “neurodegenerative” pathogenic mechanism. It is also
suggested that the expression of an abnormal gene product
may lead to a cytodestructive process and help explain the
inflammatory and neurodegenerative evidence.146

EPIDEMIOLOGY AND RISK FACTORS. IBM is the
most common inflammatory muscle disease occurring over
the age of 50.147 Patients are older than 30 years of age and
usually older than 50 at the time of onset of symptoms.
Men are more often affected than women, in contrast with
other autoimmune and inflammatory diseases.148 There are
no known risk factors other than genetic risk in those
families with a history of IBM.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The clinical weakness of IBM may resemble that
of PM or DM but more typically evolves over years and
resembles a limb-girdle dystrophy. Distal weakness is com-
mon, and dysphagia occurs in as many as 60% of patients.
The weakness and atrophy may be asymmetrical and
involve solitary muscles such as the quadriceps, iliopsoas,
biceps, or triceps. Over years, there is more symmetry
and weakness of the involved muscles. IBM is suspected
when a patient with the diagnosis of PM does not respond
to corticosteroid therapy, has early involvement of distal
muscles such as long-finger flexors of the hand and wrist
and extensors of the foot, or has dysphagia.147 Unlike other
inflammatory myopathies, patients with IBM do not have
an increased risk of malignancy.

DIFFERENTIAL DIAGNOSIS. As alluded to previously,
the other diagnoses to consider in these patients are PM,
DM, or a myositis as the result of another systemic illness.
With an earlier and gradually progressive onset, there may
be features in common with limb-girdle muscular dystro-
phy. If there is focal atrophy or weakness, the possibility
of a mononeuropathy or plexopathy should be considered.
These can be differentiated with electrodiagnostic testing.
The lack of respiratory involvement, EMG features, and
slow course differentiate IBM from motor neuron disease.
However, atypical presentations without the classical fea-
tures can lead to diagnostic uncertainty. Muscle biopsy
and quantitative EMG can often clarify these cases.149

EVALUATION. As in DM and PM, the diagnosis of IBM
relies on the assessment of CK, EMG, and most important,
muscle biopsy. Suggested diagnostic criteria are listed in
Table 50-8. CK levels are often mildly elevated but should
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be less than 12 times normal.146 EMG may show fibril-
lation potentials, positive sharp waves, complex repetitive
discharges, and a mixture of myopathic, normal, and
neurogenic motor units. These findings are not specific to
the diagnosis of IBM, though short- and long-duration
polyphasic potentials may be more prominent in IBM than
other myopathies. Conventional EMG may not demon-
strate myopathic motor units and can lead to misdiagnosis,
especially if “neurogenic” spontaneous activity is seen.
Quantitative EMG, particularly of single motor unit po-
tentials, can be useful in identifying the motor units as
myopathic in these circumstances.149

Muscle biopsy alone can make the diagnosis of IBM but
may not always show the typical pathological features of
the disease, even in patients with clinically typical presen-
tations. Additional sections, additional stains (i.e., Congo
red to assess for amyloid deposits), or another biopsy
may increase this yield.146

MANAGEMENT. IBM is generally resistant to all thera-
pies, but a trial of corticosteroids and one aggressive im-
munosuppressive agent is probably reasonable. This has
been the traditional view, although corticosteroids do not
appear to be of any benefit and may actually worsen
strength despite lowering of CK.150 Although initial reports
suggested IVIG was useful in IBM, subsequent studies,
including one with placebo control, have shown response
in only about one third of patients.146,147 A controlled
study of IVIG plus prednisone versus IVIG plus placebo
demonstrated no difference between the groups and no
improvement in strength.151 A randomized pilot study of
interferon-b 1a did not show benefit after 6 months of
therapy.152 Supportive care, bracing, rehabilitative strate-
gies and limitation of corticosteroid use a generally recom-
mended.150

PROGNOSIS AND FUTURE PERSPECTIVES. IBM is
typically a slowly progressive disease and may even stabi-
lize for periods of time. Further studies with currently
available or novel therapies may require larger numbers
of patients and a longer duration of treatment to demon-
strate a pattern of benefit or predict which subset of
patients may respond. A better understanding of the etio-
logical mechanisms of the unusual constellation of patho-
logical findings will likely tailor new approaches to
treatment.

Behçet’s Disease
PATHOGENESIS AND PATHOPHYSIOLOGY. In 1937,

Hulusi Behçet (1889–1948), a Turkish dermatologist, de-
scribed the syndrome that bears his name. Behçet’s disease
(BD) is a relapsing inflammatory disorder without a defined
cause. It may be a viral or autoimmune disorder, although fa-
milial cases and an associationwithHLA-B5 andHLA-B1 sup-
port a genetic role.153,154 Although it was previously thought to
be a hypercoagulable state, elevation of procoagulant factors
such as aPL are now known to be a secondary feature of the
syndrome. Pathologically, there is infiltration of smaller
venules with lymphocytes and plasma cells, disrupted archi-
tecture of vessels, and occlusion with fibrin to fibrotic replace-
ment, depending on the age of the lesion. There may be
involvement of larger arteries or veins, resulting in thrombosis,
aneurysm formation, or hemorrhage.154
EPIDEMIOLOGY AND RISK FACTORS. The syndrome
occurs with a prevalence rate as high as 37 per 100,000
in rural Turkey but only 0.4 per 100,000 in the United
Kingdom.155 Although children may be affected, mean
age of onset is in the third decade. Neurological signs
may occur at presentation but more typically occur several
years later.156 It is unclear if there are risk factors indepen-
dent of genetic predisposition. In an autopsy series, 20% of
170 patients with BD had neurological involvement.155

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Criteria established by an international study group
include recurrent major or minor aphthous or herpetiform
ulceration of the mouth (mandatory) and involvement of
at least one of the organ systems discussed later. Ocular
signs include uveitis and vitritis, which are often present
bilaterally, hypopyon, and vasculitis of the retinal vessels,
sometimes with permanent visual loss. Skin lesions include
small, oval to round buccal and genital aphthous ulcera-
tions, erythema nodosum, and pustules. Patients may have
pathergy, the delayed development of a pustular or nodular
skin reaction at the site of needle puncture. A polyarteritis
may occur, and larger arteries or veins may be affected,
producing superior or inferior vena cava syndrome, inter-
mittent claudication, edema, pulmonary infarct or fistula,
or myocardial infarction.154

Although nervous system involvement occurs in up to
33% of patients with BD, it is not a defining criterion
for the disease.157 The nervous system is affected in one
of a few ways, and often these syndromes may overlap.
Brain stem involvement with meningoencephalitis is the
most common location of parenchymal disease in two
of the larger series reported.155,158 Usually the syndrome
presents subacutely over days, with headache, oculomotor
abnormalities, and ataxia (Video 230, Exotropia). Only a
few patients have respiratory insufficiency resulting in
ventilatory support. Isolated cranial nerve dysfunction has
also been seen with the facial nerve most often affected.
Intramedullary spinal cord lesions, including complete
transverse myelitis, are seen less often.155 Meningoenceph-
alitis or aseptic meningitis may present with chronic head-
ache and typically mild pleocytosis.142,158 Vasculitis of
venules or veins may cause significant thrombosis. In a
prospective study of 31 patients with BD and neurological
involvement, 10 patients had intracranial venous thrombo-
sis. All had intracranial hypertension, but only two had focal
neurological deficits due to cortical vein thrombosis. Angiog-
raphy may confirm a suspected thrombosis that is not visu-
alized by MRI or may be performed in the appropriate
setting if MRI is not available. CSF studies are typically ab-
normal with pleocytosis, elevated protein, and normal glucose
but may be normal despite grossly abnormal MRI studies.157

Serial CSF studies may be intermittently abnormal regardless
of CNS disease activity.156 In contrasting the CSF profiles of
these presentations, the opening pressure was abnormal in the
cases of meningitis and venous thrombosis. Pleocytosis was
predominantly neutrophilic in the meningitis cases and lym-
phocytic/monocytic in cases of venous thrombosis or paren-
chymal lesions of the hemisphere, brain stem, or spinal
cord.155,158 Glucose is typically normal.158

DIFFERENTIAL DIAGNOSIS. Other diagnostic consid-
erations include inflammatory conditions or systemic
infections such as SLE, polyarteritis nodosa, and bacterial
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endocarditis. The presence of arthritis may lead to the diag-
nosis of RA or postviral polyarthritis. Prominent neurolog-
ical signs suggest other conditions including meningitis,
encephalitis, stroke, and multiple sclerosis. Meningitis
can be caused by bacterial or viral infection or drugs (ibu-
profen, trimethoprim) or can be recurrent Mollaret’s menin-
gitis. Focal brain lesions may resemble those of multiple
sclerosis or be radiologically identical to other vasculitic
syndromes.157

EVALUATION. Since there is no definite test to confirm
the diagnosis of BD, the constellation of symptoms and
signs over time allows the diagnosis to be made. A thorough
history, physical examination, and review of previous symp-
toms are required. ESR is likely to be elevated if there is
large vessel vasculitis but may be normal if the only
evidence of disease is uveitis. Fibrin split products and
platelet count may be elevated. Antiphospholipid antibodies
are present in 15% to 35% of patients.154 These changes are
felt to be secondary effects of the inflammatory process.

Skin manifestations may lead to a diagnostic skin biopsy
in patients with accessible lesions. Only occasionally is
vasculitis proved, however. There is often infiltration of
the dermis with lymphocytes and plasma cells, and de-
posits of IgM and C3 sometimes occur in cutaneous ves-
sels. A test for pathergy can be done by making a few
sterile puncture sites in the forearm. Formation of nodule
or pustule supports the diagnosis of BD; however, the ab-
sence of pathergy does not exclude BD as a potential diag-
nosis.154 Visual complaints should be evaluated by an
ophthalmologist to prevent morbidity owing to visual loss.
Neurological evaluation is guided by the clinical presenta-
tion of the patient. MRI is superior to CT in detection of
BD-related lesions.157 T2-weighted MRI images may show
multiple high-intensity lesions. Lesions occur in the cere-
bral white matter (70%), brain stem (60%), and deep gray
matter (40%). They may be confluent and more extensive
than suspected clinically. They do not have a predilection
for the periventricular white matter. A lumbar puncture with
assessment of opening pressure will identify those cases of
intracranial hypertension secondary to venous thrombosis
and confirm the presence of meningitis or meningoencepha-
litis.157 CSF pleocytosis may range from 0 to 850 cells/mL
(mean, 82), with the percentage of lymphocytes ranging
from 25% to 100% (mean, 63), protein ranging from 16 to
101 mg/dL (mean, 43), and glucose ranging from 40 to 89
mg/dL (mean, 59).156 Blood-brain barrier function may be
abnormal as measured by the albumin ratio of CSF to serum;
oligoclonal bands may be demonstrated.159

MANAGEMENT. Corticosteroids palliate inflammation
at any disease stage by reducing the current vascular inflam-
mation. Therefore, their use is justified during disease activa-
tion. However, corticosteroids are not effective in the
prevention of blindness or the morbidity and mortality that
can be associated with neurological sequelae.154 Other agents
(e.g., alkylating agents) are needed in the long-term manage-
ment of the disease to prevent or reduce significant morbidity.

Chlorambucil is helpful in controlling uveitis or menin-
goencephalitis. The dose is 0.1 mg/kg/day with gradual
reduction in the dose if the disease remains controlled.
Prolonged treatment at doses of 2 to 4 mg/day may be re-
quired to keep control. Routine blood counts should be fol-
lowed, and the risk of sterility is a factor if treatment
continues longer than 1 year. Cyclosporine at 6 mg/kg/
day is tried if chlorambucil is ineffective or not tolerated.
Monitoring of routine blood counts, blood urea nitrogen,
creatinine, and cyclosporine levels is necessary owing to
the renal disease that can result from cyclosporine.154 Aza-
thioprine, methotrexate, and colchicine (which is widely
used in Japan) may also be effective.

The treatment of major vessel occlusion is not clearly
agreed upon. Treatment with prednisone and an alkylating
agent should be initiated. Anticoagulation has been shown
useful in patients with intracranial venous infarction,157 al-
though this treatment should be avoided in patients with
pulmonary vasculitis. Low-dose aspirin may reduce second-
ary thrombosis without significantly increasing the bleeding
risk.154

PROGNOSIS AND FUTURE PERSPECTIVES. Mucocu-
taneous lesions can exist for years without substantial
morbidity or death. Ocular and neurological involvement,
however, can lead to significant disability or death. The
patients who experience intracranial hypertension and vein
occlusions have a generally good prognosis if satisfactory
treatment is provided at presentation. Patients with paren-
chymal disease often have sequelae felt to be related to the
degree of axonal damage. A relapsing course of disease is
seen in about 30% to 40% of neuro-BD patients, and patients
with brain stem involvement and younger age of disease
onset tend to have a worse prognosis.155 Appropriate evalu-
ation and prompt treatment reduce this morbidity. After sev-
eral years, most patients enter a period of relative disease
inactivity and are less prone to complications as a result.154
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CHAPTER 51
Traumatic Disorders
Randolph W. Evans, Jack E. Wilberger, and Sanjay Bhatia
ACUTE HEAD INJURY

POSTCONCUSSION SYNDROME

CRANIAL NEUROPATHIES

POST-TRAUMATIC EPILEPSY

POST-TRAUMATIC MOVEMENT

SPINAL CORD INJURY

WHIPLASH INJURIES

BRACHIAL AND LUMBOSACRAL

PLEXOPATHIES

COMPLEX REGIONAL PAIN

SYNDROME (REFLEX

SYMPATHETIC DYSTROPHY AND

CAUSALGIA)

MOUNTAIN SICKNESS

DECOMPRESSION SICKNESS

LIGHTNING AND ELECTRICAL

INJURIES
DISORDERS
Disorders due to head, spine, and peripheral nerve injuries
are among the most commonly seen by neurologists. The
impact of these injuries can be devastating for individuals
and society, because injuries occurring in a fraction of time
can result in death or lifelong impairments associated with
chronic pain syndromes. Motor vehicle accidents continue
to be a leading cause of neurological trauma despite efforts
at primary prevention. Although some neurological injuries
such as those due to gunshot and stab wounds reflect a
violent society, others, like a lightning strike, are random
and capricious. Basic and clinical neuroscience research is
directed toward prevention and better treatment of traumatic
neurological injury.
ACUTE HEAD INJURY

PATHOGENESIS AND PATHOPHYSIOLOGY. Head
injury (HI) accounts for a disproportionate share of mor-
bidity and death in traumatized patients. The past two dec-
ades have witnessed a significant decline, however, in
overall HI mortality rate from the mid-30% range in the
1970s to less than 20% in the 1990s. This improvement
has paralleled an understanding of the secondary injury
process and an appreciation that all neurological damage
does not occur at the moment of insult but evolves over
the ensuing hours and days from various biochemical and
molecular derangements. This understanding has led to
the development of aggressive treatment strategies to pre-
vent intracranial pressure (ICP) elevations and ischemia.
This understanding has led also to extensive clinical thera-
peutic trials to identify pharmacological neuroprotective
agents. The structural injury to the brain at the time of
impact is rarely the sole determinant of outcome. Hypoxia,
hypotension, mass lesions, increased ICP, ischemia, free
radical production, excitotoxicity, and loss of calcium
homeostasis are also important.

The frequent occurrence and deleterious effects of the
secondary insults of hypoxia and hypotension have long
been known.1,2 Mortality rate is doubled when these insults
are superimposed on severe HI (Fig. 51-1), and similarly,
concomitant elevated ICP increases morbidity rate.3 Consid-
erable research has focused on the biochemical and molecular
mechanisms of secondary injury. Although these events
are multifactorial and interrelated, their timing sequence
justifies consideration of each component (Fig. 51-2).

The contribution of oxygen free radicals to secondary
injury following HI is a subject of active research.4,5 Free
radicals generated by HI, including superoxide, hydroxyl,
hydrogen peroxide, singlet oxygen, and nitrous oxide, have
the potential to damage proteins and the phospholipid com-
ponents of cells and organelle membranes. Additionally,
extensive membrane depolarization, induced by trauma,
allows for a nonselective opening of the voltage-sensitive
calcium channels and an abnormal accumulation of calcium
within neurons and glia. Such calcium shifts are associated
with activation of lipolytic and proteolytic enzymes, protein
kinases, protein phosphatases, dissolution of microtubules,
and altered gene expression.6 Another method of abnormal
calcium influx is via activation of excitatory amino acid
receptors such as glutamate and aspartate. Excitotoxicity
occurs in a widespread fashion after trauma, resulting in
cell swelling, vacuolization, and death.7 Concurrent with
the rise in intracellular calcium, magnesium levels are often
low immediately following head trauma. Magnesium is a
physiological antagonist of calcium and simple replacement
of magnesium might attenuate secondary brain injury.8

Several large clinical trials are evaluating this possibility.
Head injury can result in various types of primary injury

occurring at the moment of impact, including lacerations of
the scalp, skull fractures, cortical contusions and lacera-
tions, diffuse axonal injury, and intracranial hemorrhage.
A coup contusion occurs at the site of impact in the absence
of a fracture. A contrecoup contusion occurs in the brain
diametrically opposite the point of impact. Acceleration/
deceleration forces may cause tearing of nerve fibers at
the moment of impact, which is called shearing injury or
diffuse axonal injury. Types of intracranial hematomas
include extradural, subarachnoid, subdural, and intracerebral
hematomas.

EPIDEMIOLOGY AND RISK FACTORS. The Centers
for Disease Control and Prevention estimate that annually
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Figure 51-1. Influence of hypoxia and hypotension on mortality after head
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about 1.4 million people sustain a traumatic brain injury
(TBI), resulting in 235,000 hospitalizations and 50,000
deaths. Among children ages 0 to 14 years, TBI results in
435,000 emergency department visits, 37,000 hospitali-
zations, and 2685 deaths.9 Another 10,000 people sustain
spinal cord injuries each year. The peak incidence occurs
in men 15 to 24 years of age. Whereas motor vehicle acci-
dents still account for the majority of injuries, the increas-
ing mandate for seat belt use and availability of air bags
appear to be reducing injuries. The incidence of penetrating
HI from gunshot wounds is ever increasing, and in some
urban communities it is now the most common type of
injury seen.

A number of classification schemes have been developed
for assessment of neurological damage after HI. The most
reliable scheme, from a clinical and prognostic standpoint,
is based on the Glasgow Coma Scale (GCS):

GCS 3–8: Severe
GCS 9–13: Moderate
GCS 14–15: Mild
Mild HI is termed a concussion. Concussions are infre-
quently associated with structural brain injury and rarely
lead to significant long-term sequelae. The postconcussion
syndrome is distinct. Attention to neuropsychological test-
ing has shown the possibility of significant cognitive
disability following a concussion.10 Moderate HI may be
associated with significant structural injury such as hem-
orrhage or contusion, but death is uncommon. Severe HI
generally results in some form of cognitive or physical
disability or in death, especially with very low GCS scores.

The accurate classification of HI is critical in both triage
and management. Severe HI should be treated at facilities
with appropriate neurotrauma resources, whereas moderate
HI requires close clinical observation for possible neuro-
logical deterioration. In the setting of mild HI, the most
important management issues are related to the need for
computed tomographic (CT) scanning, possible inpatient
observation, and appropriate follow-up.

CLINICAL FEATURESANDASSOCIATEDDISORDERS.

HI is frequently associated with skull fracture, and the sig-
nificance of the fracture depends on the type of head injury.
When associated with severe HI, linear fractures have little
practical significance, whereas with mild HI, the presence
of a skull fracture increases the risk of an intracranial abnor-
mality by as much as fourfold.11 Basilar skull fractures
may be complicated by cerebrospinal fluid (CSF) leak, in-
fection, and cranial nerve palsies. Patients with basilar skull
fractures generally deserve closer clinical monitoring than
those with linear skull fracture. In infants and young chil-
dren, however, linear fractures may be complicated by lepto-
meningeal cysts or “growing” skull fractures. When such
lesions occur, a mass may develop over the fracture site as
CSF collects from a disruption of arachnoid intregrity under-
lying the injury. Cysts always require surgical correction; it
is important to follow young children for several months
for this possible occurrence.

Infrequently, blunt trauma to the head can tear the mid-
dle meningeal artery, diploic veins, or the dural sinuses,
resulting in a collection of blood in the epidural space,
which is an epidural hematoma. Epidural hematomas are
associated with a skull fracture in 85% of cases. They most
commonly occur in the temporal region, although they can
also occur in other locations such as the frontal or parietal
regions or within the posterior fossa. The classically des-
cribed lucid interval associated with this entity is rarely
seen because most patients are unconscious from the time
of injury. Examination of the head may reveal a laceration
and skull fracture over the region of the hematoma. If uncal
herniation (i.e, herniation of the mesial temporal lobe)
occurs from mass effect, findings may include an ipsilate-
ral cranial nerve III palsy and contralateral hemiparesis
(Video 4, Pronator Drift). An ipsilateral hemiparesis can
occur as a result of compression of the contralateral cerebral
peduncle against the edge of the tentorium. Most epidural
hematomas require immediate surgical intervention; how-
ever, there are exceptions, particularly in alert pediatric
patients.12

Acute subdural hematomas occur in approximately
20% of patients with severe HI. Impact injury to the brain
can rupture the parasagittal bridging veins (which drain
blood from the surface of the hemisphere into the dural
venous sinuses) leading to hematoma formation within
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the subdural space. Subdural hematomas can also occur
without head injury in patients with a coagulopathy or on
anticoagulants. Subdural hematomas can also be due to
rupture of cerebral aneurysms. Subdural hematomas are
usually located over the hemispheres, although other loca-
tions, such as between the occipital lobe and tentorium
cerebelli or between the temporal lobe and base of the
skull, can occur. About 50% of patients with acute sub-
dural hematomas are unconscious from the time of injury.
Focal findings can occur because of herniation, as des-
cribed for epidural hematomas. Surgery within the first
4 hours from injury is generally associated with improved
outcome; however, this basic tenet of HI management has
been challenged.13,14

A subdural hematoma becomes subacute between 2 and
14 days after the injury when there is a mixture of clotted
and fluid blood. A subdural hematoma becomes chronic
when the hematoma is filled with fluid more than 14 days
after the injury. Most patients with chronic subdural hema-
tomas are late middle age or elderly. Up to 50% of those
with chronic subdural hematomas, however, have no his-
tory of head injury. Patients with chronic subdural hemato-
mas may have multiple types of presentations such as the
following: headache and nausea without focal findings;
a slow progression of focal signs; altered mental status,
apathy, and unsteady gait; an acute focal neurological def-
icit; fluctuating neurological deficits that may clear; and
seizures. Thus, it is easy to see how the various presenta-
tions of chronic subdural hematoma can lead to misdiag-
noses such as stroke, transient ischemic attack, brain
tumor, depression, and dementia. Although occasionally
chronic subdural hematomas can be treated with diuretics
and corticosteroids, symptomatic patients generally require
surgery.

Cerebral contusions are frequently associated with intra-
cranial mass lesions, although they may occur as a result of
the coup-contrecoup phenomenon, especially in the tem-
poral and inferior frontal regions. The clinical presentation
depends upon the location and severity of the contu-
sion and whether other lesions are present. Patients with
small focal contusions can present with speech or motor
deficits, whereas larger contusions can act as a mass lesion.
Contusions themselves rarely require surgical intervention;
however, they necessitate careful clinical and CT follow-
up because they may evolve into delayed post-traumatic
intracerebral hematomas.15

Diffuse axonal injury (DAI) is a frequent CT and patho-
logical correlate of severe head injury, accounting for
about 50% of primary brain injuries. It is a result of rota-
tional acceleration of the brain inducing shear, stretch,
and deformation of white matter. DAI is usually associated
with a poor outcome.16 DAI when severe is readily identi-
fiable on CT as multiple punctate hemorrhages, typically in
the deep white matter and corpus callosum and occasion-
ally in the brain stem. DAI may also occur as a result
of mild head injury and may culminate in subtle types of
cognitive deficits.

Approximately 10% to 15% of patients with clinically
severe HI have a normal CT scan. In such situations, the pos-
sibility of extracranial or intracranial vascular disruptions
must be considered, and angiography should be considered.
A normal CT scan does not preclude the presence of
increased ICP. A repeat scan should also be obtained as
often abnormalities can be demonstrated in the latter scan.
Occasionally, magnetic resonance imaging (MRI) may
demonstrate lesions not appreciated on CT in this setting.

Approximately 5% to 10% of patients with severe HI have
an associated spine or spinal cord injury. Initial HI evaluation
and management thus require simultaneous evaluation and
management for potential spinal injuries. The majority of
patients with severe HI have multisystem injury. Possibility
of other significant and potentially life-threatening injuries
should be evaluated and the proper treatment priorities
accordingly established.

Multiple medical complications can also occur after HI.17

Cardiovascular effects of head injury include neurogenic
hypertension and cardiac dysrhythmias. Respiratory compli-
cations such as neurogenic pulmonary edema, aspiration
pneumonia, and pulmonary emboli usually caused by deep
venous thrombosis are rather common. Other complications
include disseminated intravascular coagulation, hypona-
tremia due to the syndrome of inappropriate antidiuretic
hormone secretion, diabetes insipidus, and stress gastritis.

DIFFERENTIAL DIAGNOSIS. Many nontraumatic dis-
orders may mimic HI, including drug or alcohol intoxica-
tion, metabolic disturbances, and subarachnoid or other
types of intracranial hemorrhages. When an intoxicated
person falls or becomes involved in a fight and sustains
a head injury, the emergency evaluation can be further
complicated. Often, a patient presents after an apparent
traumatic event that itself was precipitated by primary
underlying intracranial pathology. Examples include the
following: a stroke that causes loss of control while
driving; a generalized seizure resulting in a head injury
(Video 77, Clonic Seizure); a gait disturbance (due, for
example, to Parkinson’s disease, diabetes with a sensory
ataxia [Video 5, Sensory Ataxia], or cervical spondylitic
myelopathy) causing a fall and an HI; and delirium or
dementia as a cause of the fall. The physician should not
only treat the injury, but should also try to find out if there
is an underlying cause.

EVALUATION. The primary evaluation of a patient with
HI necessitates a careful neurological evaluation. Because
a significant number of these patients have multiple types
of trauma, however, systemic evaluation and stabilization
take precedence. The ABCs of trauma resuscitation must be
followed. As noted previously, correction of hypoxia and
hypotension has a significant impact on outcome from HI.

The neurological evaluation of these patients is often
complicated by many physical and iatrogenic factors.
In comatose patients, a cervical spine series should be
performed to exclude fractures before checking the oculo-
cephalic reflex. Severe ocular trauma may obviate exami-
nation of pupillary reflexes. Alcohol intoxication and
the use of sedatives or muscle relaxants to facilitate pa-
tient transport adversely affect the trauma-related neuro-
logical findings. Extremity fractures limit the extent of
the neurological examination.

The GCS score has been the most reliable indicator of
the severity of injury and deterioration or improvement.
The initial GCS score often influences early treatment decis-
ions. Thus, an intimate familiarity with the examination essen-
tials to establish the GCS score is important: eye opening,
verbal response, and motor response (Table 51-1).18



TABLE 51-1

Glasgow Coma Scale

EVALUATION SCORE

Eye opening
Spontaneous 4
To voice 3
To pain 2
None 1

Verbal response
Oriented 5
Confused 4
Inappropriate 3
Incomprehensible 2
None 1

Motor response
Obeys commands 6
Localizes pain 5
Withdraws 4
Flexion 3
Extension 2
Flaccid 1

Total scare range: 3–15
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Once the GCS score has been established, a more de-
tailed head and neurological examination can be pursued.
A careful examination of the head is essential for findings
such as scalp lacerations, skull fractures, blood in the
external auditory canal, a hemotympanum, or Battle’s sign
(ecchymosis of the scalp overlying the mastoid bone).
Any laterality to the neurological findings (i.e., a dilated
pupil, hemiparesis) suggests a focal mass lesion. The
higher the GCS score, the more important a detailed mental
status examination becomes in determining management.
For penetrating HI and especially gunshot wounds, there
must also be a full and careful documentation of entry
and exit wounds, powder burns, and foreign bodies.

In pediatric patients, the possibility of child abuse must
be borne in mind, especially when the primary structural
brain injury is subdural hematoma. The shaken baby syn-
drome refers to violent shaking of an infant or small child
resulting in retinal hemorrhages and subarachnoid or
subdural hemorrhage, but with minimal or no external evi-
dence of severe trauma.19 When such concerns arise, there
must be a careful systemic survey for evidence of other
injuries—retinal hemorrhages, skin bruising, new and old
long bone fractures.

The more severe the HI, the greater the urgency for CT
scanning as an integral part of initial evaluation to exclude
lesions that require neurosurgical intervention. The only
exception is when other life-threatening injuries take pre-
cedence. With minor HI, CT is not routinely indicated.
Similarly, if CT is to be obtained, plain skull radiographs
are unnecessary. Additional diagnostic evaluations such
as MRI, cerebral angiography, and transcranial Doppler
examination may be appropriate depending on clinical and
CT findings.

MANAGEMENT. The management of minor HI is pri-
marily directed toward a determination of which patients
require CT scanning or in-hospital observation. Consider-
able effort has been expended to determine the risk of de-
terioration in this group of patients so that appropriate
triage protocols may be established. A meta-analysis of a
large number of series indicates that approximately 2.5%
of patients presenting to an emergency room with minor
HI require neurosurgical intervention.20 This observation
has led to current recommendations that only patients with
GCS scores of 15 be discharged without prior CT scanning.
Risk factors that must be taken into consideration when
making this determination include palpable depressed skull
fracture, seizures, extremes of age, persistent headache or
vomiting, therapeutic anticoagulation, and suspected abuse.
Unless there are significant associated extracranial injuries,
it is rare for a minor HI to necessitate more than 24 hours
of hospital observation.

Moderate HI is generally associated with significant
symptoms and findings and necessitates CT scanning and
hospitalization for serial neurological monitoring. Repeat
CT scanning is indicated if there is any deterioration in
neurological functioning. Delayed hematomas are occa-
sionally seen after moderate HI. They usually represent
bleeding into areas of contusion not well visualized init-
ially, and patients typically present 24 to 48 hours after
injury.21

The management of severe HI requires intensive support
and monitoring. Because all patients are comatose, intuba-
tion and artificial ventilation are mandatory. Blood pressure
monitoring and support are crucial to prevent hypotension.
Monitoring via Swan-Ganz catheterization may be helpful
to maximize perfusion. The first priority is complete and
rapid physiological resuscitation. Hypotension (systolic
blood pressures less than 90 mmHg) and hypoxia (PaO2 less
than 60 mmHg) should be avoided if possible and corrected
if present. Each episode of hypotension and hypoxia cumu-
latively increases the morbidity and mortality rates from
severe head injury, and adequate resuscitation improves
outcome from severe head injury.22

The institution of ICP monitoring remains somewhat
controversial; however, ICP monitors are generally con-
sidered appropriate in this setting (GCS 8 or lower) and
provide the most reliable guide to treatment of the under-
lying brain injury. Even patients with severe TBI, with a
normal CT scan have a 10% to 15% chance of suffering
from elevated intracranial pressures. If they are older than
40 years of age, have unilateral or bilateral posturing or
have a systolic blood pressure less than 90 mmHg, then
their risk of intracranial hypertension is increased consider-
ably. ICP measurement guides therapy, helps make rational
descisions about blood pressure management, and is a
strong predictor of outcome. When a ventriculostomy is
used to monitor ICP, then a therapeutic tool also exists to
treat elevated ICP. Because elevation of ICP more than
20 mmHg is a significant predictor of a poor outcome, an
appropriate threshold to begin aggressive ICP treatment
appears to be 20 to 25 mmHg.3,23

Considerable interest has been focused on cerebral per-
fusion pressure (CPP) in treating severe HI.24 CPP is deter-
mined by subtracting the ICP value from mean arterial
blood pressure and represents the pressure driving cere-
bral blood flow. Thus, CPP and cerebral blood flow can be
positively affected by either lowering ICP or elevating sys-
temic blood pressure. It is generally believed that active
attempts to maintain CPP above 70 mmHg enhance cerebral
blood flow to ischemic areas of the brain and improve out-
come. In patients with intact autoregulation, increasing the
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blood pressure increases cerebral arteriolar tone, decreases
intracranial blood volume, and reduces ICP. Even in patients
with defective autoregulation, a large majority do not experi-
ence significant elevation in ICP when the mean arterial
pressure is increased.25

The primary treatments for elevated ICP include hyper-
ventilation, diuretics, hypertonic saline, and in extreme
circumstances, barbiturates. If a ventriculostomy is in place,
the drainage of CSF may have significant therapeutic bene-
fits. Hyperventilation has generally been discarded as a
primary therapy for increased ICP because of its potential
to cause or exacerbate cerebral ischemia. Cerebral blood
flow is low in the first few days after severe TBI and hyper-
ventilation can significantly lower it further. For this reason
alone hyperventilation should be avoided in the first 3 to
5 days after severe TBI. Chronic hyperventilation (beyond
a few hours) is ineffective because of compensatory changes
in CSF restoring the pH toward normal. Hyperventilation
may be used for short durations in situations while other
measures to control ICP are being initiated. PaCO2 levels
lower than 30 mmHg are rarely indicated. When extreme
hyperventilation is required, methods of monitoring for
cerebral ischemia, such as jugular venous oxygen saturation
(SJVO2), may provide useful clinical information.26,27 Re-
cently attempts have been made to correlate cerebral per-
fusion with noninvasive cerebral oximetry.28 Mannitol is
the primary diuretic used to control ICP. Effective doses
range from 0.25 to 1.0 g/kg, which are typically given
as intermittent boluses. Care must be taken to prevent
hypovolemia and hyperosmolarity when giving frequent
boluses.

Hypertonic saline is being increasingly used in the man-
agement of increased ICP. The blood-brain barrier is
impermeable to sodium ions. Since the concentration of
these ions, in blood, is several orders of magnitude higher
than protein molecules, serum osmolarity is the prime
determinant of the movement of water into the brain.
Hypertonic saline increases serum osmolarity and intravas-
cular volume, both reducing ICP and enhancing cerebral
perfusion. The usual goal is to maintain a serum osmolarity
between 300 and 320 mOsm/L.

High-dose barbiturate therapy is generally reserved for
those situations in which ICP becomes refractory to other
available therapies.29 The goal of barbiturate therapy is to
put the patient in burst suppression. Approximately 60%
of oxygen utilized by the brain is used for the maintainance
of electroencephalographic activity. Thus, burst suppres-
sion reduces the cerebral metabolic rate by about 60%,
thereby reducing the cerebral blood flow and cerebral
blood volume. This in turn lowers the ICP and improves
perfusion of ischemic areas. Many potential complications,
including cardiovascular instability, are associated with
barbiturate use, however, and extremely careful monitoring
is necessary. Although steroids have been often used
to treat severe HI, there are no data to support their use
to either control ICP or to affect its long-term outcome.30

A recent randomized, placebo-controlled trial used either
a methylprednisolone infusion or a placebo in the first 48
after TBI and looked at outcomes within 2 weeks of ran-
domization. An increase in the risk of death from all causes
was found in the corticosteroid group.31 The use of steroids
in the setting of TBI should be abandoned.
Decompressive craniectomy for intractable brain swelling
is an older treatment that has recently received renewed
attention. A number of operations have been developed
for or applied to decompression of the brain at risk for the
sequelae of uncontrollable intracranial hypertension. These
procedures include Cushing’s subtemporal decompression,
temporal lobectomy, and the more widely utilized hemi-
spheric and bifrontal decompressive craniectomies. Recent
literature suggests, but does not prove, that decompres-
sive procedures, in the appropriate setting, may decrease
mortality rate and improve outcome for these patients.

Research has focused on attempting to identify neuro-
protective agents to ameliorate secondary injury and thus
improve outcome from severe HI. Two large-scale pro-
spective randomized trials of the free radical scavengers
tirilazad mesylate and polyethylene glycol-superoxide dis-
mutase (PEG-SOD) have been reported to show no signifi-
cant reduction in mortality rate or to improve outcome.32

Recently completed trials with N-methyl-D-aspartate
(NMDA)–receptor antagonists in an attempt to limit
excitotoxicity have not shown any benefit in the clinical
setting; however, final results have yet to be published.
A small randomized controlled trial reported by Marion
and colleagues demonstrated that moderate hypothermia
for 24 hours in patients with severe traumatic brain in-
jury and GCS of 5 to 7 on admission hastened neurological
recovery and may have improved the outcome. However,
a large, multicenter clinical trial did not bear out these
positive findings, actually demonstrating a nonstatisti-
cally significant increase in mortality rate in GCS 3–4
patients treated with hypothermia.

PROGNOSIS AND FUTURE PERSPECTIVES. Minor HI
is rarely associated with significant long-term sequelae. It
is well established, however, that a significant minority of
patients suffer chronic disability attributable to neurobehav-
ioral sequelae.33 The exception to this is sports-related
minor HI in which death from the second impact syndrome
or cognitive disability from cumulative concussions may
occur.

Second impact syndrome refers to malignant cerebral
edema resulting from relatively mild head trauma occur-
ring after a recent concussion. The syndrome is believed
to be due to impaired cerebral autoregulation. It has been
well documented that fatal brain swelling may occur in
the setting of one minor HI followed in short order by a
second minor HI in athletes who are still symptomatic from
the first injury.34 The cumulative effects of multiple minor
HIs is recognized in boxing as the punch drunk syndrome;
however, the occurrence of this syndrome in association
with other sports is controversial.

For sports-related minor HI, the American Academy of
Neurology has defined three grades of concussion and
recommended guidelines for return to play.35 For grades
1 and 2, there is transient confusion and no loss of con-
sciousness. Resolution of concussion symptoms or mental
status abnormalities occurs in less than 15 minutes in grade
1 and more than 15 minutes in grade 2. Grade 3 concussion
is any loss of consciousness. Players with grade 1 concus-
sion may return to play the same day if they have a normal
sideline neurological assessment including a detailed men-
tal status examination. Players with grades 2 and 3 concus-
sions should not return to play the same day. Guidelines for



TABLE 51-2

When to Return to Play After Removal from Contest

From Practice parameter: The management of concussion in sports (summary
statement). Report of the Quality Standards Subcommittee. Neurology 1997;48:584.
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Grade of Concussion Time Until Return to Play [*]

Multiple grade 1 concussions 1 week

Grade 2 concussion 1 week

Multiple grade 2 concussions 2 weeks

Grade 3—brief loss of consciousness 
(seconds)

1 week

Grade 3—prolonged loss of consciousness 
(minutes)

2 weeks

Multiple grade 3 concussions
1 month or longer, based on clinical decision of 
evaluating physician
return to play after removal from the contest (Table 51-2)
are necessary because of concern over the cumulative
effects of even mild HI and the rare occurrence of second
impact syndrome.36

Dementia, long recognized as a sequela of multiple head
injuries in boxing, was termed punch drunk by Martland
in 1928 and dementia pugilistica by Millspauch in 1937.
Neuropathological study of brains of boxers with dementia
pugilistica demonstrate b-amyloid protein–containing dif-
fuse plaques and neurofibrillary tangles, which are patholog-
ical features of Alzheimer’s disease. Increased expression
of b-amyloid precursor protein is part of an acute-phase
response to neuronal injury, which can lead to deposition
of b-amyloid protein.37

Patients with moderate HI usually experience both cogni-
tive and physical disabilities and typically require rehabilita-
tion services after acute hospitalization. Nevertheless, the
incidence of severe long-term disability is small.

In contrast, few patients with severe HI recover com-
pletely to their preinjury state. The most common system
to rate recovery is the Glasgow Outcome Scale: good recov-
ery (GR), moderate disability (MD), severe disability (SD),
vegetative (V), and death (D).38 The tirilazad mesylate and
PEG-SOD trials provide excellent information on current
severe HI outcomes (Table 51-3).

The most active area of research in head injury today is
in the field of molecular genetics. It has been noted that
certain genes are upregulated, whereas others are down-
regulated, after both trauma and ischemia. Particular atten-
TABLE 51-3

Current Prognosis from Severe Head Injury

OUTCOMES

Study

Good
Recovery
(%)

Moderate
Disability
(%)

Severe
Disability
(%)

Vegetative
(%)

Death
(%)

Tirilazad
(n ¼ 557)

44.8 19.6 14.4 21.4 —

PEG-SOD
(n ¼ 162)

27 19 20 9 25

Data from Young B, Runge JW, Waxman KJ, et al: Effects of pegorgotein on
neurologic outcome of patients with severe head injury. JAMA 1996;276:538–543.
tion has been focused on the apolipoprotein E gene and its
various alleles. Certain alleles have been associated with an
increased susceptibility and severity of head injury, and
others have been linked to improved recoveries after head
injury.39,40 Considerably more research will be required
to more completely define and ultimately understand and
possibly clinically manipulate these “head injury” genes.
POSTCONCUSSION SYNDROME

Sequelae of mild HI have been recognized for the past few
hundred years.41 In 1866, Erichsen initiated the contro-
versy with his description of patients with persistent com-
plaints after mild head and neck injury due to “molecular
disarrangement” of the spinal cord. This condition was
known as railway spine because many cases were the result
of railway accidents. Rigler introduced the concept of
compensation neurosis in 1879, because he believed that
many persons with persistent symptoms were trying to
obtain financial compensation for the injuries. Charcot
believed that the impairment was actually the result of hys-
teria and neurasthenia. Similar debates about the organicity
of persistent complaints after mild head injury are still com-
mon today, especially in medicolegal cases. The use of the
term postconcussion syndrome dates back to 1934.

PATHOGENESIS AND PATHOPHYSIOLOGY. Mild
head injury may result in cortical contusions due to coup
and contrecoup injuries and diffuse axonal injury resulting
from sheer and tensile strain damage. Subdural and epidu-
ral hematomas can also occasionally result. Release of
excitatory neurotransmitters, including acetylcholine, glu-
tamate, and aspartate, may be a neurochemical substrate
for mild HI.

EPIDEMIOLOGY AND RISK FACTORS. Mild HI
accounts for 75% or more of all brain injuries. The annual
incidence of mild HI in the United States is about 140 in
100,000 population, with the relative causes as follows:
motor vehicle accidents, 45%; falls, 30%; occupational
accidents, 10%; recreational accidents, 10%; and assaults,
5%. Falls are the more likely cause in the elderly, whereas
motor vehicle accidents are more common in the young.
Men are more commonly injured, with a 2:1 ratio, and about
one half of all patients are between the ages of 15 and 34
years. Between 20% and 40% of persons with mild HI in
the United States do not seek treatment. Approximately
50% of patients with mild HI develop the postconcussion
syndrome.42

CLINICAL FEATURESANDASSOCIATEDDISORDERS.

The postconcussion syndrome, which is usually the result
of mild head trauma, comprises one or more of a large
array of symptoms and signs (Table 51-4).43,44 The most
common complaints are headaches, dizziness, fatigue, irri-
tability, anxiety, insomnia, loss of concentration and mem-
ory, and noise sensitivity (Video 104, Sound-Induced
Vertigo). Loss of consciousness does not have to occur
for the postconcussion syndrome to develop. Headaches
have been estimated to occur in 30% to 90% of patients
who are symptomatic after mild injury. Headaches may
occur more often and with longer duration in patients with
mild rather than severe HI. Tension-type headaches ac-
count for about 85% of all post-traumatic headaches.



TABLE 51-4

Sequelae of Mild Head Injury

Headache Types and Causes

Muscle contraction or tension type
Cranial myofascial injury
Secondary to neck injury (cervicogenic)
Myofascial injury
Intervertebral discs
Cervical spondylosis
C2–C3 facet joint (third occipital headache)

Secondary to temporomandibular joint injury
Migraine
Without and with aura
Footballer’s migraine

Greater and lesser occipital neuralgia
Mixed
Cluster
Supraorbital and infraorbital neuralgia
Due to scalp lacerations or local trauma
Dysautonomic cephalgia
Low cerebrospinal fluid pressure syndrome
Hemicrania continua
Chronic paroxysmal hemicrania
Short-lasting, unilateral, neuralgiform headache attacks with
conjunctional injection and tearing (SUNCT)

Carotid or vertebral artery dissection
Subdural or epidural hematomas
Hemorrhagic cortical contusions

Cranial Nerve Symptoms and Signs

Dizziness
Vertigo
Tinnitus
Hearing loss
Blurred vision
Diplopia
Convergence insufficiency
Light and noise sensitivity
Diminished taste and smell

Psychological and Somatic Complaints

Irritability
Anxiety
Depression
Personality change
Fatigue
Sleep disturbance
Decreased libido
Decreased appetite

Cognitive Impairment

Memory dysfunction
Impaired concentration and attention
Slowing of reaction time
Slowing of information processing speed

Rare Sequelae

Subdural and epidural hematomas
Cerebral venous thrombosis
Second impact syndrome
Seizures
Nonepileptic post-traumatic seizures
Transient global amnesia
Tremor
Dystonia

Modified from Evans RW: Post-concussion syndrome. In Evans RW, Baskin DS,
Yatsu FM (eds): Prognosis of Neurological Disorders, 2nd ed. New York, Oxford
University Press, 2000.
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Neck injuries, which often occur at the time of the HI,
may cause referred headaches due to myofascial, inter-
vertebral disc, and facet joint injury. Greater occipital
neuralgia may occur from a direct blow to the nerve or
may be associated with muscle spasm of the superior
trapezius and semispinalis capitis muscles in the sub-
occipital region. Similar headaches may arise from the
C2–C3 facet joint and are known as third occipital head-
aches. Temporomandibular joint injury may also cause
tension-type headaches.

Migraine headaches with and without aura can develop
in the hours to weeks after a mild HI. Immediately after
mild HI in sports such as soccer, football, rugby, and box-
ing, children, adolescents, and young adults may have a
first-time migraine with aura. This syndrome may be trig-
gered multiple times after additional mild HI and has been
termed footballer’s migraine. Cluster headaches can rarely
develop after mild HI. Various other less common causes
of post-traumatic headaches are found, including supraor-
bital and infraorbital neuralgia, dysesthesias over scalp
lacerations, carotid or vertebral artery dissections, and sub-
dural and epidural hematomas (see Table 51-1). Subdural
hematomas can result in headaches that are nonspecific
and that can be mild to severe, paroxysmal or constant,
and bilateral or unilateral.

Cranial nerve symptoms and signs also occur. About
one half of patients after mild HI report dizziness, which
can be caused by various types of central and peripheral
pathology, including labyrinthine concussion, benign
positional vertigo, and brain stem injury. Blurred vision,
reported by 14% of patients, is usually caused by conver-
gence insufficiency. Blurred vision is occasionally the
result of cranial nerve III, IV, and VI palsies (Video 32,
Cranial Nerve III Palsy). Decreased smell and taste are
reported by 5% of patients after mild HI; the symptoms
can be due to damage to the olfactory filaments. Approxi-
mately 10% of patients describe light and noise sensitivity
after mild HI.

Nonspecific psychological symptoms such as personality
change, irritability, anxiety, and depression are reported by
over one half of patients within 3 months of mild HI.
Fatigue and disruption of sleep patterns are also often
reported. Post-traumatic stress disorder, which has many
symptoms similar to those of the postconcussion syndrome,
may occur after mild HI.

Four weeks after a mild HI, 20% of patients complain of
impaired memory and concentration. Neuropsychological
testing has documented cognitive impairments, including
a reduction in information processing speed, attention,
reaction time, and memory for new information.

DIFFERENTIAL DIAGNOSIS. The incidence of compli-
cations that require neurosurgical consultation after mild
HI has been estimated to be between 1% and 3%. For
adults with mild HI and an initial GCS score of 13 to 15,
the incidence of subdural hematomas is approximately
1% and epidural hematomas about 0.5%.

EVALUATION. Single photon emission computed
tomography and positron-emission tomography (PET)
scans, brain stem auditory evoked potential studies, and
brain mapping currently lack adequate sensitivity and spec-
ificity to justify use in the evaluation of the postconcussion
syndrome. Electroencephalographic (EEG) studies are
usually not indicated except for evaluating post-traumatic
seizure disorders. Neuropsychological testing can be quite
useful for the evaluation of patients with persistent cognitive
complaints.
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MANAGEMENT. Treatment should be individualized
after the patient’s particular problems are diagnosed.
Tension- and migraine-type headaches can be treated with
the usual prophylactic and symptomatic medications.
Greater occipital neuralgia may improve with local anes-
thetic nerve blocks, which can be combined with an inject-
able corticosteroid. Physical therapy and transcutaneous
electrical nerve stimulators (TENS units) may also help
tension-type headaches. For patients with cognitive diffi-
culties, cognitive retraining might be helpful, although
the efficacy has not been established by prospective stud-
ies. Patients with prominent psychological symptoms may
benefit from supportive psychotherapy and use of antide-
pressant and antianxiety-type medications. Simple reassur-
ance is often the major treatment because most patients
improve after 3 months. One of the most important roles
for the physician is education of the patient and family mem-
bers, other physicians, and, when appropriate, employers,
attorneys, and representatives of insurance companies.

PROGNOSIS AND FUTURE PERSPECTIVES. The prob-
ability of having persistent symptoms and neuropsycholog-
ical deficits is the same whether a patient is only dazed or
loses consciousness for less than 1 hour.45 Persistent symp-
toms occur more often in women than men, in patients over
the age of 40 years, and in those with a prior history of
head trauma. Two years after the injury, about 20% of
patients still complain of headaches. Cognitive deficits
usually resolve within 3 months after the injury, although
a small minority of patients report persistent problems for
months or years. When patients have unusual or persistent
complaints, the possible contributions of personality disor-
ders, psychosocial problems, or secondary gain should be
considered.

A compensation case or lawsuit is often filed in circum-
stances in which another party may be responsible for the
HI, such as a motor vehicle accident or on-the-job injury.
In this circumstance, when patients have persistent com-
plaints, many physicians are appropriately concerned about
compensation neurosis or malingering being the cause.
Patients with claims, however, have similar symptoms that
improve with time and similar cognitive test results as those
without claims. For many claimants, the end of litigation does
not mean the end of symptoms or return to work. They are not
cured by a verdict.
CRANIAL NEUROPATHIES

Blunt trauma can result in a stretching injury of cranial
nerves, which, when severe, can result in nerves being torn
loose from the brain stem. Stretching injuries often occur
at points of attachment or at points of angulation. Skull frac-
tures and penetrating trauma such as gunshot wounds can
cause nerve lacerations.

Blunt trauma most often damages cranial nerves I, VII,
and VIII; less often II, III, IV, and VI (Video 1, Cranial
Nerve VI Palsy); and least often V, IX, X, XI, and XII
(Video 45, Tongue Atrophy). The incidence of cranial neu-
ropathies increases with more severe HI. For example, the
overall incidence of anosmia is about 7% but increases to
30% in patients with anterior fossa fractures or severe HI
(Video 230, Exotropia). Even trivial HI can result in
anosmia. Injury to the optic nerves and chiasm has been
reported in up to 5% of patients with HI. Ocular motility
disorders occur in up to one third of patients sustaining closed
HI; the abducens nerve is the most commonly injured.
Trigeminal nerve and branch injuries often occur as a result
of facial trauma (Video 106, Trigeminal Neuralgia). Facial
nerve injuries frequently occur with temporal bone fractures.

The site of likely trauma, clinical features, evaluation,
management, and prognosis are summarized in Table 51-5.
POST-TRAUMATIC EPILEPSY

PATHOGENESIS AND PATHOPHYSIOLOGY. Post-
traumatic seizures may be associated with the typical path-
ological changes that may be seen in brain injuries,
including reactive gliosis, axon retraction balls, wallerian
degeneration, microglial scar formation, and cystic white
matter lesions.46 When a contusion or cortical laceration
is present, the breakdown of hemoglobin releases iron.
Based on animal and cell culture studies, iron may increase
intracellular calcium oscillation and may increase free rad-
ical formation through activation of the arachidonic acid
cascade, producing increased intracellular calcium result-
ing in excitotoxic damage, neuronal death, and glial scar-
ring, which lead to epileptiform activity.47 These findings
suggest a possible role for neuroprotective treatment
in the future. There is also evidence suggesting that post-
traumatic seizures may be a result of alterations of intrinsic
membrane properties of pyramidal neurons together with
enhanced NMDA synaptic conductances.48

EPIDEMIOLOGY AND RISK FACTORS. Head injury is
the cause of about 4% of all cases of epilepsy. In teenagers
and young adults, HI is the most common cause of symp-
tomatic epilepsy. Post-traumatic seizures can be divided
into different types based on the time of onset after the
injury. Immediate seizures occur within minutes of the injury.
Early seizures occur within 1 week, whereas late seizures
occur after 1 week.

The incidence of early post-traumatic seizures is about 4%.
Early seizure rates are higher in patients with more severe
HI, intracranial and subdural hematomas, depressed skull
fractures, focal neurological signs, loss of consciousness,
or post-traumatic amnesia present for more than 24 hours,
and in children under the age of 5 years.

Late seizures have an incidence of about 2%.47 Risk fac-
tors for late seizures include penetrating missile wounds;
an early seizure; intracerebral, epidural, and subdural
hematomas; GCS score of 10 or less; depressed and linear
skull fractures; and cortical contusions.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

About one third of early seizures occur during each of
the following times: within the first hour, between 1 and
24 hours, and between 1 and 7 days. Over 60% of early sei-
zures are partial, whereas the others are generalized tonic-
clonic (Video 74, Secondary Generalized Seizure; Video
79, Tonic/Atonic Seizure). About 10% of patients develop
status epilepticus. Immediate concussive convulsions are
not an epileptic phenomenon but instead are due to a
brief traumatic functional decerebration resulting from loss
of cortical inhibition.49 Antiepileptic medication is not
indicated for concussive convulsions.



TABLE 51-5

A Summary of Traumatic Cranial Neuropathies

CRANIAL
NERVE SITE OF LIKELY TRAUMA CLINICAL FEATURES EVALUATION MANAGEMENT PROGNOSIS

I Any part of head. More common
with occipital than frontal trauma

Decreased or absent sense of smell Check for possible ethmoid
fractures, CSF rhinorrhea, and
injury to orbital surface of
frontal lobes

Educate patient Reso in up to 50% of cases, usually
during first 3 months but up to 5
years after injury

II Intracanalicular often associated with
a skull base fracture

Decreased or loss of vision.
Scotomas, sector, and altitudinal
defects can occur

Check visual acuity, fields, and for
afferent pupillary defect. CT
scan and ultrasound A and B
are useful to assess for possible
compressive lesions

Controversial for indirect optic
neuropathy: include observation,
high-dose steroids, and surgery.
Surgical decompression often
recommended in cases of delayed
onset of visual loss

Extremely variable; from 0–100%
depending upon the study

III Where the nerve enters the dura at
the posterior end of the cavernous
sinus. Uncal herniation much less
common

Dilated pupil and turned out eye
present in complete palsy.
Anisocoria and diplopia in partial
lesions

CT and/or MRI scans to look for a
compressive lesion

Symptomatic such as eyepatch,
semitransparent tape to glasses and
prisms for diplopia. Muscle
shortening procedures may be
helpful for permanent diplopia

Recovery begins within 2–3 months
when nerve in continuity.
Aberrant regeneration often
occurs with findings such as lid
elevation or pupillary
constriction with attempted
adduction or depression

IV Stretching or contusion of the nerve
as it exits the dorsal midbrain near
the anterior medullary velum

Trauma is the most common cause of
trochlear palsies. Bilateral palsies
are rather common

Same as above Same as above Only 50% recover because of
frequent avulsion of the trochlear
nerve

V Trigeminal nerves and branches are
commonly injured with facial
trauma, especially supraorbital and
supratrochlear nerves. The
infraorbital nerve is often injured
in orbital floor blowout fractures

Injury to the gasserian ganglion and
trigeminal trunk is rare after
closed head trauma

Imaging studies to exclude
underlying fractures

Decompression of the infraorbital
nerve in orbital floor fractures.
Symptomatic for hyperpathia due
to supra- and infraorbital
neuropathies with medications
such as carbamazepine, tricyclics,
and baclofen

Hyperpathia in the distribution of
the nerve may be permanent

VI As the nerve ascends the clivus, in
fractures of the petrous bone along
with VII and VIII, in the superior
orbital fissure along with III and
IV, and in its subarachnoid course
due to raised intracranial pressure

Bilateral palsies are rather common Same as above Same as above Recovery often occurs after 4
months

VII Most commonly within the petrous
bone but can be injured anywhere
along its course

Injured in 50% with a transverse
temporal bone fracture. Facial
palsy in 25% with a longitudinal
fracture, often with a delayed
onset

CT scan to evaluate temporal bone
trauma. A nerve conduction
study 5 or more days after the
injury is helpful to assess the
degree of nerve injury

Facial nerve decompression is
usually indicated for transverse
fractures. Artificial tears and eye
patch at night to prevent exposure
keratitis

Spontaneous recovery usual after
longitudinal fractures. When due
to transverse fractures, 50%
recovery after decompression

Continued

1
1
9
3



TABLE 51-5

A Summary of Traumatic Cranial Neuropathies—cont’d

CRANIAL
NERVE SITE OF LIKELY TRAUMA CLINICAL FEATURES EVALUATION MANAGEMENT PROGNOSIS

VIII Labyrinthine concussion without a
skull fracture is the most common
site. Conductive hearing loss
follows longitudinal temporal
bone fractures in over 50% of
cases. Transverse fractures result
in vestibular and cochlear nerve
laceration in over 80%

Findings associated with a fracture of
the petrous portion of the temporal
bone include hemotympanum or
tympanic membrane perforation
with blood in the external canal,
hearing loss, vestibular
dysfunction, peripheral facial
nerve palsy, CSF otorrhea, and
ecchymosis of the scalp over the
mastoid bone (Battle’s sign).
Benign positional vertigo occurs in
about 25% of patients following
head trauma

Examine the external canals and
tympanic membranes. An
audiogram including pure-tone
and speech audiometry,
acoustic reflexes, and middle
ear function is used to assess
hearing loss. An
electronystagmogram (ENG) is
used to assess vestibular
function. CT scan to evaluate
temporal bone trauma

A hearing aid may help those with
sensorineural hearing loss.
Surgical correction is indicated for
conductive hearing loss due to
ossicular chain disruption.
Positioning maneuvers, such as
Epley’s or Semont’s, which move
the debris out of the semicircular
canal and into the utricle, can be
curative for benign positional
vertigo

Following temporal bone fractures,
patients with low-or high-
frequency hearing loss may have
some recovery, but those with
low- and high-frequency loss
usually do not recover. Vertigo
due to a labyrinth concussion
usually resolves within a year

IX, X,
XI,
XII

Gunshot or stab wounds occasionally
cause injury. A fracture of the
occipital condyle, Collet-Sicard
syndrome, can injure all four
nerves. The peripheral portion of
XI can be injured in surgical
procedures such as posterior
cervical lymph node biopsies. The
hypoglossal and recurrent
laryngeal nerves can be
traumatized in anterior neck
operations such as carotid
endarterectomy

Lower cranial nerve findings
associated with signs of brain stem
compression are consistent with an
intracranial lesion, whereas the
presence of a Horner’s syndrome
is consistent with an extracranial
lesion

A careful clinical examination is
mandatory. CT and MRI are
both useful, depending upon the
case

Treatment of Collet-Sicard syndrome
is supportive with elevation of the
head for drainage of excess saliva
and IV or nasogastric nutrition
until normal swallowing returns.
Accessory nerve injuries in the
neck may require exploration with
neurolysis or resection and repair
or grafting, depending on the
degree of injury

Collet-Sicard syndrome may show
slow partial recovery. Patients
with vagal, spinal accessory, and
hypoglossal nerve injuries
associated with carotid
endarterectomy often recover

1
1
9
4
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About 50% of patients with late seizures have their first
seizure within 1 year of the injury and about 80% within
2 years. Over 60% of the seizures are generalized tonic-
clonic with or without focal onset, whereas the others are
simple or complex partial seizures.

DIFFERENTIAL DIAGNOSIS. In some cases, post-
traumatic seizures must be distinguished from disorders
that can result in psychogenic nonepileptic events includ-
ing conversion, factitious behavior, malingering, reinfor-
ced behavior pattern, somatization, post-traumatic stress
disorder, hypochondriasis, panic disorder, depersonaliza-
tion, dissociative disorder, and hyperventilation syndrome.
Because mild HI uncommonly results in seizures, non-
epileptiform events should be considered when these
patients have “funny spells,” or episodes that are atypical
for epilepsy.50

EVALUATION. A detailed history from the patient and
witnesses, if any, of the event; review of pertinent medical
records; and general and neurological examination are
often the bases for diagnosing post-traumatic seizures. Al-
though an EEG study is certainly important, epileptiform
activity is seen in only 50% of patients. Video or ambula-
tory EEG studies may be worth while in occasional cases
when the diagnosis is unclear. A CT or MRI scan of the
brain may also be indicated.

MANAGEMENT. In patients with risk factors for early
seizures, prophylactic treatment with phenytoin reduces
the incidence of early seizures. After the first week, how-
ever, phenytoin can be gradually withdrawn because the
incidence of late seizures is not reduced by continuing
treatment.51 Instituting long-term anticonvulsant treatment
is beneficial for patients after an initial late seizure.

PROGNOSIS AND FUTURE PERSPECTIVES. The re-
mission rate for post-traumatic epilepsy is about 50%. An
EEG is of no specific value in predicting either the develop-
ment or remission of post-traumatic epilepsy. A greater
number of seizures and abnormal findings on neurological
examination decrease the chance of remission.
POST-TRAUMATIC MOVEMENT DISORDERS

An association between injuries and involuntary movements
has been suggested since the 19th century speculation of
Parkinson, Charcot, and Gowers. When a movement dis-
order begins shortly after a brain injury, a cause-and-effect
relationship is apparent. An association is less obvious with
longer latencies after the injury and after peripheral trauma
where there may be a temporal but not causal relationship.52

In some cases, the patient may not have noticed or reported
a mild movement disorder that was present before the
injury.53,54

PATHOGENESIS AND PATHOPHYSIOLOGY. Direct
trauma to subcortical and substantia nigral neurons can
result in movement disorders occurring shortly after an
injury. Movement disorders occurring months following
the injury have been hypothesized to be related to sprout-
ing, remyelination, ephaptic transmission, inflammatory
changes, oxidative reactions, and central synaptic reorgani-
zation. Peripheral trauma that precedes the development of
a movement disorder may alter sensory input, leading to
central cortical and subcortical reorganization.55,56
EPIDEMIOLOGY AND RISK FACTORS. Movement dis-
orders due to trauma are rare, and specific epidemiological
and risk factor studies have not been performed.

CLINICAL FEATURES AND ASSOCIATED FINDINGS.

Although HI does not result in Parkinson’s disease with
pathological findings of Lewy bodies, HI may result in a
temporary exacerbation of motor function in patients with
pre-existing Parkinson’s disease.53 Parkinsonism is a rare
complication of single closed HI and may also occur after
penetrating bullet and knife injuries of the brain stem.
Repeated HI as in the case of boxers with dementia pugi-
listica may result in parkinsonism in association with many
other neurological signs. Parkinsonian tremor may rarely
be associated with peripheral body trauma, although a
direct causal relationship cannot be established.57

Postural and kinetic tremor can be due to direct trau-
matic lesions of the dentatothalamic circuit. Benedikt’s
syndrome (unilateral cranial nerve III palsy and contrala-
teral ataxic hemiparesis) can be associated with rest and
postural and kinetic tremor (Video 14, Tremor with Ataxia).
Postural-kinetic tremors of the arms, legs, or head may
occur within weeks of mild HI even without loss of con-
sciousness. Peripheral trauma can induce tremor, which
can occur along with complex regional pain syndrome,
dystonia, and myoclonus (Video 57, Myoclonus).56,57

Myoclonus, dystonia, and athetosis may be present in
patients with post-traumatic tremors.

Contralateral dystonia can be due to a lesion in the stri-
atum, particularly the putamen (Video 242, Post-traumatic
Dystonia). Causes include perinatal trauma, closed HI
(severe much more often than mild), and thalamotomy.
The onset of dystonia may have a latency period from 1
month to 9 years. Spastic dystonia due to pyramidal and
extrapyramidal injury and paroxysmal nocturnal dystonia
are variants of post-traumatic dystonia. Often patients
develop post-traumatic dystonia as a delayed sequela of
severe HI, initially characterized by coma and quadriple-
gia. After the patient awakens and the plegia improves,
severe action dystonia develops. Minor or moderate local
peripheral trauma can be associated with focal dystonia,
sometimes in patients with reflex sympathetic dystrophy.
Examples of peripherally induced dystonia include the
following: blepharospasm after surgery on the eyelids
(Video 47, Blepharospasm); oromandibular dystonia after
dental procedures; spasmodic dysphonia after facial inju-
ries (Video 48, Spasmodic Dysphonia); cervical dystonia
after neck injuries such as whiplash; and foot dystonia after
stubbing a toe.

A report by Kraus and colleagues studied survivors
of severe HI admitted to the hospital with GCS of 8 or
less. Of the 264 survivors, follow-up was obtained on
221, and 22% reported or showed evidence of movement
disorders, half transient and half persistent. Tremor, usually
kinetic, and dystonia were the most common disorders
and usually developed with a post-trauma latency of 2 to
24 months.

Chorea, choreoathetosis, and ballismus can follow blunt
head trauma with injury to the striatum, subthalamic nuc-
leus, and anterior thalamus (Video 18, Limb Chorea). The
onset is usually days to months following the trauma.

Action myoclonus, palatal myoclonus, and segmental
myoclonus may result from head injury not associated with
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anoxia or epilepsy (Video 57, Myoclonus). Segmental
myoclonus may also occur after spinal cord injury.

A deep, burning pain followed by persistent, involun-
tary, and irregular movements of the toes and feet, termed
painful legs and moving toes, can be associated with minor
foot and ankle injuries. Hemifacial spasm has been rarely
associated with trauma. Additionally, after amputation,
the remaining stump can involuntarily jerk.

DIFFERENTIAL DIAGNOSIS. Because the relationship
between many injuries and the movement disorder may
be circumstantial and retrospective, an idiopathic move-
ment disorder is always a diagnostic consideration. The
possibility of psychogenic movement disorders, which
may be more common in women, should also be consid-
ered. Because movement disorders often develop several
weeks or months after trauma and because patients often
receive neuroleptic medications after acute injuries, drug-
induced movement disorders are another possible cause.

EVALUATION. Neuroimaging such as MRI and occa-
sionally PET can demonstrate responsible brain lesions.
Depending on the case, testing to exclude other potential
causes of the movement disorder such as Wilson’s disease
may also be appropriate.

MANAGEMENT AND PROGNOSIS. Post-traumatic par-
kinsonism may respond to dopaminergic and cholinergic
medications. Post-traumatic action tremors only occasion-
ally respond to standard medical treatment. Selected cases
may benefit from botulinum toxin injections into involved
muscles and ventrolateral thalamotomy. Medications are
usually not helpful for dystonia associated with central
and peripheral trauma, although botulinum toxin injections
can produce temporary relief.55 Post-traumatic chorea and
choreoathetosis may respond to valproic acid and haloperi-
dol, whereas trauma-induced cortical myoclonus can be
treated with clonazepam.
SPINAL CORD INJURY

Over the past decade there have been significant advances
in transport, emergency management, pharmacological
resuscitation, comprehensive acute care, and rehabilitation.
Nevertheless, spinal cord injury (SCI) remains a physically
and emotionally devastating problem. The neurologist
may thus be confronted with the need for recognition of
a potential spinal injury or SCI and institute appropriate
stabilization procedures.

PATHOGENESIS AND PATHOPHYSIOLOGY. The
pathophysiology of SCI may be divided into two distinct
phases—primary and secondary injury. Primary injury
refers to the structural damage occurring instantly after
the traumatic event. Further primary injury may occur,
however, if an injured spine is not adequately immobilized.
Secondary injury refers to a pathophysiological cascade
initiated shortly after injury, including such insults as
ischemia, hypoxia, edema, and various harmful biochem-
ical events. Because it is extremely rare for the primary
injury to cause transection of the spinal cord, and it has
been shown that less than 10% of the cross-sectional area
of the spinal cord supports locomotion, it is very impor-
tant to focus clinical attention on the secondary injury
process.58
Ischemia is a very prominent feature of post-SCI events.
Within 2 hours of injury there is a significant reduction
in spinal cord blood flow. This ischemia may be confounded
by loss of the normal autoregulatory response of the spinal
cord vasculature. When autoregulation is lost, blood flow
becomes dependent on systemic pressures. Thus, in the
multitraumatized patient or the patient with vasogenic spinal
shock complicating the SCI, severe systemic hypotension
may exacerbate the spinal cord ischemia. Hypovolemia
and hypotension should be corrected rapidly. Hypotension
in particular may increase the area of secondary injury in
the spinal cord and worsen outcome. Crystalloids, col-
loids, and blood products may be used to replace volume
as needed. If hypotension persists despite an adequate
volume status, vasopressors should be used to maintain
a mean arterial pressure of approximately 80 mmHg.

Edema formation is another feature of the secondary
injury process. Edema develops first at the injury site and sub-
sequently spreads into adjacent and sometimes distant seg-
ments of the cord. The relationship between this edema and
worsening of neurological function is not well understood.

Many biochemical mechanisms have been implicated in
the evolution of the pathological changes and physiological
derangements occurring after SCI. Electrolyte disturbances
have been well documented, including increased intracel-
lular calcium level, increased extracellular potassium level,
and increased sodium permeability. Other events such as
excitatory neurotransmitter accumulation, arachidonic acid
release, endogenous opiate activation, and prostaglandin
production have all been implicated as damaging elements
of the post-injury cascade. Other events, free radical pro-
duction and lipid peroxidation, are believed to play a central
role in this process. Ultimately, however, all of these events
cumulatively result in ischemia, edema formation, mem-
brane destruction, cell death, and eventually permanent
neurological deficits.

EPIDEMIOLOGY AND RISK FACTORS. Spinal cord
injury occurs at a rate of 30 to 40 per 1 million population
per year, resulting in approximately 10,000 new cases each
year. The prevalence of SCI is over 200,000.59 SCI occurs
primarily in young males 18 to 25 years of age. The pri-
mary precipitant of injury ismotor vehicle accidents, although
in some areas of the country, swimming and diving-related
accidents may take precedence. Sports-related injuries
account for less than 5% of the total. In some urban areas
the incidence of gunshot-related SCI is increasing
(Fig. 51-3). SCI rarely occurs in isolation, and over 75%
of these patients have some other systemic injury. In 10%
to 15%, there is an associated head injury. This concern
has led to the widely quoted clinical maxim that all multi-
traumatized patients or any patient with a severe head in-
jury should be presumed to have a spine injury or SCI
until proved otherwise.

CLINICAL FEATURESANDASSOCIATEDDISORDERS.

Although general physical assessment of the patient may
raise concerns over a possible SCI, a detailed neurological
assessment is the only reliable means to rule out this diag-
nosis. A standardized means of performing and recording
the neurological examination has been advocated by the
American Spinal Injury Association (ASIA) and has been
accepted internationally by both clinicians and researchers
(Fig. 51-4). With a complete transverse myelopathy, all
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motor and sensory function below the level of injury is
absent. The neurological level of injury is the most caudal
or lowest spinal cord segment with normal sensation and a
muscle strength of 3/5 or better. An incomplete injury is
Crush
7.0%

MVA
37.5%

Water-related
6.8%

Fall
26.8%

MCA
8.6%

Sports/other
13.3%

Figure 51-3. Epidemiology of spinal cord injury. MCA, motor cycle accident;
MVA, motor vehicle accident.

Figure 51-4. The ASIA system for examination and classification of spinal cord
logical and Functional Classification of Spinal Cord Injury, Revised 1992, p 2
present when there is preservation of any motor or sensory
function below the zone of injury, including sacral sparing.

Apart from weakness, paralysis, and sensory changes, in
the acute stage, depending on the level of injury, certain
physiological changes are often evident. These changes
include spinal shock, paradoxical respiration, low body and
high skin temperature, priapism, and a reduced sweating
level. Spinal shock is usually seen in injuries above T6
level and is characterized by hypotension, bradycardia,
and an absence of motor and sensory function as a result
of spinal cord injury. The higher the level of injury and
the more complete the injury, the greater the intensity and
duration of spinal shock. The motor and sensory functions
usually recover (if any recovery is possible) within an hour,
but the autonomic component of spinal shock (loss
of sympathetic function) may persist for days to months.
Paradoxical respiration is the result of diaphragmatic con-
traction in the face of intercostal muscle paralysis. The skin
is warm because of a loss of sympathetically mediated
peripheral vasoconstriction; this also causes the core tem-
perature to fall. Priapism may result from an unopposed
injury. (From American Spinal Injury Association: Standards for Neuro-
78.)



TABLE 51-6

Spine and Spinal Cord Injuries

CHARACTERISTICS ADULT PEDIATRIC

Mechanism of injury Motor vehicle accidents Pedestrian/falls

Level of injury

C1–C3 1–2% 60%
C3–C7 85% 30–40%
Thoracolumbar 10–15% 5%

Type of injury

Fracture-dislocation >70% 25%
Subluxation alone <20% >50%

SCIWORA Rare Up to 50%

Delayed neurological

deficits

Rare Up to 50%

SCIWORA, spinal cord injury without radiological abnormalities.
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parasympathetic function, and sweating is lost because of
loss of sympathetic activity.

Basic knowledge of myotomes, dermatomes, and deep
tendon reflexes is essential for localization. Injury to the
upper cervical cord can also damage brain stem structures
either because of direct trauma or because of vascular injury
of the vertebral arteries. This cervicomedullary syndrome
is characterized by respiratory dysfunction, hypotension,
variable tetraparesis, hyperesthesia from C1–C4, and sensory
loss of the face with an onion-skin pattern.

Partial or incomplete lesions of the spinal cord can result
in four patterns of deficit. In the central cervical cord syn-
drome, the paresis involves the upper extremities, especially
the hands, more than the lower extremities. The mechanism
of injury is acute cord compression between bony bars or
spurs anteriorly and thickened ligamentum flavum pos-
teriorly, resulting in relatively more injury to the medial
segments of the corticospinal tracts, which control arm func-
tion. The anterior cord syndrome, complete paralysis and
hyperesthesia at the level of the lesion but intact light touch
and vibration sense, is due to a large disc herniation com-
pressing the anterior cord but without compression of the
dorsal columns. The posterior cord syndrome is posterior
column damage with impaired light touch and propriocep-
tion resulting from hyperextension injuries with fractures
of the vertebral arch. The Brown-Séquard syndrome, caused
by a lesion of half of the spinal cord, is defined by ipsilateral
motor and proprioceptive loss and contralateral pain and
temperature loss with the upper level one or two segments
below the level of the lesion. This syndrome can occur after
various injuries, including penetrating trauma, hyperexten-
sion and flexion injuries, locked facets, and compression
fractures.

The conus medullaris syndrome is due to a compression
injury at T12 that can occur from a disc herniation or a
burst fracture of the body of T12. Because almost all the
lumbar cord segments are opposite the T12 vertebral body,
a severe compression can produce dysfunction in any or all
of the lumbar as well as the sacral segments. Flaccid pa-
ralysis of the legs and anal sphincter with variable sensory
deficits can be present. Because the spinal cord usually ter-
minates at the L1-L2 disc space, trauma below this level
injures the nerve roots. The cauda equina syndrome, which
is compression of nerve roots below the L1 level, can be
caused by fractures and dislocations of the spine or large
posterocentral intervertebral disc herniations. Lower motor
neuron deficits result with variable sensorimotor, reflex,
bladder, bowel, and sexual dysfunction.

In the unconscious patient, neurological evaluation for
SCI is very difficult. The only clues to the presence of a
significant SCI may be a lack of facial grimacing to periph-
erally applied painful stimuli, indicating a sensory loss
over the trunk, or a lack of withdrawal behavior in the arms
or legs in response to painful stimulation applied to the
head or face.

The biomechanics of the pediatric spine are fundamen-
tally different from that of the adult. These differences—
ligamentous laxity, wedge-shaped vertebrae, horizontally
oriented facets—account for distinct clinical presentations.
The clinical differences between adult and pediatric SCI
include the following: disproportionate involvement of the
upper cervical spine in pediatric patients, high frequency
of spinal cord injury without radiographic abnormality, high
susceptibility to the delayed onset of neurological deficits in
children, and a higher proportion of complete neurological
injuries in children (Table 51-6).60,61

A unique SCI syndrome—the burning hands syndrome—
was first described in sports injury.62 This syndrome appears
to be a variation of central cord syndrome associated with
severe burning paresthesias and dysesthesias in the hands
or the feet. Other signs of neurological dysfunction are
minimal or absent. Over 50% of the time there is an under-
lying spine fracture-dislocation. It is important to differenti-
ate this syndrome from the much more common and usually
innocuous “burner” or “stinger” of brachial plexus origin.

The syndrome of neurapraxia is also of special concern
after athletic injury. Affected individuals experience dra-
matic, although transient, neurological deficits including
quadriplegia. Frequently this syndrome is associated struc-
turally with degenerative or congenital spinal canal steno-
sis. Many attempts have been made to quantitate the level
of risk to these individuals from continued athletic partici-
pation; however, considerable controversy still exists.63,64

The majority of spinal cord–injured patients have at least
one other system injury. Occasionally these injuries take
precedence in evaluation and treatment. If one level of
bony injury has been identified, it is necessary to survey
the entire spine because there is a 10% to 15% incidence
of spine injury at other levels.

Various problems may occur with chronic SCIs. Within a
fewweeks of the injury, hyperactive reflexes develop, which
are associated with hypertonicity of the extremities (Video
80, Hyper-reflexia). Although moderate spasticity is not a
problem for the patient, severe spasticity may lead to flexor
spasms and contractures (Video 20, Tonic Spasms). Central
deafferentation pain, dysesthesias described as burning,
stinging, or freezing, may be present. Autonomic dysfunc-
tion can occur as early as 2 to 3 weeks after complete or
incomplete lesions of the cervical or thoracic cord. This is
characterized by massive sympathetic outflow in response
to certain noxious stimuli, usually genitourinary manipula-
tions. In severe cases marked elevations in blood pressure,
bradycardia, flushing, headache, nausea, and cardiovascular
collapse may occur. There is severe vasoconstriction below
the level of the cord injury and vasodilatation above it. This
unopposed reflex sympathetic activity may be seen after the



Figure 51-5. A C1 burst or Jefferson’s fracture.
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period of the spinal shock, and is usually treated by with-
drawing the initiating stimulus and administering vasodi-
lators. Spinal anesthesia eliminates this reflex sympathetic
outflow and should be considered for patients undergoing
genitourinary procedures in the operating room.

Orthostatic hypotension is frequent when the patient is
first allowed to sit. Autonomic hyper-reflexia or “mass
reflex” may be triggered by noxious stimuli such as fecal
impaction, urinary tract infections, distention of the bladder,
uterine contraction, and decubiti. Manifestations include
nausea, throbbing headache, skin blanching and diaphoresis
below the level of the cord lesion, and paroxysmal
hypertension.

When patients develop progressive neurological deficits
any time from several months to many years after SCI,
post-traumatic syringomyelia may be responsible. Present
in up to 3% of patients, four kinds of trauma may be
responsible: repeated microtrauma, arachnoiditis, severe
single trauma, and minor single trauma.65 One mechanism
of syrinx formation is an initial hematomyelia with
subsequent resorption and formation of a cyst cavity.

DIFFERENTIAL DIAGNOSIS. Very few disorders mimic
acute SCI. Occasionally a patient with hysterical paralysis
presents a diagnostic and therapeutic dilemma. It should
be borne in mind that true SCI is almost always associated
with obvious physiological disturbances such as bradycar-
dia, hypotension, and respiratory compromise.

EVALUATION. The injured spine may become a radio-
logical diagnostic dilemma, and one must constantly bear
in mind the normal radiological appearance of the spine.
The initial evaluation should always include plain radio-
graphs of the cervical or thoracolumbar spine, depending
on the neurological findings.66–68 If an abnormality is iden-
tified, complete spine films must be obtained because there
is a 10% to 15% incidence of multiple fractures following
trauma.

Additional useful information can often be obtained by
performing flexion-extension views. Extreme caution must
be taken if instability is suspected, however. To better
interpret plain films or to better define a definite abnorm-
ality, CT is extremely helpful. MRI is sometimes neces-
sary for the complete evaluation of SCI. MRI is the only
diagnostic modality that allows direct visualization of the
injured cord.69

A number of guidelines have been developed to aid the
clinician in clearing the potentially injured spine. The most
widely quoted of these are the Eastern Association for the
Surgery of Trauma guidelines.70

The first principle in evaluating the cervical spine is a
clear visualization of all seven cervical vertebrae. At times,
a swimmer’s view is necessary to visualize this region.
If the C7–T1 junction cannot be imaged on plain films,
a CT should be performed.

All films should be reviewed for alignment of the verte-
bral bodies and the facet joints, vertebral body height, and
interpedicular distance and normal soft tissue configura-
tion. When evaluating the C1–C2 region, careful attention
must be given to the distance separating the anterior arch
of C1 and the odontoid process. In an adult, this distance is
normally less than 2 mm; in children up to 5 mm distance
is acceptable. If any questions arise over possible patho-
logical separation, flexion-extension films may be helpful.
Alternatively, MRI may be employed to evaluate the
competency of the transverse axial ligament.71

Another important consideration when evaluating cervi-
cal spine films is the entity of pseudosubluxation. Pseudo-
subluxation of up to 3 to 4 mm of C2 on C3 may appear in
up to 40% of normal radiographs in children younger than
8 years old. A similar abnormality can occur at C3–C4 in
up to 20%. If there is any question about this entity, flex-
ion-extension views should be helpful. A true subluxation
cannot be reduced, as contrasted with a pseudosubluxation.

The usual mechanism for atlas fractures involves axial
compression of the head with downward displacement of
the occipital condyles into the lateral masses of C1. The
most important radiographical view is the open-mouth
odontoid. With a C1 fracture, the lateral masses of C1 are
offset laterally with respect to C2. CT scanning clearly
demonstrates the associated C1 ring fractures (Fig. 51-5).

Dens fractures occur as a consequence of either forced
hyperextension or hyperflexion of the head. With hyper-
flexion injuries and associated transverse axial ligament
damage, the dens is displaced anteriorly with forward sub-
luxation of C1 on C2. With hyperextension injuries the
dens is displaced posteriorly with associated posterior sub-
luxation of C1 on C2. Three types of dens fractures may
be seen—type 1, fracture line across tip of dens; type 2,
at the base of the dens; and type 3, with a fracture extend-
ing into the body of C2. CT scanning may not demonstrate
a dens injury if the fracture line is axially oriented.

Another type of axis fracture is the hangman’s fracture,
usually resulting from hyperextension. Typically there
are fractures through both pedicles of C2 with associated
forward subluxation of C2 on C3 (Fig. 51-6).

Except in infants and young children, over 85% of cervi-
cal fractures occur below C3. Locked facets, either unilateral
or bilateral, and compression fractures are the most com-
mon lesions. These types of injuries are characteristically
produced by flexion complicated by axial loading.

Compression fractures are characterized radiograph-
ically by loss of vertebral height, retropulsion of bone into



Figure 51-6. Plain radiograph of a typical C2-hangman’s fracture.
Figure 51-7. Plain lateral radiograph demonstrating C5–C6 subluxation sec-
ondary to bilateral facet dislocation. (From Wilberger JE: Spinal Cord
Injuries in Children. Mount Kisco, NY, Futura Publishing, 1986, p 29.)

Figure 51-8. CT scan slice of an L1 compression-burst fracture with significant
spinal canal compromise.
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the spinal canal, and kyphotic angulation. The hallmark of
facet dislocation is subluxation (Fig. 51-7).

The most common fracture of the thoracolumbar spine is
the compression or burst fracture brought about by flexion
and axial loading. The T12–L1 level is the one most fre-
quently affected. Typical radiographical features are loss
of vertebral height, retropulsion of bone fragments, and
kyphotic angulation. The degree of bony disruption and
spinal canal compromise is well demonstrated on CT
(Fig. 51-8).

A small but definite subtype of SCI occurs without any
demonstrable radiographical abnormality, including the
appearance on MRI. This type is more likely to occur in
children rather than adults; it is often associated with a
delayed onset of symptoms after injury, and there is a very
poor prognosis for neurological recovery.72

MRI is becoming increasingly useful in the evaluation of
SCI. MRI is adequate for demonstrating most bony injury
and is superior to all other modalities for exposing the soft
tissue and ligaments. Additionally, MRI is the only modal-
ity that allows direct visualization of the injured cord
(Fig. 51-9).

Several patterns of cord injury have been identified on
MRI—transection, contusion, hemorrhage, edema—and
preliminary studies suggest a correlation between initial
and follow-up MRI findings and neurological prognosis.73

When MRI is not available, not feasible, or contraindi-
cated, intrathecally enhanced CT scan is the best alterna-
tive. Myelography can also be performed initially when
movement of the patient is feasible.

MANAGEMENT. Resuscitation and stabilization of the
patient’s condition must be accomplished simultaneously
with immobilization and stabilization of the spine in the
patient with SCI. Because of the frequent occurrence of
multisystem injury, the principles of advanced trauma life
support must be methodically applied. If significant chest or
abdominal injuries coexist, immediate treatment should be
directed to those injuries considered most life-threatening.

In the initial management, establishment and mainte-
nance of the airway take precedence. With known or sus-
pected SCI, neck manipulation should be minimized.



Figure 51-9. Sagittal MRI image showing a large dorsal epidural hematoma
after posterior element fracture.
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Appropriate large-bore intravenous lines should be placed
and fluid resuscitation provided. If possible, both a Foley
catheter and a nasogastric tube should be placed. When
SCI is related to sports injury, the sensational nature of these
cases often generates considerable interest. When these inju-
ries do occur it is important to immobilize the athlete on
the field and to leave intact any protective headgear, unless
airway maintenance is threatened.

During the process of general stabilization, the clinician
must remain constantly aware of the principles of spine
stabilization. As noted earlier, intubation when necessary
should be accomplished with the neck in as neutral position
as possible. Adequate stabilization of the cervical spine
requires both a hard cervical collar to prevent flexion or
extension and side supports to prevent rotation. This immo-
bilization can be accomplished by using sandbags or bol-
sters on the sides of the head or by taping the head to a
rigid backboard. Thoracolumbar injuries are stabilized on
a backboard. It is important to remember, however, that
insensate patients with SCI left on hard backboards rapidly
develop decubiti.

Once the patient’s condition is stabilized and appropriate
diagnostic studies have been accomplished, more definitive
spine stabilization can be undertaken. For cervical injuries,
this involves immobilization and reduction of any dislo-
cations, usually by skeletal traction. Many devices are cur-
rently available for this purpose; the most commonly used
are Gardner-Wells tongs and halo rings. Once a traction
device has been placed, weights can be added to aid in
spinal realignment. It has been generally recommended
that no more that 5 pounds of weight be applied for each
cervical level involved (i.e., for a C5 level dislocation no
more than 30 pounds should be applied). In routine clinical
practice, however, especially for injuries such as bilateral
facet dislocations, weights in excess of 50 poundsmay be nec-
essary to achieve reduction. Some controversy exists over
how rapidly reduction should be undertaken; however,
most agree that with incomplete SCI, rapid intervention is
most appropriate.

When traction is applied, the patient must be continually
monitored both radiographically and clinically. Overtension
of the spine may cause cranial nerve deficits or neurological
worsening. Muscle relaxants such as diazepam are often
helpful adjuncts in reducing spasm, which may inhibit
efforts at reduction. Fluoroscopy may be useful for frequent
radiographical monitoring during active attempts at reduc-
tion through traction. If closed reduction through traction
fails, a decision must be made about open reduction and
surgical stabilization. Although there are no good scientific
data to indicate any definite advantages with respect to
neurological improvement from rapid aggressive surgical
intervention in these cases, there is a growing tendency to
advocate such an approach.74–77

Generally, realignment of the thoracolumbar spine can-
not be accomplished with external traction. Affected
patients are immobilized on rotating beds until a decision
is made regarding surgical intervention.

The best current initial medical and pharmacological ther-
apy of SCI is based on the potentially reversible pathophysi-
ological changes that occur in relation to spinal cord blood
flow and the beneficial effects that have been demonstrated
with high-dose methylprednisolone treatment.

Because of the known tendency for spinal cord perfusion
to fall abruptly after SCI, systemic blood pressure should
be vigorously supported and on occasion mild hypertension
induced to ensure adequate perfusion for at least the first
24 hours after injury.78 Fluid resuscitation should consist
of an appropriate combination of crystalloid and colloid
or blood replacement, if necessary. In most instances, lac-
tated Ringer’s solution or normal saline is the best initial
fluid. If, despite adequate fluid replacement, the blood
pressure cannot be normalized, pressors such as dopamine
or phenylephrine hydrochloride (Neo-Synephrine) may be
instituted. An additional temporarymeasure to improve perip-
heral vascular resistance may be a pneumatic antishock
garment.

Because spinal cord blood flow is dependent not only on
perfusion pressure, but also on blood rheology, it is impor-
tant to consider measures to reduce blood viscosity, there-
by increasing perfusion. Optimal viscosity for this
purpose is achieved with a blood hematocrit in the range
of 33% to 37%.

A wide variety of hemodynamic derangements is seen in
association with SCI, and there is some indication that their
correction improves the chances for neurological recovery.
Thus, placement of a Swan-Ganz catheter is appropriate
after SCI to better detect and treat these problems.

If treatment is initiated within 8 hours of injury, met-
hylprednisolone can be given as an intravenous bolus of
30 mg/kg followed by continuous infusion of 5.4 mg/kg/
hour. If treatment is initiated within 3 hours of injury, the
continuous infusion should be continued for 24 hours.
Patients initiating treatment 3 to 8 hours after injury should
have the continuous infusion for 48 hours. The odds of
a methylprednisolone-treated patient improving motor
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function is greater than 2:1 when compared with other
pharmacological therapies, whereas the odds of improving
sensory function is 3:1.79,80 Methlyprednisolone should not
be given if more than 8 hours have elapsed since the SCI,
because patients treated in this manner have a slightly
worse outcome. Recently, considerable controversy has
arisen over the scientific validity of the studies showing
the benefits of methlyprednisolone, and the clinician
should weigh the potential benefits versus the possible risks
of this treatment. In patients treated for 48 hours one must
be particularly vigilent for infectious complications and
gastrointestinal bleeding.

The only other pharmacological treatment of SCI that
has demonstrated potential benefit is GM1 ganglioside
(SYGEN). When given after methylprednisolone on a daily
basis for up to 2 months following injury, this therapy
increases the rate of neurological recovery. Ultimately,
however, the final degree of functional improvement was
no different than the level attained by placebo treatment.81

Once the immediate problems attendant on the SCI
have been stabilized, attention must be directed to prevent-
ing the many complications—pulmonary, cardiovascular,
urinary tract, gastrointestinal, skin—that typically threaten
in the first week to 10 days after SCI (Fig. 51-10).

Pulmonary problems are the single most common cause
of morbidity and death following SCI. The higher the ana-
tomical level of injury, the greater the risk of neurological
problems. Impaired deep breathing and coughing, on the
basis of either pain or neurological compromise, increase
the risks of atelectasis and pneumonia. Additionally, the
need for maintaining recumbency to allow for immobiliza-
tion of the spinal injury further compromises respiratory
status.82 Careful serial observation must be maintained
to guard against the insidious development of respiratory
insufficiency. Measurements of arterial blood gases or
pulse oximetry should be supplemented by measurements
Figure 51-10. Frequency of acute complications after spinal cord injury.
MI, myocardial infarction; PE, pulmonary embolus. (From American Spi-
nal Injury Association: Standards for Neurological and Functional Classi-
fication of Spinal Cord Injury, Revised 1992, p 278.)
of vital capacity at regular intervals. Pulmonary toilet is
enhanced by regular nasotracheal suctioning, frequent chest
physiotherapy, and the use of rotating beds or frames.83

Several cardiovascular problems may complicate acute
management—vasogenic spinal shock, paroxysmal hyper-
tension, arrhythmias, and thermoregulatory dysfunction.
Vasogenic spinal shock results from peripheral pooling
of blood from loss of sympathetic vasomotor control; it
generally requires treatment with vasopressors. The most
common arrhythmia is bradycardia, which may be so pro-
nounced as to produce hypotension. On occasion, tempo-
rary pacing may be required. Thus, all patients with SCI
should be monitored hemodynamically for the first several
days after injury.

The gastrointestinal (GI) tract must be monitored for the
development of paralytic ileus, which almost universally
occurs. Associated abdominal distention may adversely
affect respiratory function. Judicious use of nasogastric
suctioning should prevent these problems. Once the ileus
has resolved, it is important to initiate and maintain
regimens of bowel regulation and retraining to prevent
constipation and impaction and their undesirable effects.

The primary source of infection after SCI is the genito-
urinary tract. The bladder can also account for significant
long-term disabilities consequent to associated renal dam-
age if appropriate care is not taken early on. Because reflex
micturition almost always begins within several days of
injury, long-term Foley catheterization is discouraged in
favor of intermittent catheterization. Prophylactic anti-
biotics are not indicated, and bladder re-education should
begin promptly.

Attention to skin care is vitally important. Immobi-
lity and lack of sensation predispose to skin breakdown.
Prolonged pressure over bony prominences must be avoided.
Pressure reduction can only be accomplished by frequent
turning.84

Considerable disagreement exists regarding the place of
surgery after SCI and, should surgical treatment be decided
upon, what should be done and when.

General agreement exists as to the necessity for immedi-
ate immobilization and early stabilization of fractures and
dislocations of the spine. Immobilization and early stabili-
zation can be accomplished without surgical intervention
(i.e., with external orthoses such as the halo) in over 60%
of SCI cases. The timing and method of internal surgical
stabilization are points of controversy. The single widely
accepted indication for acute surgical intervention is docu-
mented neurological deterioration in association with
ongoing spinal cord compression from bone and disc frag-
ments, hematoma, or unreduced subluxation. Nevertheless,
the presence of an incomplete SCI with persistent spinal
cord deformity and presence of complete SCI when the
perceived possibility exists for recovering some neuro-
logical function have been advocated as rationales for early
aggressive surgical intervention.12–14

Oral and injectable diazepam, baclofen, dantrolene,
and clonidine are helpful for the treatment of spasticity.
When these medications are inadequate, other treatments
include motor point blocks with phenol, botulinum toxin injec-
tions, and intrathecal perfusion with baclofen or morphine.
Central deafferentation pain may respond to treatment with
tricyclic antidepressants, valproic acid, carbamazepine,
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mexiletine, and intrathecal morphine. Occasional patients may
be helped by surgical approaches such as dorsal root entry zone
lesions and implantation of a dorsal column stimulator.

PROGNOSIS AND FUTURE PERSPECTIVES. It is im-
portant to attempt to quantify the natural history of the
degree and extent and time course of neurological recovery
after SCI to prognosticate function, determine the effect-
iveness of various interventions, and develop a comprehen-
sive rehabilitation plan.

Waters and coworkers85 reported a study of 148 patients
with complete SCI followed for 5 years with annual exam-
inations using the ASIA scoring system. Very little, if any,
significant recovery was documented after 1 year of follow-
up. In these patients, however, 18% had at least one
level of improvement at 1 year in their neurological level
of injury and 7% had two levels of improvement. Ditunno
and coworkers86 undertook a study to determine the re-
covery of key muscles of the upper extremities in motor-
complete quadriplegics. One hundred fifty patients were
followed for 24 months. Recovery persisted in muscles
with no initial motor power from the ninth to twenty-fourth
months, with ultimately 64% achieving some increased
function. The recent National Acute Spinal Cord Injury
Study found a plateauing of recovery between 6 and 12
months after injury.83,84 If an athlete suffers an SCI, return
to any level of competition is medically precluded. Risks to
the individual from other less severe spinal injuries are
debated, however. In general, any injury that necessitates
internal surgical spinal stabilization probably obviates return
to contact sports. More minor injuries that heal correctly
with bracing may not limit athletic involvement.87
WHIPLASH INJURIES

The term whiplash refers to the mechanism of the neck
injury, which can result from hyperextension followed by
flexion that occurs when an occupant of a motor vehicle
is hit from behind by another vehicle. Some clinicians
use the term to also describe other types of collisions
wherein the neck is subjected to different sequences and
combinations of flexion, extension, and lateral motion.
The term was first used in 1928. Other terms used include
cervical sprain, cervical myofascial pain syndrome, accel-
eration-deceleration injury, and hyperextension injury.88,89

PATHOGENESIS AND PATHOPHYSIOLOGY. Animal
and human studies have demonstrated structural damage,
including muscle tears, rupture of ligaments, avulsions
and herniations of intervertebral discs, retropharyngeal
hematoma, nerve root damage, cervical sympathetic chain
injury, and hemarthrosis of facet joints.

EPIDEMIOLOGY AND RISK FACTORS. In 2004, there
were 10,900,000 motor vehicle accidents, including
3,330,000 rear-end collisions, in the United States.
Although neck injuries can commonly occur after side or
front impact collisions, rear-end collisions are responsible
for about 85% of all whiplash injuries. More than 1 million
people sustain whiplash-type injuries per year in the United
States. Women have persistent neck pain more often than
men, especially women in the 20- to 40-year age group,
by a ratio of 7:3. The greater susceptibility of women
to whiplash injuries may be due to a narrower neck with
less muscle mass supporting a head of roughly the same
volume compared with men.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Following a motor vehicle accident with a whiplash-type
mechanism of injury, 62% of patients presenting to the
emergency room complain of pain. The onset of pain is
within 24 hours in 93% of the injured. The most common
cause of the neck pain is myofascial injury. Cervical disc
herniations, cervical spine fractures, and dislocations are
uncommon. Cervical facet joint injury can also be a source
of pain.90

Eighty percent of patients with whiplash-type injuries
complain of headaches during the first 4 weeks after the
accident. The headaches are usually of the muscle con-
traction type and are often associated with greater occipital
neuralgia. Whiplash trauma can also injure the temporoman-
dibular joint and can cause jaw pain often associated with
headache. Headache may be referred from the C2–C3 facet
joint that is innervated by the third occipital nerve. Occa-
sionally, whiplash injuries can precipitate new migraine with
recurring episodes including classic migraine with aura,
migraine attacks without aura, and basilar migraine.

Dizziness is a common complaint and can be due to
dysfunction of the vestibular apparatus, cervical propriocep-
tive system, brain stem, and cervical sympathetic nerves.

Paresthesias of the upper extremities can be referred
from trigger points, brachial plexopathy, facet joint dis-
ease, entrapment neuropathies, cervical radiculopathy, and
spinal cord compression. Thoracic outlet syndrome, which
occurs four times more often in women than men, is
a common cause of paresthesias, which often radiate
down the ulnar arm and forearm into the fourth and fifth
fingers. Eighty-five percent of these cases are of the non-
neurogenic type with subjective complaints but no objective
findings.

Cognitive impairment due to a whiplash injury without
direct head trauma is a controversial topic with evidence
for and against. 91

Interscapular pain and low back pain are frequent com-
plaints after whiplash injuries and are reported in 20%
and 35% of patients, respectively, after the injury. Visual
symptoms, especially blurred vision, are often reported by
patients and are usually due to convergence insufficiency,
although oculomotor palsies can occasionally occur (Video
32, Cranial Nerve III Palsy). Rare sequelae include cervical
dystonia or torticollis, transient global amnesia, esophageal
perforation and descending mediastinitis, hypoglossal
nerve palsy, cervical epidural hematoma, superior laryn-
geal nerve palsy, and internal carotid and vertebral artery
dissections (Video 52, Torticollis).

DIFFERENTIAL DIAGNOSIS. Whenever patients have
pain complaints without objective findings, nonorganic
explanations should be considered. Other possible causes
of pain complaints after whiplash injuries include psycho-
logical problems, secondary gain and malingering in cases
in which litigation is pending, and social and peer
copying.92,93

EVALUATION. A cervical spine MRI study is helpful to
evaluate patients with persistent complaints of neck pain
and paresthesias or those with abnormal results on exami-
nation. When radiographical abnormalities are present, the
possibility that they are pre-existent should be considered.



1204 Etiological Categories of Neurological Diseases / 51
Cervical spondylosis, degenerative disc disease, and cervical
disc protrusions occur with increasing frequency with older
age and are often asymptomatic.

MANAGEMENT. Neck pain is often treated initially with
ice, then with heat, nonsteroidal anti-inflammatory drugs,
muscle relaxants, and pain medications. Use of soft cervi-
cal collars should be kept to a minimum during the first
2 to 3 weeks and then avoided. Range-of-motion exercises,
physical therapy, trigger point injections, and TENS units
may be helpful for patients with persistent complaints.
Percutaneous radiofrequency neurotomy may be beneficial
for the treatment of chronic facet joint pain documented by
anesthetic blocks.94

PROGNOSIS AND FUTURE PERSPECTIVES. Neck pain
and headaches can persist for months and sometimes years
in a minority of patients. According to various studies,
neck pain and headache, respectively, have been reported
as persisting for the following intervals after the acci-
dent95,96: 1 month, 64% and 82%; 3 months, 38% and
35%; 1 year, 19% and 21%; and 2 years, 16% and 15%.
Psychosocial factors and personality traits are not predictive
of the duration of symptoms. Risk factors for more severe
symptoms include older age, female gender, a rear-end col-
lision, and a rotated or inclined head position at the moment
of impact. Despite the common belief that pending litigation
is responsible for persistent symptoms, litigants and non-
litigants have similar psychological profiles and similar
recovery rates. Most patients who are still symptomatic at
the time when litigation is settled are not cured by a verdict.
BRACHIAL AND LUMBOSACRAL PLEXOPATHIES

PATHOGENESIS AND PATHOPHYSIOLOGY. Trauma
can result in variable injury to the myelin, axon, and con-
nective tissue covering of plexus elements. Mild injuries
may result in focal demyelination with conduction slowing.
More severe injuries may cause demyelinating conduction
block (neurapraxia), which can occur alone or in associa-
tion with axon degeneration. Axonotmesis, which is loss
of the relative continuity of the axon and myelin but pres-
ervation of the connective tissue framework, leads to wal-
lerian degeneration. Neurotmesis refers to an injury in
which the axons and investing connective tissues lose their
continuity. A combination of different grades of injury can
occur. An axonal nerve injury in continuity may heal as a
neuroma that consists of axons growing in all directions sur-
rounded by connective tissue. Root avulsion is the traumatic
separation of a nerve root from the spinal cord.97

EPIDEMIOLOGY AND RISK FACTORS. Closed lesions
usually resulting from traction are the most common
causes of traumatic brachial plexopathy. Stretch injuries
are responsible for about 70% of serious brachial plexus
injuries. High-velocity closed injuries, which usually
involve the supraclavicular plexus, are primarily due to
motor vehicle accidents, occupational injuries, and falls.
Falls, which result in scapular and proximal humeral frac-
tures and humeral head dislocations, are the most common
causes of infraclavicular injuries. Brachial plexus injury,
usually involving the lower trunk or medial cord, occurs
in 5% of patients undergoing coronary artery bypass sur-
gery. Brachial plexus injury is probably due to traction
associated with sternal retraction.98 Most brachial plexus
avulsion injuries are due to motor vehicle accidents, espe-
cially motorcycle accidents; industrial accidents; obstet-
rical injury; falls; objects falling on the shoulder; and
sports injuries (most commonly football, bicycling, skiing,
and equestrian activities). Root avulsions more commonly
involve the C7, C8, and T1 roots, whereas extraforaminal
ruptures more commonly affect the C5 and C6 roots.

The less common open lesions, which most often affect
the infraclavicular plexus, are often associated with inju-
ries to major limb vessels and the lung. Gunshot wounds,
which account for 25% of the cases of surgical repair of
the brachial plexus in the United States, usually involve
the infraclavicular or retroclavicular plexus and less often
the supraclavicular plexus. Laceration injuries of the bra-
chial plexus are usually the result of broken glass and
knives.

Injury to the lumbosacral plexus is uncommon because it
is protected by the pelvic bony ring. Pelvic fractures, which
are usually due to motor vehicle accidents, crush injuries,
and falls from a height, result in lumbosacral plexus injury
in about 7% of cases.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Plexus injuries can result in sensory loss, paresthesias,
motor loss, and pain, which can be particularly severe after
root avulsions. A detailed knowledge of the anatomy of the
brachial and lumbosacral plexus is essential to localizing
lesions (see Chapters 15, 19, and 20).

Burners and stingers are synonymous terms that refer to
the radicular and plexus symptoms following sudden
depression of the shoulder in contact sports, usually foot-
ball. The player experiences burning dysesthesias going
down the ipsilateral upper extremity, often into the thumb,
and sometimes weakness of the biceps and shoulder girdle
muscles. The symptoms usually resolve within a fewminutes,
although occasional cases last for weeks.

Other causes of acute compression of the brachial plexus
include the following: prolonged compression in someone
inebriated or comatose; compression of the plexus against
the first rib due to heavy backpacks carried by students
or soldiers; prolonged firing of shotguns or rifles; and
shoulder restraints in motor vehicles. In addition to coro-
nary artery bypass surgery, other intraoperative causes of
plexus injury include malpositioning of the arm, often
affecting the upper plexus; damage during other procedures
such as radical mastectomies, transaxillary arterial by
passes, and biopsies; orthopedic procedures on the humerus
or shoulder; and ironically, first rib resections and scaleno-
tomies performed to treat thoracic outlet syndrome.98 False
aneurysms of the axillary artery due to trauma and hema-
tomas from transaxillary percutaneous angiograms can also
injure elements of the plexus. Stretch injuries of the plexus
in neonates, often resulting from shoulder dystocia, most
commonly involve the upper trunk (Erb’s palsy) and only
occasionally the lower trunk (Klumpke’s palsy).

Repetitive activity such as working at a keyboard or
playing a musical instrument and single injuries such as a
fall or whiplash-type injury commonly result in the non-
neurogenic type of thoracic outlet syndrome. Patients
may complain of aching of the shoulder and arm with
paresthesias going down the arm into the fourth and
fifth fingers. The symptoms may be worse at night, with
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repetitive activity, or with use of the arm overhead. Al-
though they are nonspecific causes, medial supraclavicular
palpation and the exaggerated military posture may repro-
duce the symptoms. Most of the patients are women; long
necks, droopy shoulders, and pendulous breasts may be
contributing factors. No objective findings appear on
examination or electrodiagnostic studies.97

In addition to pelvic fractures and gunshot wounds, there
are other important causes of lumbosacral plexus injury.
During labor and delivery, pressure on the lumbosacral
trunk by the fetal head or forceps may result in a postpar-
tum footdrop. Ischemic injury of the plexus can result from
inadvertent injection of drugs into the gluteal arteries, lead-
ing to a propagating thrombus to the iliac arteries. Blunt
trauma to the abdomen can rarely result in a retroperito-
neal hemorrhage into the psoas muscle, which compresses
the lumbar plexus, causing pain and extremity weakness.
Neuromas may form after partial or complete injuries to
peripheral nerves. The only neuromas that are symptomatic
are those that contain sensory nerve fibers. Sensory nerves
of the hands and feet are especially likely to form painful
neuromas. Symptomatic neuromas produce a burning or
aching pain that may radiate proximally or distally. Tinel’s
sign may be present. The diagnosis can be confirmed by
temporary relief of symptoms after injection of local anes-
thetic. Injection of a corticosteroid may significantly
improve or cure symptoms in some cases. Various surgical
approaches such as nerve grafting, decompression and
translocation, excisional neurectomy, and transposition
may be appropriate, depending on the case.99

DIFFERENTIAL DIAGNOSIS AND EVALUATION. Cer-
vical and lumbosacral disc herniations and peripheral nerve
injuries should be considered. The clinical examination can
often localize the lesion as pre- or postganglionic or to var-
ious elements of the plexus. For example, the presence of
Horner’s syndrome indicates lesions of the roots of C8
and T1 proximal to the site where the white rami commu-
nicans exits to enter the sympathetic chain. Depending on
the specific injury, various imaging techniques including
plain radiographs, CT and MRI scans, arteriography, veno-
graphy, and myelography may be indicated.100 Pseudo-
meningoceles, which are formed when a nerve root is
avulsed and the meninges are pulled through the neural fo-
ramina, may be detected on myelography, followed by CT
scan as well as MRI. Electromyography (EMG) and nerve
conduction studies can be helpful in localizing and deter-
mining the extent of the lesion.

MANAGEMENT. Management depends on the location
of the lesions, the grade of nerve injury, and the presence
of root avulsions. Patients with acute transections of the
brachial plexus due to lacerations with a knife or glass
should undergo relatively rapid primary repair. For closed
stretch injuries with severe axonal degeneration present
on electrophysiological studies 3 to 5 months after the
injury, surgical exploration and repair are indicated.101

Because missile wounds usually leave the nerve in continuity,
initial management is often conservative. Although avulsion
of nerve roots has been regarded as an untreatable injury,
animal and experimental human studies suggest that implan-
tation of ventral roots into the spinal cord may lead to recov-
ery of motor function especially with use of neurotrophic
factors.102–104
Up to 80% of patients with obstetrical palsy have no
paresis or mild paresis by the age of 1 year. Surgery for
infants with obstetrical palsy not improving is controver-
sial, with recommendations for the time of surgery rang-
ing from 3 to 9 months of age. Non-neurogenic thoracic
outlet syndrome may respond to Peet’s exercises, which
strengthen the muscles of the pectoral girdle and improve
posture. In very occasional cases, scalenotomy or first rib
resection may be indicated. Physical and surgical rehabili-
tation may help to improve function after brachial plexus
injuries.

Pain following brachial plexus injuries may be difficult
to manage with various treatments depending upon the
type and severity of the pain. Treatments range from pain
pills, anticonvulsants, and TENS units to stellate ganglion
blocks and sympathectomy, dorsal column stimulators,
and dorsal root entry zone lesions. Similar considerations
apply to lumbosacral plexus injuries. When indicated, sur-
gery may be helpful in some cases of pelvic fractures, gun-
shot wounds, stab wounds or lacerations, and iatrogenic
injuries.

PROGNOSIS AND FUTURE PERSPECTIVES. In cases
of neurapraxia, spontaneous recovery may occur within 3
to 4 months of the injury. Because of the long regeneration
distances and lack of collateral sprouting, the intrinsic hand
muscles with lower trunk lesions and the muscles below
the knee with sacral plexopathies reinnervate poorly after
severe axon loss lesions. For severe brachial plexus lesions,
satisfactory results may occur postoperatively in up to 70%
of patients after primary repair and up to 48% after a nerve
graft. Fifty pecent to 85% of patients with non-neurogenic
thoracic outlet syndrome may improve with exercises.103
COMPLEX REGIONAL PAIN SYNDROME (REFLEX
SYMPATHETIC DYSTROPHY AND CAUSALGIA)

In 1864, the Philadelphia neurologist S. Wier Mitchell and
colleagues reported the cases of Union soldiers who sus-
tained gunshot wounds at the battle of Gettysburg resulting
in partial nerve lesions of the brachial plexus and periph-
eral nerves followed by a severe burning pain of the hand
or foot associated with trophic changes.105 Mitchell coined
the term causalgia, which is from the Greek for “burning
pain,” to describe this syndrome. In 1995, a consensus de-
velopment conference grouped these disorders under the
term complex regional pain syndrome (CRPS) type I
(corresponding to reflex sympathetic dystrophy) and type
II (formerly termed causalgia).106

PATHOGENESIS AND PATHOPHYSIOLOGY. The
pathophysiology of CRPS is poorly understood. Various
mechanisms proposed include the following: sympathetic
hyperactivity, ephaptic transmission between sympathetic
and primary afferents, a reverberating circuit in the spinal
internuncial pool, sensitization of wide dynamic range neu-
rons in the dorsal horn, and neurogenic inflammation.
Despite common perception and former nomenclature,
some researchers strongly argue that the sympathetic
nervous system is not involved.107

EPIDEMIOLOGY AND RISK FACTORS. CRPS II may
occur in up to 5% of patients after partial peripheral nerve
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injury, but it does not occur when a nerve is completely
severed. The incidence of CRPS I is 1% to 2% after vari-
ous fractures but is particularly common following Colles’
fracture, occurring in about 30%. CRPS I may occur after
various other injuries, including minor soft tissue trauma,
operations such as carpal tunnel release and arthroscopic
knee surgery, myocardial and cerebral infarction, and frost-
bite and burns. In up to 25% of CRPS I cases, a precipitant
cause is not identified. CRPS I occurs in all ages with a
median of 40 years. Females account for about 70% of
cases.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

CRPS I is a syndrome with variable major components of
burning pain, autonomic dysfunction, edema, dystrophy
and atrophy, and sometimes a movement disorder.108

When this pain syndrome follows peripheral nerve injury,
the term CRPS II is used. Various other terms for CRPS I
are used in addition to reflex sympathetic dystrophy in-
cluding Sudeck’s atrophy, algodystrophy, post-traumatic
dystrophy, reflex neurovascular dystrophy, shoulder-hand
syndrome, and sympathetic maintained pain syndrome.

The symptoms of CRPS may develop within days to
months after injury. The pain, which begins in the area of
the injury or event, may then spread throughout the extremity
and, in perhaps 5% of cases, involves the contralateral
extremity (rarely, three and four extremities may become
involved). The burning, aching, or constant pain is associated
with hyperalgesia (lower pain threshold with enhanced pain
perception), allodynia (pain induced by innocuous mechan-
ical and thermal stimuli, especially cold), and hyperpathia
(an exaggerated response to a stimulus, whichmay be delayed
and may persist after cessation of the stimulus). Spontaneous
paroxysmal shooting, sharp, or electrical sensations may be
described. Decreased sensation may be present in af-
fected areas. Proprioception may be limited. As in other pain
disorders, CRPS I patients are often depressed and anxious.

Edema over the site of injury and distally may be pres-
ent. At first, the involved extremity is usually warm, red,
and dry but occasionally may be cold. Over time, the
extremity usually becomes cool, pale, cyanotic, and hyper-
hydrotic. Early on, the nails may become thickened and the
hair darker. Later, the hair may be lost in the affected
areas, the skin may become shiny, and the nails may break.
Dystrophy and atrophy of subcutaneous tissue, muscles,
and bone may be present. Nodular fasciitis of the palmar
or plantar skin may be present. CRPS I affecting the hand
may be associated with a frozen shoulder.109 Motor mani-
festations variably present include weakness, an enhanced
physiological tremor, spasm and increased reflexes, focal
dystonia, and an inability to initiate movement. Exercise
or use may aggravate CRPS I complaints.

DIFFERENTIAL DIAGNOSIS. Other disorders that may
have some features of CRPS I include chronic arterial
insufficiency, thrombophlebitis, infection, collagen vascular
disorders, postherpetic neuralgia, entrapment neuropathies
(which can coexist with CRPS I), painful neuromas, plexo-
pathies and radiculopathies, phantom limb pain, and central
pain syndromes. When pain complaints are the major prob-
lem, psychological causes such as depression, factitious dis-
orders, conversion, and malingering should be considered.

After amputation of an extremity, up to 85% of patients
describe phantom limb pain, which may still be present in
about 30% 1 year later. The patients describe pain, which
may be a continuous numbing or an intermittent sharp,
stabbing, shooting, cramping, or burning sensation, as
being present either in the stump or in the absent limb.
Both peripheral and central mechanisms for the pain have
been suggested, with one study showing evidence of plastic
changes in the primary somatosensory cortex.110 Despite
various medical and surgical treatments, the pain is often
intractable.

EVALUATION AND MANAGEMENT. The diagnosis of
CRPS is based on the symptoms and signs. Laboratory test-
ing sometimes used includes thermography and a triple-
phase bone scan (which may reveal abnormal uptake and
increased periarticular uptake in 30% of patients); abnor-
mal findings are not specific. Pain relief following sympa-
thetic blockade or an intravenous phentolamine test is
supportive of the diagnosis. The possibility of a placebo
response should be considered.

The inciting disorder should be appropriately diagnosed
and treated. Although many treatments have been pro-
posed, there is a lack of prospective and controlled studies
with controversy over inclusion criteria. Medications
reported as useful include the following: narcotic and
nonsteroidal anti-inflammatory drugs; adrenergic blockers
such as clonidine and prazosin; tricyclic antidepressants;
anticonvulsants such as carbamazepine and gabapentin;
corticosteroids; topical DMSO cream; and intranasal calci-
tonin. Physical therapy modalities, rehabilitation, TENS
units, and psychological treatment are often worth while.
A series of five sympathetic anesthetic blocks of the stel-
late ganglion for upper extremity or lumbar chain for
lower extremity cases can be beneficial. If the blocks improve
the pain but only temporarily, many clinicians recommend
sympathectomy. Dorsal column stimulators and morphine
intrathecal pumps are sometimes recommended for refrac-
tory cases. Some patients with dystonia associated with
reflex sympathetic dystrophy may respond to treatment
with intrathecal baclofen. Recently spinal cord stimulation
has been successfully used in the management of CRPS.
These electrodes implanted over the posterior columns
relieve pain, thereby allowing physical therapy, and activ-
ity to break the cycle of disuse.111 Spinal cord stimulators
were initially inspired by the gate control theory but their
action clearly involves more than just modulation in the
dorsal horns. While the exact mechanisms of pain relief
by spinal cord stimulation are not known, the following
have been proposed:

1. Orthodromic stimulation causing supraspinal pain
modulation

2. Modulation of activity in the sympathetic system
3. Release of neuromodulators within the brain or spi-

nal cord
4. Inhibition of transmission in the spinothalamic tract
5. Inhibition of C fibers in the substantia gelatinosa by

antidromic conduction through A-b fibers

PROGNOSIS AND FUTURE PERSPECTIVES. Prognos-
tic information is quite limited. Many clinicians believe
that recovery occurs more frequently when treatment is be-
gun early in the course. Pain may still be present in 25% of
cases with CRPS I after 1 year and in 60% of patients with
CRPS II after 3 years. Reported response rates for surgical
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sympathectomy range from 12% to 97%. RSD may resolve
early in the clinical course only to return weeks or months
later.
MOUNTAIN SICKNESS

PATHOGENESIS AND PATHOPHYSIOLOGY. As the
partial pressure of oxygen decreases with increasing alti-
tude, ventilation rises, leading to respiratory alkalosis.
Although hypocapnia alone results in cerebral vasocon-
striction, hypoxia produces a net decline of cerebral vascu-
lar resistance and increased cerebral blood flow. Hypoxia
can result in cerebral edema, which may be due to cerebral
vasodilatation and elevated cerebral capillary hydrostatic
pressure. An increase in sympathetic activity follows, caus-
ing an elevated heart rate, pulmonary vasoconstriction, and
an initial increase and later decrease of cerebral blood
flow.112

EPIDEMIOLOGY AND RISK FACTORS. Acute moun-
tain sickness (AMS) develops in about 25% of visitors to
moderate altitudes (6300 to 9700 feet). About 100 million
tourists visit altitudes above 2000 meters worldwide per
year. Symptoms usually occur within the first 12 hours of
arrival but may be delayed 24 hours or more. Risk factors
for AMS include those who are younger than 60 years,
are less physically fit, live at sea level, have a history of
AMS, are obese or female, or have underlying lung pro-
blems.113 AMS develops into high-altitude cerebral edema
(HACE) in perhaps 1.5% of cases. Alcohol use inhibits
acute ventilatory adaptation to mild hypoxia at moderate
altitude and may be a risk factor.

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

AMS, which usually occurs above 8200 feet, is defined by
the presence of a headache and at least one of the following
symptoms: gastrointestinal upset (anorexia, nausea, or
vomiting), fatigue or weakness, dizziness or lightheaded-
ness, and difficulty sleeping.114 The headache is usually
bilateral but may be unilateral. HACE, which is uncommon
below 12,000 feet, is defined by the presence of a change
in mental status or ataxia in a person with AMS or the pres-
ence of both mental status change and ataxia in a person
without AMS. HACE, which can lead to coma and death,
may be associated with urinary incontinence, papilledema,
cranial nerve palsies, tremor, and abnormalities in limb
tone (Video 1, Cranial Nerve VI Palsy; Video 214, Stance
Ataxia).

High-altitude pulmonary edema (HAPE), which can
occur along with HACE, usually occurs above 9840 feet.
High-altitude retinal hemorrhage is common in people
who go above 15,000 feet.

EVALUATION AND MANAGEMENT. The diagnosis is
usually a clinical one that is made in the setting of a recent
altitude ascent. Altitude sickness may be prevented in those
planning higher ascents by starting below 8000 feet, resting
the first day, and then ascending about 1000 feet per day.
Sleeping at a lower altitude at night may be helpful
because hypoxia is worse with sleep. It is also important
for climbers to keep well hydrated and avoid alcohol.
Acetazolamide, at a dose of 250 to 500 mg twice daily
starting 24 hours before ascent and continuing for 2 days,
may prevent AMS and improve sleep. Other medications
which may reduce the risk and symptoms of AMS include
the following: aspirin 320 mg 1 hour before arrival at high
altitude and then one dose every 4 hours for two doses
(for a total of three doses)115; and dexamethasone 2 mg
every 6 hours or 4 mg every 12 hours orally starting 24 to
48 hours before arrival at high altitude and continuing for
several days.

AMS may be treated symptomatically with rest, mild
analgesics, alcohol avoidance, and adequate hydration.
Depending upon the severity of symptoms, avoiding going
any higher or slowing the rate of ascent or descent may be
necessary. Acetazolamide 250 mg orally twice a day may
also help acute symptoms. For HACE, immediate descent
should be initiated if possible, and, if not, HACE may
be treated with the use of a portable hyperbaric bag (2 to
4 psi for a minimum of 2 hours), administration of oxygen
(2 to 4 L/minute), and dexamethasone (8 mg orally, IM, or
IV initially and then 4 mg every 6 hours). Acetazolamide
should be given in instances when descent or evacuation
is delayed.

PROGNOSIS AND FUTURE PERSPECTIVES. AMS usu-
ally resolves after 16 to 72 hours at altitude. When descent
is impossible and treatment is unavailable, HACE and
HAPE have a mortality rate up to 50%.
DECOMPRESSION SICKNESS

PATHOGENESIS AND PATHOPHYSIOLOGY. With
descent, the partial pressure of the gases breathed by the
diver increases proportionately, according to Dalton’s
law. Although oxygen is metabolized, tissues soak up inert
nitrogen and become saturated. With ascent, the nitrogen
moves from the tissues to the blood and is exhaled by the
lungs, which is a process termed decompression. When
ascent is too rapid and the tissues are supersaturated, dis-
solved gas changes to free gas, which creates bubbles.
When the filtering capacity of the pulmonary capillaries
is exceeded, the bubbles enter the arterial circulation.
Symptoms depend on those tissues in which the bubbles
accumulate. Bubbles in the paravertebral veins, Batson’s
plexus, can result in stasis and venous infarction in the
spinal cord. Cerebral injury can develop from bubbles
occluding vessels or directly disrupting tissue. Symptoms
may also result from secondary effects such as activation of
complement, platelet aggregation, and release of vasoactive
mediators.

EPIDEMIOLOGY AND RISK FACTORS.Decompression
sickness (DCS), also referred to as the bends or caisson
disease, usually affects divers and caisson workers but
can also occur in pilots during rapid ascent in a nonpres-
surized cabin. About 900 cases of DCS are reported yearly
in the United States among recreational scuba divers. Most
accidents occur in inexperienced divers. The incidence of
DCS for recreational divers is 1 per 5000 to 10,000 dives,
and for commercial divers, one incident per 500 to 1000
dives. Up to 50% of cases of DCS occur in divers who
claimed to have been diving within the limits set by a stan-
dard table or decompression computer. Divers with a pat-
ent foramen ovale are five times more likely to sustain
serious decompression problems because bubbles can go
directly from the right to left atrium without being filtered
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by the lungs.116 Right-to-left shunts are more common in
those with migraine with aura who are more likely to suffer
DCS.117

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

DCS, which can occur after diving to a depth of more than
25 feet, usually appears within a few minutes to a few
hours after the end of a dive. Mild DCS (type I) is defined
by pain usually in the joints (bends) and itching of the skin.
Serious DCS (type II) is characterized by neurological pro-
blems. Involvement of the thoracic spinal cord, the most
commonly affected area, leads to low back or pelvic pain
and dysesthesias, which may be accompanied by sensory
loss, weakness, and incontinence. Less often, the brain
may be involved, resulting in various symptoms and signs
such as headache, confusion, lethargy, vertigo, speech dis-
turbance, hemiparesis, visual impairment, and seizures,
depending upon the site of the insult (Video 4, Pronator
Drift).118

Rupture of alveoli, which may occur when a diver
ascends without venting air from the lungs or from block-
age of part of the bronchial tree, can result in additional
arterial gas embolism. During ascent or shortly after
surfacing, divers may develop various problems ranging
from acute respiratory distress and headache to cardiorespi-
ratory arrest and seizures. Depending on the site of embo-
lism to the brain, cortical blindness, dysphasia, and
hemiplegia may occur (Video 3, Spastic Gait). Arterial
gas embolism and DCS may coexist.

EVALUATION AND MANAGEMENT. DCS is typically
diagnosed based on the findings on history and physical
examination. The results of MRI studies of the brain and spi-
nal cord may often be normal or may show only nonspecific
abnormalities in cases of DCS.118 Initially, high concen-
trations of oxygen should be administered by face mask to
increase the resorption of gas bubbles. Fluid administration,
ideally a hyperosmolar drink, may result in more rapid elim-
ination of gases and treat dehydration. As soon as possible,
the patient should undergo recompression in a hyperbaric
chamber while breathing oxygen.119

PROGNOSIS AND FUTURE PERSPECTIVES. Prompt
treatment usually results in a complete recovery. Neurolog-
ical deficits may persist in patients in whom recompression
is delayed or not done.120
LIGHTNING AND ELECTRICAL INJURIES

PATHOGENESIS AND PATHOPHYSIOLOGY. Although
incompletely understood, the two major causes of tissue
damage are thermal injury and electroporation, which is
the production and expansion of transient aqueous pores
in the lipid bilayer component of the cell membrane.121

EPIDEMIOLOGY AND RISK FACTORS. About 100
lightning- and 1500 technical electricity-related deaths
per year occur in the United States. The following routes
can produce lightning injury. A direct strike is the most
damaging, which is more common if the person is carrying
a metal conductor such as an umbrella or golf club above
shoulder level. A side flash or splash injury occurs when
lightning first strikes a tall object such as a tree and then
arcs to the person standing next to the object or when light-
ning first strikes a person or animal and then the second
victim. A ground or stride current occurs when lightning
strikes the ground first and then travels along the surface
before reaching the person. Occasionally, people can sus-
tain injury indoors while on the telephone from current
conducted through the lines or in the bath or shower from
ground current traveling along the water pipes.

Technical electrical injuries can occur from exposure
to high-voltage electricity (1000 volts or more) and low-
voltage electricity. High-voltage electricity injuries, which
are almost always work related, account for about 70%
of electrical injuries and deaths. Low-voltage injuries
typically happen in the home with the following common
circumstances: the use of electrical appliances while stand-
ing on a wet floor or while in the bathtub, children playing
with outlets or wires, or use of faulty electrical equipment.
When the energized conductor is held in the hand, alternat-
ing current exposure in the range of 8 to 22 mA at 60 Hz
may result in long exposure due to a state of tetanic con-
traction of flexor muscles of the forearm and hand, which
is paradoxically termed let go current.122

CLINICALFEATURES,ANDASSOCIATEDDISORDERS.

Lightning and electrical injuries may result in sudden death
or cerebral hypoxia from inducing ventricular fibrillation.
Transient loss of consciousness, confusion, and amnesia
may also occur.123 Lightning injury may result in kerauno-
paralysis, which is a transient paralysis usually of the lower
extremities associated with sensory loss and pale skin.
Lightning and electrical injuries may also cause acute spinal
cord, focal brain, and peripheral nerve damage and rhabdo-
myolysis. Deep burns are more common with electrical than
with lightning injuries. Delayed neurological disorders asso-
ciated with lightning and electrical injuries include cognitive
deficits, motor neuron disease, parkinsonism, choreoatheto-
sis, dystonia, myoclonus, basilar artery thrombosis, seizures,
myelopathy, generalized polyneuropathy, and complex
regional pain syndrome.124–126 An additional type of injury
is secondary trauma, such as from falls.

MANAGEMENT, PROGNOSIS, AND FUTURE PERS-

PECTIVES. Evaluation and management depend on the
sites, types, and extent of injury.127 About one third of
lightning strikes are fatal. The symptoms and signs of ker-
aunoparalysis typically resolve within a few hours. Victims
of lightning and electrical injuries who are comatose due
to a hypoxic encephalopathy as a result of cardiac arrest
usually have a poor prognosis. Most patients with spinal
cord injuries due to lightning and electrical injuries have
permanent disability.
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HISTORY AND DEFINITIONS

Epilepsy, from the Greek epilepsia (a taking hold of or
seizing), is a chronic disorder characterized by a spontaneous
tendency for recurrent seizures. Seizures are the clinical
manifestation of abnormally hyperexcitable cortical neu-
rons. Whereas all patients with epilepsy have seizures, many
more patients have a single seizure during life and are not
considered to have epilepsy.

The earliest descriptions of epilepsy appear in Mesopo-
tamian writings from the fifth millennium BC. Persons with
epileptic seizures were believed to be possessed by demons
or evil spirits, and as a result, the disorder became known
as the sacred disease. In the book On the Sacred Disease,
a collection of Hippocratic writings from around 400 BC,
the notion that epilepsy was caused by the gods and should
be treated by the invocation of supernatural powers was
challenged. In these writings, epilepsy was described as a
hereditary disease caused by an overflow of phlegm in
the brain. Treatment interventions, including proper diet
and hygiene, were suggested in lieu of superstitious rem-
edies. Nevertheless, during the middle ages, the drinking
of human blood, trephination, skull cauterization, and ster-
ilization were routinely practiced to cleanse the body of
evil spirits and reduce the likelihood of transmission.1

By the eighteenth century, epilepsy became recognized
as a chronic disorder of cerebral function. In the latter half
of the nineteenth century, the British neurologist John
Hughlings Jackson hypothesized that epilepsy was due to
hyperexcitable cerebral gray matter. By correlating focal
motor seizure semiology with postmortem pathological
examinations, Jackson was the first to localize epileptogenic
lesions. In 1886, the first surgery for epilepsy was per-
formed by Sir Victor Horsley, who resected a traumatic cor-
tical scar in a patient with focal motor seizures, rendering
him seizure-free.

The invention of the electroencephalogram in 1929 had
a profound impact on the diagnosis and classification of
the epilepsies. During the 1930s and 1940s, Wilbur
Penfield and colleagues mapped the primary sensory and
motor cortices in human subjects, advancing the concept
of functional localization. In the past several decades, a
universally accepted classification of epileptic seizures
and syndromes emerged through advancements in electro-
physiology, neuroimaging, and molecular biology.

Epilepsy affects 6 to 7 per 1000 population in the United
States, and 40 to 50 new cases per 100,000 develop annu-
ally.2 The risk of epilepsy increases from approximately
1% at birth through early adulthood to 3% by age 75 years.
Epidemiologic studies indicate that the incidence of epile-
psy increases sharply after the age of 60, exceeding that of
other groups, including children. In two thirds of cases, the
etiology is not identified.
BASIC MECHANISMS OF EPILEPTOGENESIS

To understand the mechanisms related to the development
of epilepsy, some basic principles of normal neurophysi-
ology must be reviewed. Electrical signals in neurons take
two forms: the action potential, which propagates down
the axon of the neuron from the soma to the axon terminal,
translocating information within a neuron; and transmission
of information between neurons, which is accomplished
primarily by chemical synapses.

A complex series of events underlie these electrical
signals. Central to the understanding of these events is that
the neuronal membrane is semipermeable to different ions
carrying electrical current. The neuronal membrane’s per-
meability exhibits rapid changes that can dramatically alter
the voltage across it. At the resting membrane potential, so-
dium ions (Naþ), which are concentrated in the extracellular
space, flow into the cell, and intracellular potassium ions
(Kþ) flow out. A Naþ-Kþ pump, utilizing adenosine
triphosphate (ATP), replaces the displaced ions. Influx of
positively charged ions (Naþ and calcium ions [Ca2þ])



FIGURE 52-1. Types and orientation of
neurons within the six-layer neocortex.
(From Pansky B, Allen DJ: Review of
Neuroscience. New York, Macmillan,
1980, p 287.)
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raises the membrane potential in the direction of depolari-
zation, whereas chloride ion (Cl�) influx and Kþ efflux
hyperpolarizes the membrane. When a cell membrane is
depolarized to threshold, Naþ channels open, allowing the
ions to flow intracellularly, which produces an action
potential. Potassium efflux from the cell leads to repolariza-
tion of the membrane. The propagation of action potentials
along axons transmits information throughout the nervous
system. When the presynaptic axon terminal is stimulated
by an action potential, there is an influx of Ca2þ, triggering
the release of neurotransmitters that bind to postsynaptic
membrane receptors. This process produces excitatory
and inhibitory postsynaptic potentials (EPSPs and IPSPs)
whose summation and synchronization compose the elec-
trical activity recorded from the surface electroencepha-
logram (EEG). Glutamate and aspartate are the primary
excitatory neurotransmitters in the central nervous sys-
tem. g-Aminobutyric acid (GABA) is the major inhibitory
neurotransmitter in the brain.

A number of cortical cytoarchitectural and anatomical
factors influence the propagation of electrical activity.
The cerebral cortex is subdivided into neocortex, paleocor-
tex, and archicortex. The archicortex includes the hippocam-
pus and dentate gyrus, and the paleocortex consists of the
piriform and olfactory cortices. The neocortex constitutes
the remaining cortical regions characterized by the infolding
of gyri and sulci. Epilepsy is a disorder that affects neocor-
tical and archicortical neurons and their interconnections
with brain stem and diencephalic structures.

The gray matter of the neocortex contains six types of
neurons: pyramidal, stellate, horizontal, fusiform, basket,
and Martinotti’s cells (Fig 52-1). The vertically aligned
pyramidal cells are the main output neurons; they have
extensive dendritic arborizations and excitatory synaptic
endings that facilitate propagation of electrical activity.
The granule, or stellate, cells are the major interneuronal
pool. They are the secondmost numerous cells in the neocor-
tex and are responsible for the propagation of both excitatory
and inhibitory information. Axons of the horizontal and
granule cells and collaterals of pyramidal and fusiform cells
traverse parallel to the surface of the cortex. Pyramidal,
fusiform, stellate, and Martinotti’s cell axons form radial net-
works that travel vertically as projection or association fibers.

Projection fibers are afferent and efferent fibers convey-
ing impulses to and from the cortex. Efferent fibers arise
from the cortex and descend through the corona radiata
and internal capsule. Afferent fibers arise primarily from
the thalamus and project via the internal capsule to all
regions of the cortex. Fibers interconnecting various cortical
regions within the same hemisphere are known as associa-
tion fibers. These include three main bundles: the uncinate
fasciculus, connecting the orbital frontal gyri with anterior
portions of the temporal lobe; the arcuate fasciculus, con-
necting the superior and middle frontal gyri with parts of
the temporal lobe; and the cingulum, connecting medial
regions of the frontal and parietal lobes with parahippocam-
pal and adjacent temporal cortical regions. Commissural
fibers interconnect corresponding cortical regions of the
two hemispheres and are represented by the corpus callosum
and the anterior commissure. These pathways are important
in the relay of information between hemispheres.

The pathophysiology of epilepsy involves alterations of
normal physiological processes. An epileptic seizure is pro-
duced by synchronous and sustained firing of a population
of neurons in the brain. The behavioral manifestations of a
seizure reflect the function of the cortical neurons involved
in the generation and spread of abnormal electrical activity.
Epileptogenicity refers to the excitability and synchroniza-
tion of neuronal networks that produce epileptiform activity
in the brain. Both excitatory and inhibitory influences may
be altered, creating a predisposition to excessive synchrony
within neuronal populations.

Differences exist between patients who experience a sin-
gle seizure and those with a tendency for recurrent seizures.
Single seizures have various causes, including electrolyte
disturbances, drugs, and toxins. Increased extracellular Kþ

leading to regenerative hyperexcitability underscores sei-
zures that accompany metabolic aberrations. In hyponatre-
mia, the extracellular space shrinks, leading to an increased
concentration of extracellular Kþ and increased nonsynaptic
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or ephaptic coupling. This rise in Kþ facilitates neuronal
firing. Similarly, because membrane excitability varies
inversely with the extracellular concentration of Ca2þ, hypo-
calcemia can contribute to the synchronization and spread of
abnormal electrical activity. Other metabolic disturbances
such as hypomagnesemia, hyperglycemia, hypoxia, and
ischemia can also produce seizures.

Alterations of neurotransmission, the ionic milieu, neu-
ronal morphology, and neuronal networks are instrumental
in the production of recurrent unprovoked seizures. Animal
models using maximal electroshock and chemoconvulsants
such as pentylenetetrazol have been used for decades to
investigate the pathophysiology of generalized and focal
seizures.

Experimentally induced focal epilepsies have been pro-
duced by the application of topical metals, such as cobalt,
aluminum, and iron, to the sensorimotor cortex. Pathologi-
cal examination of these lesions reveals gliosis and neuronal
loss. Neurons in the surrounding area may demonstrate
abnormal dendritic morphology, including denuded spines
and reduced branching. Iron salts applied or injected into
the cortex of experimental animals have been used in the
investigation of post-traumatic epilepsy. Although the pre-
cise mechanisms of iron-induced epilepsy are unclear, iron
is known to bind strongly with ATP and inhibit Naþ-Kþ

-ATPase activity, leading to neuronal hyperexcitability. Ad-
ditionally, iron reacts with the neuronal cell lipid membrane,
producing free radicals and resulting in lipid peroxidation.

The kindling model is currently used in the study of
partial epilepsy, particularly that involving the mesial tem-
poral structures. Kindling refers to the processes that medi-
ate long-lasting changes in brain function in response to
repeated, gradually augmented stimulation of the brain. In
the kindled animal, there is a permanent state of enhanced
seizure susceptibility. These models are important not only
in the understanding of the pathophysiological basis of
epilepsy, but also in the screening of new compounds that
may have anticonvulsant activity.

The structures most susceptible to the development of
recurrent seizures include the motor cortex and the hippo-
campal formation and amygdaloid complex of the limbic
system. The motor cortex comprises three areas: primary
motor cortex, premotor cortex, and supplementary motor
area. The motor cortex exerts its control by way of descend-
ing corticospinal and corticobulbar tracts and pathways
originating in the brain stem. The motor cortex receives
input from the thalamus, parietal lobe, and prefrontal cortex.
These afferents allow seizures arising in restricted areas
to propagate diffusely.

The amygdaloid complex (see Chapter 3) is an aggregate
of subcortical nuclei within the rostral pole of the mesial
temporal lobe having reciprocal interconnections with the
septal area, hypothalamus, and brain stem nuclei. The hip-
pocampal formation extends along the floor of the tempo-
ral horn of the lateral ventricle and comprises the dentate
gyrus, hippocampus proper (CA fields), and the subicular
complex (see Chapter 5). Hippocampal or mesial temporal
sclerosis is characterized by variable degrees of pyramidal
cell loss and gliosis in the hippocampal subfields and
dentate gyrus. This condition represents the most common
pathological substrate of partial epilepsy in adolescents and
adults.
The notion that epilepsy is an inherited disorder was
suggested more than 2000 years ago. The prevalence of epi-
lepsy in relatives of affected individuals ranges from 0.5%
to 15%.3 Rates are higher in idiopathic than symptomatic
epilepsies. Studies of twins have demonstrated concor-
dance rates as high as 70% in monozygotic and 10% in
dizygotic pairs,3 implying that factors other than genetics
play a role in the occurrence of seizures in these groups.
However, several epilepsy syndromes are caused by muta-
tions in single genes including benign familial neonatal
convulsions, generalized epilepsy with febrile seizures,
autosomal dominant nocturnal frontal lobe epilepsy, absence
epilepsy, and multiple forms of myoclonic epilepsy.4 Most of
the recently identified epilepsy-associated genes encode ion
channels. Additionally, as the result of metabolic abnormal-
ities, tumor formation, or impairment of normal brain growth
or differentiation, epilepsy is also a common manifestation
of a large group of inherited neurologic disorders.
EPILEPTIC SEIZURES

Efforts to classify epileptic seizures date back to the ear-
liest of medical literature. In 1964, the Commission on
Classification and Terminology of the International League
Against Epilepsy proposed the first official classification of
epileptic seizures, which was revised in 1981.5,6 Based on
this classification, seizures are divided into focal, those in
which the first clinical and electrographic manifestations
indicate initial activation of a limited population of neurons
in part of one hemisphere, and generalized, those in which
the initial manifestations suggest initial activation of
neurons throughout both hemispheres. Focal seizures are
further subdivided into simple and complex, based on level
of consciousness. Seizures in which consciousness is
preserved are referred to as simple partial seizures. Those
in which consciousness is impaired are classified as com-
plex partial seizures. Secondarily generalized seizures are
generalized seizures preceded by focal clinical or electro-
graphic manifestations that occur in patients with focal
epilepsy. The revised classification uses seizure semiology
and EEG features to establish whether seizures are focal or
generalized. For example, a seizure characterized by star-
ing and loss of awareness is classified as absence when
generalized spike-wave complexes are noted on the EEG,
and as complex partial when associated with focal epilep-
tiform discharges. This classification is currently under
revision. Debate continues regarding terminology and the
classification of seizures in infants and neonates.

The following discussion describes the clinical semio-
logy of the various types of seizures. A later section
describes epilepsy syndromes, which are characterized by
combinations of seizure types and clinical, historical, and
electrographic manifestations.
Generalized Seizures
Tonic-Clonic Seizures
Tonic-clonic seizures (TCS) are the most common type
of seizure encountered in childhood, adolescence, and
adulthood. The manifestations of generalized TCS can be
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divided into several phases beginning with vague pro-
dromal symptoms that may occur hours to days before the
actual convulsion. Common premonitory symptoms
include headache, mood change, anxiety, irritability, leth-
argy, changes in appetite, dizziness, and lightheadedness.
The tonic phase may be preceded by a series of brief, bilat-
eral muscle contractions lasting a few seconds. The tonic
phase begins with brief flexion of the trunk, accompanied
by upward deviation of the eyes, mydriasis, and a charac-
teristic vocalization as contraction of abdominal muscles
produces forced expiration across a spasmodic glottis. This
process is followed by a period of generalized extension
lasting 10 to 15 seconds. With evolution of the clonic phase,
tonic contractions alternate with periods of muscle atonia of
gradually increasing duration until contractions cease. The
seizure terminates with a final generalized tonic spasm. Loss
of consciousness and autonomic alterations occur during the
tonic and clonic phases. Secondarily, generalized seizures
may be preceded by focal or lateralized clinical behaviors
such as involuntary jerking of an extremity or head version
before the onset of bilateral motor manifestations. Similarly,
focal weakness of an extremity during the postictal state
(Todd’s paralysis) indicates seizure origin from the contra-
lateral hemisphere. TCS commonly produce hypocarbia,
owing to a combined respiratory alkalosis and lactic acido-
sis, transient hyperglycemia, mild cerebrospinal fluid (CSF)
pleocytosis, and elevated serum prolactin. The immediate
postictal state is characterized by coma that is gradually
replaced by a confusional state. Once consciousness is
regained, lethargy, myalgia, and headache are often
reported. Most TCS are less than 1 minute in duration. Po-
tential complications include oral and head trauma, vertebral
body stress fractures, aspiration pneumonia, pulmonary ede-
ma, and death.

Generalized TCS occurring in patients with idiopathic
generalized epilepsies are associated with normal back-
ground activity and bilaterally synchronous and symmetri-
cal spikes, polyspikes, or spike-wave complexes on the
interictal EEG. Secondarily generalized TCS are usually
associated with background abnormalities and focal or later-
alized slowing and epileptiform activity. During the tonic
phase of a TCS, generalized low-amplitude 20- to 40-Hz
activity evolves into a bilaterally synchronous and symmet-
rical 10-Hz rhythm, which is referred to as the epileptic
recruiting rhythm. Generalized polyspikes interrupted by
slow waves characterize the clonic phase. The postictal
period is characterized by generalized suppression or low-
amplitude slow activity.

Experimental animal models using systemic chemocon-
vulsants and maximal electroshock provide some insight
into the neuronal structures involved in the production of
TCS. Lesions involving the pontine reticular formation
produce the tonic phase in several animal models. Involve-
ment of forebrain structures is required for the production
of clonus, suggesting that an interaction of brain stem and
neocortical structures takes place. These findings, however,
have not been confirmed in humans.

TCS are observed in patients with idiopathic and symp-
tomatic epilepsies and in association with systemic dis-
ease.7 Hyponatremia, hypoglycemia, alcohol withdrawal,
and drugs are common causes of isolated seizures particu-
larly in hospitalized patients. Drugs that may precipitate
TCS include tricyclic antidepressants, antipsychotics, antic-
holinergics, antihistamines, methylxanthines, antibiotics,
and withdrawal from barbiturates and benzodiazepines.
The prognosis for patients with idiopathic generalized
TCS is better than that for those with focal or secondary
generalized seizures (Video 74, Secondary Generalized
Seizure), which tend to persist if untreated. The remission
rate is greatest in patients who develop TCS in childhood
in the absence of other seizure types.

Tonic, Atonic, and Clonic Seizures
Tonic and atonic seizures are clinically distinct, although
they are often present in the same patient. Tonic seizures
are characterized by sustained, nonvibratory contractions
of axial musculature, usually involving flexion of the upper
extremities and flexion or extension of the lower extremi-
ties (Video 79, Tonic/Atonic Seizure). Impairment of con-
sciousness and autonomic alterations occur, but to a lesser
extent than in TCS. Seizures last typically less than 10 sec-
onds, but they may be as long as 1 minute in duration. Tonic
seizures are typically abrupt in onset and are followed by
a rapid return to baseline. Seizures commonly occur in
clusters during drowsiness and non-rapid-eye-movement
(non-REM) sleep, frequently occurring dozens of times
per day. Tonic seizures during wakefulness commonly pro-
duce injuries owing to sudden, unexpected falls. The interic-
tal EEG typically shows a poorly organized background
with generalized spike-wave discharges of less than 3.0 Hz
(slow spike-wave complexes) or focal or multifocal spikes
and sharp waves. Ictal patterns include generalized attenua-
tion, known as an electrodecremental response, low-voltage
fast activity (15 to 25 Hz), high-amplitude 10-Hz rhythms,
and generalized theta or delta activity.

The pathophysiology of tonic seizures is poorly under-
stood. Lesions of brain stem nuclei produce the tonic phase
of TCS and are implicated in the generation of tonic sei-
zures as well. Other animal studies have suggested that
discharges in the reticular gray matter caudal to the thala-
mus may produce EEG desynchronization, autonomic
phenomena, and tonic seizures. Tonic seizures are typically
observed in children with symptomatic generalized epi-
lepsy, such as Lennox-Gastaut syndrome. Prolonged tonic
seizures may be mistaken for generalized TCS, decerebra-
tion, paroxysmal dystonia, convulsive syncope, and the
tonic spasms seen in patients with neurodegenerative disor-
ders such as multiple sclerosis. Tonic seizures arising from
the supplementary motor area are characterized by bilateral
electrographic manifestations on surface EEG, although
motor activity is asymmetrical and consciousness is usually
preserved.

Atonic seizures, or drop attacks, are characterized by
abrupt loss of postural tone lasting 1 to 2 seconds. Con-
sciousness is usually impaired, although recovery is rapid.
Seizures may be limited to head and neck musculature pro-
ducing a head drop, or they may involve all postural mus-
culature resulting in sudden unexpected falls and injuries.
The loss of tone may be preceded by a series of myoclonic
jerks. The terms atonic and astatic are not synonymous.
The latter refers to loss of erect posture resulting in a fall,
which may occur with atonic, tonic, and myoclonic sei-
zures. Like tonic seizures, atonic seizures are observed in
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FIGURE 52-2. 3.0-Hz spike-wave complexes during a seizure in a
child with absence epilepsy.
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neurologically abnormal children with symptomatic
generalized epilepsy syndromes. Atonic seizures may be
mistaken for breath-holding spells, syncope, and cataplexy.
The ictal EEG demonstrates polyspike-wave or spike-wave
discharges. More prolonged seizures may be accompanied
by generalized spike-wave discharges followed by diffuse
generalized slowing that is maximal at the vertex and central
regions. This slow wave activity can be accompanied by
severe, generalized hypotonia. Postictal changes are not
prominent. With no experimental animal models available,
the pathophysiology of atonic seizures is poorly understood.
Because corpus callosotomy is effective in some patients with
atonic seizures, interhemispheric mechanisms are suspected.

Generalized clonic seizures are rare and are usually seen
in children with febrile illnesses (Video 77, Clonic Seizure).
These seizures are characterized by an abrupt loss of con-
sciousness with hypotonia or a generalized tonic spasm, fol-
lowed by a series of myoclonic jerks. Motor involvement
may be asymmetrical, migratory, or focal. Significant auto-
nomic changes and postictal confusion usually do not occur.
Clonic seizures may be mistaken for TCS, when the onset is
not observed, and myoclonic seizures when the phenome-
nology of the movement is more arrhythmic and random.
In addition, nonepileptic clonic jerks may be seen in syncope
and breath-holding spells and during the recovery phase of
cataplexy. The interictal EEG in patients with clonic
seizures reveals generalized spike- or polyspike-wave dis-
charges. Seizures are accompanied by a generalized 10-Hz
rhythm intermixed with slow waves of variable frequency.
As in TCS, neocortical structures are implicated in the
generation of clonic seizures.

Absence Seizures
Absence seizures (AS) are subdivided into typical and
atypical forms. Typical AS are characterized by sudden
behavioral arrest and unresponsiveness that may be accom-
panied by eyelid or facial clonus; automatisms; and auto-
nomic, tonic, or atonic features (Video 75, Absence
Seizure). The duration rarely exceeds 10 seconds, and no
aura or postictal state is observed. Atypical AS generally
exceed 10 seconds in duration, begin and end more gradu-
ally, and produce less marked alteration of consciousness.
Tonic, atonic, and myoclonic features are commonly
observed.

Brief AS without automatisms or motor features may be
mistaken for daydreaming or inattention. Absences with
automatisms must be differentiated from temporal lobe
complex partial seizures because treatment and natural his-
tory differ. Temporal lobe complex partial seizures usually
exceed 30 seconds in duration and are characterized by
prominent oral and hand automatisms, auras, and postictal
confusion. Frontal lobe complex partial seizures may be
more difficult to differentiate owing to their brevity, tendency
to cluster, and higher incidence of bilateral EEG changes.

The interictal EEG in patients with typical AS reveals
generalized 3.0-Hz spike-wave complexes superimposed
on normal background activity. Bursts of generalized 3.0-
to 4.0-Hz spike-wave complexes slowing to 2.5- to 3.0-Hz
complexes are observed during seizures (Fig 52-2). Typical
AS are commonly precipitated by hyperventilation and
infrequently by photic stimulation. Behavioral changes are
usually observed during bursts exceeding 3 seconds. Atyp-
ical AS are associated with 0.5- to 2.5-Hz slow spike-wave
complexes superimposed on abnormal background activity.
Unlike typical AS, atypical absences are rarely provoked
by hyperventilation or photic stimulation.

Animal models of generalized absence seizures and in
vitro electrophysiologic techniques have shed light on the
pathogenesis of AS.8 The corticoreticular theory postulates
that typical AS involve the generation of abnormal oscil-
lations within thalamocortical circuitry. Thalamic neurons
have the ability to shift between oscillatory and tonic firing
modes. During normal wakefulness, EEG desynchroni-
zation and tonic thalamocortical neuronal firing take
place. With oscillatory rhythmic firing, the thalamic EPSP
threshold is raised, which produces dampening of signal
transmission to the cortex, resulting in impairment of con-
sciousness. Oscillatory behavior relies on the nucleus reticu-
laris thalami, which is composed of GABAergic neurons that
project to thalamic relay nuclei and to one another. The
nucleus reticularis thalami receive excitatory glutaminergic
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inputs as well. Biochemically, a phase-locked GABAA/
GABAB–mediated inhibition followed by glutamate-
mediated excitation appears to be operative within the
thalamocortical circuitry. The GABAA/GABAB-mediated
inhibition triggers the key event, a low-threshold Ca2þ cur-
rent in the nucleus reticularis thalami neurons, leading to
recurrent depolarization and repetition of the cycle. Neurons
of the reticular nucleus of the thalamus and voltage-
dependent Ca2þ channels (T-channels) of thalamic relay
neurons are required to sustain the series of oscillatory burst
firings between thalamic relay neurons and neocortical pyra-
midal cells. Generalized AS represent a potentiation of the
rhythmicity so that the rhythmic firing mode predominates.
The anti-absence agents ethosuximide and valproic acid
suppress T-channel currents, as does zonisamide, whereas
other agents do not.

The high concordance for seizures and the 3.0-Hz spike-
wave trait in monozygotic twins supports a genetic basis for
AS. Typical AS occur in neurologically normal children
with idiopathic generalized epilepsy. Atypical absences
are observed in patients with diffuse or multifocal cerebral
dysfunction resulting from acquired or inherited neurologic
disorders such as Lennox-Gastaut syndrome.

Myoclonic Seizures
Myoclonic seizures are single or repetitive, bilaterally syn-
chronous and symmetrical, rapid muscular contractions.
Jerks are often restricted to facial and shoulder girdle mus-
cles, although involvement of the trunk and limbs may
occur (Video 46, Myoclonic Epilepsy). Consciousness is
usually preserved. The EEG reveals generalized polyspikes
or spike-wave complexes, which may or may not be time-
locked to the muscular contraction. Interictal findings vary
from normal background rhythms with generalized epilep-
tiform discharges to severe background abnormalities with
multifocal spike discharges, depending on the etiology
(Video 105, Myoclonic Seizure).

Myoclonic seizures are commonly observed in neonates
and children with idiopathic or symptomatic epilepsy.
These seizures should be differentiated from nonepil-
eptic events, including movement disorders, hypnic jerks,
nocturnal myoclonus, and segmental myoclonus of spinal
cord or brain stem origin. Nonepileptic reticular and cor-
tical reflex forms of myoclonus may occur in the setting
of anoxia, trauma, stroke, or degenerative or neoplastic
disorders.

The pathophysiology of myoclonic seizures is poorly
understood, partly because of the diversity of syndromes
in which they appear and the difficulty in differentiating
nonepileptic from epileptic myoclonus. Three subgroups
of epileptic myoclonus have been described based on etiol-
ogy, distribution, and the back-averaged EEG.9 In idiopa-
thic generalized epileptic myoclonus, generalized myoclonic
jerks preceded by spike discharges are thought to be pro-
duced by abnormal subcortical influences on a diffusely
hyperexcitable neocortex. Reticular reflex myoclonus con-
sists of generalized, synchronous muscle contractions that
precede the electrographic correlate and originate in brain
stem structures. Cortical reflex myoclonus is characterized
by unilateral or asynchronous jerks restricted to a few
contiguous muscles preceded by spike discharges in the
contralateral sensorimotor cortex. This form of myoclonus
is thought to represent a form of focal epilepsy.
Partial (Focal) Seizures
Simple Partial Seizures
Simple partial seizures are epileptic seizures characterized
by motor, sensory, autonomic, or psychic symptomatology
during which consciousness is preserved. The term aura is
reserved for subjective symptoms of epileptic origin
reported by the patient in the absence of objective signs.
Simple partial seizures can occur in isolation or preceding
complex partial or tonic-clonic seizures. Multiple symptoms
or signs may occur during a single seizure. Simple partial
seizures with motor features include focal tonic and clonic
activity, vocalizations, speech arrest, and version, defined
as sustained, forced, involuntary turning of the eyes or head
(Video 94, Partial Seizure). The epileptic focus is usually in
the hemisphere contralateral to the motor manifestations.
The classic “Jacksonian march” in which focal clonus in
distal muscles gradually spreads proximally along the motor
homunculus occurs only rarely. Simple partial seizures with
sensory symptoms include somatosensory, visual, auditory,
vertiginous, gustatory, and olfactory disturbances. Autono-
mic phenomena include epigastric sensation, pallor, sweat-
ing, flushing, piloerection, and pupillary dilatation. Seizures
with psychic symptoms include affective and cognitive dis-
turbances and illusions or hallucinations of memory (déjà
vu, jamais vu), visions, sounds, self-image, and time.

Simple partial seizures should be differentiated from the
prodromal symptoms that precede complex partial seizures
and TCS. Movement disorders, including paroxysmal dyski-
nesias and tonic spasms, transient ischemic attacks, migraine,
and psychiatric disease, should be considered in patients with
transient symptoms without impairment of consciousness.

Less than one third of simple partial seizures are asso-
ciated with changes on surface EEG recordings. EEG
changes are more common when the epileptic focus is
close to the recording electrodes, such as in seizures arising
from the perirolandic area. Neurons within an epileptogen-
ic focus produce a synchronized burst of action potentials
known as the paroxysmal depolarization shift, which is
responsible for the generation of partial seizures. This par-
oxysmal depolarization shift is believed to produce focal
interictal epileptic discharges.
Complex Partial Seizures
Complex partial seizures are partial seizures that are asso-
ciated with an alteration of consciousness (Video 248,
Complex-Partial Seizures with Automatisms). The term
psychomotor describes a particular semiology character-
ized by automatisms and impairment of consciousness,
usually of temporal lobe origin. Complex partial seizures
are also observed in frontal, parietal, and occipital lobe
epilepsies. As in simple partial seizures, the clinical mani-
festations reflect the origin and propagation pattern of the
epileptic focus. Seizures often begin with a motionless stare
or arrest of activity followed by oroalimentary, hand, or ges-
tural automatisms, eye movements, speech disturbances,
and automatic behavior.
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Complex partial seizures must be differentiated from
typical and atypical AS. Psychogenic seizures, fugue states,
panic attacks, inattention, sleep disorders, syncope, trans-
ient global amnesia, metabolic derangements, drug and
alcohol ingestion, migraine, transient ischemic attacks,
and fluctuations in mental status in patients with dementia
should also be considered in the evaluation of patients with
transient alterations in consciousness (Video 78, Frontal
Lobe Complex-Partial Seizure).

The interictal EEG in patients with complex partial sei-
zures demonstrates focal or lateralized sharp waves, spikes,
and slow waves. Several ictal patterns are observed. Rhy-
thmic sinusoidal activity or repetitive spike discharges
maximal over one region or hemisphere is most common.
Nearly one third of complex partial seizures are not accom-
panied by EEG changes. A lack of EEG correlate is more
likely to occur with brief seizures arising from deep
regions such as orbitofrontal cortex or interhemispheric
structures. The neuronal substrates of complex partial sei-
zures are the same as in simple partial seizures except that
alteration of consciousness implicates more extensive
spread, usually involving both cerebral hemispheres.

The signs and symptoms of partial seizures reflect the
function of the cortex involved in the generation and prop-
agation of the abnormal electrical activity. A strong associ-
ation exists between semiology and site of seizure origin.10

Seizures with motor manifestations usually arise from the
frontal lobes, although tonic activity and version may be
seen in parietal and occipital lobe epilepsy. Autonomic, af-
fective, and psychic phenomena are produced by activation
of temporal lobe and, less commonly, frontal lobe struc-
tures. Activation of epileptogenic foci in the insula and pa-
rietal operculum produces gustatory symptoms. Olfactory
disturbances occur with orbitofrontal and mesial temporal
lobe seizures. Elementary visual or auditory phenomena
indicate activation of primary visual and auditory cortices
in the occipital and superior temporal lobes, respectively.
Complex illusions and hallucinations occur with activation
of association areas. Whereas the first sign or symptom of
a focal seizure aids in the localization of the epileptogenic
focus, postictal focal motor, sensory, or visual field deficits
can reliably identify the hemisphere of seizure origin. Con-
sequently, whenever possible, a careful neurologic examina-
tion should be performed immediately following a seizure.

Common pathologic substrates of partial seizures include
mesial temporal sclerosis, developmental malformation,
neoplasm, CNS infection, head trauma, and cerebrovascular
disease. With modern neuroimaging techniques, the ability
to detect neuronal migration disorders, mesial temporal scle-
rosis, and low-grade gliomas has improved dramatically.
The most common etiologies for partial seizures in children
are congenital malformations and low-grade gliomas. Mesial
temporal sclerosis predominates in young adults, and cerebro-
vascular disease is the most common cause of new-onset
partial epilepsy in older adults.
GENERAL APPROACH TO THE INITIAL SEIZURE

Approximately 6% of the population experiences an afe-
brile seizure at least once in their lifetime.11 The decision
to initiate antiepileptic drug (AED) therapy after a single
seizure is based on the risk of recurrence versus that of
treatment.12 Nearly 30% of treated patients experience
unacceptable side effects requiring discontinuation of anti-
convulsant medication.13 In addition, although the initia-
tion of AED therapy significantly reduces the risk of
recurrence, it does not guarantee remission. Recurrence
rates after single unprovoked seizures range from 27%
to 71%.11 The most reliable predictors of recurrence are
(1) evidence of a neurologic abnormality based on known
etiology, neurologic examination, or neuroimaging studies;
(2) epileptiform abnormalities on EEG; and (3) partial ver-
sus generalized seizures. The risk of recurrence increases
with the number of abnormalities identified.

Adolescents and adults who experience their first seizure
should be evaluated with an EEG and a high-resolution
magnetic resonance imaging (MRI) study. The need for
imaging should be determined based on patient age and
the clinical circumstances in children experiencing a first
nonfebrile seizure.14 The need for laboratory studies, toxi-
cologic screens, and CSF analysis should be determined
on an individual basis. Seizures due to drugs, alcohol,
and metabolic disturbances require treatment of the under-
lying cause instead of AED therapy. Patients with evidence
of neurologic abnormalities that are likely to persist should
be treated with AEDs after discussing the potential risks
and benefits. Treatment is generally continued for a period
of 1 to 2 years, after which medication is gradually with-
drawn if seizures have not recurred. Approximately 80%
of recurrences appear within 2 years, and the majority do
so within 6 months.11 As a result, most states have laws re-
quiring that driving be restricted for periods ranging from 3
to 12 months after a single unprovoked seizure. Individual
state laws vary, as do the requirements for the reporting of
patients to state authorities by physicians.
EPILEPSIES AND EPILEPSY SYNDROMES

Certain epileptic disorders are characterized by specific
clusters of signs and symptoms that are considered epileptic
syndromes. Because most of these syndromes have numer-
ous etiologies, few have been defined as specific diseases.
Proposed in 1989, the current classification of the epilepsies
subdivides epilepsies and epileptic syndromes into three
categories based on clinical history, EEG manifestations,
and etiology.15 Localization-related epilepsies and syn-
dromes are typified by seizures that originate from a loca-
lized cortical region. The generalized epilepsies and
epilepsy syndromes are characterized by seizures with initial
activation of neurons within both cerebral hemispheres.

The syndromes are further divided into idiopathic and
symptomatic types. Idiopathic refers to syndromes that
arise spontaneously without a known cause, presumably
having a genetic basis. Most affected patients are of normal
intelligence and have normal results on neurologic exami-
nations. Symptomatic denotes epilepsies with an identified
cause such as mesial temporal sclerosis. The term crypto-
genic describes syndromes that are presumed to be symp-
tomatic but have no known etiology and that occur in
patients with or without abnormalities on neurologic exam-
ination. Epilepsies that are characterized by both partial and
generalized seizures and focal and generalized epileptiform
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discharges, but without a clear predominance of one over
the other, are classified as undetermined. The term
lesional epilepsy refers to focal epilepsy in which a lesion
is identified on neuroimaging studies that is the probable
cause of seizures. Lesions include mesial temporal sclerosis,
developmental malformations, neoplasms, vascular mal-
formations, and ischemic insults. The distinction between
lesional and nonlesional focal epilepsy is particularly im-
portant in patients being considered for epilepsy surgery.
In this population, surgical outcome is dependent upon the
completeness of resection of epileptogenic lesion, which is
accomplished more readily when a well-defined structural
abnormality is present. In addition to the classic dichotomy
between localization-related and generalized epilepsies,
a number of special syndromes are also highlighted.
Localization-related (Focal) Epilepsies and Epileptic
Syndromes
Benign Focal Epilepsies of Childhood
Benign focal epilepsies of childhood are idiopathic locali-
zation-related epilepsies characterized by partial seizures,
focal EEG abnormalities, and absence of a known etiology.
These are age-related syndromes occurring in neurological
normal children that have a tendency for spontaneous
remission. Benign childhood epilepsy with centrotemporal
spikes (BCECT) is the most common, composing 15% to
20% of all childhood epilepsies.16 In comparison, benign
childhood epilepsy with occipital paroxysms (BCEOP),
benign frontal epilepsy of childhood, and benign epilepsy
with affective symptoms are rare.

Age of onset of BCECT ranges from 2 to 13 years, with
peak incidence of 9 years. Simple partial seizures with sen-
sorimotor symptoms of the face and oropharynx, hemicon-
vulsions, and TCS followed by Todd’s paralysis occur
typically during non-REM sleep. Nearly 80% of patients
experience isolated or infrequent seizures. A family history
of epilepsy is reported in 15% to 30% of patients. Centro-
temporal sharp waves are observed in the EEGs of 15% to
30% of first-degree relatives. An autosomal dominant
mode of inheritance with age-dependent penetrance is sus-
pected. In BCEOP, seizures consist of visual symptoms
with frequent evolution to hemiclonic, complex partial,
and tonic-clonic seizures. Tonic eye deviation and vomit-
ing with alteration of consciousness are also observed.
Headache, nausea, and vomiting occur postictally in 20%
to 30% of patients.

BCECT can be distinguished from the symptomatic epi-
lepsies by seizure semiology, EEG manifestations, response
to AEDs, and absence of abnormalities on neurologic
examination and neuroimaging studies. Similar seizure
patterns and electrographic features may be seen in patients
with lesions of the operculum and perirolandic cortex, how-
ever. Migraine, lesional occipital lobe epilepsy, MELAS
(mitochondrial myopathy, lactic acidosis, and stroke-like
episodes), and bilateral occipital cortico-subcortical calci-
fications with focal motor seizures should be considered
in patients presenting with symptoms of BCEOP.

The interictal EEG in BCECT shows stereotypical uni-
lateral or bilateral high-voltage diphasic centrotemporal
sharp waves superimposed on normal background activity.
Epileptiform activity tends to be markedly enhanced during
non-REM sleep. The results of neuroimaging studies are
normal. In BCEOP, high-amplitude, rhythmic, unilateral
or bilateral occipital or posterior temporal spikes or sharp
waves appear with eye closure and attenuate with eye
opening.

Children with benign focal epilepsy who experience
isolated or rare nocturnal seizures do not necessarily
require treatment with AEDs. Treatment should be consid-
ered in patients with frequent TCS or seizures during
wakefulness, however. Phenytoin, carbamazepine, pheno-
barbital, valproic acid, and gabapentin are effective; how-
ever, carbamazepine and gabapentin are often preferred
for their lower incidence of adverse reactions. Other agents
may also be effective, but there are insufficient data to sup-
port a recommendation. Antiepileptic drug withdrawal
should be considered after 1 to 2 years of seizure control
or by age 16 years, when spontaneous remission usually
occurs. Spontaneous remission by 16 to 18 years occurs
in all patients with BCECT, although 1% to 2% experience
rare TCS in adulthood. Satisfactory seizure control is
achieved in only 60% of patients with BCEOP, 5% of
whom develop new seizure types in adulthood.

Temporal Lobe Epilepsy
Temporal lobe epilepsy (TLE) constitutes nearly two thirds
of localization-related epilepsies that appear during ado-
lescence and adulthood.17 Mesial temporal lobe epilepsy
(MTLE), in which seizures arise from the hippocampus or
amygdala, is most common, although neocortical onset
occurs. The natural history is variable, and as many as
30% to 40% of patients continue to have seizures despite
appropriate medical management.17 Seizure onset ranges
from the latter half of the first decade of life to early adult-
hood. In many cases, seizures begin several years after
febrile seizures, head trauma, or CNS infection. Complica-
ted febrile seizures are reported in 40% of patients with
refractory TLE.

Visceral sensations, fear, anxiety, olfactory disturbances,
and psychic phenomena are commonly reported by patients
with seizures arising from the mesial temporal lobe. Audi-
tory hallucinations or complex visual phenomena usually
indicate neocortical temporal origin. Complex partial
seizures are characterized by behavioral arrest, staring,
automatisms and occasionally, dystonic posturing of an ex-
tremity contralateral to the seizure focus. Seizure duration
typically ranges from 30 to 120 seconds. Postictal confu-
sion usually occurs, and language disturbances may follow
seizures arising from the dominant hemisphere. Approxi-
mately 50% of patients also experience secondarily
generalized TCS. Stress, sleep deprivation, and menstrua-
tion are common provoking factors. Status epilepticus
is rare, and the results of the neurologic examination are
usually normal.

Mesial temporal sclerosis is the most common patho-
logic substrate of TLE and is commonly associated with
pharmacoresistance.18 Marked neuronal loss in the CA1,
CA3, CA4, and the dentate granule cells is observed. The
pyramidal cells in CA2, subiculum, entorhinal cortex, and
temporal neocortex are relatively spared. Loss of granule
cell innervation leads to reactive synaptogenesis, which
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FIGURE 52-3. Interictal EEG on an adult woman with left mesial
temporal lobe epilepsy due to mesial temporal sclerosis. Spike
discharges are present in the left mesial temporal region maxi-
mal at the left sphenoidal (SP1) electrode.
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results in an excitatory process capable of initiating and
propagating seizures. The coexistence of mesial temporal
sclerosis and extralimbic lesions, particularly developmental
malformations, is observed in 30% of surgical specimens.
Seizure semiology may be indistinguishable in epilepsy aris-
ing from the orbitofrontal cortex, cingulate gyrus, and tem-
poral lobe. Temporal lobe seizures should be differentiated
from fugue states, syncope, psychogenic seizures, transient
global amnesia, and absences.

The interictal EEG reveals slowing and spikes or sharp
waves in the temporal region that are accentuated during
non-REM sleep. The yield of EEG abnormalities is increased
with sphenoidal or additional anterior temporal electrodes
(Fig 52-3). Bitemporal independent discharges are observed
in 30% of cases. The ictal EEG commonly begins with a
regionalized or generalized attenuation followed by a gradual
buildup of rhythmic theta or alpha frequencies intermixed
with epileptic discharges (Fig 52-4). EEG manifestations are
typically maximal in the anterior or mesial temporal region
in patients with MTLE and lateral or posterior temporal area
in neocortical TLE.

High-resolution MRI demonstrates hippocampal atrophy
and abnormal signal intensities that are highly correlated
with mesial temporal sclerosis in many patients with MTLE.
Fluorodeoxyglucose (18FDG) positron-emission tomogra-
phy (PET) demonstrates temporal lobe hypometabolism in
over 80% of cases. Both ictal and interictal single-photon
emission computed tomography (SPECT) show unilateral
abnormalities, although the spatial resolution is inferior to
that of PET, and technical factors, such as time of injection
in relation to seizure onset, dramatically influence results.

Carbamazepine, phenytoin, phenobarbital, valproic acid,
oxcarbazepine, lamotrigine, gabapentin, and topiramate
have efficacy as monotherapy in newly diagnosed adoles-
cents and adults with partial seizures and secondary
generalized TCS.19 The choice of an AED depends on a
variety of issues including adverse effect profile, compli-
ance, and cost, among others. Outcome is poorer and the
incidence of adverse effects is higher with phenobarbital
or primidone monotherapy.20 A comparison study of carba-
mazepine and valproic acid revealed similar efficacy
against TCS, although carbamazepine was superior for
the control of complex partial seizures and produced fewer
adverse effects.21 All of the newer AEDs are effective as
adjunctive therapy in patients with refractory partial sei-
zures.22 Most have been shown to be more effective at
higher doses. Oxcarbazepine, topiramate, and lamotrigine
are most effective and may be used as monotherapy in
refractory patients. Between 60% and 70% of patients
achieve good control or remission with appropriate medical
management. Factors predictive of less favorable outcome
include onset before 2 years of age, frequent complex partial
and tonic-clonic seizures, known etiology, status epilep-
ticus, and history of febrile convulsions. Those who fail
to respond to medical management after adequate trials of
2 appropriate AEDs should be referred to an epilepsy center
for surgical evaluation.

Extratemporal Neocortical Epilepsy
The incidence of neocortical epilepsy is derived from sur-
gical series of medically refractory patients. Consequently,
the incidence and natural history of extratemporal epilepsy
are unknown. Frontal lobe epilepsy is most common after
TLE, followed by parietal and occipital lobe epilepsies.23

Various seizure patterns are observed in frontal lobe
epilepsy (Video 78, Frontal Lobe Complex-Partial Seizure;
Video 94, Partial Seizure). Frontal lobe complex partial
seizures are differentiated from those of temporal lobe
origin by their abrupt onset, shorter duration, absence of
prolonged postictal state, and tendency for status epilepti-
cus and seizure clusters. Generalized motor activity, sexual
automatisms, vocalizations, version, and focal clonic and
tonic activity are observed. Seizures arising from the orbi-
tofrontal cortex and cingulate gyrus produce staring, auto-
matisms, and autonomic and affective manifestations.
Brief, recurrent, nocturnal seizures characterized by asym-
metrical tonic posturing and vocalizations with preserved
consciousness are observed in supplementary motor area
epilepsy. Opercular area seizures are associated with saliva-
tion, mastication, speech arrest, laryngeal symptoms, auto-
nomic signs, and gustatory or epigastric disturbances.
Seizures originating in the dorsolateral frontal convexity
are characterized by focal tonic and clonic activity, version,
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FIGURE 52-4. Rhythmic theta activity maximal at the left sphe-
noidal electrode during a seizure in a patient with mesial tempo-
ral lobe epilepsy.
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and speech arrest. Koshewnikow’s syndrome, characterized
by repetitive focal motor seizures, myoclonus, and focal
motor status epilepticus, is observed in seizures originating
in the perirolandic region.

In parietal lobe epilepsy, auras consist of lateralized
somatosensory symptoms, vertigo, and epigastric or cephalic
sensations. Automatisms and asymmetrical tonic postur-
ing are observed with ictal propagation to the temporal or
frontal lobes, respectively. Occipital lobe seizures are char-
acterized by elementary visual hallucinations that may be
limited to the contralateral hemifield, sensations of eye
movement, eye blinking, and ictal blindness.

With the exception of head trauma, which commonly
produces contusions of the frontal and temporal polar
regions and orbitofrontal cortex, the location of the epilep-
tic focus does not predict etiology. The various etiologies
of neocortical epilepsies include developmental malforma-
tion, neoplasm, head injury, CNS infection, and vascular
malformation. No cause is identified in 25% of cases.

Neocortical epilepsy should be differentiated from
MTLE, which has a more favorable response to surgical
intervention. Movement disorders, parasomnias, and psy-
chogenic seizures may mimic frontal lobe seizures. Parietal
and occipital lobe seizures may be mistaken for transient
ischemic events. The differentiation of migraine and occip-
ital lobe epilepsy may be difficult because both commonly
produce transient visual phenomena followed by nausea,
vomiting, and headache.

The yield of EEG abnormalities is dependent on the size
of the epileptogenic focus and its distance from the record-
ing electrodes. The EEG recording may be normal when
seizures arise from deep, midline, or basal locations unless
special recording techniques or montages are employed.
Abnormalities consist of nonspecific slowing, focal or
bilateral epileptiform discharges, and low-voltage fast ac-
tivity. Secondary bilateral synchrony, in which a unilateral
deep or midline focus produces bilaterally synchronous and
symmetrical epileptiform activity, may be mistaken for
generalized epileptic discharges found in idiopathic
generalized epilepsy. In comparison with MTLE, a higher
incidence of nonlocalized and nonlateralized ictal EEG
patterns is observed. Consequently, intracranial monitoring
is usually required in medically refractory cases when MRI
fails to reveal focal pathology.

The management of neocortical epilepsy is similar
to that for patients with TLE. No studies comparing the re-
sponse to AEDs and remission rate in neocortical epilepsy
and TLE are available. Patients with structural abnormal-
ities on MRI and those who prove to be medically resistant
should be referred to an epilepsy center for surgical consid-
eration. The outcome of surgical treatment depends on the
extent of resection of the epileptogenic zone, which may
be limited by involvement of cortical regions subserving
motor or language functions. The prognosis is less favorable
when imaging studies fail to reveal a focal abnormality.

Generalized Epilepsies and Epileptic Syndromes
Idiopathic, Age-related Forms

BENIGN NEONATAL FAMILIAL AND NONFAMILIAL

CONVULSIONS. Benign idiopathic neonatal convulsions
and benign familial neonatal convulsions (BFNC) are rare
neonatal syndromes, characterized by seizures beginning
in the first week of life. Most infants are neurologically
normal, and spontaneous remission usually occurs. Benign
neonatal convulsions account for 2% to 7% of neonatal
convulsions.24 BFNC is less common, with only 150 cases
having been reported in the literature.24

Seizures in benign neonatal convulsions have been
referred to as fifth-day fits because of their presentation
between the fourth and sixth days of life. Recurrent focal
or generalized clonic seizures, apneic events, and status
epilepticus are observed. A family history of epilepsy
may be present. In BFNC, seizures begin on the second
or third day of life and tend to recur for several months.
Although most infants have no other abnormalities on
examination, minor neurologic findings have been reported.
The etiology and pathophysiology of benign neonatal con-
vulsions are unknown; BFNC is an inherited disorder with
three known genetic defects.
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A diagnosis of BFNC can be made only when other
causes of convulsions are excluded and a family history
of neonatal seizures with spontaneous remission is present.
The diagnosis of both syndromes is usually made retro-
spectively after neurologic deterioration and other seizure
disorders fail to emerge. Laboratory and neuroimaging
study results are unrevealing, although the EEG commonly
shows “theta pointu alternant,” which is a discontinuous,
unreactive theta rhythm associated with neonatal seizures
of various etiologies. In other cases, the EEG recording is
normal or shows focal or multifocal abnormalities.

Anticonvulsant therapy has not had a consistent effect on
the duration of seizures. Neonates with infrequent seizures
and those in whom a family history of BFNC is present do
not require AED therapy. Prognostically, both syndromes
are considered benign, although follow-up beyond early
childhood has not been reported. Febrile and afebrile
seizures during childhood have been described in 11% of
patients with BFNC and in 0.5% of patients with benign
neonatal convulsions.24

MYOCLONIC EPILEPSIES OF INFANCY AND

CHILDHOOD. Myoclonus and myoclonic seizures are ob-
served in various disorders affecting infants and children
(Video 105, Myoclonic Seizure). Myoclonic seizures may
be overshadowed by more striking seizure patterns and
neurologic abnormalities. As a result, the classification of
these disorders is imprecise. Several syndromes demon-
strating consistent etiologic, clinical, and electrophysio-
logic features have been described, however.25

Early myoclonic encephalopathy is a disorder affecting
severely neurologically impaired infants shortly after birth.
Erratic fragmentary myoclonus and generalized myoclonic,
tonic, and focal motor seizures are observed. The EEG
shows a suppression-burst pattern that evolves to hypsar-
rhythmia or multifocal spike discharges within months.
Antiepileptic medications are ineffective, and 50% of
patients do not survive beyond the first year of life. Inborn
errors of metabolism and congenital malformations are
present in some cases.

Benign myoclonic epilepsy of infancy is characterized
by myoclonic seizures in neurologically normal children
in the first or second years of life. TCS may develop in
adolescence. A history of febrile seizures is common, and
a family history of seizures is reported in 30% of cases.
The interictal EEG is usually normal, and seizures are
readily controlled with valproic acid.

Severe myoclonic epilepsy in infancy appears in the first
year of life as prolonged, recurrent febrile seizures. Other
seizure patterns including atypical absences, myoclonic
seizures, and myoclonic status epilepticus appear in early
childhood. Affected children are initially normal but de-
velop psychomotor retardation by the second year of life,
which is often accompanied by ataxia, pyramidal signs,
and myoclonus. The EEG reveals generalized epileptiform
discharges. Medical treatment is generally ineffective, and
prognosis is poor.

ABSENCE EPILEPSY. Previously referred to as “petit
mal,” absence epilepsy (AE) accounts for 3% to 4% of
all seizure disorders (Video 75, Absence Seizure).26 Child-
hood AE, which appears in children between the ages of
4 and 8 years, accounts for 80% of cases. Juvenile AE con-
stitutes the remainder, in which seizures begin around the
age of 12 years. Typical AS occur several to hundreds
of times per day. TCS occur in approximately 30% of
childhood-onset AE (CAE) and 80% of juvenile-onset AE
(JAE) patients. Absence status, consisting of prolonged per-
iods of mental clouding associated with repetitive spike-
wave complexes, occurs in 10% to 20% of CAE and 40%
of JAE cases. Myoclonic seizures, which are not routinely
seen in CAE, occur in 15% of JAE. Neurologic examination
results and intelligence are normal. AE is presumed to be
an inherited disorder, although the gene responsible for
its expression has not been identified. A family history of
epilepsy is present in approximately 30% of patients. In
one study, the concordance rate for seizures and the spike-
wave trait in monozygotic twins was found to be 64% and
82%, respectively, suggesting that a combination of genetic
and nongenetic factors is operative.27

AE should be distinguished from daydreaming, inatten-
tion, and temporal or frontal lobe seizures. In general, the
diagnosis is readily confirmed by EEG, which demonstrates
3.0-Hz spike-wave complexes in CAE. Irregular 3.5- to
6.0-Hz polyspike-wave complexes are more commonly
observed in juvenile-onset cases. Background activity is
otherwise normal. Hyperventilation accentuates spike-wave
complexes in nearly 80% of cases. Additionally, nearly 30%
of patients are photosensitive. Neuroimaging, including
MRI and CT scans, is usually unrevealing and is not
required unless atypical features are present.

Ethosuximide, valproic acid, and lamotrigine are effective
treatment for absence seizures. Because ethosuximide is not
effective against TCS, valproic acid and lamotrigine are more
appropropriate in patients with both seizure types; however,
the latter has a more favorable adverse effect profile. Leve-
tiracetam and topiramate may also be effective. The disease
in 5% to 20% of patients is not satisfactorily controlled
with monotherapy, and refractory patients may benefit from
a combination of agents, with or without benzodiazepines.

AS typically go into remission by early adulthood,
although TCS are more likely to persist. Rhythmic occipital
delta activity on EEG is associated with a more favorable
course and lower incidence of TCS. Subnormal intellect,
resistance to antiepileptic medication, and presence of myo-
clonic seizures portend a worse prognosis. A meta-analysis
showed remission rates ranging from 21% to 89% with dif-
ferences relating to inclusion criteria, follow-up lengths, and
outcome definitions.28 Seventy-eight percent of patients
with AS alone were seizure-free compared with 35% when
TCS were also present.

JUVENILE MYOCLONIC EPILEPSY. Juvenile myo-
clonic epilepsy (JME) accounts for 4% to 10% of all epilep-
tic syndromes.27 JME appears in neurologically normal
adolescents between the ages of 12 and 18 years. Myoclonic
seizures consist of bilaterally synchronous and symmetrical
jerks of the neck, shoulders, and arms that may be single or
repetitive. Consciousness is usually preserved. TCS pre-
ceded by a series of myoclonic jerks occur in over 90%
of patients. One third have absences as well. Myoclonic sei-
zures and TCS occur predominantly in the early morning
hours shortly after awakening and are provoked by sleep
deprivation, alcohol ingestion, fatigue, and menstruation.

Juvenile myoclonic epilepsy is a genetically determined
syndrome. Once believed to have a gene locus on the short
arm of chromosome 6 (6p), recent studies revealed that
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FIGURE 52-5. Generalized polyspike-wave complexes in a patient
with juvenile myoclonic epilepsy.
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JME is a heterogeneous disorder related to several gene
mutations. Nearly 50% of JME patients have relatives with
seizures and 30% have asymptomatic family members with
generalized epileptiform abnormalities on EEG. JME
should be differentiated from the progressive myoclonic
epilepsies (PMEs) and other idiopathic epilepsies in which
absence, myoclonic, and tonic-clonic seizures are observed.
The PMEs are characterized by progressive neurologic
deterioration, myoclonus, and seizures, and may be mis-
taken for JME early on before severe neurologic disabilities
develop.

The interictal EEG reveals bilaterally synchronous 4.0-
to 6.0-Hz polyspike-wave complexes superimposed on
normal background activity (Fig 52-5). A photoparoxysmal
response is elicited in 30% of patients. Myoclonic seizures
are accompanied by bursts of generalized, synchronous,
and symmetrical 10- to 24-Hz polyspikes followed by
irregular slowing. AS are associated with 3.0-Hz spike-
wave or 4.0- to 6.0-Hz polyspike-wave complexes. MRI
and CT studies generally yield normal results and need not
be routinely performed unless atypical features are present.

Patients should be advised to avoid precipitating factors.
Photosensitive patients should also limit their exposure to
flashing lights. Valproic acid has long been considered the
drug of choice and is effective in 85% to 90% of patients.
Lamotrigine and topiramate are being used as first-line ther-
apy with increasing frequency due to a lower incidence of
adverse effects and a recent retrospective cohort study found
these agents to be effective alternatives.29 Ethosuximide
may be used for refractory absences. Uncontrolled myo-
clonic seizures may respond to benzodiazepines. Phenytoin,
carbamazepine, primidone, phenobarbital, levetiracetam,
and zonisamide may be effective against refractory TCS.
Women of childbearing age should be counseled of the ter-
atogenic potential of the AEDs, in particular, the association
of valproic acid with congenital malformations. The prog-
nosis of JME is excellent, and seizures are well controlled
in most patients if precipitating factors are avoided. Because
over 90% of patients relapse after medication withdrawal,
AED therapy should be maintained even in patients with
long seizure-free intervals.
EPILEPSY WITH GENERALIZED TONIC-CLONIC

SEIZURES. Generalized TCS are observed in several idio-
pathic generalized epilepsy syndromes, which include
CAE, JAE, JME, and epilepsy with generalized TCS on
awakening. A significant degree of overlap exists between
these syndromes.

By definition, idiopathic generalized TCS are not pre-
ceded by auras, although vague prodromal symptoms such
as headache and malaise have been described hours or days
before seizures. Seizures are usually infrequent; they tend
to occur at the same time in the sleep-wake cycle of a given
patient. Sleep deprivation, photic stimulation, alcohol con-
sumption, menstruation, and stress are potent activators.
The age of onset ranges from 6 to 20 years, usually peaking
in puberty. Neurologic examination results and intelligence
are normal.

The family history of epilepsy exceeds that of the general
population, suggesting a genetic etiology. Linkage to the
gene locus of JME was demonstrated in a group of adoles-
cents with generalized TCS on awakening, but such a phen-
omenon was not seen in patients with randomly occurring
generalized TCS.30 A higher incidence of microdysgenesis
exists in patients with idiopathic generalized epilepsy com-
pared with control subjects, but the significance of this
finding is unknown. The differential diagnosis includes
generalized TCS due to drugs, alcohol intoxication and
withdrawal, and medical disorders, including metabolic
derangements and electrolyte imbalance.

The EEG reveals diffuse, bilaterally synchronous 3.0-Hz
or 4.0- to 6.0-Hz spike-wave or polyspike-wave com-
plexes, similar to that seen in the other idiopathic
generalized epilepsies. Background activity and neuroim-
aging study results are normal. The older AEDs including
phenytoin, valproic acid, and phenobarbital are effective
as are the newer agents such as lamotrigine, topiramate,
zonisamide, and levetiracetam. Patients should be instruc-
ted to avoid sleep deprivation and other precipitating
factors. From 80% to 95% of patients experience pro-
longed seizure-free periods. Relapses after medication
withdrawal are variable, tending to be lower in children
than adults.
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Cryptogenic or Symptomatic Forms
WEST SYNDROME. West syndrome is an age-dependent

epilepsy consisting of the triad of infantile spasms, psycho-
motor retardation, and a characteristic EEG pattern known
as hypsarrhythmia. The syndrome is named for W J. West,
the nineteenth century neurologist who described the fea-
tures he observed in his own son. Infantile spasms occur
in 2 to 5 of 10,000 births.31 Spasms and psychomotor re-
tardation appear in the first year of life in 85% of cases,
the majority between 3 and 7 months. Infantile spasms are
sudden, brief, usually bilaterally symmetrical flexor con-
tractions of the neck, trunk, or limbs (Video 261, Infantile
Spasms). Eye movements, autonomic signs, and brief lapses
of consciousness may be observed. Less commonly, exten-
sion of the head, trunk, and limbs may be seen. Spasms are
commonly repetitive, occurring in clusters on awakening,
or during drowsiness, handling, feeding, or fever. Initially,
the movements can be so slight that they may go unnoticed.
Neurodevelopmental abnormalities may precede the onset
of spasms. Moderate to severe cognitive disability occurs in
76% to 95% of patients. Associated abnormalities include
generalized hypotonicity, microcephaly, paralysis, ataxia,
blindness, and deafness. Because one third of patients lack
the characteristic EEG features and 5% do not develop
psychomotor retardation, the distinction between West syn-
drome and the myoclonic epilepsies of infancy may be
difficult. In addition, infantile spasms may be mistaken for
nonepileptic phenomena that occur in infants with diffuse
cerebral dysfunction, such as head-banging, colic, and
decerebration.

West syndrome is classified as symptomatic or crypto-
genic based on the presence or absence of a known etio-
logy. The proportion of symptomatic cases has increased
in the years paralleling advances in neuroimaging. Tuberous
sclerosis is one of the most common etiologies, composing
10% to 30% of prenatal cases. Symptomatic cases due to
congenital malformations, infection, neurocutaneous disor-
ders, metabolic disorders, and chromosomal abnormalities
account for 70% to 80% of all cases.31
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FIGURE 52-6. Hypsarrhythmia in an infant with West syndrome.
Although the underlying pathophysiology of infantile
spasms is unknown, the age-dependency and diffuse EEG
abnormalities imply widespread cortical dysfunction.
Increased synthesis and activity of corticotropin-releasing
hormone (CRH) has been postulated as a mechanism that
might predispose to the development of spasms. Increased
CRH may follow an abnormal stress during early life or
an errant response to common stressors, resulting in growth
or hyperfunction of certain CRH-containing neuronal path-
ways. Supporting this theory are various animal studies
demonstrating the excitatory effects of CRH on neurons,
including those in the hippocampus, and the beneficial
effects of corticotropin (also known as adrenocorticotropic
hormone [ACTH]) and glucocorticoids in the treatment of
spasms. Although ACTH and glucocorticoids may have in-
trinsic anticonvulsant activity, they may also suppress CRH
production via the hypothalamic-pituitary-adrenal axis and
thereby alleviate the excitatory effects of CRH on certain
neuronal networks.

The typical EEG reveals hypsarrhythmia, a chaotic pat-
tern of high-amplitude slow waves with multifocal epilep-
tiform discharges and poor interhemispheric synchrony
(Fig 52-6). Sleep is markedly disrupted and REM sleep is
reduced. An electrodecremental response consisting of
generalized low-voltage fast activity accompanies spasms.
By 3 years of age, hypsarrhythmia typically evolves to slow
spike-wave complexes or multifocal spikes and sharp waves.
Abnormalities on neuroimaging studies are found in over
60% of infants. These abnormalities include generalized atro-
phy, white matter hyperintensities, and focal or multifocal
lesions. Regional hypometabolism on PET studies has been
demonstrated in some patients with focal cortical lesions.

The dose and duration of steroid therapy has not been
standardized. The most common treatment is ACTH 40
IU/day administered intramuscularly. Approximately 75%
of patients achieve initial seizure control using this regi-
men. The response rate tends to increase with duration of
therapy. Within 2 months of remission, however, approxi-
mately 30% to 50% of patients suffer relapse after the
first course of steroids. The relapse rate may be somewhat
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lower in cryptogenic than symptomatic cases. No differ-
ences in long-term response rates are observed with low-
and high-dose therapy. Side effects are common and
include electrolyte disturbances and cardiac, infectious,
and neuropsychiatric complications. Valproic acid, pyri-
doxine, vigabatrin, lamotrigine, topiramate, and immune
globulin have shown some efficacy, as has nitrazepam,
which is not currently commercially available in the United
States. Favorable results have been reported following
lesionectomy or hemispherectomy in patients with focal
abnormalities on MRI or PET scans.

Infantile spasm and the hypsarrhythmia tend to diminish
with increasing age, but the disorder is fatal in approxi-
mately one third of cases. Over 50% of patients develop
Lennox-Gastaut syndrome, multifocal or secondarily
generalized epilepsy, or other forms of epilepsy during
childhood. Only 5% of patients experience spontaneous
remission without neurologic sequelae. Mental retardation
is observed in approximately 50% of cases. Factors asso-
ciated with a poor prognosis include etiology of hypoxic-
ischemic encephalopathy or lissencephy and intractable
seizures.

LENNOX-GASTAUT SYNDROME. Lennox-Gastaut syn-
drome is responsible for 2% to 3% of childhood epilep-
sies.32 The syndrome is characterized by multiple seizure
types, slow spike-wave complexes, and cognitive dysfunc-
tion. Seizure onset ranges from 1 to 8 years of age, with a
peak incidence between 3 and 5 years of age. Tonic sei-
zures during sleep or on awakening occur in virtually all
cases. Atonic, atypical absence, and myoclonic seizures
are commonly observed. Status epilepticus, consisting of
repetitive tonic seizures or clouding of consciousness last-
ing hours to weeks, is seen in nearly two thirds of patients.
Severe mental retardation is found in 50% of cases, pre-
ceding the onset of seizures in 20% to 60%. In addition,
disturbances of behavior and personality are common.

Approximately 70% of cases occur in children with
acquired or genetic disorders affecting the nervous system.
Developmental malformations, hypoxic-ischemic enceph-
alopathy, CNS infections, and neurocutaneous disorders,
particularly tuberous sclerosis, are frequent causes. Thirty
percent of patients have a history of West syndrome.
A family history of epilepsy may be found in cryptogenic
cases; however, familial Lennox-Gastaut syndrome has
not been reported. This syndrome should be differenti-
ated from epilepsy with myoclonic astatic seizures. In the
latter, multiple seizure types occur in previously normal
children, 50% of whom develop mental retardation. A
genetic etiology is suspected for myoclonic astatic seizures.

The EEG reveals 2.0- to 2.5-Hz slow spike-wave com-
plexes and multifocal spikes superimposed on abnormal
background activity. Runs of generalized paroxysmal fast
activity and rhythmic 10-Hz spikes are observed during
sleep. Atypical AS are associated with runs of slow
spike-wave complexes. Tonic seizures are accompanied
by an electrodecremental response or generalized 10- to
25-Hz spikes. Neuroimaging studies commonly demon-
strate generalized cerebral atrophy and focal or multifocal
abnormalities.

In general, seizures respond poorly to anticonvulsant
treatment, and polytherapy is usually required. Benzodia-
zepines, such as clonazepam, valproic acid, lamotrigine,
and topiramate are effective. However, benzodiazepines
may precipitate tonic status. Sedation should be minimized
because of the tendency for seizures to increase in sleep.
Phenytoin and rectal diazepam are effective for serial tonic
seizures and status epilepticus. Refractory cases may
benefit from a trial of felbamate, the ketogenic diet,
or corpus callosotomy, which reduces tonic and atonic
seizures in some cases.

The prognosis for seizure control and mental develop-
ment is poor. Daily seizures occur in most patients. Factors
that portend a poor prognosis include known etiology,
onset before 3 years of age, prior West’s syndrome, refrac-
tory tonic seizures, and severe mental retardation. Seizures
usually persist into adulthood, and fatal injuries related to
seizures occur in 5% of cases.
Special Epilepsy Syndromes
Progressive Myoclonic Epilepsies
The PMEs represent a group of disorders of various etio-
logy that collectively account for 1% of all epilepsy syn-
dromes (Table 52-1; Video 46, Myoclonic Epilepsy).25

The natural history varies with the specific disorder from
mild neurologic impairment to severe disability progres-
sing to death in early childhood. Onset is typically during
childhood or adolescence, although some of the disorders
may appear at any age. Clinically, the PMEs are character-
ized by myoclonus, seizures, variable degrees of cognitive
impairment, and other neurologic deficits. Myoclonus is
commonly precipitated by action, sustained posture, or sen-
sory stimulation including touch, cold, or light. Fragmentary
and asynchronous myoclonic jerks primarily involving the
limbs occur without associated alteration of consciousness.
Myoclonus varies from mild to debilitating, depending on
the specific disorder. Dementia is a characteristic sign of
many of the PMEs but is not a universal feature. The sever-
ity of intellectual deterioration is related to the degree of
cortical loss and varies among individuals affected with
the same disorder. Other neurologic findings include ataxia,
spasticity, visual impairment, hearing loss, peripheral neu-
ropathy, and extrapyramidal signs such as choreoathetosis.
TCS represent the most common seizure type, although
atypical absence and focal seizures are observed in some
patients.

Unverricht-Lundborg disease is the classic form of PME
with a high incidence around the Baltic Sea and in the
Mediterranean region. The disease is autosomal recessive
due to a mutation of the cystatin B (CSTB or EPM1) gene
on chromosome 21q. The syndrome is characterized by
stimulus-sensitive myoclonus with the subsequent develop-
ment of TCS beginning between the ages of 8 and 13 years
in individuals with no prior neurologic abnormalities.
The myoclonus is severe and usually precipitated by pas-
sive joint movement, or auditory or light stimuli. Repeti-
tive myoclonic jerks in the morning may culminate in
generalized TCS later in the day. Ultimately, myoclonic
jerks interfere with speech, swallowing, and ambulation.
Gradual intellectual decline is observed, although severe
dementia does not occur. The disorder progresses slowly
over 10 to 20 years. The EEG shows generalized polyspike
and 3- to 5-Hz spike-wave discharges similar to those



TABLE 52-1

Etiologies of the Progressive Myoclonic Encephalopathies

DISORDERS AGE AT ONSET CLINICAL FEATURES PROGNOSIS LABORATORY/DIAGNOSIS INHERITANCE/DEFICIENCY

Unverricht-Lundborg
disease

6–15 Myoclonus, TCS, ataxia, dysarthria, depression,
dementia absent

Variable, usually
mild impairment

None AR, Chr 21q /EPM1
mutation

Lafora body disease 10–18 Myoclonus, occipital/TCS, ataxia, dementia, # vision,
depression

Death 2–10 years
after onset

Lafora bodies on axillary skin
biopsy

AR, Chr 6/EPM2A-B
mutation

Neuronal ceroid
lipofuscinosis
Late infantile 1–4 Myoclonus, visual failure, optic atrophy,

ataxia, speech alterations, dementia, TCS
Death by 10 years Storage lipopigment in lysosomes

on biopsy of skin, conjunctiva,
rectum

AR/Chr 11p/CLN2,5,6,7,
mutations

Juvenile 4–15 Myoclonus, # vision, optic atrophy, dementia, ataxia,
EPS, seizures, dysarthria, psychosis

Death by 20 years Same as above AR, Chr 16/CLN3,8
mutations

Adult �15 Myoclonus, ataxia, seizures, dementia,
vision not impaired

Death 10 years after
onset

Same as above AR or AD/Locus not
identified/CLN4

MERRF Any age Myoclonus, TCS, dementia, ataxia, lipomas, myopathy,
neuropathy, deafness, short stature, optic atrophy,
migraine, diabetes

Variable Ragged-red fibers in skeletal
muscle; lactate; respiratory chain
defect

Substitution at pair 8344-
mitochondrial DNA,
sporadic

Sialidoses
Type I 8–15 Myoclonus, visual deficit, CRS, TCS, ataxia, spasticity,

burning sensation in extremities
Poor Urinary sialyloligosaccharides AR, Chr 20q

Demonstration of enzymatic
deficiency

a-N-Acetyl-neuramidase

Type II Adolescence or
adulthood

Myoclonus, visual deficit, CRS, TCS, ataxia,
coarse facies, dysostosis multiplex, # hearing, corneal
opacities, dementia

Poor Urinary sialyloligosaccharides AR, Chr 20q
Demonstration of enzymatic
deficiency

b-Galactosidase
a-N-Acetyl-neuramidase

Sphingolipidoses
Gaucher’s type III Childhood to adulthood Myoclonus, SNGP, impaired saccades, dementia,

seizures, ataxia
Poor b-Glucocerebroside storage in

lymphocytes
AR
b-Glucocerebrosidase

Demonstration of enzymatic
deficiency

GM2 gangliosidosis Childhood to
adolescence

Myoclonus, ataxia, spasticity, dystonia, tremor,
seizures, optic atrophy, dementia

Poor Demonstration of enzymatic
deficiency

AR
b-N-
Acetylhexosaminidase

AR, autosomal recessive; CRS, cherry-red spat; EPS, extrapyrimidal signs; MERRF, myoclonic epilepsy with ragged-red fibers; SNGP, supranuclear gaze palsy; TCS, tonic-clonic seizures.
Adapted from Berkovic SF, Cochius J, Andermann E, Andermann F: Progressive myoclonus epilepsies: Clinical and genetic aspects. Epilepsia 1993; 34(suppl 3):S19–S30.

1
2
2
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observed in JME. Photosensitivity is observed in over 90%
of cases.

Lafora body disease is a rapidly progressive autosomal
recessive disorder affecting individuals in late childhood
or adolescence, although adult onset rarely occurs. Eighty
percent of cases are caused by a mutation of the EPM2A
gene on chromosome 6q, which codes for laforin. Laforin
is a protein tyrosine phosphatase, active in the growth, de-
velopment, and survival of neurons, dendrites, and syna-
pses. Generalized TCS or partial seizures of occipital lobe
origin are usually the initial manifestation. Progressive cog-
nitive decline and myoclonus are universal features. Ataxia,
decreased vision, and spasticity are variably present. Death
occurs within 2 to 10 years of onset. LikeUnverricht-Lundborg
disease, the EEG at the onset shows polyspike-wave dis-
charges and a photoparoxysmal response superimposed on
normal background activity similar to JME. Eventually,
background rhythms slow and nearly continuous generalized
and multifocal epileptiform discharges are seen. Para-amino-
salicylic acid–positive cytoplasmic inclusions containing
polyglucosans, known as Lafora’s bodies, are a hallmark
of the disease and are found in brain, heart muscle, spinal
cord, liver, skin, and sweat glands.

The neuronal ceroid lipofuscinoses (NCLs) are the most
frequent neurodegenerative disorders in children and are
divided into four subtypes based on age of onset. The in-
fantile form is not considered a PME owing to its early
age of onset and rapid progression. The late-infantile form
(Jansky-Bielschowsky) is characterized by myoclonic,
generalized tonic-clonic, and atypical absence seizures be-
ginning between the ages of 2 and 4 years. Soon thereafter,
cognitive deterioration, ataxia, spasticity, and visual im-
pairment develop and death usually occurs. The EEG
shows background slowing with generalized and biocci-
pital spikes that enhance with photic stimulation. Giant
visual and somatosensory evoked potential responses are
observed. Biopsy of skin, conjunctiva, or rectum reveal
curvilinear bodies, pathognomonic for the disease. The ju-
venile form of NCL (Spielmeyer-Vogt) is the most com-
mon subtype, characterized by rapidly progressive visual
loss, myoclonus, and generalized tonic-clonic and absence
seizures beginning between 4 and 7 years of age. Neurologic
deterioration ensues and death usually occurs in the early
twenties. The EEG findings are similar to those of the juve-
nile form and the diagnosis is confirmed by skin biopsy. The
adult form of NCL (Kufs) presents with myclonus, ataxia,
dementia, behavioral problems, and extrapyramidal features
between 15 and 50 years of age. The EEG and diagnostic
evaluation are similar to the other forms.

In general, treatment of the PMEs is difficult. Myo-
clonus and seizures often respond to valproic acid and
benzodiazepines, particularly clonazepam. Piracetam, leve-
tiracetam,N-acetylcysteine, zonisamide, and oral 5-hydroxy-
L-tryptophan may also be useful. Phenytoin typically
exacerbates ataxia and myoclonus and should be avoided.
Mechanical techniques may be useful in lessening the
incapacitating effects of action myoclonus.

Neonatal Seizures
Seizures are a common manifestation of cerebral dysfunc-
tion in the first 4 weeks of life. The incidence of neonatal
seizures is unknown owing to the lack of consensus on
which behaviors constitute epileptic seizures in this popu-
lation.25 Neonatal seizures are paroxysmal events asso-
ciated with alteration in neurologic function that may or
may not have an electrographic correlate. Brief, recurrent,
focal or multifocal clonic, focal or generalized tonic, and
myoclonic seizures are observed. Although these seizure
types have already been discussed, brief mention as to their
clinical appearance in neonates is appropriate.

Focal clonic seizures consist of rhythmic twitching of a
limb or one side of the face that may be sustained for long
periods without apparent spread. Multifocal clonic seizures
are characterized by random, migratory clonic movements
involving limb and facial muscles bilaterally. Tonic seizures
may be focal or generalized. Generalized tonic seizures are
characterized by bilaterally symmetrical extension of the
trunk and limbs often associated with apnea and upward
deviation of the eyes. Focal tonic seizures include asymmet-
rical flexion of the trunk and eye deviation. Myoclonic
seizures consisting of focal or generalized brief muscle jerks
occur rarely. The term subtle seizures includes behaviors
that are not clearly epileptic, including oral-buccal-lingual
movements, eye movements, pedaling, swimming, and
autonomic phenomena. These signs are commonly observed
in premature infants. Because of incomplete CNS myelina-
tion, which prevents synchronous and symmetrical propaga-
tion patterns, generalized TCS are not observed in the
neonatal period.

Neonatal seizures are caused by a wide variety of dis-
orders affecting the brains of neonates. Clinically, the etio-
logies of neonatal seizures may be classified based on age
of seizure onset (Table 52-2). Hypoxic-ischemic encepha-
lopathy is the most common cause of neonatal seizures
overall and the most common cause encountered within
the first 24 hours of life. Other causes of seizures within the
first day of life include bacterial meningitis, sepsis, sub-
arachnoid hemorrhage, intrauterine infection, laceration of
the tentorium or falx, drug effects, and pyridoxine depen-
dency. From 24 to 72 hours of life, additional etiologies in-
clude cerebral contusion with subdural hemorrhage, drug
withdrawal, developmental malformations, and metabolic
disorders. When seizures appear beyond the third day of life,
inborn errors of metabolism, herpes simplex infection, ker-
nicterus, and neonatal adrenoleukodystrophy should be
considered. Neonatal seizures should be differentiated from
tremor, clonus, decerebration, and jitteriness, which com-
monly occur in neonates with diffuse cerebral dysfunction.
Unlike epileptic events, these nonepileptic phenomena can
often be elicited by limb repositioning or tactile stimulation
and suppressed by physical restraint.

The EEG is important in determining adequacy of ther-
apy and in predicting neurologic outcome. Prolonged or
serial recordings should be performed in pharmacologi-
cally paralyzed infants at risk for developing seizures.
The severity of background abnormalities is correlated
with the extent of neurologic impairment. Infants with
suppressed, undifferentiated, or suppression-burst patterns
have a high incidence of neurologic and developmental se-
quelae. In contrast, isolated sharp waves are commonly
seen in neurologically normal neonates without seizures
and are not predictive of seizures or the future development
of epilepsy. Ictal patterns are more variable in neonates



TABLE 52-2

Etiologies of Neonatal Seizures by Peak Time of Onset

DISORDER 24 HOURS 24–72 HOURS 3–7 DAYS 7–28 DAYS

Cerebrovascular Hypoxic ischemic
encephalopathy

Intraventricular hemorrhage
(preemies)

Cerebral infarction
Intracerebral

Subarachnoid hemorrhage Cerebral infarction hemorrhage
Intraventricular hemorrhage Intraventricular hemorrhage

Subdural hemorrhage
Subarachnoid hemorrhage

Traumatic Laceration of tentorium or falx Cerebral contusion
Infectious Bacterial meningitis Bacterial meningitis Herpes simplex

encephalitisSepsis Sepsis
Intrauterine infection

Iatrogenic Anesthetic toxicity Drug withdrawal
Nutritional Pyridoxine dependency Pyridoxine dependency Hypocalcemia

Hypoglycemia Hypoglycemia
Developmental Congential malformations

Neurocutaneous disorders
Congenital

malformations
Congenital malformations

Neurocutaneous
disorders

Metabolic Hypoparathyroidism Hypoparathyroidism Adrenoleukodystrophy
Hypocalcemia Kernicterus Fructose dysmetabolism
Glycine encephalopathy Ketotic hyperglycinemia Gaucher’s disease type II
Glycogen synthase deficiency Urea cycle disorders GM1 gangliosidosis
Urea cycle disorders Ketotic hyperglycinemia
Nonketotic hyperglycinemia Maple syrup urine disease

Urea cycle disorders

Adapted from Fenichel G: Paroxysmal disorders. In Fenichel GM(ed): Clinical Pediatric Neurology: A Signs and Symptoms Approach. Philadelphia, Saunders, 1988, pp 1–41.
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than in older patients; typically, they consist of runs of
focal paroxysmal activity of varying frequency and polarity.
Clonic, focal tonic, and generalized myoclonic seizures are
consistently accompanied by EEG changes, whereas gener-
alized tonic, focal or multifocal myoclonic, and subtle
seizures are not.

Neuroimaging studies should be performed to rule out
structural lesions. CSF analysis and metabolic screens are
indicated when infection or inborn errors of metabolism
are suspected.

Severely impaired neonates with clinical seizures un-
accompanied by EEG changes do not necessarily require
AED therapy. In this setting, AEDs are not likely to reduce
the clinical manifestations and affected patients have a
high incidence of adverse reactions. Antiepileptic drug
therapy is recommended when recurrent clinical events
are accompanied by EEG seizure patterns. Phenobarbital
is the most widely used agent, although phenytoin and ben-
zodiazepines are also effective. Because protein binding is
altered in sick infants, monitoring of total and free drug
levels is advised. Pyridoxine, 50 to 100 mg, should be
administered intravenously with simultaneous EEG record-
ing when seizures are refractory to conventional agents. In
the absence of CNS pathology and significant EEG
abnormalities, neurologically normal infants do not require
prolonged therapy and should be withdrawn from medica-
tion before hospital discharge. Neonates with abnormal
findings on neurologic examinations and focal cerebral
pathology have a high risk of recurrence and should be
treated for longer periods.

The mortality rate for neonates with seizures is 40% for
full-term and 50% for premature infants. Epilepsy develops
in nearly 25% of patients. Aside from etiology and findings
on neurologic examination, the presence and severity of
background abnormalities on EEG are the most reliable pre-
dictors of outcome. Most infants with normal background
features on EEG have normal development, whereas severe
background abnormalities, independent of electrographic
seizures, portend a poor prognosis.

Febrile Convulsions
Febrile seizures occur in 2% to 5% of children, representing
the most common seizure disorder in this age group.33 Ap-
proximately 30% of patients experience a single recurrence,
and of this group, half will experience multiple seizures.
The age of onset ranges from 3 months to 5 years with a
peak incidence from 18 to 24 months. Seizures occur during
a sudden rise in temperature early in the course of an illness
in the absence of intracranial infection or a defined etio-
logy. Simple febrile seizures, which are single, generalized
convulsions less than 15 minutes in duration, comprise 80%
to 90% of cases. Seizures that exceed 15 minutes in dura-
tion, occur more than once in a 24-hour period, or show
focal motor manifestations are classified as complex or
complicated febrile seizures. Patients with complex febrile
seizures have a higher rate of subsequent epilepsy.

The risk of seizures in family members of patients with
febrile seizures is two to three times that of the general
population. Generalized epileptiform activity and photo-
sensitivity have been reported in asymptomatic relatives
of affected patients. These findings support a genetic etiol-
ogy, although the mode of inheritance is unknown. Simi-
larly, the relationship between febrile seizures and MTLE
is poorly understood. Prolonged febrile convulsions are
associated with various physiologic alterations capable
of producing ischemic changes in hippocampal neurons.
Whether these changes are operative in the development
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of epilepsy or whether they simply represent the effect of
recurrent seizures remains a matter of debate.

Febrile seizures should be distinguished from seizures
due to intracranial infection, electrolyte disturbance, inborn
errors of metabolism, and nonepileptic events such as
breath-holding spells. The American Academy of Pediat-
rics published two practice parameters for managing the
child with first febrile seizures.33,34 The extent of labora-
tory and radiologic evaluation depends on results of the
clinical history and examination. Because the condition
of most children with simple febrile seizures has returned
to baseline by the time of evaluation, laboratory testing,
EEG, and neuroimaging studies are generally unrevealing.
Patients with complex febrile seizures, especially those
with focal motor manifestations, should undergo a neuro-
imaging study to rule out structural lesions. CSF analysis
is indicated in cases of suspected CNS infection. Patients
presenting with their first febrile seizure before 6 months
and after 5 years of age should be thoroughly evaluated
because secondary causes are more likely. Single seizures
do not require treatment with AEDs as the benefits of treat-
ment do not outweigh the risks. Repetitive seizures and
status epilepticus should be terminated with intravenous
benzodiazepines or phenobarbital. Prophylactic AEDs are
often not recommended even in these settings because of
the high incidence of behavioral and cognitive adverse
effects and their failure to reduce the risk of subsequent
epilepsy. Parents should be assured of the benign nature
of the disorder and instructed in the administration of anti-
pyretics, tepid sponge bathing, and emergency first aid.
Rectal diazepam should be considered in children with fre-
quent febrile illnesses. The risk of recurrent febrile seizures
is highest in children younger than 1 year of age and those
with complicated seizures. Two percent to 9% of affected
children develop afebrile seizures. Patients with abnormal
findings on neurologic examinations or abnormal develop-
ment, family history of afebrile seizures, and complicated
seizures have a higher risk of subsequent epilepsy.

Acquired Epileptic Aphasia
Approximately 300 cases of acquired epileptic aphasia, or
Landau-Kleffner syndrome, are reported in the literature.35

This syndrome is characterized by an acquired aphasia
with epileptiform activity over the temporal or temporo-
parieto-occipital regions and psychomotor and behavioral
difficulties. An auditory verbal agnosia and reduction of
spontaneous speech typically begin before 6 years of age,
after the initial acquisition of verbal language. Conse-
quently, many patients are misdiagnosed as deaf or autistic.
Infrequent tonic-clonic, focal motor, and atonic seizures are
observed in 75% of cases. Psychomotor disturbances or per-
sonality disorders occur in 70% of patients. Seizures persist-
ing into adolescence tend to be infrequent and nocturnal.
Males are affected twice as often as females. Interruption
of subcortical fibers resulting in the deafferentation of lan-
guage cortex has been hypothesized as the underlying path-
ogenesis; however, no etiologic factors have been
identified. In cases in which brain biopsies were performed,
no specific abnormalities have been identified.

The waking EEG in Landau-Kleffner syndrome is char-
acterized by multifocal spikes in the temporal and parieto-
occipital regions superimposed on normal background ac-
tivity and markedly enhanced sleep. Audiography, auditory
evoked potentials, and neuroimaging study results are nor-
mal. Landau-Kleffner syndrome bears striking resemblance
to epilepsy with continuous spike waves during slow-wave
sleep (CSWS). In both disorders, EEG abnormalities are
markedly accentuated, and at times continuous, during
sleep. Seizures are more frequent and global neurologic de-
terioration emerges rather than aphasia in CSWS, however.

Administration of intravenous diazepam may produce
dramatic but transient improvements in language and
EEG abnormalities. The benefit of long-term AED therapy
has not been demonstrated, however. In most cases, sei-
zures and EEG abnormalities undergo remission spontane-
ously by 15 years of age, and speech typically recovers
by adulthood. Onset after 6 years of age and early speech
therapy are associated with a more favorable prognosis.

Epilepsy and Women ’s Health
Beyond seizure control, women with epilepsy face a vari-
ety of issues that are often unaddressed by health care
professionals. These include pregnancy and the risk of
abnormal fetal outcomes, breast-feeding, family planning,
menstrual cycle abnormalities, bone health, the effects of
female hormones on seizure susceptibility, and sexual
dysfunction.36,37

Epilepsy is the most common neurologic disorder en-
countered by obstetricians. Approximately 0.3% to 0.5%
of all pregnancies and over 1 million women of childbear-
ing age are affected.37 Seizure frequency during pregnancy
typically parallels preconception seizure control, and 50%
to 75% of women experience no significant change. Break-
through seizures are usually due to noncompliance, stress,
or sleep deprivation. The incidence of status epilepticus is
similar to nonpregnant epileptic control subjects. The risk
of spontaneous abortion, bleeding diatheses, premature
labor, preeclampsia, eclampsia, and placental defects in
women with epilepsy is two to four times higher than in
nonepileptic women. In most cases, labor and delivery
progress without complications. Elective cesarean section
should be performed when there is poor seizure control
during the third trimester, in cases of severe stress-induced
seizures, and in patients with neurologic deficits interfering
with labor. Emergency cesarean section is indicated in
women with recurrent seizures during labor and delivery
and when seizures result in fetal distress.

Seizures may be the initial manifestation of a host of
diseases that present during pregnancy. Ischemic stroke,
paradoxical embolus, vasculitis, and metastatic choriocar-
cinoma may appear at any time during pregnancy with sei-
zures and focal neurologic deficits. Vascular anomalies
should be considered when seizures develop in pregnancy
because the risk of bleeding due to arteriovenous malfor-
mations and aneurysms tends to increase as pregnancy
progresses. Eclampsia, oxytocin-induced water intoxica-
tion, toxicity of local anesthetics, amniotic fluid embolus,
thrombotic thrombocytopenic purpura, cerebral venous
thrombosis, pheochromocytoma, and subarachnoid hemor-
rhage may produce seizures in the peripartum period. These
disorders should be considered in the differential diagnosis
of patients with new onset of seizures during pregnancy.



Foldvary-Schaefer and Wyllie / Epilepsy 1231
Most seizures during pregnancy occur in association
with subtherapeutic AED levels. The serum concentration
of AEDs gradually declines during pregnancy, reaching a
nadir near term and returning to preconception levels at
variable rates post partum. During pregnancy, a reduction
in protein binding leads to a higher percentage of unbound,
free drug that is more rapidly excreted by the kidneys. The
dilutional effects of water retention and increased hepatic
microsomal activity, which enhances drug metabolism,
are additional factors that contribute to subtherapeutic drug
concentrations and breakthrough seizures. Levels of the
older AEDs may take 8 to 12 weeks to return to preconcep-
tion levels after delivery. With one exception, the pharma-
cokinetics of the newer AEDs during pregnancy are
unknown. Lamotrigine is approximately 55% protein
bound and is extensively hepatically metabolized by an
isozyme of the UDP glucuronosyltransferase enzyme sys-
tem. The metabolism of lamotrigine changes dramatically
during pregnancy with clearance increasing to over 300%
of baseline during the second trimester, often resulting in
breakthrough seizures and dosage adjustments. Dose re-
duction is often required within days of delivery to prevent
toxicity as the pharmacokinetics rapidly revert to precon-
ception levels.

Offspring of women with epilepsy have an increased in-
cidence of congenital malformations, growth retardation,
cognitive deficiencies, and epilepsy. A variety of factors
contribute to these findings, including AED exposure, folic
acid deficiency, genetics, socioeconomic status, and mater-
nal health. The older AEDs phenobarbital, phenytoin, val-
proic acid, and carbamazepine are classified as Pregnancy
Category D, indicating that there is evidence of human
fetal risk, although the benefits may outweigh the risks.
All of the newer AEDs and ethosuximide are Pregnancy
Category C, indicating that either animal studies have
shown adverse effects on the fetus and there are no con-
trolled studies in humans, or studies in humans and animals
are unavailable. The risk of major malformations in infants
born to women with epilepsy is twice that of the general
population, in the range of 4% to 6%.38 The most com-
mon major malformations observed in infants exposed to
AEDs include neural tube defects, congenital heart disease,
orofacial clefts, intestinal atresia, and urogenital defects.

Various international and industry-based pregnancy
registries incepted in the last decade are extending earlier
observations. Most notable are the European Registry of
Antiepileptic Drugs in Pregnancy (EURAP), the North
American AED Pregnancy Registry, the UK Epilepsy and
Pregnancy Registry, and the largest industry-based registry,
the Lamotrigine Pregnancy Registry. EURAP has reported
an overall major malformation rate of 6%, 5% with mono-
therapy and 8% with polytherapy. The North American
registry has published data on phenobarbital and valproic
acid only. Interim UK results suggest that the risk of major
malformations for monotherapy-exposed infants (3.5%) is
no greater than in unexposed infants (3.7%), while the risk
is greater (6.0%) for polytherapy exposures. There is grow-
ing support for the concept of drug-specific variations
in teratogenic potential. The Lamotrigine registry found
comparable major malformation rates in offspring exposed
to monotherapy (2.8%) and polytherapy combinations
excluding valproic acid (2.7%); whereas rates were higher
in lamotrigine polytherapy including valproic acid
(11.8%). Preliminary findings of the Neurodevelopmental
Effects of Antiepileptic Drugs (NEAD) trial, a prospective,
observational study of 361 mother-child pairs from 25 cen-
ters, suggest that the risk of serious adverse outcomes in
infants exposed to valproic acid may exceed that of pheny-
toin, carbamazepine, and lamotrigine. In a recent study of
pregnancy outcomes abstracted from the Finnish National
Medical Birth Registry, the risk of malformations was sub-
stantially higher in the offspring of women taking valproic
acid as monotherapy or polytherapy as compared to un-
treated women and women on polytherapy excluding
valproate.38 Others have found that infants exposed to
valproate were significantly more likely to require special
educational needs compared with those exposed to other
agents.

The management of epilepsy during pregnancy begins
prior to conception. Although more than 90% of patients
have uneventful pregnancies, all women with epilepsy
must be counseled about the potential increased risk for
obstetric complications, worsening seizure control, and
adverse neonatal outcomes. AED regimens should be reas-
sessed and optimized prior to conception to ensure appro-
priate treatment of seizure type(s) and epilepsy syndrome.
The ideal agent during pregnancy is the one that most ef-
fectively controls seizures at serum concentrations that
are well tolerated. AED discontinuation should be consid-
ered in women who have been seizure free for 2 to 5 years
and have a single seizure type, normal neurologic exami-
nation, and normal electroencephalogram on treatment.
Whenever possible, polytherapy should be avoided and
the lowest effective serum concentration maintained.
Supplementation with a mulitvitamin and additional folic
acid (0.8 to 5 mg/day) beginning preconception, is advised.

Pregnant women with epilepsy should be jointly man-
aged by a team of professionals that includes a neurologist,
obstetrician, pediatrician, and, in some cases, geneticist.
Major changes in AED therapy should be avoided, because
the risk for seizures is usually greater than the risk for ter-
atogenicity once pregnancy is identified. Women should be
advised about the importance of proper sleep and medica-
tion compliance, particularly in the last trimester, when
AED levels tend to be lowest. Seizures during labor are
best treated with intravenous fosphenytoin or short-acting
benzodiazepines. Serum AED concentrations should be
monitored monthly and in the postpartum period, parti-
cularly in women with seizures during pregnancy and in
those taking newer AEDs. Laboratory monitoring may
need to be performed more often in women with frequent
seizures, signs or symptoms of toxicity, suspected noncom-
pliance, or a history of increased seizure frequency or sta-
tus epilepticus during a prior pregnancy. Medication
adjustments should be made to control seizures and main-
tain serum concentrations in the therapeutic range near term.
Women should be monitoring clinically for signs and symp-
toms of toxicity beginning immediately after childbirth until
serum concentrations stabilize and necessary medication
adjustments should be made.

Most major malformations can be identified in utero.
Maternal serum a-fetoprotein obtained between 16 and 18
weeks’ gestation is elevated in 85% of fetuses with open
neural tube defects (NTDs) and has a false-positive rate
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of 3% to 4%.39 Level II fetal ultrasonography should be
performed between 18 and 22 weeks to identify major
malformations. More than 90% of NTDs, life-threatening
cardiac anomalies, and major skeletal malformations are
detected by ultrasonography at this time.39 Less severe
cardiac anomalies and orofacial clefts may be identified
on a second examination performed at 22 to 24 weeks’ ges-
tation. Amniocentesis should be offered to women at high
risk for NTDs and to those with an elevated serum a-
fetoprotein level in whom ultrasonography is nondiagnos-
tic. Some centers advocate offering amniocentesis to all wo-
men being treated with valproic acid or carbamazepine
because of the increased incidence of NTDs in exposed
infants. Elevation of amniotic fluid a-fetoprotein and
acetylcholinesterase can identify more than 99% of open
NTDs.39 Genetic counseling should be offered to all women
when fetal malformations are identified. Chromosomal
analysis should be performed at the time of amniocentesis.

In North America, pregnant women with epilepsy should
contact the North American Registry for Epilepsy and
Pregnancy at 1–888–233–2334 so that pregnancy outcomes
can be more thoroughly studied.

Contraception and pregnancy counseling should be
provided to all women with epilepsy of childbearing poten-
tial. The risk of failure of oral contraceptive agents is
increased several-fold in women taking enzyme-inducing
AEDs including phenobarbital, phenytoin, carbamazepine,
and primidone. Phenytoin and phenobarbital iinduce the
production of sex hormone binding globulin to which the
progestins are tightly bound, resulting in lower concentra-
tions of free progestin that may also lead to a failure to sup-
press ovulation. Topiramate and oxcarbazepine reduce the
concentration of female sex steroids at higher doses only.
No interaction between oral contraceptive agents and val-
proic acid, levetiracetam, gabapentin, tiagabine, zonisamide,
or pregabalin have been reported. Oral contraceptives in-
crease the clearance of lamotrigine resulting in seizures when
hormonal agents are initiated or toxicity during pill-free
weeks. To prevent unplanned pregnancy, formulations con-
taining higher-dose estrogen have traditionally been recom-
mended. However, in recent years, health care providers
have grown increasingly concerned about their potential sys-
temic adverse effects. Depot medroxyprogesterone acetate
(Depo-Provera) has long been used as a contraceptive alter-
nate in women with epilepsy. When used correctly, barrier
methods are an effective option.

The opposing effects of estrogen (proconvulsant) and
progesterone (anticonvulsant) on seizure threshold have
been well described in both animals and humans. Hormone
levels fluctuate throughout the menstrual cycle. In some
women with epilepsy, these fluctuations lead to periods
of seizure susceptibility, a condition known as catamenial
epilepsy. At least 30% of women with epilepsy are af-
fected.36 The diagnosis of catamenial epilepsy requires
careful assessment of menstrual and seizure diaries and
characterization of cycle duration and type. There are sev-
eral approaches to the treatment of catamenial epilepsy,
although each is based on small, unblinded studies, or anec-
dotal reports. Progesterone has been shown to be effective
in some cases.

Women with epilepsy are at increased risk for polycystic
ovary syndrome (PCOS) and other reproductive endocrine
disorders. PCOS, characterized by chronic anovulation
and hyperandrogenism (hirsuitism, obesity, acne, elevated
androgens, and LH/FSH ratio) affects approximately 5%
of women in the general population.36 Women with PCOS
are at increased risk for carbohydrate intolerance, hyperlip-
idemia, and endometrial cancer. Features of PCOS are
more significantly more common in women taking valproic
acid than other AEDs. Women with epilepsy experiencing
menstrual irregularities warrant investigation.

Finally, bone health in women taking AEDs has been
a recent area of intense investigation. Osteopenia, osteopo-
rosis, and fractures are more common among persons with
epilepsy than the general population. A recent, large pro-
spective study involving 9704 elderly community-dwelling
women found that AED use increased the rate of bone
loss.40 The average rate of decline in total hip bone mineral
density for non-AED users was 0.7% per year as compared
to 1.16% per year for continuous AED users. The highest
rate of bone loss was observed in patients treated with
PHT (2.68% per year). AED use increased hip fracture rate
by 29% in women over 65 years of age. Bone health should
be periodically assessed in women treated with long-term
AEDs.

Status Epilepticus
Status epilepticus (SE) is a medical emergency that
demands prompt diagnosis and treatment if severe neuro-
logic sequelae and death are to be minimized. An estimated
125,000 to 195,000 episodes of SE occur in the United
States annually, resulting in 22,000 to 42,000 deaths.41

Despite improvements in medical management, the inci-
dence of significant morbidity and death remains high.
SE is defined as continuous clinical or electrical seizure
activity or repetitive seizures with incomplete neurologic
recovery interictally for a period of at least 30 minutes.
Patients having continuous seizure activity for 10 minutes
or longer should be treated as if in SE, because most
seizures terminate spontaneously within 1 to 2 minutes.
In addition, impending SE should be suspected in patients
experiencing three or more TCS within a 24-hour period,
particularly when this represents an increase from the typical
frequency.

Status epilepticus is classified as generalized or partial
(focal), and convulsive or nonconvulsive. Generalized con-
vulsive status includes tonic-clonic, tonic, clonic, or myo-
clonic SE, although the majority of cases consist of
recurrent TCS. Nonconvulsive SE includes absence and
complex partial SE, both of which are characterized by
clouding of consciousness with or without minor motor
manifestations. EEG is usually required to distinguish the
two. Any type of simple partial seizure, including seizures
with sensory, motor, language, autonomic, or psychic man-
ifestations, can evolve into SE. Partial SE characterized by
focal clonic activity is referred to as epilepsia partialis
continua. This condition is seen in patients with lesions
involving the perirolandic region such as in children with
Rasmussen encephalitis.

In adult patients, the most common type of SE is second-
ary generalized convulsive SE (GCSE), characterized
by intermittent or continuous overt convulsive activity
accompanied by coma and epileptiform activity on EEG.



TABLE 52-3

Management of Status Epilepticus

Step 1

Assess Airway, Breathing, Circulation
1. Administer O2, monitor cardiac rhythm, oxygen saturation, and vital signs
2. Establish intravenous line with normal saline
3. Bedside glucose test
4. Draw blood for AED (antiepileptic drug) levels, complete blood count, electrolytes, calcium and magnesium, glucose and toxicology screen
5. Administer thiamine 100 mg and dextrose 50% 50 mL IV (D25 2 mL/kg in children)
6. Obtain history and perform examination

Step 2

1. Administer intravenous lorazepam 0.1 mg/kg in adults, 0.05 to 0.5 mg/kg in children (up to 2 mg/min) or diazepam 0.25 mg/kg in adults, 0.1 to
1.0 mg/kg in children (up to 5 mg/min); repeat after 10 min if seizures persist

2. Administer fosphenytoin 20 PE (phenytoin equivalents)/kg load (up to 150 PE/min)
3. If seizures persist, give additional fosphenytoin 5–10 PE/kg to a total dose of 30 PE mg/kg or serum concentration of 30 mg/mL

Step 3

1. Intubate, place arterial line, and draw arterial blood gas and phenytoin level
2. Consider intravenous phenobarbital 20 mg/kg (100 mg/min or 3 mg/kg/min in children)

Step 4

1. Consider pharmacological coma with pentobarbital 5–8 mg/kg load, followed by continuous infusion of 2–4 mg/kg/hr titrated to burst-suppression
for 6 to 48 hr
or

2. Midazolam 0.2 mg/kg load followed by continuous infusion beginning at 1 mg/kg/min increasing by 1 mg/kg/min every 15–30 min as needed to a
maximum rate of 10 mg/kg/min
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The manifestations change over time such that discrete
convulsions give way to increasingly subtle clinical mani-
festations, which is a condition known as subtle SE. Even-
tually, electrical status without clinical manifestations is all
that remains. Occasionally, subtle SE occurs without prior
convulsive activity in patients with severe diffuse cerebral
dysfunction. Generalized convulsive activity produces var-
ious systemic effects, including hypoxia, hyperpyrexia,
blood pressure instability, and cerebral dysautoregulation.
Metabolic derangements, including respiratory and meta-
bolic acidosis, hyperazotemia, hypokalemia, hyponatremia,
hyperglycemia followed by hypoglycemia, and marked
elevations of plasma prolactin, glucagon, growth hormone,
and corticotropin may be observed. Rhabdomyolysis may
produce myoglobinuria and renal failure.

Acute CNS insults, including anoxia, head injury, stroke,
neoplasm, and infection, account for 50% of cases. In chil-
dren, the most common precipitants are fever and infection,
whereas cerebrovascular disease predominates in older
adults. Approximately 20% of all SE cases occur in epileptic
patients during medication adjustment or as a result of
noncompliance. In one third of patients, the cause for SE
is undetermined. SE should be suspected in patients with
unexplained coma with or without motor manifestations.
Nonepileptic phenomena, including tremor, myoclonus,
eye movements, and oral-buccal movements that frequently
occur following anoxia, brain stem or bilateral cerebral is-
chemia, drug overdose, and severe metabolic and electrolyte
disturbances may be difficult to differentiate clinically from
nonconvulsive SE. Occasionally, prolonged psychogenic
seizures are misinterpreted and treated as SE.

A protocol for the treatment of GCSE is provided in
Table 52-3. Treatment should begin with assessment
of cardiorespiratory function. An oral airway should be se-
cured and oxygen administered when needed. Blood should
be drawn for AED levels, glucose, blood urea nitrogen,
electrolytes, calcium, magnesium, and drug screens. An
intravenous infusion with isotonic saline solution should
be placed and glucose 25 g and thiamine 100 mg adminis-
tered. A history and neurologic examination should be per-
formed once the patient’s condition is stabilized. When an
acute CNS insult or infection is suspected, further investi-
gations, including neuroimaging (cranial CT) and lumbar
puncture, should be performed once treatment is initiated.
EEG is useful when the diagnosis of GCSE is in doubt,
during pharmacologic coma, or when assessing the adequacy
of treatment.

Generalized convulsive seizures and electrical seizures
in patients with subtle SE should be terminated as rapidly
as possible, because the duration of SE is a major determi-
nant of morbidity and death. Absence, complex partial, and
focal motor SE are often treated less aggressively, because
the risk of neurologic sequelae is believed to be significantly
lower. However, the mortality rate was 18% in a recent study
of 100 patients with NCSE and was higher in patients with
acute systemic or neurologic causes (27%) versus patients
with epilepsy (3%) and those without epilepsy or an acute
medical problem on presentation (18%) and in patients with
severe mental status impairment (39%).42 GCSE should be
treated with medications administered intravenously until
seizures are aborted. The most common cause of treatment
failure is when the appropriate medication is administered
in inadequate dosages via an inappropriate route.

Once an intravenous line has been secured, lorazepam
(0.1 mg/kg, no faster than 2 mg/minute) should be adminis-
tered. Because of its high lipid solubility and rapid CNS
entry, diazepam frequently abolishes seizure activity within
minutes, only for seizures to recur within 30 minutes as
the drug redistributes to other fatty tissues. Consequently,
lorazepam is preferred for its longer duration of action.
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In most circumstances, following treatment with a ben-
zodiazepine, fosphenytoin should be administered. Fospheny-
toin, a phosphate ester of phenytoin, was released by the
Food and Drug Administration (FDA) in 1996 for use in
the treatment of escalating seizures requiring parenteral
treatment and SE. Its advantages over phenytoin include a
more rapid rate of infusion (150 mg/minute) and lower in-
cidence of hypotension and cardiac arrhythmias. If seizure
activity continues after fosphenytoin loading, additional
boluses should be given to achieve a serum concentration
of 25 to 30 mg/mL. This regimen is effective in terminating
over 90% of cases. Anticonvulsant medications should
be administered in a setting equipped to provide advanced
cardiac life support. Patients should be continuously moni-
tored during parenteral administration of AEDs for signs of
respiratory depression, hypotension, and cardiac arrhythmias.

If seizures persist, elective intubation should be per-
formed before further treatment is administered, particularly
if other CNS depressants have been previously adminis-
tered. Only 6% of cases prove refractory to this approach
and require anesthetic doses of barbiturates titrated to
achieve burst-suppression. With the availability of agents
with shorter half-lives, phenobarbital is used less frequently.
Pentobarbital is the most commonly used agent for refractory
SE. A loading dose of 5 mg/kg followed by a maintenance
infusion of 1 to 3 mg/kg/hour titrated to burst-suppression
is recommended. Treatment is continued for 6 to 48 hours,
after which the drug is withdrawn and the EEG observed
for recurrence of seizure activity. Midazolam, lidocaine,
and propofol have been used for refractory SE; however, no
controlled studies using these agents are available. For the
treatment of absence SE, intravenous benzodiazepines fol-
lowed by ethosuximide or valproic acid are usually effective.
Depending on the situation, simple and complex partial
SE may be treated with oral anticonvulsants, fosphenytoin
(IM or IV), or intravenous benzodiazepines. The use of phen-
obarbital or pharmacologic coma is rarely indicated.

Morbidity and death in SE are largely dependent on the
speed of intervention, age of the patient, and etiology.
Although the mortality rate in adults ranges from 1% to
32%, subtle SE and GCSE exceeding 1 hour in duration
carry a poor prognosis. A favorable outcome is observed
in children, patients with pre-existing epilepsy, and indivi-
duals with drug-induced SE.

Nonepileptic Seizures
Nonepileptic seizures, also referred to as psychogenic or
pseudo seizures, constitute 15% to 20% of admissions to
epilepsy units.43 Affected women outnumber men by a fac-
tor of 3.5:1. Psychogenic seizures are infrequent before
12 years of age but have been observed in children as
young as 5 years old. Peak incidence is in the third to
fourth decades, although onset may occur later in life.
The incidence of epilepsy in patients with psychogenic
seizures ranges from 10% to 60%.43

Psychogenic seizures are episodes involving affective, au-
tonomic, or sensorimotor manifestations that are precipitated
by emotional distress. Palpitations, choking sensations, diz-
ziness, malaise, acral paresthesias, sensory disturbances, cry-
ing, and alterations in consciousness with or without motor
manifestations are observed. Unlike epileptic seizures,
motor activity generally consists of side-to-side head move-
ments, opisthotonus, pelvic thrusting, trembling, and random
asynchronous movements. Micturition, injuries, amnesia,
and postictal somnolence may occur. Psychogenic seizures
tend to be less stereotyped, more gradual in evolution, and
longer in duration than epileptic seizures.

Psychogenic seizures are believed to represent sub-
consciously mediated behavior resulting from emotional
distress. Unlike malingerers, affected individuals do not
feign illness for obvious secondary gain. Psychogenic sei-
zures occur in patients with conversion disorders, anxiety
and panic disorder, depression, post-traumatic stress dis-
order, schizophrenia, and personality disorders. Addition-
ally, over two thirds of patients have a history of sexual
or physical abuse in childhood.

Patients with psychogenic seizures frequently present
to neurologists or epilepsy monitoring units having been
diagnosed with epilepsy and treated with anticonvulsants.
Seizures may be difficult to differentiate from frontal lobe
seizures characterized by violent motor activity and sexual
automatisms. Malingering and physiologic nonepileptic
events such as cerebral hypoperfusion, hypoxia, hypogly-
cemia, electrolyte disturbances, alcohol and drugs effects,
migraine, gastroesophageal reflux, parasomnias, and move-
ment disorders including paroxysmal dyskinesias may
produce similar symptoms.

The EEG is the most valuable diagnostic tool. The per-
sistence of normal background activity in a comatose
patient essentially rules out epilepsy as a cause of that
spell. Because 30% of complex partial seizures and 70%
of simple partial seizures are not accompanied by EEG
changes, however, events characterized by subtle behavior
without complete loss of consciousness should be inter-
preted with caution. Induction procedures are commonly
employed to provoke seizures in the EEG laboratory. Ele-
vated serum prolactin when measured 10 to 20 minutes
after a suspected event is useful in differentiating complex
partial and TCS from nonepileptic psychogenic seizures.44

Serum prolactin does not differntiate epileptic seizures
from syncope. Normal values do not reliably predict a
nonepileptic event, however.

The patient should be informed of the diagnosis of
psychogenic seizures, and consideration should be made
for AED withdrawal. A psychiatric evaluation should be
obtained and underlying psychological disorders addressed.
Psychotherapy and pharmacologic treatment of psychiatric
disease is indicated in most cases. Typically, a team
approach involving neurologist, psychiatrist, and therapist
is most effective.
NEUROPHARMACOLOGY OF THE ANTIEPILEPTIC
DRUGS

Pharmacologic Principles
Pharmacokinetics refers to drug concentrations and their
variability over time based on absorption, distribution,
and elimination (Table 52-4). Absorption is defined as the
passage of a drug from the site of administration to the
vascular space. Absorption is measured in terms of rate
and bioavailability, which is the amount of drug that



TABLE 52-4

Pharmacokinetic Parameters of Antiepileptic Drugs*

ELIMINATION ROUTE (%)

DRUG
Vd

(L/kg) (mg/mL)
Protein

Binding (%) t1/2 (hr) Renal Liver
Maintenance Dose

(mg/kg/d)
Dosing
interval

Loading Dose
(mg/kg)

Range
(mg/mL)

Carbamazepine 0.8 75 9–15 1 99 10–25 BID–TID — 4–12
Clonazepam 3.0 85 20–60 <5 >90 0.03–0.3 BID — 5–70{

Clorazepate 1.2 97 50–100 <5 >90 0.5–1.0 BID — 0.5–1.9þ

Ethosuximide 0.7 0 30–60 <20 >80 15–40 q D — 40–100
Felbamate 0.8 25 13–22 50 50 15–60 BID–TID — 30–100
Gabapentin 0.7 0 5–7 100 0 1800–3600 mg/d TID — 4–8
Lamotrigine 1.0 55 12–62 10 90 300–500 mg/d BID — 2–4
Levetiracetam 0.5–0.7 <10 6–8 100 0 1000–3000 mg/d BID — 20–60
Oxcarbazepine 0.8 40 9 1 99 1200–2400 mg/d BID — 5–50
Phenobarbital 0.6 45 75–110 25 75 1–4 q D 18–20 10–40
Phenytoin 0.8 90 9–36 5 95 4–7 q D, BID 15–20 10–20
Primidone 0.7 0–20 10–15 40 60 10–20 TID — 5–15
Tiagabine 1.4 96 7–9 2 98 32–56 mg/d BID–QID — 5–70
Topiramate 0.7 15 12–24 65 35 200–800 mg/d BID — 2–25
Valproate 0.2 90 6–18 2 98 10–60 BID–TID — 50–150
Zonisamide 1.5 40 63 35 65 100–600 mg/d q D — 10–40

*Normal values for adults on monotherapy; pediatric dosages may vary.
{ng/mL.
Range, therapeutic range of serum concentration; qD, once daily; BID, twice daily; TID, three times daily; Vd, volume of distribution; t1/2, elimination half-life.
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reaches the systemic circulation. Both vary with route
of administration and drug formulation. Bioavailability is
100% following intravenous administration, the route
against which others are measured. With oral administra-
tion, absorption is influenced by gastric pH, bowel motil-
ity, splanchnic blood flow, and concomitant medications
and food intake. Large variations in absorption occur with
intramuscular administration, making this an undesirable
route if high drug concentrations are required rapidly.

Following absorption, drugs are distributed into other
compartments. The extent of distribution is expressed as
the volume of distribution (Vd), a hypothetical volume of
total body fluid within which a drug is evenly distributed.
Distribution depends on extent of protein binding, solubil-
ity, and blood flow. Most AEDs are partially protein
bound, and only the free, or unbound, fraction penetrates
the blood-brain barrier to produce an effect. The Vd re-
quired to dissolve an amount of drug (D) to achieve a given
concentration (DC ¼ desired minus actual concentration)
can be calculated by using the equation

Vd ¼ D� DC

By solving for D
D ¼ Vd � DC

the dose of drug required to achieve a particular serum

concentration can be determined.

Elimination of AEDs occurs through hepatic metabolism
and renal excretion. The major metabolic pathway in
humans is the hepatocyte endoplasmic reticulum P-450
mixed oxidase system. Phenobarbital, primidone, phenytoin,
carbamazepine, felbamate, topiramate, and oxcarbazepine
(the latter two agents at higher doses only) induce this en-
zyme system, thereby facilitating metabolism of other hepati-
cally metabolized drugs, including oral contraceptives, folic
acid, warfarin, quinidine, and steroids. Conversely, valproic
acid is an enzyme inhibitor which, when combined with other
hepatically metabolized agents, impairs their metabolism,
potentially leading to toxicity. Analgesics, cardiac drugs,
antimicrobials, antiulcer agents, and psychotropics may also
interfere with the metabolism of AEDs and produce toxic
reactions. Carbamazepine, valproic acid, primidone, oxcarba-
zepine, and diazepam are converted to active metabolites
having additional anticonvulsant properties.

Half-life (t{1/2}) is the time required for the serum
concentration of a drug to decrease by 50% following com-
plete absorption and distribution of a single dose. A drug’s
half-life determines the dosing frequency and, as a rule, the
dosing interval should not exceed one half-life. Drugs with
short half-lives should be administered multiple times per
day to prevent large fluctuations in serum concentration
that may produce adverse effects or breakthrough seizures.
Those with longer half-lives may be administered once
daily, which generally improves compliance.

A drug’s half-life may be altered by hepatic enzyme in-
duction or inhibition and impaired renal function. With the
exception of phenytoin, metabolism of anticonvulsant med-
ications follows linear, or first-order, kinetics, in which the
rate of metabolism is directly proportional to serum con-
centration. Phenytoin is metabolized through nonlinear, or
zero-order, kinetics. The enzymes responsible for the elim-
ination of phenytoin become saturated at levels within the
therapeutic range. Once enzyme systems are saturated,
the rate of metabolism fails to increase proportionately
with further dosage increments, and modest increases in
dosage result in marked increases in serum concentration.
To avoid toxicity, the daily dosage of phenytoin should be
increased by no more than 50 mg when serum concentration
exceeds 10 to 12 mg/mL.

Special treatment considerations are necessary when
treating the very young and the elderly due to age-related
pharmacokinetic changes. For example, hepatic metabo-
lism is slower and renal clearance reduced in older adults.
Thereofore, these individuals may respond to smaller doses
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of medication and demonstrate greater sensitivity to ad-
verse effects. Reduced compliance, comorbid illnesses,
and co-medications must also be considered in the geriatric
population with epilepsy. A recent study of nearly 600
elderly adults with newly diagnosed seizures found that
lamotrigine and gabapentin were better tolerated than carba-
mazepine, although seizure control was similar between
groups.45

Principles of Antiepileptic Drug Treatment
The selection of an AED is based on efficacy against specific
seizure types and the adverse effect profile (Table 52-5).46

Phenytoin, carbamazepine, valproic acid, oxcarbazepine,
lamotrigine, and topiramate are appropriate agents for initial
monotherapy in patients with generalized TCS. Ethosuxi-
mide, valproic acid, lamotrigine, and zonisamide are effec-
tive against AS. Valproic acid, lamotrigine, and perhaps
zonisamide are effective against tonic-clonic, absence, and
myoclonic seizures. Myoclonic seizures are responsive to val-
proic acid, lamotrigine, and benzodiazepines. Carbamazepine,
phenytoin, oxcarbazepine, lamotrigine, topiramate, and val-
proic acid are effective in the treatment of new onset partial
seizures. All the newer AEDs may be used as adjunctive
therapy in patients with refractory partial seizures with or
without secondary generalized TCS. Although primidone
and phenobarbital are effective against tonic-clonic and
partial seizures, they are not considered first-line agents
because of their sedative properties. In controlled trials, most
of the newer AEDs have been shown to produce a 30% to
50% reduction in seizures in approximately one third of
patients with partial epilepsy. Lamotrigine is also effective
in the treatment of seizures in patients with Lennox-Gastaut
syndrome and topiramate is FDA-approved as initial treat-
ment of primary generalized TCS. Felbamate has a broad
spectrum of action but its use is limited due to the potential
of hematologic and hepatic toxicity.

A variety of factors including weight, bone health, repro-
ductive status, compliance, affordability, and comorbid
conditions including psychiatric disorders, headache, and
other pain syndromes should be considered when choosing
TABLE 52-5

Efficacy of Antiepileptic Drugs by Seizure Type

DRUG PARTIAL
TONIC-
CLONIC MYOCLONIC

ATONIC/
TONIC ABSENCE

Carbamazepine þ þ 0* 0 0*
Ethosuximide 0 0 0 0 þ
Felbamate þ þ þ þ þ
Gabapentin þ 0 0 0 0
Lamotrigine þ þ þ þ þ
Levetiracetam þ þ þ ? þ
Oxcarbazepine þ þ 0 0 0
Phenobarbital þ þ ? ? 0
Phenytoin þ þ 0* 0* 0
Pregabalin þ þ ? ? ?
Tiagabine þ þ 0* 0 0*
Topiramate þ þ þ þ ?
Valproic acid þ þ þ þ þ
Zonisamide þ þ þ þ þ

þ, demonstrated efficacy; 0, lack of efficacy; *, may worsen; ?, unknown effect.
an AED. Dose-related adverse effects occur in over 50% of
patients and usually resolve spontaneously or with dose
reduction. Gastrointestinal distress, dizziness, sedation,
dysarthria, diplopia, ataxia, and asthenia are most common.
The benzodiazepines, phenobarbital, and primidone are
particularly likely to produce sedation and cognitive
impairment. Skin eruptions represent the most commonly
encountered idiosyncratic reaction associated with AEDs.
Generally appearing within the first 3 months of treatment,
rashes are usually benign, and resolve with dosage reduc-
tion or discontinuation. Severe reactions, including Ste-
vens-Johnson syndrome, exfoliative dermatitis, and toxic
epidermal neurolysis, are rare. Some AEDs can produce
megaloblastic anemia, leukopenia, thrombocytopenia,
aplastic anemia, asymptomatic elevations of hepatic trans-
aminases, and life-threatening hepatotoxicity. Chronic idio-
syncratic reactions include disorders of connective tissue
and nervous system, endocrinopathies, and autoimmune
disease.

Monotherapy is preferred whenever possible, and mono-
therapy is sufficient for most patients. Treatment with a
single agent has several advantages, including fewer ad-
verse effects, less chronic toxicity, less potential for phar-
macokinetic and pharmacodynamic interactions, increased
compliance, lower cost, and less risk for teratogenicity.
Older AEDs have several advantages including long-term
experience, lower cost, and known efficacy. However, the
newer AEDs may be better tolerated than the old and dem-
onstrate equivalent efficacy. Some of the newer agents
have simpler pharmacokinetics, absence of hormone inter-
actions, and require less laboratory monitoirng. Long-term
complications have not been firmly established for the
newer AEDs. Consideration should be made for withdrawal
of AEDs in patients seizure free for 2 to 5 years on ther-
apy.47 A single seizure type, normal neurologic examination
and IQ, and EEG normalization with treatment are pre-
dictive of a greater chance of successful drug withdrawal.
As many as two thirds of seizure-free patients remain so
after AED withdrawal.

The goal of treatment is to produce a seizure-free state
as soon as possible and without significant adverse effects.
If seizures persist, the dosage should be gradually
increased until seizure control is achieved or intolerable
side effects appear. Trough blood levels should be obtained
during steady-state conditions, generally no sooner than
five half-lives after a dosage adjustment. A second agent
is introduced only after an adequate trial of the first drug
has failed. If polytherapy is required, drugs should be cho-
sen with different mechanisms of action and side effect
profiles to maximize anticonvulsant benefit and minimize
toxicity. Interactions among the various AEDs must also
be kept in mind in the selection of drug combinations
(Table 52-6). Patients whose seizures continue despite
adequate trials of two appropriate AEDs should be referred
to an epilepsy center for further evaluation.

Clinical and laboratory monitoring is routinely performed
in patients taking the older AEDs. The utility of routine lab-
oratory monitoring in patients treated with the newer agents
is unclear. Blood levels help to achieve maximal medication
effect and identify patients who are noncompliant. The
older agents have an established therapeutic range within
which most patients experience an improvement in seizure



TABLE 52-6

Expected Antiepileptic Drug Interactions * , {

DRUG
PHENO-
BARBITAL

PRIMI-
DONE

PHENY-
TOIN CARBAMAZEPINE VALPROATE

ETHOSUXI-
MIDE GABAPENTIN

LAMOTRI-
GINE FELBAMATE

TOPIRA-
MATE TIAGABINE OXCARBAZEPINE

LEVETIR-
ACETAM ZONISAMIDE

Phenobarbital V # # # 0 # # NA # # 0 #
Primidone V # # # 0 # 0 NA # # 0 #
Phenytoin 0 0 # # # 0 # # # # # 0 #
Carbamazepine 0 0 # A # # 0 # # # # # # #
Valproate " " V 0{ V 0 " V # " # 0 0
Ethosuximide 0 0 V 0 0 0 0 0 0 0 0 0 0
Gabapentin 0 0 0 0 0 0 0 0 0 0 0 0 0
Lamotrigine 0 0 0 0 # 0 0 NA NA NA 0 0 NA
Felbamate 0 " " #{ " NA 0 NA NA NA NA 0 NA
Topiramate 0 0 V 0 # 0 0 0 NA NA NA 0 NA
Tiagabine 0 0 0 " # 0 0 0 NA 0 NA 0 NA
Oxcarbazepine " " " 0 0 0 0 NA NA NA NA 0 NA
Levetiracetam 0 0 0 0 0 0 0 0 0 0 0 0 0
Zonisamide 0 0 0 0 0 0 0 0 NA NA NA NA 0

*The effect on serum concentrations of concomitant AEDs (top) by the addition of the AEDs in the first column.
{Possible interactions of felbamate, gabapentin, lamotrigine, and topiramate may not yet be available.
{Increases CBZ 10,11-epoxide concentration.
V, variable; NA, not available; A, autoinduction.

1
2
3
7



1238 Etiological Categories of Neurological Diseases / 52
control and few or no adverse reactions. The therapeutic
range should serve as a general guide only. Some patients
become seizure-free with subtherapeutic serum concentra-
tions, whereas others require levels in the “toxic” range to
achieve satisfactory seizure control.

No standard recommendations exist for the timing of
laboratory monitoring. Hematologic parameters should be
assessed periodically during carbamazepine, ethosuximide,
and valproic acid therapy. Hepatic transaminases should be
monitored in patients taking carbamazepine, valproic acid,
phenytoin, primidone, and phenobarbital. Hematologic and
hepatic status must be monitored regularly in patients
treated with felbamate. Laboratory monitoring is particu-
larly important in the setting of hepatic or renal dysfunc-
tion and during pregnancy. Free levels are useful when
protein binding is altered, such as in pregnancy, uremia,
and hypoalbuminemia, and with highly protein-bound drugs
such as phenytoin and valproic acid.

Clinical Use and Adverse Effects of Specific
Antiepileptic Drugs
Phenobarbital, first marketed in the United States in 1912,
is the oldest of the currently available AEDs. It is effective
against partial, tonic-clonic, tonic, and clonic seizures and
is the most commonly prescribed agent for neonatal sei-
zures. Phenobarbital enhances GABA transmission by inter-
acting with the GABAA receptor–chloride channel complex,
and it acts at glutamate receptors to decrease excitatory
synaptic transmission. Long-term use is associated with
chronic connective tissue disorders. Safety, affordability,
and a broad spectrum of action contribute to its continued
use in the United States and worldwide. Common neurologic
side effects include sedation, nystagmus, ataxia, and irritabil-
ity and hyperactivity in children. Phenobarbital is available in
16 mg capsules; 8-, 15-, 16-, 30-, 32-, 60-, 65-, and 100-mg
tablets; elixir (15 mg/5 mL and 20 mg/5 mL); and injectable
formulations.

Primidone has been available in the United States since
1954 for the treatment of partial and generalized seizures.
Primidone is metabolized to phenobarbital and pheny-
lethylmalonamide, both of which possess anticonvulsant
properties. The adverse effects are similar to phenobarbital,
although initiation of primidone is associated with a higher
incidence of gastrointestinalI distress, dizziness, ataxia, and
diplopia. Primidone is available in 50- and 250-mg scored
tablets and elixir (250 mg/5 mL).

Phenytoin became available in 1938 and remains a first-
line agent in the treatment of tonic-clonic and partial
seizures and status epilepticus. Its primary mechanism of act-
ion is inhibition of sustained high-frequency firing through
blockade of voltage-gated Naþ channels. Phenytoin precipi-
tates in muscle and can cause tissue necrosis if administered
intramuscularly. Long-term complications include gingival
hyperplasia, hirsutism, coarsening of facial features, hyper-
pigmentation, acne, pseudolymphoma, cerebellar degenera-
tion, movement disorders including chorea and dystonia,
and disorders of vitamin D metabolism, including osteopenia
and osteoporosis. Phenytoin is available in 30-, 100-, 200-,
and 300-mg extended release capsules; 30- and 100-mg
prompt release capsules; 50-mg chewable tablets; suspension
(125 mg/5 mL); and injectable forms. Fosphenytoin sodium,
a phosphate ester prodrug of phenytoin, has essentially
replaced the injectable formulation of phenytoin. Because
of its higherwater solubility, fosphenytoin can be safely admin-
istered intramuscularly and intravenously at a rate of 150 mg
phenytoin equivalent per minute.

Ethosuximide has been marketed in the United States
since 1960 for the treatment of AS. It is the drug of choice
in AE without TCS, against which it is ineffective. Etho-
suximide blocks T-type Ca2þ channels that trigger and
sustain rhythmic burst discharges in thalamic neurons. Tri-
methadione, which is no longer available in the United
States, is the only other agent with a similar mechanism
of action. Ethosuximide does not induce hepatic micro-
somal enzymes and is not protein-bound. Idiosyncratic
reactions include headache, hiccups, blood dyscrasias,
lupus-like syndromes, behavioral disturbances, and parkin-
sonism. Ethosuximide is available in 250-mg capsules and
syrup (250 mg/5 mL).

Carbamazepine, available in the United States since
1974, has a similar mechanism and spectrum of action as
phenytoin. The carbamazepine-10,11-epoxide metabolite
also possesses anticonvulsant properties. Autoinduction
occurs during the first several weeks of therapy, necessitat-
ing gradual titration. Concomitant use of propoxyphene,
erythromycin, and cimetidine results in significant accumula-
tion of carbamazepine. Despite its association with aplastic
anemia, serious hematologic complications are rare. A mild,
dose-related leukopenia may occur, which does not require
discontinuation of the drug unless the total white blood cell
count falls below 2500/mL or the total granulocyte count is
less than 750/mL. Neurologic side effects include drowsiness,
vertigo, ataxia, and diplopia. Idiosyncratic reactions include
hyponatremia due to inappropriate antidiuretic effect; dis-
turbances of thyroid, adrenal, and sex hormones; cardiac
conduction disturbances; impaired renal function; movement
disorders; and a lupus-like syndrome. Carbamazepine is
available in 200-mg tablets; 100-mg chewable tablets; 100-,
200-, and 400-mg extended-release capsules (Tegretal XR);
200- and 300-mg extended-release capsules (Carbatrol); and
suspension (100 mg/5 mL).

Valproic acid is a branched-chain fatty acid that was
approved for use in the United States in 1978. The enter-
ic-coated preparation, divalproex sodium, became avail-
able in 1983. Multiple mechanisms likely contribute to its
broad spectrum of action, including inhibition of sustained
repetitive firing through blockade of voltage-gated Naþ

channels. Valproic acid is effective against generalized
and partial seizures. including absence, myoclonic, and
tonic-clonic seizures. High protein binding and hepatic
enzyme inhibition contribute to the high incidence of
drug interactions. Adverse reactions include tremor, weight
gain, alopecia, hyperammonemia, carnitine deficiency, and
thrombocytopenia. Fulminant hepatic failure and fatal
pancreatitis have been reported. Valproate is available in
250-mg tablets and syrup (250 mg/5 mL), and divalproex
sodium in 125-, 250-, and 500-mg tablets and 125-mg
sprinkles for mixture with food. A long-acting formulation
(Depakote ER) is available in 250- and 500-mg tablets. An
intravenous formulation (Depakon) is available for use in
patients who are unable to take oral formulations.

For the past 30 years, benzodiazepines have been used in
the treatment of nearly every type of seizure disorder. As a
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class, benzodiazepines bind to their receptor on the
GABAA receptor–chloride ionophore complex, increasing
the frequency of Cl– channel opening and potentiating
GABA transmission. Long-term usage is limited by their
sedative properties and development of tolerance to the an-
ticonvulsant effect. Only clonazepam and clorazepate are
used for the long-term treatment of seizures. Lorazepam
and diazepam have a major role in the treatment of status
epilepticus. Clonazepam is available as 0.5-, 1-, and 2-mg
tablets. Clorazepate is available as 3.75-, 7.5-, and 15-mg
capsules and 3.75-, 7.5-, 11.25-, 15-, and 22.5-mg tablets.

Felbamate was approved in the United States in 1993 for
the treatment of partial seizures in adults and as adjunctive
therapy in patients over 2 years of age with Lennox-
Gastaut syndrome. Just over 1 year later, the FDA recom-
mended limiting its use owing to its association with aplastic
anemia. Currently, the FDA recommends that felbamate
be used only in situations in which the risk of seizures
exceeds the risks of the drug. As of December 1995, there
have been 32 cases of aplastic anemia reported, including
10 fatalities, and numerous cases of hepatitis. The mecha-
nism of action of felbamate is unknown, although it likely
has multiple actions, including blockade of voltage-gated
Naþ channels, potentiation of GABA transmission, and
inhibition of excitatory neurotransmission through interact-
ion with the NMDA receptor. Felbamate is effective
against partial and generalized seizures, including AS.
Common adverse effects include insomnia, weight loss,
nausea, anorexia, dizziness, and lethargy. Although there
is no evidence that laboratory monitoring will prevent seri-
ous complications, the manufacturer currently recommends
monitoring liver function studies, complete blood count,
and reticulocyte count monthly. Felbamate is available in
400-mg capsules, 600-mg tablets, and suspension (600 mg/
5 mL). To avoid drug interactions, concomitant AEDs
should be reduced by 20% to 30% when felbamate therapy
is initiated.

Gabapentin was approved in the United States in 1993
and is currently indicated as adjunctive therapy of partial
and secondary generalized seizures in patients over 3 years
of age. Despite being an amino acid derivative of GABA,
gabapentin does not interact with GABA receptors or
potentiate gabaminergic transmission. Absorption is dose-
dependent, and doses exceeding 1200 mg produce only
modest increases in bioavailability. Lack of protein binding
and hepatic metabolism contribute to the absence of signifi-
cant drug interactions. Gabapentin is eliminated by the
kidneys unchanged, which necessitates dosage adjustments
in renally compromised patients. The most common adverse
effects include somnolence, peripheral edema, and weight
gain. Gabapentin is available in 100-, 300-, and 400-mg
capsules and 800-mg tablets and syrup (250 mg/mL).

Lamotrigine received FDA approval in the United States
in 1994 for the adjunctive treatment of partial seizures in
patients older than 12 years of age. Since then, it has also
been approved in conversion to monotherapy in adults with
partial seizures and as adjunctive treatment of generalized
seizures in patients with Lennox-Gastaut syndrome over
the age of 2 years. Its mechanism of action and spectrum
of activity are similar to those of phenytoin and carbamaz-
epine. Lamotrigine does not induce hepatic microsomal
enzymes and does not significantly affect the metabolism
of other drugs. The half-life of lamotrigine, however, is
significantly prolonged by the concomitant use of valproic
acid and shortened by agents that induce hepatic micro-
somal enzymes, including hormonal contraceptives. The
most common adverse effects are dizziness, headache, dip-
lopia, ataxia, somnolence, and vomiting. Hepatic or hema-
tologic abnormalities have not been reported, and routine
laboratory monitoring is not required. Tics have been ob-
served in children. Lamotrigine is associated with skin rash
in approximately 10% of patients. Severe hypersensitivity
reactions may also occur, particularly in very young
patients receiving valproic acid, and in the setting of rapid
initiation or high initial doses. Lamotrigine is available in
25-, 100-, 150-, and 200-mg tablets and 2-, 5-, and 25-mg
chewable tablets.

Topiramate received FDA approval in December 1996
for monotherapy and adjunctive therapy in adults and chil-
dren with partial seizures with and without secondary
generalized TCS and more recently for initial monotherapy
in adults with primary generalized TCS. Topiramate has
several mechanisms of action, including effects at voltage-
gated Naþ channels, enhancement of GABA activity at
GABAA receptors, and antagonism of glutamate receptors.
The drug does not affect the metabolism of concomitant
AEDs. Adverse effects include language dysfunction,
weight loss, metabolic acidosis, and hypohidrosis. Topira-
mate is not associated with organ toxicity, although renal
stones develop in 1.5% of patients and open-angle glaucoma
is rarely observed. It is available in 25-, 50-, 100-, and
200-mg tablets and 15- and 25-mg sprinkles.

Tiagabine was FDA approved in 1997 and is indicated
as adjunctive treatment of partial seizures in patients over
12 years of age. Tiagabine is a potent inhibitor of GABA
uptake, the primary inhibitory neurotransmitter in the
CNS. By blocking uptake, the drug increases the extra-
cellular concentration of GABA and prolongs its inhibitory
effect. Common adverse effects include dizziness, asthenia,
somnolence, and nervousness. Spike wave stupor is a rare
complication. Tiagabine is available in 4-, 12-, 16-, and
20-mg tablets.

Levetiracetam received FDA approval in 1999 for use as
an adjunctive agent in adults with partial and secondary
generalized seizures. Its mechanism of action is unknown,
however, levetiracetam is effective in a broad range of
animal models of partial and generalized epilepsy. There
are no significant drug interactions, as this agent is excreted
in the urine largely unchanged. Adverse effects include som-
nolence, headache, and behavioral change. Levetiracetam
is available in 250-, 500-, and 750-mg tablets.

Oxcarbazepine received approval for use in the United
States in 2000 as monotherapy or adjunctive treatment
of partial seizures in adults and adjunctive treatment of
partial seizures in children 4 years of age and older. The
10-monohydroxy metabolite (MHD) of the drug is respon-
sible for its anticonvulsant effect. Unlike carbamazepine,
oxcarbazepine does not induce its own metabolism. The
major advantage of this drug over carbamazepine is the
lower incidence of adverse effects. Severe hyponatremia
(sodium < 125 mmol/L) is reported in 2% to 3% of
patients, and rash is occasional observed. Oxcarbazepine
is available in 150-, 300-, and 600-mg tablets and suspension
(300 mg/5 mL).
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Zonisamide was approved in the United States in 2000 as
an adjunctive agent in adults with partial seizures. It may
also be effective against generalized seizures and infantile
spasms. The precise mechanism of action is unknown. How-
ever, zonisamide appears to block sodium and calcium
channels, binds to the GABA/benzodiazepine receptor com-
plex, and weakly inhibits carbonic anhydrase. Zonisamide
is chemically classified as a sulfonamide and is therefore
relatively contraindicated in patients with sulfonamide
hypersensitivity. Common adverse effects include weight
loss, irritability, photosensitivity, rash, and hypohidrosis.
Nephrolithiasis is reported in 2% to 3% of patients. Zonisa-
mide has a long half-life and may be administered once per
day. It is available in 25- 50-, and 100-mg capsules.

Pregabalin was approved in the United States in 2005 as
adjunctive therapy for partial seizures in adults. Pregabalin
binds with high affinity to the a2-d subunit of voltage-
gated calcium channels in animal models. Like gabapentin,
it does not interact with GABA receptors or potentiate gaba-
minergic transmission. Common adverse effects include
dizziness, somnolence, dry mouth, weight gain, edema,
and impaired concentration and attention. It is available in
25-, 50-, 75-, 100-, 150-, 200-, 225-, and 300-mg capsules.
Vagus Nerve Stimulation
Vagus nerve stimulation (VNS) is a treatment for medically
refractory epilepsy in patients over age 12 years who are
deemed not candidates for resective epilepsy surgery.48

The treatment consists of intermittent stimulation of the left
vagus nerve in the neck using a pulse generator implanted
in a subcutaneous pocket below the midportion of the left
clavicle and a bipolar electrode lead that fits around the
vagus nerve in a corkscrew fashion. The device is pro-
grammed using a wand and hand-held computer. A magnet
can be used to activate the generator if a patient or caretaker
feels or observes the onset of a seizure. Treatment with VNS
produces an improvement in partial seizures similar to that
of the newer AEDs in refractory epilepsy patients by
providing a 50% reduction in seizure frequency in one quar-
ter to one third of cases at 12 weeks of follow-up. This
improvement is sustained and recent studies suggest that
over time, a greater number of patients respond favorably.
However, few patients achieve a seizure-free state, although
they do receive some benefit considerably allowing for
reduction of AED therapy. VNS is also effective in some
patients with idiopathic generalized epilepsy and symptom-
atic generalized epilepsy; however, there are no randomized,
controlled studies to date in these populations. Subjective
improvements in alertness, mood, and cognition are also
reported. Side effects occuring during stimulation delivery
include voice alteration, coughing, paresthesias or discom-
fort in the neck or throat, and dyspnea. Isolated cases of vocal
cord dysfunction have been reported.
SURGICAL TREATMENT

General Principles
Candidates for epilepsy surgery are those patients with sei-
zures refractory to appropriate medical management and a
well-defined epileptogenic focus not involving eloquent
cortex. Surgery is contraindicated in patients with gener-
alized epilepsy, benign childhood epilepsy, progressive dis-
eases, and significant noncompliance. Mental retardation,
psychiatric disease, and the coexistence of epileptic and
nonepileptic seizures are not absolute contraindications.
Dominant hemisphere seizure origin, bilateral or multifocal
epileptic discharges on EEG, and neurologic deficits on
examination should not preclude surgical consideration.
Rarely, surgery is considered in patients with seizures
arising from more than one epileptogenic focus.

Although epidemiologic studies have shown that the ma-
jority of people with epilepsy enter long-term remission,
seizures remain refractory to medical therapy in as many
as 40% of cases. In a study of 470 adolescents and adults
who had never received AED therapy, 64% entered remis-
sion for at least 1 year.49 Forty-seven percent of patients
became seizure free on the first AED, 13% on the second
AED, and only 4% on the third AED or on combination
therapy. Response to the first AED was the strongest pre-
dictor of prognosis. Only 11% of patients in whom the first
AED failed due to lack of efficacy became seizure free.
Pharmacoresistence should be identified as soon as possi-
ble because the consequences of refractory seizures are
severe and include physical injury, cognitive impairment,
psychiatric disease, social disability, and even sudden,
unexpected death.Once adequate trials of two appropriate,
first-line AEDs fail to completely control seizures, the like-
lihood of achieving seizure freedom with additional agents
is low.

Surface and Intracranial Electroencephalography
The goal of the presurgical evaluation is to define the
epileptogenic zone, which is the region of cortex capable
of generating seizures. Complete removal of the epilepto-
genic zone is necessary to produce a seizure-free state.50

The clinical history and EEG are used to identify patients
who may be candidates for surgery. The yield of surface
EEG, however, is limited by the attenuating effects of the
skull and intervening tissue, distance of the recording elec-
trodes from the generator of ictal activity, and variable
orientation of generator. Cerebral activity from mesial or
basal cortical areas is particularly apt to escape detection.
Modified electrode placements and semi-invasive tech-
niques such as sphenoidal electrodes increase the yield of
surface recordings. In general, the distribution of interictal
abnormalities extends beyond the epileptogenic zone.
Nevertheless, interictal epileptiform discharges generally
provide more reliable localizing information than ictal
recordings because of the tendency for seizures to spread
rapidly to contiguous regions.

Intracranial EEG may be required when surface EEG
and neuroimaging studies fail to delineate the epileptogenic
zone adequately. Although more sensitive than surface
EEG, intracranial EEG provides a limited view of cerebral
activity, because recordings are obtained only from areas
where electrodes are placed.

The successful use of intracranial EEG requires that non-
invasive studies provide enough information to ensure
appropriate electrode placement. Intracranial monitoring is
performed with depth and subdural electrodes. Depth
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electrodes are multiple-contact wires placed stereotactically
into the brain. Their primary indication is for the identifica-
tion of the epileptogenic zone in patients with TLE and
bitemporal abnormalities on surface EEG or MRI. Elec-
trodes embedded in thin silastic plates arranged in strips or
grids can be placed through burr holes or craniotomy within
the subdural space over cortical areas of interest. This tech-
nique allows for the recording of multiple regions over
one or both hemispheres and mapping of eloquent cortex.
Complications of depth and subdural electrodes include
intraparenchymal hemorrhage, infection, and cerebral edema
in 1% to 2% of patients.

Neuroimaging
Advances in neuroimaging have revolutionized the
approach to patients with partial epilepsy. MRI has replaced
CT as the study of choice, although CT remains superior
in the detection of calcified lesions. SPECT and PET scans
measure functional changes produced by seizures. Patients
with partial epilepsy should undergo an MRI during the
course of their illness to rule out structural lesions. The use
of special imaging sequences and thin cuts increases the
detection of neoplasms, developmental malformations, and
mesial temporal sclerosis. In most cases, mesial temporal
sclerosis is associated with unilateral hippocampal atrophy
on T1-weighted images and increased signal in the mesial
temporal structures on T2-weighted sequences (Fig 52-7).
These findings are highly predictive of seizure remission
and lack of material-specific memory deficits following
mesial temporal resection.

Cerebral glucose metabolism measured with 18FDG PET
is reduced in some patients with partial epilepsy. Temporal
lobe hypometabolism is seen in 60% to 90% of patients
with intractable TLE (Fig 52-8).51 The extent of abnor-
mality is usually larger than the epileptogenic zone, fre-
quently extending into the ipsilateral basal ganglia,
thalamus, and frontoparietal cortices. The yield of PET in
nonlesional extratemporal epilepsy is significantly lower.
The short half-life of the isotope precludes its use for ictal
studies.

SPECT is more readily available than PET because it
utilizes commercially available isotopes and does not
require an on-site cyclotron. Technetium 99m-hexamethylene-
FIGURE 52-7. MRI showing atrophy (T1-weighted image on left) and
increased signal (fluid-attenuated inversion-recovery sequence on right)
in the right hippocampus in a patient with right mesial temporal lobe
epilepsy.
propylene-amine-oxime SPECT reveals hypoperfusion in the
epileptogenic temporal lobe during the interictal state in
over 50% of patients with TLE.52 False lateralization has
been reported in 15% to 20% of cases. The resolution of
SPECT is inferior to that of PET, and quantitative analysis
is not available. The long half-lives of the isotopes make
ictal and immediate postictal SPECT a useful noninvasive
localizing tool. The results of ictal SPECT depend on the
time of injection of the isotope from seizure onset. Under
optimal circumstances, 65% to 90% of studies demonstrate
hyperperfusion ipsilateral to seizure origin (Fig 52-9).52

Delayed injections produce widespread hyperperfusion
and a higher incidence of false lateralization.

Specific Surgeries
Temporal Lobectomy
Anterior temporal lobectomy is the most common surgical
procedure for the treatment of intractable epilepsy in ado-
lescents and adults. The resection typically includes the
anterior 3.0 to 3.5 cm of the inferior and middle temporal
gyri, uncus, part of the amygdala, and the anterior 2.0 to
3.0 cm of the hippocampus and adjacent parahippocampal
gyrus. In patients with mesial temporal sclerosis, selective
amygdalo-hippocampectomy may suffice. Lesionectomy
with preservation of the mesial temporal structures may
be indicated in patients with discrete temporal lobe lesions
without evidence of mesial involvement. Language map-
ping is required when lesions are located near the language
cortex. The use of tailored resections based on intraope-
rative electrocorticography remains controversial. The
benefits of anteromesial temporal resection for disabling
complex partial seizures is greater than continued treat-
ment with AEDs, and the risks appear to be comparable.53

One randomized, controlled trial of surgery for MTLE
found that 58% of patients randomized to surgical evalua-
tion (64% who received surgery) were free of disabling sei-
zures and only 10% to 15% were unimproved at the end
of 1 year, as compared with 8% free of disabling seizures
in the group receiving medical therapy.54 In general, a sei-
zure-free state is achieved at 1 to 2 years in 65% to 80%
of patients, although auras may persist and relapses may
occur after an initial period of seizure freedom.53, 55 A risk
of verbal memory impairment exists in patients with nor-
mal preoperative memory scores undergoing dominant
hemisphere anterior temporal lobectomy. Transient dys-
nomia after dominant anterior temporal lobectomy occurs
in approximately 30% of patients.
Extratemporal Lesion Resection, Hemispherectomy,
Corpus Callosotomy
The procedure of choice for patients with extratemporal
epilepsy due to a structural brain lesion is complete resec-
tion of the lesion and surrounding epileptogenic cortex.
Lesionectomy is the most common type of epilepsy surgery
performed in infants and children. Subtotal removal of a
structural lesion is associated with a lower likelihood of
seizure remission. Patients with nonlesional extratemporal
epilepsy generally require intracranial monitoring to delin-
eate the epileptogenic zone, and cortical mapping if the



FIGURE 52-8. 18FDG PET demonstrating significant hypometabolism involving the left temporal lobe in a patient with left mesial temporal lobe epilepsy.
The darkness scale is divided into 10 equal intervals, each representing a 10% change in hypometabolism. The level of darkness at the top of the scale
represents an increase in metabolism as compared to the normal state, with glucose metabolism decreasing as one progresses down the darkness scheme.
(Photo courtesy of C. Oliver Wong, MD, PhD, FACP.)
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proposed resection is located in or around eloquent cortex.
Surgical outcome in these cases depends on the certainty
with which the epileptogenic zone is defined and the com-
pleteness of the resection. Seizure outcome is less favor-
able following extratemporal neocortical resection. In a
recent, multicenter study, 56% of subjects who underwent
neocortical resection (including some in the temporal neo-
cortex) achieved a 1-year remission at some point during
follow-up.55

Hemispherectomy is indicated in patients with intracta-
ble partial and secondarily generalized seizures in whom
an entire hemisphere is considered epileptogenic with little
or no remaining functional cortex. The procedure is usually
performed in patients with Rasmussen encephalitis, Sturge-
Weber syndrome, hemimegancephaly, or large hemispheric
infarctions. Functional hemispherectomy consists of the
removal of the frontal and temporal lobes and complete
disconnection of the remaining cortex and corpus callosum.
This procedure is an alternative to total hemispherectomy,
which is associated with a high rate of cerebral hemosiderosis
and hydrocephalus. Recent studies report that 60% to 80%
of patients are rendered seizure free.56

Corpus callosotomy should be considered in patients
with frequent secondary generalized tonic-clonic, tonic,
and atonic seizures that lead to falls and injuries. The goal
of the procedure is to disrupt the major central pathways
necessary for the propagation of generalized seizures.
Complete callosal section may result in mutism, apraxia,
or frontal lobe dysfunction. For this reason, the procedure
is often performed in two stages beginning with section-
ing of the anterior two thirds followed by section of the
remainder of the corpus callosum, if necessary. Nearly
two thirds of patients experience a significant reduction
in seizures, although few are rendered seizure free.57
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FIGURE 52-9. Interictal and ictal Tc-99m SPECT in coronal and transverse
planes in a patient with right mesial temporal lobe epilepsy. There is a re-
duction in blood flow in the right temporal lobe interictally and hyperper-
fusion in the same region during a typical partial seizure. (Photo courtesy
of C. Oliver Wong, MD, PhD, FACP.)
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HISTORY AND DEFINITIONS

Headache is a problem that has plagued humans since the
beginning of recorded time. The earliest written reference
to migraine is found in an epic poem written in Sumeria
around 3000 BC

1: “The sick-eyed says not I am sick-eyed.
The sick-headed not I am sick-headed.” From Mesopotamia
comes a description of a headache sufferer with an asso-
ciated visual disturbance, in which “the head is bent with
pain gripping his temples...and his eyes are afflictedwith dim-
ness and cloudiness.” Hippocrates described the visual aura
that can precede the migraine headache and the relief that
can be induced by vomiting.2 Aretaeus of Cappadocia is
credited as the discoverer of migraine because of his classic
description of the symptoms in the second century AD.2

Migraine clearly was well known in the ancient world.
In 1778, Fothergill introduced the term fortification

spectra to describe the visual aura of migraine. A hundred
years later, Airy gave a vivid description of the same phe-
nomenon, which he called teichopsia, quoting Tennyson1:
“...as yonder walls rose slowly to a music slowly breathed,
a cloud that gathered shape.” In 1783, Tisso distinguished
migraine from common headache and ascribed it to a
supraorbital neuralgia “provoked by reflexes from the stom-
ach, gallbladder, or uterus.”3 Over the next century, DuBois,
Reymond, Mollendorf, and later Eulenburg proposed different
vascular theories for migraine.

Liveing wrote the first monograph on migraine, entitled
On Megrim, Sick-headache, and Some Allied Disorders: A
Contribution to the Pathology of Nerve-Storms4 and was
the originator of the neural theory of migraine, ascribing
the problem to “disturbances of the autonomic nervous
system,” which he called “nerve storms.” In 1900, Dey1

suggested that migraine resulted from intermittent swelling
of the hypophysis with compression of the trigeminal
nerve. Later in the 20th century (1950), Harold Wolff
developed the experimental approach to the study of head-
ache1 and elaborated the vascular theory of migraine,
which has come under attack as the pendulum again swings
to the neurogenic theory.1

In 1962, an Ad Hoc Committee established descriptive
definitions of migraine, tension-type headache (TTH), and
other headache disorders. In 1988, the International Head-
ache Society (IHS) published a formal classification
system for the diagnosis of headache disorders.5 This sys-
tem has been updated and improved (ICHD-2).6 The IHS
classification system (Table 53-1) continues to divide head-
ache into primary and secondary disorders. In a primary
headache disorder, headache itself is the illness and no other
etiology is diagnosed. In a secondary headache disorder,
headache is attributed to an identifiable structural or meta-
bolic abnormality.
HEADACHE

Migraine Headache
PATHOGENESIS AND PATHOPHYSIOLOGY. The

migraine aura was previously believed to be caused by cere-
bral vasoconstriction and the headache by reactive vasodila-
tion.7 This explained the headache’s throbbing quality and
its relief by ergots. It is now believed that the migraine
aura is due to neuronal dysfunction, not ischemia; ischemia
rarely, if ever, occurs. Headache often begins while cortical
blood flow (CBF) is reduced8–10; thus, headache is not due to
simple reflex vasodilation.11,12

The migrainous fortification spectrum corresponds to an
event moving across the cortex at 2 to 3 mm/minute.13

Noxious stimulation of the rodent cerebral cortex produced
a spreading decrease in electrical activity that moved at
2 to 3 mm/minute (CSD).14 CSD is characterized by shifts
in cortical steady state potential; transient increases in
potassium, nitric oxide, and glutamate; and transient
increases, followed by sustained decreases, in CBF.8

The aura is associated with an initial hyperemic phase
followed by reduced CBF, which moves across the cortex
and is called spreading oligemia.15 The rates of progression
of spreading oligemia are similar to those of migrainous
scotoma and CSD, suggesting that they are related.12,14,16

Additional studies9,10,17–20 support the hypothesis that
CSD produces the aura.

Blood oxygenation level-dependent (BOLD) functional
MRI reflects the relative concentration of deoxyhemoglo-
bin in venous blood. Visual stimulation was used to trigger



TABLE 53-1

International Headache Society Criteria

Migraine

Migraine without aura
Migraine with aura
Childhood periodic syndromes that are commonly precursors of
migraine

Retinal migraine
Complications of migraine
Chronic migraine
Status migrainosus

Tension-Type Headache

Infrequent episodic tension-type headache
Frequent episodic tension-type headache
Chronic tension-type headache

Cluster Headache and Other Trigeminal Autonomic

Cephalalgias (TAC)

Cluster headache
Paroxysmal hemicrania
Short-lasting unilateral neuralgiform headache attacks with
conjunctival injection and tearing (SUNCT)

Other Primary Headaches

Primary stabbing headache
Primary cough headache
Primary exertional headache
Primary headache associated with sexual activity
Hypnic headache
Primary thunderclap headache
Hemicrania continua
New daily persistent headache

Headache Attributed to Head and/or Neck Trauma

Headache Attributed to Cranial or Cervical Vascular Disorders

Headache Attributed to Nonvascular Intracranial Disorders

Headache Attributed to a Substance or Its Withdrawal

Headache Attributed to Infection

Headache Attributed to Disorder of Homeostasis

Headache or Facial Pain Attributed to Disorder of Cranium,

Neck, Eyes, Ears, Nose, Sinuses, Teeth, Mouth, or Other Facial

or Cranial Structures

Headache Attributed to Psychiatric Disorder

Cranial Neuralgias and Central Causes of Facial Pain
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headache in migraineurs.17 A wave of increased (hyper-
oxygenated blood) and then decreased (possibly reflecting
neuronal metabolic-flow coupling) BOLD signal propa-
gated into the contiguous occipital cortex at 3 to 6 mm/
minute. When visual stimulation was used to test the visual
cortex response, the BOLD signal and the BOLD response
to visual activation diminished following progression of
the visual aura.11

Magnetoencephalography demonstrates changes in
migraineurs, but not control subjects, consistent with
CSD.21,22 Transcranial magnetic stimulation applies mag-
netic fields of increasing intensity to evaluate occipital
cortex excitability. Aurora and associates23 and Young
and associates,24 but not Afra and associates,25 found that
phosphenes were generated in migraineurs at lower thres-
holds than in control subjects, and that it was easier to
visually trigger headaches in those with lower thresholds.
Other evidence of increased CNS excitability comes from
studies of visual and brainstem auditory evoked po-
tentials.26 Migraine with aura may be due to neuronal
hyperexcitability, perhaps due to cortical disinhibition.

Headache probably results from the activation of menin-
geal and blood vessel nociceptors combined with a change
in central pain modulation. Headache and its associated neu-
rovascular changes are subserved by the trigeminal system.
Reflex connections to the cranial parasympathetics form the
trigeminoautonomic reflex. Activation results in vasoactive
intestinal polypeptide release and vasodilation.12

Trigeminal sensory neurons contain substance P (SP),
calcitonin gene-related peptide (CGRP), and neurokinin
A.27 Stimulation results in SP and CGRP release from sen-
sory C-fiber terminals28 and neurogenic inflammation.29

The neuropeptides interact with the blood vessel wall, pro-
ducing dilation, plasma protein extravasation (PPE), and
platelet activation.30 One study suggests that neurogenic
inflammation occurs in humans.31 Neurogenic inflamma-
tion sensitizes nerve fibers (peripheral sensitization) that
now respond to previously innocuous stimuli, such as
blood vessel pulsations,32 causing, in part, the pain of
migraine.33 Central sensitization (CS) can also occur. After
meningeal irritation, c-fos expression (a marker for neuro-
nal activation) occurs in the trigeminal nucleus caudalis34

and in the dorsal horn at the C1 and C2 levels.35,36

Applying an inflammatory soup to the dura sensitizes
second order trigeminovascular neurons (increased spon-
taneous activity and response to mechanical and thermal
skin stimulation).32 Triptans administered early prevented
CS: dural and facial receptive fields did not expand and
spontaneous activity and mechanical and thermal sensiti-
vity did not increase. Late triptan intervention did not
reverse CS but shrunk the expanded dural receptive fields
and normalized intracranial mechanosensitivity. CS may
play a key role in maintaining the headache.37,38

Patients often develop cutaneous allodynia (CA) during
migraine attacks due to trigeminal sensitization.37 Triptans
can prevent, but not reverse, CA.38 CA can be used to pre-
dict triptans’ effectiveness.37 Without allodynia, triptans
completely relieved the headache and blocked the develop-
ment of allodynia. In 90% of attacks with established allo-
dynia, triptans provided little or no headache relief and did
not suppress allodynia. However, late triptan therapy elimi-
nated peripheral sensitization (throbbing pain aggravated
by movement), even when pain relief was incomplete and
allodynia was not suppressed.37 Early intervention may
work by preventing CA and CS.

Brain stem activation occurs in migraine without aura.
Using positron emission tomography, patients with right-
sided migraine headache showed increased regional CBF
(rCBF) in the left brain stem. Sumatriptan relieved the
headache and associated symptoms but did not normalize
brain stem rCBF. This suggests that activation is due to
factors other than, or in addition to, increased activity of
the endogenous antinociceptive system.39 A second report
corroborates these findings.40

A link exists between the migraine aura and headache.
CSD activates trigeminovascular afferents, causing a
long-lasting increase in middle meningeal artery blood flow
and PPE within the dura mater.41 CSD results in upreg-
ulation of inducible nitric oxide synthetase and inflamma-
tory cytokines. This mechanism couples meningeal blood
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flow and neurogenic inflammation to CSD but does not
explain headache ipsilateral to the aura.12,41 What initiates
activation of trigeminovascular afferents in the absence of
a clinical aura? A potential mechanism is CSD in silent
areas of the cerebral cortex or cerebellum. In addition,
trigeminal afferents may be activated by events initiated in
the brain stem. Stress can also activate meningeal plasma
cells via a parasympathetic mechanism, leading to nociceptor
activation.42

There are seven classes of 5-HT receptors: 5-HT1, 5-HT2,
5-HT3, 5-HT4, 5-HT5, 5-HT6, and 5-HT7.

43 In humans, there
are five 5-HT1 receptor subtypes: 5-HT1A, 5-HT1B, 5-HT1D,
5-HT1E, and 5-HT1F.

44 The 5-HT1B receptor is located on
intracranial blood vessels and CNS neurons. The 5-HT1D re-
ceptor is located on CNS neurons and trigeminal nerve end-
ings. 5-HT1F receptors are located on trigeminal nerve
endings.45 Ergots and triptans act at the 5-HT1B, 5-HT1D,
and, in part, at the 5-HT1F receptors. They constrict extra-
cerebral intracranial vessels, inhibit trigeminal neurons,
and block transmission in the trigeminal nucleus. They min-
imally constrict human coronary arteries. They block PPE29

by activating prejunctional trigeminal 5-HT1D and 5-HT1F

heteroreceptors, blocking neuropeptide release. PPE can
also be blocked by nonsteroidal anti-inflammatory drugs
(NSAIDs),46 GABA agonists,47,48 neurosteroids,49 SP an-
tagonists,50 and the endothelin antagonist bosentan.51 Dihy-
droergotamine (DHE) and the centrally penetrant triptans
label nuclei in the brain stem and spinal cord involved in
pain transmission and modulation.52 The caudal trigeminal
nucleus is activated by stimulation of the sagittal sinus,
and this activity is transmitted to the thalamus. Ergots and
triptans suppress this activation.

EPIDEMIOLOGY AND RISK FACTORS. Migraine
occurs in 18% of women, 6% of men, and 4% of children
in the United States.53 This disorder usually begins in the
first three decades of life, with prevalence peaking in the
fifth decade (Fig. 53-1). Most migraineurs have a family
history of migraine. At least 60% of women with migraine
experience clear improvement during later pregnancy, yet
some women experience worsening migraine during the
first trimester. Additionally, many women experience im-
provement of their migraine with natural, but not surgical,
menopause.
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Figure 53-1. Migraine prevalence by age. (From Silberstein SD, Lipton
RB: Epidemiology of migraine. Neuroepidemiology 1993;12:179–194.
Reproduced with permission of S. Karger AG, Basel.)
Lance and Anthony found improvement in 58% of 120
women migraineurs who had borne children.54 Bousser
found that migraine disappeared or was improved in
69.4% of pregnancies, worsened in 6.8%, was unchanged
in 7.9%, was variable in 5.4%, and appeared for the first
time in 10.9%.55 Although disappearance or improvement
did not differ significantly in migraine with or without
aura, worsening was much more common in migraine with
aura. Headache occurs frequently in the postpartum period,
particularly in known migraineurs. Migraineurs do not
have an increased risk of complications during pregnancy,
and the children of migraineurs do not have an increased
incidence of birth defects.56

Migraine is very common among neurologists. The 1-year
and lifetime prevalences of migraine in the 220 neurologists
and neurologist headache specialists who attended a head-
ache review course were as follows: male neurologists,
34.7%, 46.6%; male headache specialists, 59.3%, 71.9%;
female neurologists, 58.1%, 62.8%; and female headache
specialists, 74.1%, 81.5%.57 Contrary to the findings of
clinic-based studies, population-based studies have shown
migraine to be more prevalent in families of lower so-
cioeconomic class. In addition, the economic impact of
migraine and other headaches is enormous; the annual cost
of headaches in terms of absenteeism, decreased produc-
tivity, and the cost of diagnostic tests and treatment
ranges from $5 billion to $17 billion. Despite 10 million
physician visits each year, migraine is still underdiagnosed
and undertreated.53

The term chronic daily headache (CDH) refers to a
group of disorders characterized by very frequent head-
aches (15 or more days a month). When headache duration
is greater than 4 hours, the major primary disorders for
which there are operational diagnostic criteria as defined
by the Second Edition of the International Classification of
Headache Disorders (ICHD-2) are chronic migraine (CM),
hemicrania continua (HC), chronic tension-type headache
(CTTH), and new daily persistent headache (NDPH).6

Patients who have daily headaches that persist for
months often have transformed migraine, with a past his-
tory of episodic migraine typically beginning in their teens
or twenties.58 Most of these patients are women, 90% of
whom have a history of migraine without aura. The head-
aches grow more frequent, and the associated symptoms
of photophobia, phonophobia, and nausea become less
severe and less frequent than during typical migraine.
Patients often develop a pattern of daily, or nearly daily,
headaches that phenomenologically resemble CTTH, with
mild to moderate pain but with photophobia, phonophobia,
or gastrointestinal features. Other features of migraine,
including unilaterality and aggravation by menstruation and
other trigger factors, may persist. Attacks of full-blown
migraine superimposed on a background of less severe head-
aches often occur. In the past, this was called mixed tension-
vascular headache. Many patients with transformed migraine
overuse symptomatic medication. Stopping the overused
medication frequently results in distinct headache improve-
ment. Eighty percent of patients with transformed migraine
have depression. The depression often lifts when the pattern
of medication overuse and daily headache is interrupted.

The ICHD-2 now classifies most of the patients with tran-
formed migarine as chronic migraine. To meet the definition



TABLE 53-2

Diagnostic Criteria for Migraine

Migraine with Aura (Classic Migraine)

Diagnostic Criteria
At least three of the following four characteristics:
1. One or more fully reversible aura symptoms
2. At least one aura symptom over more than 4 minutes or two or

more symptoms occurring in succession
3. No single aura symptom lasts more than 60 minutes
4. Headache follows aura with a free interval of less than 60 minutes

(it may also begin before or simultaneously with the aura)

Migraine Without Aura

Diagnostic Criteria
At least five attacks fulfilling criteria A–D:
A. Headache lasting 4 to 72 hours (untreated or unsuccessfully treated)
B. Headache has at least two of the following characteristics:

1. Unilateral location
2. Pulsating quality
3. Moderate or severe pain intensity
4. Aggravation by or causing avoidance of routine physical activity

(e.g., walking or climbing stairs)
C. During headache at least one of the following:

1. Nausea and/or vomiting
2. Photophobia and phonophobia

D. Not attributed to another disorder
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patients must (A) have current migraine or a history of
migraine; (B) have headaches at least 15 days a month for
3 months; (C) have 8 or more days a month of migraine,
probable migraine, or a headache that the patient believes
is migraine and for which he or she takes a triptan or ergot.
In addition, the headache cannot be attributed to another
disorder, including medication overuse headache.6

The prognosis of migraine, frequent episodic tension-
type headache, and CTTH was favorable in a Danish
cross-sectional follow-up study of 549 persons. Of 64
migraineurs at baseline, 42% had experienced remission,
38% had low migraine frequency, and 20% had more than
14 migraine days per year (poor outcome) at follow-up.
Poor outcome was associated with high migraine frequency
at baseline and age at onset younger than 20 years.59 Mi-
graine is a risk factor (that is, comorbid) for affective dis-
orders. Compared with nonmigraineurs, migraineurs have
a 4.5-fold increased risk of major depression, a six-fold
risk of manic episodes, a three-fold increase in anxiety dis-
order, and a six-fold prevalence in panic disorder. Migrai-
neurs without depression develop depression at follow-up
at three times the rate of nonmigraineurs. Furthermore,
depressed patients without migraine develop migraine at
three times the rate of nondepressed patients60 and reported
that the risk for new episodes of major depression (or panic
disorder) did not vary by the proximity of migraine at-
tacks.61 The prospective data indicates that the cross-
sectional or lifetime association between migraine and
major depression could result from a bidirectional influence.
This bidirectional association, with each disorder increasing
the risk for first onset of the other, was not observed in rela-
tion to other severe headaches.62 These recent epidemiologi-
cal studies support the association between migraine and
major depression previously reported in clinic-based studies.
Migraineurs may have affective spectrum disorders with
associated irritable bowel syndrome, fibromyalgia, and
chronic fatigue syndrome. Epilepsy, stroke, and mitral valve
prolapse are also more common in migraineurs.

It has been proposed that major depression in mi-
graineurs might represent a psychological reaction to re-
peated, disabling migraine attacks. Migraine has an
earlier average age of onset than major depression in the
population and in persons with comorbid disease. Nonethe-
less, the bidirectional influence of each condition on the
risk for the other is incompatible with the simple causal
model.60 Specifically, persons with depression but not mi-
graine have an increased risk for migraine before painful
attacks ever develop.60

A lifetime diagnosis of migraine was not associated with
cognitive deficits in middle-aged subjects. This finding
was based on a large population sample of middle-aged
twins in whom headache diagnoses were established by
neurologists.63

CLINICAL FEATURES AND ASSOCIATEDDISORDERS.

The migraine attack can be divided into four phases: (1) the
prodrome, which occurs hours or days before the headache;
(2) the aura, which immediately precedes the headache;
(3) the headache itself; and (4) the postdrome.64 Although
most migraineurs experience more than one phase, no phase
is obligatory for diagnosis. Migraine with aura may occur
with or without the headache, but migraine without aura
requires the headache for its diagnosis (Table 53-2). The
phenomena of the premonitory phase have been elucidated
using an electronic diary.65 These phenomena occur hours
to days before headache onset in about 60% of migraineurs
(Table 53-3). Features include constitutional, autonomic,
psychological (depression, euphoria, irritability, restless-
ness, mental slowness, hyperactivity, fatigue, and drowsi-
ness), and neurologic (photophobia, phonophobia, and
hyperosmia) features. Some patients report having a poorly
characterized feeling that a migraine attack is coming. The
most common premonitory symptoms were feeling tired/
weary (72%), having difficulty concentrating (51%), and
stiff neck (50%). Poor functioning commonly predicted
headache.66 Migraineurs who reported premonitory symp-
toms accurately predicted their full-blown headaches 72%
of the time. Among patients who were almost certain that
attacks would occur, 93% had attacks.

The migraine aura is a complex of focal neurological
symptoms (positive or negative phenomena) that precedes
or accompanies an attack. Most aura symptoms develop
over 5 to 20 minutes and usually last less than 60 minutes.
The aura can be characterized by visual, sensory, or motor
phenomena and may also involve language or brain stem
disturbances. If the aura is prolonged, it may meet the cri-
teria of what was formerly termed a complicated migraine.
Headache, when present, usually occurs within 60 minutes
of the end of the aura, and most patients do not feel well
during the period from the end of the aura to the beginning
of the headache. Many patients experience a variety of
cognitive or emotional symptoms during this time.67

The most frequently occurring aura is visual in nature.
Elementary visual disturbances, including scotomata,
photopsia, phosphenes (simple flashes), specks, geomet-
rical forms, shimmering, or undulations are the most
common, and may occur singly or number in the hundreds.



TABLE 53-3

Migraine Prodrome Symptoms

Psychological

Depression
Hyperactivity
Euphoria
Talkativeness
Irritability
Drowsiness
Restlessness

Neurological

Photophobia
Difficulty concentrating
Phonophobia
Dysphasia
Hyperosmia
Yawning

Constitutional and Autonomic

Stiff neck
Food cravings
Cold feelings
Anorexia
Sluggishness
Diarrhea or constipation
Thirst
Urination
Fluid retention
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Interestingly, these elementary visual disturbances are more
likely to occur during than before the headache. An occipital
lobe origin is presumed based on their presence in both eyes
and often in a hemifield distribution. More complicated
hallucinations include teichopsia or fortification spectrum,
which is the most characteristic visual aura and nearly diag-
nostic of migraine. An arc of scintillating lights, usually but
not always beginning near the point of fixation, may form
into a herringbone-like pattern that expands to encompass
an increasing portion of a visual hemifield. It migrates across
the visual field with a scintillating edge of often zigzag,
flashing, or occasionally colored phenomena.67,68 Visual
distortions and hallucinations, speculated to represent some
of Lewis Carroll’s descriptions in Alice’s Adventures in
Wonderland, occur more commonly in children. They are
characterized by a complex disorder of visual perception
that may include metamorphopsia, micropsia, macropsia,
zoom vision (opening up or closing down in the size of
objects), or mosaic vision (fracturing of image into facets).68

Paresthesias are the second most common aura. They typ-
ically start in the hand, migrate up the arm, and then extend
to involve the face, lips, and tongue. Paresthesias can
become bilateral and may be followed by numbness and
loss of positional sense.67,68 They typically progress over a
period of more than 5 minutes and are often associated with
a visual aura. More complex symptoms include difficulties
in the perception and use of the body; speech and language
disturbances; states of double or multiple consciousness
associated with déja vu or jamais vu; and elaborate, dreamy,
nightmarish, trancelike, or delirious states. Motor symp-
toms, when they occur, are usually associated with sensory
symptoms, but true weakness is rare and usually unilateral.
By definition, the presence of motor symptoms defines
hemiplegic migraine (Video 4, Pronator Drift).

The typical migraine headache is unilateral, throbbing,
moderate to marked in severity, and aggravated by physical
activity. Not all of these features are required. The pain
may be bilateral at the onset or start on one side and
become generalized.67,69 The onset is usually gradual.
The pain peaks and then subsides, and usually lasts
between 4 and 72 hours in adults and 2 and 48 hours in
children. The frequency of attacks is extremely variable,
from a few in a lifetime to several a week, but the average
migraineur experiences from one to three headaches a
month. The head pain varies greatly in intensity, although
most migraineurs report pain ratings of 5 or greater on a
0 to 10 pain scale. Pain is throbbing in 85% of cases,67,69

although throbbing pain is not diagnostic of migraine
because it is often described in other headache types.

The pain of migraine is invariably accompanied by other
features. Anorexia is common, and nausea occurs in almost
90% of patients, while vomiting occurs in about one third
of patients.70 Many patients experience sensory hyper-
excitability manifested by photophobia, phonophobia, and
osmophobia, and seek a dark, quiet room. Blurred vision,
nasal stuffiness, diarrhea, polyuria, pallor, or sweating
may be noted during the headache phase. There may be
localized edema of the scalp or face, scalp tenderness,
prominence of a vein or artery in the temple, or stiffness
and tenderness of the neck. Impairment of concentration
and mood are common. Lightheadedness, rather than true
vertigo, and a feeling of faintness may occur. The extremi-
ties tend to be cold and moist. Following the headache,
during the postdrome phase, the patient may feel tired,
“washed out,” irritable, and listless, and may have impaired
concentration, scalp tenderness, or mood changes. Some
people feel unusually refreshed or euphoric after an attack,
whereas others note depression and malaise.

A variety of migraine clinical subtypes have been
described. Attacks of migraine lasting longer than 72
hours define status migrainosus. It is often associated with
pernicious nausea, vomiting, dehydration, and despair.67

Basilar-type migraine, previously called “basilar artery
migraine,” was originally believed to be a disorder of ado-
lescent girls, and although there is a clear female predomi-
nance, it is now known to affect all age groups. Severe
headache is preceded by a visual aura, then brain stem
signs of ataxia, vertigo, tinnitus, diplopia, nausea and
vomiting, nystagmus, dysarthria, bilateral paresthesia, and
a change in level of consciousness and cognition (Video
211, Gait Ataxia). Confusional migraine, which occurs
more commonly in boys than in girls, is characterized by
headache accompanied by inattention, distractibility, and
difficulty maintaining speech and other motor activities.
Spells of basilar and confusional migraine can present a
confusing picture and should be considered in patients with
paroxysmal brain stem disturbances.6,67

Hemiplegic migraine occurs in two forms, sporadic and
familial, both of which typically begin in childhood and
cease with adulthood.71,72 The age of onset of hemiplegic
migraine may be earlier than that of common migraine.
The attacks are frequently precipitated by minor head
injury. Accompanying changes in consciousness ranging
from confusion to coma are a feature of hemiplegic
migraine, especially in childhood, and occur in 23% of
patients. The hemiplegia may be part of the aura and last
less than 1 hour, or it may continue through the headache
phase and last for days or weeks. Familial hemiplegic mi-
graine (FHM) has an autosomal dominant mode of inheri-
tance with variable penetrance. FHM is an autosomal
dominant disorder associated with attacks of migraine,
with and without aura, and hemiparesis (Video 11, Hemi-
plegic Gait). The gene has been mapped to chromosome
19p13 in approximately two thirds of cases.73,74 The defect
is due to at least 10 different missense mutations in the



TABLE 53-4

Main Criteria for the Diagnosis of Late-Life Migrainous
Accompaniments

Scintillations (or other visual display), paresthesias, aphasia,
dysarthria, and paralysis

Build-up of scintillations
March of paresthesias
Progression from one accompaniment to another, often with a delay
Two or more similar attacks
Headache in 50% of attacks
Episodes last 15 to 25 minutes
Characteristic mid-life “flurry” of attacks
Generally benign course
Normal angiography
Rule out cerebral thrombosis, embolism and dissection, epilepsy,

thrombocythemia, polycythemia, and thrombotic
thrombocytopenia
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CACNA1A gene, which codes for the a1-subunit of a volt-
age dependent P/Q Ca2þ channel.75 The same gene is associ-
ated with episodic ataxia with cerebellar vermal atrophy.73

P-type neuronal Ca2þ channels mediate 5-HT and excitatory
neurotransmitter release. Dysfunction may impair 5-HT
release and predispose patients to migraine attacks or impair
their self-aborting mechanism.76 A second gene (FHM2) has
been mapped to chromosome 1 q 21-23. The defect is a new
mutation in the a2-subunit of the Na/K pump (ATP1A2).77

This mutation results in reduced activity or decreased affin-
ity for Kþ of Naþ/Kþ pump leading to impaired clearance
of Kþ and glutamate from the extracellular space. A third
gene (FHM3) has been linked to chromosome 2q24. It is
due to a missense mutation in gene SCN1A (Gln1489Lys)
which encodes an a1-subunit of a neuronal voltage-gated
Naþ channel (Nav 1.1). The mechanisms have been recently
reviewed.78

Periodic focal neurological dysfunction, which may be
part of the migraine aura, can occur in isolation with-
out the headache.67,68 These phenomena can be part of mi-
graine, but they are accepted as migraine only after a full
investigation and prolonged follow-up. Occasional head-
aches occurring in association with the same symptoms
as an aura help confirm the migraine diagnosis for the epi-
sodes without headache because patients who have mi-
graine with aura often experience aura without headache.

Late-life migrainous accompaniments are transient neuro-
logical phenomena that frequently are not associated with
headache.79 Attacks of episodic focal neurological dys-
function, which last from 1 minute to 72 hours, can occur
with variable recurrence. Fisher considered scintillating sco-
toma to be diagnostic of migraine, even when it occurred in
isolation, whereas other episodic neurological symptoms
(paresthesias, aphasia, and sensory and motor symptoms)
needed more careful evaluation (Table 53-4; Video 96,
Conduction Aphasia). Transient migrainous accompani-
ments may occur for the first time after the age of 45 and
can easily be confused with transient ischemic attacks of
cerebrovascular origin.

A number of disorders may present with migraine symp-
toms. Cerebral autosomal dominant arteriopathy with sub-
cortical infarcts and leukoencephalopathy (CADASIL) is
an inherited arterial disease of the brain that has been
mapped to chromosome 19.80 The complete CADASIL
syndrome consists of recurrent episodes of focal brain def-
icits (recurrent strokes) that start in midadult life and often
lead to dementia, residual motor disability, and pseudobul-
bar palsy. Even before clinical symptoms or signs have
developed, at-risk individuals may demonstrate an abnor-
mal MRI, with extensive areas of increased T2 signals in
the white matter. Many cases of FHM (all with associated
cerebellar features) map to chromosome 19, close to the
gene locus for CADASIL. The main clinical presentation
of CADASIL consists of recurrent subcortical events,
either transient or (more often) permanent (Video 215,
CADASIL Stroke). The arteriopathy underlying CADASIL
is neither atherosclerotic nor amyloid and involves the
media of small cerebral arteries and to a lesser extent extra-
cerebral arteries, including skin arterioles. Skin biopsy can
be diagnostic. Ultrastructural examination reveals abnor-
mal patches of agranular osmophilic material within the
basal membranes of vascular smooth muscle cells.81
In 1996, Joutel and associates identified Notch3 as the
defective gene in CADASIL.82 Members of the Notch gene
family encode evolutionarily conserved transmembrane
receptors and are involved in cell fate specification during
embryonic development. The Notch3 gene includes 33
exons encoding a protein of 2321 amino acids. Its extracellu-
lar domain contains 34 epidermal growth factor-like repeats
that are involved in ligand-binding, whereas the intracellular
domain carries the intrinsic signal-transducing activity.
CADASIL gene identification has provided the information
needed to set up a direct genotypic diagnostic test.81

The syndrome of mitochondrial encephalopathy with
lactic acidosis and stroke-like spells (MELAS) may present
with otherwise typical migraine or migraine with neuro-
logical deficits. Ornithine transcarbamylase deficiency, a
urea cycle enzyme abnormality, may resemble confusional
migraine in children and young adults, with migraine-like
headaches, cyclic vomiting, confusion, hallucinations, visual
disturbances, and ataxia.

DIFFERENTIAL DIAGNOSIS. Migraine-like headaches,
with or without aura, may occur as a result of a wide variety
of structural abnormalities of the brain, including tumors,
infections, and vascular malformations. Such headaches
may be thought of as secondary migraine. Cerebrovascular
disorders such as infarction, transient ischemic attack,
venous thrombosis, vasculitis, and carotid or vertebral dis-
section should be included in the differentiation of migraine.
Idiopathic intracranial hypertension (IIH), low pressure hea-
dache, and intracranial neoplasms may also mimic migraine,
as may metabolic abnormalities, hypoxia, hypoglycemia, di-
alysis, pheochromocytoma, and various chemicals and medi-
cations. Raeder’s syndrome, with carotid artery abnormalities
along the base of the skull, may also resemble migraine.
Sinusitis or glaucoma may occasionally resemble migraine,
and sometimes epilepsy produces intermittent headaches.
Although rare, the aura of migrainemay lead directly to a par-
tial or complex partial seizure, termed migralepsy.83 Other
primary headache disorders such as TTH, cluster headache,
and hypnic headache should be considered (see Table 53-1).67

EVALUATION. Patients who have normal neurological
examinations and benign recurrent headaches that fit the
IHS criteria of migraine do not require brain imaging.84

Patients who have abnormal neurological examinations,
atypical histories, or a sudden unexplained change in the
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frequency or major characteristics of their headaches
should be imaged. There is no consensus whether all
patients with chronic daily headaches should be imaged
with CT or MRI, even if they fulfill the criteria for typical
migraine. Unless a metabolic abnormality is suspected,
blood tests for diagnostic purposes are rarely indicated.
However, routine blood tests and an electrocardiogram
are often valuable before initiating therapy for migraine.

MANAGEMENT. The U.S. headache consortium guide-
lines helped organize and prioritize treatment options.85,86

Acute Treatment. Treatment choice depends on attack
severity, frequency, associated symptoms, coexistent disor-
ders, prior treatment response, and the medication’s effi-
cacy, potential for overuse, and adverse events (AEs).
Most migraineurs describe headache-provoking (trigger)
factors (Table 53-5), with alcohol, stress, menstruation,
and diet being the most common. Patients should attempt
to avoid these triggers and keep regular exercise, meal,
and sleep patterns.87 In the pharmacologic treatment of mi-
graine, there are two strategies: (1) acute medications
(Table 53-6), which are used to terminate attacks, and (2)
preventive medications (Table 53-7), which are used to pre-
vent future ones. Acute headache treatment medication can
be specific or nonspecific. Nonspecific medications (analge-
sics, antiemetics, anxiolytics, nonsteroidal anti-inflamma-
tory drugs [NSAIDs], steroids, neuroleptics, and opioids)
are used to control the pain and associated symptoms of mi-
graine or other pain disorders, while specific medications
(ergots and selective 5-HT1 agonists [triptans]) control the
migraine attack but are not useful for nonheadache pain dis-
orders. A nonoral route of administration and an antiemetic
should be considered for severe nausea or vomiting.86 Injec-
tions provide rapid relief. Headaches can be stratified by se-
verity and disability (using MIDAS or HIT). Analgesics are
used for mild to moderate headaches.86 Triptans or DHE are
first-line drugs for severe attacks and for less severe attacks
that do not adequately respond to analgesics.86 Patients with
moderate or severe headaches with moderate or severe dis-
ability who were stratified to a triptan did better than patients
who were given aspirin and metoclopramide.88

When there is significant early nausea or vomiting,
patients will need to be treated with antiemetics or with
nonoral drugs for migraine control.89 The sooner treatment
is begun, the more effective it will be. Early intervention
prevents escalation and may increase efficacy.90 Triptans
can prevent the development of CA, and CA predicts
TABLE 53-5

Trigger Factors of Migraine

Psychological

Stress
Tension
Anxiety
Letdown

Neurological and Medical

Bright lights or glare
Odors
Changes in sleep patterns
Hormonal changes (menstruation)
Changes in weather or temperature

Physical

Exercise
Fatigue
Sexual activity
High altitude

Dietary

Missed or delayed meals
Certain foods
Alcohol
triptans’ effectiveness.37 Caffeine, butalbital, isomethep-
tene, and dichloralphenazone are adjunctive medications
included in combination preparations to improve efficacy.87

For patients with mild-to-moderate headaches, analge-
sics, NSAIDs, or a caffeine adjuvant compound can be
useful. The authors use a triptan or DHE as a first-line drug
for severe attacks and as a backup for less severe attacks
that do not adequately respond to simple or combination
analgesics. The subcutaneous injection is useful for
patients who need rapid relief. Oral triptans may be used
for gradual-onset headache, when rapid pain relief is
not required. In given patients, more than one treatment
plan can be used; for example, patients may successfully
use naproxen sodium for mild-to-moderate headaches, but
require a triptan for more severe headaches.87,91

A self-administered rescue medication is needed when
other treatments fail. Rescue medications include potent
opioids, neuroleptics, and corticosteroids. The triptans are
effective but expensive, and about one third of patients have
recurrent headaches with this drug. Patient-administered
triptans and DHE have the best efficacy-to-adverse-effect
ratio of all the acute treatment medications and are the most
cost-effective because their use results in fewer emergency
room visits. Because nausea and vomiting are symptoms that
are commonly associated with migraine headaches, oral
medications may be unsuitable, and alternative formula-
tions, as well as antiemetics, are often needed. Intravenous
(IV) neuroleptics, corticosteroids, and DHE are highly effec-
tive. Patients with medication overuse headache, significant
psychiatric or medical comorbidity, or a severe intractable
headache that has failed to respond to outpatient treatment
may require inpatient treatment with IV medication.87

Before deciding that a drug is ineffective, at least two attacks
should be treated. One must be sure that the dose is adequate
and no other factors interfere with its effect. When the
response is inadequate, the headache recurs, or AEs are both-
ersome, it may be necessary to change the formulation or
route of administration or to add an adjuvant. Changing the
drug should be considered when the response is incomplete
or too slow, the headache recurs, the results are inconsistent
after an adequate trial at an adequate dose, or the side effects
are bothersome. When headaches are very frequent, early
intervention may not be appropriate. Medication-overuse
headache is a serious clinical problem and, in general, treat-
ment with acute headache medication should be limited to
2 to 3 days per week. Medication-overuse headache results
from the too-frequent use of acute headache medications,
often resulting in more frequent headaches that are refractory
to treatment.91

Preventive Treatment. The goals of preventive treat-
ment are to reduce the frequency, duration, or severity of
attacks, improve responsiveness to acute attack treatment,
improve function, and reduce disability. It may also pre-
vent episodic migraine’s progression to chronic migraine
and result in health care cost reductions.67,89 Preventive
drug treatments (see Table 53-7) include antidepressants,
b-blockers, calcium channel blockers, NSAIDs, serotonin
antagonists (methysergide, cyproheptadine), and anticonvul-
sants. Preventive treatment is used when there is (1) recurring
migraine that significantly interferes with the patient’s daily
routine despite acute treatment; (2) failure of, contraindi-
cation to, overuse of, or troublesome side effects from acute



TABLE 53-6

Abortive Pharmacotherapy for Various Headache Types

AGENT STARTING DOSE MAXIMUM DAILY DOSE USE

Ergot Alkaloids

Dihydroergotamine 0.25–1 mg IM/IV 2 mg IV M, C
1 mg SC 3 mg SC/IM
2–3 mg IN 6 mg IN

Ergotamine 1–2 mg PO/SL/PR 6 mg PO/SL/PR M, C

Serotonin Agonists

Sumatriptan 6 mg SC 12 mg SC M, C
25–100 mg PO 300 mg PO

Sumatriptan nasal spray 20 mg IN 40 mg IN M, C
Rizatriptan 5–10 mg PO 30 mg PO M
Naratriptan 2.5 mg PO 5 mg PO M
Zolmitriptan 2.5–5 mg PO 10 mg PO M, C
Zolmitriptan nasal spray 5 mg IN 10 mg IN M, C
Frovatriptan 2.5 mg 7.5 mg M
Almotriptan 6.25–12.5 mg PO 25 mg PO M

Opioid Analgesics

Butorphanol 1 mg IN 8 mg IN M, C
2 mg IM 4 mg IM

Hydromorphone 2–4 mg PO 16 mg PO M
Meperidine 50–150 mg PO/PR/IM/IV 400 mg PO/IM/IV M
Morphine 5–10 mg PO/PR/IM/IV 60 mg PO/IM/IV M

Nonopioid Analgesics

Ketolorac 10 mg PO 40 mg PO M, T
30–60 mg IM 120 mg IM

Naproxen sodium 275–825 mg PO 1650 mg PO M, T

Neuroleptics

Chlorpromazine 25–50 mg IV/IM 400 mg IV/IM M, T
25–100 mg PR 400 mg PR

Prochlorperazine 5–10 mg IV/IM 40 mg IV/IM M, T
25 mg PR 75 mg PR

Thiothixene 5 mg PO 20 mg PO M
5 mg IM 20 mg IM

Corticosteroids

Dexamethasone 4–8 mg PO 32 mg PO M, C
Prednisone 40–100 mg PO 200 mg PO M, C

Miscellaneous Agents

Oxygen 7–10 L/min for 15 min
via face mask

C

C, cluster headache; IM, intramuscular; IN, intranasal; IV, intravenous; M, migraine; PO, per mouth; PR, per rectum; SC, subcutaneous; SL, sublingual; T, tension-type headache.
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medications; (3) special circumstances, such as hemiplegic
migraine or attacks with a risk of permanent neurological
injury; (4) very frequent headaches (more than two per week)
with the risk of developing rebound headache; and (5) patient
preference, that is, the desire to have as few acute attacks as
possible.

If preventive medication is indicated, the agent should be
chosen from one of the major categories, based on docu-
mented efficacy, side effect profiles, ease of use, and co-
existent comorbid conditions. Medications used to treat
migraine can be divided into five major categories: (1) drugs
with documented high efficacy and mild-to-moderate ad-
verse effects (AEs), which include b-blockers, amitriptyline,
divalproex, and topiramate92; (2) drugs with documented
high efficacy but with significant AEs or complex man-
agement limitation, which include methysergide (no longer
sold in the United States) andmonoamine oxidase inhibitors;
(3) drugs with lower documented efficacy and mild to
moderate AEs, which include selective serotonin reuptake
inhibitors, calcium channel antagonists, gabapentin, ribofla-
vin, and NSAIDs; (4) drugs without trial-document data on
efficacy and used because of open-label observations with
mild-to-moderate AEs or major AEs or complex manage-
ment limitation; and (5) drugs with limited or no efficacy,
which include cyproheptadine, lithium, and phenytoin.
Choice should be made based on a drug’s proven efficacy,
the patient’s preferences and headache profile, the drug’s
AEs, and the presence or absence of coexisting or comorbid
disease The drug used should be the one that has the best
risk-to-benefit ratio for the individual patient and takes
advantage of the drug’s AE profile. An underweight patient
would be a candidate for one of the medications that com-
monly produce weight gain, such as a TCA; in contrast,
one would try to avoid these drugs in the overweight patient
and consider using topiramate. Tertiary TCAs that have a
sedating effect would be useful at bedtime for patients with
insomnia. Older patients with cardiac disease or patients
with significant hypotension may not be able to use TCAs



TABLE 53-7

Preventive Pharmacotherapy for Various Headache Types

AGENT
STARTING DAILY
DOSE*

MAXIMUM DAILY
DOSE*

HEADACHE
TYPE USE

b-Blockers

Atenolol 50 mg 200 mg M, T
Metoprolol 50 mg 450 mg M, T
Nadolol 20 mg 240 mg M, T
Propranolol 40 mg 320 mg M, T
Timolol 10 mg 60 mg M, T

Calcium Channel
Blockers

Diltiazem 120 mg 360 mg M, C
Nifedipine 30 mg 180 mg M, C
Verapamil 120 mg 720 mg M, C

Serotonin
Antagonists-Agonists

Cyproheptadine 4 mg 36 mg M

Antidepressants

Amitriptyline 10 mg 150 mg M, T
Doxepin 10 mg 150 mg M, T
Fluoxetine 10 mg 80 mg M, T
Imipramine 10 mg 200 mg M, T
Nortriptyline 10 mg 125 mg M, T

Anticonvulsants

Divalproex 250 mg 3000 mg M, T, C
Topiramate 15–25 mg 1000 mg M, T, C
Gabapentin 300 mg 3600 mg M, T

Miscellaneous Agents

Lithium 300 mg 1800 mg C

*All doses are oral.
C, cluster headache; M, migraine; T, tension-type headache.
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or calcium channel or b-blockers, but could use divalproex
or topiramate. In the athletic patient, b-blockers should be
used with caution. Medication that can impair cognitive
functioning should be avoided when patients are dependent
on their wits.89,93

Medication should be started at a low dose and increased
slowly until headache severity or frequency decreases, the
maximum recommended dose is reached, or adverse
effects develop. Dose titrations may take several months.
When the headaches have been controlled for 6 months,
attempts can be made to taper and discontinue therapy.
Patients should be monitored for acute medication overuse,
which may result in chronic refractory headaches and with-
drawal symptoms when the medication is discontinued.87

Recently, botulinum toxin type A injection has been
reported to be effective in migraine prevention.94

There are no U.S. Food and Drug Administration ap-
proved treatments for CM. Some studies support the use
of topiramate, tizanidine, and gabapentin. Amitriptyline is
perhaps the most commonly used medication but evidence
exists only for CTTH, not for CM. Evidence suggets that
botulinum toxin type A is effective for monotherapy
patients using a modified follow-the-pain strategy but not
a fixed-site strategy.95,96

The pregnant headache patient should be treated con-
servatively, with nonpharmacological treatments the first
choice. If the patient does not respond to this form of
therapy, acetaminophen (alone or with prochlorperazine or
narcotics) can be used, and NSAIDs may be used in the first
two trimesters. Very severe attacks should be treated with
IV fluids, prochlorperazine, or narcotics. Prednisone has
occasionally been used, but aspirin, barbiturate, and benzo-
diazepine use should be limited. Ergotamine and suma-
triptan should be avoided completely. In the breast-feeding
migraineur, ergotamine and lithium should not be used,
because these drugs readily transfer to the baby via breast
milk and can cause significant toxicity. Benzodiazepines,
antidepressants, and neuroleptics may be used cautiously.
Acetaminophen is preferable to aspirin.87

PROGNOSIS AND FUTURE PERSPECTIVES. The prog-
nosis of migraine is generally good. It usually improves, and
it may disappear in the sixth or seventh decade of life. The
natural history of transformed migraine is less certain. With
aggressive treatment, most patients improve, although many
continue to have lower intensity chronic daily headache or
frequent episodic migraine. Future research will involve
the search for the migraine gene and gene-directed therapy
may be a therapeutic option in the next decade. The gene
for CADASIL has been cloned.

Tension-type Headache
PATHOGENESIS AND PATHOPHYSIOLOGY. Although

many patients with TTHs have muscle tenderness, TTH
is not the result of sustained contraction of the pericranial
muscles with subsequent ischemic pain in response to
emotion or stress. Muscle ischemia is not present during
headache. Electromyographic activity is increased in some
muscles, independent of tenderness and pain. Reduced
CNS 5-HT levels may be responsible for abnormal pain
modulation, producing the decreased pain thresholds that
are observed in patients with chronic TTH. A “myofascial-
supraspinal-vascular” model has been proposed for TTH.97

When pain facilitation is present, normal subthreshold
stimuli may produce significant pain even if myofascial
nociceptor hypersensitivity is not present. The cranial mus-
cle ache of a TTH attack may, therefore, be due to increased
neuronal sensitivity and pain facilitation due to chronic or
intermittent dysfunction of the monoaminergic or seroto-
nergic function in the hypothalamus, brain stem, and spinal
cord.98 Chronic TTH may be associated with a perceived
increase in stressful life events. Depression is common in
patients with chronic TTH, and neurotransmitter abnormal-
ities in 5-HT, norepinephrine, dopamine, and enkephalins
have been proposed as the etiology.

EPIDEMIOLOGY AND RISK FACTORS. TTH is the
most common headache type, with a lifetime prevalence
of 69% in men and 88% in women.69 TTHs can begin at
any age, but onset during adolescence or young adulthood
is most common. About 40% of patients evaluated in head-
ache clinics suffer from daily headache, whereas only 3%
of the population has daily headache.58 Headache preva-
lence declines with increasing age, and severity decreases
in the women who continue to report headaches but does
not change in men. Only patients with more severe fre-
quent headaches that are unresponsive to over-the-counter
preparations seek medical attention.

The prognosis of frequent episodic TTH and CTTH
was favorable in a Danish follow-up to a cross-sectional
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headache study of 549 persons. Among 146 subjects with
frequent episodic TTH and 15 with CTTH at baseline,
45% experienced infrequent or no tension-type headache
(remission), 39% had frequent episodic TTH, and 16%
experienced CTTH (poor outcome) at follow-up. Poor out-
come was associated with baseline CTTH, coexisting
migraine, not being married, and sleeping problems.59

CLINICAL FEATURES AND ASSOCIATEDDISORDERS.

Episodic TTHs are now classified as either infrequent
(<1 day/month or 12 days/year) or frequent (>1 but <15
days/month or >12 but <180 days/year). The IHS criteria
for a TTH require that patients experience at least 10 previ-
ous headaches, each lasting 30 minutes to 7 days (median,
12 hours), with at least two of the following characteristics:
a pressing/tightening (nonpulsating) quality, mild to mod-
erate intensity, bilateral location, and no aggravation with
physical activity. In addition, the patient should not have
nausea or vomiting or a combination of photophobia and
phonophobia. Episodic TTH occurs less than 15 days a
month, whereas CTTH occurs 15 or more days a month.58

The pain is a dull, achy, nonpulsatile feeling of tightness,
pressure, or constriction (viselike or hatband-like), and it
is usually mild to moderate, in contrast to the moderate-
to-severe pain of migraine. Pain intensity increases with
headache attack frequency.99 Most patients have bilateral
pain, but the location varies considerably within and be-
tween patients and can involve the frontal, temporal, occip-
ital or parietal regions, alone or in combination, and can
change locations during an attack.100 An occipital location is
less common than a frontal or temporal location. Some
patients have neck or jaw discomfort or have frank problems
with their temporomandibular joint.101,102

The onset of TTH is gradual, often occurring after or
during stress, and is typically worse late in the day. There
is no prodrome. The pain is usually a nagging, tight, or
viselike bilateral pressure that is located in the forehead,
the temples, or the back of the head. It may radiate to the
neck and shoulders. There are no associated autonomic or
gastrointestinal symptoms except for occasional anorexia.
The frequency of episodic TTH ranges from 2 to 12 days
a month, with a median of 6 days a month. The headaches
may be associated with menstruation.58,98

Twenty-five percent of TTH patients also have mi-
graine.103 What we call episodic TTH may be two distinct
disorders. The first disorder may be attacks of mild
migraine. The second may be a pure TTH that is not asso-
ciated with other features of migraine (nausea, photophobia
or sensitivity to movement) or with attacks of severe
migraine.6 The fact that sumatriptan is effective for TTH
that occurs in migraineurs but not for TTH that occurs in
nonmigraineurs supports this concept.104

Patients with episodic TTH are no different from control
subjects in terms of stress, depression, anxiety, emotional
conflicts, sleeping problems, and fatigue. Patients with
CTTH are often depressed.98

DIFFERENTIAL DIAGNOSIS. Migraine is the primary
headache disorder that may be confused with TTH. Both
can be bilateral, nonthrobbing, and associated with anorexia.
Migraine is more severe, often unilateral, and frequently asso-
ciated with nausea. IIH, brain tumor headache, chronic sphe-
noid sinusitis, and cervical, ocular, and temporomandibular
disorders need to be considered.58,98
EVALUATION. Most patients with a long history of
unchanged episodic TTHs do not require extensive evalua-
tion if they have normal neurological examinations and are
otherwise healthy. Patients with chronic TTHs should be
imaged with CT or MRI, even if their general and neuro-
logical examinations are normal. A metabolic screen, com-
plete blood count, electrolytes, and kidney and thyroid
function studies are also appropriate.98

MANAGEMENT. TTH patients usually self-medicate
with over-the-counter analgesics (aspirin, acetaminophen,
NSAIDs), with or without caffeine. If these medications
are not effective, prescription NSAIDs or combination
analgesic preparations can be used. Narcotics and combi-
nation analgesics that contain sedatives or caffeine should
be limited, because overuse may cause dependence. Symp-
tomatic medication overuse can cause episodic TTHs to con-
vert to CTTHs. Patients with both migraine and TTHs benefit
from specific migraine medication such as sumatriptan or
DHE (see Tables 53-6 and 53-7).58,98

Preventive therapy should be administered when a patient
has frequent headaches that produce disability or may lead to
symptomatic medication overuse. Medications used for
TTH prevention include antidepressants, b-blockers, and
anticonvulsants. Antidepressants, the medication of first
choice, should be started at a low dose and increased slowly
every 3 to 7 days. An adequate trial period of at least 1 to
2 months must be allowed. The addition of biofeedback
therapy or b-blocking agents may improve the therapeutic
benefit derived from antidepressants.58,98

PROGNOSIS AND FUTURE PERSPECTIVES. Episodic
TTH is a benign recurrent condition that usually improves
with time. Some patients may, however, progress to CTTH,
especiallywhen analgesic overuse is present. The prognosis of
CTTH is controversial, because many studies include patients
with more severe headaches and coexisting conditions, such
as migraine and psychiatric disorders.

Cluster Headache
PATHOGENESIS AND PATHOPHYSIOLOGY. The

pathogenesis of cluster headaches is increasingly clear.
Trigeminovascular system involvement has been dem-
onstrated by a marked increase in the level of calcito-
nin gene-related peptide in the cranial venous circulation
during attacks.105 Parasympathetic system activation in
cluster headache has been corroborated by the finding
of dramatically elevated levels of vasoactive intestinal
polypeptide during attacks105 with robust ipsilateral auto-
nomic features. This finding provides an anatomical basis
for the expression of first division trigeminal pain and
ipsilateral autonomic symptoms that occur during cluster
attacks. Cluster events are probably related to alterations
in the circadian pacemaker, which may be due to hypotha-
lamic dysfunction. Attacks increase following the begin-
ning and end of daylight savings time, and there is a loss
of circadian rhythm for blood pressure, temperature, and
hormones, including prolactin, melatonin, cortisol, and
b endorphins. Evidence for the role of the hypothalamus
in cluster headache pathogenesis has come from functional
and morphometric neuroimaging. Using positron-emission
tomography imaging, May and colleagues demonstrated
marked activation in the ipsilateral ventral hypothalamic



TABLE 53-8

Cluster Headache Prophylaxis

DRUG DOSAGE ADVERSE EFFECTS

Episodic Cluster
Headache*

Divalproex 500–3000 mg/d Nausea, lethargy, tremor,
bodyweight gain, hair loss;
rarely abnormal liver function,
pancreatitis

Ergotamine Up to 4 mg/d Nausea, paresthesia, intermittent
claudication, ergotism

Lithium 300 mg bid or tid
(0.4–0.8
mmol/L)

Weakness, nausea, thirst, tremor,
lethargy, slurred speech,
blurred vision

Methysergide 2–14 mg/d Muscle cramps, nausea, diarrhea,
abdominal discomfort

Prednisone 40–100 mg/d,
taper over 1 to
2 weeks

Insomnia, restlessness,
personality changes,
hyponatremia, edema,
hyperglycemia, osteoporosis,
myopathy, gastric ulcers, hip
necrosis

Topiramate 50–200 mg/d Weight loss, paresthesia, renal
stones, cognitive dysfunction

Verapamil 120–720 mg/d Constipation, edema, dizziness,
nausea, hypotension, fatigue

Chronic Cluster
Headache{

Divalproex 500–3000 mg/d Same as episodic
Lithium 300 mg bid or tid

(0.4–0.8
mmol/L)

Hypothyroidism and polyuria

Methysergide 2–14 mg/d Fibrotic reactions
Topiramate 50–200 mg/d Weight loss, paresthesia, renal

stones, cognitive dysfunction
Verapamil 120–720 mg/d Same as episodic

*Begin early in the cluster period and continue until the patient has been headache-
free for at least 2 weeks.
{Combinations are often required.
bid, twice daily; tid, three times daily.
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gray matter during nitroglycerin-induced acute cluster
headache attacks.106 Neurogenic inflammation, carotid
body chemoreceptor dysfunction, central parasympathetic
and sympathetic tone imbalance, and increased respon-
siveness to histamine have been proposed as the cause of
cluster pain.107

EPIDEMIOLOGY AND RISK FACTORS. With an inci-
dence of 0.01% to 1.5% in various populations, cluster
headache prevalence is lower than that of migraine or
TTH. Prevalence is higher in men than in women and in
African-American patients compared with white patients.
Recent evidence suggests a progressively decreasing male
preponderance and the male-to-female ratio based on the
year of onset in Manzoni’s study108 decreased from 6.2:1
in the 1960s to 2.1:1 in the 1990s.109 A family history of
cluster headache is rare. The most common form of cluster
headache is episodic cluster. The rarest form is chronic
cluster headache without remissions, with only about 10%
of patients suffering from this variety of cluster. Cluster
headache can begin at any age, but it generally begins in
the late twenties. Cluster headache rarely begins in child-
hood, and only about 10% of patients develop cluster when
they are in their sixties.107,110

CLINICAL FEATURES AND ASSOCIATEDDISORDERS.

Patients with cluster headache have multiple episodes of
short-lived but severe, unilateral, orbital, supraorbital, or
temporal pain. At least one of the following associated
symptoms must occur: conjunctival injection, lacrimation,
nasal congestion, rhinorrhea, facial sweating, miosis, pto-
sis, or eyelid edema. Episodic cluster consists of headache
periods of 1 week to 1 year, with remission periods lasting
at least 14 days, whereas chronic cluster headache has ei-
ther no remission periods or remissions that last less than
14 days.107,110

The pain of a cluster attack rapidly increases (within 15
minutes) to excruciating levels. The attacks often occur at
the same time each day and frequently awaken patients
from sleep. If the condition is left untreated, the attacks
usually last from 30 to 90 minutes, but may last up to
180 minutes. The pain is deep, constant, boring, piercing,
or burning in nature, located in, behind, or around the
eye. It may radiate to the forehead, temples, jaws, nostrils,
ears, neck, or shoulder. During an attack, patients often feel
agitated or restless and feel the need to isolate themselves
and move around. Gastrointestinal symptoms are uncom-
mon. In a small subset of patients, typical migraine aura
may precede attacks of cluster headache.111 The attack
frequency varies from one every other day to eight a day,
occurring in cluster periods that last a week to a year. Re-
missions between cluster periods generally last 6 months to
2 years. Most patients have one or two cluster periods a year
that last 2 to 3 months, with one to two attacks a day.107

Peptic ulcer disease is the only known associated medi-
cal disorder. Secondary cluster-like headache may occur
due to structural lesions near the cavernous sinuses.107,110

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of cluster headache includes chronic paroxysmal hemi-
crania, migraine, trigeminal neuralgia, temporal arteritis,
pheochromocytoma, Raeder’s paratrigeminal syndrome,
Tolosa-Hunt syndrome, sinusitis, and glaucoma.107 Raeder’s
syndrome has characteristics similar to cluster headaches.
It may be associated with severe pain, unilateral and
supraorbital distribution, and an associated partial Horner’s
syndrome. It is distinct from cluster headache in that there
are no distinct attacks and the pain is constant.

EVALUATION. There are no studies that address the
need for testing in cluster-like headache. In most cases, a
careful history is all that is needed to make the diagnosis.
MRI of the head is justified only in atypical cases or cases
with an abnormal neurological examination (except when
the abnormality is Horner’s syndrome).

MANAGEMENT. Patients with cluster headaches should
avoid alcohol and nitroglycerin, yet other dietary and drug
restrictions have little effect. Pharmacological treatment
for cluster headaches is divided into abortive and preven-
tive therapy, and recommendations are mainly based on
uncontrolled trials (Table 53-8).107,110 Oral preparations
are absorbed slowly and are not recommended for the treat-
ment of acute attacks. Effective abortive treatments that
provide rapid onset of action include oxygen, sumatriptan,
DHE, and (perhaps) topical local anesthetics. Inhaled
oxygen, 7 to 10 L/minute for 10 minutes following head-
ache onset, is 70% effective and is often the treatment of
first choice. Parenteral injections of sumatriptan or DHE
mesylate provide significant relief for about 80% of
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patients. An intranasal local anesthetic may provide relief
for some patients.107,110

Most patients with cluster headache require preventive
treatment because each attack is too short in duration and
too severe in intensity to treat with only abortive medication.
In addition, ergotamine, DHE, sumatriptan, and oxygen may
just postpone rather than abort the attack. Preventive therapy
for cluster includes ergotamine, calcium channel blockers,
lithium, corticosteroids, divalproex, topiramate, melatonin,
and capsaicin. Occasionally, indomethacin is effective.
If medical therapy fails completely, surgical intervention
may be beneficial for the psychologically stable patient with
strictly unilateral chronic cluster. The surgery consists of
neuronal ablation procedures directed toward the sensory
input of the trigeminal nerve and autonomic pathways and
is effective in 75% of patients.112 Gamma knife radiosurgery
was reported to be effective in six medically recalcitrant
cluster headache patients, but delayed radiation necrosis
can occur.113 Deep brain (hypothalamic) stimulation has
been reported to be effective in intractable chronic cluster
headache.114 Since cluster headache is a chronic headache
disorder that may last for the patient’s life, the prognosis is
guarded. Drug therapy may help convert some patients from
chronic to episodic cluster.107

Chronic Paroxysmal Hemicrania
Chronic paroxysmal hemicrania resembles cluster headache
in character but distinguishes itself by its dramatic respon-
siveness to indomethacin therapy. The pathophysiology of
chronic paroxysmal hemicrania is unknown. Changes in
intraocular pressure that occur during attacks suggest auto-
nomic dysfunction, and the periodicity of this disorder
suggests a central generator.115 Chronic paroxysmal hemi-
crania is a rare disorder that affects women more than men
(ratio approximately 7:1), in contrast to cluster headache.
It appears to have approximately 2% the prevalence of
cluster headache.115

Like cluster headache patients, chronic paroxysmal
hemicrania patients have severe unilateral headaches
associated with unilateral nasal stuffiness, lacrimation,
conjunctival eye tearing, ptosis, and eyelid edema. Head-
aches average 13 minutes in duration and occur an average
of 11 times a day. Occasionally, there is a continuous dull
ache between attacks. In 10% of patients, attacks may be
triggered by flexing, rotating, or pressing the upper portion
of the neck.115 Typically, there are no remissions. Rarely,
a patient may present with episodic paroxysmal hemicrania
with remissions that last weeks or months. Patients may
evolve from the episodic to the chronic form of the illness.
By definition, chronic and episodic hemicrania are re-
sponsive to indomethacin. No other medical or psychiatric
disorders have been associated with chronic paroxysmal
hemicrania.115

The differential diagnosis of chronic paroxysmal hemi-
crania is similar to that of cluster headache. In addition,
patients with “jabs and jolts syndrome” might occasionally
resemble chronic paroxysmal hemicrania patients. A rare
headache disorder called short unilateral neuralgiform
headache with conjunctival injection and tearing should
be considered, although these headaches are much shorter
in duration (15 to 30 seconds) and occur much more
frequently (many times per hour) than those of chronic
paroxysmal hemicrania.

In the evaluation of chronic paroxysmal hemicrania, a
trial of indomethacin is necessary to establish the diagno-
sis. Brain imaging with MRI or CT should be undertaken
to exclude symptomatic causes of apparent chronic par-
oxysmal hemicrania. The treatment of choice is indometh-
acin (in a dose up to 200 mg/day). Aspirin may also be
beneficial, but the relief afforded is usually not complete.
Chronic paroxysmal hemicrania may last indefinitely,
but the indomethacin requirement may be reduced over
time. Temporary remissions and spontaneous cures have
been described. Selective prostaglandin synthesis inhibi-
tors, indomethacin-like drugs without the gastrointestinal
side effects of the current NSAIDs, are in development
and may be beneficial.

Idiopathic Intracranial Hypertension
PATHOGENESIS AND PATHOPHYSIOLOGY. Idio-

pathic intracranial hypertension (IIH) is a disorder of
increased intracranial pressure (ICP) of unknown cause.
Postulated mechanisms include increased cerebrospinal
fluid (CSF) production, decreased CSF absorption, and
increased venous sinus pressure. Some studies suggest that
interstitial brain edema and a decreased rate of absorption
at the arachnoid villi are the major contributors. The distur-
bances of CSF hydrodynamics in IIH persist for years.116

Increased CSF pressure in IIH may result from a rise in
venous sagittal sinus pressure secondary to extracellular
edema causing venous obstruction or from low conduc-
tance for CSF reabsorption producing a compensatory
increase in CSF pressure. Patients evaluated with cerebral
venography and manometry demonstrated elevated venous
pressure in the superior sagittal and proximal transverse
sinuses. This elevated pressure dropped at the level of the
lateral third of the transverse sinus. Imaging revealed
abnormalities resembling a mural thrombosis. Two patients
with intracranial hypertension due to minocycline did not
have venous hypertension. The authors suggested that most
patients with IIH may have partial venous outflow obstruc-
tions, blurring the distinction between idiopathic and
symptomatic causes.117,118 In another study, the authors
suggested that IIH was due to either venous obstruction
or elevated central venous pressure, despite the absence
of signs or symptoms of heart failure. Farb and asso-
ciates119 determined the prevalence and nature of sinove-
nous structural abnormalities in IIH using auto-triggered
elliptic-centric-ordered three-dimensional gadolinium-
enhanced MR venography (ATECO MRV). Substantial
bilateral sinovenous stenoses were seen in 27 of 29 patients
with IIH and in only 4 of 59 control patients. Using
ATECO MRV, they could identify IIH patients with 93%
sensitivity and specificity. Unresolved by the study of Farb
and colleagues is whether the venous conduit narrowing
may be secondary to IIH. A plausible explanation remains
that the increased CSF pressure, through external compres-
sion, could account for the caliber changes in the venous
sinuses.120

EPIDEMIOLOGY AND RISK FACTORS. IIH with papil-
ledema occurs with a frequency of about 1 case per
100,000 per year in the general population and 19.3 cases
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per 100,000 per year in obese women aged 20 to 44.117 The
patient with IIH is commonly a young, obese woman with
chronic daily headaches, normal laboratory studies, an
empty sella, and a normal neurological examination
(except for papilledema) (Fig. 53-2).117

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

The symptoms of IIH consist of generalized increased in-
tracranial pressure, with headache occurring in most, but
not all, patients. Bifrontotemporal headache is most com-
mon. Unilateral headache with increased CSF pressure
due to IIH may be an exacerbation of migraine or a new lo-
cal phenomenon. Transient visual obscuration (an episode
of visual clouding in one or both eyes usually lasting sec-
onds) occurs with all forms of increased intracranial pres-
sure with papilledema but is not a specific symptom.
Transient visual obscurations can occur in patients without
increased intracranial pressure who have elevated optic
discs from other causes. Those who do not have papille-
dema do not have transient visual obscurations. Pulsatile
tinnitus, diplopia, and visual loss can occur. Some patients
report shoulder and arm pain (perhaps secondary to nerve
root dilation) and retro-orbital pain.117 Friedman and
Jacobson121 have proposed diagnostic criteria:

� Symptoms: only those of generalized intracranial
hypertension or papilledema

� Signs: only those of generalized intracranial hyper-
tension or papilledema

� Documented elevated intracranial pressure
� Normal CSF composition
� MRI/MRV: no hydrocephalus, mass, structural or

vascular lesion except for empty sella
� Not attributable to another cause

IIH without papilledema has been described in some
patients. The headache and demographic characteristics
are identical to those of patients with IIH with papilledema
except for (1) possible association with prior head trauma
or meningitis; (2) extended delay in diagnosis, which
requires lumbar puncture in the absence of papilledema; and
(3) no evidence of the visual loss seen in patients with
Figure 53-2. An empty sella is shown.
IIH with papilledema.117 There are no disorders associated
with IIH other than obesity. The pathophysiology of IIHwith-
out papilledema is presumably similar to that of IIH
with papilledema.

DIFFERENTIAL DIAGNOSIS. IIH may be either truly
idiopathic, with no clear identifiable cause, or symptomatic,
a result of venous sinus occlusion, radical neck dissection,
hypoparathyroidism, vitamin A intoxication, systemic lupus
erythematosus, renal disease, or drug side effects (nalidixic
acid, danocrine, steroid withdrawal).

EVALUATION. The diagnosis of IIH (with or without
papilledema) is based on lumbar puncture following neuro-
imaging (paying attention to empty sella and sinus throm-
bosis). If CSF biochemical and cytological analyses are
unremarkable and intracranial pressure is elevated to greater
than 200 mm H2O (in nonobese subjects), IIH is the likely
diagnosis. Secondary causes should also be considered in
the evaluation. Over 50 diseases, conditions, toxins, or
pharmaceuticals have been associated with IIH. Patients,
particularly obese women, with chronic daily headaches
and symptoms of increased intracranial pressure—for
example, pulsatile tinnitus, a history of head trauma or men-
ingitis, an empty sella on neuroimaging studies, or a head-
ache that is unrelieved by standard therapy—should have
a diagnostic lumbar puncture.117

MANAGEMENT. The treatment of IIH is multidimen-
sional (Table 53-9). Obese patients should be encouraged
to lose weight. If patients are asymptomatic and do not have
visual loss, treatment is not indicated. In these cases, careful
ophthalmological follow-up is necessary. If there is head-
ache with visual loss or papilledema, aggressive treatment
should be instituted.

Headache associated with IIH and papilledema fre-
quently responds to the same treatments used for migraine
and TTH. If rigorous headache therapy is unsuccessful, or
if there is visual loss, then a 4- to 6-week trial of furose-
mide or a potent carbonic anhydrase inhibitor (acetazol-
amide) should be given. Others are using topiramate
because it is also a carbonic anhydrase inhibitor. High-dose
steroids may be effective, but headache commonly recurs
when the drugs are withdrawn. Lumbar puncture typically
relieves headache in patients with IIH and papilledema.
Some intractable headache patients have a dissociation
between the CSF pressure and the headache. In some
patients, lumbar puncture reduces the pressure and relieves
the headache; in others, there is no improvement. Surgical
treatment of IIH has been directed toward preventing
visual loss secondary to papilledema, and headache
TABLE 53-9

Possible Treatments of Idiopathic Intracranial
Hypertension

Eliminate symptomatic causes
Weight loss if obese
Standard headache treatment
Carbonic anhydrase inhibitors, loop diuretics, and topiramate
Short course of high-dose corticosteroids
Serial lumbar punctures
Lumboperitoneal or ventriculoperitoneal shunt
Optic nerve sheath fenestration
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improvement occurs in many patients when optic nerve
sheath fenestration is performed.117

PROGNOSIS AND FUTURE PERSPECTIVES. Most
patients with IIH and papilledema can be managed success-
fully. The prognosis for headache control of IIH without
papilledema is more guarded, although there appears to be
no risk of visual deterioration. The development of drugs
to control CSF production, perhaps acting via 5-HT2C re-
ceptors, may revolutionize the treatment of IIH in the near
future.

Low Pressure Headache
PATHOGENESIS AND PATHOPHYSIOLOGY. The most

common cause of low pressure headache is a lumbar punc-
ture. Head or back trauma, craniotomy, and spinal surgery
can produce CSF hypotension as a result of a dural tear or
traumatic avulsion of a nerve root resulting in a CSF leak.
In addition, craniotomy and trauma can produce intracranial
hypotension not associated with a CSF leak. This may be a
result of decreased CSF formation, decreased CBF, or both.
Low pressure syndromes can occur secondary to CSF rhi-
norrhea, either spontaneous, post-traumatic, or due to a pitu-
itary tumor. Spontaneous dural tears must be ruled out in all
cases of spontaneous intracranial hypotension. Infusion
of hypertonic solution or a systemic medical illness, includ-
ing severe dehydration, hyperpnea, meningoencephalitis,
uremia, and severe systemic infection, can cause CSF hypo-
tension. Postural headache can also occur in patients who
have had CSF shunts, and this can be one of the complica-
tions of treating IIH (see Table 53-9).117 Intracranial hypo-
tension may also respond to caffeine and an epidural blood
patch even without correction of an underlying leak, sug-
gesting that the CSF pressure indicator of some patients
may be set too low. Mokri believes that the disorder is
primarily that of hypovolemia; hypotension is usually, but
not always, present.122

Cases of spontaneous intracranial hypotension have been
reported in which the radionuclide cisternogram showed
rapid uptake in the bladder and kidneys and rapid transport
of isotope with no evidence of a CSF leak. This finding is
abnormal and was believed to be consistent with CSF
hyperabsorption. Many researchers now believe that this
abnormality is solely due to an occult CSF leak. Slowing
of isotope flow, which is evidence for decreased CSF
production, has also been reported. Low CSF volume leads
to brain sagging with compression of the pituitary-
hypothalamic axis and further reduction in CSF production.
Slit-like ventricles and tight basilar cisterns have been
reported on CT scans of patients with spontaneous intra-
cranial hypotension, leading to speculation that this con-
tributed to decreased CSF production. However, small
ventricles (due to a compensatory increase in brain volume)
are most likely a result, rather than a cause, of decreased
CSF production.117

Occult CSF leakage may also be a major cause of IIH,
according to some studies. A history of minor trauma is of-
ten elicited. In one report, approximately half the patients
had a history of minor trauma or an inciting event. Trau-
matic rupture of spinal epidural cysts (formed during
development), perineural cysts, or a nerve sheath tear could
then produce a cryptic CSF leak. CSF can also leak into the
petrous or ethmoidal regions or through the cribriform plate,
and the patient may swallow the fluid and be unaware of
the leak.

EPIDEMIOLOGY AND RISK FACTORS. The incidence
of spontaneous intracranial hypotension or secondary intra-
cranial hypotension is unknown. Post–lumbar puncture
headache is more common in women, who are affected
twice as often as men, and in younger patients. The inci-
dence depends on the type of procedure: surgical lumbar
puncture, 13%; obstetrical, 18%; and diagnostic, 32%.123

Using an atraumatic needle dramatically reduces the risk
of postlumbar puncture headache.124

CLINICAL FEATURES AND ASSOCIATED DISORDERS.

Low pressure headache is the most common complication
of lumbar puncture, occurring in 15% to 30% of patients.
Onset varies from 15 minutes to 4 days following lumbar
puncture, but it can take as long as 12 days. If it is left un-
treated, the headache can last 2 to 14 days (most commonly
4 to 8 days) or even months.117 The headache of intracra-
nial hypotension may be frontal, occipital, or diffuse. It is
accentuated by the erect position and relieved with recum-
bency. The pain is severe, dull, or throbbing in nature and
is usually not relieved with analgesics. It is aggravated by
head-shaking, coughing, straining, sneezing, and jugular
compression. The more severe the headache, the more fre-
quently it is associated with dizziness, nausea, vomiting,
and tinnitus, and the longer the patient is upright, the
longer it takes the headache to subside with recumbency.
Physical examination is usually normal; however, there
may be mild neck stiffness and a slow pulse rate (so-called
vagus pulse).117,123 Spinal fluid pressure usually ranges
from 0 to 65 mm. The CSF composition is usually normal,
but there may be a slight protein elevation and a few red
blood cells in the fluid. Reversible Arnold-Chiari type
malformation has been reported in association with a
low CSF pressure headache.123,125

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of a spontaneous positional headache is limited, but other
disorders, such as a colloid cyst of the third ventricle, need
to be considered.

EVALUATION. The diagnosis of low CSF pressure
headache is easily made in the presence of orthostatic
headache, particularly if there is an obvious etiology, such
as head or back trauma, a recent lumbar puncture or crani-
otomy, or an associated medical illness. If no obvious
cause is apparent or the diagnosis is uncertain, lumbar
puncture (perhaps at the time of cisternography) is indi-
cated, following a neuroimaging procedure (CT or MRI).
The opening pressure usually ranges from 0 to 70 mm
H2O. However, in the Mayo Clinic series of spontaneous
intracranial hypotension, the opening pressure was, at
times, in the normal range, especially if the measurement
was made after a period of recumbency.123 This suggests
that the primary issue is CSF hypovolemia.

Diffuse pachymeningeal enhancement is the most com-
mon head MRI abnormality in CSF leaks and CSF volume
depletion. This enhancement is limited to the pachyme-
ninges without any evidence of leptomeningeal involve-
ment. Descent of the brain (“sagging” or “sinking”) is
also a common finding and is manifested by descent of the
cerebellar tonsils (which may sometimes mimic type 1
Arnold-Chiari malformation),126 decrease in the size of the
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prepontine cistern, inferior displacement of the optic chi-
asm, effacement of perichiasmatic cisterns, and crowding
of the posterior fossa.

Subdural fluid collections are usually but not always
bilateral. Decrease in the size of the ventricles, or “ventric-
ular collapse,” is sometimes obvious, though often subtle,
and is best noted by comparing a head MRI obtained after
recovery with a previous MRI taken during the symptom-
atic phase. Other abnormalities include pituitary enlarge-
ment127; engorged venous sinuses99; and elongation of the
brain stem in the anteroposterior plane.100 Spine MRI
may reveal extra-arachnoid or extradural fluid.101,102 Dural
enhancement128 and engorgement or prominence of the
epidural venous plexus can occur.

If the cause of the low pressure is known, one should
proceed with the appropriate treatment modalities. If the
cause is unknown, treatment with an epidural lumbar blood
patch is indicated before searching for the leak. If, how-
ever, treatment is unsuccessful, one should re-evaluate the
patient with radioisotope cisternography, using nasal pled-
gets if a cribriform plate leak is possible, or ionic mye-
lography to identify CSF leaks, which can be caused by
very small dural tears or nerve avulsions.117 MRI of the
spine may also identify cryptogenic leaks.

MANAGEMENT. The treatment of low CSF pressure
headache begins with noninvasive therapeutic modalities.
If these modalities fail, a brief trial of steroids with a quick
taper is recommended. Intravenous or oral caffeine therapy
may also be highly effective. If the patient continues to be
symptomatic after noninvasive therapies, a blood patch
should be used. If the headache of intracranial hypoten-
sion recurs, a repeat blood patch can be performed129 or
a continuous intrathecal saline infusion attempted. In the
latter procedure, an epidural catheter is placed at the
L2–L3 level and a saline infusion begun at a rate of
20 mL/hour and continued for as long as 72 hours.117,130

A cervical or upper thoracic blood patch has been reported
to be effective when lumbar blood patches fail.131

PROGNOSIS. Most patients with intracranial hypoten-
sion can be cured once a diagnosis is made. Occasionally,
none of the treatments provide relief for a patient with a
refractory CSF leak or a refractory low pressure headache
without apparent cause.117,123 The development of atrau-
matic lumbar puncture needles has resulted in a decreased
incidence of post–lumbar puncture headache.123
Other Headache Syndromes
Headache of Intracranial Neoplasms
Headache occurs at presentation in up to half of patients
with brain tumors and develops in the course of the disease
in 60%. Headache is partly dependent on the location of
the tumor, and it is a rare initial symptom in patients with
pituitary tumors, craniopharyngiomas, or cerebellopontine
angle tumors.117 In a modern series, 111 consecutive
patients with primary (34%) or metastatic (66%) brain
tumor were diagnosed using neuroimaging. In this series,
headache was present in 48% of patients with primary
and metastatic tumor and was similar in quality to TTH
in 77% and migraine in 9% of patients. Unlike primary
TTH, brain tumor headaches were worsened by bending
in 32% of patients, and nausea or vomiting was present
in 40%.132 Increased intracranial pressure was defined by
the presence of papilledema, obstructive hydrocephalus,
communicating hydrocephalus from leptomeningeal metas-
tasis, or a lumbar puncture opening pressure greater than
250 mm of CSF.

Eighty-six percent of patients with increased intracranial
pressure had headache that was typically constant, bilat-
eral, and frontal in location with a pressure-like or aching
character. Only 1% had unilateral headache. The pain
was severe in intensity, associated with nausea and vomit-
ing, and resistant to common analgesics. Ataxia occurred
in 61% (Video 91, Cerebellar Ataxia). In contrast, only
36% of patients with a supratentorial tumor without
increased intracranial pressure had headache. These head-
aches were milder and more likely to be intermittent, yet
they were constant in 20% of patients. Nausea, vomiting,
and ataxia were much less common.132

Patients with a history of prior headache were more likely
to have a brain tumor headache. In many cases, this head-
ache was similar in character to the prior headache, but
it was more severe or frequent, or associated with neuro-
logical signs or symptoms.132 There is a significant overlap
between brain tumor headache and migraine or TTH.
Morning or nocturnal headache associated with vomiting
and increased headache frequency can be seen with both
migraine and brain tumors. Brain tumor headache is more
common in patients with a history of prior headache,
increased intracranial pressure, and large tumors with a
midline shift.117 Headache of recent onset or a headache
that has changed in character requires a thorough evalua-
tion, particularly if the headache is severe or is accompa-
nied by nausea or vomiting. Any neurological sign or
symptom that is accompanied by a headache and cannot be
easily explained by the aura of migraine must be carefully
evaluated as well.

Cough and Exercise Headache
Although coughing and exertion rarely provoke headache,
these maneuvers can aggravate any type of headache.
However, transient, severe head pain on coughing, sneezing,
weight-lifting, bending, straining at stool, or stooping
defines exertional headache.133 Exertional headache mainly
affects middle-aged men, and it runs its course over a few
years. It is uncommon, and only 93 diagnoses were made
at the Mayo Clinic over a 14-year period by Rooke,134

who proposed the term benign exertional headache. In a pop-
ulation-based study,135 benign cough headache and benign
exertional headache each occurred with a prevalence of
about 1%.

The IHS distinguishes between benign cough headache
and benign exertional headache, entities that do not have
identical clinical features, diagnostic evaluations, and treat-
ment responses.6 Benign cough headache is defined as a
bilateral, throbbing headache of sudden onset lasting less
than 1 minute and precipitated by coughing in the absence
of any intracranial disorder. Benign exertional headache
lasts from 5 minutes to 24 hours and is produced by physi-
cal exercise without any associated systemic or intracranial
disorder. In general, benign exertional headache starts at a
much younger age than benign cough headache. Benign
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cough headache has been infrequently reported, and the
mean age of onset is 55, with a range of 19 to 73 years.
Benign cough headache is twice as common in patients
older than 40 years of age and is four times more common
in men than in women.136 The pain begins immedi-
ately136,137 or within seconds after muscular effort, cough-
ing, sneezing, lifting, straining at stool, blowing, crying, or
singing. The pain is severe in intensity with a bursting,
explosive, or splitting or stabbing quality that lasts a few
seconds or minutes. The headache is unilateral 35% of
the time and may be maximal at the vertex or in the occipi-
tal, frontal, or temporal region. Bending the head or lying
down may be impossible.136,137 Benign cough headache
is not generally associated with nausea or vomiting, and
the neurological examination is usually normal. Vomiting,
if present, suggests an organic basis for the headache.136,137

Up to 25% of patients with benign cough headache have
an antecedent respiratory infection.

Benign exertional headache and benign cough headache
can be confused with other mechanically precipitated
disorders, such as effort migraine and coital headaches.
In fact, 40% of patients with coital headache of the vascu-
lar type had benign exertional headache, suggesting a rela-
tionship between these entities. Most patients are free of
pain between attacks of head pain, but in some cases, the
paroxysms are followed by dull, aching pain that may per-
sist for hours. Benign exertional headache lasts longer
than benign cough headache and is bilateral and throb-
bing.136,137 Five of the 21 patients reported by Symonds
had such additional headaches.133 Because these patients
often describe the problem as a continuous headache, they
should be asked directly about the role of exertion as a
trigger factor for their headaches. Autonomic symptoms
are unusual in this disorder.

If a patient presents with cough or exertional headache,
MRI must be performed to rule out posterior fossa
abnormalities, which can cause this headache syndrome.
These abnormalities include brain tumors, such as poste-
rior fossa meningiomas, acoustic neurinomas, and other
tumors; midbrain cysts; basilar impression; and Chiari
malformations.136,137

Of the 219 cases of exertional and cough headache
reviewed by Sands and colleagues,136 48 had an identifiable
organic etiology. Pascual and coworkers137 have suggested
that symptomatic cough headache is more likely to be asso-
ciated with a Chiari malformation and begin at an earlier age
in life than benign cough headache. Symptomatic exer-
tional headaches began later in life and lasted longer than
benign exertional headaches. Most acute cases of exertional
headaches were due to subarachnoid hemorrhage.

The long-term outlook for these patients is favorable.
If the headaches are frequent or severe, prophylactic ther-
apy is required, because the short duration of the headaches
usually renders abortive therapy impractical. Patients with
benign cough headache often respond dramatically to indo-
methacin in doses ranging from 25 to 150 mg daily.138

If there is gastrointestinal intolerance to indomethacin,
concomitant treatment with misoprostol, sulcralfate, pro-
ton-pump inhibitors, or antacids may be helpful. When
indomethacin fails, Raskin138 reports that naproxen, ergo-
novine, and phenelzine are useful, but propranolol is not.
Patients with benign exertional headaches often respond
to ergotamine or propranolol. Symonds133 performed four
lumbar punctures or pneumoencephalograms on 21 pati-
ents with benign cough headache syndrome. One patient,
a 38-year-old woman, developed a typical post–lumbar
puncture headache; her cough headache syndrome remitted
for 3 weeks but then recurred. On the basis of this obser-
vation, some specialists recommend lumbar puncture to
treat this disorder.138,139
Coital Headache and Benign (Idiopathic) Thunderclap
Headache
Headache associated with sexual activity may be precipi-
tated by masturbation or coitus, in the absence of any intra-
cranial disorder. Three types of sexual headaches are
recognized in the IHS classification.6 The first, the dull
type, is described as a dull ache in the head and neck that
intensifies as sexual excitement increases, peaking at
orgasm. Type 2, also known as vascular or explosive coital
headache, is a sudden, severe, explosive headache that
occurs just before or at orgasm and persists for a fewminutes
to 48 hours. Type 3 is a postural headache, resembling that of
low CSF pressure, that develops after coitus.137,139 Follow-
ing the IHS criteria, Rasmussen and Olesen140 have shown
that the lifetime prevalences of these headaches are 1% in
each case (95% confidence interval [CI], 0 to 2%). Another
study found type 2 to be the most common, type 1 next most
common, while type 3 is extremely rare.141

When a patient presents with a new type 2 coital headache
of sudden onset, a CT scan should be performed, and even if
this is negative, a lumbar puncture should be obtained.
Aneurysm without rupture has presented as coital headache.
MRA may be a reasonable alternative. Coital headache is
often associated with benign exertional headache.137,142
Benign Thunderc lap Headache
Thunderclap headache is often but not exclusively caused
by a subarachnoid hemorrhage.143,144 An extensive neuro-
logical evaluation, including CT and lumbar puncture, is
indicated when patients present with their first or worst
headache, particularly one associated with focal neurologi-
cal signs, stiff neck, or changes in cognition. CT can miss
subarachnoid blood in as many as 25% of cases, particu-
larly if it is not performed until days after the headache
onset.143 MRI is unreliable in detecting an acute sub-
arachnoid hemorrhage. Only with a lumbar puncture can
one unerringly diagnose subarachnoid hemorrhage. Based
on reports of unruptured aneurysms presenting as thun-
derclap headaches,145 Day and Raskin144 have stated that
all patients presenting with severe, sudden-onset headache
should be evaluated for an aneurysm, even if CT, MRI,
and lumbar puncture do not show evidence of subarachnoid
hemorrhage. As imaging technology improves, clinicians
are less likely to accept the risks of invasive procedures.

Raps and associates146 looked at the clinical spectrum of
unruptured intracranial aneurysms. Acute, severe thunder-
clap headache, comparable to subarachnoid hemorrhage
but without nuchal rigidity, was seen in 7 of 111 patients
(6.3%) with unruptured aneurysms, most of which were
located in the anterior circle of Willis. Because the true
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frequency of unruptured aneurysm among patients with
thunderclap headache is unknown, all patients in whom
unruptured aneurysm is a possibility should undergo at
least an MRA. The routine use of cerebral angiography is
proscribed by the risk of permanent (0.1%) and transient
(1.2%) deficits in this low-yield population.146

Benign (idiopathic) thunderclap headache is a sudden-
onset headache (maximum intensity in less than 30 sec-
onds). It usually lasts up to several hours with a less severe
headache that lasts weeks. A significant minority may have
recurrence. Attacks may be precipitated by exercise or sex-
ual intercourse. They may be accompanied by nausea and
vomiting, a variant of which has been called “crash mi-
graine.” Some feel that this term should be abandoned until
the pathogenesis of idiopathic thunderclap headache is elu-
cidated, and in order to avoid diagnostic complacency.
Thunderclap headache may be accompanied by diffuse
focal vasospasm in very large arteries at the circle of Willis
and second and third order segments. If focal symptoms or
stroke accompany the vasospasm, Call-Fleming syndrome
is present. The differential diagnosis of thunderclap head-
ache is listed in Table 53-10.147 Diagnostic evaluation
includes early CT, lumbar puncture, MRI with MRA or
CTA, and venography.

Ophthalmoplegic Migraine
Ophthalmoplegic migraine6 is now classified as a cranial
neuralgia. It is associated with acute attacks of cranial
nerve III palsy associated with a dilated pupil and migrai-
nous unilateral eye pain. Cranial nerves IV and VI may
rarely be involved. The duration of ophthalmoplegia varies
from hours to months. The differential diagnosis includes in-
tracranial aneurysms and chronic sinusitis with a mucocele.
Some cases of ophthalmoplegic migraine fit the criteria
for the Tolosa-Hunt syndrome of painful ophthalmoplegia
(Video 227, Orbital Pseudotumor)148: (1) steady, gnawing,
boring eye pain; (2) involvement of nerves of the cavernous
sinus; (3) symptoms lasting days or weeks; (4) spontaneous
remission, with recurrent attacks occurring after months or
years; (5) CT or MRI limiting the disorder to the cavernous
sinus; and (6) steroid responsiveness. Using contrast-
enhanced MRI, Mark and associates149 reported six patients
with typical clinical features of ophthalmoplegic migraine
who had enhancement of the cisternal segment of the oculo-
motor nerve during the acute phase of headache. This was
followed by resolution of the enhancement over several
weeks as the symptoms resolved. Enhancement can occur
in a variety of conditions.150–153 A lumbar puncture is
TABLE 53-10

Differential Diagnosis of Thunderclap Headache

Acute hypertensive crisis
Carotid artery dissection
Cerebral venous sinus thrombosis
Idiopathic thunderclap headache
Pituitary apoplexy
Spontaneous intracranial hypotension
Spontaneous retroclival hematoma
Subarachnoid hemorrhage
Unruptured intracranial aneurysm
needed to rule out infectious and neoplastic causes. This dis-
order may be due to a viral infection of the oculomotor nerve
similar to Bell’s palsy (a viral neuritis with nerve enhance-
ment).154 Contrast-enhanced MRI and MRA are the pro-
cedures of choice in evaluating patients with oculomotor
palsy. If MR shows enhancement of the cisternal portion
of the oculomotor nerve and lumbar puncture is negative, a
presumptive diagnosis of ophthalmoplegic migraine can
be made, but follow-up is necessary to be sure the symptoms
resolve.149

Trochleitis and Primary Trochlear Headache
Throchleitis is an unusual headache characterized by local
pain in the inner canthus of the orbit, increased with eye
movements that depend on the trochlear muscle and often
associated with an enlarged, tender trochlea on palpation
and CT scan. Migraine symptoms may be present. Primary
trochlear headache155 has similar unilateral ocular pain that
sometimes extends well beyond the trochlear area, but no
motility restrictions or abnormal radiologic findings. Head-
ache and eye pain may be chronic. Steroids injected into
the region of the trochlea relieve the eye pain and improve
the headache for both conditions 90% of the time.

Sinus Headache
Sinus infections are much less common today than they
were in the preantibiotic era. The diagnosis of sinusitis is
usually based on symptoms indicating maxillary or frontal
sinus involvement. This may occur secondary to, and is
frequently a result of, ethmoid disease. The ultimate cause
is usually obstruction of the sinus ostia. Acute sinusitis
lasts from 1 day to 3 weeks. Subacute sinusitis lasts from
3 weeks to 3 months, whereas chronic sinusitis lasts for
more than 3 months. The IHS criteria for acute sinus head-
ache include a purulent discharge, abnormal neuroimaging,
and the simultaneous onset of headache and sinusitis. These
criteria may not be valid for sphenoid sinusitis, because
purulent discharge is often lacking and headache may
precede sinus drainage. Once drainage begins, obstruction
is relieved and the headache may begin to abate.

Maxillary sinusitis pain is typically located in the cheek,
the gums, and the teeth of the upper jaw; ethmoid sinusitis
pain is located between the eyes; and frontal sinusitis pain
is located in the forehead. Ethmoid and maxillary sinusitis
are usually associated with rhinitis. Sphenoid sinusitis is an
uncommon infection that accounts for approximately 3%
of all cases of acute sinusitis. It is usually accompanied
by pansinusitis; less commonly, it occurs alone. Although
sphenoid sinusitis is an uncommon cause of headache, it
is potentially associated with significant rates of morbidity
and mortality and requires early identification and ag-
gressive management. The physical examination may not
be helpful, because not all patients are febrile and sinus
tenderness is not always present.

Standard radiography is inadequate for the evaluation of
sinusitis, because it does not evaluate the anterior ethmoid
air cells, the upper two thirds of the nasal cavity, or the
infundibular, middle meatus, and frontal recess air pas-
sages. Neuroimaging (CT orMRI) is necessary to definitively
diagnose sphenoid sinusitis, because plain x-ray studies are
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nondiagnostic in about 26% of cases. Diagnostic endoscopy
with the flexible fiberoptic rhinoscopy allows direct
visualization of the nasal passages and sinus drainage areas
(ostiomeatal complex), and is complementary to CT orMRI.

Management goals for the treatment of sinusitis include
(1) treatment of bacterial infection, (2) reduction of ostial
swelling, (3) sinus drainage, and (4) maintenance of sinus
ostia patency. Uncomplicated sinusitis, other than sphenoid
sinusitis, should be treated with a broad spectrum oral antibi-
otic for 10 to 14 days. Treatment failure and recurrent infec-
tions are indications for neuroimaging and endoscopy to
search for a source of obstruction. Treatment of complica-
tions consists of high doses of intravenous antibiotics and
surgical drainage, if appropriate, of any enclosed space.156
NECK AND FACIAL PAIN

Trigeminal Neuralgia
Trigeminal neuralgia (TN) probably results from the focal
demyelination of the trigeminal nerve or ganglia.157,158

Symptomatic causes include intrinsic and extrinsic tumors
near the gasserian ganglia and multiple sclerosis (MS)
plaques located around the root entry zone of the trigemi-
nal nerve. In the past, dental disease or dental procedures
were thought to occasionally cause TN. However, the de-
lineation of the syndrome of pretrigeminal neuralgia,
which mimics dental illness, casts doubt on whether dental
procedures can ever cause TN.103 Most cases of so-called
idiopathic TN may be due to pulsations of an aberrant vas-
cular loop on the trigeminal nerve.157 These pulsations
induce a series of neural events that result in changes
in wide dynamic range neurons in the trigeminal nucleus
caudalis.

The annual prevalence of TN is approximately 6 per
100,000 persons. Women are affected more than men. TN
usually affects the elderly, with onset in the sixth or sev-
enth decade in over 50% of patients. MS is the disease
most clearly linked with TN, and 2% to 8% of patients with
TN also have MS.158 The second and third divisions of the
trigeminal nerve are most frequently affected by the brief,
repetitive, lightning-like pains of TN. In over 90% of cases,
there is a trigger zone that, when stimulated, induces a train
of painful sensations. Eating, talking, a light touch, or even
a draft of air may induce an attack. During a severe attack,
the face may contort; in some patients, it remains in that
position until the pain eases—hence, the term tic doulo-
ureux. After a paroxysm, there is a relatively refractory
phase during which is it difficult to trigger an attack (Video
106, Trigeminal Neuralgia).158

There are no known associated disorders except for the
known or suspected causes of secondary TN. Psychological
problems may occur secondary to chronic pain. Secondary
causes of idiopathic TN other than MS include syringomye-
lia, postmedullary infarction, aneurysm, basilar impression,
and tumors, which include acoustic neuromas, epidermoids,
meningiomas, schwannomas, and cholesteatomas. In the
evaluation of suspected TN, anMRI of the brain is indicated,
even if there is no loss of sensation or other abnormality on
neurological examination. The value of a dental evaluation
is uncertain.
Medical therapy should be tried first. Carbamazepine,
gabapentin, baclofen, and IV phenytoin are the most effec-
tive treatments. Oral phenytoin, valproic acid, clonazepam,
topiramate, lamotrigine, and pimozide are alternatives.
Distal nerve blocks or ablative procedures generally are
not recommended owing to a high incidence of early recur-
rence. More proximal procedures include retrogasserian
glycerol injections and radiofrequency gangliolysis, which
have acceptable recurrence rates and minor complications.
Focal radiation (radiosurgery) has better long-term
results.159 The Jannetta procedure involves intracranial
exploration of the trigeminal nerve root and removal of
aberrant blood vessels. It is the most successful surgical
procedure, but it also has the most complications.158 Most
patients with TN can be successfully treated with medical
therapy; many will require lifelong medication, and some
will require surgical intervention.

Cervicogenic Headache and Occipital Neuralgia
Cervicogenic headache is a controversial entity whose
existence has been questioned. Pain from cervical struc-
tures is referred to the head through the C1–C4 cervical
roots. Accepted causes of head pain from the neck include
developmental abnormalities, tumors, ankylosing spondyli-
tis, rheumatoid arthritis, and osteomyelitis. Controversial
causes include cervical disc herniations, degenerative disc
disease, and whiplash injuries.160 Occipital neuralgia is
thought by some to occur as a result of an injury to the
occipital nerve, which may be vulnerable to compression
as it passes through the semispinalis capitis muscle.
Referred pain of cervical origin has often been referred to
as occipital neuralgia, modifying the definition of this dis-
order. The prevalence of cervicogenic headache and occip-
ital neuralgia is unknown. Risk factors include whiplash
injury.

Some patients who are said to have cervicogenic head-
ache have a pattern of unilateral pain that originates in
the neck and spreads to the oculofrontal area. The head-
ache is of moderate severity. The upper cervical region is
often tender and palpation often results in radiation of pain
to the head. Relief may occur after anesthetizing the occip-
ital nerve or C2 cervical root. Some authors believe that
nausea, vomiting, photophobia or phonophobia, and eye
changes may accompany this headache, thus confusing its
diagnosis with migraine. The situation is further compli-
cated by the ability of occipital nerve blocks to relieve
migraine headaches.160 Successful facet blocks may be a
more accurate way of diagnosing at least one cause of
cervicogenic headache and may predict the success of
rhizotomy at the appropriate level.161 Occipital neuralgia
is an even more controversial entity. The pain, which
is in the distribution of the occipital nerve, is aching or
burning in quality.

Even if a structural abnormality of the neck is identified,
migraine and TTH should be considered in the differential
diagnosis of cervicogenic headache. Abnormal cervical
x-ray studies and MRIs are common and cannot be used
by themselves to establish the diagnosis. A positive
response to neuroblockade should not be considered diag-
nostic as it successfully treats both migraine and cluster
headache. Physical therapy, muscle relaxants, low doses
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of tricyclic antidepressants, and nerve blocks or trigger point
injections are appropriate for most cases of so-called cervi-
cogenic headache. Correction of anatomical abnormalities
has been advocated, although surgery is often useless or
harmful. Occipital neurectomy is usually unsuccessful and
may cause anesthesia dolorosa. Most patients respond
slowly to conservative management. There are no valid out-
come studies. The results of ablative procedures are uncer-
tain; with longer term follow-up, the initial benefit was lost.

Glossopharyngeal Neuralgia
The pathophysiology of glossopharyngeal neuralgia (GN)
is similar to that of TN because the pain characteristics
are so remarkably similar. Most cases are idiopathic,
although vascular compression has been described.162

Secondary GN may be due to oropharyngeal malignancies,
peritonsillar infection, an osteophytic stylohyoid ligament,
and carotid aneurysm. The incidence of GN is reported
to be between 1/70 and 1/100 the incidence of TN.163

The pain of GN is similar to that of TN, although a few
patients experience a dull pain that persists for minutes
or hours. The pain is located in the ear, tonsil, larynx,
tongue, or combinations of these areas. Triggers include
swallowing, chewing, or talking. Coughing may accom-
pany the pain. Anesthetizing the throat may temporarily
relieve the pain. Unlike TN, MS has not been associated
with GN. The differential diagnosis of GN includes TN,
geniculate neuralgia, and neck/tongue syndrome. MRI of
the brain, x-ray studies to visualize the stylohyoid ligament
and styloid process, and careful examination of the phar-
ynx are indicated when evaluating the patient with a diag-
nosis of GN. Medical management is identical to the
treatment of GN. Surgical options include ablation of the
glossopharyngeal nerve and microvascular decompression.

Carotidynia
The existence of carotidynia as a single pathological entity
has been appropriately questioned.164,165 Acute mono-
phasic carotidynia may have a viral etiology. Carotidynia
often means nonspecific neck pain with carotid artery ten-
derness. Many cases of recurring carotidynia, however, are
due to migraine. At present, the epidemiology and risk fac-
tors are not known. The clinical features of carotidynia
generally include neck pain and carotid artery tenderness,
particularly near the bifurcation. Occasionally, there is face
pain rather than neck pain. A number of temporal patterns
have been reported, with pain lasting seconds, minutes,
hours, days, weeks, or months. Some cases of carotidynia
may be associated with migraine. Symptomatic causes of
carotidynia include carotid dissection, stenosis or occlusion
with or without intraplaque hemorrhage, aneurysm, fibro-
muscular dysplasia, giant cell arteritis, and post–carotid
endarterectomy. If the temporal profile suggests a mono-
phasic illness rather than a recurrent condition, anatomical
investigation, including ultrasound, MRI, MRA, or angiog-
raphy, may be necessary. Indomethacin is often effective in
treating the pain of carotidynia and migraine treatment may
also be effective.164,165 Because carotidynia does not repre-
sent a single illness, the prognosis depends on the cause.
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HISTORY

Sleep disorders are common age-old problems that can
lead to distress and discomfort, impaired daytime function-
ing, and serious complications. In ancient Greece, Demo-
critus believed that physical illness was the cause of
daytime sleepiness and that poor nutrition was the main
cause of insomnia. Effects of sleep on epilepsy and asthma
were recognized in the Middle Ages, and Thomas Willis, a
British physician of the 17th century, described nightmares
and restless legs. For most of recorded history, however,
sleep problems were considered a result of medical or psy-
chiatric illnesses rather than primary disorders. Sleep was
viewed as a passive process, akin to death, and the idea
that disordered sleep physiology could lead to specific
syndromes was unknown.

With the discovery of rapid-eye-movement (REM) sleep
in 1953, the concept of sleep as a passive shutting down of
cortical activity began to change to a view of sleep as an
active process initiated by specific events of the nervous
system and with two distinct states: REM and non-REM
(NREM). The discovery of the association of narcolepsy
with sleep-onset REM periods, as opposed to the usual
onset of sleep in the NREM state, led to the idea that nar-
colepsy was a primary disorder of the sleep process and
to the corollary that clinical syndromes could be caused
by such disruption of sleep processes.

Forty years ago, the only sleep disorder of interest to
most neurologists was narcolepsy; all other sleep pro-
blems generally were considered manifestations of psy-
chiatric problems. The discoveries of sleep apnea and
periodic leg movements, the use of sleep laboratories to
study sleep patterns, the discovery of effective treatments
for sleep apnea, and the recognition that untreated sleep
apnea is associated with increased cardiovascular mor-
bidity and death have dramatically changed the approach
to sleep disorders. At present, most sleep medicine
specialists have primary training in neurology or pulmon-
arymedicine, and the practicing neurologist is often
expected by colleagues to be familiar with the major sleep
disorders.1
INSOMNIA

Insomnia refers to the subjective sense that sleep is inade-
quate, insufficient, or interrupted. It is subjective because
sleep requirements vary among individuals and because
the restorative aspect of sleep is difficult to measure.
Insomnia has many causes, and effective treatment requires
an understanding of the basis for the symptoms.

PATHOGENESIS AND PATHOPHYSIOLOGY. Causes
of insomnia include emotions and thoughts that interfere
with sleep; medication use or withdrawl and use of illicit
drugs or alcohol; external stimuli, such as noise, excessive
heat or cold, or bright light; alterations in the central ner-
vous system (CNS) processes that initiate and maintain
sleep; and bodily dysfunctions such as pain, decreased
mobility, arousals, and disturbing sensations or move-
ments. Mental activity during sleep may contribute to the
impression that sleep is not restorative. In most patients,
several elements contribute to insomnia, and it is useful
to identify the predisposing, precipitating, and perpetuating
factors.2

Personality and age affect the predisposition to insom-
nia. Tense, nervous, worried persons who internalize pro-
blems and have somatic responses to stress are at higher
risk for insomnia than relaxed, phlegmatic types. Medical
illnesses, deterioration of CNS functions responsible for
sleep initiation and maintenance, and increased sensitivity
to the sleep-disrupting effects of medications and other
drugs contribute to the increase in insomnia with age.

Stress often precipitates insomnia. Medical or psychiatric
illness and the medications used to treat them, death or ill-
ness of a loved one, divorce or separation, a move to a new
location, and a change in occupational status are common
precipitants. A change in sleep-wake schedule or a change
in the sleeping environment may also bring on insomnia.

Once insomnia begins, anxiety about sleep, conditioned
negative associations, poor sleep habits, or secondary gain
often perpetuate insomnia. Performance anxiety associated
with the belief that good sleep is a requirement for effec-
tive functioning the next day makes falling asleep difficult.
As sleep fails to occur, the patient becomes increasingly



TABLE 54-1

Medical and Psychiatric Disorders Associated with Sleep
Disturbances

CATEGORY DISORDERS

Infectious diseases Sleeping sickness, febrile illnesses
Cardiac diseases Congestive heart failure, nocturnal angina
Pulmonary diseases Chronic obstructive pulmonary disease,

asthma
Gastrointestinal

diseases
Gastroesophageal reflux, peptic ulcer disease,

inflammatory bowel disease
Neurological

disorders
Degenerative disorders of the CNS,

neuromuscular disorders
Rheumatological

disorders
Rheumatoid arthritis

Renal disorders Chronic renal failure
Psychiatric disorders Acute psychosis, depression, anxiety

disorders, panic disorder, alcoholism
Endocrine disorders Cushing’s disease, hyperthyroidism,

hypothyroidism, diabetes, menopause
Skeletal and soft

tissue disorders
Achondroplasia, craniofacial malformations,

Down syndrome, mucopolysaccharidoses
Miscellaneous Cancer, pruritus, Prader-Willi syndrome

CNS, central nervous system.

TABLE 54-2

Causes of Insomnia in Adults

DISORDER KEY DIAGNOSTIC FEATURE

Psychophysiological insomnia Conditioned negative associations
and excess focus on sleep

Paradoxical insomnia Marked discrepancy between
subjective and objective sleep

Idiopathic insomnia Insomnia caused by constitutional
factors

Restless legs syndrome Leg discomfort relieved by
movement

Periodic limb movement
disorder

Kicking movements during sleep

Sleep apnea and related
disorders

Snoring, witnessed apnea

Inadequate sleep hygiene Poor sleep habits
Environmental sleep disorder Unsuitable sleeping environment
Drug- and medication-related

insomnia
Insomnia caused by medications

Circadian rhythm sleep
disorders

Schedule-dependent insomnia

Sleep disorders due to medical
or psychiatric illness

Insomnia fluctuates with severity
of the underlying illness
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anxious. Soon the entire process of preparing for sleep
becomes tied to anxiety and fear of insomnia. Some
patients respond to insomnia by increasing the amount of
time spent in bed with the hope that they will then obtain
enough sleep. The usual result is increased time awake in
bed rather than increased time asleep, which increases the
negative conditioning associated with sleeplessness. The
secondary gain associated with nighttime snacks and alcohol
use, television use, time off from work, and the role of sickly
child or dependent adult also may perpetuate insomnia.

Some insomniacs have the impression that they sleep
very little, even when laboratory recordings reveal normal
or near-normal sleep. The cause of this faulty impression,
referred to as paradoxical insomnia or sleep state misper-
ception, is unknown. Ruminative thoughts that recur with
each awakening during the night may give the impression
of uninterrupted consciousness and thereby contribute to
the failure to perceive sleep. A subtle disturbance of sleep
undetected by standard polysomnography could also be a
factor.

EPIDEMIOLOGY AND RISK FACTORS. About 10%
of adults in the United States have chronic insomnia, and
another 15% have short-term insomnia. The prevalence is
higher in women and in older persons. Community resi-
dents older than 50 years have a prevalence of insomnia
of 23%.3 Depression, anxiety disorders, and substance
abuse disorders are substantially more common in insom-
niacs than in the general population.4 Although insomnia
is distressing to many individuals, less than one third of
insomniacs complain about the problem to physicians, per-
haps because they believe that physicians are not interested
in the problem or are unable to treat it effectively.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Patients with insomnia complain of difficulty fall-
ing asleep, difficulty staying asleep, early morning
awakening, or a sense that sleep is nonrestorative. During
nocturnal sleeplessness, some patients toss and turn in
bed. Others watch television, read, eat, drink, or use the
bathroom. Persons who do not like to waste time often do
housework or homework. Common daytime symptoms
include poor concentration, fatigue, irritability, mood
changes, anxiety, proneness for errors or accidents, head-
aches, and muscle aching. Fatigue is sometimes accompa-
nied by sleepiness, but most insomniacs are unable to nap
even if they lie down. Insomnia appears to be associated
with high health care utilization, reduces quality of life,
and hinders social functioning.

As insomnia continues, many patients become preoccu-
pied with sleep. Evening rituals designed to promote relax-
ation may last for an hour or more. Many patients ruminate
at night and during the day about the ill effects of poor
sleep and its effects on daytime function. For some patients,
insomnia is less severe on weekend nights and during
vacations, when concerns about the effects on daytime
function are less.

Although most insomniacs have significant sleep disrup-
tion, patients with sleep state misperception describe
severe chronic insomnia even though they have relatively
normal sleep. Such patients often report that they obtain
as little as 2 hours of sleep per night and frequently have
no sleep at all. Some describe long periods of resting in
bed without sleeping.
Insomnia can occur with virtually any sleep disorder as
well as with a host of medical and psychiatric disorders
(Table 54-1). A psychiatric disturbance is present in about
40% of insomniacs.4 Overuse and abuse of alcohol and sed-
ative medications is common. Several community-based
studies have found that sleep disturbances are powerful risk
factors for the development of new episodes of major
depression in the following year.5

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of insomnia is extensive (Table 54-2), and a given patient
may have several contributing factors, such as poor sleep
hygiene, environmental factors, maladaptive conditioning,
hypnotic dependence, and a predisposition to poor sleep.



TABLE 54-3

Principles of Sleep Hygiene

Go to bed and arise from bed at the same time each day
Avoid daytime naps or limit them to one midday nap
Avoid evening alcohol use
Avoid caffeinated drinks late in the day
Reduce or eliminate tobacco use, especially at night or in the evening
Exercise regularly; avoid evening exercise
Use the bed only for sleep and sexual activity
Keep the bedroom dark, quiet, and cool
Avoid stress and worrisome thoughts in the evening before sleep
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It is critical to determine whether the insomnia is second-
ary to a psychiatric or medical disorder; in such cases,
the insomnia is treated at least in part by optimal manage-
ment of the underlying disorder.

It is sometimes difficult to determine whether insomnia
is due to depression, especially a masked depression in
which the patient denies sadness or hopelessness, because
dysphoria is a common feature of all types of insomnia.
A history of depressive episodes before insomnia began,
a history of episodic insomnia at times of mood distur-
bance, and the occurrence of other depressive symptoms
favor a primary diagnosis of an affective disorder.
Although most insomniacs are anxious, the anxiety is usu-
ally focused on sleep, and generalized anxiety disorder as a
cause of insomnia should be suspected only if anxiety
affects many aspects of life.

When insomnia is caused by learned sleep-preventing
associations, the diagnosis is psychophysiological insom-
nia, the most common form of primary insomnia.1 Patients
with psychophysiological insomnia tend to prefer regular
routines and view good sleep as a necessity. For such
patients, an awakening that would ordinarily be just long
enough for a change in body position is instead followed
by anxiety that sleep will not return or will not be restful.
The anxiety about the consequences of not sleeping
induces full alertness, and a rapid return to sleep becomes
impossible.

Inadequate sleep hygiene as the cause of insomnia should
be suspected in patients who have never had good sleep
habits, perhaps because they were not required to sleep at
regular times as children or because their internal sleep sys-
tems were initially so robust that they were able to sleep
well despite poor habits. Insomnia due to caffeine or medica-
tion is common. With increasing age or because of other
factors, some people may become less able to tolerate the
effects of poor sleep habits. Paradoxical insomnia should
be suspected in patients who do not toss and turn or get out
of bed despite complaints of severe insomnia.

Loud snoring, witnessed apneas, or frequent kicking
movements suggest that insomnia may be due to sleep apnea
or periodic leg movements. Patients with periodic breathing
patterns with central apneas, such as Cheyne-Stokes pattern,
frequently complain of insomnia. If the main problem is
difficulty falling asleep, an anxiety disorder or a delayed
sleep phase disorder may be responsible. Early morning
awakening with excessive rumination suggests depression
or obsessive-compulsive disorder.

EVALUATION. The history is the most crucial part of
the evaluation. Circumstances at the onset of insomnia
should be assessed, and the course of the insomnia should
be determined, along with any factors the patient has iden-
tified that make insomnia better or worse. Times of going
to bed, falling asleep, nighttime awakenings, and getting
out of bed for good nights and bad nights should be deter-
mined, along with associated behaviors, thoughts, and
emotions. Information about the patient’s weekday and
weekend schedule of work, alcohol use, caffeine intake,
meals, and medication use is also essential. Sleep logs that
contain this information are very useful.

Psychiatric evaluation is helpful if a psychiatric etiology
is a consideration. Polysomnography is useful if there is a
suspicion that apnea or periodic leg movements are the
cause of the symptoms, if there is a failure to respond to
treatment, or if sleep state misperception is suspected.
However, most patients with insomnia do not require poly-
somnography.

MANAGEMENT. Treatment of insomnia is based on
the underlying causes. From a therapeutic perspective, the
factors that perpetuate insomnia are often the most important
because they may be most amenable to change. Improved
sleep hygiene can lead to marked improvement (Table 54-3),
but poor sleep hygiene is sometimes a result of other problems,
particularly psychiatric problems.

Cognitive behavioral therapy is a major part of treatment
for patients with psychophysiological insomnia.2 Between
70% and 80% of patients treated with nonpharmacological
interventions benefit from treatment.6 With sleep restriction
therapy, mild sleep deprivation produced by eliminating
naps and temporarily restricting time in bed to 1 to 2 hours
less than the nightly reported amount of sleep tends to make
sleep more continuous. Once sleep is consolidated, the time
in bed can be gradually increased. With stimulus control
therapy, the principle is to associate the bed and sleep envi-
ronment only with sleep and intimacy; no reading, eating,
or watching TV in bed is permitted. Patients are encouraged
to get out of bed and to do something relaxing if unable
to sleep after 15 to 20 minutes.

Hypnotics are often helpful in patients with acute situa-
tional insomnia and in some patients with chronic insomnia.
In randomized trials among patients with insomnia, both
behavioral and pharmacological approaches have been
shown to be effective in the short term, but improvement
in sleep may be sustained better over time after behavioral
treatment.7 Some chronic insomniacs do well using hypno-
tics 1 to 2 nights per week when they feel they simply must
have a good night’s sleep. Others find it reassuring to have a
hypnotic available in the medicine cabinet; the knowledge
reduces anxiety, and actual use may be minimal. Others
use a hypnotic nightly for years with good response and
no dose escalation. Still others obtain no benefit from hyp-
notics, become dependent, or both. Other problems with
hypnotics include nocturnal confusion, next-day memory
impairment, and sedation. Low doses of sedating tricyclic
antidepressants are sometimes useful as alternatives to
standard hypnotics (Table 54-4). As a sedative to be taken
near the time of desired sleep onset, melatonin is much less
effective than conventional hypnotics. However, a melato-
nin agonist was recently developed and approved for use
as a hypnotic.

Patients with paradoxical insomnia should be educated
about the distinction between subjective insomnia and



TABLE 54-4

Medications Used for Insomnia

CATEGORY OF DRUG DRUG AND DOSAGE

Short-acting benzodiazepines Triazolam 0.125 to 0.25 mg
Midazolam 7.5 to 15 mg

Intermediate-acting benzodiazepines Temazepam 15 to 30 mg
Oxazepam 15 to 30 mg
Lorazepam 1 to 2 mg
Alprazolam 0.25 to 0.5 mg

Long-acting benzodiazepines Flurazepam 15 to 30 mg
Diazepam 2.5 to 10 mg
Clorazepate 7.5 to 15 mg
Clonazepam 0.5 to 2 mg
Prazepam 10 mg
Halazepam 20 mg
Chlordiazepoxide 10 to 20 mg

Benzodiazepine-receptor agonists Zaleplon 5 to 10 mg
Zolpidem 5 to 10 mg
Zopiclone 7.5 to 15 mg
Eszopiclone 1 to 3 mg

Melatonin receptor agonist Ramelteon 8 to 16 mg
Antihistamines Diphenhydramine 25 to 50 mg
Sedating antidepressants Amitriptyline 10 to 75 mg

Doxepin 10 to 75 mg
Trazodone 25 to 100 mg
Imipramine 25 to 100 mg
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objective sleep disruption; they may be reassured to know
that restorative sleep-related processes are occurring even
though they do not sense it. Behavioral treatment and
hypnotics are helpful for some, perhaps in the latter case
because amnestic effects interrupt the subjective impres-
sion that consciousness has been maintained during sleep.

PROGNOSIS AND FUTURE PERSPECTIVES. The
course of insomnia is variable; many patients have a life-
time of sleep problems, whereas others have episodic bouts
of poor sleep separated by years of tranquil nights. Insom-
niacs who continue with symptoms after 12 months have
an increased risk for depression, anxiety disorders, and
alcohol abuse.4 Other complications include benzodiazepine
dependence, decreased job performance and self-esteem,
and an increased risk of motor vehicle accidents.
PRIMARY DISORDERS OF DAYTIME SOMNOLENCE

Narcolepsy
Narcolepsy is a genetically based neurological disorder
associated with abnormalities of REM sleep and of sleep-
wake control. Although the disorder has been recognized
for more than 100 years, the discoveries of sleep apnea,
other syndromes of excessive sleepiness, and the associa-
tion of narcolepsy with REM sleep abnormalities and
specific human leukocyte antigen (HLA) markers helped
delineate narcolepsy as a distinct syndrome. The more
recent discovery that deficiency of the neurotransmitter
hypocretin, also called orexin, plays an important role in
narcoelpsy with cataplexy has led to the distinction of that
diagnosis from narcolepsy without cataplexy.

PATHOGENESIS AND PATHOPHYSIOLOGY. Animal
models of narcolepsy show either loss of dorsolateral
hypothalamic neurons that produce hypocretin or lack of
receptors for this neurotransmitter.8 Hypocretin levels in
cerebrospinal fluid were undetectable in seven of nine nar-
coleptic patients,9 and brains of such patients also showed
reduced numbers of hypocretin neurons.10 One human
hypocretin mutation has been identified, in a patient with
atypical early-onset and severe narcolepsy (Fig. 54-1).11

More than 90% of narcoleptics have a specific HLA haplo-
type that includes HLA-DQB1–0602, which is present in
less than one third of the general population.12 The penetrance
of the HLA-associated gene is low, and the risk for narcolepsy
in first-degree relatives, although 40 times greater than in
the general population, is only about 1%.13

The low penetrance of the HLA-associated gene and dis-
cordance for narcolepsy in identical twins indicates that
unknown environmental factors play an important role in
the pathogenesis of narcolepsy.14 A gene that confers sus-
ceptibility for narcolepsy is likely to be located on chromo-
some 21.15 Canine narcolepsy, which is clinically similar
to the human disease, is associated with monoaminergic
abnormalities, and the gene that causes one form of canine
narcolepsy has been isolated.16 The gene for canine narco-
lepsy is tightly linked to a DNA region involved in immune
regulation.17 Despite the association of human narcolepsy
with an HLA-associated gene, there is no direct evidence
to indicate that narcolepsy is an autoimmune disease.
Recent SPECT studies have suggested alterations in the
striatal dopaminergic system in narcolepsy with cataplexy.18

Abnormalities of REM sleep control probably contribute
to narcoleptic symptoms. The muscle atonia that occurs
with sleep paralysis and cataplexy is similar to the muscle
atonia of REM sleep, and hypnagogic hallucinations may
represent an intrusion of REM sleep imagery into con-
sciousness during transitions between wakefulness and
sleep. However, the REM sleep abnormalities appear to
be part of a broader problem of impaired sleep-wake regu-
lation that includes an inability to sustain sleep, along with
the daytime inability to remain awake.

EPIDEMIOLOGY AND RISK FACTORS. The prevalence
of narcolepsy with cataplexy in a white population is
about 1 in 4000.19 Estimates for other populations range
from 1 in 600 to less than 1 in 10,000. Narcolepsy affects
men and women equally.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Most patients report symptoms beginning gradually
in the second decade of life. The appearance of symptoms
before age 5 is rare; occasional patients develop narcolepsy
after age 50. The primary symptoms include sleepiness and
sleep episodes, cataplexy, sleep paralysis, hypnagogic and
hypnopompic hallucinations, and nocturnal sleep disrup-
tion. Sleepiness and cataplexymay develop simultaneously,
or cataplexy can begin years or decades later (Video 72,
Cataplexy). Excessive sleepiness is present most of the
time, although the severity fluctuates during the day and
is variable among individuals. Boring sedentary situations
and warm afternoons following lunch are especially dif-
ficult settings. Work performance is most often affected
in sedentary jobs requiring sustained vigilance. Physical
activity usually provides relief, but sleepiness returns as
soon as the patient sits down. Brief daytime sleep episodes,
often called sleep attacks, are common.

Cataplexy is a brief episode of bilateral weakness, with-
out altered consciousness, that is brought on by strong
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FIGURE 54-1. Distribution of hypocretin-contain-
ing cells in the human hypothalamus. The prepro-
hypocretin mRNA expressing neurons are
localized discretely in the perifornical area. Their
distribution is illustrated on schematic diagrams
of representative coronal planes through the
human hypothalamus. Each black circle represents
three to five cells detected in emulsion-coated
sections. 3V, third ventricle; DHA, dorsal hypotha-
lamic area; DMH, dorsal hypothalamic nucleus; f,
fornix; H2, lenticular fasciculus; Inf, infundibular
nucleus; LHA, lateral hypothalamic area; MM,
mammillary nucleus; opt, optic tract; Pa, paraven-
tricular hypothalamic nucleus; PaF, parafornical
nucleus; TM, tuberomammillary nucleus; VMH,
ventromedial hypothalamic nucleus. (Reprinted
with permission from Peyron C, Faraco J, Rogers
W, et al: A mutation in a case of early onset narco-
lepsy and a generalized absence of hypocretin pep-
tides in human narcoleptic brains. Nat Med
2000;6:991–997.)
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emotion. Laughter, anger, embarrassment, excitement,
elation, surprise, shock, and humor without actual laughter
can induce the attacks. These events last a few seconds and
are associated with buckling of the knees, sagging of the
jaw or face, drooping eyelids, and mild dysarthria. Twitch-
ing around the face or eyelids may accompany the weak-
ness. Severe attacks produce almost complete paralysis,
and prolonged episodes may be associated with auditory,
visual, or tactile hallucinations. Cataplexy can be danger-
ous if it occurs during driving. Unlike sleepiness, definite
cataplexy—defined as brief bilateral loss of strength with-
out altered consciousness that responds to tricyclic anti-
depressants—is virtually pathognomonic for narcolepsy.

Sleep paralysis refers to episodes of partial or total paral-
ysis that last a few seconds or minutes and occur at the
beginning or at the end of a sleep period. The paralysis,
which occurs in about 60% of narcoleptics, may be accom-
panied by a struggle to move, to speak, or to wake up.
Patients often feel awake or half-awake and are usually
aware of being in bed. Frightening hallucinations and a
sense of suffocation may accompany the paralysis. Despite
the intense psychic experience, patients appear to be asleep
with eyes closed and with occasional twitches, slight
moans, or irregular respirations.

Hallucinations are referred to as hypnagogic when they
occur at the onset of sleep, and they are termed hypnopom-
pic when they occur at the end of sleep. The hallucinations,
which almost always include visual imagery, differ from
dreams in that a thematic story is lacking and some aware-
ness of the surroundings is preserved. Sometimes the hallu-
cinations are so vivid and realistic that the subject may
have difficulty believing that they are not real and may
take actions to escape from the images.

Daytime drowsiness may also lead to complaints of
memory difficulties, blurred vision, and amnestic episodes
of automatic behavior lasting seconds to an hour or more
during which patients drift in and out of sleep while
engaging in aimless or semipurposeful activity. Disrupted
nighttime sleep with frequent awakenings may be a promi-
nent complaint. Other sleep disorders, such as obstructive
sleep apnea, periodic limb movement disorder, and REM
sleep behavior disorder, are more common than in the
general population.

DIFFERENTIAL DIAGNOSIS. Sleepiness should be dis-
tinguished from tiredness, fatigue, apathy, and weakness.
Sleepiness is more likely to occur in boring sedentary
situations, is relieved to some extent by movement or stim-
ulation, and is associated with a feeling of impending sleep
or a need to fight against sleep onset. Descriptions of day-
time sleep episodes as periods of loss of awareness may
suggest a diagnosis of syncope, partial complex seizures,
or absence seizures. Premonitory drowsiness, sleeplike
appearance with absence of pallor, ease of arousability,
and the association with sedentary situations are useful dif-
ferentiating features. There are several causes of excessive
sleepiness (Table 54-5). Unplanned daytime sleep episodes,
or so-called sleep attacks, are an indication of severity of
sleepiness rather than a marker of a qualitatively different
process. They can occur with any disorder that causes severe
sleepiness and are not specific for narcolepsy.

The association with emotion, the duration of episodes,
and the preservation of consciousness help differentiate
cataplexy from atonic seizures, myasthenia gravis, periodic
paralysis, or drop attacks associated with vertebrobasilar
insufficiency. Because cataplexy is not invariably present
in narcoleptics, its absence does not exclude the diagnosis.

Sleep paralysis and hypnagogic hallucinations are less
useful for diagnosis because they can occur as isolated
symptoms in otherwise normal persons, often precipitated
by sleep deprivation or a change in sleep schedule, as well
as in other sleep disorders.

EVALUATION. Because a variety of conditions can
cause excessive sleepiness, sleep studies are generally
required for accurate diagnosis. Nocturnal polysomnogra-
phy can determine the presence and severity of sleep apnea,
periodic limb movements, and nocturnal sleep disturbance.



TABLE 54-6

Medication Dosages for Treatment of Sleepiness in
Narcolepsy and Other Disorders

TYPE DRUG AND DOSAGE

Amphetamines Dextroamphetamine 5 to 60 mg/day
Methamphetamine 5 to 40 mg/day

Nonamphetamines Methylphenidate 5 to 80 mg/day
Pemoline 18.75 to 112.5 mg/day
Mazindol 2 to 8 mg/day

Wake-promoting agent Modafinil 100 to 400 mg/day
CNS depressants Sodium oxybate (GHB) 4.5 to 9 gr/night

CNS, central nervous system.

TABLE 54-5

Causes of Daytime Sleepiness

Narcolepsy
Sleep apnea and other breathing disorders of sleep
Insufficient sleep
Medication effects
Periodic limb movement disorder
Idiopathic hypersomnia
Brain lesions that compromise pathways involved in sleep-wake

regulation
Circadian rhythm sleep disorders
Nocturnal sleep disruption caused by medical, neurological, or

psychiatric illness
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A multiple sleep latency test (MSLT), usually performed
the following day, provides a measure of the severity of
sleepiness and an indication of the presence or absence of
early onset of REM sleep.20

Early onset of REM sleep occurs with about 50% of
sleep episodes, and the presence of two or more sleep-onset
REM periods during the four to five nap opportunities
provided by the MSLT is the usual diagnostic criterion
for narcolepsy. However, this finding is not specific. Other
potential causes of early-onset REM sleep include circa-
dian rhythm disturbances, REM sleep deprivation, sleep
apnea, and drug or alcohol withdrawal.21 Some patients
with brain pathology in areas concerned with sleep-wake
regulation also may have early onset of REM sleep.

HLA typing has limited value for diagnosis. As the HLA
haplotype associated with narcolepsy is present in about
20% to 35% of the general population, more than 99% of
persons with the haplotype do not have narcolepsy.

MANAGEMENT. Medications and behavioral measures
should be designed to enhance alertness during critical
times of the day such as at work, during school, and while
driving. The importance of good sleep hygiene and the
risks associated with sleepiness while driving must be
emphasized. Brief, regularly scheduled naps during lunch
or other breaks are often helpful.

Modafinil, methylphenidate, dextroamphetamine, and
pemoline improve alertness in most narcoleptics (Table 54-6).
These agents should be initiated at low doses and
increased gradually until symptoms are controlled or side
effects appear. In general, the lowest effective dose should
be used, but some patients may not recognize the severity
of their sleepiness, and reports from family members
should also be obtained to assess the effectiveness of
treatment.

Although chronic use of stimulants can lead to irritabil-
ity, insomnia, habituation, addiction, and psychosis, the risk
for amphetamine abuse is no higher among narcoleptics
than in other population groups. With appropriate manage-
ment, most narcoleptics are able to take stimulants regularly
for decades without harmful side effects. When sleepiness
fails to respond to medications after a period of good con-
trol, the possibility of sleep apnea or chronically insufficient
sleep should be considered.

g-Hydroxybutyrate (GHB) taken at night reduces day-
time cataplexy and is the only medication approved by
the Food and Drug Administration for this purpose. This
medication also increases slow-wave sleep and improves
daytime sleepiness in narcoleptics. It is available in the
United States with special regulations to prevent abuse.
Nonsedating tricyclic antidepressants and serotonin reup-
take inhibitors also can be effective for cataplexy, and
sleep paralysis, probably by blockade of norepinephrine
and serotonin reuptake (see Table 54-6). Patients with
severe cataplexy may develop tolerance to the effects of
tricyclics, and abrupt withdrawal can lead to a temporary
rebound increase in cataplexy.

PROGNOSIS AND FUTURE PERSPECTIVES. Sleepi-
ness is a lifelong problem for most narcoleptics, whereas
cataplexy, hypnagogic hallucinations, and sleep paralysis
improve with age in about one third of patients. Sleepiness
is often adequately but not completely controlled by cur-
rent therapeutic strategies. In the future, new strategies
based on better understanding of hypocretin functions
may improve the lives of many affected patients.

Idiopathic Hypersomnia
Idiopathic hypersomnia is clinically similar to narcolepsy
in that daytime sleepiness occurs despite adequate amounts
of apparently normal sleep at night, but cataplexy does not
occur and there is no association with specific HLAs. The
pathogenesis is unknown. Circulating somnogenic factors
or focal lesions that affect systems involved in sleep-wake
regulation may play a role in some cases. Idiopathic hyper-
somnia is less common than narcolepsy by a ratio of about
1:10. Recent viral illness may be a risk factor for onset of
the condition.

Symptoms often develop gradually during adolescence
or young adulthood. There appear to be at least two types
of idiopathic hypersomnia, with or without long sleep
times. With the long sleep times, patients complain of an
increased need for sleep, difficulty awakening in the morn-
ing, and sleep drunkenness with disorientation and confusion
in the morning.1 Daytime naps are long and unrefreshing,
and patients may sleep as much as 14 to 18 hours during
the day and night.

Other diagnostic considerations in patients who com-
plain of long periods of unrefreshing sleep include atypical
depression and chronic fatigue syndrome. In both of these
disorders, patients often spend many hours in bed, but actual
sleep time is increased only mildly or not at all. Idiopathic
hypersomnia is usually considered in a patient who com-
plains of sleepiness and has no apparent cause for sleepiness
based on the clinical history and a nocturnal polysomnogram.



TABLE 54-7

Causes of Upper Airway Narrowing

Genetic and developmental factors that influence craniofacial
development

Anatomical malformations that affect craniofacial structures such as
Crouzon’s syndrome, Treacher Collins syndrome, Pierre Robin
syndrome, Arnold-Chiari malformation, achondroplasia, rheumatoid
arthritis, and Klippel-Feil syndrome

Enlarged tongue, soft palate, or uvula associated with obesity, Down
syndrome, hypothyroidism, and acromegaly

Pharyngeal dilator weakness associated with neuromuscular diseases
and medullary lesions

Infiltration of pharyngeal tissue associated with obesity,
mucopolysaccharidoses, and mucosal edema and inflammation

Structural lesions such as enlarged tonsils and adenoids and pharyngeal
tumors

Dyscoordinated breathing from abnormal respiratory control associated
with Arnold-Chiari malformation, dysautonomias, and degenerative
CNS disorders

Abnormally compliant airway associated with Marfan’s syndrome

CNS, central nervous system.
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For such patients, the differential diagnosis includes nar-
colepsy, upper airway resistance syndrome, insufficient
sleep syndrome, and obstructive sleep apnea that occurs
during some nights but not others. The differential diag-
nosis may also include recurrent hypersomnia (such as
Kleine-Levin syndrome), and hypersomnia due to a medi-
cal condition (such as trauma, brain tumors, or infections).
The diagnosis of idiopathic hypersomnia is not simple
because it requires ruling out other causes of daytime
sleepiness.

Evaluation should include one or more nights of poly-
somnography, MSLT, psychiatric assessment, and a trial
of increased sleep. The upper airway resistance syndrome
may be difficult to detect on polysomnography unless
nasal pressure or esophageal pressure are monitored during
polysomnography to detect subtle respiratory event-related
arousals.22 Patients with narcolepsy may not have REM
sleep abnormalities on an initial MSLT. Atypical depres-
sion or other psychiatric conditions may be associated
with complaints of sleepiness, although the MSLT is usu-
ally not abnormal. Sleepiness caused by chronically insuf-
ficient sleep should improve after a trial of 1 to 2 hours
of additional sleep each night. After these diagnoses have
been excluded, one is left with the diagnosis of idiopathic
hypersomnia.

Management is similar to the approach used for narco-
lepsy. Patients with the narcoleptic type of sleepiness often
respond to stimulants, whereas those with long sleep per-
iods and difficult awakening may not. For most patients,
the disorder is chronic. A minority of patients improve with
time, and in some, the disorder resolves completely.

Obstructive Sleep Apnea
Obstructive sleep apnea syndrome (OSA) is characterized
by airway narrowing during sleep that leads to nighttime
sleep disruption and associated daytime symptoms. The rec-
ognition that OSA is a common and treatable disorder with
serious complications has been the most important factor in
the growth of sleep medicine over the past 20 years.

PATHOGENESIS AND PATHOPHYSIOLOGY. Narrow-
ing and occlusion of the upper airway during sleep is the
basis for OSA. Obstruction usually occurs in the pharynx,
which lacks supporting cartilage and bone, and is therefore
more collapsible than other portions of the upper airway.
Upper airway size is determined by the anatomy of the
bones and soft tissues of the neck and face, by the pres-
sures acting on the pharyngeal tissues, and by their com-
pliance. During wakefulness, contraction of pharyngeal
muscles occurs just before the onset of inspiration and
increases the outward pressure on the pharyngeal wall by
pulling the soft palate, tongue, mandible, and hyoid bone
forward. This outward pressure balances the inward pres-
sure produced by negative pressure developed within the
thorax and helps maintain airway patency. Activity of
upper airway dilator muscle is affected by arterial blood
gas concentration; by proprioceptive input to respiratory
neurons from the jaw, mouth, and thorax; and by receptors
sensitive to changes in upper airway transmural pressure.
For example, increased negative upper airway pressure
leads to increased activity of the genioglossus, which pulls
the tongue forward and tends to open the airway.
Pharyngeal muscles relax during sleep, which leads to
narrowing of the pharyngeal airway and increased resis-
tance to airflow. The relaxation alone may be sufficient
to close the airway in some persons. In others, inspiratory
muscle activity increases to compensate for the increased
airway resistance, and the increased negative pressure
generated by the extra effort leads to airway collapse.
Ultimately, the airway opens only after an arousal, or brief
awakening leads to increased activity of pharyngeal dila-
tors. The patient then takes a few deep breaths and returns
to sleep, whereupon the cycle repeats itself. Pharyngeal
narrowing without complete occlusion may cause decrea-
sed ventilation. These episodes, referred to as hypopneas,
lead to arousals, sleep fragmentation, daytime sleepiness,
and hypoxemia and thus have the same functional effect
as apneas.

Pharyngeal narrowing with high resistance to airflow
is sometimes associated with compensatory increased
respiratory effort that minimizes changes in tidal volume,
ventilation, and oxygenation but still leads to arousals
and sleep fragmentation. The functional effect is similar
to OSA but without the associated hypoxemia. When such
episodes are the predominant type of respiratory event,
the disorder is referred to as the upper airway resistance
syndrome.22 The body weight of patients with this disorder
is often normal or near-normal, and there appears to be a
higher proportion of women and children with the syn-
drome than occurs with OSA, perhaps because their upper
airways tend to be less compliant.

Airway narrowing may be due to a variety of causes
(Tabl e 54-7), includi ng cran iofacial malfo rmations (hi gh
arched hard palate, a long low-placed soft palate, dental
malocclusion, or retrognathia), neurological diseases with
incoordination of preinspiratory activation of upper airway
dilators, mouth breathing with posterior displacement of
the mandible, or weakness from neuromuscular diseases.
The site of airway occlusion may be at the level of the
velopharynx, the oropharynx, the hypopharynx, the epi-
glottis, or the larynx. In some patients, the occlusion
may be at more than one level or at different sites during
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different stages of sleep owing to differential activity of
muscles involved in maintenance of airway patency.

The reason for the more frequent occurrence of OSA in
men than in women is not known. Men tend to have longer,
narrower upper airways, which may predispose them to
airway collapse. The airway may be more compliant in
men and may close at lower pressures for a given airway
diameter. Women also show a greater augmentation of
genioglossus activity in response to inspiratory loading,
which may indicate a less collapsible airway. Testosterone
may lead to increased bulk of neck muscles and may lead
to a preferential deposition of fat in upper airway struc-
tures. For poorly understood reasons, the frequency and
severity of OSA syndrome in women after menopause is
higher than in premenopausal women.23

In susceptible persons, OSA may be precipitated or
made worse by sleep deprivation, evening alcohol use,
sedative medications, and the supine sleeping position.
Even small doses of alcohol enhance upper airway muscle
relaxation that occurs during sleep, thereby exacerbating
OSA. Alcohol also blunts chemoreceptor responses to blood
gases and raises the arousal threshold, which increases the
duration of apneas.

Arterial oxyhemoglobin saturation (SaO2) falls during
apneas and hypopneas at a rate of 0.1% to 1.6% per second.
The severity of hypoxemia is a function of baseline oxyge-
nation, lung oxygen stores, the degree of airway narrowing,
and apnea duration. Drops in SaO2 to below 70% are com-
mon in severe OSA. Apneas during REM sleep tend to
produce greater decreases in SaO2 owing to decreased lung
oxygen reserves and increased duration of apneas.

Arteriolar constriction as a result of hypoxemia, acido-
sis, and increased sympathetic tone contribute to increases
in blood pressure during apneas that may reach 190 mmHg
systolic and 110 mmHg diastolic. Right-to-left shifts of the
cardiac interventricular septum and decreased cardiac output
may occur as a result of increased negative intrathoracic
pressure associated with attempts to breathe. Increased
vagal tone associated with fluctuations in intrathoracic
pressure, stimulation of the carotid body by hypoxemia,
and increased sympathetic tone that accompanies the arou-
sals at the end of apneas contribute to bradycardia, periods
of asystole, atrioventricular block, premature ventricular
contractions, and ventricular tachyarrhythmias. Sleep-
disordered breathing is associated strongly with systemic
hypertension.24,25

The repeated arousals to resume breathing appear to be
a major cause of daytime sleepiness in patients with
OSA. Additional contributions may stem from hypoxemia;
subtle but numerous microarousals in synchrony with lab-
ored respiratory cycles26; or cytokines such as tumor
necrosis factor-a.27

EPIDEMIOLOGY AND RISK FACTORS. Habitual snor-
ing, which is more common in males than in females,
occurs in 6% to 12% of children and 5% to 20% of adults.
OSA has a prevalence of about 1% in children, 2% in adult
women, and 4% in adult men.28,29

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. The usual presenting symptoms are snoring, exces-
sive sleepiness, daytime sleep episodes, and a sense that
sleep is not restful. Morning headaches, frequent nocturnal
urination, and nocturnal restlessness are also common.
Some patients have no complaints and present only
because the bed partner has noted periods of apnea. Others
are referred because of a suspicion that OSA contributes to
headaches, pulmonary or systemic hypertension, cardiac
arrhythmias, or impotence.

Loud snoring, sometimes exceeding 90 dB, occurs in
more than 80% of patients and usually begins years before
the onset of sleep apnea. Some patients report that they
cannot go on camping trips and must have separate hotel
rooms on business trips because of their obnoxious snoring.
Increasing volume of snoring, snoring that has changed in
character, and loud rhythmical snoring punctuated by
snorts and choking noises are suggestive of OSA. Snoring
is produced by vibration of the soft tissues of the upper
airway. The intensity and quality vary depending on the
stage of sleep, the position of the body, the rate of airflow,
the anatomical structure of the individual’s nose and throat,
and the amount of floppy airway tissue with potential to
vibrate. Although snoring is common in patients with
OSA, it is not universal. Snoring will not occur even with
a very narrow pharynx if floppy tissue is absent.

Restless sleep is caused by the arousals at the end of
apneas, which may be accompanied by jerks, twitches,
and gross body movements. Changes in body position
may occur several times per hour as patients attempt to
find a sleeping position compatible with airway patency.
With severe apnea, patients may sleep in a chair, on the
couch, sitting up on the side of the bed, or leaning against
a wall. Despite the restlessness, patients usually have the
impression that sleep has been continuous or interrupted
only by a few trips to the bathroom. A few patients describe
repeated awakenings and complain mainly of insomnia.

Tiredness, sleepiness, and a sense that sleep is not
refreshing are characteristic symptoms of sleep apnea,
often accompanied by impaired memory and concentration.
The sleepiness often increases gradually over several years
as patients gain weight. Some patients feel mentally dull or
disoriented each morning. Daytime sleepiness is usually
most apparent after lunch, while driving or reading, or in
other boring sedentary situations. Patients often minimize
difficulties with sleepiness and describe it as no worse than
in colleagues or peers. With more severe apnea, patients
may fall asleep on the telephone or during sexual inter-
course and may have episodes of “automatic behavior”
during which complex activities are performed such as
driving for miles with no recollection. Although daytime
sleepiness is common, its absence does not rule out OSA.

Other common symptoms include irritability, impotence or
reduced libido, excessive sweating at night, and dry mouth.
Symptoms of gastroesophageal reflux may be present if the
repeated episodes of negative intrathoracic pressure asso-
ciated with apneas lead to passage of gastric contents through
the lower esophageal sphincter.

In children, snoring and restless sleep are common com-
plaints, along with poor attention, decreased school perfor-
mance, enuresis, and hyperactivity. Daytime sleepiness
is often less pronounced than in adults but is frequently
endorsed in response to specific questionning.

On physical examination, patients are often obese and
have thick necks. Long narrow facies, high arched palate,
retrognathia, an enlarged edematous uvula, prominent ton-
sils, and redundant pharyngeal tissue are other common
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findings. Patients with severe OSA may have findings
consistent with right-sided heart failure.

Obstructive sleep apnea occurs in 10% to 40% of obese
persons and in at least 25% of patients with hypertension. In
untreated severe OSA, the prevalence of hypertension may
be as high as 50%. A number of other disorders contribute
to the development of OSA (see Table 54-7).

Central sleep apnea, which is much less common than
OSA, is a disorder in which apneas occur but there is no
associated attempt to breathe. The disorder may be idio-
pathic, or it may be caused by congestive heart failure or
brain stem pathology. Many patients have both central
sleep apnea and OSA, presumably because activation of
upper airway afferents during airway occlusion leads to
inhibition of attempts to breathe.

DIFFERENTIAL DIAGNOSIS. Loud snoring with gasp-
ing or choking sounds, witnessed apneas, restless sleep,
hypertension, and neck circumference greater than
16.5 inches are useful predictors of OSA, but a definitive
diagnosis usually requires polysomnography. Among chil-
dren, snoring or noisy breathing, daytime mouth breathing,
and parental observation of apneas and struggles to breathe
are suggestive symptoms. The absence of snoring and
obesity does not rule out OSA in either adults or children.
In patients with excessive daytime sleepiness, other diagnos-
tic considerations include narcolepsy, idiopathic hypersom-
nia, periodic limb movement disorder (PLMD), central sleep
apnea, and the insufficient sleep syndrome. The differential
diagnosis of nocturnal choking and gasping includes gastro-
esophageal reflux, nocturnal asthma, congestive heart failure,
nocturnal panic attacks, and sleep-related laryngospasm.

EVALUATION. A nocturnal polysomnogram with moni-
toring of sleep stage, airflow, respiratory effort, electrocar-
diogram, leg movements, and body position is the most
commonly used tool for diagnosis. If upper airway resis-
tance syndrome is suspected, esophageal pressure measure-
ments or at least nasal pressure monitoring should be
obtained as part of the polysomnogram. The polysomno-
gram helps determine the presence and type of apnea, assess
the relation of breathing disturbance to sleep stage and body
position, determine the severity of hypoxemia and sleep dis-
turbance, and identify cardiac arrhythmias. Apneas and
hypopneas usually last 10 to 30 seconds and typically are
followed by transient arousals. During REM sleep, apneas
and hypopneas are usually longer, sometimes as long as
2 to 3 minutes, and are more likely to be associated with hyp-
oxemia and cardiac arrhythmias. There are usually reduced
amounts of stages 3 and 4 sleep and REM sleep. With mild
OSA, apneas may occur only after alcohol ingestion or only
when the patient is supine. With severe OSA, apneas occur
continuously throughout the night and in all body positions.

In patients with high pretest probability of moderate or
severe OSA, a home-monitoring study may be sufficient
for diagnosis. A variety of home-monitoring devices are
available; the simplest types measure only a single variable,
such as oxygen saturation, whereas more complex devices
may record as many channels as a typical laboratory poly-
somnogram. Home-monitoring studies cost less than labora-
tory studies, but they do not allow for visual observation,
correction of artifacts or faulty sensors, or therapeutic inter-
ventions. It is also more difficult to assess mild sleep apnea.
Finally, current models suggest that even inexpensive home
studies with excellent sensitivity and specificity still may
not be cost-effective in comparison to laboratory polysom-
nography.30

Additional studies may be indicated in some patients.
An MSLT helps assess the presence and severity of exces-
sive sleepiness. Although fiberoptic endoscopy of the
upper airway, cephalometric radiographs, and magnetic
resonance imaging (MRI) can be used to assess airway
anatomy, such studies during wakefulness are of limited
value in determining the site of obstruction because airway
dynamics differ in sleep and wakefulness. Arterial blood
gases and pulmonary function tests are indicated if obesity-
hypoventilation syndrome or other causes of hypoventilation
are suspected but they are not needed for routine evalua-
tion of suspected OSA. In selected cases, evaluation for
hypothyroidism may be indicated.

Some patients described as loud snorers do not snore
during sleep studies. In such cases, snoring may be inter-
mittent and related to alcohol use, body position, or aller-
gies. Loud snoring that cannot be verified with objective
assessment is sometimes an indication of marital problems.

MANAGEMENT. The goal of treatment is to keep the air-
way open during sleep, which should lead to improved sleep,
better oxygenation, and enhanced daytime alertness. Treat-
ment for OSA depends on the severity of the disorder. There
is little doubt that treatment is needed for severe OSA
because it is associated with increased risks of motor vehicle
accidents, hypertension, stroke, myocardial infarction, car-
diovascular death, and death while sleeping, if left untreated
or treated ineffectively.31,32 For patients with a mild case of
the disorder—those with fewer than 20 apneas plus hypop-
neas per hour of sleep, little or no nocturnal hypoxemia, mild
or absent daytime sleepiness, and no hypertension or serious
cardiac arrhythmias—the health benefits of treatment are less
certain, and it is unknown at present whether asymptomatic
patients with mild sleep apnea need to be treated.

The introduction in the 1980s of continuous positive
airway pressure (CPAP) administered via a nasal mask
revolutionized the management of OSA.33 Nasal CPAP
functions as an air splint to maintain positive intraluminal
pressure in the upper airway. Although nasal CPAP can
be used by children as well as by adults and is effective
in 80% to 90% of patients, the proportion who use CPAP
on a regular basis is substantially less. If nasal obstruction
prevents the use of nasal CPAP, treatment with decon-
gestants, steroid inhalers, septoplasty, or other forms of na-
sal surgery may be required. Other factors that may prevent
the use of CPAP or reduce its benefit include a poorly
fitting or uncomfortable mask, sinus infections, claustro-
phobia, chronic mouth breathing, incomplete efficacy,
and lack of motivation. The more expensive bilevel posi-
tive airway pressure (BPAP) devices provide different
pressures during inspiration and expiration and are some-
times better tolerated, particularly by patients with claus-
trophobia. Other problems associated with nasal CPAP
include noise from the machine, air swallowing, allergic
rhinitis, and discomfort from misdirection of airflow into
the eyes. Barotrauma to the lungs is extremely rare.

For patients who cannot tolerate CPAP or prefer not to
use it, a number of other treatments may be used. Removal
of enlarged tonsils and adenoids is often successful in chil-
dren and sometimes in adults. Uvulopalatopharyngoplasty
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(UPPP) with removal of the uvula, portions of the soft
palate, and redundant pharyngeal tissue eliminates snoring
in more than 80% and produces improvement of OSA
in about 50% of patients, but complete resolution of sleep
apnea is uncommon. Laser-assisted UPPP is a staged out-
patient procedure that eliminates snoring in about 60% of
patients but is probably less effective for OSA than stan-
dard UPPP. Maxillofacial surgery, with advancement of
the mandible, the maxilla, or both, appears to be beneficial
for selected patients. Orthodontic appliances that advance
the tongue or mandible can improve airway patency during
sleep, reduce snoring, and decrease the frequency of respi-
ratory events during sleep, but they rarely eliminate sleep
apnea completely. Weight reduction is often helpful, but
it may be difficult to achieve. For some patients with mild
OSA, avoidance of precipitating factors such as sleep depri-
vation, evening alcohol use, sedative medications, and the
supine sleeping position is the only treatment needed. What-
ever treatment is used, the outcome should be assessed
with a sleep study because many patients experience more
subjective than objective improvement.

PROGNOSIS AND FUTURE PERSPECTIVES. Some
patients develop increasingly severe apnea with age, but
worsening of the condition may be due to weight gain. The
natural history of sleep apnea in the absence of weight gain
is unknown. Habitual snoring remits in as many as 35%.
Restless Legs Syndrome and Periodic Limb
Movement Disorder
Restless legs syndrome (RLS) is characterized by unpleas-
ant leg sensations or urges to move the legs. These symp-
toms are worse with rest; worse in the evening and at
night; and relieved by movement.1 Most patients with RLS
also have movements of the legs that occur periodically at
20- to 30-second intervals for minutes to hours during sleep.
Although the term nocturnal myoclonus sometimes is used
to describe these movements, they usually are not sudden
lightning-like movements. Rather, they typically last for
about 1 second and consist of extension of the great toe with
variable degrees of ankle extension, knee extension, and hip
extension or flexion. With periodic limb movement disorder
(PLMD), periodic movements occur during sleep, but the
unpleasant evening and nighttime sensations are absent.
In PLMD, the leg movements occur in association with
complaints of insomnia or daytime sleepiness.

PATHOGENESIS AND PATHOPHYSIOLOGY. Although
the pathophysiological basis for RLS and PLMD is un-
known, disinhibition of a CNS pacemaker that affects reti-
cular excitability may contribute. The similarity of PLMs to
the extensor response to plantar stimulation (Babinski’s sign)
or to a triple flexion response suggests that pyramidal or
dorsal reticulospinal tract dysfunction is involved. Functional
dopamine insufficiency, perhaps related to abnormal iron
metabolism, may also play a role. Abnormal sensory input
may be a factor in some patients.

EPIDEMIOLOGY AND RISK FACTORS. The prevalence
of RLS is about 2% to 10% for the adult population and
increases with age. Men and women are affected equally,
and symptoms begin after age 40 in many patients. About
one third to one half of patients report that other family
members are affected, and in some families, the syndrome
occurs in a pattern consistent with an autosomal dominant
inheritance. Periodic leg movements without attributable
symptoms are exceedingly common, but the prevalence
of such leg movements with symptoms that allow diagnosis
of PLMD is unknown and believed to be rare.1

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Patients with RLS complain of a gradual buildup
of a subcutaneous crawling, pulling, itching, aching, or
pins-and-needles sensation that affects the muscles or bones
of the calves and thighs (Video 73, Restless Leg Syndrome).
As the sensation builds, the associated urge to move gradu-
ally becomes irresistible and movement provides temporary
relief. Most patients have insomnia with difficulty getting
to sleep and frequent awakenings during which they may
flex and extend the legs, repeatedly turn over in bed, or
get out of bed and walk. About 80% to 90% of patients with
RLS have PLMs, usually during light NREM sleep, that
contribute to awakenings and arousals.

During the day and especially during attempts to remain
still, many patients fidget, swing their legs, or have move-
ments that are similar to the extensor movements during
sleep. Apart from the movements, neurological examination
is usually normal.

Periodic leg movements during sleep are often assso-
ciated with arousals (Video 251, Periodic Leg Move-
ments). However, the movements have not been proved
to cause the arousals and the occurrence of such arousals
does not predict daytime sleepiness. Although severely
affected patients may produce movements throughout
sleep, periodic leg movements may also be entirely asymp-
tomatic, causing no disruption of sleep patterns, and is
sometimes brought to medical attention either as an inci-
dental finding on a polysomnogram or because the spouse
is unable to sleep owing to the leg jerks and kicks.

The RLS and PLMD may be induced or aggravated by
a variety of conditions, including iron deficiency, anemia,
and chronic renal failure. Peripheral neuropathy may be
a factor in some cases, although peripheral nerve function
is clinically normal in most affected patients. Symptoms
occur in 10% to 20% of pregnant women and usually
resolve post partum. Other disorders that may be associated
with PLMD or RLS include venous disease, degenerative
CNS disorders, and vitamin deficiency.

DIFFERENTIAL DIAGNOSIS. The diagnosis of RLS is
based on the history. The essential elements are the urge
to move associated with sensory phenomena in the legs,
motor restlessness, and exacerbation at rest and in the
evening and night.34 The differential diagnosis may include
akathisia, peripheral neuropathy, claudication, and leg
cramps. With akathisia caused by phenothiazines, there is
restlessness of the body and a compulsion to move, but
the sensory component is less than with RLS and it is usu-
ally not exacerbated at night. Neuropathic dysesthesias
are usually more distal than proximal, are felt more on
the surface than in deeper structures, and are not relieved
by movement. Claudication is brought on by exercise and
relieved by rest, which is the reverse of the pattern with
RLS. Leg cramps are associated with palpable tightness
of muscles that does not occur with RLS.

Differential diagnosis of PLMD includes sleep starts and
a variety of other movements during sleep. Sleep starts are
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vigorous myoclonic jerks of the extremities or trunk that
occur at sleep onset but do not recur periodically. Most
other types of movements and behaviors during sleep are
not periodic.

EVALUATION. Evaluation of patients with suspected
RLS should include complete blood count and serum iron
and ferritin levels. Renal function tests and electromyo-
graphy and nerve conduction studies are indicated only in
selected patients. Polysomnography is useful for suspected
PLMD.

MANAGEMENT. Evening and bedtime doses of dopami-
nergic agonists or levodopa-carbidopa provide consider-
able benefit in RLS and PLMD.35,36 Some patients
require additional doses during the night or controlled-
release formulations. Some patients treated with levodopa
develop tolerance and require increasing doses, whereas
others develop increased daytime symptoms of restless
legs. Levodopa-carbidopa given around the clock to such
patients is less advisable than careful use of lowest-possi-
ble doses or drug holidays. As most patients treated with
dopamine agonists do not develop these complications,
pramipexole and ropinirole are usually used instead of
levodopa. At the time of this writing, ropinirole is the only
medication approved by the Food and Drug Administration
for restless legs syndrome.

Benzodiazepines, particularly clonazepam, can be used
either alone or in combination with dopaminergic agents
for RLS and for PLMD. Daytime sedation, tolerance, and
loss of efficacy are the major problems encountered with
these drugs. Opiates such as propoxyphene, codeine, and
hydrocodone also reduce the unpleasant sensations and
can be used alone or in combination with dopaminergic
agents and benzodiazepines. Clonidine, baclofen, carba-
mazepine, and gabapentin are sometimes helpful.

PROGNOSIS AND FUTURE PERSPECTIVES. The RLS
has a variable course. Some patients have long periods of
relative stability, whereas others worsen with age. Permanent
remissions are rare.
CHRONOBIOLOGICAL DISORDERS

People who sleep at the wrong time of day or who cannot
sleep at the right time of night often have one of the six
major types of chronobiological disorders: delayed sleep
phase type, advanced sleep phase type, irregular sleep-
wake type, free-running type, jet lag type, or shift work
type.1

PATHOGENESIS AND PATHOPHYSIOLOGY. Circa-
dian rhythm disturbances are caused by a shift in the usual
phase relation between the internal biological clock and
the desired sleep-wake schedule. The suprachiasmatic
nucleus of the hypothalamus functions as the biological
clock. In the absence of entraining influences, the output
of the nucleus has a period slightly longer than 24 hours.
Thus, persons living in temporal isolation adopt a 24.5-
to 25-hour sleep-wake schedule and cycle in and out of
phase with the external environment. The phase of the
biological clock can be shifted by only a few stimuli, of
which the most potent is bright light.37 Bright light expo-
sure helps maintain synchronization between the internal
clock and the external world, but the phase-shifting effects
of light are limited in most circumstances to no more than
2 hours each day. The retinohypothalamic pathway, the
primary afferent tract to the suprachiasmatic nucleus, me-
diates the effects of light on circadian rhythms. Intensity,
duration, and timing of light exposure determine its effect
on the phase of the circadian system. Light pulses just
before or during the first half of the dark phase produce
phase delays, whereas light pulses during the second half
of the dark phase or just after the end of the dark phase
produce phase advances. Melatonin, a pineal hormone that
is secreted mainly at night in humans, appears to have
phase-shifting properties that are opposite to the effects
of bright light: Melatonin administered in the afternoon
produces phase advances, whereas melatonin given in the
morning produces phase delays.

With east-west jet travel or with changing work sched-
ules, most persons attempt to shift their schedule of sleep
and wakefulness quickly to meet the social demands of the
new schedule, but the internal clock cannot adjust and
sleep-wake patterns are disrupted. Night workers also sleep
about 1 to 1.5 hours less than day workers, and their attempts
to sleep at night when they are not working often prevent
them from synchronizing the internal clock to the night shift
schedule. As the internal clock shifts by about 1 hour per day
after a phase advance—such as an eastbound flight—and by
1.5 hours per day after a phase delay—such as a westbound
flight— it may be several days before sleep-wake patterns
and the internal clock shift to the new schedule.38

Phase shifts also may occur during weekends if bedtimes
and rise times are delayed, at least in part because of
altered timing of light exposure. In patients with delayed
sleep phase disorder39 phase delays induced by sleeping
later are not corrected during the week. Adolescence, the
usual time of appearance of delayed sleep phase disorder,
is associated with increased sleep needs, but social factors
and greater independence usually prevent earlier bedtimes.
As a result, many adolescents sleep later on weekends and
develop delayed sleep phase disorder. Leaving home for
college may exacerbate delayed sleep phase disorder
because parents can no longer act as backups to the alarm
clock. In advanced sleep phase disorder, the pattern is
the opposite, with excessively early bedtimes and early
awakenings due to phase advance of the biological clock.

Degeneration or destruction of the suprachiasmatic
nucleus or its effector pathways is the usual cause of irregu-
lar sleep-wake rhythm. Free-running, or nonentrained circa-
dian rhtythm sleep disorder is usually caused by retinal,
prechiasmal, or chiasmal lesions that interrupt the retinohy-
pothalamic tract. Although most affected persons are blind,
chiasmal lesions that interrupt the retinohypothalamic tract
may cause the syndrome even when visual loss is incom-
plete. Without retinal input, the internal clock moves
in and out of phase with the environmental clock. When
the phase difference is small, patients may be able to main-
tain sleep hours close to the societal norm, but when the
phase difference is large, synchronization cannot be main-
tained and sleep times become highly irregular. Prolonged
periods of wakefulness lasting up to 40 to 50 hours may
be followed by sleep periods of 12 to 20 hours and then
resumption for a few days of a relatively normal schedule.

The first mammalian circadian clock gene was cloned
recently, and its mutation causes altered behavior, affecting
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the free-running rhythm period and causing loss of persis-
tence of circadian rhythms. Additional circadian clock
genes have already been described.40

EPIDEMIOLOGY AND RISK FACTORS. Circadian
rhythm sleep disorders are common. Jet lag symptoms
affect the majority of persons who fly across five or more
time zones. Sleep disruption is a problem for a large propor-
tion of the more than 20 million shift workers, particularly
for older workers during the days and nights following a
shift change. Delayed sleep phase disorder may affect as
many as 7% of urban adolescents. The other disorders are
less common. The irregular sleep-wake rhythm occurs
mainly in institutionalized persons with severe static or pro-
gressive encephalopathies. The free-running type of circa-
dian rhythm sleep disorder appears to be a major cause of
sleep-wake complaints in blind persons.

CLINICAL FEATURES AND ASSOCIATED DISOR-

DERS. Symptoms of jet lag, which may last as long as
7 to 10 days after trips across five or more time zones,
include difficulty falling asleep or remaining asleep in the
new environment, along with sleepiness during the new
daytime. Symptoms, which are usually worse with east-
ward flight than with westward flight, may be exacerbated
by sleep loss and alcohol use during the flight. Chronic jet
lag with sleepiness, sleep disruption, malaise, irritability,
and reduced performance may occur in airline personnel
and in other frequent jet travelers. Night workers and those
who work rotating shifts often develop sleep problems sim-
ilar to jet lag because an 8-hour shift in the sleep schedule
produces effects similar to flight across eight time zones.
Nighttime sleep on weekends may prevent shifts in phase
to match the new schedule and may exacerbate sleep pro-
blems during the week. Adolescent patients with delayed
sleep phase disorder have difficulty falling asleep at night
and difficulty waking up on time when they try to main-
tain a conventional sleep-wake schedule. Patients with
advanced sleep phase disorder complain of evening sleepi-
ness and early morning awakening. Sleep onset between
6 and 9 PM and awakening between 1 and 3 AM are typical.

With the irregular sleep-wake rhythm, sleep episodes of
varying length occur at irregular intervals. Patients or care-
takers complain of difficulty falling asleep, difficulty remain-
ing asleep, and daytime somnolence. The picture is often
complicated by nocturnal agitation and by the use of sedatives
or antipsychotic medications to control the agitation.

Patients with the free-running type of circadian rhythm
sleep disorder may complain of difficulty falling asleep
in the evening, difficulty waking up in the morning, or diffi-
culty staying awake during the day. Cyclical fluctuation in
severity of the complaints is typical because sleep problems
are much greater when the phase difference between the tem-
perature rhythm and the desired sleep-wake schedule is high.

Delayed sleep phase disorder may be the initial mani-
festation of depression in adolescents. In adults with poor
social adaptation, the syndrome may provide secondary gain
as a means to reduce or avoid social interaction. Irregular
sleep-wake rhythm is often associated with encephalopathy
and free-running rhythm with blindness.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of chronobiological disorders includes most of the other
disorders that cause insomnia or sleepiness. Inadequate
sleep hygiene and chronically insufficient sleep often
contribute to sleep disturbance in shift workers and night
workers; temporal association of sleep disturbance with
night or rotating shift work and remission during vacations
is suggestive of shift work sleep disorder. Depression, mari-
tal or family problems, job dissatisfaction, or other psycho-
social factors should be considered in a permanent shift
worker who develops sleep problems after years of stable
functioning.

Delayed sleep phase disorder that presents in adoles-
cence is sometimes misdiagnosed as narcolepsy, depres-
sion, chronic fatigue, or a learning disorder. Knowledge
that sleepiness occurs mainly in the morning and contin-
uous restful sleep occurs when patients go to bed late and
arise late helps the clinician arrive at the correct diagnosis.

EVALUATION. The history and sleep logs provide the
most useful information for diagnosing circadian rhythm
sleep disorders. Maintenance of a sleep log for 2 to 4 weeks
is usually sufficient except for patients with the free-
running type of circadian rhythm sleep disorder, in which
cyclical sleep patterns may only be revealed after several
weeks of maintaining sleep logs. In delayed sleep phase
disorder, sleep logs show sleep onset and awakening from
sleep that are much later than the social norm. Bedtimes
and wakeup times are often even later on weekends. Sleep
logs in patients with irregular sleep-wake rhythm show no
consistent sleep times: There may be several 2- to 4-hour
sleep periods scattered over the 24-hour period, with
marked variability in the timing and duration of sleep from
one day to the next.

If sleep apnea or narcolepsy is suspected, polysomnogra-
phy and MSLT may be helpful, but MSLT interpretation is
difficult if the patient has not been on a regular schedule.
Psychiatric assessment is indicated if depression appears
to be a contributing factor.

MANAGEMENT. Appropriate scheduling of sleep and
of exposure to bright light are the keys to management
of circadian rhythm sleep disorders. To minimize jet lag,
the pretravel sleep schedule should be shifted 1 to 2 hours
closer to the destination schedule. Although hypnotic use
during the trip may minimize in-flight sleep loss, the
potential for effects on memory and cognition must be con-
sidered, especially in the elderly. After travel, correctly
timed exposure to bright light and immediate adoption
of the new time zone schedule help reduce symptoms.
At present, melatonin, which may be beneficial for jet lag,
is not available in the United States except as an unregulated
health food supplement.

Treatment of shift work sleep disorder depends on the
frequency of shift changes, the direction of shift rotation,
the desired schedule during nights of work, and the day-
time obligations of the shift worker.38 Shift rotations from
days to evenings to nights tend to be better tolerated than
rotations in the opposite direction. Although sleep is usu-
ally best for night workers who sleep during the day 7 days
per week, most persons are unwilling to spend days off
asleep. A biphasic sleep schedule with a 2- to 3-hour nap
in the afternoon and 4 to 6 hours of sleep in the morning
after work is sometimes the best option. Bright light at
night and dark bedrooms in the daytime are beneficial,
but daytime sedative use is usually of no value.

For delayed sleep phase disorder, the patient should be
instructed to advance the times of going to bed and arising
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from bed by about 15 minutes each day or two beginning
with the usual weekend sleep times. Alternative approaches
with more rapid phase shifts are quicker, but they are more
socially disruptive and require strong motivation. Once the
desired schedule is achieved, it must be rigorously main-
tained 7 days per week. Morning bright light is helpful,
but patients should understand that the schedule is the most
critical element. In difficult cases, melatonin can be consid-
ered several hours before the desired bedtime, or bedtime
can be delayed rather than advanced, by 3 to 4 hours each
night for several days, until the patient reaches the desired
bedtime.

Although delayed sleep phase disorder almost always
can be treated effectively with strict scheduling, psychoso-
cial factors often interfere with the planned treatment.
Awakening in time to get to school often has become a
focus for conflict between the parents and the patient,
and many patients, particularly those with depression, lack
the motivation to maintain the schedule. Failure to attempt
even a minimal shift in schedule is usually an indication of
major family discord, depression, or poor motivation.

Advanced sleep phase disorder can be treated with daily
15-minute delays in bedtime and evening exposure to
bright light. Treatment of the irregular sleep-wake rhythm
is difficult, although morning exposure to bright light,
increased daytime activity, and prohibition of morning
and evening naps may be helpful. Management of the
free-running type of circadian rhythm sleep disorder is also
difficult, but blind patients who retain some retinal input to
the suprachiasmatic nucleus benefit from appropriately
timed exposure to high-intensity bright light.
PARASOMNIAS

Parasomnias are disorders that involve undesirable physical
events or experiences that occur during sleep, entry to
sleep, or arousal from sleep (Table 54-8).1 This section
reviews selected parasomnias that are of particular interest
to neurologists.
TABLE 54-8

Examples of Parasomnias

DISORDER KEY FEATURES

Confusional arousals Sudden arousals, usually from slow-wave
sleep, associated with confusion and
disorientation

Sleepwalking Arousal with complex motor behavior, usually
from slow-wave sleep; walking, running,
talking, and eating may occur

Sleep terrors Sudden arousal, usually from slow-wave sleep,
with fearful agitated behavior, often with
screaming or crying and inconsolability

Nightmare disorder Recurrent, disturbing dreams
Recurrent isolated
sleep paralysis

Paralysis occurring at the onset or end of sleep
or during nocturnal awakenings

REM sleep behavior
disorder

Dream-enacting behavior with loss of the
normal muscle atonia during REM sleep

Sleep enuresis Bed wetting during sleep, after 5 years of age
Sleep-related eating
disorder

Repeated involuntary eating or drinking after
sleep onset

REM, rapid eye movement.
Arousal Disorders
PATHOGENESIS AND PATHOPHYSIOLOGY. The

arousal disorders—confusional arousals, sleepwalking,
and sleep terrors—are grouped together based on the
hypothesis that impaired ability to arouse fully from
slow-wave sleep is responsible for the phenomena.51 The
disorders, which are most common during childhood when
the amount of slow-wave sleep is at its peak, probably exist
on a continuum. Confusional arousals are associated with
low levels of motoric and autonomic activation; sleepwalk-
ing with motoric activation but little autonomic activation;
and sleep terrors with pronounced autonomic, emotional,
and motoric activation. The variable activation patterns
lead to considerable overlap between the three syndromes.

EPIDEMIOLOGY AND RISK FACTORS. Children are
affected more than adults with a peak incidence between
ages 4 and 10 years; however, onset in adulthood can occur.
About 1% to 6% of children have recurrent sleep terrors.
An increased prevalence in first-degree relatives suggests that
genetic factors may play a role. In susceptible persons, sleep-
walking and sleep terrors may be precipitated or aggravated
by stress, sleep deprivation, fever, and noise. Many patients
with arousal disorders may have sleep-disordered breathing
(usually in subtle forms) or periodic leg movements, treat-
ment of which can resolve the parasomnia.41

CLINICAL FEATURES AND ASSOCIATED DIS-

ORDERS. Sleep terrors are episodes of fearful agitation
with decreased responsiveness and inconsolability that
begin abruptly, usually from slow-wave sleep in the first
third of the night. Severe episodes are often accompanied
by screaming and attempts to leave the bed or the room.
Patients may fall down stairs and may react violently to
attempts to restrain them. After several minutes the patient
calms down and returns to sleep. Morning recall is usually
absent, although some patients have a vague recollection of
a terrifying situation such as suffocation and occasional
patients recall more elaborate dreamlike experiences.

Sleepwalking is characterized by complex automatisms
during sleep typified by getting out of bed and walking.
Some subjects eat42; others attempt to leave the home
through a door or window. Patients sometimes sit or stand
in bed without getting out of bed. Although sleepwalkers
often respond inappropriately, they sometimes follow
instructions to return to bed.

Confusional arousals are brief episodes associated with
talking, moaning, or agitation that rarely require treatment.

Although sleep terrors and sleepwalking may be precip-
itated by stress in susceptible individuals, most affected
children do not have severe psychopathology. Arousal
disorders appear to be increased in Tourette’s syndrome,
post-traumatic stress disorder, and children with violent,
abusive families.

DIFFERENTIAL DIAGNOSIS. The differential diagnosis
of arousal disorders includes sleep-related epilepsy, REM
sleep behavior disorder (RBD),43 nightmares, confusional
states, and nocturnal delirium (Video 241, REM Behavioral
Disorder). Although the patient’s history is often sufficient
for diagnosis, symptoms of screaming, walking, running,
and vague, frightening perceptions may accompany noctur-
nal complex partial seizures. Atypical presentations that sug-
gest the possibility of seizures include onset in adulthood;



TABLE 54-9

Causes of Episodic Nocturnal Complex Motor Activity

DISORDER
STAGE OF SLEEP OR WAKEFULNESS
IN WHICH EPISODES ARISE

Sleepwalking NREM sleep, usually slow-wave
sleep

Sleep terrors NREM sleep, usually slow-wave
sleep

Partial complex seizures
of temporal lobe origin

Usually NREM sleep

Partial complex seizures
of frontal lobe origin

Usually NREM sleep

Hypnogenic paroxysmal
dystonia

Usually NREM sleep

Panic disorder NREM sleep
REM sleep behavior disorder REM sleep
Nightmares REM sleep
Nocturnal delirium Wakefulness
Dissociative episodes Wakefulness
Malingering Wakefulness

REM, rapid eye movement; NREM, nonrapid eye movement.
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multiple nightly episodes; stereotyped behaviors with
chewing, swallowing, and salivation; and poor or no res-
ponse to medications.44 The RBD occurs mainly in adults
and is usually associated with dream recall; the vague recol-
lections that accompany some episodes of sleep terrors are
usually fragmentary without the plot or story that charac-
terizes dream mentation. Behavior may, however, be simi-
lar to that observed with sleep terrors, and some patients
have a so-called overlap syndrome with elements of sleep
terrors and RBD.

In hysterical dissociative phenomena, such as fugue
states and multiple personalities, the patient is not asleep
and behavior is purposeful, more complex, and longer last-
ing. The electroencephalogram (EEG) is consistent with
waking state.

EVALUATION. For otherwise normal children with typ-
ical behaviors of sleepwalking or sleep terrors that occur
during the first third of the night, the diagnosis can usually
be made based on clinical criteria. When the diagnosis is
uncertain, polygraphic monitoring with simultaneous video
monitoring is indicated for 1 or 2 nights, particularly if the
events are occurring several times per week. If nocturnal
seizures are a consideration, several additional EEG chan-
nels should be included in the recording montage, along
with a video recording of the patient and the capability to
record or play back activity at a sufficient paper speed to
identify interictal and ictal epileptiform activity.44 Standard
polysomnographic recording techniques used for identify-
ing sleep apnea are generally insufficient for a definitive
diagnosis.

Polysomnographic monitoring usually demonstrates the
onset of sleep terror episodes during stage 3 or 4 sleep.
The EEG during the episode may show rhythmical d activ-
ity or other nonwaking patterns, whereas the EEG shows
waking activity during psychogenic dissociative episodes
and REM sleep activity during RBD. Psychiatric evalua-
tion is indicated if a dissociative disorder is suspected,
because many patients have severe psychopathology.

MANAGEMENT. Sleep terrors and sleepwalking usually
improve with age and resolve before adolescence. Treat-
ment may be required if the associated behaviors are poten-
tially injurious or if the behavior is excessively disruptive
to the family. Good sleep hygiene with regular sleep hours
and adequate amounts of nocturnal sleep are important
initial recommendations. Ground-floor bedrooms, window
locks, and absence of sharp objects or toys on the bedroom
floor are other useful measures. If injuries have occurred
or appear likely to occur, treatment of the patient at bed-
time with imipramine, diazepam, or clonazepam is usually
effective. Hypnosis or other behavioral treatments may
be helpful for some patients, and psychiatric treatment
is indicated when the disorder is linked to significant
psychopathology.

PROGNOSIS AND FUTURE PERSPECTIVES. Episodes
tend to decrease in frequency and severity during adoles-
cence. The natural history of adult-onset arousal disorders
is unknown.

REM Sleep Behavior Disorder
Normal REM sleep is associated with skeletal muscle ato-
nia interrupted by irregular muscle twitches. With the
RBD, the muscle atonia that accompanies REM sleep is in-
complete, and patients have motor automatisms in which
they appear to act out their dreams.45

The RBD occurs mainly in older persons and is more
common in men than in women. Patients with Parkinson’s
disease, Alzheimer’s disease, dementia with Lewy bodies,
multi-infarct dementia, multiple system atrophy, olivopon-
tocerebellar degeneration, narcolepsy, and focal brain stem
lesions are at increased risk for RBD, but over half
of patients have no major abnormality on neurological
examination or MRI. Some studies have suggested that
the disorder may be an early marker or risk factor for
parkinsonian syndromes.46

The disorder may begin fairly abruptly, or it may be pre-
ceded by months of progressively increasing nocturnal
movements, vocalizations, and disturbing dreams. Present-
ing complaints include nocturnal shouting, violent behavior
with “acting out” of dreams, and injuries during sleep to
the patient or bed partner.43 During the episodes, which
usually last a few minutes, behavior may be limited to talk-
ing, laughing, and waving of the arms or it may include
punching, kicking, or jumping out of bed. Some patients
have a so-called Jekyll and Hyde syndrome with quiet
peaceable behavior during the day that contrasts with the
swearing and violence that accompanies REM sleep.

The timing and duration of episodes parallel the distribu-
tion of REM sleep across the night. Some patients have
complex behaviors with virtually every REM period,
whereas others have the behaviors less than once per week.
Episodes usually do not occur during naps or during the
first hour of sleep because REM sleep is uncommon
at these times. Patients can usually be awakened from an
episode without the confusion or difficulty arousing that
characterizes sleep terrors.

Dream mentation and dream-enacting behaviors are
uncommon with other disorders associated with complex
motor activity during sleep (Table 54-9). The recurrence
of episodes at approximately 90-minute intervals and the
rapid return to full alertness on awakening are also useful
distinguishing features.



Consens and Chervin / Sleep Disorders 1281
Polysomnography with simultaneous audio and video
monitoring and additional channels for limb movement
monitoring is indicated when RBD is suspected. On poly-
somnography, the atonia that normally accompanies REM
sleep is disrupted by periods of increased tone and
increased phasic muscle activity, even during REM periods
that are not associated with disruptive behavior. One night
of recording is usually sufficient, but sometimes two nights
are required. Brain imaging, daytime EEG, or neuropsy-
chological tests may be indicated in patients with abnormal
neurological examinations, but they are not needed in
patients with idiopathic RBD.

In 80% to 90% of patients, behavior is eliminated or reduced
to minor movements and vocalizations with bedtime doses of
clonazepam, which appears to be more effective than other
benzodiazepines. Incomplete atonia persists during REM sleep
even with treatment. If clonazepam is ineffective or not toler-
ated, imipramine, levodopa-carbidopa, diazepam, temazepam,
clonidine, or carbamazepine are occasionally useful.

Idiopathic RBD is a chronic disorder with few if any
remissions. A substantial proportion of patients who are
otherwise neurologically normal at the time of presentation
develop Parkinson’s disease over the next several years.

Hypnogenic Paroxysmal Dystonia
The clinical characteristics of hypnogenic paroxysmal dys-
tonia (also called nocturnal paroxysmal dystonia) closely
resemble partial seizures originating in the supplementary
motor area, and in most patients, the attacks are epileptic.
This form of epilepsy is no longer classified as a parasom-
nia, but it is discussed here as a condition that can be of
interest to neurologists when parasomnias are a diagnostic
consideration. Unusual cases with long-lasting attacks are
presumed to be caused by a basal ganglia disturbance.

The disorder is rare. Lesions of the supplementary motor
area or of mediobasal regions of the frontal lobe appear to
be the major risk factors.

Patients with this disorder have brief spells of ballistic
choreoathetoid movements and dystonic postures that arise
abruptly from NREM sleep. The violent movements are
usually bilateral, but they may predominate on one side
and the patient usually is awake with eyes open during
the episode.

Differential diagnosis includes partial seizures of tem-
poral lobe origin, sleep terrors, nocturnal dissociative dis-
order, and RBD. Although the bizarre behaviors may
suggest a psychiatric disorder, the abrupt onset from sleep,
the highly stereotyped behaviors, and the absence of dream
mentation and dream-enacting behaviors are helpful distin-
guishing features. Sleep terrors rarely occur more than 3 to
4 times per night, whereas episodes of hypnogenic parox-
ysmal dystonia often occur 10 to 40 times per night.

Polysomnography with video-EEG monitoring is the
most useful diagnostic test.44 The documentation of abrupt
onset from sleep with stereotyped behavior is usually suffi-
cient to exclude psychiatric causes, but definitive determi-
nation of whether the episodes are epileptic is often
difficult. In some cases, ictal discharges may be recorded
from frontal regions, but it may be necessary to record
dozens of episodes over the course of several nights before
a focal ictal discharge is revealed. In some cases, intracra-
nial electrode placement is required.
Epileptic and nonepileptic forms may respond to car-
bamazepine and other antiepileptic agents, but as in other
patients with seizures of frontal lobe origin, some patients
show no response to any anticonvulsant.

The course is variable. Spontaneous remissions may
occur that last for years, even when the disorder is epilep-
tic. Other patients have numerous nightly episodes that are
refractory to all treatments. Daytime seizures sometimes
develop.
SLEEP ABNORMALITIES IN NEUROLOGICAL
DISORDERS

Sleep Disordered Breathing and Neuromuscular
Diseases
Breathing disturbances in neuromuscular diseases are due
to weakness of respiratory muscles, upper airway muscles,
or both. Respiratory muscle weakness is usually severe in
Duchenne muscular dystrophy and also occurs in myotonic
dystrophy, limb-girdle dystrophy, polymyositis, poliomy-
elitis, amyotrophic lateral sclerosis, myasthenia gravis,
and congenital myopathies.

Weakness of the diaphragm is the most important cause
of respiratory disturbance during sleep. Diaphragmatic
workload increases in NREM sleep owing in part to airway
narrowing caused by decreased tone in upper airway mus-
cles, in part to sleep-related changes in lung mechanics and
respiratory muscle activation, and in part to the increased
load associated with the horizontal position. With neuro-
muscular disorders, weakness of upper airway muscles
may further reduce airway diameter, leading to increased
respiratory load. Diaphragm workload increases even fur-
ther during REM sleep, because accessory muscles of res-
piration are inhibited and the diaphragm must perform
almost all the work of breathing. The increased workload
during sleep may lead to diaphragm fatigue with hypoxia,
hypercapnia, acidosis-induced muscle dysfunction, and
progressively worsening hypoventilation during the latter
portion of the night.

Weakness of upper airway muscles may also lead to
obstructive apneas and hypopneas, but weakness of inspira-
tory muscles may prevent generation of sufficient force
to produce snoring.

Obesity, kyphoscoliosis, and other factors that increase
work of breathing may precipitate sleep-related hypoventi-
lation in patients with diaphragm weakness. Patients with
bulbar symptoms are at increased risk for upper airway
obstruction during sleep. Although patients with daytime
respiratory symptoms are at greatest risk, many patients
without daytime complaints have significant sleep-related
hypoventilation.

Patients may complain of frequent awakenings, nocturnal
dyspnea or restlessness, inability to sleep supine, or morning
headaches. Patients with marked diaphragm weakness may
be unable to sleep in a bed and may sleep in a chair or on
the couch. Daytime sleepiness is usually not a prominent
complaint until sleep disturbance is severe. In occasional
patients with motor neuron disease or myopathy, sleep
complaints caused by nocturnal hypoventilation are the
initial manifestation of the neuromuscular disease.
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Other causes of sleep disturbance, including PLMD and
the effects of medications, must be considered. Patients
with progressive disorders may have sleep disturbance
caused by depression.

Evaluation should include spirometry obtained in the sit-
ting and supine positions because patients with diaphragm
weakness may have a pronounced reduction in vital capac-
ity when they are supine. Arterial blood gases, assessment
of diaphragm motion with fluoroscopy, and complete pul-
monary function testing are helpful in selected patients.
Polysomnography allows assessment of breathing in REM
and NREM sleep in various body positions and sleep
stages. Measurement of end-tidal PCO2, which can be
performed as part of the recording, provides a quantitative
assessment of ventilation.

Weight reductionmay produce marked benefits if obesity
has led to decompensation of marginal pulmonary function
during sleep. Nocturnal oxygen may be beneficial if hypo-
ventilation is not severe, but it must be administered cau-
tiously in patients with daytime hypercapnia because of the
risk of precipitating respiratory failure in patients whose
breathing is dependent on hypoxic drive. For patients with
upper airway obstruction, nasal CPAP is excellent treatment,
and if hypoventilation is not reversed with CPAP, BPAP
devices that provide a higher pressure during inspiration than
during expiration can be used, especially for patients with
expiratory muscle weakness. Negative-pressure cuirass ven-
tilators and intermittent positive-pressure ventilation can be
used if additional ventilatory support is needed. Tracheosto-
my combined with positive-pressure ventilation may be
needed for some patients. The prognosis depends on the
underlying neuromuscular disorder.

Sleep Disorders Associated with Degenerative
Disorders of the Central Nervous System
Degenerative neurological diseases can lead to sleep distur-
bance through effects of the disease on neuronal systems
involved in sleep-wake regulation, on systems involved with
regulation of breathing during sleep, or on systems involved
with motor control during sleep.47 Degenerative processes
that affect the suprachiasmatic nucleus or the retina may
produce circadian rhythm disturbances. OSA may occur if
weakness, spasticity, or rigidity affect bulbar muscles, and
central or obstructive apneas may occur if respiratory control
systems of the lower brain stem are involved. Patients who
have degenerative processes that affect motor systems are at
increased risk for PLMD, RLS, and RBD. Deficient dopami-
nergic transmission may explain, at least in part, the occur-
rence of RBD in patients with multiple system atrophy.48

Degenerative disorders may also cause sleep disturbance
due to the effects on sleep continuity of immobility, dis-
comfort, and nocturnal disorientation. Depression and the
effects of psychoactive medications also contribute to sleep
problems in many patients, but sleep disturbance is also
common in unmedicated nondepressed patients.

Frequent awakenings scattered throughout the night repre-
sent the most common pattern of sleep disturbance in these
patients. Awakenings combined with disorientation in
demented persons often lead to the so-called sundown
syndrome with nocturnal wandering, confusion, and agitation.
This problem is highly stressful to family members and is a
major cause of institutionalization of the demented elderly.
Daytime somnolence, often caused by nocturnal sleep disrup-
tion, may exacerbate difficulties with memory and attention.

Obstructive and central sleep apneas and irregular respi-
ratory patterns during sleep are common in patients with
autonomic disturbances, in those with bulbar symptoms,
and in those with degeneration of pontomedullary systems
involved in the coordination of breathing.

For the patient with a degenerative neurological disorder
and sleep complaints, the differential diagnosis may
include direct and indirect effects of the disease, medica-
tion effects, poor sleep hygiene with excessive time in
bed, circadian rhythm sleep disorders, RLS and PLMD,
sleep-related breathing disorders, sundowning, and RBD.

The history is the most important element for diagnosis.
The relation of the onset of sleep disturbance to the onset
of the degenerative disorder helps determine whether the
two are related. For patients with insomnia or disruptive
nocturnal behavior, the frequency and duration of awaken-
ings should be noted, along with the times of naps and
medications. Mood should be assessed because depression
is a common contributor to sleep disturbance in this popu-
lation. A sleep log may provide evidence of a circadian
rhythm disorder and also helps quantify the sleep dis-
turbance and its effect on the caregiver. Sleep laboratory
evaluation may be required in some cases, particularly if
sleep apnea, PLMD, or RBD are suspected.

The management of disturbed sleep in patients with
degenerative disorders requires a determination of the
severity of sleep disturbance and its probable causes, an
assessment of the impact of disrupted sleep on the patient
and family, and a consideration of the benefits and draw-
backs associated with particular treatments. Although the
underlying pathology usually cannot be halted or reversed,
there may be elements contributing to disordered sleep that
can be ameliorated or removed. Good sleep hygiene with a
regular sleep-wake schedule, exposure to bright light in the
morning, and minimal amounts of time spent in bed during
the day are important first steps. Morning and evening naps
should be avoided in most patients, but afternoon naps may
help some patients obtain more total sleep. Caffeine and
alcohol should be eliminated, and psychoactive medications
should be minimized.

Sleep-related breathing disturbances should be treated
to the greatest extent possible, particularly in patients with
autonomic disturbances because they appear to be at high
risk for death during sleep. OSA may respond to treatment
with nasal CPAP. Although the CPAP apparatus may be
manageable initially, its use may become impossible as
the degenerative disorder progresses, particularly if demen-
tia is a prominent symptom. In most patients with advanced
disease, the complications associated with tracheostomy
outweigh its benefits.

Disruptive nocturnal behavior that is due to RBD usually
responds to treatment with clonazepam in patients who can
tolerate the medication, but it is a difficult symptom to
manage when the condition is due to other causes. Benzo-
diazepines exacerbate nocturnal confusion and impair
memory in the demented. Some patients benefit from low
doses of thioridazine, butyrophenone, or sedating tricyclic
antidepressants, but their anticholinergic properties may
worsen cognitive disturbance.
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HISTORY AND DEFINITIONS

Adverse reactions to prescription or over-the-counter med-
ications are a frequent cause of neurological morbidity and
patient hospitalization. Therefore, it is essential that the
possibility of an iatrogenic condition be considered in any
patient presenting with acute, subacute, or chronic neuro-
logical symptoms. Identification of the responsible agent
is simple when neurological symptoms are highly character-
istic of the offending agent. However, in most cases, symp-
toms of intoxication are nonspecific and mimic neurological
entities, or they exacerbate pre-existing neurological dis-
ease. Some effects relate directly to neurotoxicity, and
others are secondary to damage of other organ systems such
as renal or hepatic.

The nervous system may be adversely affected by several
mechanisms. There may be interference with energy pro-
duction necessary to maintain normal neural structure and
function; exposure to foreign material may result in allergic
or other immunological phenomena; drugs may affect the
nervous system through their effects on neurotransmitters;
the offending agent may interfere with nerve nutrition
through involvement of the nutrient vessels; and alterations
in acid-base balance or in ionic concentrations may occur.
Advances in molecular biology research techniques are
being applied to understanding the biochemical founda-
tions of toxic reactions and to identifying subjects at risk
of intoxication.

TRANQUILIZERS, ANTIDEPRESSANTS, AND
ANXIOLYTICS

Neuroleptics
The neuroleptic agents or major tranquilizers (Table 55-1)
exert their antipsychotic activity by blocking dopaminergic
receptors at the level of the limbic system, forebrain, and
basal ganglia. They also have antihistaminergic, anticho-
linergic, and anti-a1-adrenergic properties. The newer so-
called atypical agents include clozapine, olanzepine, quetia-
pine, risperidone, and aripiprazole. Many newer agents have
some affinity for 5-HT2 serotonin receptors as well (cloza-
pine, risperidone, aripiprazole). The atypical neuroleptics
have become favored due to their lower side effect profile
in terms of extrapyramidal features. Neuroleptics, as a class,
are associated with a variety of important neurological com-
plications. These can be classified as acute, subacute, and
chronic side effects (Table 55-2).



TABLE 55-2

Neuroleptic Neurotoxicity

Acute
Akathisia
Dystonia
Encephalopathy
Lowering of seizure threshold
Neuroleptic malignant syndrome*

Subacute
Neuroleptic malignant syndrome*
Parkinsonism

Tardive
Akathisia

Chorea (classical tardive dyskinesia)
Dystonia
Myoclonus
Tics

*Neuroleptic malignant syndrome can occur as an acute, subacute. or chronic side
effect of neuroleptics.

TABLE 55-1

Selected Neuroleptics

NONPROPRIETARY/TRADE NAME SEDATIVE EFFECTS EXTRAPYRAMIDAL EFFECTS HYPOTENSIVE EFFECTS

Phenothiazines

Chlorpromazine hydrochloride (Thorazine) þþþ þþ þþþ
Mesoridazine besylate (Serentil) þþþ þ þþ
Thioridazine hydrochloride (Mellaril) þþþ þ þþþ
Fluphenazine hydrochloride (Prolixin) þ þþþ þ
Perphenazine (Trilafon) þþ þþ þ
Trifluoperazine hydrochloride (Stelazine, Suprazine) þ þþþ þ
Thioxanthenes

Thiothixene hydrochloride (Navane) þþ þþþ þþ
Other Heterocyclic Compounds

Haloperidol (Haldol) þ þþþ þ
Loxapine succinate (Loxitane) þ þþ þ
Molindone hydrochloride (Moban) þþ þþ þ
Pimozide (Orap) þ þþþ þ
Atypical Neuroleptics

Clozapine (Clozaril) þþþ 0 þþþ
Quetiapine (Seroquel) þþþ þ þþþ
Olanzapine (Zyprexa) þþþ þþ þþþ
Risperidone (Risperdal) þþþ þþ þþþ

þ, rare; þþ, moderately common; þþþ, very common.
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Encephalopathy
Neuroleptics may cause a toxic confusional state, especially
in the elderly, and confusion occurs more frequently with the
low-potency, high-anticholinergic activity subclass (chlor-
promazine, thioridazine, mesoridazine). These drugs can
also produce profound sedation, especially with initiation
of therapy.1

Seizures
Neuroleptics also lower the seizure threshold and have
been associated with exacerbation of pre-existing epilepsy
as well as the de novo appearance of seizures. Clozapine
use has been associated with generalized and myoclonic
seizures that may develop during the titration phase at
low dosages (<300 mg/day) and at high dosages during
maintenance therapy (>600 mg/day).2
Neuroleptic Malignant Syndrome
The pathogenesis of neuroleptic malignant syndrome (NMS)
is not completely understood. Alterations in dopaminergic
transmission, changes in sympathetic outflow, alterations in
central serotonin metabolism, and abnormalities in muscle
membrane function have been implicated. NMS has been
associated with all groups of neuroleptics, although high-
potency agents, specifically haloperidol and fluphenazine,
have been most frequently cited. Neuroleptic malignant syn-
drome has been described with the atypical neuroleptic
medications clozapine, risperidone, and olanzapine.3–5

Neuroleptic malignant syndrome tends to occur with the
initiation of treatment or increases in dose and is more com-
mon with depot forms of neuroleptics. Affective disorder,
concomitant lithium carbonate administration, psychomotor
agitation, dehydration, exhaustion, and mild hyperthermia
seem to increase susceptibility toward this condition.6

The principal features of NMS are hyperthermia, muscle
rigidity, autonomic dysfunction, and mental status changes.
Laboratory findings include elevated creatine kinase (CK),
polymorphonuclear leukocytosis, elevated aldolase, alkaline
phosphatase, lactic dehydrogenase, alanine aminotrans-
ferase and aspartate aminotransferase, hypocalcemia, hypo-
magnesemia, low iron, proteinuria, and myoglobinuria.6

Approximately 40% of patients with NMS develop medical
complications that may be life threatening. NMS is a clinical
diagnosis based on the presence of the proper historical
setting and the characteristic constellation of signs. Disor-
ders with similar features include malignant hyperthermia,
heat stroke induced by neuroleptics, lethal catatonia, other
drug reactions, and vascular, infectious, or postinfectious
brain damage.

Neuroleptic malignant syndrome is a potentially fatal dis-
ease, and a high index of suspicion is required for early rec-
ognition and intervention. Treatment includes discontinuing
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the offending agent, providing supportive measures, and
administering dantrolene or bromocriptine or a combination
of the two.

Acute Dystonia
Acute neuroleptic-induced dystonia can be seen early in
the course of neuroleptic therapy or with dosage increases.
It is often seen following a single parenteral dose of neuro-
leptics. The manifestations can be diverse, although the
most typical clinical signs involve oculogyric crises and
opisthotonic posturing. Risk factors include young age,
male gender, and use of high-potency neuroleptics.7 Acute
dystonic reactions are self-limited and, if left untreated,
usually subside within 24 hours. Parenteral administration
of anticholinergics, such as benztropine or diphenhydra-
mine, offers immediate relief in the majority of cases, but
oral anticholinergics should be continued for a few days
until the causative neuroleptic is cleared.

Acute Akathisia
Akathisia is a severe form of restlessness associated with
the need to move. Typically the patient paces incessantly
in place and cannot sit down without continual volitional
movement of the legs or feet. The pathophysiology of the
syndrome is not well understood but may relate to the
development of acute imbalance between the dopaminergic
and cholinergic systems. This neuroleptic side effect usually
occurs within the first days of therapy or with dosage
increases, and it resolves with withdrawal of the neuroleptic
agent. Anticholinergics, amantadine, b-blockers, clonidine,
and benzodiazepines have also been used with variable
success.1,6 Late-onset akathisia may be a form of tardive
dyskinesia (TD) and may be more difficult to treat (Video
258, Akathisia).

Parkinsonism
Neuroleptic-induced parkinsonism is the result of striatal do-
paminergic underactivity due to dopaminergic D2 receptor
blockade. Clinically, it cannot be distinguished from idio-
pathic Parkinson’s disease, although its development occurs
as a subacute syndrome within the first weeks of drug intro-
duction or dosage increase (Video 59, Rest Tremor; Video
62, Parkinsonian Gait). Parkinsonian symptoms resolve over
a few weeks to 6 months after stopping the causative agent
or with the use of antiparkinsonian drugs. Proposed risk fac-
tors for development of neuroleptic-induced parkinsonism
are female gender, older age, and the use of high-potency
agents.1,7 Treatment consists of discontinuing or reducing
the dosage of the offending agent. Substitution with an atypi-
cal neuroleptic, such as clozapine or quetiapine can be
considered. In a retrospective cohort study of 25,769 adults
prescribed antipsychotics in Ontario, Canada, patients pre-
scribed typical agents were 30% more likely to develop
parkinsonism compared to individuals dispensed an atypical
antipsychotic. Nevertheless, the risk of development of
parkinsonism associated with the use of high-dose atypical
antipsychotics was similar to that associated with the use of
typical antipsychotics.8 Anticholinergics, amantadine, and
electroconvulsive therapy are also possible treatments.
Tardive Dyskinesia
Tardive dyskinesia usually appears after several months
or years of treatment with antipsychotic medications and
almost never before 3 months. No consistent neuropatho-
logical changes have been seen in patients with TD, and
the predominant hypothesis for its genesis is denervation
supersensitivity of the striatal dopamine receptors follow-
ing chronic blockade.6 Risk factors for the development
of TD include old age, female gender, presence of affective
disorders, history of neuroleptic-induced parkinsonism,
presence of organic brain disease, high-potency neurolep-
tics, sufficient duration of treatment with neuroleptics, and
possibly the use of anticholinergic medications, previous
electroconvulsive treatment, and drug holidays.

In addition to the well-known oral-buccal-lingual mas-
ticatory movements and generalized chorea, dystonia, aka-
thisia, tics, and myoclonus have been described (Video 66,
Tardive Dyskinesia). Once TD has appeared, its peak severity
is reached rapidly and is often maintained. Following neuro-
leptic withdrawal, TD may transiently worsen, but this
exacerbation is short lived. TD resolves in up to 33% of
patients within 2 years after discontinuation of the offending
agent.9 A recent prospective study comparing risperidone and
haloperidol in 350 patients who had not been exposed to
neuroleptics before showed that each drug had a similar inci-
dence of dystonia, parkinsonism, akithisia, and dyskinesia.10

At present, prevention is the treatment of choice for
TD. Therefore, neuroleptics should be used only when
specifically needed and at the lowest possible doses. Once
TD develops, the causative agent should be discontinued, if
possible. Alternatively, the patient should be switched to an
atypical neuroleptic such as clozapine, which not only does
not regularly cause TD but may even relieve its symptoms.6

If neurological impairment, disfigurement, or discomfort
exists, treatment with the dopamine depleters reserpine or
tetrabenazine should be considered. Noradrenergic antago-
nists (propranolol, clonidine), g-aminobutyric acid (GABA)
agonists (clonazepam, diazepam, valproate, baclofen), botu-
linum toxin injections, and, to a lesser degree, vitamin E,
buspirone, and calcium channel blockers have been used
with variable success.1,6
Risk of Death
In a meta-analysis of 15 clinical trials investigating the
efficacy of atypical antipsychotics for the treatment of psy-
chotic features in elderly patients with Alzheimer’s dis-
ease, atypical antipsychotics were found to be associated
with a small increase in the risk for death compared to pla-
cebo.11 As a consequence, the U.S. Food and Drug Admin-
istration (FDA) issued an advisory stating that atypical
antipsychotics increase mortality rate in elderly patients.
A subsequent retrospective review of 22,890 patients
65 years of age or older who received conventional or atypi-
cal antipsychotics between 1993 and 2003 found that con-
ventional antipsychotics are at least as likely as atypical
agents to increase the risk of death among elderly patients.12

Both of these studies are observational in methodology and
it should be taken into consideration that observational stud-
ies on overall mortality rates are particularly susceptible to
numerous biases and should be viewed with extreme care.
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Antidepressants
Tricyclic Antidepressants
Tricyclic antidepressants (TCAs) act by blocking primarily
norepinephrine or serotonin reuptake and also affect the
cholinergic and histaminergic systems (Table 55-3). They
have a narrow therapeutic index and can be associated with
significant central nervous system (CNS) toxicity. Risk
factors for CNS toxicity include plasma level, type of
TCA, and concomitant administration of other psychotropic
drugs.13

Sedation is a very common side effect of TCAs and is
most prominent when drug therapy is initiated or when
the dosage is increased. Sleep in TCA-treated patients is
associated with a decrease in rapid-eye-movement (REM)
sleep and may result in a hangover.14 Confusional states
and delirium occur particularly in the elderly or in those
treated with high doses, concomitant administration of
neuroleptics, or antiparkinsonian medications. Confusion
also occurs especially with the use of TCAs with high
anticholinergic activity (amitriptyline, imipramine).14,15

Anticholinergic effects of TCAs are also responsible for
memory impairment, especially in the elderly. TCAs can
exacerbate the naturally occurring tendency for depressed
patients to become manic and are responsible for a rare
but unusual difficulty in articulation that resembles stammer
and has been called speech blockade.13

Tricyclic antidepressants lower the seizure threshold
and may be associated with an increased risk of seizures
in individuals who have a history of epilepsy or who are
predisposed to have seizures. For imipramine, the most fre-
quently studied TCA, the literature indicates a seizure rate
of between 0.3% and 0.6% at effective doses. In general,
seizures are observed after long-term treatment with high
doses of TCAs or after a rapid increase in dose.13

A high-frequency postural and kinetic tremor may be
present in as many as 10% of patients treated with imipra-
mine. Myoclonus, akathisia, and choreoathetoid movements
are additional rare side effects seen with TCAs (Video 57,
Myoclonus).1,13

Tricyclic antidepressants are a serious cause of drug-
related death in the United States. The signs and symptoms
of TCA overdose are cardiovascular instability, CNS
depression, and anticholinergic toxicity. TCA-induced
drowsiness and coma can be reversed by the cholinergic
agonist physostigmine.14
TABLE 55-3

Action of Tricyclic Antidepressants

DRUG
ANTICHOLINERGIC
ACTION

SEROTONIN
REUPTAKE
INHIBITION

NOREPINEPHRINE
REUPTAKE
INHIBITION

Imipramine þþ þ þþ
Desipramine þ þ/� þþþ
Amitriptyline þþþ þþ þþ
Nortriptyline þ þ þþ
Protriptyline þþþ þ/� þþþ
Trimipramine þþ þ / � þ
Doxepin þþ þ þ
Clomipramine þþ þþþ þ

þ þ þ, significant; þ þ, moderate; þ, low; þ/�, inconsistent.
Selective Serotonin Reuptake Inhibitors
The selective serotonin reuptake inhibitors (SSRIs) are
potent and selective inhibitors of serotonin reuptake at the
presynaptic terminal. They are considered first-line therapy
for depression because of their prescribing ease and supe-
rior side effect and safety profile. SSRI-induced side
effects are usually transient and rarely result in discontin-
uation of the medication. In addition, they appear to be
safer than TCAs when an overdose occurs.

The major side effects of the SSRIs referring to the CNS
include nausea, headache, dry mouth, insomnia and somno-
lence, agitation, nervousness, sweating, dizziness, tremor,
and sexual dysfunction.15 Fluoxetine is often associated
with anxiety, nervousness, insomnia, and anorexia. Parox-
etine, fluvoxamine, and nefazodone are associated with
sedation. Sexual dysfunction manifests itself as ejaculatory
delay in men and anorgasmia in women.16 SSRIs have
been shown to inhibit the cytochrome P-450 system both
in vitro and in vivo and, therefore, to result in increased
levels of drugs that are substrates of cytochrome P-450
as well (i.e., TCAs). Escitalopram, has no effect on the
cytochrome P-450 and citalopram has only limited effect.
There has been debate over whether the combination of
SSRIs and monoamine oxidase inhibitors (MAOIs) or
TCAs can lead to the serotonin syndrome, characterized
by hyperpyrexia, myoclonus, rigidity, hyper-reflexia, shiver-
ing, confusion, agitation, restlessness, coma, autonomic
instability, low-grade fever, nausea, diarrhea, diaphoresis,
flushing, and, rarely, rhabdomyolysis and death.15,17 This
occurrence is probably uncommon but should be watched
for and immediately handled with supportive care and drug
withdrawal if it occurs. Several case reports in the literature
suggest that SSRIs can produce extrapyramidal symptoms in
the form of akathisia, dyskinesia, acute dystonia, and deteri-
oration in Parkinson’s disease, but controlled clinical studies
are needed to determine the validity of these observations.
In a review of 514 cases with subarhachnoid hemorrhage,
concurrent use of SSRIs was found to be a risk factor for
subarachnoid hemorrhage-related vasospasm.18

Several scientific publications have suggested the possi-
bility of an increased risk of suicidality in adults being
treated with antidepressant medications. Most systematic
reviews of randomized controlled trials failed to reveal
any evidence of and increased risk of suicide or nonfatal
self-harm in adults prescribed SSRIs but found some weak
evidence in those aged 18 or younger.19
Monoamine Oxidase Inhibitors
Monoamine oxidase is an intramitochondrial enzyme
responsible for the breakdown of intracellular dopamine,
norepinephrine, and serotonin. MAOIs inhibit monoamine
oxidase, resulting in an increase in the concentration
of monoamines in the synapse. Therefore, when patients
taking MAOIs ingest vasoactive amines in foods and bev-
erages (e.g., cheese, chocolate, pickled herring, chicken
livers, caviar, broad beans, wine, beer), or take certain
medications (e.g., amphetamines, ephedrine, reserpine,
L-dopa, tryptophan), the vasoactive amines are not catabo-
lized but enter the bloodstream and are taken up by the
nerve terminals (Table 55-4). The result is a cataclysmic



TABLE 55-4

Potential Interactions with Monoamine Oxidase
Inhibitors

Drug-Food Interactions

Cheese
Smoked fish, pickled fish, caviar
Prepared or nonfresh meat, fermented and dry sausage
Chianti, vermouth, beer
Broad pea pods
Ripe banana pulp and banana peel
Yeast extract and brewer’s yeast
Hydrolyzed protein extracts (used as a base for soup, gravy, and sauces)
Sauerkraut

Drug-Drug Interactions

Sympathomimetics
L-Dopa
Meperidine
Hypoglycemics
Tricyclic antidepressants
L-Tryptophan
Selective serotonin reuptake inhibitors
Reserpine
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syndrome consisting of sudden severe headache, stiff
neck, profuse sweating, mydriasis, neuromuscular irritabil-
ity, extreme hypertension, and cardiac arrhythmias. The
most effective treatment is phentolamine, or sodium nitro-
prusside, and for less severe cases, chlorpromazine.1,13,15,16

When MAOIs are taken in combination with TCAs in
high doses or in overdose, or when MAOIs are taken with
the narcotic analgesic meperidine, a severe condition of
hyperpyrexia can occur.15

The MAOIs cause odd mixtures of sedation and stimula-
tion. All three available drugs—tranylcypromine, phenelzine,
and isocarboxazid—can cause insomnia, daytime sedation,
aberrant changes in the sleep-wake cycle, and suppression
of rapid-eye-movement sleep. In some patients, tranylcy-
promine can have amphetamine-like effects such as tremor
and heightened locomotion activity about 1 hour after each
dose, but it also causes sedation. This and other drugs in the
group can produce mild euphoria as a prolonged effect.16

Other side effects include myoclonic jerks, paresthesias of
the extremities, and sexual dysfunction.
Lithium Carbonate
Lithium carbonate is indicated for the treatment of mania
and for maintenance therapy in patients with a history of
bipolar disorder. The majority of patients suffer side effects
at therapeutic doses, although most patients classify them
as mild. A fine postural or intentional tremor occurs in up
to 80% of patients on lithium therapy (Video 69, Lithium-
Induced Postural Tremor). This side effect may resolve
spontaneously, respond to a decrease in dose, or be treated
with b-adrenergic blockers.20 Additionally, multifocal
action myoclonus without reflex activation and only rare
occurrence at rest has been recorded in association with lith-
ium treatment. A cortical focal EEG (electroencephalogram)
transient over the contralateral sensorimotor cortex, preced-
ing the myoclonus EMG (electromyogram) discharge, was
associated the myoclocus21 Case reports have described
choreiform movements or parkinsonism associated with
lithium treatment.22

Poor memory, loss of concentration, fatigue, muscle
weakness, slowed reaction time, and lack of spontaneity
are common during the course of treatment. These side
effects cannot be consistently related to drug serum levels,
duration of treatment, dose, age, or other variables. A toxic
confusional statemay occur in the absence of signs of toxic-
ity and at relatively low serum lithium levels. This is char-
acterized by disorientation, confusion, lack of continuity of
thought, memory loss, lability of mood, and reduced com-
prehension. The symptoms are preceded by a steady or pre-
cipitous rise in oral lithium dose, often within the first
weeks of treatment, but may occur at serum lithium levels
as low as 1.0 mEq/L. The condition usually remits within a
few days following reduction or withdrawal of the dose.1

Chronic lithium administration has been associated with
psychomotor slowness and impaired verbal memory.23

Lithium intoxication manifests itself with nausea, vomit-
ing, diarrhea, tremor, drowsiness, ataxia, muscle twitching,
and slurred speech. As intoxication advances, ataxia, alter-
ation of the level of consciousness, and, eventually, sei-
zures and coma occur. Until recently, it was thought that
patients who survived severe lithium intoxication suffered
no permanent neurological damage. However, reports indi-
cate that the basal ganglia and the cerebellum can be
permanently damaged following lithium intoxication.1

Finally, lithium has been associated with syndromes
similar to myasthenia gravis, NMS, lowering of the seizure
threshold, pseudotumor cerebri, headaches, polyneuropa-
thy, and downbeating nystagmus. A case report with neuro-
pathological evaluation of a patient who expired due to
lithium toxicity showed severe cerebellar atrophy of the
internal granule and Purkinje cell layers with attendant
Bergmann gliosis.24 Finally, downbeat nystagmus and peri-
odic alternating nystagmus have been reported with lithium
therapy (Video 223, Downbeat Nystagmus).25 Rarely, a
syndrome of irreversible lithium-effectuated neurotoxicity
(SILENT) can occur, defined as persistence of neurological
sequelae at least 2 months after cessation of lithium admin-
istration. Persistent cerebellar dysfunction was the com-
monly reported sequela.26 Although the pathogenesis of
this syndrome is unclear, demyelination has been postulated
(Video 211, Gait Ataxia).

Benzodiazepines
Benzodiazepines potentiate GABA action in the nervous
system and act on the spinal cord as well as in many areas
within the brain, including the cerebellum, the limbic sys-
tem, and the cerebral cortex. Although the therapeutic
index of benzodiazepines is 10 to 30 times that of the bar-
biturates and hence their absolute toxicity is less, adverse
reactions are 7 times more frequent with benzodiazepines.1

This statistic apparently relates to the vast number of
patients consuming these agents.

The most frequent toxic symptoms are increased drowsi-
ness or paradoxical excitation. After large doses, exacerba-
tion of depression and antisocial behavior have been
reported. Withdrawal seizures can occur as well. Encom-
passing the range from subtle cognitive impairments to
frank delirium, toxicity due to benzodiazepines is associated
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with impairment of immediate and delayed memory,
psychomotor performance, and rebound insomnia.

Physiological dependence on benzodiazepines is accom-
panied by a withdrawal syndrome that is typically charac-
terized by sleep disturbance, irritability, increased tension
and anxiety, panic attacks, hand tremor, sweating, difficulty
in concentration, nausea, weight loss, palpitations, head-
ache, muscular pain, and stiffness. Factors that contribute
to the development of withdrawal symptoms are primarily
dose, duration, concurrent medication, and pharmaco-
kinetics of individual drugs. The shorter-acting drugs can
produce a more intense withdrawal syndrome following
chronic administration.27 No specific treatment exists for
the withdrawal syndrome, which commonly lasts for up
to 6 weeks, although tapering the benzodiazepine dose,
sedative antidepressants, or the substitution of a longer-
acting benzodiazepine may help.

Even short-term benzodiazepine use can lead to the
development of tolerance, necessitating larger doses of
drug to be administered.
ANESTHETICS

Inhalational General Anesthetics
Halothane, Enflurane, Isoflurane, and Sevoflurane
Halothane, a halogenated hydrocarbon, was first synthe-
sized in 1951. It was introduced into clinical practice in
1956 in the United Kingdom and in 1958 in the United
States. It quickly replaced the other volatile agents because
it was nonflammable, easy to administer, and relatively safe.
Halothane, enflurane, isoflurane, and sevoflurane depress
cerebral metabolism, with isoflurane having the greatest
effect.28 Electrical activity of the cerebral cortex recorded
by a fronto-occipital electroencephalogram (EEG) shows
progressive replacement of fast, low-voltage activity by
slow, high-amplitude waves as anesthesia gets deeper.29

Since cerebral blood flow generally increases during halo-
thane anesthesia, cerebrospinal fluid (CSF) pressure in-
creases. After several hours of anesthesia with halothane,
the changes in cerebral blood flow and metabolism return
to normal. Recovery of mental function after anesthesia with
halothane is not complete for several hours.29 Behavioral
disturbance following general anesthesia with inhalational
general anesthetics in children is a relative frequent event
and includes emergence delirium, maladaptive postopera-
tive behavioral changes, and sleep disturbances that can last
up to 1 month following the administration of the anesthetic.
Some reports have found a higher incidence of immediate
postoperative changes with sevoflurane,30 but other reports
have failed to find a difference between the two anesthetics.31

Tonic-clonic activity and spike and wave EEG com-
plexes have been reported with enflurane anesthesia (Video
77, Clonic Seizure). Deepening anesthesia and hyperventi-
lation may exacerbate these phenomena. This excitatory
action of enflurane does not appear to be associated with
aggravation of seizures in epileptic patients; nevertheless,
enflurane is best avoided in such patients.28,29 Sevoflurane
has been found to consistently produce epileptiform dis-
charges and is dose dependently epileptogenic at surgical
levels of anesthesia.32
Rarely, the induction of anesthesia with halothane or any
of the other halogenated inhalational anesthetics triggers
an uncontrolled hypermetabolic reaction in the skeletal
muscle of susceptible patients. There is defective uptake
of Ca2þ by the sarcoplasmic reticulum, resulting in eleva-
tion of intracellular free Ca2þ levels. The resultant syn-
drome of malignant hyperthermia has an incidence of
1 in 12,000 and amortality rate of 24%.28 It is more common
in men and children, in association with various myopa-
thies, and in genetically susceptible individuals. Mutations
in the gene encoding the skeletal muscle ryanodine receptor
(RYR1) are considered a common cause of the disorder,
and to date, more than 20 RYR1 mutations have been
reported in European and Canadian families.33 Malignant
hyperthermia is produced most often by halothane, which
is more common than enflurane, which, in turn, is more
common than isoflurane. The concomitant use of suxa-
methonium and gallamine, neuroleptics, infection, stress,
heat, and alcohol tend to increase the risk of malignant hy-
perthermia. Larach and colleagues demonstrated that
generalized muscle rigidity that occurs as a result of an
anesthetic is a valuable, but not absolute, predictor of a
patient’s susceptibility to malignant hyperthermia, its pres-
ence being associated with an 18-fold increase in risk of
being susceptible, as determined by subsequent muscle
biopsy testing.34

Clinically, there is a rapid rise in body temperature,
generalized muscular rigidity, high metabolic rate with
increased oxygen consumption and carbon dioxide produc-
tion, tachycardia, tachyarrythmias, metabolic acidosis, and
hyperkalemia. The most reliable method of diagnosis is
by muscle biopsy and in vitro contracture tests with halo-
thane and caffeine.29 Treatment consists of cessation of
known triggering agents, supportive measures, and the
administration of dantrolene.

Nitrous Oxide
Nitrous oxide (N2O), or so-called laughing gas, was first
used as a dental anesthetic. When used by itself, it pro-
duces a light level of anesthesia; when used to supplement
more potent anesthetics, it reduces the dose requirements
for those agents. However, its euphorogenic properties,
ready availability, and low cost have contributed to its
popularity as a recreational gas. Human nitrous oxide tox-
icity is associated with its occupational, iatrogenic, and
recreational use.

Nitrous oxide toxicity is due to inactivation of methio-
nine synthase, a vitamin B12-dependent enzyme, resulting
in defective biosynthesis of DNA and myelin in nervous
tissue. Monkeys exposed to 15% nitrous oxide develop
the biochemical changes and neurological signs of vita-
min B12 deficiency very rapidly. Morphologically, their
spinal cords show degeneration of both the myelin
sheaths and axis cylinders in the posterior columns and
in the lateral and anterior corticospinal and spinocerebellar
tracts.35

Nitrous oxide is more likely to produce megaloblastosis
or subacute combined degeneration-like clinical presenta-
tion when it is used repetitively or for periods longer
than 3 hours or in individuals with vitamin B12 deficiency.
Reversible nitrous oxide myelopathy and a case of
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generalized hypotonia, seizures, apnea, and eventual respi-
ratory arrest and death have been described in patients
with 5,10-methylenetetrahydrofolate reductase (MTHFR)
deficiency after anesthesia with nitrous oxide. Patients
with MTHFR deficiency characteristically have high homo-
cystine and low methionine plasma concentrations.36,37 Oc-
cupational exposure of medical and dental personnel
during its use as an analgesic is not likely to produce adverse
neurological effects except in vitamin B12-deficient indivi-
duals or in those routinely exposed to high nitrous oxide
levels.38 An epidemiological survey of over 30,000 dental
personnel occupationally exposed to nitrous oxide found
an incidence of neurological complaints of less than 2% in
the population at risk.35 In the elderly, in whom subclinical
vitamin B12 deficiency reportedly ranges from 7.3%
to 21%, the frequency of neuropathic symptoms after
anesthesia due to nitrous oxide may be under-recognized.39

Clinically, nitrous oxide neuropathy presents with numb-
ness, paresthesias, ataxia, and clumsiness in the extremities
(Video 5, Sensory Ataxia). Many but not all of the symp-
toms resolve with time if exposure is discontinued. With
further exposure, weakness, gait disturbance, impotence,
and loss of sphincter control can occur.35 Administration
of folinic acid or methionine have been shown to protect
against megaloblastosis and neurotoxicity occurring fol-
lowing nitrous oxide administration.38

Tension pneumoencephalus can follow any intracranial
neurosurgical procedure if nitrous oxide has been used.
Following dural closure, the increase in volume due to
nitrous oxide can result in pressure changes that may lead
to seizures, brain stem herniation, and death. Discontinuing
nitrous oxide at the time of dural closure can prevent ten-
sion pneumoencephalus. Nitrous oxide can expand air
emboli in the bloodstream. In patients undergoing posterior
fossae exploration in the sitting position, nitrous oxide
increases the risk of air emboli and should be avoided.35
Local Anesthetics
When applied locally, local anesthetics reversibly block
the action potentials responsible for nerve conduction.
The most commonly used local anesthetics are cocaine,
lidocaine, bupivacaine, chloroprocaine, etidocaine, mepi-
vacaine, prilocaine, ropivacaine, procaine, and tetracaine.
Local anesthetics entering the systemic circulation produce
adverse effects primarily on the CNS. Usually, when
they are administered locally, they cannot reach sufficient
systemic concentrations to interfere with the function of
organs where conduction or transmission of impulses
occurs.40 Nevertheless, when systemic absorption occurs
after topical use of local anesthetics, as is the case in chil-
dren when tetracaine, adrenaline, and cocaine is applied to
mucous membranes, CNS toxicity has been described.41,42

The first sign of systemic toxicity following administra-
tion of local anesthetics is drowsiness, followed by tremor,
restlessness, convulsions, and, ultimately, CNS depression
with respiratory failure.43 Lidocaine and cocaine can pro-
duce changes in mood and behavior. Finally, local anes-
thetics can affect neuromuscular transmission. This effect
is due to blockade of the ion channel of the acetylcholine
receptor.40
Epidural and Spinal Anesthesia
Epidural anesthesia is administered by injecting local anes-
thetic into the epidural space and can be performed in the
sacral hiatus or in the lumbar, thoracic, or cervical regions
of the spine. Spinal anesthesia follows the injection of local
anesthetic into the CSF in the lumbar space. Significant
differences between epidural and spinal anesthesia are that
the dose of local anesthetic used in epidural anesthesia can
produce high concentrations in blood following absorption
from the epidural space and that there is no zone of differ-
ential sympathetic blockade with epidural anesthesia; thus
the level of sympathetic block is close to the level of
sensory block.40

Probable causes of neurological complications following
epidural and spinal anesthesia include trauma, the nature
of the injected material, infection, vascular lesions, or
pre-existing pathology. The incidence of transient paralysis
following epidural anesthesia is 0.1%, and the incidence
of permanent paralysis is 0.02%.44 Neurological sequelae
after spinal anesthesia are rare as well. Neurological com-
plications of spinal or epidural anesthesia tend to be more
severe in the presence of spinal stenosis.

During the administration of epidural anesthesia, dam-
age to a single nerve can occur and is the most frequent
complication. Paresthesia, with or without motor weakness,
is the presenting symptom, and the majority of patients
recover completely. Paraplegia, resulting from myelopathy
or cauda equina syndrome, can occur secondary to epidural
hematoma or abscess, adhesive arachnoiditis, or anterior
spinal artery occlusion. An epidural hematoma or abscess
should be suspected if severe backache appears in combi-
nation with weakness and hypoalgesia of the lower extre-
mities. Signs and symptoms of extradural abscess may be
delayed for several days until the abscess has developed.
Adhesive arachnoiditis may result from inadvertent sub-
arachnoid administration of toxic chemicals or chemical
contamination of anesthetic solutions. Chemical contami-
nants such as detergents or antiseptics act as irritants and
induce a meningeal reaction that may progress to constric-
tive adhesive arachnoiditis. Clinically, gradual progressive
weakness and sensory loss of the lower extremities occurs
beginning several weeks to months after the procedure.
Precontrast and postcontrast magnetic resonance imaging
(MRI) scans are usually sufficient to diagnose arachnoidi-
tis. Spinal cord infarction is usually associated with pro-
longed arterial hypotension and can occur whether or not
epinephrine was added to the local anesthetic.44–46 Finally,
dural puncture may cause severe and prolonged headache
because of leakage of CSF into the extradural space. The
incidence of dural puncture is about 1%.45 Fortunately,
most patients never develop a spinal headache or the prob-
lem resolves spontaneously in a few days. The use of an
extradural injection of autologous blood (a so-called blood
patch) is usually effective in treating spinal headaches.

The neurological syndromes that appear after spinal anes-
thesia are similar to the ones described following epidural
anesthesia. The most benign is aseptic meningitis, charac-
terized by high fever, headache, nuchal rigidity, and photo-
phobia. Symptoms usually appear within 24 hours of spinal
anesthesia, and recovery occurs spontaneously within sev-
eraldays toaweek.44Caudaequinasyndromeis characterized
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by urinary and fecal incontinence, localized sensory loss in
the perineal area, and varying degrees of leg weakness.
These symptoms are evident after the effect of anesthesia
has worn off and may be permanent or may show gradual
regression over weeks or months. Single nerve injury, lum-
bosacral polyradiculopathy, adhesive arachnoiditis, spinal
cord ischemia, and postural headache can occur under
circumstances similar to the ones described for epidural
anesthesia. Two large prospective studies found a low rate
of transient neurological symptoms and an 8.5% of post-
dural puncture headache (4% mild and 4% moderate to
severe) following spinal anesthesia.47,48

Spinal anesthesia is sometimes regarded as contrain-
dicated in patients with pre-existing disease of the spinal
cord. Although there is no experimental evidence to sup-
port this hypothesis, it is prudent to avoid spinal anesthesia
in patients with progressive diseases of the spinal cord.40

DRUGS USED TO TREAT MYASTHENIA GRAVIS

Cholinesterase Inhibitors
Cholinesterase inhibitors interfere with the hydrolysis of
acetylcholine at the cholinergic synapses. Peripherally
active agents have been the mainstay of myasthenic treat-
ment until the advent of immunosuppressive therapy in the
1960s. Pyridostigmine bromide and neostigmine bromide
are the most commonly used cholinesterase inhibitors.
Pyridostigmine bromide is preferred because it has fewer
gastrointestinal side effects and a longer duration of action.

Side effects of cholinesterase inhibitors result from over-
stimulation of the cholinergic system at the level of the
muscarinic receptors of the smooth muscle, the nicotinic
receptors of the skeletal muscle, the autonomic glands,
and the CNS. Signs of cholinergic excess include nausea,
abdominal cramps, excessive secretions, and broncho-
spasm. This syndrome is distinct from myasthenia gravis
and is usually diagnosed accurately. However, because
overstimulation can lead to subsequent depolarization
blockade and enhanced weakness, exacerbation of myas-
thenia and cholinergic crisis can be dangerously confused.
In situations in which there is a question of too much or
too little cholinesterase inhibition, edrophonium (Tensilon)
given in 1-mg increments may be helpful. More likely,
however, admission to an intensive care unit (ICU) for
transient cessation of cholinesterase inhibition is needed
to elucidate whether the dose should be raised or lowered.

It has been suggested that chronic administration of cho-
linesterase inhibitors may damage the neuromuscular junc-
tion. This concern is based in part on the chronic effects
on the neuromuscular junction known to occur in animals
after large doses of prostigmine and reported decrease in
improvement after thymectomy when the use of cholines-
terase inhibitors increased. Nevertheless, the latter was a
retrospective review, and therefore, there is no evidence
that would discourage the use of cholinesterase inhibitors
to treat myasthenia gravis when needed.49

Glucocorticosteroids
Neurological side effects of glucocorticosteroids are
well described and may be as serious as the diseases being
treated. Neuropsychiatric disorders and myopathy are com-
mon. Most of the neurological sequelae are often related to
dosage and duration of therapy and may be reversible by
modification of the drug regimen.50 Glucocorticosteroid
use can be associated with a broad spectrum of neuro-
psychiatric disorders, ranging from emotional lability and
anxiety to confusion, mood disorders, and psychosis.
Behavioral symptoms usually begin within 5 to 14 days
of starting steroids, but they may also occur during with-
drawal of therapy. With the exception of multiple sclerosis,
pre-existing neurological disease does not appear to in-
crease the risk of steroid-induced mental status abnormal-
ities. Alternate-day steroid therapy may decrease the
overall incidence of behavioral changes, although it may
rarely induce a cyclic behavior, with mania occurring
on high-dose days and depression occurring on low-dose
days. Steroid treatment is frequently associated with tran-
siently impaired attention, concentration, and memory.
In rare cases, cognitive changes may be prominent and
may persist for substantial periods of time after steroid
discontinuation.51

Steroid myopathy is probably the most common drug-
related disorder of muscle. There are two forms of myopa-
thy: a common, well-known, chronic form involving type
II fiber atrophy and a rare acute form that occurs during
treatment for status asthmaticus and may be associated
with rhabdomyolysis. The exact incidence of the more
typical chronic myopathy is uncertain, but in one series
of patients with rheumatic disease, it was reported to be
7%.50 The syndrome consists of insidious onset of painless,
symmetrical proximal muscle weakness and atrophy, with
the lower extremities involved first. Bulbar muscles are
spared, but the diaphragm may be involved. The time of
onset is variable, and the symptoms may begin from sev-
eral weeks to several months after beginning treatment.
The serum CK is normal and EMG reveals short-duration,
low-amplitude motor unit action potentials. Muscle biopsy
shows type II atrophy, and electron microscopy reveals
glycogen accumulation and enlarged mitochondria. Treat-
ment consists of tapering and discontinuing the offending
agent or substituting another steroid. The uncommon acute
myopathy has been reported mainly in asthmatic patients
who are receiving IV steroids, paralytic agents, and
mechanical ventilation. The pathogenesis is unclear.50

Steroid-induced deposition of fat in the epidural space
occurs in patients taking more than 40 mg of prednisone
for at least 4 months. Most of these patients are already
cushingoid when consequent neurological symptoms occur.
The earliest and most common feature is low back pain,
and depending on the level of the lipomatosis, signs of
myelopathy, cauda equina syndrome, or radiculopathy
may develop. MRI can be a very useful diagnostic tool.
Fat appears to be hyperintense on T1-weighted images
and less intense on T2-weighted images, in contrast with
inflammatory processes, which are brighter on T2-weighted
images. Unless it is contraindicated, laminectomy has
been the treatment of choice. Further studies are needed
to clarify the response to steroid tapering without surgical
decompression before the onset of significant myelopathy.
There have been isolated reports of corticosteroid-induced
lipomatosis in the perineural spaces of peripheral nerves,
leading to entrapment neuropathies.50



TABLE 55-5

Central Neurotoxicity of Antibiotics

SYNDROME DRUG

Seizures/encephalopathy Amphotericin B
Bismuth
Cephalosporins
Cycloserine
Erythromycin
Imipenem-cilastatin
Isoniazid
Metronidazole
Penicillins
Quinolones
Rifampin

Aseptic meningitis Cephalosporins
Penicillins
Trimethoprim-sulfamethoxazole

Benign intracranial hypertension Amphotericin B
Nalidixic acid
Nitrofurantoin
Tetracyclines
Trimethoprim-sulfamethoxazole

Cerebellar ataxia Metronidazole
Optic neuritis Chloramphenicol

Ethambutol
Isoniazid

Cochlear/vestibular damage Aminoglycosides
Erythromycin
Minocycline
Vancomycin

TABLE 55-6

Peripheral Neurotoxicity of Antibiotics

SYNDROME DRUG RELATIVE TOXICITY

Peripheral neuropathy Chloramphenicol S > M
Chloroquine S
Colistin S
Dapsone M
Ethionamide S
Isoniazid S > M
Metronidazole S
Nitrofurantoin SM

Neuromuscular blockade Aminoglycosides
Ampicillin?
Clindamycin
Erythromycin
Polymyxins
Tetracyclines

M, motor; S, sensory.
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Increased intracranial pressure (ICP) has been associated
with steroid use, and the vast majority of cases involve male
children. No particular dose has been implicated, but the du-
ration of treatment is usually prolonged. Symptom onset
generally occurs after discontinuation, tapering, or change
in the type of steroid. Signs and symptoms are consistent
with elevated ICP: headache, nausea, vomiting, papilledema,
and diplopia with abducens nerve palsy (Video 1, Cranial
Nerve VI Palsy). The disorder is usually self-limited.
Patients have improved after changing the type or dose of
steroids (using lower or higher dose) or lumbar puncture.50

Glucocorticosteroids have been reported to enhance
physiological tremor. Propranolol can be useful in con-
trolling this movement disorder if steroid withdrawal is
not possible. Intrathecal administration of glucocorticoste-
roids can be associated with sterile meningitis, arachnoiditis,
and pachymeningitis. Epidural steroids can have the same
complications because the epidural and subarachnoid spaces
are not totally separate but communicate via arachnoid villi
and epidural veins. Additionally, inadvertent subarachnoid
injections occur during about 2.5% of epidural attempts.50

Azathioprine
Side effects due to azathioprine (the nitroimidazole deriva-
tive of 6-mercaptopurine) can be classified as toxic (myelo-
suppression, hepatotoxicity) and idiosyncratic (fever, rigors,
arthralgias, pneumonitis, and gastrointestinal symptoms).
Although the toxic effects are due to 6-mercaptopurine, the
hypersensitivity reactions are believed to be caused by the
nitroimidazole moiety.

Azathioprine toxicity can occur during long-term treat-
ment of myasthenia gravis.52,53 Among 104 treated patients
with myasthenia gravis, side effects occurred in 35% and
included, in decreasing frequency, hematological, 18%;
gastrointestinal, 13%; infectious, 13%; and elevation of li-
ver enzymes, 6%. The medicine was discontinued tempo-
rarily in 11% of the patients. In five patients, a malignant
tumor was diagnosed, but a causal relationship seemed
likely in only one.52 Neurological toxicity is rare with aza-
thioprine. Two patients with recurrent meningitic reactions
following azathioprine ingestion have been presented in the
literature; they were being treated for lupus of the CNS.54

A rare complication of long-term treatment with azathio-
prine is the development of primary central nervous system
lymphoma. The incidence of primary central nervous sys-
tem lymphoma associated with chronic azathioprine ther-
apy is directly associated with the duration of treatment
and is higher for older individuals.55

Cyclosporine
Cyclosporine is reviewed under section titled Transplant
Drugs.

ANTIBIOTICS ( Tables 55-5 and 55-6)

Antibacterial Agents
Penicillins, Cephalosporins, and Imipenem
Historically, radiculitis, paraplegia, hemiplegia, and con-
vulsions occurred after penicillin was administered into
the CSF, but because this route of administration has been
abandoned, such reactions are exceedingly rare. The neuro-
toxic clinical manifestations of penicillins, cephalosporins,
and imipenem include myoclonus, seizures, confusion, hal-
lucinations, encephalopathy, nystagmus, and agitation.56,57

Imipenem, cefazolin, and benzyl penicillin are the most
epileptogenic.58 These drugs antagonize the inhibitory neu-
rotransmitter GABA. Status epilepticus occurred in two
patients treated with cefapime; seizures did not respond
to anticonvulsant therapy but subsequently resolved with
discontinuation of this fourth-generation cephalosporin.59

Risk factors for neurotoxicity are high-dose intravenous
use (e.g., >30 to 40 million units of benzyl penicillin per
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day), decreased renal function, abnormal blood-brain bar-
rier, cardiopulmonary bypass, age more than 50 years, pre-
existing CNS disease, concurrent use of drugs that may
lower the seizure threshold (such as theophylline or cipro-
floxacin), and concomitant use of nephrotoxic drugs. Block-
ade of a system for transporting the b-lactams out of the
CSF in diseases causing meningeal inflammation adds to
the risk of increased meningeal antibiotic penetration during
inflammation.

Penicillin gluteal injection may cause sudden and irre-
versible paraplegia. The actual incidence of such a com-
plication is not known, but there have been eight cases
reported in the literature. The proposed mechanism is acci-
dental intra-arterial injection, causing distal spasm and the
upstream ascent of penicillin with ensuing embolic or spas-
tic occlusion, or both, of the anterior spinal artery. Treat-
ment of this complication is unsatisfactory, but it can be
prevented by giving injections in the lateral thigh.60

Penicillins and cephalosporins have also been reported
to cause recurrent aseptic meningitis.61 Ampicillin has
been reported to aggravate weakness in myasthenia gravis.
Intrathecal b-lactams have the potential to cause adhesive
arachnoiditis.58

Aminoglycosides
The toxicity of all aminoglycosides is similar—mainly oto-
toxicity and neuromuscular blockade (Table 55-7). Acute
ototoxicity is based on calcium antagonism and blockade
of ion channels, and chronic mechanisms are related to
tissue-specific toxicity of a noxious metabolite. Genetic
analyses suggest that ototoxicity to aminoglycosides may
be related to genetic mutations in mitochondrial ribosomal
RNA in susceptible individuals.62 Excitotoxicity has also
been implicated as the mechanism for ototoxicity with ami-
noglycoside use. A recent animal study showed that spiral
ganglion neuronal loss can be prevented by neurotrophin
3, and protection against hair cell damage occurs with
N-methyl-D-aspartate receptor antagonists.63,64

The frequency of ototoxicity ranges from 2% to 4% in
retrospective studies and up to 25% in studies with
specialized testing. The incidence and severity of damage
appear to increase with patient age, total drug dose, and
concomitant use of other ototoxic drugs.65 Auditory toxi-
city is more common with the use of amikacin and kanamy-
cin, whereas vestibular toxicity predominates following
gentamicin and streptomycin therapy. Tobramycin is asso-
ciated equally with vestibular and auditory damage.
TABLE 55-7

Aminoglycoside Neurotoxicity

DRUG
COCHLEAR
TOXICITY

VESTIBULAR
TOXICITY

NEUROMUSCULAR
TOXICITY

Neomycin þ þþ þþþ
Kanamycin þþ þ þ
Streptomycin þ þþ þþ
Gentamicin þ þþ þþ
Tobramycin þ þ þ
Amikacin þþ þ þþ
Netilmicin þþ þ þþþ

þþþ, very common; þþ, moderately common; þ, rare.
Cochlear toxicity is more often silent, as the hearing loss
first affects the high frequencies (>4000 Hz) before invol-
ving the speech frequencies. Cochlear toxicity presents
clinically as deafness, tinnitus, and ear pain, whereas vestib-
ular toxicity presents as ataxia, dizziness, vertigo, chronic
sense of imbalance, nystagmus, or oscillopsia.58 Routine au-
diometry or studies of auditory brain stem evoked responses
can be used to monitor ototoxicity. Monitoring vestibular
toxicity is complex and needs even more specialized test-
ing.58 Aminoglycoside hearing loss is usually irreversible
and may even progress following discontinuation of drug
therapy.65 Careful monitoring of peak and trough levels,
especially in high-risk groups, helps prevent toxicity.

A potentially fatal neurotoxic effect of all aminoglyco-
sides is neuromuscular blockade, due in part to a curare-
like effect of the aminoglycosides and also to a competition
with calcium by these antibiotics (Video 42, Fatiguability).
This side effect is related to dose and serum level. Amino-
glycosides are relatively contraindicated in both presyn-
aptic (e.g., botulism) and postsynaptic (e.g., myasthenia
gravis) disorders of neuromuscular transmission.58 They
may further potentiate ether and other drugs used to induce
muscular relaxation during anesthesia. Neomycin and netil-
micin are the most toxic, and tobramycin and kanamycin
are the least toxic. Sudden or prolonged respiratory paraly-
sis due to aminoglycosides may be reversed by calcium
infusion, cholinesterase inhibitors, and aminopyridines.58

Sulfonamides
Sulfonamides inhibit the synthesis of tetrahydrofolic
acid, the one-carbon donor needed for the synthesis of
methionine, serine, and purines. Although sulfonamides
are associated with low incidence of neurotoxicity, a vari-
ety of adverse reactions can occur during therapy.1 Recur-
rent aseptic meningitis is a well-recognized side effect
of sulfonamide therapy, more specifically trimethoprim-
sulfamethoxazole, and presents clinically with episodes of
headache, nuchal rigidity, confusion, and myalgias. CSF
analysis may show low glucose levels with or without
pleocytosis; however, this study is not a reliable method
to differentiate antibiotic-induced meningitis from partially
treated bacterial meningitis.61

In addition, headache, fatigue, tinnitus, generalized
convulsions, optic neuritis, agraphia, aphasia, stammering,
teleopsia, macropsia, polyneuritis, and myelopathy can
occur with sulfonamides. Euphoria, nausea, vomiting, som-
nolence, poor concentration, and impairment of judgment
may be observed on the second or third day of treatment.
The pathophysiology of the neurotoxic signs may relate
to a drug-induced hypersensitivity reaction, because they
often occur in the context of serum sickness or drug-
induced vasculitis. Pathologically, a variety of lesions have
been reported in fatal cases, including focal necrosis and
demyelination of the cerebral white matter, hypothalamus,
and pons, as well as hemorrhages in the fourth ventricle,
brain stem, cerebral gray matter, and nuclear structures.1,58

Quinolones
Seizures have been reported with ciprofloxacin as well as
other quinolones, and the use of nalidixic acid, the first
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clinically useful quinolone, is contraindicated in patients
with a history of epilepsy. In vitro studies suggest that
the epileptogenic effect of the quinolones may be due to in-
hibition of GABA binding to its receptor site in the brain.
This effect seems to be related to quinolone concentrations
at the receptor site (dose related) and to particular substitu-
ents in quinolone structure. Simultaneous use of theophyl-
line or nonsteroidal anti-inflammatory drugs may increase
the risk for quinolone-associated toxic effects on the
CNS, as the combination has an additive inhibitory effect
on GABA sites.66

CNS side effects are seen in 1% to 4% of patients but
are usually minor, including dizziness or mild headache.
Quinolones have been reported to cause tremor, restless-
ness, hallucinations, delirium, psychosis, and benign intra-
cranial hypertension, especially in high-dose therapy.66

Especially in cases of renal impairment, the dose should
be carefully monitored to avoid CNS toxicity.

Metronidazole
Metronidazole, a nitroimidazole derivative, is used for
anaerobic and protozoal infections, as well as for the treat-
ment of Crohn’s disease. It is generally well tolerated, but
it is associated with minor, transient adverse side effects.
However, peripheral neuropathy is a potentially serious
effect associated with the use of metronidazole. The mech-
anism of metronidazole peripheral neuropathy is undeter-
mined, but the drug binds to the RNA of rat nerve cells,
which may diminish protein synthesis and lead to subsequent
nerve degeneration.

Neuropathy is particularly prevalent in patients who
receive more than 2 g/day, a total dose of 50 g or more,
and a treatment duration of at least 30 days. In long-term
administration, 10% to 50% of patients develop a sensory
neuropathy that is predominantly distal and symmetrical
(Video 259, Sensory Polyneuropathy). Sensory deficits
are prominent, with the sural and peroneal nerves most of-
ten affected. The paresthesias and discomfort associated
with metronidazole neuropathy usually improve when met-
ronidazole is discontinued or the dose is decreased. Symp-
toms gradually subside within 4 to 48 months following
drug cessation. Rarely, neuropathic symptoms persist for
an extended duration, worsen, or are irreversible. These
atypical clinical courses may be related to metronidazole-
induced nerve degeneration.

Metronidazole has rarely been associated with seizures
in humans. It is believed that the total cumulative dose
of metronidazole is more closely associated with seizure
potential than the serum level.67 Confusion, irritability,
depression, headache, optic neuropathy, and aseptic menin-
gitis have been reported as drug complications. Addition-
ally, there are case reports of cerebellar lesions and diffuse
encephalopathy associated with abnormatlities on magnetic
resonance imaging.68,69 These rare complications can be
associated with large doses or prolonged administration,
and they disappear rapidly with cessation of the drug.

Erythromycin and Newer Macrolides
Macrolides are among the safest anti-infective drugs in
clinical use. An uncommon neurological side effect is
temporary hearing loss. Whereas erythromycin-induced
hypoacusis is a dose-dependent effect, its occurrence in
patients otherwise free from predisposing factors suggests
that it is idiosyncratic.70 Usually, this reaction has occurred
during treatment with 4 g or more of the lactonate deriva-
tive of oral erythromycin. Because erythromycin is meta-
bolized by the liver, patients with hepatic abnormalities
may be at higher risk for this ototoxic reaction. Tinnitus
rather than a distinct difficulty hearing is the usual com-
plaint.1 This adverse reaction is reversible with dose reduc-
tion or discontinuation, and in patients with impaired
renal or liver function, a lower prescribed daily dose may
prevent or reduce its development. Azithromycin, a new
macrolide antibiotic, has also been reported to cause sen-
sorineural hearing loss.71,72 Erythromycin interacts with
carbamazepine, causing carbamazepine levels to increase
rapidly when erythromycin is introduced. Careful monitor-
ing of the carbamazepine blood level and clinical symp-
toms of toxicity should be performed in patients receiving
both drugs. Worsening of weakness in patients with myas-
thenia gravis, through a possible presynaptic mechanism, is
generally mild, although respiratory failure may be precipi-
tated.58 Azithromycin and clarithromycin treatment has
been associated with acute psychotic episodes.73,74

Tetracyc lines
Vestibular toxicity has been reported in approximately 50%
of patients receiving minocycline, a tetracycline derivative.
Toxicity is more common in women, and the incidence is
estimated to be at 70%. Although vestibular toxicity is more
likely in patients with pre-existing vestibular disease, many
patients have no such history. The symptoms begin a few
days after the initiation of treatment and consist of light-
headedness, dizziness, loss of balance, nausea, and extreme
vertigo. The reaction is transient, and even in the most
severe cases, it resolves within a few days.75

Pseudotumor cerebri occurs in both adults and infants
taking tetracyclines, but infants are more susceptible. The
syndrome is characterized by headache, papilledema, ele-
vated CSF pressure, and bulging fontanelles in infants.
Signs and symptoms disappear within a few days after drug
discontinuation, although papilledema may persist for
weeks.75 The intravenous administration of tetracyclines has
rarely been reported to exacerbate myasthenia (Video 225,
Myasthenia Gravis). This may be the result of magnesium
in the diluent, binding of calcium by nonprotein-bound
tetracycline, or direct action at the neuromuscular junction.58

Nitrofurantoin
Nitrofurantoin therapy has been associated with polyneuro-
pathy. Generally seen with prolonged therapy, neuropathy
can occur as early as the first week of treatment. It is usu-
ally subacute, begins in the distal extremities with par-
esthesias, and tends to ascend progressively to involve the
motor system with weakness and areflexia. Although this
polyneuropathy clinically resembles Guillain-Barré syn-
drome, the spinal fluid is usually normal, except for 25%
of patients, in whom there is a slight increase in protein
without pleocytosis. When neuropathy is recognized, drug
withdrawal is essential, although 10% to 15% of patients
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do not improve, and 15% have only partial recovery. The
prognosis appears to relate to the extent of the neuropathy
at the time of drug withdrawal but not to the total dose
exposure or the duration of therapy.1

Antituberculous Drugs
Isoniazid
Isoniazid (INH) inhibits the phosphorylation of pyridoxine
and chelates whatever pyridoxal phosphate remains.
Because pyridoxal phosphate is a cofactor that is important
to the GABA system, it has been hypothesized that the
centrally diminished GABA activity may relate to the path-
ophysiology of isoniazid-induced seizures. In chronic tox-
icity, isoniazid predominantly inhibits the phosphorylation
of pyridoxine to induce a peripheral neuropathy.1 INH
has a narrow therapeutic window making drug intoxication
easily possible. The usual dosage of INH is 5 mg/kg/day
for adults and 10 to 15 mg/kg/day for children. Seizures
have been reported with dosages as low as 20 mg/day
and severe neurotoxicity with dosages of 80 mg/day.76

The incidence of pyridoxine-associated polyneuropathy
is 0.2% to 2%, and the clinical features include numbness
and tingling of the feet with diminished or absent deep
tendon reflexes and occasional optic neuropathy. Isonia-
zid-associated neuropathy can be prevented by concomitant
administration of pyridoxine, 50 mg/day.58 In patients not
receiving pyridoxine, high-risk groups for neuropathy in-
clude slow acetylators, adults, alcoholics, malnourished
individuals, and those receiving more than 5 mg/kg/day.

Acute isoniazid intoxication due to overdosage is asso-
ciated with generalized seizures, ataxia, psychosis, and
coma. Metabolic acidosis, hyperglycemia, and aciduria
may accompany the acute neurological syndrome. Pyridox-
ine should be administered immediately, along with stan-
dard anticonvulsant and supportive measures. Because
seizures are a complication of isoniazid therapy, the drug
is not recommended for patients with pre-existing seizure
disorder if another drug can be chosen. When isoniazid is
required in patients who are already receiving phenytoin,
the phenytoin dose has to be adjusted because isoniazid
decreases its clearance.1,58

More unusual isoniazid-related neurotoxic syndromes
include drug-induced lupus with meningitis, psychosis,
obsessive-compulsive disorder, and acute mania.
Rifampin
Rifampin may induce an encephalopathy with features
suggestive of a psychosis. Other rare adverse reactions
are dizziness, headache, drowsiness, confusion, inability
to concentrate, and ataxia.58 Rarely, paresthesias and pain
suggestive of peripheral neuropathy are reported.
Ethambutol
Optic neuropathy has been associated with ethambutol
treatment. This appears to be a demyelinating process,
and the reason for the optic nerve’s sensitivity to this drug
is unknown. Symptoms are seen in as many as one third of
patients taking doses of 35 mg/kg/day for 6 months. Doses
of 25 mg/kg/day are safe for not more than 2 months, and
the safe maintenance dose is 15 mg/kg/day. Toxicity is
manifested by impairment of visual acuity, loss of color
discrimination, constricted visual fields, and central and
peripheral scotomata. The drug should be stopped at the
first sign of visual change, and recovery can be anticipated,
although it may take weeks to months.77 Ten patients with
ocular toxicity due to ethambutol were followed for up
to 3 years. Only 50% of these patients experienced visual
recovery, and permanent ocular toxicity was highest in
patients over 60 years of age.78 Animal studies suggest that
the visual loss from ethambutol may be mediated through
excitotoxic mechanisms on the retinal ganglion cells by
decreased ATPase activity and perturbed mitochondrial
function.79 Other side effects include mild peripheral
neuropathy and a metallic taste in the oral cavity.

Antifungal Drugs
Amphotericin B
Encephalopathy, occasionally with parkinsonian features,
can be associated with intravenous administration of
amphotericin B. Autopsy examination of afflicted patients
discloses diffuse noninflammatory degeneration of the
white matter, characterized by demyelination and infiltra-
tion by foamy macrophages. The leukotoxic effect of
amphotericin B is related to its binding to myelin and an
increase in membrane permeability, resulting in leakage
of intracellular components.80 Clinically, the patients
develop a subacutely evolving neurological disorder char-
acterized by personality change and confusion, rapidly
progressing to akinetic mutism. Neuroimaging studies dis-
close diffuse nonenhancing lesions of the cerebral white
matter that include hypodensity on computed tomography
and increased signal on T2-weighted MRI. Amphotericin-
associated leukoencephalopathy can be fatal, although there
have been cases of slow recovery after discontinuation of
the drug.

Polymyxin B
The incidence of neurotoxicity from parenteral polymyxin
B averages 7%. Polymyxin has both presynaptic and post-
synaptic effects, and it can worsen neuromuscular weak-
ness, leading to respiratory failure, particularly in patients
with renal failure or in combination with other drugs
known to block neuromuscular transmission.58 The various
adverse effects of polymyxins include paresthesias, pe-
ripheral neuropathy, diplopia, dysphagia, ototoxicity, mus-
cle weakness, dizziness, ataxia, seizures, and confusion
(Video 91, Cerebellar Ataxia).1,58

Antimalarials
Chloroquine
Chloroquine, once considered too toxic for humans, has
been the antimalarial of choice for 40 years. Although a
range of serious CNS effects has been documented during
chloroquine therapy, the incidence is unclear.81 Abnormal
involuntary movements, including torticollis, blepharo-
spasm, and dystonic tongue protrusion, have been reported
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during chloroquine therapy, especially in patients younger
than 30 years of age (Video 52, Torticollis).1 Headache, nau-
sea, and tinnitus with progressive hearing loss, optic nerve
dysfunction, seizures, psychosis, mania, and myasthenic
syndrome have also been reported.

When used chronically, as in rheumatoid arthritis, chlo-
roquine has been implicated in the development of peri-
pheral neuropathy, cranial nerve palsies, and myopathy
(Video 32, Cranial Nerve III Palsy). The peripheral neuro-
pathy is a distal sensorimotor polyneuropathy that is
reversible after drug withdrawal.1
ANTIRETROVIRAL MEDICATIONS

Patients infected with the human immunodeficiency virus
(HIV) are living longer than before due to a better under-
standing of the disease process and newer pharmacological
agents often used in combination to control viral loads.
Their use, however, comes with a price of toxic side
effects. The currently available classes of antiretrovirals
for HIV infection include protease inhibitors, nucleoside re-
verse transcriptase inhibitors (NRTI), and non-nucleoside
reverse transcriptase inhibitors (NNRTI). New drug regi-
mens support the use of concomitant medications from
each class in HIV-positive individuals to prevent the com-
plications of acquired immunodeficiency syndrome. Table
55-8 contains a list of available HIV medications.82

Protease Inhibitors
The major side effects of protease inhibitors are metabolic
in nature and include diabetes, hyperlipidemia, and fat
redistribution.82 These effects are not directly neurological.

Nucleoside Reverse Transcriptase Inhibitors
The most frequent neurological side effect of NRTI is
peripheral neuropathy. This problem is typically a distal,
TABLE 55-8

Antiretroviral Medications

Protease Inhibitors

Amprenavir (Agenerase)
Indinavir (Crixivan)
Nelfinavir (Viracept)
Ritonavir (Norvir)
Saquinavir (Fortovase, Invirase)

Nucleoside Reverse Transcriptase Inhibitors

Abacavir (Ziagen)
Combivir (Lamivudine þ Zidovudine)
Didanosine (Videx, DDI)
Lamivudine (Epivir, Epivir-HBV, 3TC, Heptovir)
Stavudine (Zerit, d4T)
Zalcitabine (Hivid, ddC)
Zidovudine (Retrovir, AZT, Azidothymidine, ZDV)

Non-Nucleoside Reverse Transcriptase Inhibitors

Delavirdine (Rescriptor)
Efavirenz (Sustiva)
Nevirapine (Viramune)
symmetrical, predominantly sensory neuropathy and has
been described with zalcitabine, didanosine, and stavu-
dine.83 EMG demonstrates an axonal neuropathy. It may
be difficult to determine the origin of the neuropathy,
because HIV infection can also cause a distal sensory
neuropathy. The treatment includes removal of the offend-
ing agent.82,84,85 Myopathy of mitochondrial origin has
been reported with both NNRTI and NRTI. This proximal
and symmetrical myopathy is associated with a mito-
chondrial pattern of ragged-red fibers on histological
examination. Removal of the offending agent is the best
treatment. The onset of this syndrome in association with
NRTI and NNRTI likely occurs preferentially in subjects
who already have a genetic predisposition to mitochondrial
disorders.86
Non-nucleoside Reverse Transcriptase Inhibitors
The major neurological side effects of the NNRTI include
dizziness, somnolence, diminished concentration, and
confusion. The patient may also experience psychiatric distur-
bances, including agitation, depersonalization, hallucinations,
insomnia, vivid dreams, depression, and euphoria. These
symptoms are most severe at initiation of therapy and typi-
cally resolve with elimination of the offending medica-
tion.82 Mild and clinically tolerable neuropsychiatric
disorders may persist in patients taking efavirenz after a
mean of two years,87 but their severity appears to decline
over time.88
ANTINEOPLASTIC CHEMOTHERAPY (Table 55-9)

Alkylating Agents
Nitrogen Mustard (Mechlorethamine)
Nitrogen mustard (NM) administered intravenously in a
dose of 0.4 mg/kg is not usually associated with neurotox-
icity. Hemiplegia, coma, chills, and fever, with increased
ICP and CSF pleocytosis, however, were reported in one
patient 7 days after each of two standard intravenous
doses of NM (0.4 mg/kg).89 On both occasions the signs
and symptoms subsided after therapeutic measures to de-
crease ICP. When the patient died 4 years later from unre-
lated reasons, a gross and microscopical examination of
the brain revealed focal areas of gliosis with loss of neu-
rons. Massive intravenous injections of NM have caused
hearing loss and vertigo, presumably from damage to cra-
nial nerve VIII, seizures, somnolence, and confusion.90

Intracarotid NM injection has been associated with hemi-
plegia, seizures, coma, and death (Video 11, Hemiplegic
Gait).89 One pathological study showed diffuse cerebral
edema, which was greater on the side of the injection, and
extensive gliosis and demyelination, presumably from a
previous injection.1
Cyclophosphamide
One of the most widely used alkylating agents, cyclophos-
phamide is associated with very little neurological toxicity.
Rapid intravenous infusion of cyclophosphamide has been



TABLE 55-9

Anticancer Drugs and Neurotoxins

Encephalopathy

BCNU
Cisplatin
Cytosine arabinoside
5-Fluorouracil
Ifosfamide
L-Asparaginase
Methotrexate
Procarbazine
Interferon
Interleukin 2

Cerebellar Syndromes

Cytosine arabinoside
5-Fluorouracil
Procarbazine

Myelopathy

Adriamycin (intrathecal)
Methotrexate (intrathecal)
Cytosine arabinoside
Thiotepa
Vincristine (intrathecal)

Parkinsonism

Cyclophosphamide
Cytosine arabinoside
Methotrexate
5-Fluorouracil

Peripheral Neuropathy

Cisplatin
Cytosine arabinoside
Hexamethylmelamine
Procarbazine
Vincristine

Strokelike Syndromes

Cytosine arabinoside
BCNU
L-Asparaginase
Methotrexate
5-Fluorouracil
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associated with facial or scalp burning, oropharyngeal
tingling, nasal congestion, rhinorrhea, sneezing, and lacrima-
tion. These uncomfortable sensations of the skin and mucous
membranes occur more frequently than was previously noted,
and changing infusion duration or the concentration of cyclo-
phosphamide, or administering anticholinergics intranasally,
can result in variable degrees of improvement.91

Inappropriate secretion of antidiuretic hormone has
occurred rarely and is exacerbated by the high fluid loading
required in high-dose cyclophosphamide therapy to prevent
renal toxicity. Biopsy-proven progressive multifocal leu-
koencephalopathy (PML) has been described in a man trea-
ted with cyclophosphamide and prednisone for Wegener’s
granulomatosis. On discontinuation of immunosuppression,
dramatic recovery took place.92
Ifosfamide
Ifosfamide, an analogue of cyclophosphamide, is derived
from nitrogen mustard and is used to treat a wide variety
of pediatric and adult tumors. CNS effects of ifosfamide
are frequent, are often severe, and can limit drug use.93

In a retrospective cohort study of 237 patients who
received isfosfamide in an ocology clinic, 16% developed
encephalopathy.94 Neurotoxic effects include changes in
mental status ranging from drowsiness to coma, ataxia,
tremor, myoclonus, seizures, facial spasms, and focal neu-
rological signs.93,95–97 Symptoms are usually self-limited,
clearing 48 to 72 hours after cessation of therapy, but per-
sistent neuropsychological abnormalities and even fatalities
can occur. The encephalopathy and accompanying seizures
that can manifest as nonconvulsive status epilepticus may
respond to intravenous diazepam.97,98 Predisposing factors
for CNS toxicity include dehydration, decreased renal func-
tion, previous cerebrovascular events or brain metastases,
pelvic tumors, and decreased serum albumin.99
Chlorambucil
Seizures have rarely been reported with chlorambucil
administration. They occur almost exclusively in children,
in the setting of overdosage or nephrotic syndrome. They
consist of myoclonic seizures followed by generalized
tonic-clonic seizures (Video 77, Clonic Seizure). The EEG
can show paroxysmal discharges that continue for several
days after seizure activity.1 Although the drug is generally
considered to be non-neurotoxic, acute CNS abnormalities
consisting of lethargy, ataxia, seizures, and coma have been
reported with overdose.90 PML has occurred in a patient with
rheumatoid arthritis after treatment with chlorambucil. Of
interest is that PML can develop as a late complication, even
after the medicine is stopped.100

Thiotepa
Owing to its low neurotoxicity, thiotepa, an intravenously
administered alkylating agent, is one of the few anticancer
drugs that can be injected into the CSF. In one series of 10
patients with meningeal leukemia and carcinomatosis
treated with multiple courses of intrathecal thiotepa, clini-
cal neurotoxicity developed in only two patients.1 This neu-
rotoxicity consisted of progressive myelopathy, manifested
as progressive lower extremity weakness, back and leg
pain, areflexia, and sensory deficits. EMG revealed diffuse
lower motor neuron abnormalities. The histopathological
changes in the spinal cord were localized to the white mat-
ter and consisted of demyelination and gliosis of the pos-
terior columns and the nerve roots of the cauda equina.101

Busulfan
Generalized seizures are a frequent side effect of high-dose
busulfan (total dose 16 mg/kg) as part of a preparative reg-
imen for allogeneic bone marrow transplantation. No neuro-
logical deficits are found after the episodes, and there are
no recurrences. Maintenance of therapeutic blood con-
centrations of anticonvulsant prophylactic regimens is
recommended.102 There has been one case of busulfan ad-
ministration associated with the development of myasthenia
gravis, although the relationship among the myasthenia,
the busulfan, and the leukemia was not clarified.1
Antimetabolites
Methotrexate
Methotrexate is a competitive inhibitor of dihydrofolate
reductase, acting primarily during DNA synthesis (S-phase)
as an antifolate antineoplastic drug. It prevents two primary
reactions, the conversion of folic acid to tetrahydrofolic
acid and the conversion of tetrahydrofolic acid to folinic
acid, thereby blocking DNA, RNA, and protein synthesis by
limiting the availability of reduced folates.1,90,103 As an
oral or intravenous drug in the usual prescribed doses,
methotrexate is a neurologically safe agent. It has limited
ability to cross the blood-brain barrier, and the CSF con-
centration is less than 10% of that in plasma after oral or
parenteral administration. When given intrathecally or in
higher doses, however, methotrexate is associated with a
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number of neurological syndromes. Proposed mechanisms of
methotrexate neurotoxicity include depletion of cerebral
reduced folates, reduced cerebral protein, altered blood-brain
barrier permeability, and impaired neurotransmitter synthe-
sis.90 The risk of neurotoxicity is increased with increasing
total intrathecal methotrexate dose, prolonged elevated CSF
methotrexate levels, concurrent radiation therapy, or systemic
high-dose methotrexate therapy. Toxicity is also more fre-
quent and severe in younger patients and when methotrexate
is used as treatment for meningeal tumor rather than for
prophylaxis.90

Acute methotrexate neurotoxicity includes an acute
chemical meningitis with fever, headache, nuchal rigidity,
and CSF leukocytosis. This condition is usually mild to
moderate; begins within hours of intrathecal administra-
tion; lasts for 1 to 3 days, although it may persist for
2 weeks; resolves spontaneously; and does not recur with
subsequent therapy.1,90,103 An acute strokelike encephalopa-
thy with seizures, confusion, hemiparesis, and coma may
com plicate high-dose methot rexate (more than 1 g/m 2)
in as many as 15% of patients.90 Other acute complications
that occur within hours of intrathecal administration are
acute transverse myelopathy with paraplegia, which may
be permanent, and transient radiculopathies, possibly
related to epidural or subdural injection, or the develop-
ment of hematomas.90,103 Accidental intrathecal methotrex-
ate overdose may produce an ascending myelopathy and
necrotizing leukoencephalopathy.90 Doses of 50 mg or less
probably produce few serious sequelae. A moderate over-
dose (50 to 100 mg) without early CSF drainage may pro-
duce an acute chemical meningitis. Massive overdose
(more than 500 mg) causes myelopathy and encephalo-
pathy, which may be fatal. Intensive systemic support,
high-dose leucovorin, and alkaline diuresis, plus rapid
CSF drainage and ventriculolumbar perfusion, may permit
survival and recovery of neurological function.

Delayed neurotoxicity from repeated intrathecal or intra-
ventricular methotrexate is more frequent than acute
intoxication, and encephalopathy is the most important late
effect. Pathologically, this is a leukoencephalopathy, with
areas of coagulative necrosis, demyelination, and minera-
lizing microangiopathy. Clinically, it is characterized by
progressive personality and intellectual decline, dementia,
hemiparesis, and sometimes seizures. MRI and CT usually
show extensive, patchy white matter lesions. The long-term
effects of the treatment (or prophylaxis) of childhood leu-
kemia and brain tumor include behavioral changes, poor
school performance, memory loss, intellectual decline,
growth retardation, hormonal disturbances, and abnormal
CT scans. Although radiotherapy may account for many
of these complications, intrathecal methotrexate alone
may produce intellectual and behavioral problems or exac-
erbate those produced by radiotherapy.90 Treatment of pri-
mary CNS lymphoma has been associated with neurologic
deterioration in the absence of tumor recurrence.104 Most
regimens include methotrexate and intravenous or intrathecal
and cytarabine among other agents, followed by radiation.
In a cohort of 18 patients with primary CNS lymphoma
treated with chemotherapy and radiation 63% had cognitive
impairment; among them 21% showed severe cognitive def-
icits and 14 out of the 18 had white matter abnormalities
on imaging.105
5-Fluorouracil
5-Fluorouracil is a fluorine-substituted analogue of the
pyrimidine uracil. It inhibits the enzyme thymidylate syn-
thetase, blocking DNA synthesis by reducing thymidine
monophosphate formation. It is associated with a charac-
teristic cerebellar syndrome in 1% of patients when the
recommended doses are used. When doses exceed the
usual recommendations, the incidence of this cerebellar
syndrome may be as high as 3% to 7%. The mechanism
of 5-fluorouracil neurotoxicity is unknown, but its conversion
to fluocitrate and fluoacetate in the CNS with subsequent inhi-
bition of the Krebs cycle has been postulated.90,103,106

Concomitant administration of a-interferon, cisplatin,
leucovorin, or thymidine potentiates the toxic effects.90

Clinically, 5-fluorouracil induces pancerebeller dys-
function, characterized by the acute or subacute onset of gait
ataxia, limb incoordination, dysarthria, nystagmus, and,
sometimes, diplopia (Video 214, Stance Ataxia; Video 228,
Saccadic Dysmetria). The symptoms are usually controlled
by dose reduction or increase in intervals between treatments.
Although the syndrome is reversible, cases of re-emergence
after subsequent treatment have been reported.90,103,106

Other neurotoxic reactions associated with 5-fluorouracil
include encephalopathy, seizures, as well as a parkinsonian
syndrome in 40% of patients.106,107 The encephalopathy is
usually mild to moderate but can range from lethargy to
coma with high-dose infusions. All the neurological symp-
toms associated with 5-fluorouracil are usually reversible
on cessation of the drug, and no pathological changes have
been noted in the brain at postmortem examination.106

Cerebral demyelination has been described with 5-
fluorouracilmonotherapy.In a patient who completed chem-
otherapy with 5-fluorouracil, an MRI showed areas of
demyelination that enhanced with contrast. A repeat MRI
of the brain was completed in 2 months and showed a de-
creased number of demyelinating lesions. The demyelination
was felt to be causally related to partial dihydropyrimidine
dehydrogenase deficiency in combination with 5-fluorouracil
administration.108,109 Ischemic strokes following adminis-
tration of 5-fluorouracil and cisplatin have occurred in five
patients. In each, no other cause for stroke could be identi-
fied in spite of an extensive workup. Each patient developed
ischemic stroke in the second or third treatment cycle with
development of symptoms in close relation to medication
administration.110 Peripheral neuropathy associated with
5-FU is rare but has been reported with both 5-FU and cape-
citabine, a pro-drug of 5-FU, which is rapidly metabolized
to 5-FU in patients with normal liver function. The neuro-
pathy is reversible upon discontinuation of the drug but
can recur with re-initiation.111,112
Cytosine Arabinoside (Cytarabine)
Cytosine arabinoside is an analogue of pyrimidine nuc-
leosides and readily crosses the blood-brain barrier. The drug
destroys proliferating cells as an S-phase-specific cytotoxic
agent. In many animals, in which cellular proliferation is
active in the external granular layer of the cerebellum, cyto-
sine arabinoside selectively destroys this layer and causes
disarrangement and abnormal arborization of the Purkinje
cells.113
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Although the drug has little neurotoxicity following
usual intravenous doses, in high doses it can cause an acute
cerebellar syndrome in up to 14% and less commonly sei-
zures and encephalopathy. When given intrathecally, it
may result in myelopathy or cauda equina syndrome that
is incompletely reversible. Combined intrathecal cytarabine
and cranial irradiation may lead to necrotizing encephalo-
pathy.114 Intravenous therapy may cause a peripheral neuro-
pathy.113 The incidence and severity of neurotoxicity
increases with increasing dose (more than 18 g/m2/course),
increasing age (rare in patients younger than age 20, occur-
ring in 3% of those from age 20 to 50, and in 19% of those
older than age 50), and following subsequent rather than
initial courses.90 Symptoms of neurotoxicity typically begin
6 to 8 days after the initiation of cytosine arabinoside with
nystagmus and ataxia, peak over the following 2 to 3 days
(confusion, somnolence, ataxia, dysarthria, and sometimes
seizures or coma), start to improve within 1 week, and resolve
completely within 2 weeks in most patients.90 Cerebellar
atrophymay be seen on CT orMRI, and pathological changes
are remarkable for Purkinje cell loss, reactive Bergmann’s
gliosis, and, occasionally, demyelination.
Natural Products
Vinca Alkaloids
Vincristine and vinblastine are alkaloid derivatives of the
periwinkle plant, whose major and dose-limiting toxicity
is neurological. The mechanism of action of these agents
is probably related to inhibition of microtubule formation
in the mitotic spindle, resulting in an arrest of dividing
cells at the metaphase stage. Peripheral neuropathy is
almost universal in patients receiving these drugs, and
neurotoxicity is attributed to the inhibition of axoplasmic
transport by their effect on axonal microtubules.89,90,114

Patients with pre-existing neuropathy (diabetic, familial, com-
pressive, or nutritional) may have more severe neuropathy.
Generally, the longer the exposure, the more numerous and
severe the neuropathic side effects.

The earliest and most consistent objective manifestation
of vincristine neurotoxicity is suppression of the Achilles
tendon reflex. This is followed rapidly by losses of other
reflexes, distal symmetrical sensory loss (pin and tempera-
ture more than vibration and proprioception), weakness,
footdrop, and muscle atrophy (Video 237, Foot Drop).
Autonomic neuropathy with constipation, ileus, urinary
retention, impotence, or postural hypotension may occur.
Cranial neuropathy occurs, usually involving the oculo-
motor nerve, often causing bilateral ptosis. Affected nerves
include the abducens, trigeminal, facial, and recurrent
laryngeal nerves, the latter resulting in hoarseness or stri-
dor (Video 44, Dysphonia). Nerve conduction velocities
are normal, because the process is an axonopathy.1,89,90,106

Cases of life-threatening vincristine neuropathy have been
described in patients with an underlying neuropathic disor-
der such as hereditary sensory motor neuropathy. To avoid
vincristine exposure to subjects with pre-existing neuro-
pathy, a pretreatment neurological examination and careful
family history are useful.115 A proximal myopathy can occur
with prolonged vincristine therapy even in the absence of
neuropathy and is distinguishable because of its proximal
distribution of weakness.116,117 A painful myopathy may
occur in children. Vincristine does not cross the blood-brain
barrier, so CNS toxicity is rare, although seizures may
develop as a result of inappropriate secretion of antidiuretic
hormone.106 Vinblastine has similar neurotoxic reactions
but only at doses that are usually not prescribed because of
concomitant severe hematological reactions.106

L-Asparaginase
L-Asparaginase is an enzyme that hydrolyzes asparagine
to aspartic acid and ammonia, depleting asparagine and
inhibiting protein synthesis. When it was first introduced,
the drug was used at high doses that produced an acute
encephalopathy that proved to be dose limiting. At usually
prescribed doses, the encephalopathy is not seen.106

Because L-asparaginase inhibits protein synthesis, plasma
protein deficits occur, including those involved in coag-
ulation and fibrinolysis. Decreased levels of fibrinogen,
factor IX, factor XI, plasminogen, antithrombin III, protein
C, protein S, a2-antiplasmin, histidine-rich glycoprotein,
and a2-macroglobulin also occur.118 L-Asparaginase has
been linked to hemorrhagic and thrombotic cerebrovas-
cular complications, including cortical infarction, capsular
infarction, intracerebral hemorrhage, hemorrhagic infarc-
tion, and cerebral venous and dural sinus thrombosis.119

During treatment, progressive prolongations in prothrom-
bin time, partial thromboplastin time, and thrombin time
are seen. In patients who have had complications resulting
from L-asparaginase and who require further treatment,
therapy to prevent subsequent complications is controversial.
Fresh frozen plasma alone or with low-dose heparin or anti-
thrombin III has been proposed.118 Because fresh frozen
plasma lessens the decrease in coagulation proteins normally
seen with L-asparaginase, it is a reasonable treatment for pa-
tients with thromboembolic complications from themedicine.

Antibiotic Antineoplastic Agents
Bleomycin
The existence of pure bleomycin toxicity has not been estab-
lished because the drug is ordinarily used in conjunction
with other chemotherapeutic agents. Mental status changes
and peripheral neuropathy have been reported with bleomy-
cin therapy, although no pathological changes have been
associated in brain or peripheral nerves in such patients. In
animals, cochlear damage has been demonstrated, although
there is no comparable clinical evidence in humans.1

Adriamycin and Actinomycin D
Adriamycin and actinomycin D produce no neurological
side effects in humans in the usually prescribed doses,
and when administered systemically, the drugs do not enter
the CSF. Adriamycin can produce a severe form of mye-
lopathy and encephalopathy after accidental intrathecal
injection. Experimentally, it can produce cerebral damage
after intracarotid injection and anterior horn cell loss after
direct injection into a peripheral nerve.90

Actinomycin D causes tremors, myoclonus, seizure,
ascending myelopathy, and encephalopathy when it is injected
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into the CSF in animal models. In pathological studies,
demyelination and necrosis have been found in the brain.1
Other Chemotherapeutic Agents
Nitrosoureas
The nitrosoureas include BCNU (carmustine), CCNU
(lomustine), methyl-CCNU (semustine), PCNU, and
ACNU. As alkylating agents, they bind DNA and produce
interstrand and intrastrand cross-links and carbamoylated
proteins. They readily cross the blood-brain barrier and
have little or no neurotoxicity at the usual dose regimens
used (BCNU IV 200 mg/m 2 or 80 mg/m 2/day for 3 days) .
Encephalopathy with confusion and seizures may follow
high doses of the drug (BC NU IV 600 to 800 mg/m 2 or
more).90 Several patients developed multifocal neurologi-
cal abnormalities 3 to 12 weeks following high doses of
BCNU (1500 to 3000 mg) followed by autologous bone
marrow transplantation to rescue the bone marrow from
the drug toxicity. Postmortem examination revealed foci
of coagulative necrosis.106 Intracarotid BCNU (usually
100 to 200 mg/m 2) can produc e severe local pain in the
ipsilateral face, eye, and head during infusion and, some-
times, retinopathy, blindness, or ocular necrosis. Intraca-
rotid infusions above the ophthalmic artery may prevent
ocular toxicity. A severe ipsilateral encephalopathy with
seizures, hemiparesis, progressive neurological deficits,
and cerebral necrosis (pathologically similar to radiation
necrosis) has been described following intracarotid BCNU
administration.90 Concurrent cranial radiotherapy and intra-
carotid BCNU may increase the risk of neurotoxicity.
Cisplatin
Cisplatin most likely acts by binding to DNA, forming in-
trastrand and interstrand cross-links. Cisplatin neurotoxicity
is common and dose limiting. Ototoxicity is a dose-limiting
complication, occurring most c ommonly a t doses of
120 mg/m 2 or more. Di rect toxici ty of the drug on the organ
of Corti appears to be the cause of the induced deafness, be-
cause nystagmus and vertigo have rarely been reported.
Deafness is more common in elderly patients and is exacer-
bated by radiation therapy to the head. The patient cannot
hear high-frequency sounds; the hearing loss is bilateral
and largely reversible, but it can be permanent. Deafness of-
ten begins within 3 to 4 days of the initial treatment and
slowly improves over the succeeding weeks after treatment
is stopped. The combination of slow infusion and pre-
treatment with intravenous hydration and often mannitol
to enhance renal excretion has reduced the problem of
ototoxicity.90,106

Peripheral neuropathy is a second prominent compli-
cation and involves predominantly large fibers. It is dose
related and cumulative (with a total dose usually more
than 300 to 600 mg/m 2). Sy mptoms may begin or progress
even after cisplatin has been stopped.90 Encephalopathy
with confusion and seizures can occur, especially with high
doses, but may be due to fluid or electrolyte disturbances that
accompany cisplatin therapy, such as hyponatremia, hypo-
calcemia, and hypomagnesemia. Cerebral herniation with
severe headache, increasing hemiparesis, seizures, coma,
and death has been reported in patients with large intracranial
tumors receiving cisplatin, possibly due to overhydration
and electrolyte disturbances producing cerebral edema and
seizures.1,90 Finally, retinopathy and cranial neuropathy
occasionally follow cisplatin therapy.

Procarbazine
Procarbazine is a weak MAOI that acts primarily as an alky-
lating agent. High-dose intravenous or intracarotid pro-
carbazine can produce severe encephalopathy. At usual
oral doses (60 to 150 mg/m 2/day ), a mild reve rsible encep h-
alopathy (drowsiness, confusion, agitation) or peripheral
neuropathy (paresthesias, reduced deep tendon reflexes,
and muscle aches) develop in as many as 20% of patients.90

Because of its monoamine oxidase inhibition, procarba-
zine can predispose the patients receiving it to a variety
of drug interactions, including synergistic sedative effects
with phenothiazines, barbiturates, and narcotics, as well
as alcohol intolerance. The caution advised with other
MAOIs regarding the tyramine effect with cheese or wine
has not been a clinical problem with procarbazine.1,89,90

Hexamethylmelamine
Hexamethylmelamine can act as an alkylating agent or as an
antimetabolite. It has both central and peripheral neurotoxic
effects. In the usual doses administered (8 mg/kg/day), neu-
rological problems are seen in up to 20% of patients. The
clinical manifestations include encephalopathy (confusion,
agitation, hallucinations, parkinsonism) and peripheral neu-
ropathy (distal sensory loss, weakness). In the case of the
peripheral neuropathy, pyridoxine may be beneficial.1,90
TRANSPLANT DRUGS

Cyclosporine
Neurotoxicity is a well-recognized sequela of cyclosporine,
and the most common complications are tremor and altered
mental status. Cyclosporine neurotoxicity can occur in 1
in 10 patients after liver transplantation. Behavioral signs
include acute psychosis, restlessness, wide mood swings
with inappropriate crying and laughing, cortical blindness,
visual hallucinations, stupor, and akinetic mutism (Video
22, Delusional Thinking). Additionally, seizures, extrapy-
ramidal symptoms, action myoclonus, and quadriparesis
have been reported. In patients with neurological signs, cy-
closporine levels are usually outside the normal range, and
after lowering the dose or withholding administration,
neurotoxicity clears in most cases. MRI abnormalities are
consistent with cortical or white matter high-signal changes
with a predilection for the occipital lobes.120–124 One
autopsy case of a patient who died from cyclosporine
toxicity revealed diffuse patchy white matter edema and
astrocytic injury without infectious/inflammatory process.122

Although the mechanism of cyclosporine neurotoxicity
has not been fully elucidated, one theory suggests that
hypocholesterolemia may result in upregulation of the
low-density lipoprotein receptors, which increases intracel-
lular transport of cyclosporine. Access may be particularly
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Neurological Complications of Cardiac Medications

Ataxia

Amiodarone

Encephalopathy/Delirium

Digoxin
b-Blockers
Lidocaine

Extrapyramidal

Amiodarone
Calcium channel blockers

Hallucinations

b-Blockers
Digoxin

Headaches

Lidocaine
Quinidine

Insomnia

b-Blockers

Sedation

ACE inhibitors

Seizures

Digoxin
Lidocaine

Visual Disturbances

Digoxin
Quinidine
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high in the white matter with a relatively high density of
low-density lipoprotein receptors. Another theory implicates
endothelin, a potent vasoconstrictive neuropeptide, in
combination with breakdown of the blood-brain barrier,
resulting in local ischemia. Other possible etiological
mechanisms of cyclosporine neurotoxicity include hypo-
magnesemia, hypertension, aluminum overload, and high-
dose methylprednisolone administration.120,125 In a study
examining the variable incidence of cyclosporine and FK
506 neurotoxicity in allogeneic bone marrow transplanta-
tion it was found that the highest incidence of neurotoxicity
was associated with multiple myeloma and the lowest with
lymphoma.126 The rate of cyclosporine and FK 506 neuro-
toxicity varies with the conditioning regimen of chemother-
apy agents used with lenghtier regimens associated with a
higher rate of neurotoxicity.127 One study used in vitro
multinuclear magnetic resonance to study the effects of
cyclosporine on high-energy phosphate metabolism in brain
cells and perfused rat brain slices.128 Both the clinical man-
ifestations and the neuroimaging abnormalities of cyclo-
sporine neurotoxicity usually resolve with a reduction or
discontinuation of cyclosporine.120,125

New Transplant Immunosuppressives
These are relatively new drugs, so more extensive use will
be needed to determine the entire realm of neurological
side effects. Among the new transplant immunosuppres-
sives are basiliximab, daclizumab, mycophenolate mofetil,
sirolimus, and tacrolimus. Typical neurological effects of
long-term immunosuppression, including infections such
as meningitis, encephalitis, and abscess formation, are sim-
ilar with the newer agents.129 Direct neurological toxicity
is more common with tacrolimus, a calcineurin inhibitor
like cyclosporine, while the others exhibit toxicity that
spares the nervous system.

Although tacrolimus may be a better immunosuppres-
sant than cyclosporine, it may have worse neurological
effects.130,131 In a multicenter, randomized, parallel-group
study of 545 patients undergoing primary liver transplanta-
tion, tacrolimus was associated with a higher incidence of
neurological symptoms than cyclosporine.132 The risk of
tacrolimus-treated patients developing tremor was related
to the initial intravenous dose, the rate of administration,
and the total daily dose. Headache was significantly corre-
lated with dose while insomnia was not.132 Factors that
may promote the development of serious complications
include advanced liver failure, hypertension, hypocho-
lesterolemia, elevated serum levels, hypomagnesemia, and
methylprednisone.133 Calcineurin inhibition by tacrolimus
and cyclosporine alters sympathetic outflow, which may
play a role in the mediation of neurotoxic and hypertensive
adverse events. The symptoms may be reversed by reduc-
ing the dose of immunosuppressant or by discontinuation.
However, some patients have experienced permanent or
even fatal neurological damage even after discontinuation of
tacrolimus.133,134 Occipital white matter appears to be
uniquely susceptible to the neurotoxic effects of tacrolimus
as is the case with cyclosporine. The encephalopathy asso-
ciated with tacrolimus has been reported to involve the
cortex as well.130 MRI has been reported to reveal bilateral
symmetrical regions of signal abnormality with abnormal
contrast enhancement. The abnormal signal was more
evident in FLAIR (fluid-attenuated-inversion-recovery)
sequences.135 Epilepsy136 and cerebral hemorrhage137 have
been reported with tacrolimus-induced neurotoxicity.

In contrast to CNS toxicity, peripheral nervous system
involvement is uncommon. Nevertheless, both demyelinat-
ing138 and axonal polyneuropathy139 have been described.
Tacrolimusassociated myositis has been reported in a renal
transplant patient. This reversed upon discontinuation of
the offending agent.140
CARDIAC DRUGS (Table 55-10)

Digitalis
Adverse effects on the CNS occur in 40% to 50% of
patients with clinical digitalis toxicity and may develop
before, with, or after signs of cardiac toxicity. Neurological
complications include nausea, vomiting, visual disturbances,
seizures, confusion, delirium, mania, hallucinosis, and syn-
cope. Explanations for the high frequency of neurotoxicity
with digitalis have been inadequate, and the few pathologi-
cal studies compiled have not demonstrated consistent
lesions.1

The most frequent and often the first neurotoxic reaction
is nausea due to direct stimulation of the medullary chemo-
receptor trigger zone. Nausea associated with digitalis toxi-
city is often accompanied by vomiting, and when vomiting
is chronic, it may lead to malnourishment and cachexia.
The incidence of digitalis-related visual disturbances has
been estimated at 40%. Clinically, it presents with blurred
vision, scotomas, diplopia, defects of color vision, and
amaurosis. Electrodiagnostic and labeled tracer studies
have implicated retinal dysfunction in the pathogenesis.141

Seizures are most commonly seen in the pediatric popula-
tion. The mechanism by which digitalis induces seizures has
been postulated to involve inhibition of membrane ATPase
and subsequent neuronal irritability. Confusion, delirium,
mania, and hallucinosis have been reported in as many
as 15% of patients with digitalis toxicity.1 Although the
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mechanism for the symptoms is unknown, they are not the
result of altered cardiac function. On the other hand, tran-
sient cognitive changes that are believed to be due to inter-
mittent cerebral hypoperfusion can resemble transient
global amnesia or be manifested as syncope.
b-Blockers
Neuropsychiatric symptoms occur frequently during treat-
ment with b-blockers. The pharmacology of CNS side
effects is unclear, although presynaptic and postsynaptic ad-
renergic inhibition has been implicated, as has serotonergic
antagonism.1 Nonselective b-blockers seem to cause CNS-
related side effects to a greater extent than b1-selective
blockers.142 It is unclear to what degree lipophilicity is
responsible for this kind of side effect. Lassitude or insomnia
and depression are the most common reactions, although
vivid dreams, nightmares, hypnagogic hallucinations, and
psychotic behavior have been reported with high doses
(more than 500 mg/day of propranolol). Pre-existing major
psychiatric illness and hyperthyroidism may predispose to
the preceding symptoms.
Calcium Channel Blockers
Calcium channel blockers, particularly flunarizine and cin-
narizine, have been associated with dystonia, parkinson-
ism, akathisia, and TD. Theoretical explanations for these
events include the inhibition of calcium influx into striatal
cells and direct dopaminergic antagonistic properties.
Recent evidence also suggests that inhibition of proton
pumping and catecholamine uptake are possible mecha-
nisms.143 In addition, the chemical structures of flunarizine
and cinnarizine, which are related to neuroleptics, may
explain the greater incidence of such side effects with these
agents compared with those of calcium channel blockers
available in the United States. Suggested risk factors appear
to be advanced age and a family history of tremors or Parkin-
son’s disease, or both.144 The onset and type of presentation
is unpredictable. The long-term evolution was assessed in a
prospective follow-up study of 32 patients with diagnoses
of calcium channel blocker-induced parkinsonism. Eighteen
months following discontinuation of the offending agent,
44% of the patients had depression, 88% had tremor, and
33% still had criteria for diagnosis of parkinsonism (Video
59, Rest Tremor).145
Angiotensin-converting Enzyme Inhibitors
The incidence of CNS effects with angiotensin-converting
enzyme (ACE) inhibitors is similar to that of b-blockers.
The precise role of ACE in the CNS is not well defined. Mild
lethargy, sedation, and fatigue are the most common
complaints.146 As opposed to b-blockers, ACE inhibitors ap-
pear to have the lowest association with depression and,
therefore, are the drugs of choice when depression is a risk.

Approximately 2% to 4% (depending on renal function
and dose) of 100 patients on captopril develop diminution
or loss of taste perception. This sign is reversible and usu-
ally resolves within 2 to 3 months, even with continued
drug administration.
Nitrates
The major problem with nitrate therapy is headache.
According to proposed mechanisms, nitric oxide is the com-
mon mediator in experimental vascular headaches possibly
resulting in headache through vasodilatation of extracere-
bral arteries.147Nitroglycerinproduces a throbbing or pulsat-
ing sensation in many patients and an overt headache in
many others. Often, the headaches attenuate or disappear
with time, but 15% to 20% of patients are not able to tolerate
long-acting nitrates because of headache. Patients should be
encouraged to use analgesics during the initial days or
weeks of nitrate therapy and should be educated as to the
nature of this problem and its probable resolution with time.148

Nitroglycerin therapy can cause dose-related increases in
ICP, which, in rare cases, can result in a clinically overt
syndrome. Finally, the hypotensive effects of nitroglycerin
can result in dizziness and lightheadedness or even syncope.
Antiarrhythmic Agents
Amiodarone
Amiodarone is a di-ionated benzofurane derivative used
primarily in the treatment of refractory ventricular and atrial
arrhythmias. Amiodarone can be toxic for almost every
organ in the body, including the central and peripheral ner-
vous systems, especially when taken at high doses for
long periods of time. The most common neurotoxic find-
ings include tremor, ataxia, proximal muscle weakness,
and wasting. Tremor usually appears early in the course of
therapy and is usually a bilateral 6- to 10-Hz action tremor
of the arms, which is indistinguishable from essential tremor
(Video 60, Marked Postural Tremor). It can involve all
limbs and may be asymmetrical, although to date it has not
been reported to be unilateral. Rarely, the tremor is asso-
ciated with parkinsonian features. Other manifestations of
basal ganglia dysfunction that have been reported in
association with amiodarone include myoclonus, hemiballis-
mus, and dyskinesias of the extremities and orofacial area.
Basal ganglia dysfunction associated with amiodarone is
dose related, and reversibility is inversely related to duration
of therapy.149 Additionally, severe ataxia resolving after
amiodarone discontinuation has been reported as well.150

More recently, an association of amiodarone treatment
and optic neuropathy has been recognized. Most cases
present withing the first year of therapy.151 In a study com-
paring patients on chronic amiodarone treatment with nor-
mal control subjects a significant prolongation of visual
evoked potentials (VEP) was found.152
Lidocaine
Lidocaine is widely administered parenterally and topically.
It is oxidized to active and inactive metabolites by hepatic
enzymes in the cytochrome P-450 mixed oxidase system.
Toxic effects of lidocaine occur frequently and involve
the cardiovascular system and CNS. Although lidocaine-
associated CNS effects can be seen with other local anes-
thetics, lidocaine is far more common as the causative drug,
and this relates to its rapid absorption across the blood-
brain barrier. The high frequency of toxicity is probably
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due to a diffuse excitation of neuronal systems and begins
as altered behavior.1 At concentrations less than 6 mg/mL,
dizziness, drowsiness, paresthesias, and visual disturbances
predominate; confusion, dysarthria, coma, convulsions,
cardiac arrhythmias, and respiratory arrest are more often
seen at concentrations greater than 6 mg/mL. The toxicity
of lidocaine can be viewed as a self-enhancing phenomenon:
If administration is not terminated immediately, a marked
respiratory acidosis results, which creates more of the active,
ionized form of the drug.153 Treatment focuses on adequate
oxygenation and support because the half-life of bolus
lidocaine given immediately is 6 to 8 minutes. However, be-
cause repeated injections change the kinetics of lidocaine
and prolong its half-life to approximately 90 minutes, more
long-lasting effects can be seen.153 Although most reports
of adverse reactions involve intravenous lidocaine, toxic
signs have also been reported with topical or oral use. Pain
in the lower extremities following initial recovery from
spinal anesthesiais more frequent with lidocaine compared
to other local anesthetics.154

Quinidine
Quinidine is present in the cinchona bark, along with qui-
nine and other alkaloids. Nervous system manifestations
are usually not significant, but with overdosage or in sus-
ceptible individuals, quinidine causes a type of intoxication
similar to that of quinine. The corresponding clinical syn-
drome, namely cinchonism, is manifested as headache,
nausea, vomiting, blurring of vision, transient visual
obscurations, and ringing of the ears.1 The visual symptoms
are short lived but can be confused with visual transient
ischemic attacks or the visual accompaniments of migraine.
More persistent quinidine amblyopia is the result of direct
damage to the retinal ganglion cells.155 Finally, there have
been two case reports of dementia associated with chronic
quinidine use, which reversed after drug discontinuation.156
DIETARY COMPOUNDS AND MISCELLANEOUS
DRUGS

Caffeine
Caffeine and other xanthine derivatives, including aminoph-
ylline, are CNS stimulants that excite all levels of the CNS,
with the cortex being the most sensitive. Caffeine increases
energy metabolism throughout the brain but decreases cere-
bral blood flow, inducing a relative brain hypoperfusion.
The drug activates noradrenaline neurons and may act
as a second messenger at dopamine receptors to affect
the local release of dopamine.157 Mobilization of intra-
cellular calcium and inhibition of specific phosphodiesterases
occurs at high, nonphysiological concentrations of caffeine.
The most likely mechanism of action of methylxanthine is
the antagonism at the level of adenosine receptors.

Caffeine’s psychostimulant action on humans is often
subtle and difficult to detect. Its effects on learning, memory,
performance, and coordination are related to methylxan-
thine-induced arousal, vigilance, and fatigue. An increased
awareness of the environment or hyperesthesia may be an
unpleasant experience to some patients. The patient becomes
loquacious and restless and often complains of ringing in
the ears and giddiness. In high doses, xanthines affect the
spinal cord, resulting in increased reflex excitability, trem-
ulous extremities, and tense muscles.1 Caffeine clearly
alters sleep patterns, and if taken within 1 hour of
attempted sleep, it increases sleep latency, decreases total
sleep time, and worsens the subject’s estimate of sleep
quality. Less time is spent in stage 3 and 4 sleep and more
in stage 2 sleep. Xanthine-associated seizures are seen as a
complication of aminophylline therapy, especially when
the drug is administered intravenously. They are usually
generalized but can be focal. Epidemiological evidence
suggests that dietary and medicinal consumption of caf-
feine is a modest risk factor for chronic daily headaches.158

Cessation of the use of products containing caffeine can
cause a withdrawal syndrome that includes headaches,
drowsiness, fatigue, decreased performance, and, in some
instances, nausea and vomiting. These symptoms begin
within 12 to 24 hours after the last use of caffeine, peak
at 20 to 48 hours, and last approximately 1 week.159 Exces-
sive caffeine ingestion can cause low serum potassium
levels. Caffeine-induced hypokalemia resulted in paralysis
in a pregnant woman, which resolved after potassium
supplementation and decrease in caffeine intake.160

Nicotine
Nicotine increases circulating levels of norepinephrine and
epinephrine, and it stimulates the release of striatal dopa-
mine. It exerts stimulant effects through specific nicotinic
receptors, whose activation may facilitate dopaminergic
transmission centrally.161 Nicotine has been reported to affect
a number of neurological diseases, such as spinocerebellar
degeneration, multiple system atrophy, multiple sclerosis,
tic disorders, parkinsonism, and myoclonic epilepsy.162

Nicotine, despite being a powerful stimulant, has no
major therapeutic application. Unaccustomed smoking may
elicit transient nystagmus, dizziness, unsteadiness, and nau-
sea. Nystagmography and posturography performed in
nonsmokers or occasional smokers has found multidirec-
tional nystagmus (mainly horizontal or upbeat), associated
with significant increase in postural sway.163 Its high toxi-
city and presence in tobacco smoke give nicotine a con-
siderable medical importance. Clinically, tremors and
convulsions are major neurological signs of nicotine intoxi-
cation. Respiration is stimulated, and vomiting is induced.
Nicotine also has marked antidiuretic activity resulting
from direct hypothalamic stimulation. If nicotine is acutely
ingested, it can be fatal at approximately 60 mg of the base
product. Autonomic overactivity with dilated pupils, irregu-
lar pulse, sweating, and muscle twitching are characteristic
signs of nicotine toxicity. Coma may supervene rapidly,
although convulsions are usually not present. If death
occurs, it is due to paralysis of respiratory muscles. Cardiac
arrhythmias are significant and are another potential cause
of demise.1 Chronic intoxication due to nicotine, consist-
ing of nausea, vomiting, dizziness, and prostration, occurs
among tobacco pickers or croppers. The illness lasts inter-
mittently between 12 and 14 hours and clears, only to recur
when workers return to work. There are no deaths or long-
term sequelae, however. During the 1973 harvesting season,
an estimated 9% of the 60,000 tobacco growers in North
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Carolina reported illnesses. Ingestion of leaves from the tree
tobacco plant (Nicotiana glauca) has been reported to result
in severe muscle weakness, bulbar palsies, flexor muscle
spasms, hypertension, nausea, vomiting, and respiratory
compromise (Video 20, Tonic Spasms).164

Vitamins
These vital trace substances are generally associated with
vitamin deficiency syndromes, but because health enthusi-
asm has reached passionate proportions for many indivi-
duals, physicians are encountering neurotoxic syndromes
from overdosage. The first recognized toxicity of vitamins
was related to the fat-soluble vitamins, but water-soluble
vitamins have been found to be harmful at times when they
are ingested in large quantities.

Vitamin A
Vitamin A toxicity results in a syndrome of increased
ICP, headaches, blurred vision, and cranial nerve VI palsy.
On funduscopic examination, gradual papilledema devel-
ops.165,166 The mechanism whereby increased ICP develops
is not known, although biochemically, the vitamin stim-
ulates the synthesis of glycoproteins and mucopoly-
saccharides, which may alter fluid balance centrally. The
generally recommended daily vitamin A allowance is
5000 IU, and toxicity occurs with intake as little as four
times that dose.166 Similar toxicity has been noted with
one of the vitamin A-like substances, cis-retinoic acid, when
used for acne in a person taking recommended intakes of
vitamin A.166 In addition there is considerable evidence
of the teratogenic effects of vitamin A in the mouse, rat,
hamster, and guinea pig. Malformations include cleft
palate, fused ribs, spina bifida, meningocele, hydronephrosis,
and heart and genitourinary abnormalities.165

Vitamin D
Massive amounts of vitamin D mobilize bone calcium and
phosphorus. Where there is bone demineralization and
degeneration, nerve root and spinal cord compression can
occur. Meningeal symptoms and trigeminal neuralgia are
two additional reported findings without clear pathogene-
sis. Trigeminal neuralgia may relate to bony foraminal
changes (Video 106, Trigeminal Neuralgia). Alterations
in the calcium balance in the form of hypercalcemia can
produce metastatic calcifications in the brain with resultant
mental retardation or a clinical picture of generalized
weakness, muscle aches, cramps, and mild metabolic
encephalopathy.166 When renal impairment occurs, pro-
gressive secondary encephalopathy, not directly related to
the vitamin, develops. Vitamin D, like vitamin A, is a terato-
gen, and when the vitamin is consumed in large amounts
by pregnant women, it can produce specific abnormalities
of the facies, brain, heart, and kidney of the fetus.166

Vitamin E
Excessive vitamin E ingestion may produce subtle signs
and symptoms of toxicity, such as easy fatigability, mus-
cle weakness, headache, and delayed wound healing.
Symptoms usually disappear with cessation of excessive
intake. Increased bleeding tendencies have also been
reported with large amounts of vitamin E, but no intracra-
nial bleeding has been reported as resulting from it. No
toxic effects have been reported at doses of 800 IU
daily.166 Even with supraclinical doses, associated with
high levels of plasma tocopherol, ventricular CSF levels
are exceedingly low.167
Thiamine
Effects of excess thiamine on the CNS include nervous-
ness, convulsions, headache, weakness, trembling, and
neuromuscular paralysis.165 The decreased use of thiamine,
especially parenterally for various functional disorders,
appears to have resulted in a reduction of toxic reactions.

Thiamine deficiency results in Wernicke’s encephalo-
pathy, manifesting with ophthalmoplegia or nystagmus,
ataxia and confusion, or mild memory impairment
(see Chapter 40) (Video 229, Wernicke’s Encephalopathy).
It can therefore mimic brain stem stroke.168 Thiamine defi-
ciency has also been reported to manifest as polyneuro-
pathy169 or chorea.170 Iatrogenic causes include total
parenteral nutrition, drastic weight-reducing diet, hemo-
dialysis, colonic surgery, or gastrectomy.171–173 MRI
can demonstrate high-signal lesions on T2 in the dien-
cephalon, mesencephalon, as well as enhancing lesions
of the floor of the hypothalamus.174
Pyridoxine
Pyridoxine, previously considered benign, has been found
to have direct toxic effects on the peripheral nervous
system. Animals treated with high doses of pyridoxine
develop vacuolation and degeneration of dorsal root and
ganglion cells, along with a widespread degeneration of
sensory nerve fibers. When consumed in daily doses of
2 g or more, it has been reported to produce a syndrome
consisting of difficulty walking with lightning-like dys-
esthesias in the back. Numbness of the extremities occurs,
and most important, facial dysesthesias, so uncommon with
most toxic neuropathies other than trichloroethane, quickly
develop. Areflexia, stocking-and-glove sensory loss, and
profound sensory ataxia with preserved strength are typical
(Video 5, Sensory Ataxia). On EMG, marked slowing of
the sensory nerve conduction is seen with normal motor
conduction.1,166 Treatment consists of cessation of pyri-
doxine, and in some cases there is a dramatic, although
often slow, recovery.

When low to moderate doses of pyridoxine are added
to the diet of a parkinsonian patient receiving levodopa
without carbidopa supplementation (e.g., Sinemet), it will
precipitiously cause an exacerbation of the disease. Pyri-
doxine is a cofactor for dopa decarboxylase and enhances
the systemic conversion of dopa to dopamine: Because do-
pamine cannot cross the blood-brain barrier, this enhanced
peripheral synthesis of dopamine in fact diminishes central
delivery of dopa for effective antiparkinsonian therapy.
When sufficient carbidopa is added to levodopa (usually
at least 100 mg/day), this pyridoxine toxicity is probably
insignificant.
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Monosodium Glutamate
In 1968, Kowk, a Chinese physician, described a transient
neurological syndrome that occurred when he ate at
American-Chinese restaurants. He suggested that monoso-
dium glutamate could be the provoking agent because this
product is used widely in Chinese restaurants to enhance
the flavor of food. The pathophysiology of the syndrome
has been suggested to relate to glutamate. As an excitatory
agent, glutamate may alter synaptic transmission. Some
authors suggest that the symptoms of monosodium gluta-
mate syndrome may relate to cholinergic overstimulation
or non-neurological vascular mechanisms. The syndrome
has three major symptoms, occurring within 15 minutes
after ingestion of Chinese food and lasting approximately
1 hour: a dysesthetic facial pressure, burning dysesthesias
over the trunk, and chest pain. Headache, which may be
migrainous in quality, is more frequently seen in patients
with a prior history of headaches. Other vague symptoms
such as malaise and lightheadedness may accompany the
triad. It is not fully established that monosodium gluta-
mate is, in fact, the causative agent. Therefore, important
contributing influences may also be the vehicle, whether
the subject has been fasting, and whether a load of car-
bohydrate accompanies the ingestion of monosodium
glutamate.1
Sex Hormones and Contraceptive Agents
Female hormones in the form of oral contraceptives or
postmenopausal replacement therapy have become widely
prescribed. It is clear that oral contraceptives increase by
three to eight times the risk of stroke in women taking
them. Oral contraceptive-associated strokes can occur in
any vascular distribution. Factors predisposing to cerebro-
vascular disease in women on birth control pills include
the use of compounds containing high levels of estrogen,
multiparity, and a change in migraine headache pattern.
Of probable but less certain importance are previous
thrombotic or embolic disease and hypertension. Inherited
resistance to activated protein C, which is caused by a sin-
gle factor V gene mutation, is a frequent risk factor for
thrombosis. Activated protein C resistance was found to
be highly prevalent in women with a history of thrombo-
embolic complications during pregnancy or use of oral
contraceptives. The gene defect is common in the general
population, and the question is raised as to whether it
would be reasonable to perform general screening for acti-
vated protein C resistance early during pregnancy or before
prescription of oral contraceptives.175

Chorea is another serious problem related to oral contra-
ceptives (Video 71, Birth Control Pill-Induced Chorea).
The involuntary movements appear days or weeks after
starting birth control pills and may be more frequent in
patients with a prior history of Syndenham’s chorea. The
chorea starts abruptly and may involve only one side of
the body.176 A similar phenomenon occasionally occurs
during pregnancy when a woman develops severe involun-
tary movements that spontaneously resolve when the preg-
nancy ends (chorea gravidarum). Birth control chorea may
disappear within 48 hours of cessation of the medication,
although the abatement can take longer.
Whereas pseudotumor cerebri can occur in patients tak-
ing oral contraceptives, other conditions that may cause
blurring of the optic disc are papilledema related to venous
sinus obstruction or retrobulbar optic neuritis, which also
occurs in patients on birth control pills. Vascular headaches
may also appear for the first time or suddenly change in
pattern when oral contraceptives are started. Common mi-
graine may become classic migraine, with patients experi-
encing symptoms or signs of focal cerebral dysfunction
at the onset of the headache. In cases in which migraines
either appear for the first time, increase in frequency, or
become focal, cessation of oral conraceptives is suggested.
On the other hand, a subgroup of headache patients finds
relief of headache pain while taking oral contraceptives.
These headaches may have a close relationship to menstru-
ation, and while on the oral contraceptives, the patient has
minimal pain.
Chelating Agents
2,3,-Dimercaptol-1-Propranol
2,3,-Dimercaptol (British antilewisite [BAL]) was synthe-
sized during World War II as an antidote for arsenic-
containing lewisite gas. This compound has also been
found to be effective against the toxic manifestations of
arsenic, mercury, gold, antimony, and other heavy metals.
With doses of 2.5 mg/kg of body weight, toxic symptoms
develop in less than 1% of individuals; with twice that
dose, there is a 50% to 60% increase in the occurrence
of intoxication. Symptoms appear within 10 to 20 min-
utes after injection of the drug and subside within 50 to
90minutes. The usual reaction consists of headache, burning
sensations in the mouth and eyes, muscular aches, pares-
thesias, pain in the teeth, lacrimation, salivation, rhinorrhea,
and profuse sweating. Restlessness, anxiety, and general
agitation may also develop, with progression in some
instances to generalized convulsions and stupor. Abdominal
pain, apprehension, blepharospasm, piloerection, tachy-
cardia, and palpitations may also occur. Because of the tran-
sient nature of the toxic symptoms, no treatment is needed
in BAL poisoning. Twenty-five milligrams of ephedrine
sulfate given before the injection of BAL may lessen the
incidence of toxic reactions.1
Penicillamine
The most commonly encountered neurotoxic effect of pen-
icillamine is loss or abnormality of taste, which has been
correlated with high doses and long duration of therapy.1

Hypogeusia occurs in 25% to 30% of patients at doses of
1 g daily within 6 weeks (Video 25, Taste Testing). It may
be reversible by decreasing the dosage or discontinuing
the drug and may not occur at all in dosages of 500 mg or
less. Zinc infiltration of taste receptors has been postulated
as causing the hypogeusia induced by penicillamine.

Dermatomyositis and polymyositis characterized by typ-
ical tender proximal muscle weakness with elevation of
muscle enzymes may occur during penicillamine therapy.
Another neurological side effect of penicillamine therapy,
especially in rheumatoid arthritis patients, is a myasthenic
syndrome. This can start as ptosis, diplopia, or dysphagia



TABLE 55-11

Lipid-Lowering Agents Associated with Myopathy

3-Hydroxy-3-Methylglutaryl Coenzyme A (HMG-CoA)

Reductase Inhibitors

Lovastatin (Mevacor)
Pravastatin (Pravachol)
Simvastatin (Zocor)
Atorvastatin (Lipitor)
Fluvastatin (Lescol)
Rosuvastatin (Crestor)

Fibric Acid Derivatives

Benzafibrate
Clofibrate
Fenofibrate
Gemfibrozil (Lopid)

Niacin
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but progresses to generalized weakness if early signs go
undetected. The edrophonium test usually confirms the
clinical suspicion, and laboratory studies demonstrate auto-
antibodies to acetylcholine receptors (Video 226, Myasthenia
Gravis: Edrophonium). Withdrawal of the drug and treatment
with cholinesterase inhibitors reverse the weakness over
several months.177

Cholesterol-lowering Agents
Clofibrate
Clofibrate, an aromatic monocarboxylic acid, is capable of
inducing myotonia in humans and experimental animals,
and this is clinically significant because it is widely used
to reduce serum triglyceride levels. The mechanism by
which it induces myotonia is believed to be through a
decrease in chloride conductance.
Statins
Lovastatin, simvastatin, fluvastatin, atorvastatin, rosuvastatin,
and pravastatin are HMG-CoA (3-hydroxy-3-methylglutaryl
coenzyme A) reductase inhibitors that are effective cho-
lesterol-lowering agents used in the treatment of hyper-
cholesterolemia. They can induce myotonia by blocking
chloride channels on the muscle membrane.178 Lipid-
lowering agents can also cause a myopathy and neuropa-
thy.179 The risk of neuromyotoxicity is highest when
multiple lipid-lowering agents are used together and can
be as high as 5%. Other risk groups for development
of myopathy include elderly or female patients, dose, spe-
cific agent used, and concomitant metabolic processes.180

Evidence suggests that latent or previously minimal
symptomatic muscle disease may predispose to the devel-
opment of myopathy.179 Clinically, patients have myal-
gias, elevated CK levels, and proximal weakness.
Recovery is typical after discontinuation of the offending
medications for the signs and symptoms of myopathy.
Less information is available regarding the natural history
of the sensorimotor neuropathy, but it appears to be less
reversible if large fiber function is clinically manifest.179 In
one series rhabdomyolysis requiring hospitalization occurred
in 13% of the patients.181 Table 55-11 lists the lipid-lowering
agents associated with myopathy.182,183 Dermatomyositis-
like syndrome and Guillain-Barré syndrome have been
described with statin use.184,185
NEUROLOGICAL SEQUELAE OF DIAGNOSTIC AND
THERAPEUTIC PROCEDURES

Coronary Artery Bypass Graft Surgery
Coronary artery bypass graft (CABG) surgery is the most
frequently performed cardiac surgery in North America,
with nearly 400,000 procedures performed annually in the
United States and Canada.186 Early retrospective studies
of open heart surgery found that stroke and anoxic en-
cephalopathy were common postoperative neurological
complications, occurring in more than 20% of patients.
Improvement in surgery and extracorporeal circulation
may have initially reduced the frequency of permanent,
disabling neurological sequelae. Nevertheless, subsequent
prospective studies have shown that neurological com-
plications account for the major adverse sequelae of this
procedure. Because these problems can be severe, they
must be taken into account when decisions are weighed
as to whether medical or surgical therapy would be more
appropriate in a given case.

Central Nervous System Complications
Stroke as a complication of CABG procedures occurs in
0.9% to 5.9% of cases.186 Off-pump CABG has been
reported to carry a smaller risk for stroke.187 Most territorial
infarcts result from macroemboli from diseased valves, left
ventricular thrombus, or atheromatous emboli from a rigid
ascending aorta. Stroke occurs more frequently with valvu-
lar heart surgery than with CABG operations. A permanent
neurological disability after valve replacement occurs in
5% to 10% of patients. In contrast, the risk of a severe dis-
ability complicating CABG surgery is less than 2% to
5%.188,189 The difference is due to the greater risk of car-
diac macroemboli with operations that require opening of
the heart chambers. Removal or repair of diseased, calci-
fied mitral or aortic valves is associated with the dispersion
of tissue and surgical debris in the cardiac chambers. Extra-
cranial carotid artery disease is often suggested as an im-
portant cause of stroke during CABG surgery. This theory
proposes that severe carotid occlusive disease, combined
with intraoperative hypotension, results in cerebral ische-
mia. However, most perioperative strokes occur in the ab-
sence of carotid occlusive disease or have their onset in
the postoperative period. Most studies have failed to dem-
onstrate a correlation between perioperative stroke and
asymptomatic carotid artery stenosis. Nevertheless, it is
common practice in some hospitals to perform a prophylac-
tic staged or combined carotid endarterectomy in asympto-
matic patients discovered to have carotid stenosis.188

Because the majority of patients undergoing combined ca-
rotid endarterectomy and CABG have asymptomatic ca-
rotid stenosis, one has to take into consideration the added
stroke risk from carotid stenosis.190 Additional intracranial
carotid artery disease may be an independent factor for
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stroke after CABG, and, therefore, a comprehensive evalu-
ation of the arterial tree to delineate the risk assessment
for CABG surgery is warranted.191 Although CABG sur-
gery frequently results in a tendency for bleeding (as a
result of heparin administration, low fibrinogen levels, and
thrombocytopenia induced by hemodilution and sequestra-
tion) and occasional disseminated intravascular coagulation,
intracranial hemorrhage is an infrequent cause of stroke.188

Attempts to prevent neurological sequelae after cardiac
surgery have focused on improved surgical and car-
diopulmonary bypass techniques, as well as identifying
the high-risk patient. Age, preoperative stroke (within
3 months), severe aortic atheroma, opening of cardiac cham-
bers, and sustained mean arterial pressure of less than 30 to
40 mmHg are probable risk factors for postoperative
neurological sequelae. Less proven but still possible risk fac-
tors are prolonged cardiopulmonary bypass, severe carotid
or cerebrovascular disease, postoperative atrial fibrillation,
congestive heart failure, and diabetes mellitus.186,188

Minor cognitive impairment following CABG proce-
dures occurs in as many as 75% of patients tested 8 days
postoperatively and may be present in up to a third of
patients, even 1 year after surgery. These patients show a
reduction of one standard deviation in neurocognitive test-
ing postoperatively.186 In a prospective longitudinal cogni-
tive assessment of 261 patients who underwent CABG,
the incidence of cognitive decline was 53% at discharge,
24% at 6 months, and 42% in 5 years.192 The pathogenesis
of the cognitive decline following CABG is believed to be
secondary to disseminated brain microemboli occurring
during cardiac surgery. An alkaline phosphatase map of the
afferent cerebral microvasculature has revealed thousands
to millions of focal, small capillary and arteriolar dilatations
in patients and dogs who have recently undergone CABG.
These capillary and arteriolar dilatations are usually empty,
suggesting that gas bubbles or fat emboli are a prime
cause. Some authors believe that membrane oxygenators
and 40-mm arterial line filters are an essential part of
protecting the brain against microembolic events, although
this remains to be proved in practice.186 In a study assessing
cognitive function and cerebral perfusion following bypass
surgery with the use of extracorporeal circulation, short-
term neurocognitive dysfunction was found in 96% and
long-term neurocognitive dysfunction was found in 55%
of cases. Decrease in regional cerebral blood flow as
measured by SPECT, was found in 68% of patients in the
early period and in 55% after 6 months.193 Several lines
of evidence suggest that the late cognitive decline between
1 and 5 years after surgery may be secondary to high rates
of cerebrovascular disease among candidates for CABG.
A history of hypertension and other risk factors for vascular
disease are known to be associated with increased risk for
long-term cognitive declinein community-dwelling elderly
individuals.194

The global encephalopathy that can follow heart surgery
varies from confusion to coma or a psychotic delirium.
Nonmetabolic coma is a rare complication of open heart
surgery, occurring in less than 1% of patients. It may be
due to global anoxia-ischemia, massive stroke, or multiple
strokes. On the other hand, the incidence of clinically
detectable diffuse encephalopathy varies from 3% to
12%.186 Post-CABG encephalopathy is often multifactorial
and can be related to medications, hypoxia, fever, sepsis,
metabolic derangements, hemodynamic instability, and
ICU psychosis. These patients may be slow to emerge from
anesthesia, are often agitated or restless, and have poor
visual fixation, small reactive pupils, and, occasionally,
Babinski’s sign. Improvement usually occurs during the
first postoperative week. In otherwise uncomplicated car-
diac surgery, disseminated microemboli during extracorpo-
real circulation may be the cause of this encephalopathy.188

Seizures occur in less than 1% of patients and can accom-
pany coma, encephalopathy, or delirium, or they may occur
independently. The vast majority occur within the first
24 hours after surgery.

Peripheral Nervous System Complications
In a prospective analysis of 412 consecutive patients under-
going coronary bypass surgery, 55 (13%) developed new
peripheral nervous system complications postopera-
tively.195 The most common complication was brachial
plexopathy, occurring in 23 patients. Most frequently the
lower trunk or the medial cord of the brachial plexus was
involved. The plexus injuries may be due to torsional trac-
tion, compression, or cannulation of the jugular vein. Male
gender and hypothermia during surgery were associated
with an increased risk. The usual clinical presentation
involves intrinsic hand weakness and a decreased or absent
triceps reflex. Sensory loss is sometimes present in the
affected hand; some patients have prominent pain, and a
minority of them have Horner’s syndrome (Video 17,
Horner’s Syndrome). In a study examining neelectrophy-
siological studies of both upper extremities before 112
patients who underwent either CABG or heart valve sur-
gery or peripheral vascular surgery, electrophysiological
evidence of upper extremities nerve damage was found in
14% of CABG and 8% of valve replacement patients.196

Most brachial plexus injuries are reversible within 1 to 3
months, implicating conduction block as the primary
pathophysiological mechanism. Such injuries may be pre-
vented by minimizing the opening of the sternal retractor,
placing the retractor in the most caudal location, and avoid-
ing asymmetrical traction. Unilateral phrenic nerve injuries
with hemidiaphragmatic paralysis occur in at least 10% of
patients during open heart surgery and can be manifested
as atelectasis or persistent singultus. Finally, mononeuro-
pathies resulting from compression or trauma during sur-
gery may involve the accessory, facial, lateral femoral
cutaneous, peroneal, radial, recurrent laryngeal, saphenous,
and ulnar nerves (Video 219, Ulnar Neuropathy, Froment
Sign).195

Cardiac Catheterization
CNS complications of cardiac catheterization are rare and
occur in 0.1% to 1.0% of patients. The majority of these
complications are focal neurological deficits, which are
believed to result secondary to embolism from either
manipulation of the guidewire or catheter flushing in
the ascending aorta when the brachial route is chosen.188

Resolution of the focal deficits within 48 hours occurs in
approximately half of the patients. In one big series, the
carotid circulation accounted for 30% to 40% of focal deficits
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and consisted of hemiparesis, hemisensory deficits, and
dysphasia (Video 96, Conduction Aphasia). The vertebro-
basilar circulation accounted for 60% of the deficits, with
combinations of cortical blindness, hemianopic visual field
defects, and intrinsic brain stem signs.188

Percutaneous Transluminal Coronary Angioplasty
Focal neurological complications following percutaneous
transluminal coronary angioplasty occur in 0.2% to 0.3%
of patients and are similar to those seen in catheterization
patients.188

Cardiac Transplantation
Neurological complications recognized in the first weeks
after cardiac transplantation are similar to those seen after
routine CABG surgery or heart valve repair (Table 55-12).
They include cerebrovascular disease, anoxic-ischemic
encephalopathy, seizures, and peripheral nerve disorders.197

Vascular headaches accompanied by nausea and vomiting
may occur the first week after transplantation and are felt
to be associated with a rapid shift from low preoperative
to high postoperative mean arterial pressures. Psychotic
behavior with hallucinations, delusional thought process,
and disorganized behavior can occur during the first
2 weeks after transplantation or as a late complication
(Video 22, Delusional Thinking). When it occurs in the
first 48 hours and is accompanied by disorientation and
impaired memory, it probably represents a behavioral
response to intraoperative cerebral ischemia-hypoxia. If it
begins 2 to 5 days after surgery, memory is preserved,
and there is rapid resolution with environmental reorienta-
tion, then a multifactorial ICU psychosis may be present.
If psychotic behavior presents 2 to 4 weeks following
transplantation, then a full evaluation for an opportunistic
infection is indicated.197

Immunosuppression remains the major cause of late
neurological complications after cardiac transplantation.
Opportunistic infections can occur as early as 2 weeks after
surgery and immunosuppression, but usually there is an
interval of at least a month. Focal meningoencephalitis
TABLE 55-12

Neurological Complications of Cardiac Transplantation

Early Onset (First 2 Weeks)

Anoxic-ischemic encephalopathy
Brachial plexopathy/mononeuropathy
Cerebrovascular disease
Metabolic encephalopathy/sepsis
Psychosis
Seizures
Vascular headache

Late Onset

Cerebrovascular disorders
Cyclosporine/prednisone toxicity
Lymphoma
Metabolic encephalopathy/sepsis
Opportunistic infections
Psychosis
Seizures
or brain abscess, meningitis, and encephalitis are three
common presentations of infections in cardiac transplant
recipients. Aspergillus, Toxoplasma gondii, Cryptococcus,
Listeria, Candida, and Nocardia are the most frequent non-
viral organisms. The most frequent viral infections are
caused by the herpesviruses, with cytomegalovirus being
the most common.188,197 Aseptic meningitis has been
reported in 5% of patients receiving OKT3 and presents
as mental status and behavioral changes.188

The use of cyclosporine since the early 1980s has
allowed significant lowering of corticosteroid requirements
and has reduced the frequency of its side effects. There
have been a number of neurological effects ascribed to
cyclosporine, however, including tremor, lowered seizure
threshold, confusion, muscle weakness, ataxia (Video 7,
Abnormal Tandem Gait), paresthesias, visual hallucinations,
and a leukoencephalopathy with cortical blindness.188,197

These neurotoxic side effects rapidly remit with reduction
of the dose of cyclosporine. When seizures occur and anti-
convulsants are indicated, selection of the best agent may
be difficult because phenytoin, phenobarbital, and carba-
mazepine can decrease the blood levels of cyclosporine.
Finally, immunosuppression predisposes the patient to the
development of primary or secondary lymphoma of the brain.

Radiation Damage
Therapeutic radiation may affect the nervous system in two
settin gs: ( 1) dam age to neura l struct ures or blood vessels
when they are included in the radiation port, whether the
cancer undergoing radiation therapy is within or outside
the nervo us syst em (Table 5 5-13); ( 2) secon dary nervo us
system involvement when radiation causes new tumors to
develop or when radiation damages endocrine organs that
are necessary for nervous system function. The presence
and severity of these reactions are governed by a number
of factors, including the total radiation dose, the radiation
fraction size, and the volume of tissue irradiated. The age
of the patient, the presence of pre-existing brain injury by
Radiation-induced Injury: Direct Damage to the Central
Nervous System

TIME AFTER
RADIATION CLINICAL FINDINGS MECHANISMS

Acute
(minutes to days)

Brain Vasogenic
edemaIncreased intracranial

pressure
Early delayed
(weeks to months)

Brain Demyelination
Diffuse: somnolence/
lethargy

Focal: simulates
recurrent tumor

Spinal cord
Lhermitte’s sign

Late delayed
(months to years)

Brain Glial and
vascular
damage

Diffuse: dementia
Focal: simulates
recurrent tumor

Spinal cord
Transverse myelopathy
Motor neuron syndrome
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tumor or surgery, infection, vascular disease due to hyper-
tension or diabetes mellitus, and chemotherapy may influ-
ence the susceptibility of the patient to injury as well.198

Primary Brain Damage
Injury to the brain resulting from the radiosensitivity of
normal brain tissue encompassed in the treatment volume
can be classified as acute, early delayed, and late delayed
reactions. Acute reactions occur during or immediately
after the course of radiation therapy and typically develop
in patients with increased ICP from primary or secondary
brain tumors, particularly in the absence of corticosteroid
coverage. Clinically, patients present with symptoms sug-
gesting increased ICP or exacerbation of pre-existing neu-
rological symptoms or signs.199 The pathogenesis of the
disorder is unknown, although it is thought to be due to
radiation-induced edema secondary to blood-brain barrier
breakdown. Acute symptoms are uncommon with dose-
fractionation schedules consisting of 180 to 200 rad/day,
given 5 days per week to a total dose of 6000 rad. Daily
doses of up to 600 rad are well tolerated, but higher daily
dose fractions should be administered with caution. Acute
reactions, when they occur, are usually mild and transient.
The preceding situations have two implications for the
clinician: First, patients with large brain tumors and signs
of increased ICP should not receive more than 200 rad
per fraction. Second, all patients undergoing brain radiation
should be given dexamethasone, preferably at least 24 hours
before starting radiation therapy.

Early delayed reactions occur a few weeks to a few
months after radiation. The symptoms often simulate tumor
progression, with accentuation of pre-existing signs and
symptoms, or may present as somnolence and lethargy
without lateralizing signs. The early delayed reaction is
transient and usually associated with an uneventful recov-
ery. Rarely, however, it can be fatal. This is more likely to
occur following radiation of the posterior fossa resulting in
brain stem encephalopathy.198,199 Pathologically, there
is extensive demyelination with central necrosis, absence
of oligodendroglia, and gliosis accompanied by minimal
vascular change and preservation of neurons and axons.
The pathogenesis of the early delayed reaction is thought
to be a temporary inhibition of myelin synthesis due to
radiation-induced effects on the oligodendroglial cells.
The turnover time of myelin is 5 weeks to 2 months, which
corresponds to the latency and recovery time of the syn-
drome. The main significance of early delayed radiation
injury lies in the need to differentiate this condition, which
is transient and requires no therapy, from late radiation
injury and tumor progression.

Late delayed reactions occur several months to years
after treatment. Late delayed injury constitutes the major
hazard of CNS exposure to therapeutic radiation. There
are several theories as to the pathogenesis of late delayed
brain injury. These theories include vascular injury, direct
effect on glial cells, or autoimmune demyelination. It is
probable that several mechanisms are involved, and the im-
portance of each depends on the radiation dose and the
latent interval. Evidence suggests that demyelination is im-
portant in the early delayed reaction and that the effect on
the small and medium arterioles becomes progressively
more important with time. Histologically, the typical lesion
is an area of coagulative necrosis in the white matter, with rel-
ative sparing of the overlying cortex. Microscopically, the
most striking abnormalities are found in blood vessels, with
hyalinized thickening and fibrinoid necrosis of the walls often
associated with vascular thrombosis, vascular hemorrhages,
and accumulation of perivascular fibrinoid material.

There is little information on the incidence of late radia-
tion injury, because there is a paucity of prospective, well-
controlled studies. The available data suggest that the risk
of injury increases with doses in excess of 6000 rad deliv-
ered in 30 fractions over 6 weeks.199 The daily fraction size
in addition to total dose has a substantial effect on the risk
of inducing damage to the CNS. Concomitant administra-
tion of chemotherapeutic agents may potentiate radiation
injury.

In patients who were treated for primary or metastatic
brain tumors, symptoms of radiation damage usually reca-
pitulate those of the brain tumor, leading the physician to
suspect tumor recurrence. In patients irradiated for head
and neck tumors, whose brains were included in the radia-
tion portal, new focal neurological signs are the rule. When
injury occurs at the site of an intracerebral tumor, it is not
possible to differentiate the effects of radiation from those
of residual or recurrent tumor on the basis of CT or angio-
graphic findings. MRI provides no additional information
that can be used to differentiate between lesions. In both
conditions, an increase in tissue water content causes an
increase in mobile proton density and prolongation of T1
and T2 relaxation times. These changes result in decreased
signal in T1-weighted images and increased signal in T2-
weighted and proton density images. Contrast enhance-
ment, resulting from blood-brain barrier breakdown, can
be seen as well. Diffuse white matter injury is seen as peri-
ventricular white matter lesions, appearing as high-signal
areas on proton density and T2-weighted images. These
abnormalities are usually symmetrical and indistin-
guishable from the deep white matter changes seen in older
people with risk factors for cerebral vascular disease.199,200

The CT, MRI, and angiographic picture of radiation necro-
sis cannot be differentiated from tumor recurrence. This
differentiation is reliably achieved by fluorodeoxyglucose
(FDG [ 18 F]) posi tron-emissi on tomogr aphy exam ination,
based on the decreased FDG accumulation in an area of
necrosis.201

Surgical resection of favorably situated focal lesions
may result in considerable improvement or in complete
recovery from the secondary effects of brain injury. After
surgery, improvement most commonly occurs in patients
with focal necrosis who have been irradiated for primary
extracranial lesions. Resection is of little value in patients
with diffuse lesions or brain stem involvement. Corticoste-
roids may result in improvement or stability of neurological
deficit by reducing brain edema, although they cannot
reverse the ongoing process.199 Other agents that have been
used in the treatment of radiation necrosis include heparin,
coumadin, pentoxyfylline, low-iron diet, desferioxamine,
pentobarbital, and hyperbaric oxygen therapy. New agents
that are still in different stages of study include cytokine
inhibitors, antiapoptotic agents, and drugs preventing radi-
ation-induced loss of endothelial cells when given prior to
radiation.202



TABLE 55-14

Types of Vaccines

Killed organisms Toxoids (Components)
Influenza Acellular pertussis
Japanese encephalitis Diphtheria
Pertussis Tetanus
Poliomyelitis (IPV) Conjugated

Live-attenuated viruses Haemophilus influenza type B
Measles Recombinant
Mumps Hepatitis B
Poliomyelitis (OPV) Smallpox
Rubella
Varicella
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Primary Spinal Cord Damage
Although there are no acute effects of radiation on the spi-
nal cord, early delayed radiation myelopathy is common,
especially after radiation of the neck. The patient develops
Lhermitte’s sign, which persists for weeks and months with
spontaneous resolution; the sign is believed to be caused by
demyelination of the posterior columns of the spinal cord.

Late delayed radiation myelopathy appears either as
progressive myelopathy or a motor neuron syndrome.
Radiation myelopathy usually presents as Brown-Séquard
syndrome, which progresses to cause paraparesis or quad-
raparesis over weeks to months. Pathologically, there are
areas of necrosis with a predilection for the white matter.
Vascular changes are similar to those of the brain and
sometimes can result in hemorrhage.203 The myelogram
and MRI are usually normal, although in the acute phase,
spinal cord swelling or contrast enhancement of focal
lesions may be seen. Motor neuron syndrome characteris-
tically follows pelvic radiation for testicular tumors. This
is characterized by muscle weakness, accompanied by atro-
phy, fasciculations, and areflexia. There are no sensory,
sphincter, or sexual changes. The symptoms progress over
months to years and eventually stabilize.199

Cranial and Peripheral Nerve Damage
Radiation injuries to the cranial and peripheral nervous
systems are rare. The risk of brachial plexus injury
increases with total dose in excess of 6000 rad, with daily
fraction sizes of 200 rad, and with the use of large daily
fraction sizes. Optic nerve and chiasmal injury are major
risks in patients with pituitary or parapituitary tumors
who are treated with high daily dose fractions. In patients
with pituitary tumors, the use of fraction sizes of 180 to
200 rad, with the total dose limited to 4500 rad, minimizes
the risk of such injury. The retina is sensitive as well, and
clinically evident injury may occur with doses as low as
4600 rad when the whole retina is included in the radiation
field.199

Secondary Involvement of the Nervous System
Secondary involvement of the nervous system follow-
ing head and neck radiation for tumors not involving
the nervous system can result in the development
of radiation-induced tumors years to decades later. These
radiation-induced tumors can be meningiomas, sarcomas,
gliomas, thyroid cancer, and malignant schwannomas. The
development of vascular malformations as a complication of
radiotherapy is well described in the literature. In a study
investigating the cumulative incidence of radiation-induced
cavernomas in long-term survivors of medulloblastoma it
was found that 5.6%, 14%, and 43% of children developed
cavernomas at 3, 5, and 10 years, respectively. Most of these
lesions were found to follow a bening course and do not re-
quire intervention.204 Lesions of large intracranial or extracra-
nial blood vessels may also follow radiation therapy by years.
The supraclinoid portion of the internal carotid artery is
particularly vulnerable to the occlusive effects of radiation.

Finally, radiation of the head and neck can result in pri-
mary hypothyroidism, hypercalcemic hyperparathyroidism,
and hypothalamic-pituitary dysfunction. Radiation-induced
hypothyroidism can present as encephalopathy, ataxia, and
peripheral neuropathy (Video 7, Abnormal Tandem Gait).
Thyroid function should be part of the evaluation of every
patient with neurological dysfunction who has undergone
prior radiation to the head and neck.
Vaccinations
Worldwide vaccination programs have had unparalleled
success during this century in reducing the incidence of
serious infectious diseases. Neurological sequelae of vacci-
nations have been reported, although assigning a causative
relationship for vaccine injuries is difficult because ran-
domized double-blind placebo-controlled studies have not
been systematically conducted. A systematic medline
search of all neurological adverse events reported follow-
ing vaccination found that the most frequently reported
autoimmune neurological problems following vaccinations
were as follows: hepatitis A virus (HAV)—none; hepatitis B
virus (HBV)—vasculitis, encephalitis, neuropathy; measles,
mumps, and rubella (MMR)—transverse myelitis; influenza:
Guillain-Barré syndrome; poliovirus—Guillain-Barré syn-
drome; varicella—mainly neurological syndromes. When-
ever controlled studies of autoimmunity were undertaken,
no evidence of an association was found.205 There are five
types of vaccines available: whole-killed organisms, live-
attenuated viruses, toxoids or components, conjugated vac-
cines, and recombinant vaccines (Table 55-14).
Whole-killed Organisms
Vaccines composed of whole-killed organisms include the
influenza, poliomyelitis (IPV), pertussis, and rabies vac-
cines. Administration of the inactive antigens provokes an
immune response that creates immunity without causing
the disease. Vaccines made from whole-killed organisms
may cause a variety of immune-mediated reactions.

PERTUSSIS. Standard pertussis vaccine prepared from
killed whole cell Bordetella pertussis organisms has been
in widespread use since the early 1950s.206 It has been
effective in reducing the incidence of pertussis in the
United States to low levels. Despite marked reduction in
disease, the use of the vaccine has caused concern because
of questions of encephalopathy resulting in permanent
brain damage or death. Pertussis vaccine is ordinarily
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combined with diphtheria and tetanus toxoids (DPT), and
all reported side effects are based on DPT and not pertussis
vaccine alone. The Child Neurology Society, after review-
ing the reports linking the whole-cell pertussis vaccine and
neurological illness, has issued a consensus statement con-
cluding that the pertussis vaccine is associated with a short-
term increased risk of seizures, most of which are febrile
seizures, and complete recovery is expected. The risk for
febrile seizures is elevated on the day of receipt of DPT
vaccine and 8 to 14 days after the receipt of measles-
mumps-rubella vaccine, but these risks do not appear to
be associated with any long-term adverse consequences.207

In regard to encephalopathy, the report concluded: “At
present, there is no means by which a diagnosis of pertussis
vaccine-encephalopathy can be established in an individual
basis.”

INFLUENZA. Annual vaccination against influenza is
constituted depending on the prevalent strains that are
expected to appear in the United States the following year.
A small increase in the incidence of Guillain-Barré syn-
drome has been reported after the 1976 vaccination against
the so-called swine flu. The significance of this association
was initially questioned but later confirmed.208

INACTIVATED POLIOMYELITIS VACCINE. IPV was
introduced in 1955, is still preferred in most European
countries, and is devoid of neurological complications. In
spite of this safety, the vaccine was not used in the United
States until recently. Since the risk of contracting polio-
myelitis is extremely low in the United States and all of
the new cases are associated with the oral poliomyelitis
vaccine, IPV has again become the vaccination of choice.

RABIES. The rabies vaccine used in the United States is
both safe and efficacious. It is prepared by inactivated
rabies virus grown on human diploid cells. Unfortunately,
many underdeveloped countries prepare the vaccine by
growing inactivated virus in the brains or spinal cords of
mature animals. The myelin basic protein present in this
vaccine (Semple) is responsible for encephalomyelitis and
polyneuritis.

Live-attenuated Viruses
Vaccines composed of live-attenuated viruses include the
measles, mumps, rubella, oral poliomyelitis, and varicella
vaccines. They are intended to cause an asymptomatic infec-
tion. The immunity provided by these vaccines is lifelong,
but they can occasionally cause symptomatic infection,
sometimes with associated neurological involvement.

MEASLES-MUMPS-RUBELLA (MMR). MMR vaccine
may cause fever, rash, conjunctivitis, or other measles-like
symptoms in the second week after immunization. A dou-
ble-blind placebo-controlled crossover study of the MMR
vaccine performed in twins living in the same household
found that statistically significant differences between
placebo and vaccine occur during the second week and
can be attributed to the development of measles infec-
tion.209 Seizures can also occur during the second week
following immunization and are almost always simple
febrile seizures.207 The evidence is inadequate to accept
or reject a causal relationship between encephalopathy,
subacute sclerosing panencephalitis, residual seizure dis-
order, sensorineural deafness, optic neuritis, transverse
myelitis, multiple sclerosis, Guillain-Barré syndrome,
inflammatory bowel disease, type 1 diabetes mellitus, idio-
pathic thrombocytopenic purpura, rheumatoid arthritis, or
other autoimmunce disease and MMR.210–213

Reports have suggested an association with mumps vac-
cines and aseptic meningitis and sensorineural deafness.
This is probably associated with the Urabe mumps strain,
which is not used in the United States. Finally, with regard
to the rubella vaccine, the Institute of Medicine concluded
that there is insufficient evidence to indicate a causal rela-
tionship between the rubella vaccine and radiculoneuritis
and other neuropathies.214

There has been an attempt to associate a recent increase
in the incidence of autism to MMR vaccination. Never-
theless, there is no evidence that any correlation exists
between the prevalence of MMR vaccination and the rapid
increase in the risk of autism over time.215–218

ORAL POLIOMYELITIS VACCINE. The oral poliomy-
elitis vaccine (OPV) consists of live-attenuated virus, and
after its introduction in 1961, it replaced IPV in the United
States because of ease of administration, combined intesti-
nal as well as serum immunity, and spread from immu-
nized to nonimmunized persons. The main disadvantage
of OPV is that it can cause paralytic disease in 1 of 2.5 mil-
lion doses distributed. At present, all cases of poliomyelitis
in the United States are vaccine related.210 High-risk groups
are infants receiving their first dose and immunocompro-
mised individuals who either receive the vaccine or are
in contact with vaccine recipients. Finally, evidence favors
acceptance of a causal relationship between OPV and
Guillain-Barré syndrome.210

Toxoids
Toxoid vaccines include tetanus and diphtheria and acellu-
lar pertussis. They are denatured bacterial toxins that
prevent disease but not infection.

TETANUS AND DIPHTHERIA. Adverse reactions to
diphtheria and tetanus immunizations cannot be assessed
separately because they are always given together. Several
reports have implicated DT in causing polyradiculoneu-
ritis, brachial plexus neuritis, and acute transverse mye-
litis. The Institute of Medicine has reported that current
evidence favors acceptance of a causal relationship be-
tween diphtheria and tetanus toxoid and Guillain-Barré
syndrome and brachial neuritis.210 It has also concluded
that evidence rejects a causal relationship between diphthe-
ria and tetanus toxoid and encephalopathy and infantile
spasms.210

ACELLULAR PERTUSSIS. Acellular pertussis vaccines
contain two or more denatured elements of Bordetella
pertussis required for immunity but do not contain endo-
toxin. In a recent study, the five-component acellular
pertussis vaccine has been found to have a favorable safety
profile with sustained protection against pertussis. The
two-component acellular vaccine and the whole-cell vac-
cine were less efficacious.219 A review of all Vaccine
Adverse Events Reporting System (VAERS) for all events
reported within 3 days following whole-cell and acellular
pertussis among those residing in the United States from
1997 to 1999 found an association between serious neuro-
logical disorders and whole-cell pertussis vaccination.
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Acellular pertussis, with the exception of cerebellar ataxia,
had a safer profile.220
Obstetrical and Gynecological Procedures and
Surgery
The peripheral nervous system can be injured in a variety of
ways during pregnancy and delivery. Injury can occur at the
level of the nerve roots, lumbosacral plexus, or individual
peripheral nerves (Table 55-15).

The risk of injury to spinal cord or nerve roots from spi-
nal or epidural anesthesia used for delivery is 0.1% or less.
Various types of injury that have been described include
epidural hematomas, chemical radiculitis or arachnoiditis,
direct needle injury to the root, or spinal infarction secondary
to hypotension.221

Lumbosacral plexus injuries occur during labor or deliv-
ery and can be easily confused with a herniated disc. They
occur in fetal-pelvic disproportion or in primiparous
patients with large babies that necessitate midforceps deliv-
ery. The anterior division of the lumbosacral trunk (L4 or
L5) is compressed by the fetal head or the obstetric forceps
against the pelvic brim. These patients often complain
of buttock or leg pain, which intensifies with uterine con-
tractions. A footdrop or weakness of the tibialis anterior
is the most common finding.222

A number of isolated nerve lesions may occur as a com-
plication of obstetrical maneuvers. The obturator nerve
may be injured when the patient is in the lithotomy position,
because of angulation as the nerve leaves the obturator fora-
men. Clinically, the patient has weakness of adduction of
the thigh and sensory loss over the medial thigh.

The femoral nerve is injured when the thighs are mark-
edly flexed and abducted or the hips are abducted and
externally rotated. Results of the injury include impaired
extension of the knee, impaired flexion of the thigh, sen-
sory loss over the anterior thigh, and loss of the patellar
reflex.

The saphenous nerve can be injured by pressure from leg
braces when the patient is in the lithotomy position. The
TABLE 55-15

Neurological Complications of Obstetrical and Gynecologica

SITE OF INJURY MECHANISM

Spinal cord and nerve roots Spinal or epidural anesthesia (hematoma, c
injury, infarction)

Lumbosacral plexus Disporportion, large babies, midforceps use
Genitofemoral nerve Pelvic surgery
Ilioinguinal and upper-medial
iliohypogastric nerves

Surgery with low transverse abdominal inc

Lateral femoral cutaneous Inguinal lymphadenectomy
Pudendal nerve Radical pelvic surgery
Obturator nerve Lithotomy position, at the obturator forame

surgery
Femoral nerve Stirrups with thighs flexed and abducted an

flexed and externally rotated, retractors
Sciatic nerve Stirrups, intramuscular injections, sacroilia

bleeding
Common peroneal nerve Lithotomy position, at the head of the fibu
sciatic nerve can be injured when the patient is placed in
stirrups on the obstetrical table or with a misplaced deep
intramuscular injection. Clinically, the patient experiences
sensory loss over the lateral leg and the whole foot, weak-
ness of both dorsal and plantar flexion of the foot and of
the extension of the knee, and loss of the ankle jerk.
Isolated tibial injury is uncommon. The common peroneal
is usually compressed at the head of the fibula from the
leg braces with the patient in the lithotomy position.222

Clinically, the patient has footdrop and inversion and sen-
sory loss on the lateral aspect and the dorsum of the foot.

Nerve injury is an infrequent complication of gynecolog-
ical surgery (see Table 55-15). The most frequently
reported injury has been to the femoral nerve, followed
by the sciatic and the obturator nerves.223 Stretch, com-
pression, ligation, and transection are the most commonly
reported intraoperative precipitators of symptoms, and
postoperative scar formation may lead to entrapment symp-
toms at anatomical locations remote from the procedure.

Mechanisms of femoral neuropathy include self-retaining
retractors, especially in thin patients with low transverse
incisions and deep retractor blades; hyperflexion of the
thigh; and control of bleeding deep in the pelvis and in the
region of the psoas muscle. The clinical presentation is as
described earlier.

Sciatic nerve injury can occur as a result of sacroiliac
fossa bleeding, intramuscular injections, and the sacrospinus
vaginal vault suspension procedure. Obturator nerve injury
has been associated with pelvic surgery and specifically with
pelvic lymphadenectomy.

Other less commonly encountered nerve injuries that
may occur in association with gynecological surgery
include the genitofemoral nerve, which may be injured dur-
ing pelvic lymphadenectomy, and can result in numbness
or tingling over the labia and the skin over the femoral tri-
angle. The ilioinguinal and iliohypogastric nerves may be
severed during an operation using a low transverse abdom-
inal incision. The clinical syndrome consists of numbness
or tingling over the suprapubic region, the upper medial
thigh, and the anterior part of the labium majus. Finally,
the lateral femoral cutaneous nerve may be injured during
l Procedures and Surgery

SYMPTOMS

hemical Myelopathy/radiculopathy

Buttock/leg pain weakness: footdrop
Sensory loss: labia, femoral triangle

ision Sensory loss: suprapubic area, thigh, anterior labial majus

Sensory loss: anterior-lateral thigh
Sensory loss: clitoris, perineum, anus, incontinence

n, pelvic Sensory loss: medial thigh, weakness: thigh adduction

d hip Sensory loss: anterior thigh, weakness: thigh flexion, reflex
loss: patellar

c fossa Sensory loss: lateral leg, foot weakness: foot flexion or
extension, knee flexion, reflex loss: ankle

la Sensory loss: lateral and dorsum of the foot, weakness:
footdrop and inversion
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an inguinal lymphadenectomy, and the pudendal nerve
may be injured during radical pelvic surgery or during
the performance of the sacrospinous vaginal vault suspen-
sion. Damage of the lateral femoral cutaneous nerve results
in paresthesias over the lateral aspect of the front of the
thigh as far as the knee, and damage of the pudendal nerve
results in urinary and fecal incontinence and paresthesias
of the clitoris, labia, perineum, and anus.

In contrast to brachial plexopathy, radiation-induced
neural damage to the lumbosacral plexus is a rare compli-
cation. Although a few permanent lumbosacral lesions
have been reported in patients treated with conventionally
fractionated external beam, this syndrome is more often
seen in patients treated with intracavitary irradiation for
cervical or endometrial carcinoma.224

Careful surgical technique is probably the most impor-
tant factor in prevention of the preceding complications.
In addition, careful placement of the self-retaining retractor
and careful positioning of the patient in stirrups is of para-
mount importance. With mild injuries, the prognosis for
recovery is excellent, but recovery may be prolonged and
incomplete if axonal degeneration has occurred. Recovery
usually takes 4 weeks for the sensory function and 1 to
4 months for the motor function. Physical therapy, splint-
ing or bracing to prevent contractures, and electrical
stimulation are the usual treatment modalities used.

Critical Illness Polyneuropathy
The occurrence of muscle weakness in patients with sepsis
and multiple organ failure managed in the ICU has been
recognized with increasing frequency in the past 15 years.
This weakness is due to an axonal polyneuropathy, other-
wise called critical illness polyneuropathy. It must be
differentiated from myopathy or disturbance of the neuro-
muscular junction that can also occur in the intensive
care setting.225 Neither the cause nor the exact mechanism
of critical illness polyneuropathy has been elucidated. Nutri-
tional, toxic, metabolic, and vascular factors have all been
proposed as likely causes, but none has been proved
so far.225

The difficulty in examining critically ill patients may
explain why this complication has only recently been
recognized. The presence of encephalopathy or generalized
edema can make the clinical diagnosis difficult to obtain.
Predominantly proximal weakness can lead to quadripare-
sis. The facial muscles can be mildly weak, but the mus-
cles of the eyes, tongue, and jaw are relatively spared.226

Deep tendon reflexes are partially preserved. Nevertheless,
the signs of limb weakness and loss of previously elicited
tendon reflexes are not present in all patients, even those
who are subsequently shown by electrophysiological studies
to have a moderately severe polyneuropathy.226

Electrophysiological studies demonstrate acute axonal
damage to the peripheral nerves. Signs of primary demye-
lination, such as marked slowing of nerve conduction ve-
locities, prolongation of distal latencies, dispersion of
compound muscle action potentials, conduction block,
and increased F-wave latencies, are absent even in severe
cases of polyneuropathy.225 Parenchymatous axonal dam-
age and marked neurogenic atrophy are constant features
of nerve biopsy.
Before the recognition of critical illness polyneuropathy,
these cases were usually misdiagnosed as acute demyelin-
ating Guillain-Barré syndrome. The essentials for diagnosis
of Guillain-Barré syndrome (e.g., absent reflexes, albu-
minocytological dissociation in the CSF, and evidence of
demyelination in the electrophysiological studies), how-
ever, are not present in most critically ill patients with neu-
romuscular weaning failure. Furthermore, prolonged
neuromuscular blockade following long-term treatment
with muscle relaxant drugs, aminoglycoside antibiotics,
neuromuscular-blocking agents in combination with high-
dose corticosteroids for treatment of life-threatening status
asthmaticus, and infectious, metabolic, or toxic myopathies
or neuropathies should be included in the differential
diagnosis of weakness and prolonged dependence on the
ventilator.225,226

Sepsis and multiple organ failure still has a high mortal-
ity rate, even in fully equipped ICUs. Clinical recovery
from the neuropathy is rapid and nearly complete in those
patients who survive, although it may appear to be incom-
plete on electrodiagnostic studies. Thus, neuropathy
acquired during critical illness, although causing a delay
in weaning from ventilatory support and hospital discharge,
does not worsen long-term prognosis.225
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Abducens nerve. SeeCranial nerveVI (abducens).
Abetalipoproteinemia, 637, 768–769
Abrodil, 460
Abscess(es)

of brain, 947–949

clinical features and disorders associated

with, 948
epidemiology and risk factors for, 947–948
evaluation of, 948–949
management of, 949
pathogenesis and pathophysiology of, 948

cerebrospinal fluid analysis in, 530t
epidural, cranial and spinal, 950–952

clinical features of, 951
epidemiology and risk factors for, 950–951
evaluation of, 951–952
management of, 952
pathogenesis and pathophysiology of, 951

Absence epilepsy, 1223
Absence seizures, 1217f, 1217–1218
Abulia, 35

history of, 36–37
Academic achievement tests, 549
Acanthamoeba infections, 963, 964
Accessory nucleus, of cranial nerve XI, 232
Acetazolamide, for mountain sickness, 1207
Acetone intoxication

occupations and job-related sources of
exposure and, 867t–868t

symptoms of, 877t
Acetylcholine

basal ganglia and, 294
motor system and, 260–261
sleep and, 27t

Achondroplasia, 587
Acid maltase deficiency, 625–626, 626t
Acid-base status, of cerebrospinal fluid, 533
Acoustic reflex test, in cranial nerve VII

assessment, 194
Acoustic schwannoma(s), 1068–1069

clinical features and disorders associated with,
1068

epidemiology and risk factors for, 1068
evaluation of, 1068
management of, 1069
pathogenesis and pathophysiology of, 1068

Acquired immunodeficiency syndrome.
See HIV/AIDS.
Acrocephalosyndactyly, 586, 586f
Acrocyanosis, 401
Acrodynia, 875
Acromegaly, 848
Actin, 245
Actinomycin D, neurological disorders due to,

1300–1301
Action tremors, 754–756, 755t
Acute disseminated encephalomyelitis (ADEM),

1129–1130
clinical features and disorders associated with,

1129
differential diagnosis of, 1129–1130
epidemiology and risk factors for, 1129
management, 1130
pathogenesis and pathophysiology of, 1129

Acute inflammatory demyelinating
polyradiculoneuropathy (AIDP),
283–284, 284t, 356, 1127–1142,
1138t. See also Guillain-Barré
syndrome (GBS).

Acyclovir, 935t
for Bell’s palsy, 196
for herpes simplex virus infections, 933–934
for varicella zoster virus infections, 935

Adaptation, gait and balance and, 327
impaired, 340–341

A-delta fibers, 364
Adenoma(s), 1070–1071
clinical features and disorders associated with,

1070–1071, 1071t
differential diagnosis of, 1071
epidemiology and risk factors for, 1070
evaluation of, 1071, 1071t
management of, 1071
pathogenesis and pathophysiology of, 1070
prognosis and future perspectives on, 1071

Adie’s pupil, 121, 154–155, 399
evaluation of, 153t

Adie’s syndrome, 152
Adrenal disorders, 845–848
Adrenergic disorders, pure, 398
Adrenergic neuropathy, pure, 398
Adrenoleukodystrophy, 626t, 634–635
Adriamycin, neurotoxicity of, 1298t, 1300–1301
Affect
definition of, 35
flattened, 35
labile, 35
Affect (Continued )
pseudobulbar, 49

Affective disorders. See also Bipolar disorder;
Depression.

in multiple sclerosis, 1108–1109
Age-associated memory impairment, 65
Aggression, 51–52

history of, 37
management goals for, 53

Agnosia
in Alzheimer’s dementia, 707
associative, 722, 722t
auditory, 211
visual, 129–130

Agoraphobia, 51
Agraphia, 85t, 93

left frontal (anterior), 93
left parietotemporal (posterior), 93
visuospatial, 93

AIDS. See HIV/AIDS.
AIDS-dementia complex, 726–727, 994.

See also Cognitive impairment,
HIV-related.

Akathisia, 304–305
acute, neuroleptics and, 1287

Akinetic mutism, 35
Albendazole, for Taenia solium infections, 964
Alcohol, 910–915

acute intoxication by, 911
pharmacology of, 910
stroke and, 1021

Alcoholic blackouts, 911
Alcoholic myopathy, 913–914
Alcoholic neuropathy, 914
Alcoholism

nutritional deficiencies associated with,
897–910, 898t
characteristics of, 899t
copper deficiency myeloneuropathy as, 909
historical background of, 897–898
metabolic pathways and, 898f
postgastroplasty polyneuropathy as, 909–910
protein-energy malnutrition as, 908
pyridoxine toxicity neuropathy as, 909
Strachan’s syndrome as, 909
of vitamins, 898–907

syndromes associated with, 911–915
alcoholic dementia and cerebral atrophy as,

912
1319



1320 Index
Alcoholism (Continued )

alcoholic myopathy as, 913–914
alcoholic neuropathy as, 914
cerebellar degeneration as, 913
deficiency amblyopia as, 912–913
fetal alcohol syndrome as, 915
Marchiafava-Bignami disease as, 913
movement disorders as, 914–915
withdrawal syndromes as, 911–912
Aldosteronism, 847
Alexander’s disease, 628t, 631
Alexia

with agraphia, 93

assessment of, 85t

frontal, 93
without agraphia, 92–93
assessment of, 85t

Alfa-fetoprotein (AFP), neural tube defects and,
568–569

Alice-in-Wonderland syndrome, 130
Alkylating agents, neurological disorders due to,

1297–1298
Allele-specific oligonucleotide (ASO)

hybridization, 502t, 505
Allodynia, 364
Almitrine, sensory neuropathy due to, 345t
Almotriptan, for migraine, 1252t
Alper’s disease, 665–666

clinical features and disorders associated with,
665–666

differential diagnosis of, 666
epidemiology and risk factors for, 665
evaluation of, 666
management of, 666
pathogenesis and pathophysiology of, 665
prognosis and future perspectives on, 666

Alpha motor neurons, 248–250, 248f–251f
Alpha-gamma coactivation, 252, 252f
Alprazolam, for insomnia, 1270t
ALS. See Amyotrophic lateral sclerosis (ALS).
Alternate cover test, in diplopia, 150–151
Altitudinal hemianopia, 128
Aluminum intoxication

occupations and job-related sources of
exposure and, 867t–868t

symptoms of, 870t
Alzheimer’s dementia, 705–707, 706t

definition of, 700
Alzheimer’s disease (AD), 700–711

cerebrospinal fluid analysis in, 530t
clinical features and disorders associated with,

704–707
cranial nerve II dysfunction in, 121
definition of, 700
differential diagnosis of, 707–708
electroencephalography in, 484
epidemiology and risk factors for,

703, 704f
evaluation of, 708
management of, 708–710

for abrupt decline, 709–710
assisted living and skilled nursing facilities

for, 710
for behavioral disorders, 709
driving cessation and, 710
for intellectual decline, 709
prevention and, 708–709
for sleep-wake disturbances, 709
weapon storage and, 710

memory impairment and, 73, 74
olfactory dysfunction in, 108
pathogenesis and pathophysiology of, 700f,

700–701, 702f, 703
positron-emission tomography in, 472–473
prognosis and future perspectives on, 710–711
Alzheimer’s disease (AD) (Continued )
single photon emission computed tomography

in, 472–473
trisomy 21 and, 701, 707

Amanita intoxication, 886t, 886–887
Amantadine
for Parkinson’s disease, 740, 741t
for spasticity, in multiple sclerosis, 1124

Amaurosis fugax, 124–125
Ambient state, observation of, in arousal

assessment, 6
Ambisome
for Aspergillus fumigatus infections, 963
for Cryptococcus neoformans infections, 961
for Zygomycetes infections, 963

Amblyopia, deficiency, 912–913
Ambulatory sleep monitoring, 29
Amebic infections, 963–964
Amikacin
for bacterial meningitis, 946, 946t
neurotoxicity of, 1294t

Aminoacidopathies, 641–659
of later infancy, with recurrent metabolic

crises, 651–652
neonatal, 641–651
screening programs for, 641–642, 642t
progressive, of infancy and childhood,

652–659
Aminoglycoside neurotoxicity, 1294, 1294t
central, 1293t
peripheral, 1293t

4-Aminopyridine, for heat sensitivity, in
multiple sclerosis, 1124

Amiodarone neurotoxicity, 1302t, 1303
Amitriptyline
actions of, 1288t
for headache prophylaxis, 1253t
for insomnia, 1270t
for pain management, 378t
for Parkinson’s disease, 741t

Amnesia, 74–75
anterograde, 64
global, transient, 75
progressive, 718t. See also Mild cognitive

impairment (MCI).
retrograde, 64–65

Amphetamine analog abuse, 890–891
clinical features and disorders associated with,

890
epidemiology and risk factors for, 890
management of, 891
pathogenesis and pathophysiology of, 890
prognosis and future perspectives on, 891

Amphotericin B
for Acanthamoeba infections, 964
for Aspergillus fumigatus infections, 963
for Blastomyces dermatiditis infections, 962
for Candida infections, 963
central neurotoxicity of, 1293t
for Coccidioides immitis infections, 962
for Cryptococcus neoformans infections, 961
for Histoplasma capsulatum infections, 962
for Naegleria fowleri infections, 963–964
neurological disorders due to, 1296
for Zygomycetes infections, 963

Ampicillin
for bacterial meningitis, 946, 946t
peripheral neurotoxicity of, 1293t

Amygdala
in central autonomic network, 384
mood and emotion and, 38–39

Amyloid polyneuropathy, familial, 822t,
822–824

differential diagnosis of, 823
epidemiology of, 822
Amyloid polyneuropathy, familial (Continued )
evaluation of, 823
future perspectives for, 824
management of, 824
pathogenesis and pathophysiology of, 822
prognosis of, 824

Amyotrophic lateral sclerosis (ALS), 281,
781–785

cervical spondylosis vs., 599
clinical features and disorders associated with,

783t, 783–784
differential diagnosis of, 784
epidemiology and risk factors for, 783
evaluation of, 784
familial, recessive, 782
future perspectives for, 784–785
management of, 784–785
pathogenesis and pathophysiology of,

781–783, 782f
Amyotrophy, diabetic, 852
Andersen’s disease, 626, 626t, 627
Anencephaly, 564–565, 568
Anesthetics

epidural and spinal, neurological disorders due
to, 1291–1292

inhalational, neurological disorders due to,
1290–1291

local, neurological disorders due to, 1291
Aneurysms, intracranial, neuroangiography in,

466
“Angel dust,” 893
Angiitis

central nervous system, isolated, stroke
and, 1035t

cerebrospinal fluid analysis in, 530t
Angiography

cerebral

in cranial nerve III assessment, 152, 154
in cranial nerve IV assessment, 152, 154
in cranial nerve VI assessment, 152, 154

computed tomography
in cranial nerve III assessment, 154
in cranial nerve IV assessment, 154
in cranial nerve VI assessment, 154
in neurovascular examination, 419–420

Angiotensin-converting enzyme (ACE) inhibitor
neurotoxicity, 1302t, 1303

Angleman’s syndrome, 754
Animal toxins, 885–886
Anisocoria, 154–156

evaluation of, 153t
Ankylosing spondylitis (AS), 600–601
An–lipoproteinemia, 637
Annulus fibrosus, abnormalities of, plain films

and, 440
Anomic aphasia, 92
Anosmia, 107–109

congenital, 109
definition of, 99
disability compensation and, 104–105
general (total), 99
with head injury, 104
partial, 99
specific, 99

Anosognosia, in Alzheimer’s dementia,
706–707

Anterior cord syndrome, 1198
Anterior inferior cerebellar artery

syndrome, 423
Anterior spinal artery syndrome, 282t,

283, 426
pain and temperature sensation in, 376

Anterograde amnesia, 64
Antiarrhythmic agents, neurological disorders

due to, 1303–1304
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Antibiotics. See also specific drugs.
antibacterial, neurological disorders due to,

1293–1296
antifungal, neurological disorders due

to, 1296
antimalarial, neurological disorders due to,

1296–1297
antineoplastic, neurological disorders due to,

1300–1301
antituberculous, neurological disorders due

to, 1296
Anticipatory postural responses, 327
Anticoagulation, for brain embolism, 1030–1031
Anticonvulsants. See Antiepileptic drugs

(AEDs); See specific drugs.
Antidepressants. See also specific drugs.

for Alzheimer’s disease, 709
neurological disorders due to, 1288–1290
for pain management, 378t

Antiemetics, for vestibular neuritis, 212, 213t
Antiepileptic drugs (AEDs), 1234–1240. See

also specific drugs.
bone and, 1232
clinical use and adverse effects of specific

drugs and, 1238–1240
for initial seizure, 1219
for neuroectodermal tumors, 1061
for pain management, 377, 378t
pharmacologic principles and,

1234–1236, 1235t
in pregnancy, 1231
in renal failure, 859
for status epilepticus, 1233–1234
treatment principles for, 1236, 1236t,

1237t, 1238
Antifungals. See also specific drugs.

neurological disorders due to, 1296
Antihelix, 199
Anti-inflammatory agents, topical, for pain

management, 379
Antimalarials, neurological disorders due to,

1296–1297
Antimetabolites, neurological disorders due to,

1298–1300
Antineutrophil cytoplasmic antibodies, 1156
Antiphospholipid antibodies (aPLs), vasculitis

associated with, 1164–1165
clinical features and disorders associated with,

1164–1165
differential diagnosis of, 1165
epidemiology and risk factors for, 1164
evaluation of, 1165
management of, 1165
pathogenesis and pathophysiology of, 1164
prognosis and future perspectives on, 1165

Antiphospholipid lupus anticoagulant syndrome,
stroke in, 1037

Antipsychotics. See also specific drugs.
for Alzheimer’s disease, 709
neuroleptic malignant syndrome and, 45,

1286–1287
neurological disorders due to, 1285–1287,

1286t
Antiretrovirals, neurological disorders due to,

1027t, 1297
Antisaccade task, 147
Antithrombotic therapy, for stroke prevention,

1031, 1032f
Antituberculous drugs. See also specific drugs.

neurological disorders due to, 1296
Antiviral agents, 935t. See also specific drugs.
Anxiety, 51

assessment of, 46t
definition of, 35
generalized, 51
Anxiety disorders, 35, 51
management goals for, 53

Aorta, anatomy of, 407, 407f
Apathy, 50
assessment of, 46t
definition of, 35
history of, 36–37

Apert syndrome, 586, 586f
Aphasia, 88–92, 89t, 172
in Alzheimer’s dementia, 706
anomic (nonlocalizing), 92
assessment of, 85t
assessment of, 82
Broca’s, 88–89, 90f

clinico-anatomical correlates of, 95t
conduction, clinico-anatomical correlates

of, 95t
epileptic, acquired, 1230
global, clinico-anatomical correlates of, 95t
motor area, supplemental, 91
perisylvian

assessment of, 85t
Broca’s, 88–89, 90f
conduction, 90–91
global, 91
Wernicke’s, 89–90

progressive, 718t, 718–719, 720–722, 721f,
721t, 722t

anomic-semantic, 718t, 719
fluent, 718t, 718–719, 721
mixed, 718t, 719
nonfluent, 718, 718t, 721, 721f

screening tests for, 550–551
subcortical, 92

assessment of, 85t
test batteries for, 550
transcortical

assessment of, 85t
mixed, 92
clinico-anatomical correlates of, 95t
motor, 91

clinico-anatomical correlates of, 95t
sensory, 91–92

clinico-anatomical correlates of, 95t
Wernicke’s, 89–90

clinico-anatomical correlates of, 95t
Aphasia Screening Test, 551
Aphemia, 93–94
Aplasia
cerebellar, 765
vermian, 765

Apnea, 31
central, 31
sleep, obstructive, 31

Apnea testing, for brain death determination,
16–17

Apolipoprotein E, in Alzheimer’s disease, 701
Apomorphine, for Parkinson’s disease, 742
Apparent diffusion coefficient (ADC) maps,

450, 451t
Applanation tonometry, 120
Apraxia, 59t, 172
in Alzheimer’s dementia, 706
clinical history and, 55–56
conceptual, 61
conduction, 60
dissociation, 60
examination of, 57–58
associated neurological findings in,
57–58

neurodiagnostic studies in, 58–59
neurological examination in, 57, 58t

ideational, 60–61
ideomotor, 59–60
limb-kinetic, 59
Apraxia (Continued )
management foals for, 61
oculomotor, autosomal recessive hereditary

ataxia with, 768
production and content errors in, 57, 58t
types of, 55, 55t

Aqueductal atresia, plain films and, 439
L-Arabinoside, neurotoxicity of, 1298t
Arenavirus infections, 930
Argininosuccinicaciduria (ASA uria), 646
Argyll Robertson pupil, 156, 399
Aripiprazole (Abilify), 53t
Arnold-Chiari malformation, 566, 567f

epidemiology and risk factors for, 582
pathogenesis and pathophysiology of, 582

Arousal
anatomy of, 4–5
assessment of, 6–10
definition of, 3

Arrhinencephaly, 572–573
Arsenic intoxication, 866, 869

clinical features and disorders associated with,
866, 869f

differential diagnosis and evaluation of, 866,
870t–871t

epidemiology and risk factors for, 866
management of, 866, 869
occupations and job-related sources of

exposure and, 867t–868t
pathogenesis and pathophysiology of, 866
pearls and pitfalls for, 869
symptoms of, 870t

Arterial dissection, in pregnancy, stroke and,
1034, 1034f

Arteries. See also specific arteries.
structure of, 412

Arteriovenous fistula, dural, cervical spondylosis
vs., 599

Arteriovenous malformations (AVMs),
1044–1045

clinical features and disorders associated with,
1044–1045

differential diagnosis and evaluation of, 1045
epidemiology and risk factors for, 1044
management of, 1045
neuroangiography in, 466–467, 467f
pathogenesis and pathophysiology of,

1044, 1044f
prognosis and future perspectives on, 1045
of spinal cord, 426–427
ultrasonography in, 469

Arteritis, 1156–1166
granulomatous

extracranial (temporal). See Giant

cell arteritis.
intracranial, 1158–1159

clinical features and disorders associated
with, 1158t, 1158–1159

differential diagnosis of, 1159
epidemiology and risk factors for, 1158
evaluation of, 1159
management of, 1159, 1159t
pathogenesis and pathophysiology

of, 1158
prognosis and future perspectives

on, 1159
Takayasu’s. See Takayasu’s arteritis.

Arthritis, rheumatoid, 1166–1167
clinical features and disorders associated with,

1166–1167
differential diagnosis and evaluation of, 1167
epidemiology and risk factors for, 1166
management of, 1167
pathogenesis and pathophysiology of, 1166
prognosis and future perspectives on, 1167
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Arthropod-borne viral infections, 925–927
clinical features and disorders associated with,

925–926
differential diagnosis of, 926–927
epidemiology and risk factors for, 925
management and prognosis of, 927
pathogenesis and pathophysiology of, 925

Articulation defect, 82
ASA lyase deficiency, 646
ASA synthetase deficiency, 646
ASA uria, 646
L-Asparaginase, neurological disorders due

to, 1300
Asperger’s syndrome, 754
Aspergillus fumigatus infections, 962–963

brain abscess due to, 947
Aspirin

for atherothrombotic disease, 1025
for giant cell arteritis, 1158
for mountain sickness, 1207
for spasticity, in multiple sclerosis, 1124

Assisted living, for Alzheimer’s
disease, 710

Associative agnosia, 722, 722t
Asterixis, in renal failure, 858
Astrocytoma(s), 1053–1057, 1075t

anaplastic, 1057–1063

clinical features and disorders associated

with, 1059, 1060t
differential diagnosis of, 1059–1060
epidemiology and risk factors for, 1059
evaluation of, 1060, 1060f
management of, 1060–1062, 1062f
pathogenesis and pathophysiology of,

1057–1059, 1058f
prognosis and future perspectives on,

1062–1063
clinical features and disorders associated with,

1055
differential diagnosis of, 1055
epidemiology and risk factors for,

1054–1055
evaluation of, 1056, 1056f
management of, 1056–1057
pathogenesis and pathophysiology of,

1053–1054, 1054t, 1055f
pilocytic, 1053–1057
clinical features and disorders associated

with, 1055
differential diagnosis of, 1055
epidemiology and risk factors for,

1054–1055
evaluation of, 1056, 1056f
management of, 1056–1057
pathogenesis and pathophysiology of,

1053–1054, 1054t, 1055f
prognosis and future perspectives

on, 1057
Asymbolia, for pain, 376–377
Asymmetric cortical degeneration syndromes,

717–726, 718t
clinical features and disorders associated with,

720
differential diagnosis of, 724
epidemiology and risk factors for, 720
evaluation of, 725
frontotemporal lobal degeneration syndromes

and, 718t, 723, 724f, 725t
frontotemporal lobar degeneration syndromes

and, 718t, 719–720
management of, 725–726
pathogenesis and pathophysiology of,

718, 719t
prognosis and future perspectives on, 726
progressive aphasia and, 718t, 718–719,

720–722, 721f, 721t, 722t
Asymmetric cortical degeneration syndromes
(Continued )

progressive bitemporal syndromes and,
723–724, 725f

progressive motor syndromes and, 718t,
722–723, 724f

progressive perceptual-motor syndromes and,
718t, 720, 722, 723t

Ataxia, 307, 765–777. See also specific disorders.
adult-onset, sporadic, of unknown etiology,

777
clinical history and, 308
congenital, 765–766
clinical features and disorders associated
with, 765–766

differential diagnosis and evaluation of, 766
epidemiology and risk factors for, 765
management, prognosis, and future

perspectives on, 766
pathogenesis and pathophysiology of, 765

definitions related to, 765, 766t
Friedreich’s. See Friedreich’s ataxia.
gait

with absent Romberg’s sign, 320–321
with bilateral limb ataxia, 321
cerebellar, 339–340
with present Romberg’s sign, 321

hereditary, 766–777
autosomal dominant, 770–777

dentatorubral pallidoluysian atrophy as,

775–776
episodic, 776–777
spinocerebellar, 769t, 770f, 770–775

autosomal recessive, 766–769
abetalipoproteinemia as, 768–769
cerebellar, early onset, 769
cerebrotendinous xanthomatosis as, 769
of Charlevoix-Safuenay, 768
with isolated vitamin E deficiency, 769
with known gene locus, 769
Marinesco-Sjögren syndrome as, 769
with oculomotor apraxia, 768
Refsum’s disease as, 769
spinocerebellar, with neuropathy, type 1,

768
X-linked, 770

historical background of, 765
homolateral, 422
limb

bilateral, 321
unilateral, 321

lower limb, 316
nonhereditary, idiopathic, 777
paroxysmal, 321
sensory, 337
stance

with absent Romberg’s sign, 320–321
with bilateral limb ataxia, 321
with present Romberg’s sign, 321

truncal
with absent Romberg’s sign, 320–321
with bilateral limb ataxia, 321

upper limb, 315f, 315–316
vestibular, 337–338
visual, 338

Ataxia-telangiectasia (AT), 687t, 693–695,
694f, 768

Ataxic dysarthria, 87
assessment of, 87
clinico-anatomical correlates of, 95t

Atenolol, for headache prophylaxis, 1253t
Atheroma, carotid, stroke and, 1022
Atherosclerosis, 405
Atherothrombotic disease, 1023–1026
clinical features and disorders associated with,

1024
Atherothrombotic disease (Continued )
differential diagnosis and evaluation of,

1024, 1025f
epidemiology and risk factors for, 1024
management of, 1024–1026
pathogenesis and pathophysiology of, 1023f,

1023–1024
prognosis and future perspectives

on, 1026
Athetosis, 303
Atlas

assimilation of, 588
occipitalization of, 588

Atonic seizures, 1216–1217
Attention

anatomy of, 5
assessment of, 11
clinical situations for testing, 547
definition of, 3
tests of, 545–547

Attentional demands, gait and balance and, 340
Attention-deficit disorder, 52
Audiography, in cranial nerve VIII assessment,

209, 209t
Audiometry

in cranial nerve VII assessment, 194
in cranial nerve VIII assessment, 209, 209t

Auditory agnosia, 211
Auditory canal, internal, 203
Auditory evoked potentials (AEPs), in cerebellar

disorders, 318, 319f
Auditory hallucinations, 212
Auditory meatus, internal, 187t, 190
Auditory palpebrae reflex, 191
Auditory system, anatomy of, 200–202

first-order neuron and, 200–201, 202f
fourth-order neuron and, 201–202, 203f
second-order neuron and, 201, 203f
third-order neuron and, 201

Autoimmune disorders, 1155–1156, 1156f. See
also specific disorders.

Autonomic failure, pure, 384
Autonomic fibers

of cranial nerve IX, 220
of cranial nerve X, 221–222

Autonomic function
in cranial nerve IX assessment, 222, 223
in cranial nerve X assessment, 222–223, 223

Autonomic nervous system (ANS), 383–403
anatomy of, 384–390, 385f

of afferent autonomic pathways, 388
autonomic innervation of specific organs

and, 388–390
of central autonomic network, 384–386
of efferent autonomic pathways,

386–388, 387f
neurotransmitters and, 388
parasympathetic outflow and, 388
sympathetic outflow and, 386–388

in cranial nerve VIII assessment, 208
definitions related to, 383
disorders of, 396t, 396–401, 397t
clinical history and, 383–384
diffuse autonomic failure as, 396–398
central (preganglionic), 396–397
ganglionic and postganglionic,
397–398

for gastrointestinal dysmotility, 402–403
management goals for, 401–403

for neurogenic bladder, 402
neurogenic bladder as, 401
neuropathy as

diabetic, 853
HIV-related, 1008
of multiple system atrophy, 805–806

for orthostatic hypotension, 401–402
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Autonomic nervous system (ANS) (Continued )

pure cholinergic or adrenergic disorders

as, 398
regional pain syndromes as, 401
secondary to focal central nervous system

disease, 398t, 398–399
for sexual dysfunction, 402
topographic or organ-specific,

399–401, 400t
examination of, 390–396

associated medical findings in, 391
associated neurological findings in, 391
neurodiagnostic tests in, 391–396, 392t
neurological, 390–391

function of
in apraxia assessment, 58
in cerebellar disorders, 317–318
in consciousness assessment, 11
in cranial nerve II assessment, 121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve VI assessment, 152
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
in gait and balance assessment, 332
in memory assessment, 70
in mood, emotion, and thought

assessment, 45
in movement disorder examination, 299
in neurovascular examination, 417
pain and temperature sensation and,

368–369
in reflex assessment, 271
in sensory loss, 355
in sleep disorders assessment, 28

historical background of, 383
Autosomal chromosomal anomalies, 683–685
Awareness

anatomy of, 5
assessment of, 10
definition of, 3

Axon-loss lesions, on nerve conduction
studies, 493

Azathioprine
for dermatomyositis and polymyositis, 1177
for multiple sclerosis, 1121, 1123
for myasthenia gravis, 1175
neurological disorders due to, 1293
for vasculitides, 1162

Azithromycin, for Mycobacterium avium
complex infections, 955
B

Babesiosis, 960
Babinski sign, 254, 254f, 266, 275
Baclofen

for glutaricaciduria, type 1, 658
for Parkinson’s disease, 741t

Bacterial infections, 943–953. See also specific
infections.

Bacterial meningitis, acute, 943–947
clinical features and disorders associated with,

944–945
epidemiology and risk factors for,

943–944
evaluation of, 945–946
management of, 946t, 946–947
pathogenesis and pathophysiology of, 944

Bacterial toxins, 887–889
Balance

anatomy of, 328t, 328–330

basal ganglia and, 330
brain stem and, 329
Balance (Continued )

cerebellum and, 329–330
cortex and, 330
spinal cord and, 328–329

disorders of, 332, 335, 336t, 337–341
dyssynergy/synergy syndromes as,

335, 337
force scaling disorders as, 339–340
higher sensory processing syndromes

as, 338
impaired adaptation and deployment

strategy syndromes as, 340–341
management goals for, 341, 341t
motor force disorders as, 338
sensory gait syndromes as, 337–338

examination of, 330–332
associated medical findings in, 332
associated neurological findings in,

331–332
neurodiagnostic tests in, 332,

333t–334t, 335f
neurological, 330–331

Balint’s syndrome, 130, 142
cranial nerve II dysfunction in, 121

Ballism, 303
Ballistic movements, 144
Barany noise box, 9
Barany’s pointing test, 315
Barbiturates. See also specific drugs.
for intracranial pressure elevation, 536t, 1189

Baresthesia, assessment of, 354
Bartonella henselae infections, 952
Basal ganglia
anatomy of, 291f, 291–296, 292f
additional brain stem-cortical loops
and, 293

anatomical and physiological hypotheses
for hypokinesia and, 295f, 295–296

of basal gangliar connections, 292
of basal gangliar interactions with

cerebellum, 295
intrastriatal structure and, 292–293
neurotransmitters and, 293–295

acetylcholine as, 294
dopamine as, 293–294
gamma-aminobutyric acid as, 294
glutamate as, 294
norepinephrine as, 294–295
serotonin as, 295

balance and, 330
gait and, 330
neurotransmitters and, 293–295

acetylcholine as, 294
dopamine as, 293–294
gamma-aminobutyric acid as, 292, 294
glutamate as, 294
norepinephrine as, 294–295
serotonin as, 295

Basal ganglia disease, biotin-responsive,
659–660

clinical features and disorders associated with,
659

differential diagnosis of, 659–660
epidemiology and risk factors for, 659
evaluation of, 660, 660f
management of, 660
pathogenesis and pathophysiology of, 659
prognosis and prevention of, 660

Basilar artery
anatomy of, 411
midline, syndromes affecting, 423–425

Basilar-type migraine, 1249
Bassen-Kornzweig syndrome, 637
Batten’s disease, 615
Battle’s sign, 1188
BCNU, neurotoxicity of, 1298t
Beck Depression Inventory Second Edition, 555
Becker muscular dystrophy (BMD), 789–794

clinical features and disorders associated with,
790–792, 791f, 792f

differential diagnosis and evaluation of,
792–793, 793t

epidemiology and risk factors for, 790
future perspectives for, 794
management and prognosis of, 793–794
pathogenesis and pathophysiology of,

789–790
Becker’s disease, 815
Beevor sign, 267
Behçet’s disease, 1180–1181

cerebrospinal fluid analysis in, 530t
clinical features and disorders associated with,

1180
differential diagnosis of, 1180–1181
epidemiology and risk factors for, 1180
evaluation of, 1181
management of, 1181
pathogenesis and pathophysiology of, 1180
prognosis and future perspectives on, 1181
stroke and, 1035t

Behr’s pupil, 127
Bell’s palsy, 176, 196

cerebrospinal fluid analysis in, 531t
herpes simplex virus infection and, 933

Bell’s phenomenon, 190
Bends, 1207–1208

clinical features and disorders associated with,
1208

epidemiology and risk factors for,
1207–1208

evaluation and management of, 1208
pathogenesis and pathophysiology of, 1207
prognosis and future perspectives on, 1208

Benedikt’s syndrome, 137, 423
Benign paroxysmal positional vertigo (BPPV),

212, 212f
Benton Facial Recognition Test, 553
Benzene intoxication

occupations and job-related sources of
exposure and, 867t–868t

symptoms of, 877t
Benzodiazepines. See also specific drugs.

clinical use and adverse effects of,
1238–1239

neurological disorders due to, 1289–1290
for spasticity, in multiple sclerosis, 1124

Beriberi, wet, 900
Berman’s mucolipidosis, 623t
Beta-blocker neurotoxicity, 1302t, 1303
Betaine

for homocystinuria, 657
for methylenetetrahydrofolate reductase

deficiency, 662
for vitamin B12 metabolism disorders, 661

Betel nut intoxication, 886t
Betz cells, 256
Bias nystagmus, 161
Bielschowsky’s disease, 615
Bielschowsky’s test, for cranial nerve IV

palsy, 146
Bing maneuver, 266–267
Bing’s test, 207
Biogenic amines, in cerebrospinal fluid, 533
Biomicroscopy, slit lamp, 120
Biopterin-dependent hyperphenylalaninemia.

See Hyperphenylalaninemia,
biopterin-dependent.

Biotin
for Leigh’s disease, 664
for primary lactic acidoses, 667
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Biotinidase deficiency, 659
chromosomal location of, 644t

Biotin-responsive basal ganglia disease.
See Basal ganglia disease,
biotin-responsive.

Biperidine, for Parkinson’s disease, 741t
Bipolar disorder, 49

differential diagnosis of, 49
management goals for, 52

Bismuth, central neurotoxicity of, 1293t
Bitemporal hemianopia, 126
Bitemporal syndromes, progressive,

718t, 720, 723–724, 725f
Bladder

autonomic innervation of, 389–390
dysfunction of, in multiple sclerosis, treatment

of, 1125
neurogenic, 401

management goals for, 402

neurological examination of, 390–391
poor contractility of, management of, 402

Blastomyces dermatiditis infections, 961, 962
Bleomycin, neurological disorders due to, 1300
Blepharospasm, 305
Blessed Dementia Scale, in olfactory

assessment, 107
Blindness, cortical, 129
Blindsight, 129
Blink reflex, 191, 494–495

abnormal findings and clinical uses of, 495
basic principles and technique for,

494–495, 495f
normal findings and, 495, 495f

Bloch-Sulzberger syndrome, 687t
ß-Blocker neurotoxicity, 1302t, 1303
Blood pressure. See Hypertension, systemic;

Hypotension.
Blood tests. See Fluid and tissue analysis.
Blood-brain barrier (BBB), 412
“Bobble head-doll” syndrome, 562
Body fluid analysis. See Fluid and

tissue analysis.
Bogorad’s syndrome, 196
Bone, antiepileptic drugs and, 1232
Bone disease, plain films and, 440–441, 441f
Borrelia burgdorferi infection(s), 957–959

clinical features of, 958–959
epidemiology and risk factors for, 957
evaluation of, 959
management of, 959
pathogenesis and pathophysiology of,

957–958
Boston Diagnostic Aphasia Examination

(BDAE), 550
Boston Naming Test, 551

in olfactory assessment, 107
Boston Retrograde Amnesia Battery, 72
Botulinum toxin

for primary dystonia, 751
for spasticity, 286

Botulism, 888–889
clinical features and disorders associated with,

888
differential diagnosis of, 888
epidemiology and risk factors for, 888
evaluation of, 888
management of, 888
pathogenesis and pathophysiology of, 888
prognosis and future perspectives on,

888–889
Bowel

dysfunction of, in multiple sclerosis, treatment
of, 1125

hypermotility of, management of, 403
hypomotility of, management of, 403
“Brachial neuritis,” 280
Brachial plexopathy, 279–280, 280t,

1204–1205
cerebrospinal fluid analysis in, 531t
clinical features and disorders associated with,

1204–1205
differential diagnosis and evaluation of, 1205
epidemiology and risk factors for, 1204
management of, 1205
pathogenesis and pathophysiology of, 1204
prognosis and future perspectives on, 1205

Brachial plexus, 250, 251f
Brachycephaly, 586
Brachytherapy
for meningiomas, 1074
for neuroectodermal tumors, 1061

Bradykinesia, in Parkinson’s disease, 738
Brain
anoxic, cerebrospinal fluid analysis in, 530t
congenital malformations of, computed

tomography in, 445
diabetes and, 851
microangiopathy of, stroke and, 1035t
venous supply of, 412–414, 413f

Brain abscess, 947–949
clinical features and disorders associated with,

948
epidemiology and risk factors for, 947–948
evaluation of, 948–949
management of, 949
pathogenesis and pathophysiology of, 948

Brain biopsy, 516–520
indications for, 518t, 518–520
testing methods for, 517–518, 518t
tissue selection and techniques for, 517

Brain death criteria, 15–17, 16t
assessment of, 12t

Brain embolism, 1027–1031
clinical features and disorders associated with,

1029
differential diagnosis and evaluation of, 1029
epidemiology and risk factors for, 1029
management of, 1029–1031, 1030t
pathogenesis and pathophysiology of,

1027–1029, 1028f, 1028t, 1029f
prognosis and future perspectives on, 1031

Brain injury. See Head injury.
Brain stem
balance and, 329
brain-stem-cortical loops and, 293
in central autonomic network, 386, 386f
gait and, 329
gliomas of, on magnetic resonance imaging,

453, 453f
Brain stem auditory evoked potentials (BAEPs),

487–488
abnormal findings and clinical uses of,

487–488
basic principles and technique for, 487
in cranial nerve V assessment, 172, 172t
in cranial nerve VII assessment, 193
in cranial nerve VIII assessment, 208, 209t
in gait and balance assessment, 332
normal findings on, 487, 488f

Brain stem lesions
proprioceptive and vibratory sense

abnormalities due to, 346t
sensory loss and, 358

Brain stem motor tracts, 257–259,
260f–262f

Brain stem syndromes
autonomic dysfunction secondary to, 399
of cranial nerve V, 173, 176, 176f
pain loss, 376

Brain tumor(s). See Neoplastic disorders, cranial.
Branching enzyme deficiency, 626, 626t, 627
Breathing

patterns of, in arousal assessment, 9–10, 10t
with various levels of central nervous system

dysfunction, 6t
Breathing disorders, sleep-related, 31

assessment of, 28t
in neuromuscular disease, 1281–1282

Bresolin’s disease, 625, 626t
Brief Smell Identification Test (B-SIT), 105
Broca’s aphasia, 88–89, 90f

clinico-anatomical correlates of, 95t
Broca’s area, 80, 81, 81f
Brody’s disease, 821–822

clinical features of, 821
differential diagnosis of, 821
epidemiology of, 821
evaluation of, 822
management of, 822
pathogenesis and pathophysiology of, 821
prognosis of, 822

Bromocriptine
for adenomas, 1071
for Parkinson’s disease, 741, 741t

Brown-Séquard syndrome, 282, 282t, 1198
Buerger’s syndrome, 1165–1166

clinical features and disorders associated
with, 1166

differential diagnosis of, 1166
epidemiology and risk factors for, 1166
evaluation of, 1166
management of, 1166
pathogenesis and pathophysiology of,

1165–1166
prognosis and future perspectives on, 1166

Burners, 1204
Burning hands syndrome, 1198
Burst neurons, 144
Busulfan, neurological disorders due to, 1298
Butorphanol, for migraine, 1252t
“Bystander” demyelination, 1105
C

C fibers, 364
C syndrome, 586
Cacosmia, 109

definition of, 99
CADASIL syndrome, 1250
Caffeine, neurological disorders due to, 1304
Caisson disease, 1207–1208

clinical features and disorders associated
with, 1208

epidemiology and risk factors for, 1207–1208
evaluation and management of, 1208
pathogenesis and pathophysiology of, 1207
prognosis and future perspectives on, 1208

Calcification, intracranial, computed tomography
in, 444–445, 446, 446f, 447f

Calcium channelopathies, 815
Calcium disorders, 833–835
Calcium-channel blockers neurotoxicity,

1302t, 1303
California group virus encephalitis, 925
California Verbal Learning Test-II

(CVLT-II), 553
in memory assessment, 72
in olfactory assessment, 107

Calvarial-related lesions, on magnetic resonance
imaging, 449

Campylobacter jejuni infections, Guillain-Barré
syndrome and, 1138

Canavan’s syndrome, 628t, 631–632
Cancellation tests, 546–547
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Candida infections, 960, 963
Cannabinol abuse, 893–894, 894f
Capsaicin, for pain management, 378t, 379
Carbamazepine

clinical use and adverse effects of, 1238
drug interactions of, 1237t
efficacy of, 1236t
for pain management, 378t
pharmacokinetic parameters of, 1235t

Carbamoylphosphate synthetase (CPS)
deficiency, 646

Carbidopa/levodopa (Sinemet)
for dopa-responsive dystonia, 751
for Parkinson’s disease, 739–740, 741t
for primary dystonia, 751

Carbohydrate-deficient glycoprotein syndrome.
See Glycosylation, congenital
disorders of.

Carbon disulfide intoxication, symptoms
of, 877t

Carbon monoxide intoxication, 880, 882
clinical features of, 881t, 882
differential diagnosis and evaluation of, 882
epidemiology and risk factors for, 882
management of, 882
pathogenesis and pathophysiology of, 880,

882, 882f
prognosis and future perspectives on, 882

Carbon tetrachloride intoxication
occupations and job-related sources of

exposure and, 867t–868t
symptoms of, 877t

Cardiac catheterization, neurological disorders
due to, 1308–1309

Cardiac drugs. See also specific drugs.
neurological disorders due to, 1302t,

1302–1304
Cardiac transplantation, neurological disorders

due to, 1309, 1309t
Cardiovascular diseases. See also specific

disorders.
pregnancy-related, 1033–1034, 1034f, 1035f

Cardiovascular reflexes, examination of, 390
Cardiovascular system. See also Heart; specific

vessels.
autonomic innervation of, 388–389
sympathetic innervation of, evaluation of,

394–395
Carnitine

for carnitine deficiency, 672
for glutaricaciduria, type 1, 658
for methylmalonicacidemia, 651
for proprionicacidemia, 650
for vitamin B12 metabolism disorders, 661

Carnitine deficiency, generalized,
primary, 672

Carnitine palmitoyl transferase II deficiency,
672–673

Carotid angioplasty and stenting, for stroke
prevention, 1031, 1032f

Carotid artery
anterior cerebral artery syndrome and, 422
common, anatomy of, 407
external, anatomy of, 407–408, 408f
internal
anatomy of, 408–409, 409f
occlusion of, 421

middle cerebral artery syndrome and, 421f,
421–422

Carotid atheroma, stroke and, 1022
Carotid bifurcation lesions, magnetic resonance

angiography in, 456f–458f, 457
Carotid body tumor(s), 1076–1077
Carotid endarterectomy, for stroke

prevention, 1031
Carotid system stroke syndromes, 421–422
Carotid-cavernous sinus fistulas (CCFs), 429,

1045–1046
Carotid-ophthalmic artery aneurysms, 126
Carotidynia, 1263
Carpal tunnel syndrome (CTS), 606–607
clinical features of, 606
electrophysiological aspects of, 606–607
pathogenesis and pathophysiology of, 606
treatment of, 607

Catecholamines, plasma, measurement of,
395, 395t

Category Test, 550
Cat-scratch disease, 952
Cauda equina syndrome
in ankylosing spondylitis, 601
pain and temperature sensation in, 375, 375t

Caudate hemorrhage, 431
Causalgia, 377, 401, 1205–1207
clinical features and disorders associated with,

1206
differential diagnosis of, 1206
epidemiology and risk factors for,

1205–1206
evaluation and management of, 1206
pathogenesis and pathophysiology of, 1205
prognosis and future perspectives on,

1206–1207
Cavernous sinus syndrome, 159
assessment of, 172t
binocular, 153t

Cefipime
for bacterial meningitis, 946, 946t
for brain abscess, 949
for subdural empyema, 950, 951t

Cefotaxime
for bacterial meningitis, 946, 946t
for brain abscess, 949
for subdural empyema, 950, 951t

Ceftriaxone
for bacterial meningitis, 946, 946t
for brain abscess, 949
for Lyme disease, 959
for subdural empyema, 950, 951t

Cell counts, in cerebrospinal fluid, 529
Central apnea, 31
Central autonomic network (CAN), 384–386
brain stem and, 386, 386f
cerebral cortex and amygdala and, 384
hypothalamus and, 385f, 385–386
periaqueductal gray matter and, 386

Central cord syndrome, 282t, 282–283
cervical, 1198

Central core disease, 819
Central facial palsy, 194
Central hearing loss, 211
Central herniation syndrome, 14–15
Central pontine myelinosis, 898t
Central post-stroke syndrome, 376
Central vertigo, 214, 214t
Centronuclear myopathy, 818
Cephalosporins. See also specific drugs.
neurotoxicity of, 1293–1294
central, 1293t

Cerebellar aplasia, 765
Cerebellar artery
anterior inferior
anatomy of, 411, 411f
syndrome of, 423

posterior inferior, 156
anatomy of, 411, 411f
syndrome of, 423, 424f

superior
anatomy of, 411, 411f
syndrome of, 423
Cerebellar ataxia, 339–340
early onset, 769

Cerebellar cognitive affective syndrome, 324
Cerebellar degeneration

alcohol-related, 913
paraneoplastic, 1094t

Cerebellar diaschisis, crossed, 472
Cerebellar function

in apraxia assessment, 58
in autonomic nervous system

examination, 391
in consciousness assessment, 11
in cranial nerve II assessment, 121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve V assessment, 171
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 192
in cranial nerve VIII assessment, 208
in cranial nerve IX assessment, 223
in cranial nerve X assessment, 223
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
in gait and balance assessment, 331
in memory assessment, 70
in mood, emotion, and thought assessment,

44–45
in movement disorder examination, 298
in neurovascular examination, 417
in olfactory assessment, 106
pain and temperature sensation and, 368
in reflex assessment, 270
in sensory loss, 355
in sleep disorders assessment, 27–28
in speech and language assessment, 84

Cerebellar hemorrhage, 431
Cerebellar hypoplasia, 766
Cerebellar kinetic tremor, 755–756
Cerebellar pathways, in multiple

sclerosis, 1108
Cerebellar speech, 321
Cerebellar syndromes, paraneoplastic,

1095–1096
Cerebellar tonsillar herniation syndrome, 15
Cerebellitis, cerebrospinal fluid analysis

in, 531t
Cerebellopontine angle, 187t, 189f, 189–190
Cerebellopontine angle syndrome, 194, 213
Cerebellum

afferents of, 310–312, 311f, 312f
balance and, 329–330
cognitive function and, 324
efferents of, 313
gait and, 329–330
internal structure of, 312f, 312–313
vascular anatomy of, 314, 314f
vestibular nucleus output and, 204

Cerebral angiography
in cranial nerve III assessment, 152, 154
in cranial nerve IV assessment, 152, 154
in cranial nerve VI assessment, 152, 154

Cerebral artery
anterior

anatomy of, 409–410
syndrome of, 422

middle, 118
anatomy of, 410
syndrome of, 421f, 421–422

posterior
anatomy of, 410, 411f
syndrome of, 425–426

Cerebral contusions, 1187
Cerebral cortex. See also Cortical entries.

balance and, 330
brain-stem-cortical loops and, 293
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Cerebral cortex (Continued )
in central autonomic network, 384
gait and, 330

Cerebral disorders, focal,
electroencephalography in, 482

Cerebral edema
high-altitude, 1207
types of, 534, 535t

Cerebral function
in apraxia assessment, 58
in autonomic nervous system examination, 391
in cerebellar disorders, 317
in consciousness assessment, 11
in cranial nerve II assessment, 120–121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve V assessment, 171
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 191
in cranial nerve VIII assessment, 207
in cranial nerve IX assessment, 223
in cranial nerve X assessment, 223
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
in gait and balance assessment, 331
in memory assessment, 70
in movement disorder examination, 298
in neurovascular examination, 414, 415t–416t
in olfactory assessment, 105
pain and temperature sensation and, 368
in reflex assessment, 270
in sensory loss, 354–355
in sleep disorders assessment, 27
in speech and language assessment, 83–84

Cerebral palsy
following anoxia, 840–841
Valsalva maneuver and, 394

Cerebral perfusion pressure, following head
injury, 1188–1189

Cerebral vasospasm, with subarachnoid
hemorrhage, 1043

Cerebral venous thrombosis, 429, 430f
stroke and, 1037–1038, 1038f

Cerebrosidoses, 620, 621t, 622
Cerebrospinal fluid (CSF), 523–537.

See also Intracranial pressure (ICP).
acid-base status of, 532–533
biogenic amines in, 533
C-reactive protein in, 533
enzymes in, 533
flow of, phase contrast imaging of, 453–454
glutamine in, 533
historical background of, 523
lactate in, 533
on magnetic resonance imaging, 448
normal and pathological findings in, 528–529,

529t–531t, 532–533
protein in, 529t
secretion and reabsorption of, 524–525,

526f, 526t
in tuberculosis, 954
tumor cells in, 533
ventricular system and, 523–533

anatomy of, 523–524, 524f, 525f
physiology of, 524–528

cerebrospinal fluid composition and,
525–526, 527t

lumbar puncture and, 526–527, 527f
secretion and absorption and, 524–525,

526f, 526t
viscosity of, 529

Cerebrospinal fluid analysis
in apraxia assessment, 59
in autonomic nervous system examination,

392t, 393
Cerebrospinal fluid analysis (Continued )
cell counts and, 529
in cerebellar disorders, 319f, 320
in consciousness assessment, 13
in cranial nerve II assessment, 123–124
in cranial nerve III assessment, 153t, 154
in cranial nerve IV assessment, 153t, 154
in cranial nerve V assessment, 172t, 173
in cranial nerve VI assessment, 153t, 154
in cranial nerve VII assessment, 193–194
in cranial nerve VIII assessment, 208, 209t
in cranial nerve IX assessment, 224
in cranial nerve X assessment, 224
in cranial nerve XII examination, 238, 238t
in gait and balance assessment, 332,

333t–334t
glucose and, 529, 532
in HIV-related cognitive impairment, 998
in memory assessment, 72
in mood, emotion, and thought assessment, 47
in movement disorder examination,

300, 300t
in multiple sclerosis, 1115
in neurovascular examination, 418t, 420
in pain and temperature sensation, 370t, 371
protein and, 529t, 532
in reflex assessment, 272, 273t–274t
in sensory loss, 356
in speech and language assessment, 86

Cerebrotendinous xanthomatosis, 769
Cerebrovascular disease. See also Stroke.
in AIDS, 1000
historical background of, 1019–1020
infarction from, on magnetic resonance

imaging, 451, 451f
ischemic, neuroangiography in,

464–466, 465f
positron-emission tomography in, 472
single photon emission computed tomography

in, 472
thrombotic, varicella zoster virus infections

and, 935
Cervical ganglion
middle, 138
superior, 138

Cervical plexus, 250, 251f
Cervical spondylosis, 597–600
clinical features and disorders associated with,

598
differential diagnosis of, 598–599, 600f
epidemiology and risk factors for, 598
evaluation of, 599–600
management of, 600
pathogenesis and pathophysiology of,

597–598, 598f
prognosis and future perspectives on, 600

Cervicogenic headache, 1262–1263
Cervico-ocular reflex, in arousal assessment, 8–9
Chaddock maneuver, 266
Channelopathies, muscle, 813–817, 814t
calcium, 815
chloride, 815
differential diagnosis of, 816, 816t
evaluation of, 817
management of, 817
potassium, 815–816
sodium, 814–815

Charcot-Marie-Tooth disease, 356
Charcot’s disease. See Amyotrophic lateral

sclerosis (ALS).
Charcot’s triad, 87
Charles Bonnet’s syndrome, 130
Charlevoix-Safuenay ataxia, 768
Charlin’s nasociliary neuralgia, 179
Chédiak-Higashi syndrome, 687t
Chelating agents, neurological disorders due to,
1306–1307

Chemotherapy
for ependymomas, 1064–1065
for medulloblastomas, 1066
for meningeal and ventricular metastases,

1086–1088
for meningiomas, 1074
for neuroectodermal tumors, 1061–1062,

1064–1065, 1066, 1067–1068
neurological disorders due to, 1297–1301, 1298t
for primary central nervous system

lymphomas, 1067–1068
Cherry-red spot–myoclonus syndrome, 624
Chiari malformations, 568, 766

Chiari I

clinical features and disorders associated

with, 583
differential diagnosis of, 584
evaluation of, 585
management and prognosis of, 585
pathogenesis and pathophysiology

of, 582
Chiari II (Arnold-Chiari), 566, 567f
epidemiology and risk factors for, 582
pathogenesis and pathophysiology

of, 582
Chiari III, pathogenesis and pathophysiology

of, 582
Chickpea intoxication, 886, 886t
Chlorambucil

for Behçet’s disease, 1181
neurological disorders due to, 1298

Chloramphenicol
central neurotoxicity of, 1293t
peripheral neurotoxicity of, 1293t
for Rocky Mountain spotted fever, 960t
sensory neuropathy due to, 345t
for subdural empyema, 951t

Chlordiazepoxide, for insomnia, 1270t
Chloride channelopathies, 815
Chloroquine

for malaria chemoprophylaxis, 965
neurological disorders due to, 1296–1297
peripheral neurotoxicity of, 1293t

Chlorpromazine (Thorazine), 53t
effects of, 1286t
for migraine, 1252t
for myoclonus, 759t

Choice Reaction Time (CRT), 545
Cholesteatoma(s), 1074–1075
Cholesterase inhibitors, neurological disorders

due to, 1292
Cholesterol-lowering agents, neurological

disorders due to, 1307
Cholinergic disorders, pure, 398
Cholinergic innervation, sympathetic, evaluation

of, 395–396
Chordoma(s), 1076
Chorea, 303. See also Huntington’s disease (HD).

endocrine-metabolic, 748
senile (essential), 748
Sydenham’s, 748

Chorea gravidarum, 748
Choreic gait, 339
Choreiform dysarthria, 87
Choreoathetosis, 303
Chorioretinopathy, serous, central, 125
Choroid plexus papilloma(s), 1077
Choroidal artery

anterior, anatomy of, 408–409, 409f
anterior choroidal artery syndrome and, 422

Chromosomal anomalies, 683–687
autosomal, 683–685
definitions related to, 683
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Chromosomal anomalies (Continued )
historical background of, 683
sex chromosomal, 685–687

Chromosomal microarray analysis, 503, 504f
Chronic daily headache, 1247
Chronic fatigue syndrome, Epstein-Barr virus

infections and, 938
Chronic immune demyelinating

polyneuropathy, 356
Chronic inflammatory demyelinating

polyradiculoneuropathy (CIDP),
1142–1146

cerebrospinal fluid analysis in, 531t
clinical features and disorders associated with,

1143–1144
differential diagnosis of, 1144–1145
epidemiology and risk factors for, 1143
evaluation of, 1145
management of, 1145–1146
pathogenesis and pathophysiology of,

1142–1143, 1143f
prognosis and future perspectives on, 1146

Chronic progressive external ophthalmoplegia
(CPEO) syndrome, 284

Chronic regional pain syndrome. See Causalgia;
Reflex sympathetic dystrophy.

Chronobiological disorders, 1277–1279
clinical features and disorders associated with,

1278
differential diagnosis of, 1278
epidemiology and risk factors for, 1278
evaluation of, 1278
management of, 1278–1279
pathogenesis and pathophysiology of,

1277–1278
Churg-Strauss syndrome, 1161–1163

clinical features and disorders associated with,
1161–1162

differential diagnosis of, 1162
epidemiology and risk factors for, 1161
evaluation of, 1162
management of, 1162
pathogenesis and pathophysiology of, 1161
prognosis and future perspectives on,

1162–1163
stroke and, 1035t

Chvostek’s sign, 834
Cigarette smoking, stroke and, 1021
Ciliospinal center of Budge and Waller, 138
Circadian rhythm(s), sleep and, 24
Circadian rhythm disorders, 32

assessment of, 28t
Circle of Willis

anatomy of of, 409, 410f
lesions of, magnetic resonance angiography

in, 457, 459, 459f
Cisplatin neurotoxicity, 1298t, 1301

sensory neuropathy due to, 345t
Citrullinemia, 646
Clarithromycin, for Mycobacterium avium

complex infections, 955
Claude’s syndrome, 137, 152, 423
“Claw hand” deformity, 607
Cleavage defects, 569–573, 572f

clinical features and disorders associated with,
570f, 570–571

epidemiology and risk factors for, 569
evaluation of, 571
management and prognosis of, 571
pathogenesis and pathophysiology of, 569

Clindamycin, peripheral neurotoxicity of, 1293t
Clinical Dementia Rating (CDR), 710
Clitocybe intoxication, 886t, 886–887
Clock Drawing Test, 553
Clofibrate, neurological disorders due to, 1307
Clomipramine, actions of, 1288t
Clonazepam (Klonopin)
for action tremors, in multiple sclerosis, 1124
for insomnia, 1270t
for myoclonus, 759t
for orthostatic tremor, 755
pharmacokinetic parameters of, 1235t
for vestibular neuritis, 213t

Clonic seizures, 1217
Clonus, reflex, 266
Clopidogrel, for atherothrombotic disease, 1025
Clorazepam, for insomnia, 1270t
Clorazepate, pharmacokinetic parameters

of, 1235t
Cloverleaf skull, 586
Clozapine (Clozaril), 53t
effects of, 1286t
for Parkinson’s disease, 741t

Cluster headache, 1254–1256
clinical features and disorders associated with,

1255
in cranial nerve V disorders, 177–178
differential diagnosis of, 1255
epidemiology and risk factors for, 1255
evaluation of, 1255
management of, 1255–1256
in postganglionic ocular sympathetic palsy, 156
prognosis and future perspectives on,

1254–1255
Coagulation disorders, stroke in, 1036–1037,

1037t
Cobalamin deficiency. See Vitamin B12,

deficiency of.
Cobb syndrome, 427
Cocaine, for diagnosing Horner’s syndrome, 146
Cocaine abuse, 889–890
clinical features and disorders associated

with, 890
differential diagnosis and evaluation of, 890
epidemiology and risk factors for, 889–890
management of, 890
pathogenesis and pathophysiology of, 889

Coccidioides immitis infections, 961, 962
Cockayne’s syndrome, 628t, 630–631
“Cocktail-party syndrome,” 562
Codeine, for pain management, 378t
Cog wheel rigidity, 263–264
Cogan’s disease, stroke and, 1035t
Cognition, memory and, 64
Cognitive function. See also Mood, emotion,

and thought.
in cerebellar disorders, 317
cerebellum and, 324

Cognitive impairment
HIV-related
in adults, 994t, 994–1000
clinical features and disorders associated
with, 997–998

differential diagnosis of, 998
epidemiology and risk factors for,
995, 997

evaluation of, 998–999, 999t
management of, 999–1000
pathogenesis and pathophysiology of,
994–995, 995t, 996f, 996t

in AIDS-dementia complex, 726–727
mild, 65
in multiple sclerosis, 1108

treatment of, 1124
Cogwheel pursuit, 148
Coital headache, 1260
Cold pressor test, 394
Cold water caloric stimulation, in vestibulo-

ocular system examination, 149
Colistin, peripheral neurotoxicity of, 1293t
Collet-Sicard syndrome, 240
Collier’s sign, 160
Colloid cyst(s), 1077
Color perception, assessment of, 119
Colorado tick fever virus infections, 925
Coma

alpha-pattern, electroencephalography in, 482
definition of, 3
after head injury, electroencephalography

in, 482
myxedema, cerebrospinal fluid analysis

in, 530t
in neonates, differential diagnosis of, 644t
opioid overdose and, 892
somatosensory evoked potentials in, 490

Combined degeneration of spinal cord, subacute,
cervical spondylosis vs., 599

Commands, in language comprehension
assessment, 82

Common peroneal neuropathy, at fibular head, 609
Communicating artery

anterior, anatomy of, 409–410
posterior, anatomy of, 410

Complex regional pain syndrome (CRPS),
1205–1207

clinical features and disorders associated with,
1206

differential diagnosis of, 1206
epidemiology and risk factors for, 1205–1206
evaluation and management of, 1206
pathogenesis and pathophysiology of, 1205
prognosis and future perspectives on, 377,

401, 1206–1207
Complex repetitive discharges, on

electromyography, 491, 492f
Compulsions, 36
Computed tomography (CT), 441–447. See also

specific conditions.
abnormalities detectable on, 444–446

with contrast enhancement, 445–446
without contrast enhancement, 444f,

444–445, 445f
in Alzheimer’s disease, 708
in apraxia assessment, 58
basic principles and techniques for, 441–443,

442t, 443f
of brain abscess, 948
in cerebellar disorders, 318, 319f
in cerebrovascular disease, 1019
in consciousness assessment, 12
in cranial nerve II assessment, 123
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 192
in HIV-related cognitive impairment, 998–999
in intracerebral hemorrhage, 1040
in mood, emotion, and thought assessment, 45
in movement disorder examination, 299, 300t
neurological applications of, 446–447
in cranial disease, 446–447
in spinal disease, 447

in neurovascular examination, 417, 418, 418t
normal findings on, 443–444
in olfactory assessment, 106
in pain and temperature sensation, 369
in reflex assessment, 272, 273t–274t
in speech and language assessment, 84
in stroke, 1023

Computed tomography angiography (CTA). See
also specific conditions.

in cranial nerve III assessment, 154
in cranial nerve IV assessment, 154
in cranial nerve VI assessment, 154
in neurovascular examination, 419–420
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Concept formation
nonverbal, 550
verbal, 549–540

Conceptual apraxia, 61
Concussion. See Head injury.
Conditioning, implicit memory and, 63
Conduction aphasia, 90–91

clinico-anatomical correlates of, 95t
Conduction apraxia, 60
Conduction block, focal, on nerve conduction

studies, 493
Conduction slowing, focal, on nerve conduction

studies, 493
Conductive hearing loss, 210
Cones (retinal), 114–115, 115f
Confusion, assessment of, 12t
Confusional arousals, 1279–1280

clinical features and disorders associated with,
1279

differential diagnosis of, 1279–1280
epidemiology and risk factors for, 1279
evaluation of, 1280
management of, 1280
pathogenesis and pathophysiology of, 1279
prognosis and future perspectives on, 1280

Congenital rubella syndrome, 930–931
Conjugate eye movements, 134
Conjugate gaze, 133

paresis of, 134
Conjugate gaze palsy syndromes, 159–160
Connective tissue diseases, 1156, 1166–1174

mixed, 1172–1173
progressive systemic sclerosis as, 1171–1172
rheumatoid arthritis as, 1166–1167
Sjögren’s syndrome as, 1173–1174
systemic lupus erythematosus as, 1167–1171

Consciousness, definition of, 3
Consciousness levels, 3–17

altered. See also Coma.

clinical syndromes of, 13–17

bilateral cortical dysfunction as, 13
brain death criteria and, 15–17, 16t
diencephalic dysfunction as, 13–14
herniation syndromes as, 14–15
medullary dysfunction as, 14
midbrain dysfunction as, 14
persistent vegetative state as, 5
pontine dysfunction as, 14
psychogenic unresponsiveness as, 17
syncope as, 13

electroencephalography in, 482
management goals for, 17, 17t–18t

anatomy of, 4–5
clinical history and, 2
definitions related to, 3–4
examination of, 5–13
associated medical findings in, 11
associated neurological findings in, 11
directed neurological examination in, 5–11
neurodiagnostic studies in, 11–13, 12t

historical background of, 3
Constipation, in multiple sclerosis, 1108
Construction

clinical situations for testing, 554
tests of, 553–554

Content errors, in apraxia, 61
Continuous positive airway pressure (CPAP), for

obstructive sleep apnea, 1275
Contraceptive agents, neurological disorders due

to, 1306
Contrast media, allergy to, pretreatment for, 442
Controlled Oral Word Association Test, 551
Conus medullaris syndrome, 1198

pain and temperature sensation in, 375, 375t
Conversation, in language comprehension

assessment, 82
Coordination, 307–324
anatomy and physiology of, 308, 309t, 310t,

310–314, 311f

cerebellar afferents and, 310–312, 311f,

312f, 313
internal cerebellar structure and, 312f,

312–313
vascular cerebellar anatomy and, 314, 314f

definitions related to, 307–308
disorders of, 320–321, 322t–323t, 324, 324f

ataxia as. See Ataxia.
cerebellar speech as, 321
clinical history and, 308
clinico-anatomical correlates of, 310t
cognition and, 324
management goals for, 324
oculomotor, 321, 324

examination of, 314–322
associated medical findings in, 318
associated neurological findings in, 317–318
neurodiagnostic tests in, 318, 319t, 320
neurological, 314–317

cognitive function in, 317
oculomotor system in, 316
posture and gait in, 314–315
speech in, 316
voluntary motor acts in, 315f, 315–316
in gait and balance assessment, 331
historical background of, 307

Copper deficiency myeloneuropathy, 909
Copper metabolism disorders. See Wilson’s

disease.
Cori-Forbes disease, 625, 626t
Corneal hypesthesia, 178
Corneal reflex, 170, 171f, 191
electrophysiological assessment of, latency of,

172–173, 174f
Corneomandibular reflex, 171
Coronary artery bypass graft surgery,

neurological disorders due to,
1307–1308

central nervous system, 1307–1308
peripheral nervous system, 1308

Corpus callosotomy, for epilepsy, 1241–1242
Corpus callosum, agenesis of, 571–572, 572f
Corsi Block Test, 546
Cortical atrophy, posterior, 722, 722t
Cortical blindness, 129
Cortical deafness, 211
Cortical development, disorders of, 575–576, 577f
Cortical dysfunction
bilateral
assessment of, 12t
consciousness alteration and, 13

clinical findings in, 6t
Cortical dysplasia, 578, 579
Cortical pain syndrome, 376–377
Cortical reflex myoclonus, 305
Corticobasal degeneration, 727–729, 745
clinical features and disorders associated with,

727–728
differential diagnosis of, 728
epidemiology and risk factors for, 727
evaluation of, 728
management of, 728–729
pathogenesis and pathophysiology of, 727, 728f

Corticobulbar tract, 257, 259f
Corticospinal tract, 256–257, 257f–259f
lateral, 257
in multiple sclerosis, 1108
ventral, 257

Corticosteroids. See also specific corticosteroids.
for intracranial pressure elevation, 536
for myasthenia gravis, 1175
for spinal metastases, 1092

Cough headache, 1259–1260
Cover-uncover test, in diplopia, 151, 151t
Coxsackievirus infection(s)

clinical features and disorders associated with,
921–922

differential diagnosis of, 922
epidemiology and risk factors for, 919
management of, 922
pathogenesis and pathophysiology of, 919–921
prognosis and future perspectives on, 922

C-polymodal nociceptors (CPNs), 364
sensitization of, 371, 373f, 374f

Cranial diseases. See also specific disorders.
extra-axial, on magnetic resonance imaging,

449–450, 450f
intra-axial

computed tomography in, 446f, 446–447,

447f
on magnetic resonance imaging, 450–453,

451t, 451f–453f
neuroangiography in, 464–467
plain films in, 439–440

Cranial epidural abscesses, 950–952
clinical features of, 951
epidemiology and risk factors for, 950–951
evaluation of, 951–952
management of, 952
pathogenesis and pathophysiology of, 951

Cranial nerve disorders. See also specific
cranial nerves.

computed tomography in, 446–447
in diabetes, 851–852
Lyme disease and, 958

Cranial nerve function
in apraxia assessment, 58
in autonomic nervous system

examination, 391
in cerebellar disorders, 317
in consciousness assessment, 11
in cranial nerve II assessment, 121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve V assessment, 171
in cranial nerve VI assessment, 152
in cranial nerve VIII assessment, 207–208
in cranial nerve IX assessment, 223
in cranial nerve X assessment, 223
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
in gait and balance assessment, 331
in memory assessment, 70
in mood, emotion, and thought assessment,

44
in movement disorder examination, 298
in neurovascular examination, 414, 417
in olfactory assessment, 105–106
pain and temperature sensation and, 368
in reflex assessment, 270
in sensory loss, 355
in sleep disorders assessment, 27
in speech and language assessment, 84

Cranial nerve I (olfactory), 99–110
anatomy of, 100–104, 101t

of central connections, 102
of neurochemical olfactory transduction

process, 103–104
of secondary sensory neurons,

101–102, 103f
of sensory receptors and primary neurons,

100–101, 102f
definitions related to, 99–100
disorders of, 107–110, 108t
anosmia and hyposmia as, 107–109
bilateral, 99
clinical history and, 100
dissociated olfactory function syndromes

as, 109–110
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Cranial nerve I (olfactory) (Continued )

dysosmia as, 109
hyperosmia as, 109
management goals for, 110
traumatic, 1193t
unilateral, 99

examination of, 104–107
associated medical findings in, 106
associated neurological findings in,

105–106
neurodiagnostic tests in, 106–107
neurological, 104–105

Cranial nerve II (optic), 113–131
anatomy of, 114t, 114–118, 116
of eyes, 114
of lateral geniculate nucleus, 117, 117f
of optic chiasm, 114t, 116f, 116–117
of optic nerve, 114t, 116
of optic radiations, 114t, 117–118
of optic tract, 114t, 117, 117f
of retina, 114t, 114–116, 115f
of striate cortex, 118
of visual association area, 114t, 118

assessment of, 122t
definitions related to, 113
disorders of

cerebrospinal fluid analysis in, 531t
clinical history and, 113
clinico-anatomical correlates of, 114t
in multiple sclerosis, 1107–1108, 1110
optic neuritis as, 125
optic neuropathy as, 172

hereditary, Leber’s, 669
ischemic, 125–126

retrobulbar, 125
traumatic, 1193t
visual evoked potentials in, 487

examination of, 118–122
ancillary ophthalmological techniques

in, 120
associated medical findings in, 121–122
associated neurological findings in,

120–121
fundoscopic examination in, 119–120,

120f
of higher cortical visual function, 119
neurodiagnostic tests in, 122t, 122–124
neurological, 118–120

of color perception, 119
of visual acuity, 118–119
visual field testing in, 119

pupillary examination in, 119, 120f
historical background of, 113

Cranial nerve III (oculomotor)
anatomy of, 136t, 137, 138–139, 139f, 140f
definitions related to, 133–134, 134f
disorders of
clinical history and, 134–135, 137
clinico-anatomical correlations of, 136t
management goals for, 162
palsy as, 156–157
traumatic, 1193t

examination of, 144–152
associated medical findings in, 152
associated neurological findings in, 152
neurodiagnostic tests in, 152, 153t, 154
neurological, 144–146, 146f

historical background of, 133
Cranial nerve IV (trochlear)

anatomy of, 136t, 139, 140f
definitions related to, 133–134, 134f
disorders of
clinical history and, 134–135, 137
clinico-anatomical correlations of, 136t
management goals for, 162
palsy as, 157
Cranial nerve IV (trochlear) (Continued )

traumatic, 1193t

examination of
associated medical findings in, 152
associated neurological findings in, 152
neurodiagnostic tests in, 152, 153t, 154
neurological, 144–145, 146

historical background of, 133
Cranial nerve V (trigeminal), 165–182
anatomy of, 165–169, 166t, 167f
of motor portion, 169
pontine nucleus and lower motor nucleus
and, 169

supranuclear control and upper motor
neurons and, 169

of sensory portion, 166–169
first-order neurons and, 166–168,
167f, 168t

receptors and, 166
second- and third-order sensory neurons
and, 168–169

definitions related to, 165
disorders of, 173, 175t, 176–181

clinical history and, 165
gasserian ganglion syndromes as, 176–177
lesions involving branches of cranial nerve

V as, 177f, 177–179, 179f
management goals for, 181–182
nuclear (brain stem) syndromes as, 173,

176, 176f
preganglionic syndromes as, 176
supranuclear syndromes as, 173, 175f
traumatic, 1193t
trigeminal neuralgia as, 165, 179–181, 180f,

181f, 1262

assessment of, 172t
cerebrospinal fluid analysis in, 531t

trigeminal neurilemmomas as, 1068–1069
clinical features and disorders associated
with, 1068

epidemiology and risk factors for, 1068
evaluation of, 1068
management of, 1069
pathogenesis and pathophysiology
of, 1068

examination of, 169–172
associated neurological findings in,

171–172
neurodiagnostic tests in, 172t, 172–173
neurological, 169–171
motor function and, 170, 171f
reflexes and, 170–171, 171f
sensory function and, 169–170, 170f
first (ophthalmic) division of, 138
historical background of, 165
mandibular branch of, 165

anatomy of, 166–167, 167f, 168t
maxillary branch of, 165

anatomy of, 166, 167f, 168t
ophthalmic branch of, 165

anatomy of, 166, 167f, 168t
Cranial nerve VI (abducens)
anatomy of, 136t, 139–140
definitions related to, 133–134, 134f
disorders of
clinical history and, 134–135, 137
clinico-anatomical correlations of, 136t
management goals for, 162
palsy as, 157–158
traumatic, 1193t

examination of
associated medical findings in, 152
associated neurological findings in, 152
neurodiagnostic tests in, 152, 153t, 154
neurological, 144–145, 146–147

historical background of, 133
Cranial nerve VII (facial), 185–197
anatomy of, 186–190, 187t

of lower motor neuron, 189–190

cerebellopontine angle and, 187t, 189f,
189–190

facial canal and, 187t, 190
internal auditory meatus of temporal

bone and, 187t, 190
stylomastoid foramen and, 187t, 190

of motor division, 186–188
pontine nucleus and, 187t, 187–188, 188f
upper motor neuron and, 186–187, 187t

of nervus intermedius, 188–189, 189f
gustatory nucleus of, 189
parasympathetic nucleus of, 188
sensory nucleus of, 188

disorders of, 194, 195t, 196–197
clinical history and, 185–186
associated features and, 186
extent of involvement and, 185, 186t
precipitating elements and, 185–186
temporal presentation and, 185

Lyme disease and, 958
medical management of goals for, 197
overactivation syndromes as, 196

hemifacial spasm as, 196
myokymia as, 196

paresis syndromes as, 194, 196
central facial palsy as, 194
nuclear/pontine lesions and, 194
peripheral nerve lesions and, 194–196

reinnervation syndromes as, 196–197
crocodile tears as, 196
gustatory sweating as, 197
postparalytic movements and synkinesis

as, 196
traumatic, 1193t
varicella zoster virus infections

and, 934
examination of, 190–192
associated medical findings in, 192
associated neurological findings in,

191–192
neurodiagnostic tests in, 192–194, 193t
neurological, 190–191
motor, 190–191
parasympathetic, 191
of reflexes, 191
sensory, 191
historical background of, 185
upper motor neuron and, 186–187, 187t

Cranial nerve VIII (vestibulocochlear),
199–215

anatomy of, 200–205, 201t

of auditory system, 200–202

first-order neuron and, 200–201, 202f
fourth-order neuron and, 201–202, 203f
second-order neuron and, 201, 203f
third-order neuron and, 201

vascular, 204–205, 205f
of vestibular system, 202–204

vestibular ganglion and nerve and, 203
vestibular nuclei and, 203–204, 204f

clinical history and, 199–200, 200t
definitions related to, 199
disorders of, 210–214, 211t
clinico-anatomical correlates of, 201t
management goals for, 214–215
primarily involving hearing, 210–212
primarily involving vestibular function,

212–214

benign paroxysmal positional vertigo as,

212, 212f
central vertigo as, 214, 214t
cerebellopontine angle syndrome as, 213
Ménière’s disease as, 213–214
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Cranial nerve VIII (vestibulocochlear)
(Continued )
vestibular neuritis and other unilateral
vestibulopathies as, 212–213, 213t

traumatic, 1194t
examination of, 205–208
associated medical findings in, 208
associated neurological findings in,

207–208
directed neurological examination and,

205–207, 207f
neurodiagnostic procedures for, 208–210,

209t, 210t
neurodiagnostic tests in, for neuroimaging,

208, 209t
historical background of, 199

Cranial nerve IX (glossopharyngeal), 217–220
anatomy of, 218–220

of autonomic fibers, 220
of motor fibers, 218, 219f
of sensory fibers, 219–220

definitions related to, 217
disorders of, 219t
clinical history and, 217–218
clinical-anatomical correlations of, 219t
far distal peripheral lesions and, 227
glossopharyngeal neuralgia as, 227, 1263
management goals for, 227
middle peripheral lesions and, 226
nuclear lesions and, 226
proximal peripheral lesions and, 226
supranuclear lesions and, 224–226
traumatic, 1194t

examination of
associated neurological findings in, 223
neurodiagnostic tests in, 223–224, 224t
neurological, 222

historical background of, 217
Cranial nerve X (vagus)

anatomy of, 220–222

of autonomic fibers, 221–222
of motor fibers, 220, 221f
of sensory fibers, 220–221

definitions related to, 217
disorders of
clinical history and, 217–218
clinical-anatomical correlations of, 219t
far distal peripheral lesions and, 227
management goals for, 227
middle peripheral lesions and, 226
nuclear lesions and, 226
proximal peripheral lesions and, 226
supranuclear lesions and, 224–226
traumatic, 1194t

examination of
associated neurological findings in, 223
neurodiagnostic tests in, 223–224, 224t
neurological, 222–223

historical background of, 217
Cranial nerve XI (spinal accessory)

accessory portion of, 232
anatomy of, 232–234

disorders of, clinico-anatomical correlates

of, 233t
of lower motor neuron and peripheral

pathways, 232
of nucleus, 232, 234f
of upper motor neuron and supranuclear

control, 233–234
definitions related to, 231
disorders of
clinical history and, 231–232, 232f
general management goals for, 240
traumatic, 1194t

examination of
associated neurological findings in, 237
Cranial nerve XI (spinal accessory) (Continued )

neurodiagnostic tests in, 237–238, 238t
neurological, 234–236

historical background of, 231
Cranial nerve XII (hypoglossal)
anatomy of, 234
of lower motor neuron and peripheral
pathways, 234

of nucleus, 234
of upper motor nucleus and supranuclear

control, 234
definitions related to, 231
disorders of

clinical history and, 231–232, 232f
clinico-anatomical correlates of, 233t
general management goals for, 240
traumatic, 1194t

examination of
associated neurological findings in, 237
neurodiagnostic tests in, 237–238, 238t
neurological, 236–237

historical background of, 231
Cranial subdural empyema, 949–950
clinical features of, 950
differential diagnosis and evaluation of, 950
epidemiology and risk factors for, 949
management of, 950
pathogenesis and pathophysiology of, 949–950

Craniectomy, decompressive, following head
injury, 1189

Craniocervical junction, compressive lesions at,
cervical spondylosis vs., 599, 600f

Craniopharyngioma(s), 1071–1073
cerebrospinal fluid analysis in, 530t
clinical features and disorders associated with,

1072
differential diagnosis of, 1072
epidemiology and risk factors for, 1072
evaluation of, 1072
management of, 1072–1073
pathogenesis and pathophysiology of,

1071–1072, 1072f
prognosis and future perspectives on, 1073

Craniosynostosis, 585–587
clinical features and disorders associated with,

586, 586f
differential diagnosis of, 586–587
evaluation and management of, 587
pathogenesis and pathophysiology of, 585–586

C-reactive protein (CRP)
brain abscess and, 948
in cerebrospinal fluid, 533

Creutzfeldt-Jakob disease (CJD), 969.
See also Transmissible spongiform
encephalopathy.

cerebrospinal fluid analysis in, 530t
cranial nerve II dysfunction in, 121
electroencephalography in, 484
variant, olfactory dysfunction in, 109

Critical illness polyneuropathy, 1314
Crocodile tears, 196
Crossed cerebellar diaschisis, 472
Crossed extensor reflex, 254–255, 255f
“Crossed sensory” syndrome, 172
Crouzon’s syndrome, 586
Cryptococcus neoformans infection(s), 960, 961
Cubital tunnel decompression, 608
Cuneocerebellar tract (CCT), 349
Cushing response, 534–535
Cushing’s syndrome, 847t, 847–848
Cutaneomeningospinal angiomatosis, 427
Cyanide intoxication, symptoms of, 881t
Cycad intoxication, 886t
Cyclophosphamide
for intracranial granulomatous arteritis, 1159
for multiple sclerosis, 1123
Cyclophosphamide (Continued )
neurotoxicity of, 1297–1298, 1298t
for vasculitides, 1162

Cycloserine, central neurotoxicity of, 1293t
Cyclosporine

for Behçet’s disease, 1181
for multiple sclerosis, 1123
for myasthenia gravis, 1175
neurological disorders due to, 1301–1302

Cyproheptadine, for headache prophylaxis, 1253t
Cyst(s)

colloid, 1077
cranial, intra-axial, on magnetic resonance

imaging, 450–451, 451t
ganglion, 1069
non-neoplastic, brain biopsy and, 519
pineal, 1075t

Cysticercosis, cerebrospinal fluid analysis
in, 530t

Cytomegalovirus (CMV) infections, 935–937
clinical features and disorders associated with,

936
congenital, 936
differential diagnosis of, 936–937
epidemiology and risk factors for, 935–936
management of, 937
pathogenesis and pathophysiology of, 936

Cytosine arabinoside (Cytarabine) neurotoxicity,
1298t, 1299–1300
D

“Danbury shakes,” 874
Dandy-Walker malformation, 582–583, 584,

585, 766
plain films and, 439

Dapsone, peripheral neurotoxicity of, 1293t
Daumas-Duport grading system, 1054
Dawson’s fingers, 452
Daytime somnolence, 1270–1277

idiopathic hypersomnia and, 1272–1273
narcolepsy and, 1270–1272
obstructive sleep apnea and, 1273–1276
periodic limb movement disorder and,

1276–1277
restless legs syndrome and, 1276–1277

De Morsier syndrome, 571
Deadly nightshade intoxication, 886t
Deafferented state. See Locked-in syndrome.
Deafness, cortical, 211
Death, risk of, with neuroleptics, 1287
Debranching enzyme deficiency, 625,

626, 626t
Decerebrate posturing, 260, 262f
Decerebrate rigidity, 260

in arousal assessment, 10
Declarative memory, 63

in Alzheimer’s disease, 74
anatomy of, 66–68, 68f

Decompression sickness, 1207–1208
clinical features and disorders associated with,

1208
epidemiology and risk factors for,

1207–1208
evaluation and management of, 1208
pathogenesis and pathophysiology of, 1207
prognosis and future perspectives on, 1208

Decorticate rigidity, 260
in arousal assessment, 10

Deep tendon reflexes, 1135
Deficiency amblyopia, 912–913
Degenerative disc disease, 593–597

clinical features and disorders associated with,
594f, 594–596, 595f, 595t, 596t

differential diagnosis of, 596
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Degenerative disc disease (Continued )
epidemiology and risk factors for, 593–594
evaluation of, 596–597
management of, 597
pathogenesis and pathophysiology of,

593, 594f
plain films in, 440
prognosis and future perspectives on, 597

Degenerative disorders. See also Dementia;
specific disorders.

brain biopsy and, 519
of central nervous system, sleep disorders

associated with, 1282–1283
muscular, 788–800, 789f, 790t. See also

specific disorders.
positron emission tomography and single

photon emission computed
tomography in, 473

upper and lower motor neuron, 781–788. See
also specific disorders.

Degenerative neuropathies, 800–806. See also
specific disorders.

Dejerine-Klumpke brachial plexopathy, 280
Dejerine-Roussy syndrome, 173
Delirium

assessment of, 12t
definition of, 3–4
HIV-associated, 994. See also Cognitive

impairment, HIV-related.
language disorders associated with, 94
assessment of, 85t

Delirium tremens, 912
Delusions

assessment of, 44
definition of, 36

Dementia, 65, 699–729
AIDS-related. See Cognitive impairment,

HIV-related.
alcoholic, 912
Alzheimer’s, 700, 705–707, 706t.

See also Alzheimer’s disease (AD).
cortical. See Alzheimer’s disease (AD);

Asymmetric cortical degeneration
syndromes.

cortical versus subcortical, 74
in corticobasal degeneration, 727–729, 728f
definition of, 699
diagnostic considerations in, 699–700
dialysis, 860
electroencephalography in, 484
following head injury, 1190
frontotemporal, 74
Pick’s disease and, 719f, 719–720, 720f
hippocampal sclerosis, 729
Huntington’s disease with, 716–717
with Lewy bodies, 711–714

clinical features and disorders associated
with, 712–713, 713t

differential diagnosis of, 713
epidemiology and risk factors for, 712
evaluation of, 713–714
management of, 714
pathogenesis and pathophysiology of,

711–712, 712f
prognosis and future perspectives on, 714

memory impairment and, 73–74
multiple system atrophy with, 716
in Parkinson’s disease. See Parkinson’s

disease (PD).
Parkinson’s disease with, 714–715
positron-emission tomography in, 472–473
in progressive supranuclear palsy, 727
semantic, 721–722, 722t
single photon emission computed tomography

in, 472–473
vascular, 715–716
Dementia paralytica, 956
Dementia pugilistica, 1190
Demyelinating disorders
acute inflammatory demyelinating

polyradiculoneuropathy. See Acute
inflammatory demyelinating
polyradiculoneuropathy (AIDP);
Guillain-Barré syndrome (GBS).

of central nervous system, 1103–1130

acute disseminated encephalomyelitis as,

1129–1130
historical background of, 1103, 1104t
multiple sclerosis as. See Multiple

sclerosis.
myelin function and, 1103, 1104f
neuromyelitis optica as, 1126–1128

chronic inflammatory demyelinating
neuropathy as. See Chronic
inflammatory demyelinating
polyradiculoneuropathy (CIDP).

monoclonal gammopathies of undetermined
significance as, 1146–1147

multifocal motor neuropathy with conduction
block as, 1150–1152

multiple myeloma as, 1148
osteosclerotic myeloma as, 1148–1150
of peripheral nervous system, 1135–1152

definitions related to, 1135
historical background of, 1135
myelination and electrophysiology and,

1135–1137, 1136f, 1137f
Waldenström’s macroglobulinemia as,

1150
Demyelination
“bystander,” 1105
of nerve roots, retinal, 1109
of peripheral nerves, retinal, 1109
segmental, 1136f, 1136–1137, 1137f

Dengue encephalitis virus infections, 926
Dentatorubral pallidoluysian atrophy,

775–776
Deprenyl (Selegiline), for Parkinson’s disease,

740, 741t
Depression
assessment of, 46t
definition of, 35
diagnosis of, 47, 49
differential diagnosis of, 49
history of, 36
major, 47, 49
management goals for, 52

Dermatomes, 279
Dermatomyositis (DM), 1176–1177
clinical features and disorders associated with,

1176
differential diagnosis of, 1177
epidemiology and risk factors for, 1176
management of, 1177
pathogenesis and pathophysiology of, 1176
prognosis and future perspectives on, 1177

Dermoid tumor(s), 1074–1075
Design Fluency, 554
Desipramine
actions of, 1288t
for varicella zoster virus infections, 935

Detrusor areflexia, management of, 402
Detrusor hyper-reflexia
with outlet obstruction, management

of, 402
without outlet obstruction, management

of, 402
Developmental history, in speech and language

disorders, 80
Developmental Test of Visual-Motor Integration

(VMI), 553
Devivo disease, 674
Dexamethasone
for bacterial meningitis, 946–947
for migraine, 1252t
for mountain sickness, 1207
for neuroectodermal tumors, 1061
for Taenia solium infections, 964
for tuberculous meningitis, 954t

Dextroamphetamine, for daytime
sleepiness, 1272t

Diabetes mellitus, neurological complications of,
851–853

central nervous system, 851

stroke as, 1021

cranial nerve, 851–852
peripheral nervous system, 852–853

Diabetic amyotrophy, 852
Diabetic distal symmetrical polyneuropathy,

852, 853
Diabetic ketoacidosis (DKA), 850–851
Diabetic myelopathy, 852
Diabetic polyradiculopathy, 852
Diabetic thoracoabdominal neuropathy, 852
Dialysis, neurological complications of, 859t,

859–860
dementia as, 860
disequilibrium syndrome as, 859t, 859–860

Diaphragmatic fluoroscopy, in speech and
language assessment, 86

Diarrhea, in intestinal hypermotility,
management of, 403

Diastematomyelia, 566–567
Diazepam (Valium)

for insomnia, 1270t
for vestibular neuritis, 213t

Dichloroacetate, for Leigh’s disease, 664–665
Diencephalic dysfunction

assessment of, 12t
autonomic dysfunction secondary to, 398–399
consciousness alteration and, 13–14

Diencephalon
arousal and, 4
horizontal displacement of, 4–5

Diffuse axonal injury, 1185, 1187
Diffuse hypoperfusion syndromes, 406

assessment of, 418t
Diffusion tensor imaging (DTI), 452, 452f
Diffusion-weighted magnetic resonance imaging

(DWI), 450–451
in multiple sclerosis, 1114
in neurovascular examination, 417–418

Digitalis, neurological disorders due to,
1302–1303

Digoxin, neurotoxicity of, 1302t
Dihydroergotamine, for migraine, 1252t
Dihydroxyphenylserine, for orthostatic

hypotension, 402
Diltiazem, for headache prophylaxis, 1253t
Dimenhydrinate (Dramamine), for vestibular

neuritis, 213t
2,3-Dimercaptrol–1-propranol, neurological

disorders due to, 1306
Diphenhydramine (Benadryl)

for contrast agent allergy, 442
for insomnia, 1270t

Diphtheria, 887
Diphtheria toxoid, neurotoxicity of, 1312
Diplomyelia, 566–567
Diplopia, 133–134

binocular, evaluation of, 153t
crossed (X), 135
examination in, 149t, 149–451, 150f,

151f, 151t
homonymous, 135
horizontal, 135
monocular, 159

evaluation of, 153t
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Dipyridamole, for atherothrombotic
disease, 1025

Direct gene sequencing, 502t, 505
Direct ophthalmoscopy, 119–120
Disc disease. See Degenerative disc disease.
Discriminative touch, 350
Disequilibrium

frontal, 337
multisensory, 338

Disseminated intravascular coagulation (DIC),
stroke in, 1037

Dissociated olfactory function syndromes,
109–110

Dissociation apraxia, 60
Distal peripheral nerve lesions, of cranial nerve

XI or XII, 240
Diuretics, for intracranial pressure elevation,

1189
Divalproex, for headache prophylaxis, 1253t

of cluster headache, 1255t
Dix-Hallpike positional test, 206–207, 207f
Dizziness, definition of, 199
Dolichocephaly, 586
Doll’s eyes reflex. See Cervico-ocular reflex.
Donepezil

for Alzheimer’s disease, 709
for memory problems, in multiple sclerosis,

1124
Dopamine

basal ganglia and, 293–294
mood, emotion, and thought and, 40–43,

41f, 42f
Dopa-responsive dystonia, 751
Dorsal horn lesions, 358
Dorsal root ganglion lesions, proprioception,

touch, and vibratory sensation and, 346t,
358

Dorsal root ganglion syndromes, pain and
temperature sensation in, 374

Dorsal rostral midbrain syndrome, 424
Double hemiplegia, 840
Double simultaneous stimulation, assessment

of, 354
Down’s syndrome. See Trisomy 21.
Doxepin

actions of, 1288t
for headache prophylaxis, 1253t
for insomnia, 1270t

Doxycycline
for ehrlichiosis, 959
for Lyme disease, 959

Driving cessation, in Alzheimer’s disease, 710
Drop attacks, 285
Drug abuse, 889t, 889–894. See also specific drugs.

stroke and, 1036t
Drug-induced disorders, 1285–1314

anesthetics and, 1290–1292

epidural and spinal, 1291–1292
inhalational, 1290–1291
local, 1291

antibiotics and, 1293t, 1293–1297
antibacterial, 1293–1296
antifungal, 1296
antimalarial, 1296–1297
antituberculous, 1296

antidepressants and, 1288–1290
antineoplastics and, 1297–1301, 1298t
antiretrovirals and, 1297, 1297t
azathioprine and, 1293
caffeine and, 1304
cardiac drugs and, 1302t, 1302–1304
chelating agents and, 1306–1307
cholesterase inhibitors and, 1292
cholesterol-lowering drugs and, 1307
definitions related to, 1285
glucocorticoids and, 1292–1293
Drug-induced disorders (Continued )
historical background of, 1285
monosodium glutamate and, 1306
neuroleptics and, 1285–1287, 1286t
nicotine and, 1304–1305
as sequelae of diagnostic and therapeutic

procedures, 1307–1314
sex hormones and contraceptive agents

and, 1306
transplant drugs and, 1301–1302
vitamins and, 1305

Duane’s syndrome, 582, 583–584
Duchenne muscular dystrophy (DMD), 789–794
clinical features and disorders associated with,

790–792, 791f, 792f
differential diagnosis and evaluation of,

792–793, 793t
epidemiology and risk factors for, 790
future perspectives for, 794
management and prognosis of, 793–794
pathogenesis and pathophysiology of, 789–790

Duloxetine, for pain management, 378t
Dwarfism, 587f, 587–588
Dyke-Davidoff syndrome, plain films and, 440
Dynamic illegible E test, 9
Dynamic imbalance, 148
Dysarthria, 86–87
ataxic, 87
assessment of, 85t
clinico-anatomical correlates of, 95t

choreiform, 87
dystonic, 87
extrapyramidal, assessment of, 85t
flaccid, 87

assessment of, 85t
clinico-anatomical correlates of, 95t

hypokinetic/hyperkinetic, 87
clinico-anatomical correlates of, 95t

mixed, 87
mutism as, 87
spastic, 87

assessment of, 85t
clinico-anatomical correlates of, 95t

Dysarthria-clumsy hand syndrome, 275,
422–423

Dysautonomia, 397–398
cholinergic, 398
familial, 371, 397–398, 804–805
in Guillain-Barré syndrome, 1141

Dysimmune neuropathies, 356
Dyskinesia, 290–291
paroxysmal, 748

Dysmetria, 159
Dysosmia, 99–100, 109
definition of, 99

Dysphonia, 86
clinico-anatomical correlates of, 95t
spasmodic, 86, 225
vocal cord dysfunction or paralysis and, 86
assessment of, 86

Dyspraxia, definition of, 244
Dyssynergy syndromes, 335, 337
Dystonia, 304
acute, neuroleptics and, 1287
nocturnal, paroxysmal, 32
paroxysmal, hypnogenic, 1281
primary, 749–751
clinical features and disorders associated
with, 749

differential diagnosis of, 749
epidemiology and risk factors for, 749
evaluation of, 749–750
management of, 750–751
pathogenesis and pathophysiology of,

749, 750t
prognosis and future perspectives on, 751
Dystonia-plus system, 751
Dystonic dysarthria, 87
Dystonic gait, 339
Dystonic tremor, 756
Dystrophin, 246
Dystrophinopathies, 789–794

clinical features and disorders associated with,
790–792

differential diagnosis and evaluation of,
792–793, 793t

epidemiology and risk factors for, 790
future perspectives for, 794
management and prognosis of, 793–794
pathogenesis and pathophysiology of,

789–790
E

Eales’ disease, stroke and, 1035t
Ear(s). See also Hearing entries.

inner, vascular system of, 204–205, 205f
microangiopathy of, stroke and, 1035t

Early myoclonic encephalopathy, 1223
Eastern equine encephalitis virus infections,

926
Echocardiography, in neurovascular

examination, 420
Echolalia, 88, 88t
Echovirus infection(s)

clinical features and disorders associated with,
921–922

differential diagnosis of, 922
epidemiology and risk factors for, 919
management of, 922
pathogenesis and pathophysiology of,

919–921
prognosis and future perspectives on, 922

Eclampsia, stroke and, 1033
Edema, computed tomography in, 444, 444f
Edinger-Westphal nuclei, 136
Edrophonium chloride test, for myasthenia

gravis, 265, 272, 1174–1175
Educational planning, neuropsychological

testing for, 541
Edwards’ syndrome, 684
Ehrlichiosis, 959
Electrical injuries, 1208
Electrocochleography (EcoG), in cranial nerve

VIII assessment, 208, 209t
Electrodecremental response, 1216
Electrodiagnostic tests. See also specific

modalities.
in apraxia assessment, 59
in consciousness assessment, 12t
in cranial nerve III assessment, 153t, 154
in cranial nerve IV assessment, 153t, 154
in cranial nerve V assessment, 172t,

172–173, 174f
in cranial nerve VI assessment, 153t, 154
in mood, emotion, and thought assessment, 45
in sleep-wake disorder assessment, 28t

Electroencephalography (EEG), 477–484.
See also Polysomnography (PSG); See
also specific conditions.

abnormal activity on, 478–480, 479f, 480f
in apraxia assessment, 59
in autonomic nervous system

examination, 393
basic principles and technique for, 477–478
clinical uses of, 480–484, 484f

in abnormal states of consciousness, 482
in epilepsy, 480–482, 481f–483f
in focal cerebral pathology, 482

in consciousness assessment, 12
in cranial nerve V assessment, 172, 172t
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Electroencephalography (EEG) (Continued )
in cranial nerve VII assessment, 192
in cranial nerve VIII assessment, 208, 209t
in epilepsy, surgical treatment of and,

1240–1241
in gait and balance assessment, 332,

333t–334t
in HIV-related cognitive impairment, 999
in memory assessment, 71
in mood, emotion, and thought assessment,

45, 46
in movement disorder examination, 299, 300t
normal activity on, 478, 478f
in olfactory assessment, 107
in sleep disorders, 28
in speech and language assessment, 84

Electrogustometry, in cranial nerve VII
assessment, 194

Electrolyte abnormalities, 827–837. See also
specific electrolytes and disorders.

Electromyography (EMG), 490–493
abnormal activity on, 491–493, 492f
in autonomic nervous system

examination, 392
basic principles and technique for, 490
in cranial nerve VII assessment, 192
in cranial nerve IX assessment, 224, 224t
in cranial nerve X assessment, 224, 224t
in cranial nerve XII examination, 238, 238t
in gait and balance assessment, 332, 333t
in movement disorder examination, 299, 300t
normal activity on, 490–491, 491f
in reflex assessment, 272, 273t–274t
in speech and language assessment, 84, 86

Electroneurography, in cranial nerve VII
assessment, 192

Electronystagmography (ENG)
in cerebellar disorders, 318, 319f
in cranial nerve VII assessment, 194
in cranial nerve VIII assessment, 209, 209t
in gait and balance assessment, 332

Electroretinography, in cranial nerve II
assessment, 122t, 123

Embedded Figures Test, 553
Embolism, 406

of brain, 1027–1031

clinical features and disorders associated

with, 1029
differential diagnosis and evaluation of,

1029
epidemiology and risk factors for, 1029
management of, 1029–1031, 1030t
pathogenesis and pathophysiology of,

1027–1029, 1028f, 1028t, 1029f
prognosis and future perspectives on, 1031
Emery-Dreifuss muscular dystrophy, 799
EMLA, for pain management, 378t
Emotion. See Mood, emotion, and thought.
Emotional experience, definition of, 35
Emotional expression, definition of, 35
Emotional functioning

clinical situations for testing, 555
tests of, 555

Empyema, subdural, cranial and spinal,
949–950

clinical features of, 950
differential diagnosis and evaluation of, 950
epidemiology and risk factors for, 949
management of, 950
pathogenesis and pathophysiology of,

949–950
Encephalitis

acute

herpes simplex virus, 933
rubella virus infections and, 930
Encephalitis (Continued )
cerebrospinal fluid analysis in, 530t
cytomegalovirus, 936
electroencephalography in, 482, 484, 484f
enteroviral, 921
focal, human herpesvirus–6 infections

and, 937
HIV, 994. See also Cognitive impairment,

HIV-related.
human herpesvirus–6 infections and, 937
measles, subacute, 929
varicella zoster virus, 934
viral, etiological agents of, 921t

Encephaloceles, 565–566
Encephalomyelitis
acute disseminated, 1129–1130
cerebrospinal fluid analysis in, 530t
clinical features and disorders associated

with, 1129
differential diagnosis of, 1129–1130
epidemiology and risk factors for, 1129
management, 1130
pathogenesis and pathophysiology of, 1129

Lyme disease and, 958–959
postinfectious, following measles, 929
postvaccinial, 939

Encephalomyelopathy
necrotizing, subacute. See Leigh’s disease.
paraneoplastic, 1094t

Encephalopathy
hepatic, 853
cerebrospinal fluid analysis in, 530t
hypoxic, 838
hypoxic-ischemic, 838
Lyme disease and, 958
mitochondrial. See also MELAS.

cerebrospinal fluid analysis in, 530t
myoclonic, early, 1223
neuroleptics and, 1286
paraneoplastic, 1095, 1096f
portal-systemic, 853
postanoxic, 840
uremic. See Renal failure.

Endocrine abnormalities, 841–853. See also
specific glands and abnormalities.

Endocrine-metabolic chorea, 748
Endovascular therapy
for arteriovenous malformations, 1045
for subarachnoid hemorrhage, 1043

Energy metabolism, of skeletal muscle, 509–510
Enflurane, neurological disorders due to, 1290
Engel’s disease, 626
Entacapone, for Parkinson’s disease, 741t, 742
Enterobacter infection(s), meningitis due to, 943
Enterovirus infection(s), 919–922
clinical features and disorders associated with,

921–922
differential diagnosis of, 922
epidemiology and risk factors for, 919
management of, 922
pathogenesis and pathophysiology of,

919–921
prognosis and future perspectives on, 922

Enzymes, in cerebrospinal fluid, 533
Eosinophilic granuloma(s), plain films and, 439
Eosinophilic myositis, 1177–1179
clinical features and disorders associated with,

1178
differential diagnosis of, 1178
epidemiology and risk factors for, 1178
evaluation of, 1178
management of, 1178–1179
pathogenesis and pathophysiology of,

1177–1178
prognosis and future perspectives on, 1179
Ependymoma(s), 1064–1065, 1075t
clinical features and disorders associated with,

1064
differential diagnosis and evaluation of, 1064
epidemiology and risk factors for, 1064
management of, 1064–1065
pathogenesis and pathophysiology of, 1064
prognosis and future perspectives on, 1065

Ephedrine, for orthostatic hypotension, 402
Epidermoid tumor(s), 1074–1075
Epidural abscess(es), cranial and spinal,

950–952
clinical features of, 951
epidemiology and risk factors for, 950–951
evaluation of, 951–952
management of, 952
pathogenesis and pathophysiology of, 951

Epidural hematoma(s), 428, 428f, 1046–1047
head injury and, 1186

Epilepsia partialis continua, 1232
Epilepsy, 1213–1242. See also Seizure(s);

Seizure disorders.
antiepileptic drugs for. See Antiepileptic drugs

(AEDs).
approach to initial seizure in, 1219
brain biopsy and, 520
catamenial, 1232
definitions related to, 1213
electroencephalography in, 480–482,

481f–483f
epileptogenic mechanisms and, 1213–1215,

1214f
generalized, 1222–1226

cryptogenic or symptomatic forms of,

1225–1226
Lennox-Gastaut syndrome as, 1226
West syndrome as, 1225f, 1225–1226

idiopathic. age-related forms of, 1222–1224
absence, 1223
benign neonatal familial and nonfamilial

convulsions as, 1222–1223
epilepsy with generalized tonic-clonic

seizures as, 1224
juvenile myoclonic epilepsy as,

1223–1224, 1224f
myoclonic epilepsies of infancy and

childhood as, 1223
historical background of, 1213
kindling and, 1215
localization-related, 1220–1222
benign focal epilepsies of childhood

as, 1220
extratemporal neocortical epilepsy as,

1221–1222
temporal lobe epilepsy as, 1220–1221,

1221f, 1222f
myoclonic. See also MERRF syndrome.
in infants and children, 1223
progressive, 1226, 1227t, 1228

olfactory dysfunction in, 109
post-traumatic, 1192, 1195
clinical features and disorders associated

with, 1192, 1195
differential diagnosis of, 1195
epidemiology and risk factors for, 1192
evaluation of, 1195
management of, 1195
pathogenesis and pathophysiology of, 1192
prognosis and future perspectives on, 1195

seizures and, 1215–1219
generalized, 1215–1218
absence, 1217f, 1217–1218
myoclonic, 1218
tonic, atonic, and clonic, 1216–1217
tonic-clonic, 1215–1216
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Epilepsy (Continued )

partial (focal), 1218–1219

complex, 1218–1219
simple, 1218

special syndromes of, 1226–1234
acquired epileptic aphasia as, 1230
febrile convulsions as, 1229–1230
neonatal seizures as, 1228–1229, 1229t
nonepileptic seizures and, 1234
progressive myoclonic epilepsies as, 1226,

1227t, 1228
status epilepticus and, 1232–1234, 1233t
women’s health and, 1230–1232

surgical treatment of, 1240–1242
corpus callosotomy as, 1241–1242
extratemporal lesion resection as,

1241–1242
general principles of, 1240
hemispherectomy as, 1241–1242
neuroimaging and, 1241, 1241f–1243f
surface and intracranial

electroencephalography and,
1240–1241

temporal lobectomy as, 1241
vagus nerve stimulation for, 225–226, 1240
visual hallucinations in, 130

Epileptic recruiting rhythm, 1216
Epileptogenic lesions, focal, on magnetic

resonance imaging, 452
Episodic weakness, 285t, 285–286
Epoietin alfa, recombinant, for orthostatic

hypotension, 402
Epstein-Barr virus (EBV) infection(s),

937–938
clinical features and disorders associated with,

938
differential diagnosis of, 938
epidemiology and risk factors for, 937–938
management of, 938
pathogenesis and pathophysiology of, 938

Erb-Duchenne brachial plexopathy, 280
Ergotamine

for headache prophylaxis, of cluster
headache, 1255t

for migraine, 1252t
Erythromelalgia, 401
Erythromycin neurotoxicity, 1295

central, 1293t
peripheral, 1293t

Escherichia coli, meningitis due to, 943, 946
Essential chorea, 748
Eszoplicone, for insomnia, 1270t
Ethambutol

for Mycobacterium avium complex
infections, 955

neurotoxicity of, 1296

central, 1293t
sensory neuropathy due to, 345t

for tuberculous meningitis, 954t, 955t
Ethionamide, peripheral neurotoxicity of, 1293t
Ethosuximide

clinical use and adverse effects of, 1238
drug interactions of, 1237t
efficacy of, 1236t
pharmacokinetic parameters of, 1235t

Ethylene glycol intoxication, 879
occupations and job-related sources of

exposure and, 867t–868t
symptoms of, 877t

Ethylene oxide intoxication, symptoms
of, 881t

Evoked potentials, 486–490
auditory, in cerebellar disorders, 318, 319f
brain stem. See Brain stem auditory evoked

potentials (BAEPs).
Evoked potentials (Continued )
laser, in pain and temperature sensation, 370
motor, 490
in multiple sclerosis, 1116
somatosensory, 488–490
abnormal findings and clinical uses of,
489–490

basic principles and technique for, 488
normal findings on, 488–489, 489f
in pain and temperature sensation, 370
in sensory loss, 355–356

visual, 486–487
abnormal findings and clinical uses of,

486–487
basic principles and technique for, 486
in cerebellar disorders, 318, 319f
in cranial nerve II assessment, 122t, 123
in gait and balance assessment, 332
normal findings on, 486, 487f

Exanthem subitum, human herpesvirus–6
infections and, 937

Excessive daytime somnolence (EDS), 22, 31
Excessive startle syndrome, 290
Excitation-contraction coupling, 245
Executive function
clinical situations for testing, 555
tests of, 554

Exercise headache, 1260
Exocytosis, 247
Exophthalmometry, 120
Expressive speech. See also Aphasia.
assessment of, 82

Extensor plantar response, 266
Extorsion, 133
Extracranial hematomas, 427–428
Extracranial steal syndromes, 421
assessment of, 418t
from disease to aortic branches, 421

Extraocular muscles, anatomy of, 128t,
137, 138f

Extrapyramidal disorders, 289.
See also Hyperkinesia; Hypokinesia;
specific disorders.

Extrapyramidal dysarthria, assessment of, 85t
Extrapyramidal system, 289
Extratemporal lesion resection, for epilepsy,

1241–1242
Extremities. See Limb entries.
Eye(s). See also Ocular entries; Oculomotor

entries; Pupil(s); Retin- entries; Visual
entries.

anatomy of, 114
Eye movements
conjugate, 134
in arousal assessment, 7–9, 9f
smooth pursuit, impairment of, in cerebellar

disorders, 316
supranuclear control of, 140–144

disorders of, clinico-anatomical correlations
of, 137t

examination of, 147–149

of pursuit system, 147–148
of saccade system, 147
of vestibulo-ocular system, 148–149

internuclear oculomotor control and,
143–144, 144f

pursuit system anatomy and, 142
saccade system anatomy and, 140, 141f,

142
vestibulo-ocular system and, 142–143

with various levels of central nervous system
dysfunction, 6t

vertical, anatomy of, 143–144
Eyes-closed tandem Romberg test,

205
F

F responses, 494
abnormal findings and clinical uses of, 494
basic principles and technique for,

494, 494f
normal findings and, 494

Fabry-Anderson disease, 687t
Fabry’s disease, 398, 635–636
Face-Hand Test, 554
Facial canal, 187t, 190
Facial canal syndrome, 194, 195f
Facial hyperhidrosis, 400
Facial nerve. See Cranial nerve VII (facial).
Facial pain, 1262–1263

atypical, with cranial nerve V disorders, 179
carotidynia and, 1263
glossopharyngeal neuralgia and, 1263
historical background of, 1245
occipital neuralgia and, 1262–1263
trigeminal neuralgia and, 1262

Facial palsy
central, 194
idiopathic. See Bell’s palsy.

Facioscapulohumeral muscular dystrophy, 795,
796f

Falls
Alzheimer’s disease and, 340
clinical history and, 327–328
in movement disorders, 290

Famciclovir, 935t
for varicella zoster virus infections, 935

Familial tremor, 755
Family history, in speech and language

disorders, 80
Fasciculation(s), 263
Fasciculation potentials, on electromyography,

491
Fatal familial insomnia, 969
Fatigability

assessment of, 265
definition of, 244

Fatigue, in multiple sclerosis, 1109
treatment of, 1124

Fatty acid oxidation disorders, 671–673, 672t
coma in, 644t–645t

Fear, 35
Febrile convulsions, 1229–1340
Fecal incontinence, idiopathic, management of,

403
Felbamate

clinical use and adverse effects of, 1239
drug interactions of, 1237t
efficacy of, 1236t
pharmacokinetic parameters of, 1235t

Fetal alcohol syndrome, 915
Fibrillation potentials, on electromyography,

491, 492f
Fibromuscular dysplasia (FMD),

stroke and, 1033
Fibrous dysplasia, 601–603

clinical features and disorders associated with,
601–602, 602f, 602t

cranial, plain films and, 439
differential diagnosis of, 602
epidemiology and risk factors for, 601
evaluation of, 602–603
management of, 603
pathogenesis and pathophysiology of, 601
prognosis and future perspectives on, 603

Fibular head, common peroneal neuropathy at,
609

Fifth-day fits, 1222
Final common pathway, 248
Finger flexor jerks, 266
Finger Localization Test, 545
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Finger Tapping Test, 555
Finger-chase test, 315
Finger-nose test, 315, 315f
Fistula(s)

arteriovenous, dural, cervical spondylosis vs.,
599

assessment of, 418t
carotid-cavernous sinus, 429, 1045–1046

Fistula testing, in cranial nerve VIII assessment,
209–210

Fixation, visual, 133
Flaccid dysarthria, 87

assessment of, 87
clinico-anatomical correlates of, 95t

Flaccidity, 263
definition of, 244

Flattened affect, 35
Fluconazole

for Coccidioides immitis infections, 962
for Cryptococcus neoformans infections,

961
Flucytosine

for Candida infections, 963
for Cryptococcus neoformans infections,

961
Fludrocortisone (Florinef)

for hypoadrenalism, 846
for orthostatic hypotension, 401–402

Fluid and tissue analysis, 499–520. See also
specific conditions.

in apraxia assessment, 59
in autonomic nervous system examination,

392t, 393
of brain and meningeal tissue, 516–520
indications for, 518t, 518–520
testing methods for, 517–518, 518t
tissue selection and techniques for, 517

in cerebellar disorders, 318, 319t, 320
in consciousness assessment, 12t, 12–13
in cranial nerve II assessment, 122t, 123
in cranial nerve III assessment, 153t, 154
in cranial nerve IV assessment, 153t, 154
in cranial nerve V assessment, 172t, 173
in cranial nerve VI assessment, 153t, 154
in cranial nerve VII assessment, 193
in cranial nerve VIII assessment, 208, 209t
in cranial nerve IX assessment, 224, 224t
in cranial nerve X assessment, 224, 224t
in cranial nerve XII examination, 238, 238t
in gait and balance assessment, 332,

333t–334t
genetic studies and, 499–508

ethics of testing and, 508
human genome and, 499–501, 500f, 501t
limitations of testing and, 507–508
need for counseling and, 508, 508t
testing methods for, 502t, 502–507

in memory assessment, 71–72
in mood, emotion, and thought assessment,

46–47
in movement disorder examination,

299–300, 300t
muscular

forearm exercise testing and,
508–511, 509t

muscle biopsy and, 511–515
of nerve tissue, 515–516
in neurovascular examination, 418t, 420
in olfactory assessment, 107
in pain and temperature sensation, 370t,

370–371
in reflex assessment, 272, 273t–274t
in sensory loss, 356
in sleep disorders, 29
in sleep-wake disorder assessment, 28t
in speech and language assessment, 85t
Fluorescent in situ hybridization (FISH), 502t,
502–503

Fluoroscopy, diaphragmatic, in speech and
language assessment, 86

5-Fluorouracil (5-FU) neurotoxicity, 1298t,
1299

Fluoxetine, for headache prophylaxis, 1253t
Fluphenazine hydrochloride (Prolixin), 53t
effects of, 1286t

Flurazepam, for insomnia, 1270t
Flushing, 400
Focal seizures, 1218–1219
complex, 1218–1219
simple, 1218

Folate, for homocystinuria, 657
Folate deficiency, 904–906
Folic acid, during pregnancy, with epilepsy,

1231
Folinic acid, for methylenetetrahydrofolate

reductase deficiency, 662
Footballer’s migraine, 1191
Foramen magnum, cranial nerve XI or XII

lesions in region of, 240
Forbes’s disease, 627
Force scaling disorders, of gait and balance,

339–340
Forearm exercise testing, 508–511, 509t
skeletal muscle energy metabolism and,

509–510
technique for, 510–511

Forearm ischemia test, in strength assessment,
272

Forensic issues, neuropsychological testing for,
541

Foscarnet, 935t
for cytomegalovirus infections, 937

Fosphenytoin
clinical use and adverse effects of, 1238
for status epilepticus, 1234

Foster Kennedy syndrome, 107–109, 126
behavioral changes in, 44

Fovea, 114
Foville’s syndrome, 194
Fragile X tremor ataxia syndrome, 770
Fragile-X syndrome, 686–687
Freezing gait, 335, 337
Freezing phenomenon, in Parkinson’s

disease, 302
Frenzel’s goggles, 207
Frey’s syndrome, 197
Friedreich’s ataxia, 356, 766–768
clinical features and disorders associated with,

767
differential diagnosis of, 767
epidemiology and risk factors for, 766–767
evaluation of, 767f, 767–768
management of, 768
pathogenesis and pathophysiology of,

766
prognosis and future perspectives on, 768

Froment’s prehensile thumb sign, 607
Frontal cortex, mood, emotion, and thought and,

39–40
Frontal disequilibrium, 337
Frontal gait, 337
Frontal headache, in cranial nerve V disorders,

178
Frontotemporal dementia, 74
Pick’s disease and, 719f, 719–720, 720f

Frontotemporal lobal degeneration syndromes,
723, 724f, 725t

Frovatriptan, for migraine, 1252t
Frozen specimens, for muscle biopsy, 513t,

513–514, 514t
Fukuyama muscular dystrophy, 575,

577, 578t
Full Outline of Unresponsiveness (FOUR) score,
6, 7f, 8t

Fulminant hepatic failure, 853
Functional magnetic resonance imaging (fMRI),

453, 454f
Fundoscopic examination, 119–120, 120f
Fungal infections, 960–963. See also specific

infections.
Funiculus teres, 187
Fused tetanus, 249
Fusion, visual, 133
G

Gabapentin
for action tremors, in multiple sclerosis, 1124
clinical use and adverse effects of, 1239
drug interactions of, 1237t
efficacy of, 1236t
for headache prophylaxis, 1253t
for pain management, 378t
pharmacokinetic parameters of, 1235t

Gag reflex
in cranial nerve IX assessment, 222
in cranial nerve X assessment, 223

Gait, 327–341
anatomy of, 328t, 328–330

basal ganglia and, 330
brain stem and, 329
cerebellum and, 329–330
cortex and, 330
spinal cord and, 328–329

in apraxia assessment, 58
in autonomic nervous system examination,

391
in cerebellar disorders, 317
choreic, 339
in consciousness assessment, 11
in cranial nerve II assessment, 121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve V assessment, 171
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 192, 206–207
in cranial nerve VIII assessment, 208
in cranial nerve IX assessment, 223
in cranial nerve X assessment, 223
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
definitions related to, 327
disorders of, 332, 335, 336t, 337–341
clinical history and, 327–328
dyssynergy/synergy syndromes as,

335, 337
force scaling disorders as, 339–340
higher sensory processing syndromes as,

338
impaired adaptation and deployment

strategy syndromes as, 340–341
management goals for, 341, 341t
motor force disorders as, 338
sensory gait syndromes as, 337–338

dystonic, 339
examination of, 330–332
associated medical findings in, 332
associated neurological findings in,

331–332
in cerebellar disorders, 314
neurodiagnostic tests in, 332, 333t–334t,

335f
neurological, 330–331

freezing, 335, 337
frontal, 337
in gait and balance assessment, 331
hemiparetic, spastic, 340
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Gait (Continued )
historical background of, 327
in memory assessment, 70
in mood, emotion, and thought assessment,

44–45
in movement disorder examination, 298
in movement disorders, 298
in neurovascular examination, 417
in olfactory assessment, 106
pain and temperature sensation and, 368
paraparetic, spastic, 340
psychogenic disorders of, 341
in reflex assessment, 270–271
senile, 340
in sensory loss, 355
in sleep disorders assessment, 27–28
in speech and language assessment, 84

Gait ataxia
with absent Romberg’s sign, 320–321
with bilateral limb ataxia, 321
with present Romberg’s sign, 321

Galantamine, for Alzheimer’s disease, 709
Gamma motor neurons, 248, 250, 252, 252f
Gamma-aminobutyric acid (GABA)

basal ganglia and, 292, 294
motor system and, 260–261

Ganciclovir, 935t
for cytomegalovirus infections, 937

Ganglion cyst(s), 1069
Ganglionic disorders, 397–398
Gangliosidoses, 616, 617t, 618–620, 1227t

clinical features and disorders associated with,
618–619

differential diagnosis of, 619
epidemiology and risk factors for, 618
evaluation of, 619
management, prognosis, and future

perspectives on, 619–620
pathogenesis and pathophysiology of, 618

Gas intoxication, 880, 881t, 882
Gasoline intoxication, occupations and

job-related sources of exposure and,
867t–868t

Gasserian ganglion syndromes, 176–177
assessment of, 172t

Gastaut-Geshwind syndrome, 52
Gastrointestinal dysmotility, 384

management of, 402–403
Gastrointestinal tract, autonomic innervation of,

389
Gastroplasty, polyneuropathy following, 898t,

909–910
Gate control theory, 367
Gaucher’s cells, 620
Gaucher’s disease, 620, 621t, 622, 1227t
Gaze

cardinal positions of, 133
conjugate, 133

paresis of, 134

primary, 159
Gaze palsies

conjugate, 159–160
evaluation of, 153t
vertical, 160

Gaze-evoked nystagmus, 144, 161
Gegenhalten phenomenon, 264

definition of, 244
Gel electrophoresis, 502t
Gemcitabine, sensory neuropathy due to, 345t
Generator potential, 344
Genetic counseling, 508
Genetic factors, in multiple sclerosis, 1106
Genetic studies, 499–508

ethics of testing and, 508
Genetic studies (Continued )
human genome and, 499–501, 500f, 501t
limitations of testing and, 507–508
need for counseling and, 508, 508t
testing methods for, 502t, 502–507

Genetic testing
in memory assessment, 72
in mood, emotion, and thought assessment, 47

Geniculocalcarine fibers, 117–118
Genome, human, 499–501, 500f, 501t
Gentamicin
for bacterial meningitis, 946, 946t
neurotoxicity of, 1294t

Geriatric Depression Scale, 555
Germ cell tumor(s), 1075t, 1075–1076
cranial nerve II dysfunction in, 121

Gerstmann’s syndrome, 172, 422
Gerstmann-Sträussler-Scheinker disease, 969
“Ghon complex,” 954
Giant axonal neuropathy, 824
Giant cell arteritis, 1156–1158
clinical features and disorders associated with,

1156–1157, 1157t
differential diagnosis of, 1157
epidemiology and risk factors for, 1156
evaluation of, 1157
management of, 1157–1158
pathogenesis and pathophysiology of, 1156
prognosis and future perspectives on, 1158
stroke and, 1035t

Giles de la Tourette syndrome (GTS), 88, 752–753
clinical features and disorders associated with,

752–753
differential diagnosis of, 753
epidemiology and risk factors for, 752
evaluation of, 753
management of, 753
pathogenesis and pathophysiology of, 752
prognosis and future perspectives on, 753

Glabellar reflex, 191
Glasgow Coma Scale (GCS), 5–6
anosmia and, 107–109
in arousal assessment, 10, 11t
head injury and, 1187–1188, 1188t

Glatiramer acetate (Copaxone), for multiple
sclerosis, 1118, 1119t

Glaucoma, optic disc in, 125
Glial neoplasms, 1075t
Glioblastoma multiforme, 1057–1063
clinical features and disorders associated with,

1059, 1060t
differential diagnosis of, 1059–1060
epidemiology and risk factors for, 1059
evaluation of, 1060, 1060f
management of, 1060–1062, 1062f
pathogenesis and pathophysiology of,

1057–1059, 1058f
prognosis and future perspectives on,

1062–1063
Glioma(s)
brain stem, on magnetic resonance imaging,

453, 453f
low-grade, 1053–1057
clinical features and disorders associated
with, 1055

differential diagnosis of, 1055
epidemiology and risk factors for,

1054–1055
evaluation of, 1056, 1056f
management of, 1056–1057
pathogenesis and pathophysiology of,

1053–1054, 1054t, 1055f
prognosis and future perspectives on, 1057

“nasal,” 565, 565f
Global amnesia, transient, 426
Global aphasia, 91

clinico-anatomical correlates of, 95t
Glomus jugulare tumor(s), 1076–1077
Glossopharyngeal nerve. See Cranial nerve IX

(glossopharyngeal).
Glucocorticoids, neurological disorders due to,

1292–1293
Glucose, in cerebrospinal fluid, 529, 532
Glucose metabolism disorders, 849–851
Glucose transporter type 1 deficiency syndrome,

674
Glutamate

basal ganglia and, 294
motor system and, 261

Glutamine
in cerebrospinal fluid, 533
mood, emotion, and thought and, 43

Glutaricaciduria
chromosomal location of, 644t
type 1, 657–658

clinical features and disorders associated

with, 657–658
differential diagnosis of, 658
epidemiology and risk factors for, 657
evaluation, 658
management of, 658
pathogenesis and pathophysiology of, 657
prognosis and prevention of, 658
Glycogenoses, 625–627
clinical features and disorders associated with,

625–627
differential diagnosis of, 627
epidemiology and risk factors for, 625, 626t
evaluation of, 627
management, prognosis, and future

perspectives on, 627
pathogenesis and pathophysiology of, 625

Glycosylation, congenital disorders of, 675–676
clinical features and disorders associated with,

675
epidemiology and risk factors for, 675
evaluation and differential diagnosis of,

675–676
pathogenesis and pathophysiology of, 675
treatment and prognosis of, 676

Goal-directed saccades, 147
Goldmann’s kinetic technique, 119
Golgi tendon organ, 252
Gordon maneuver, 266–267
Gower’s sign, 626, 790, 791f
Gradenigo’s syndrome, 152, 172, 176
Gram staining, of cerebrospinal fluid, 532
Gram-negative bacilli, enteric, meningitis

due to, 946t
Granuloma(s), eosinophilic, plain films and, 439
Graphesthesia, assessment of, 354
Grasp reflex, 267
Gray matter, in multiple sclerosis, 1105–1106
Group B streptococcus, meningitis due to, 946t
Growth hormone disorders, 848, 848t
Guillain-Barré syndrome (GBS), 938,

1137–1142
cerebrospinal fluid analysis in, 531t
clinical features and disorders associated with,

1139
differential diagnosis of, 1139–1140, 1140t
epidemiology and risk factors for, 1138–1139,

1139t
evaluation of, 1140–1141
management of, 1141–1142
olfactory function in, 106
pathogenesis and pathophysiology of, 1138
prognosis and future perspectives on, 1142
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Gustatory sweating, 197
Gynecological procedures and surgery,

neurological disorders due to, 1313t,
1313–1134
H

H responses, 494
abnormal findings and clinical uses of, 494
basic principles and technique for, 494, 494f
normal findings and, 494

Haemophilus influenzae
meningitis due to, 946
type b, meningitis due to, 943, 945, 946t

Halazepam, for insomnia, 1270t
Hallervorden-Spatz disease, 751–752

clinical features and disorders associated with,
751

differential diagnosis of, 751–752
evaluation of, 752
management of, 752
pathogenesis and pathophysiology of, 751
prognosis and future perspectives on, 752

Hallucinations
assessment of, 44
auditory, 212
definition of, 36
history of, 37
olfactory, 109
peduncular, 130
visual, 130
assessment of, 122t

Hallucinogen abuse, 892–893
Hallucinosis, definition of, 36
Haloperidol (Haldol), 53t

for Alzheimer’s disease, 709
effects of, 1286t

Halothane, neurological disorders due to, 1290
Halstead-Reitan Battery, 543–544, 550, 554
Hand Dynamometer, 555
Handedness, in speech and language

disorders, 80
Hardy-Rand-Ritter plates, 119
Hartnup’s disease, 673
“Hatter’s shakes,” 874
Head injury, 1185–1190

clinical features and disorders associated with,
1186–1187

cranial neuropathy following, 1192,
1193t–1194t

differential diagnosis of, 1187
diffuse axonal injury and, 1185, 1187
electroencephalography following, 484
epidemiology and risk factors for,

1185–1186
epilepsy following, 1192, 1195
evaluation of, 1187–1188, 1188t
management of, 1188–1189
movement disorders following, 1195–1196
pathogenesis and pathophysiology of,

1185, 1186f
positron-emission tomography in, 473
postconcussion syndrome and, 1190–1192
clinical features and disorders associated
with, 1190–1191, 1191t

differential diagnosis of, 1191
epidemiology and risk factors for, 1190
evaluation, 1191
management of, 1192
pathogenesis and pathophysiology of,

1190
prognosis and future perspectives on, 1192

prognosis and future perspectives on,
1189–1190, 1190t
Head injury (Continued )
second impact syndrome and, 1189–1190,

1190t
shearing, 1185
single photon emission computed tomography

in, 473
Headache, 1245–1262
cervicogenic, 1262–1263
chronic daily, 1247
chronic paroxysmal hemicrania and, 1256
cluster, 1254–1256
in cranial nerve V disorders, 177–178
in postganglionic ocular sympathetic

palsy, 156
coital, 1260
cough, 1259–1260
definitions related to, 1245, 1246t
exercise, 1260
frontal, in cranial nerve V disorders, 178
histamine, in postganglionic ocular

sympathetic palsy, 156
historical background of, 1245
idiopathic intracranial hypertension and,

1256–1258
of intracranial neoplasms, 1259
low pressure, 1258–1259
migraine. See Migraine.
sinus, 1261–1262
tension-type, 1253–1254
third occipital, 1191
thunderclap, benign (idiopathic), 1260–1261,

1261t
trochlear, primary, 1261

Head-shake test, for nystagmus, 207
Hearing, definition of, 199
Hearing aids, 214
Hearing loss
central, 211
conductive, 210
definition of, 199
sensorineural, 210–211

Hearing tests, bedside, 206
Heart
anatomy of, 407
vagal innervation of, evaluation of,

393–394
Heart disease, stroke and, 1021–1022
Heart rate, response of
to deep breathing, 393
to postural change, 393–394, 394f
to Valsalva maneuver, 393, 394f

Heart transplantation, neurological disorders
due to, 1309, 1309t

Heat sensitivity, in multiple sclerosis, treatment
of, 1124

Heel-to-shin test, 316
Helix, of ear, 199
HELLP syndrome, 671
Hemangioblastoma(s), 1076
Hemangioma(s), of calvarium, plain films and,

439
Hematoma(s)
epidural, 428, 428f, 1046–1047
head injury and, 1186
locations of, 406
subdural, 427–428, 1046, 1047f

head injury and, 1186–1187
Hemianopia, 120
altitudinal, 128
bitemporal, 126
homonymous, 126–127, 127f, 128f
treatment of, 131
stroke-related, 128–129

Hemianopsia, bitemporal, 126
Hemiatrophy/hemiparkinsonism, 745
Hemicrania, paroxysmal, chronic, 1256
Hemicraniectomy, for intracranial pressure

elevation, 536t
Hemifacial spasm, 196, 305, 757
Hemimegalencephaly, 580, 581f
Hemiparesis, 275, 278t

ataxic, 422
motor, pure, 422

Hemiparetic gait, spastic, 340
Hemiplegia, double, 840
Hemiplegic migraine, 1249–1250
Hemispatial neglect, 172
Hemispherectomy, for epilepsy, 1241–1242
Hemispherical lesions, of cranial nerve XI or XII,

supranuclear, 238
Hemorrhage

intracerebral. See Intracerebral hemorrhage.
intracranial, in premature infants,

ultrasonography in, 468, 469f
locations of, 406
on magnetic resonance imaging, 448–449, 449t

Henbane intoxication, 886t
Heparin, for brain embolism, 1030
Hepatic encephalopathy, 853
Hepatic failure, 853–857

clinical features and disorders associated
with, 854, 854t

differential diagnosis and evaluation of,
854–856, 855f

epidemiology and risk factors for, 854
management of, 856
pathogenesis and pathophysiology of,

853–854
prognosis and future perspectives on, 856–857

Hepatophosphate kinase deficiency, 625,
626t, 627

Hereditary hemorrhagic telangiectasia, 427, 687t
Hereditary sensory and autonomic neuropathy

(HSAN), 371, 397–398
Herniation syndromes

assessment of, 12t
central, 14–15
cerebellar tonsillar, 15
consciousness alteration and, 14–15
subfalcine, 15
transtentorial, upward, 15
uncal (hippocampal; lateral mass), 15

Heroin abuse, 891–892
Herpes simplex virus (HSV) infections, 932–934

clinical features and disorders associated with,
933

differential diagnosis of, 933
epidemiology and risk factors for, 932
management of, 933–934
pathogenesis and pathophysiology of, 932–933

Herpes zoster ophthalmicus, 178–179, 179f
Herpes zoster radiculopathy, 374
Heteroduplex analysis, 502t
Heteroplasmy, 501
Hexamethylmelamine, neurotoxicity of, 1298t,

1301
N-Hexane intoxication, 879–880

occupations and job-related sources of
exposure and, 867t–868t

symptoms of, 877t
High-altitude cerebral edema, 1207
High-altitude pulmonary edema, 1207
Higher cortical areas, assessment of, 122t
Hippocampal herniation syndrome, 15
Hippocampal sclerosis dementia, 729
Hippus, 6, 20f, 119
Histamine headache, in postganglionic ocular

sympathetic palsy, 156
Histoplasma capsulatum infections, 960,

961–962
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HIV encephalitis, 994. See also Cognitive
impairment, HIV-related.

HIV encephalopathy, 994
cerebrospinal fluid analysis in, 530t

HIV leukoencephalopathy, 994.
See also Cognitive impairment,
HIV-related.

HIV/AIDS, 981–1011
central nervous system diseases related to,

993–1004

aseptic meningitis as, 993–994
cerebrovascular disease as, 1000
in children, 1000–1003
cognitive impairment as, in adults, 994t,

994–1000
myelopathy as, 1003–1004

differential diagnosis of, 989–990
evaluation of, 990–991
heroin abuse and, 891
historical background of, 981–983, 982t
HIV seroconversion and early infection and,

983–993
clinical features and disorders associated

with, 988t, 988–989, 990t, 991t
pathogenesis and pathophysiology of,

983f–986f, 983–987, 986t
management of, 991–993, 992t
myelopathy in, cervical spondylosis vs., 599
neoplasms associated with, 1009–1010
opportunistic infections in, 1010, 1011t
peripheral nervous system diseases related to,

1004–1009
myopathy as, 1008–1009
neuropathies as, 1004t, 1004–1008, 1006t

primary central nervous system lymphomas
associated with, 1066, 1067

tuberculous meningitis in, management of,
955, 955t

HIV-associated delirium, 994.
See also Cognitive impairment,
HIV-related.

HIV-associated dementia, 994.
See also Cognitive impairment,
HIV-related.

HIV-associated diffuse poliodystrophy, 994.
See also Cognitive impairment,
HIV-related.

HIV-associated minor cognitive motor disorder,
994. See also Cognitive impairment,
HIV-related.

Hoffman sign, 266
Holoprosencephaly, 569–571

clinical features and disorders associated with,
570f, 570–571

epidemiology and risk factors for, 569
evaluation of, 571
management and prognosis of, 571
pathogenesis and pathophysiology of, 569

Homocysteine, stroke and, 1022
Homocystinuria, 643f, 655–657

chromosomal location of, 644t
clinical features and disorders associated with,

656
differential diagnosis of, 656
epidemiology and risk factors for, 656
evaluation of, 656–657
management of, 657
pathogenesis and pathophysiology of, 655–656
prognosis and prevention of, 657

Homonymous hemianopia, 126–127, 127f, 128f
treatment of, 131

Homoplasmy, 501
Hooper Visual Organization Test (HVOT), 553
Hoover’s sign, 270
Horizontal nystagmus, 148
Horner’s syndrome, 138, 152, 155–156, 172,
399–400, 423

diagnosis of, 146
Hug’s disease, 625, 626t, 627
Human genome, 499–501, 500f, 501t
Human herpesvirus–6, 937
Human immunodeficiency virus. See HIV/AIDS.
Human T-cell leukemia virus type 1 (HTLV–1)

infection(s), 931–932
cerebrospinal fluid analysis in, 531t
clinical features and disorders associated with,

932
differential diagnosis of, 932
epidemiology and risk factors for, 931
management and prognosis of, 932
myelopathy and, cervical spondylosis vs., 599
pathogenesis and pathophysiology of, 931–932

Hunter’s syndrome, 622, 623t
Huntington’s chorea, olfactory function in, 106
Huntington’s disease (HD), 303, 746–748
cerebrospinal fluid analysis in, 530t, 531t
clinical features and disorders associated with,

747
dementia in, 716–717
differential diagnosis of, 747, 747t
epidemiology and risk factors for, 747
evaluation of, 747
eye movement disorders in, 152
management of, 747–748
pathogenesis and pathophysiology of, 746–747
positron-emission tomography in, 473
prognosis and future perspectives on, 748
single photon emission computed tomography

in, 473
subcortical structures and, 40

Hurler’s disease, 622, 623t
Hurler-Scheie disease, 622, 623t
Hydralazine, sensory neuropathy due to, 345t
Hydrocephalus, 561–564
clinical features and disorders associated with,

562–563
definition of, 561
differential diagnosis of, 563
evaluation of, 563
following subarachnoid hemorrhage, 1043
management and prognosis of, 563–564
normal pressure. See Normal pressure

hydrocephalus (NPH).
pathogenesis and pathophysiology of,

561–562, 562t
Hydrocortisone, for hypoadrenalism, 846
Hydromorphone, for migraine, 1252t
Hydromyelia, 566
Hydroxyamphetamine, for diagnosing Horner’s

syndrome, 146, 146f
t-Hydroxybutyrate, for daytime sleepiness, 1272
4-Hydroxybutyric aciduria. See Succinic

semialdehyde dehydrogenase
deficiency (SSADH).

Hydroxycobalamin
for methylmalonicacidemia, 651
for vitamin B12 metabolism disorders, 661

1,5-Hydroxytryptophan/carbidopa, for
myoclonus, 759t

Hyperadrenalism, 846–848, 847t
Hyperalgesia, 364
Hypercalcemia, 834–835
clinical features and disorders associated with,

835
differential diagnosis and evaluation of, 835
epidemiology and risk factors for, 834t,

834–835
management of, 835
pathogenesis and pathophysiology of, 834
prognosis and future perspectives on, 835
Hyperekplexia, 290
Hyperesthesia, definition of, 343
Hyperexcitability syndromes, central and

peripheral, paraneoplastic, 1096
Hyperexplexia, 759t, 759–760
Hyperglycemia, 850–851

clinical features and disorders associated with,
850

differential diagnosis of, 850
epidemiology and risk factors for, 850
hyperosmolar, nonketotic, 850–851
nonketotic, coma in, 644t–645t
pathogenesis and pathophysiology of, 850

Hyperglycinemia, nonketotic, 678–679
Hyperkalemia, 832–833

clinical features and disorders associated with,
832

differential diagnosis and evaluation of, 833
epidemiology and risk factors for, 832
management of, 833
pathogenesis and pathophysiology of, 832,

832t
Hyperkalemic periodic paralysis, 814
Hyperkinesia, 289–305

anatomical and physiological hypotheses for,
295f, 295–296

basal gangliar anatomy and, 291f, 291–296,
292f
additional brain stem-cortical loops and,
293

anatomical and physiological hypotheses
for hypokinesia and, 295f, 295–296

of basal gangliar connections, 292
of basal gangliar interactions with

cerebellum, 295
intrastriatal structure and, 292–293
neurotransmitters and, 293–295

in chorea, 746–749. See also Huntington’s
disease (HD).

clinical history and, 290–291
clinical syndromes of, 302–305. See also

specific disorders.
akathisia as, 304–305
ballismus as, 303
chorea as, 303
choreoathetosis as, 303
dystonia as, 304
hemifacial spasms as, 305
management goals for, 305
myoclonus as, 305
stereotypy as, 304
tics as, 303–304
tremors as. See Tremor(s).

definitions related to, 289, 290t
in essential myoclonus, 757–759
examination for, 296t, 296–300
associated neurological findings in,

298–299
general medical, 299
neurodiagnostic tests in, 299–300, 300t
neurological, 296–298
during execution of tasks, 297–298
during maintenance of a posture, 297
of patient at rest, 296–297
tone and, 298
walking and, 298
in Hallervorden-Spatz disease, 751–752
in hemifacial spasm, 757
historical background of, 289
in painful legs-moving toes syndrome, 754
in primary dystonia, 749–751
in restless legs syndrome, 754
in startle syndromes, 759t, 759–760
in stereotypies, 753–754
in tic disorders. See Tic(s).
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Hyperkinesia (Continued )
tremors and. See Tremor(s).
in Wilson’s disease, 756–757

Hyperkinesis, 746–760
Hypermagnesemia, 837
Hypermetric saccades, 159, 160
Hyperosmia, 109

definition of, 99
Hyperphenylalaninemia, biopterin-dependent,

654–655
clinical features and disorders associated with,

654, 655f
differential diagnosis of, 654
epidemiology and risk factors for, 654
evaluation of, 654–655
management of, 655
pathogenesis and pathophysiology of, 654
prognosis and prevention of, 655

Hyperpilaphesie, definition of, 343
Hypersensitivity vasculitis, stroke and, 1035t
Hypersexuality, 52
Hypersomnia

assessment of, 28t
of central origin, 31
idiopathic, 1272–1273

Hypertension
intracranial. See Intracranial hypertension.
stroke and, 1021
systemic, 1032–1033
clinical features and disorders associated
with, 1032–1033

differential diagnosis and evaluation of,
1033

epidemiology and risk factors for, 1032
management of, 1033
pathogenesis and pathophysiology of, 1032,

1032f

Hyperthermia, malignant, 820–821

clinical features of, 821
differential diagnosis of, 821
epidemiology of, 821
evaluation of, 821
management of, 821
pathogenesis and pathophysiology of,

820–821
Hyperthyroidism, 843–845

clinical features and disorders associated with,
843t, 843–844, 844f

differential diagnosis of, 844–845
epidemiology and risk factors for, 843
evaluation of, 845
management of, 845
pathogenesis and pathophysiology of, 843
subclinical, 845

Hypertonus, 263
Hyperventilation, for intracranial pressure

elevation, 535–536, 536t, 1189
Hyperventilation test, in cranial nerve VIII

assessment, 9
Hypnogenic paroxysmal dystonia, 1281
Hypoactive sexual desire, 52
Hypoadrenalism, 845–846

clinical features and disorders associated with,
845–846

differential diagnosis of, 846, 846t
epidemiology and risk factors for, 845
evaluation of, 846
management of, 846
pathogenesis and pathophysiology of, 845

Hypocalcemia, 833–834
clinical features and disorders associated with,

833–834
differential diagnosis of, 834
epidemiology and risk factors for, 833
evaluation of, 834
Hypocalcemia (Continued )
management of, 834
pathogenesis and pathophysiology of, 833, 833t

Hypocapnia, 841
Hypocretin, 1270
Hypocretin system, sleep and, 27
Hypoglossal nerve. See Cranial nerve XII

(hypoglossal).
Hypoglycemia, 849–850
clinical features and disorders associated with,

849
differential diagnosis and evaluation of, 849,

849t
epidemiology and risk factors for, 849
evaluation of, 849–850
management of, 850
pathogenesis and pathophysiology of, 849
prognosis and future perspectives on, 850

Hypokalemia, 831–832
aldosteronism-induced, 847
clinical features and disorders associated

with, 832
differential diagnosis and evaluation of, 832
epidemiology and risk factors for, 831–832
management of, 832
pathogenesis and pathophysiology of, 832t,

931
prognosis and future perspectives on, 832

Hypokalemic periodic paralysis, 814
Hypokinesia, 289–305, 735–746.

See also Parkinsonism-plus
syndromes; Parkinson’s disease (PD);
Stiff-person syndrome (SPS).

anatomical and physiological hypotheses for,
295f, 295–296

basal gangliar anatomy and, 291f, 291–296,
292f
additional brain stem-cortical loops and,
293

anatomical and physiological hypotheses
for hypokinesia and, 295f, 295–296

of basal gangliar connections, 292
of basal gangliar interactions with

cerebellum, 295
intrastriatal structure and, 292–293

clinical history and, 290–291
clinical syndromes of, 300–302, 301t, 302t.

See also Parkinsonism-plus
syndromes; Parkinson’s disease (PD).

management goals for, 305
definitions related to, 289, 290t
examination for, 296t, 296–300

associated neurological findings in,
298–299

general medical, 299
neurodiagnostic tests in, 299–300, 300t
neurological, 296–298
during execution of tasks, 297–298
during maintenance of a posture, 297
of patient at rest, 296–297
tone and, 298
walking and, 298
historical background of, 289
Hypokinetic/hyperkinetic dysarthria, 87
clinico-anatomical correlates of, 95t

Hypomagnesemia, 836–837
clinical features and disorders associated with,

836
differential diagnosis and evaluation

of, 836
epidemiology and risk factors for, 836, 836t
management of, 836–837
pathogenesis and pathophysiology of, 836

Hypomelanosis of Ito, 687t
Hypometric saccades, 159, 160
Hyponatremia, 827–830, 830–831
clinical features and disorders associated with,

828, 830–831
differential diagnosis and evaluation of, 831
differential diagnosis of, 828
epidemiology and risk factors for, 828, 830
evaluation of, 828
management of, 828–830, 829f, 831
pathogenesis and pathophysiology of,

827–828, 828t, 830
prognosis and future perspectives

on, 830, 831
Hypoperfusion syndromes, diffuse, 406,

420–421
assessment of, 418t

Hypophonia, 86
Hypoplasia, cerebellar, 766
Hyposmia, 107–109

definition of, 99
with head injury, 104

Hypotension, orthostatic, 383–384
definition of, 390
management goals for, 401–402
in spinal cord injury, 1199

Hypothalamus, in central autonomic network,
385f, 385–386

Hypothyroidism, 841–843
clinical features and disorders associated with,

842t, 842–843
differential diagnosis of, 843
epidemiology and risk factors for, 842
evaluation of, 843
management of, 843
pathogenesis and pathophysiology of,

841–842
prognosis and future perspectives on, 843

Hypotonia, in cerebellar disorders, 316
Hypoventilation, 837–839

clinical features and disorders associated with,
838

differential diagnosis and evaluation of, 838t,
838–839

management of, 839
pathogenesis and pathophysiology of, 838
prognosis and future perspectives on, 839

Hypoxanthine-guanine
phosphoribosyltransferase deficiency,
674–675

Hypoxia, 839–841
Hypoxic encephalopathy, 838
Hypoxic-ischemic encephalopathy, 838
Hypsarrhythmia, 481
Hysteria, visual loss and, 130–131
I

Ideational apraxia, 60–61
Ideomotor apraxia (IMA), 59
Idiopathic inflammatory neuritis. See Parsonage-

Turner syndrome.
Ifosfamide neurotoxicity, 1298, 1298t
Illicit drugs, 889t, 889–894. See also specific

drugs.
stroke and, 1036t

Illusions
definition of, 36
history of, 37

Image separation, vertical, 135
Imbalance

dynamic, 148
static, 148

Imipenem, neurological disorders due to,
1293–1294

Imipenem-cilastin, central neurotoxicity of, 1293t
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Imipramine
actions of, 1288t
for headache prophylaxis, 1253t
for insomnia, 1270t

Immediate memory, 64
Immunocytochemical techniques, for muscle

biopsy, 514
Immunoglobulin prophylaxis, for measles, 929
Immunological abnormalities, stroke in, 1037
Immunosuppressive agents. See also specific

drugs.
for giant cell arteritis, 1158
neurological disorders due to, 1301–1302

Implicit memory, 63
anatomy of, 69

Impotence, organic, management of, 402
Impulse dyscontrol

assessment of, 46t
history of, 37
management goals for, 53

Inattention, cranial nerve II dysfunction
and, 130

Inclusion body myositis, 1179–1180
clinical features and disorders associated with,

1179
differential diagnosis of, 1179
epidemiology and risk factors for, 1179
evaluation of, 1179t, 1179–1180
management of, 1180
pathogenesis and pathophysiology of, 1179
prognosis and future perspectives on, 1180

Incontinentia pigmenti, 687t
Incontinentia pigmenti achromians, 687t
Indirect ophthalmoscopy, 120
Infant(s)

aminoacidopathies in, 641–659

of later infancy, with recurrent metabolic

crises, 651–652
neonatal, 641–651

screening programs for, 641–642, 642t
progressive, of infancy and childhood,

652–659
myoclonic epilepsy in, 1223
newborn. See Neonate(s).
organic acidopathies, 641–659
of later infancy, with recurrent metabolic

crises, 651–652
neonatal, 641–651
screening programs for, 641–642, 642t
progressive, of infancy and childhood,

652–659
premature, intracranial hemorrhage in,

ultrasonography in, 468t, 468–469,
469f

Infantile poliodystrophy, progressive.
See Alper’s disease.

Infection(s)
bacterial, 943–953. See also specific

infections.
brain biopsy and, 519
consciousness alterations and, 18t
fungal, 960–963
laboratory monitoring of, 1118
opportunistic, in AIDS, 6010, 6011t
stroke and, 1022
vasculitis due to, 1156
viral, 919–939, 920t

Infectious mononucleosis, 938
Inflammatory demyelinating polyneuropathies,

HIV-associated, 6005, 6006t
Inflammatory processes, cranial

extra-axial, on magnetic resonance
imaging, 450

intra-axial, on magnetic resonance imaging,
450, 451f
Inflammatory pseudotumor, orbital, 134,
135, 162

Influenza vaccine, neurotoxicity of, 1312
Influenza virus infection(s), 927–928
clinical features and disorders associated with,

927–928
differential diagnosis of, 928
epidemiology and risk factors for, 927
management and prognosis of, 928
pathogenesis and pathophysiology of, 927

Innominate arteries, anatomy of, 407
Insecticides. See Organochlorine insecticide

intoxication.
Insertion activity, on electromyography, 491
Insomnia, 29–31, 1267–1270
assessment of, 28t
clinical features and disorders associated with,

1268, 1268t
differential diagnosis of, 1268t, 1268–1269
epidemiology and risk factors for, 1268
evaluation of, 1269
familial, fatal, 969
management of, 1269t, 1269–1270, 1270t
paradoxical, 1268
pathogenesis and pathophysiology of,

1267–1268
prognosis and future perspectives on, 1270
sleep fragmentation and, 30–31
sleep-onset, 30, 32

Intellectual decline, in Alzheimer’s disease,
management of, 709

Intelligence testing, 547–549
clinical situations for, 549
IQ scores and, 547t, 547–548
premorbid estimates of intellectual function

and, 548–549
Intention tremor, 755–756
Intentional saccades, 147
Interferon(s)
for multiple sclerosis, 1122
neurotoxicity of, 1298t

Interferon-a, sensory neuropathy due to, 345t
Interferon-ß 1a (Avonex; Rebif), for multiple

sclerosis, 1117, 1118, 1119t
Interferon-ß 1b (Betaferon; Betaseron),

for multiple sclerosis, 1119t,
1120t, 1121

Interleukin–2, neurotoxicity of, 1298t
Internal genu of facial nerve, 188, 188f
Interneurons, 245
Internuclear ophthalmoplegia (INO), 136,

158–159
Internuncial pool, 253f–255f, 253–256
syndrome of diffuse excitation of, 278–279

Intorsion, 133
Intoxications, 865–894. See also specific

substances.
historical background of, 865
occupations and job-related chemical

exposure and, 867t–868t
Intracerebral hemorrhage, 429–431
caudate, 431
cerebellar, 431
lobar, 429
pontine, 430–431
primary, 1038–1041
clinical features and disorders associated
with, 1039, 1039f, 1040t

differential diagnosis and evaluation of,
1039–1040

epidemiology and risk factors for, 1039,
1039f

management, 1040, 1041f, 1041t
pathogenesis and pathophysiology of,

1038–1039
Intracerebral hemorrhage (Continued )

prognosis and future perspectives on,

1041
putaminal, 429
thalamic, 430
vascular dementia and, 431, 431t

Intracranial aneurysm(s), unruptured,
management, 1043–1044

Intracranial hematoma(s), assessment of, 418t
Intracranial hemorrhage, acute, computed

tomography in, 444, 444f
Intracranial hypertension

benign, 126
idiopathic, 1256–1258. See also Pseudotumor

cerebri.

clinical features and disorders associated

with, 1257
differential diagnosis of, 1257
epidemiology and risk factors for,

1256–1257, 1257f
evaluation of, 1257
management of, 1257t, 1257–1258
pathogenesis and pathophysiology of,

1256
prognosis and future perspectives on,

1258

Intracranial pressure (ICP), 533–537

in bacterial meningitis, 944
basic principles of, 533–534, 534f,

534t, 535t
changes in, in consciousness assessment, 13
elevation of

management of, 1189
treatment of, 535–536, 536t

monitoring of, 534–535
following head injury, 1188

normal-pressure hydrocephalus
and, 536–537

Intracranial steal, assessment of, 418t
Intracranial steal syndromes, 428
Intrafusal motor spindle, 250, 252
Intraparenchymal metastases, 1081–1085

clinical features of, 1082–1083, 1083t
differential diagnosis of, 1083
epidemiology and risk factors for,

1081–1082, 1082f
evaluation of, 1083, 1083f, 1084f, 1084t
management of, 1083–1085
pathogenesis and pathophysiology of, 1081
prognosis and future perspectives on, 1085

Intravenous immunoglobulin (IVIG)
for chronic inflammatory demyelinating

polyradiculoneuropathy, 1145
for dermatomyositis and polymyositis,

1177
for Guillain-Barré syndrome, 1142
for multifocal motor neuropathy with

conduction block, 1151–1152
for multiple sclerosis, 1120t, 1121, 1122

Introns, 500
Iopamidol (Isovue), 460
Iron, accumulation in brain, neurodegeneration

with. See Hallervorden-Spatz disease.
Isaacs’ disease, 824
Isoflurane, neurological disorders due to, 1290
Isoniazid

neurotoxicity of, 1296

central, 1293t
peripheral, 1293t

for tuberculous meningitis, 954, 954t, 955t
Isopropyl alcohol intoxication, occupations and

job-related sources of exposure and,
867t–868t

Itraconazole, for Histoplasma capsulatum
infections, 962
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J

Japanese encephalitis virus infections, 925, 926
Jaw jerk reflex, 170–171, 171f
JC virus infections, 939
Jendrassik maneuver, 266
Jerk nystagmus, 161, 207
Jet lag, 32
Jimson weed intoxication, 886t
Joubert’s syndrome, 582, 583, 584, 585, 765
Judgment of Line Orientation (JLO), 553
Jugular foramen, cranial nerve XI or XII lesions

in region of, 240
K

Kallmann syndrome, 573
Kanamycin, neurotoxicity of, 1294t
Karyotype analysis, 502, 502t, 503f
Kayser-Fleischer rings, 756
Kearns-Sayre syndrome, 501, 668–669

cerebrospinal fluid analysis in, 531t
clinical features and disorders associated

with, 669
differential diagnosis of, 669
epidemiology of, 669
management of, 669
pathogenesis and pathophysiology of,

668–669
prognosis of, 669

Kernohan’s syndrome, 15
Ketamine, for pain management, 378t
Ketorolac, for migraine, 1252t
Kidney(s). See Renal entries.
Kindling, 1215
Klebsiella pneumoniae, meningitis due

to, 943
Kleeblattschädel deformity, 587
Klinefelter’s syndrome, 685
Klippel-Feil anomaly, 583, 588
Kluver-Bucy syndrome, 52

cranial nerve II dysfunction in, 121
Kohlmeier-Degos syndrome, stroke and, 1036t
Koplik’s spots, 929
Korsakoff’s syndrome, 912

olfactory function in, 105, 106
Krabbe’s syndrome, 629t, 632
Kuf’s disease, 615
Kwashiorkor, 908
L

Labile affect, 35
Labyrinth, 199
Labyrinthitis, 212
Lacrimal glands, neurological examination of,

391
LaCrosse virus infections, 925
Lactate, in cerebrospinal fluid, 533
Lactate dehydrogenase deficiency, 626t, 627
Lactic acidoses, primary, 666–667

clinical features and disorders associated with,
666

differential diagnosis of, 666–667
epidemiology and risk factors for, 666
evaluation of, 667
management of, 667
pathogenesis and pathophysiology

of, 666
prognosis and future perspectives on, 667

Lactic acidosis, 668, 1250
Lactulose, for hepatic failure, 856
Lacunar stroke syndromes, 422–423
Lafora body disease, 1227t, 1228
Lake’s disease, 615
Lambert-Eaton myasthenic syndrome (LEMS),

283, 1094, 1094t
Lamotrigine
clinical use and adverse effects of, 1239
drug interactions of, 1237t
efficacy of, 1236t
for pain management, 378t
pharmacokinetic parameters of, 1235t

Language. See also Speech and language.
anatomy of, 80–82, 81f
of affective elements, 82
processing of, limbic and subcortical

structures in, 82
reading and writing and, 81–82
speech comprehension and production and,

80–81, 81f
comprehension of, assessment of, 82–83
definition of, 79

Laryngeal phonation, 82
Laryngitis, 86
Laryngoscopy, in speech and language

assessment, 85t, 86
Laser evoked potentials (LEPs), in pain and

temperature sensation, 370
Lateral cutaneous neuropathy, of thigh, 610
Lateral geniculate body, assessment of, 122t
Lateral geniculate nucleus (LGN), anatomy of,

117, 117f
Lateral mass herniation syndrome, 15
Lateral medullary syndrome, 156, 173,

226, 425
Lateral midpontine syndrome, 425
Lateral pontomedullary syndrome, 425
Lateral sclerosis. See also Amyotrophic lateral

sclerosis (ALS).
primary, 718t, 720
cervical spondylosis vs., 599

Lathyrism, 886, 886t
Lead intoxication
with inorganic lead, 869, 872–873
clinical features and disorders associated
with, 872

differential diagnosis and evaluation of,
872–873

epidemiology and risk factors for, 872
management of, 873
pathogenesis and pathophysiology

of, 869, 872
prognosis and future perspectives on, 873

occupations and job-related sources of
exposure and, 867t–868t

with organic lead, 873
symptoms of, 870t

Leber’s hereditary optic neuropathy, 126, 669
Left-Right Orientation Test, 545
Leigh’s disease, 663–665
clinical features and disorders associated with,

664
differential diagnosis of, 664
epidemiology and risk factors for, 664
evaluation of, 664, 665f
management of, 664–665
pathogenesis and pathophysiology of, 663–664
prognosis and future perspectives on, 665

Lemniscal pathway, in multiple sclerosis, 1108
Lemniscus, lateral, 201
Lengthening reaction, 263
Lennox-Gastaut syndrome, 576, 1226
Leptomeningeal metastases, 1085–1088
clinical features of, 1085–1086, 1086t
differential diagnosis of, 1086
epidemiology and risk factors for, 1085, 1085t
evaluation of, 1086, 1087f
management of, 1086–1088
Leptomeningeal metastases (Continued )
pathogenesis and pathophysiology of, 1085
prognosis and future perspectives on, 1088

Lesch-Nyhan syndrome, 52, 674–675
Let go current, 1208
Lethal catatonia syndrome, 45
Letter Cancellation Test, 546, 553
Leukodystrophy(ies), 627, 628t–629t, 630–635

clinical features and disorders associated with,
633–634

differential diagnosis of, 634
epidemiology and risk factors for, 633
evaluation of, 634
management of, 634
metachromatic, 629t, 632–634
peroxisomal, 626t, 634–635

Leukoencephalopathy, HIV, 994.
See also Cognitive impairment,
HIV-related.

Levetiracetam
clinical use and adverse effects of, 1239
drug interactions of, 1237t
efficacy of, 1236t
for myoclonus, 759t
pharmacokinetic parameters of, 1235t

Levodopa
for Parkinson’s disease, 739, 740, 741, 741t
for primary dystonia, 751

Lewy bodies. See Dementia, with Lewy bodies.
Lewy body disease, diffuse, visual hallucinations

in, 130
Lid lag, 145
Lid position, abnormal, 145–146
Lidocaine neurotoxicity, 1302t, 1303–1304
Light-near dissociation, 156

evaluation of, 153t
Lightning injuries, 1208
Limb(s)

lower. See also Restless legs syndrome (RLS).

compressive neuropathies of, 609–610

proximal muscles of, motor neurons
innervating, 249–250

sudomotor disorders of, 400–401
upper, ataxia of, 315f, 315–316
vasomotor disorders of, 400–401

Limb ataxia
bilateral, 321
lower limb, 316
unilateral, 321
upper limb, 315f, 315–316

Limb girdle muscular dystrophy, 794–795, 795t
Limbic system, mood and emotion and, 38–39
Limb-kinetic apraxia, 59
Lindau-Kleffner syndrome, 1230
Line Bisection Test, 553
Linkage analysis, 502t
Lipid(s), stroke and, 1022
Lipid metabolism disorders, muscle energy

metabolism and, 510
Lipidoses, 616–625

Bassen-Kornzweig syndrome as, 637
cerebrosidoses as, 620, 621t, 622
Fabry’s disease as, 635–636
gangliosidoses as, 616, 617t, 618–620
mucolipidoses as, 624–625
mucopolysaccharidoses as, 622, 622t, 624
noninfantile Refsum’s disease as, 636
sphingomyelinoses as, 620
Tangier’s disease as, 637

Lipiodol, 460
Lissencephaly

classic (type I)

differential diagnosis of, 578
pathogenesis and pathophysiology

of, 573, 574f
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Lissencephaly (Continued )
cobblestone (type II), 579

differential diagnosis of, 578
pathogenesis and pathophysiology of,

574–575
isolated sequence of, 578t, 579
pathogenesis and pathophysiology of,

573–575
Listeria monocytogenes, meningitis due to,

943–944, 946, 946t
Lithium

for headache prophylaxis, 1253t

of cluster headache, 1255t

neurological disorders due to, 1289
Liver. See Hepatic entries.
Liver phosphate kinase deficiency, 625, 626t, 627
Liver transplantation, for hepatic failure, 856
Lobar hemorrhage, 429
Locked-in syndrome, 6, 14, 275, 279t, 425

assessment of, 12t
Locomotion, 327. See also Gait.
Locomotor reflexes, 260
Locomotor synergies, in spinal cord, 328
Locus minoris resistentiae, 951
Logoclonia, 88, 88t
Long-latency (long-loop) stretch reflex, 256
Long-term memory, 64
Long-term potentiation (LTP), 69
Lorazepam (Ativan)

for insomnia, 1270t
for status epilepticus, 1233
for vestibular neuritis, 213t

Lou Gehrig’s disease. See Amyotrophic lateral
sclerosis (ALS).

Loudness, definition of, 199
Low pressure headache, 1258–1259

clinical features and disorders associated with,
1258

differential diagnosis of, 1258
epidemiology and risk factors for, 1258
evaluation of, 1258–1259
management of, 1259
pathogenesis and pathophysiology of, 1258
prognosis of, 1259

Low vision aids, 131
Lowenberg-Hill disease, 628t, 630
Lower motor neuron, definition of, 244
Lower motor neuron disease, computed

tomography in, 447
Lower motor neuron pool, 247–253, 248f

alpha motor neuron and, 248–250, 249f–251f
gamma motor neuron and, 250, 252, 252f

alpha and gamma motor neurons and reflex

arcs and, 252–253, 253f

Lower motor neuron syndromes, 279–281

peripheral neuropathy and mononeuropathy
syndromes as, 280–281, 281t

plexopathy syndromes as, 279–280, 280t
progressive spinal muscular atrophy

syndromes as, 279
radiculopathy syndromes as, 279

Lower motor neurons, 245
Lower motor nucleus, anatomy of, 169
Low-gain pursuit, with catch-up saccades, 148
Loxapine succinate (Loxitane), effects of, 1286t
Lückenschädel, 566
Lumbar puncture, 536–538, 537f
Lumbosacral plexopathy, 1204–1205

clinical features and disorders associated with,
1204–1205

differential diagnosis and evaluation of, 1205
epidemiology and risk factors for, 1204
management of, 1205
pathogenesis and pathophysiology of, 1204
prognosis and future perspectives on, 1205

Lumbosacral plexus, 250, 251f
Lumbosacral polyradiculopathy,
cytomegalovirus, 936

Lung cancer, small cell, paraneoplastic
syndromes and, 1094t, 1094–1095

Luria-Nebraska Neuropsychological Battery,
543, 544

Lyme disease, 957–959
cerebrospinal fluid analysis in, 531t
clinical features of, 958–959
epidemiology and risk factors for, 957
evaluation of, 959
management of, 959
pathogenesis and pathophysiology of, 957–958
radiculomyelitis due to, cervical

spondylosis vs., 599
Lymphocytic choriomeningitis virus infections,

930
Lymphoma(s), 1075t
central nervous system
Epstein-Barr virus infections and, 938
primary, 1066–1068
clinical features and disorders associated

with, 1066–1067
differential diagnosis of, 1067
epidemiology and risk factors for, 1066
evaluation of, 1067
HIV-related, 1066, 1067, 1009, 1010
management of, 1067–1068, 1068f
pathogenesis and pathophysiology of,

1066
prognosis and future perspectives on,

1068
non-Hodgkin’s, metastatic, HIV-related, 1010

Lymphomatosis, 1085–1088
clinical features of, 1085–1086, 1086t
differential diagnosis of, 1086
epidemiology and risk factors for, 1085, 1085t
evaluation of, 1086, 1087f
management of, 1086–1088
pathogenesis and pathophysiology of, 1085
prognosis and future perspectives on, 1088

Lysergic acid diethylamide use, 892–893
Lysine metabolism disorder.

See Glutaricaciduria, type 1.
M

Macrolides, neurological disorders due to, 1295
Macropsia, 130
Macula, 114
Maddox rod, in diplopia testing, 149–150,

150f, 151f
Magnesium disorders, 835–837
Magnetic resonance angiography (MRA),

455–457, 459. See also specific
conditions.

basic principles and techniques for, 455
in cerebrovascular disease, 1019
in cranial nerve III assessment, 154
in cranial nerve IV assessment, 154
in cranial nerve VI assessment, 154
neurological applications of, 457, 459
in extracranial disease, 456f–458f, 457
in intracranial disease, 457, 459, 459f

in neurovascular examination, 419, 420
normal findings on, 455–457
in stroke, 1023

Magnetic resonance imaging (MRI), 447–453.
See also specific conditions.

abnormalities detectable on, 448t, 448–449,
449t

in Alzheimer’s disease, 708
in apraxia assessment, 58–59
in autonomic nervous system examination,

391–392, 392t
Magnetic resonance imaging (MRI) (Continued )
basic principles and techniques for, 447–448
of brain abscess, 948
in cerebellar disorders, 318, 319f
in cerebrovascular disease, 1019
in consciousness assessment, 12
in cranial nerve II assessment, 122t, 122–123
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 192
in gait and balance assessment, 332,

333t–334t, 335f
in HIV-related cognitive impairment, 998–999
in memory assessment, 71
in mood, emotion, and thought assessment, 45
in movement disorder examination, 299, 300t
in multiple sclerosis, 1112, 1113f, 1114–1115
neurological applications of, 449–453

in calvarial-related diseases, 449
in cranial diseases, 449–453

in neurovascular examination, 417, 418, 418t
normal findings on, 448, 448t
in olfactory assessment, 106
in pain and temperature sensation, 369, 370t
in reflex assessment, 272, 273t–274t
in sensory loss, 355
in speech and language assessment, 84
of spine, 454–455
in stroke, 1023

Magnetic resonance spectroscopy (MRS).
See also specific conditions.

in multiple sclerosis, 1114
Magnetic resonance venography (MRV),

459, 459f
Magnetization transfer imaging, in multiple

sclerosis, 1114
Main sensory nucleus, 165

anatomy of, 168
Malaria, 965
Malignant hyperthermia, 820–821

clinical features of, 821
differential diagnosis of, 821
epidemiology of, 821
evaluation of, 821
management of, 821
pathogenesis and pathophysiology of, 820–821

Malingering
memory assessment and, 72
visual loss and, 130–131

Manganese intoxication, 873–874
clinical features and disorders associated with,

873–874
differential diagnosis and evaluation of, 874
epidemiology and risk factors for, 873
management of, 874
occupations and job-related sources of

exposure and, 867t–868t
pathogenesis and pathophysiology of, 873
prognosis and future perspectives on, 874
symptoms of, 871t

Mania
assessment of, 46t
definition of, 35
history of, 36

Mannitol
for bacterial meningitis, 947
for intracranial pressure elevation, 535–536,

536t, 1189
Maple syrup urine disease (MSUD), 642–646

chromosomal location of, 644t
clinical features and disorders associated with,

643–644
coma in, 644t–645t
differential diagnosis of, 644, 644t, 645t, 646
epidemiology and risk factors for, 643
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Maple syrup urine disease (MSUD) (Continued )
evaluation of, 646
management of, 646
pathogenesis and pathophysiology of,

642–643, 643f, 644t
Marchiafava-Bignami disease, 913
Marcus Gunn phenomenon, 582
Marijuana abuse, 893–894, 894f
Marinesco-Sjögren syndrome, 769
Maroteaux-Lamy syndrome, 623t
Mattis Dementia Rating Scale, in olfactory

assessment, 107
Mazindol, for daytime sleepiness, 1272t
McArdle’s disease, 625, 626, 626t
McDonald Criteria, 1115, 1116
MDMA abuse, 891
Measles, 928–930

clinical features and disorders associated
with, 929

differential diagnosis of, 929
epidemiology and risk factors for, 928
management and prognosis of, 929–930
pathogenesis and pathophysiology of,

928–929
Measles encephalitis, subacute, 929
Measles, mumps, and rubella vaccine,

neurotoxicity of, 1312
Mechanical knowledge, in apraxia, 61
Mechlorethamine, neurological disorders

due to, 1297
Meckel-Gruber syndrome, 565–566, 567, 582
Meckel’s cave, 165
Meclizine (Antivert; Bonine), for vestibular

neuritis, 213t
Medial epicondylectomy, 608
Medial inferior pontine syndrome, 425
Medial longitudinal fasciculus syndrome, 158–159
Medial medullary syndrome, 239, 425
Medial midpontine syndrome, 425
Median neuropathy, compressive, 606t,

606–607
Medications. See also Drug-induced disorders;

See also specific medications and
drug types.

for contrast agent allergy, 442
movement disorders due to, 291
for orthostatic hypotension, 401–402
ototoxic, 200, 200t, 214–215
for pain management, 377, 378t, 379
sensory neuropathies due to, 344, 345t

Medium-chain acyl-CoA dehydrogenase
deficiency, 672

Medullary dysfunction
assessment of, 12t
clinical findings in, 6t
consciousness alteration and, 14

Medulloblastoma(s), 1065–1066
clinical features and disorders associated with,

1065
differential diagnosis and evaluation of,

1065–1066
epidemiology and risk factors for, 1065
management of, 1066
pathogenesis and pathophysiology of,

1065, 1065f
prognosis and future perspectives on, 1066

Mefloquine, for malaria chemoprophylaxis, 965
Megalencephaly, 580, 580t
Meissner’s end organ, 345
MELAS, 668, 1250
Melatonin, sleep and, 25
Memantine, for Alzheimer’s disease, 709
Memory, 63–76

anatomy of, 66–69, 77t

of declarative memory, 66–68, 68f
memory-related anatomical changes and, 69
Memory (Continued )

memory-related chemical changes and, 69
of nondeclarative memory, 68–69
Papez circuit and, 66, 67f

clinical history and, 65–66
clinical situations for testing, 553
cognition and, 64
declarative, 63

in Alzheimer’s disease, 74
anatomy of, 66–68, 68f

disorders of, 64–65, 73t, 73–75
age-associated, 65
amnesia as. See Amnesia.
cortical vs. subcortical dementing

syndromes as, 74
dementia as, 73–74
feigned, 72
management goals for, 75–76
in multiple sclerosis, treatment of, 1124
pseudodementia as, 75
transient global amnesia as, 75

examination of, 70–71
associated medical findings in, 70–71
associated neurological findings in, 70
neurodiagnostic studies in, 71t, 71–72
neurological, 70

immediate, 64
implicit (procedural), 63

anatomy of, 69
long-term, 64
nondeclarative, 63

anatomy of, 68–69
testing, 551t, 551–553
working, 64

anatomy of, 69
Memory system, 63
Memory-guided saccades, 147
Ménière’s disease, 212, 213–214
Meningeal biopsy, analysis of, 516–520
indications for, 518t, 518–520
testing methods for, 517–518, 518t
tissue selection and techniques for, 517

Meningeal carcinomatosis, cerebrospinal fluid
analysis in, 530t

Meningeal metastases, 1085–1088
clinical features of, 1085–1086, 1086t
differential diagnosis of, 1086
epidemiology and risk factors for, 1085, 1085t
evaluation of, 1086, 1087f
management of, 1086–1088
pathogenesis and pathophysiology of, 1085
prognosis and future perspectives on, 1088

Meningioma(s), 1073–1074, 1075t
clinical features and disorders associated with,

1073, 1073t
differential diagnosis of, 1073–1074
epidemiology and risk factors for, 1073
evaluation of, 1074, 1074f
on magnetic resonance imaging, 449–450,

450f
pathogenesis and pathophysiology of, 1073,

1073t
prognosis and future perspectives on, 1074

Meningitis
aseptic
differential diagnosis of, 920t
enteroviral, 921
HIV-related, 993–994

bacterial, acute, 943–947
clinical features and disorders associated

with, 944–945
epidemiology and risk factors for, 943–944
evaluation of, 945–946
management of, 946t, 946–947
pathogenesis and pathophysiology of, 944

cerebrospinal fluid analysis in, 530t
Meningitis (Continued )
Lyme disease and, 958
lymphocytic, recurrent, herpes simplex

virus, 933
“neoplastic,” 1085–1088

clinical features of, 1085–1086, 1086t
differential diagnosis of, 1086
epidemiology and risk factors for,

1085, 1085t
evaluation of, 1086, 1087f
management of, 1086–1088
pathogenesis and pathophysiology of, 1085
prognosis and future perspectives on, 1088

syphilitic, acute symptomatic, 956
tuberculous, 953–955
cerebrospinal fluid analysis in, 530t
clinical features of, 953–954
epidemiology and risk factors for, 953
evaluation of, 954
management of, 954t, 954–955, 955t
pathogenesis and pathophysiology of, 953

viral, etiological agents of, 920t
Meningoceles, 566

cranial, 565
Meningoencephalitis, electroencephalography

in, 482
Menkes’ disease, 673–674
Mental arithmetic, 394
Mental neuropathy, 178
Mental status examination, 44
Mental Status Questionnaire (MSQ), 545
Mental status tests, 545
Meperidine, for migraine, 1252t
Meralgia paresthetica, 372–373
“Mercurial neurasthenia,” 875
Mercury intoxication

differential diagnosis and evaluation of, 875
with inorganic mercury, 874–875

clinical features and disorders associated

with, 874–875
epidemiology and risk factors for, 874
pathogenesis and pathophysiology of, 874

management of, 875
occupations and job-related sources of

exposure and, 867t–868t
with organic mercury, 875–876
clinical features and disorders associated

with, 875
differential diagnosis and evaluation of,

875–876
epidemiology and risk factors for, 875
management of, 876
pathogenesis and pathophysiology of, 875
prognosis and future perspectives on, 876

prognosis and future perspectives on, 875
symptoms of, 871t

Merkel’s end organ, 345
Meropenem, for bacterial meningitis, 946, 946t
MERRF syndrome, 667–668

clinical features and disorders associated with,
667

differential diagnosis of, 667
epidemiology and risk factors for, 667
evaluation of, 667
management of, 667–668
pathogenesis and pathophysiology of, 667
prognosis and future perspectives on, 668

Mesencephalic nucleus, 165
anatomy of, 168

Mesoridazine (Serentil), effects of, 1286t
Metabolic disorders. See also specific disorders.

brain biopsy and, 520
endogenous, 827–860
plain films in, 439

Metabolic function, sleep and, 24
Metachromatic leukodystrophy, 629t, 632–634
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Metameric angiomatosis, 427
Metamorphopsia, 130
Metastatic neoplasms, 1081–1093

intraparenchymal, 1081–1085

clinical features of, 1082–1083, 1083t
differential diagnosis of, 1083
epidemiology and risk factors for,

1081–1082, 1082f
evaluation of, 1083, 1083f, 1084f, 1084t
management of, 1083–1085
pathogenesis and pathophysiology of, 1081
prognosis and future perspectives on, 1085

meningeal and ventricular, 1085–1088
clinical features of, 1085–1086, 1086t
differential diagnosis of, 1086
epidemiology and risk factors for,

1085, 1085t
evaluation of, 1086, 1087f
management of, 1086–1088
pathogenesis and pathophysiology of, 1085
prognosis and future perspectives on, 1088

of peripheral nerves, 1092–1093
clinical features of, 1092
differential diagnosis of, 1092
epidemiology and risk factors for, 1092
evaluation of, 1092–1093
management of, 1093
pathogenesis and pathophysiology of, 1092

pineal region, 1075t
skull-base, 1088t, 1088–1089
clinical features of, 1089
epidemiology and risk factors for,

1088–1089
evaluation of, 1089
management of, 1089
pathogenesis and pathophysiology of, 1088

spinal, 1089–1092
clinical features of, 1090, 1090t
differential diagnosis of, 1090–1091
epidemiology and risk factors for,

1089–1090, 1090t
evaluation of, 1091, 1091f
management of, 1092
pathogenesis and pathophysiology of, 1089,

1089f
prognosis and future perspectives on, 1092

Methamphetamine, for daytime sleepiness, 1272t
Methicillin, for bacterial meningitis, 946t
Methionine, for methylenetetrahydrofolate

reductase deficiency, 662
Methotrexate

for dermatomyositis and polymyositis, 1177
for multiple sclerosis, 1123
neurotoxicity of, 1298t, 1298–1299

Methyl alcohol intoxication, 879
occupations and job-related sources of

exposure and, 867t–868t
symptoms of, 877t

Methyl benzene intoxication, 880
symptoms of, 877t

Methyl bromide intoxication, symptoms of, 883t
Methylenedioxymethamphetamine abuse, 891
Methylenetetrahydrofolate reductase deficiency,

661–662
clinical features and disorders associated with,

661–662
differential diagnosis of, 662
epidemiology and risk factors for, 661
evaluation of, 662
management of, 662
pathogenesis and pathophysiology of, 661

Methylmalonicacidemia, 650–651
chromosomal location of, 644t
clinical features and disorders associated with,

650
differential diagnosis of, 650–651
Methylmalonicacidemia (Continued )
epidemiology and risk factors for, 650
evaluation of, 651
management of, 651
pathogenesis and pathophysiology of, 650
prognosis of, 651

Methyl-N-butyl ketone (MBK) intoxication,
879–880

occupations and job-related sources of
exposure and, 867t–868t

symptoms of, 877t
Methylphenidate (Ritalin)
for daytime sleepiness, 1272t
for orthostatic hypotension, 402

Methyl-phenyl-tetrahydropyridine abuse, 893
Methylprednisolone, for multiple sclerosis,

1116, 1119t
Methysergide, for headache prophylaxis, of

cluster headache, 1255t
Metoclopramide (Reglan)
for myoclonus, 759t
for vestibular neuritis, 213t

Metoprolol, for headache prophylaxis, 1253t
Metrizamide, 460
Metronidazole
for brain abscess, 949
for methylmalonicacidemia, 651
neurotoxicity of, 1295
central, 1293t
peripheral, 1293t
sensory neuropathy amd, 345t

for proprionicacidemia, 650
for subdural empyema, 950, 951t

Meyer’s loop, 118
Microangiopathy, of brain, retina, or ear, stroke

and, 1035t
Microencephaly, 580–581, 581t
Microhemagglutination-Treponema pallidum

test, 956–957
Microneurography, in pain and temperature

sensation, 369
Micropsia, 130
Microsmia, 107–109
definition of, 99
with head injury, 104

Midazolam, for insomnia, 1270t
Midbrain dysfunction
assessment of, 12t
clinical findings in, 6t
consciousness alteration and, 14

Midbrain pretectal syndrome, 1160
Midbrain reticular formation (MRF),

arousal and, 4
Midbrain syndromes, 423–425
Midbrain system, pretectal, 160
Middle cerebral artery (MCA), 118
anatomy of, 410

Midline defects, 569–571
clinical features and disorders associated with,

570f, 570–571
epidemiology and risk factors for, 569
evaluation of, 571
management and prognosis of, 571
pathogenesis and pathophysiology of, 569

Midodrine, for orthostatic hypotension, 402
Migraine, 1245–1253
basilar-type, 1249
in CADASIL syndrome, 1250
cerebrospinal fluid analysis in, 531t
clinical features and disorders associated with,

1248–1250, 1248t–1250t
cranial nerve II dysfunction and, 129
differential diagnosis of, 1250
electroencephalography in, 484
epidemiology and risk factors for, 1247f,

1247–1248
Migraine (Continued )
evaluation of, 1250–1252
footballer’s, 1191
hemiplegic, 1249–1250
hyperosmia with, 109
malignant, 669–670
management of, 1251–1253

for acute treatment, 1251, 1251t–1253t
for preventive treatment, 1251–1253

in MELAS, 1250
ophthalmoplegic, 1261
pathogenesis and pathophysiology of,

1245–1253
prognosis and future perspectives for, 1253
stroke related to, 1036
visual aura with, 130

Migrainous infarction, 1036
Mild cognitive impairment (MCI), 65,

704–705, 705t
Millard-Gubler syndrome, 152, 194
Miller-Dieker syndrome, 573, 576,

578, 578t, 579
Mini-Mental State Examination (MMSE),

544, 545
in olfactory assessment, 107

Minnesota Multiphasic Personality Inventory–2
(MMPI–2), 555

Minocycline, central neurotoxicity of, 1293t
Mirror movements, 270
Mitochondrial disorders

enzyme defects as, 662–671, 664t
muscle energy metabolism and, 510
myopathies as, 670

Mitochondrial encephalopathy.
See also MELAS.

cerebrospinal fluid analysis in, 530t
Mitoxantrone (Novantrone), for multiple

sclerosis, 1120t, 1122–1123
Mixed connective tissue disease (MCTD),

1172–1173
clinical features and disorders associated with,

1172
differential diagnosis of, 1172
epidemiology and risk factors for, 1172
evaluation of, 1172
management of, 1172–1173
pathogenesis and pathophysiology of, 1172
prognosis and future perspectives on, 1173

Mixed dysarthria, 87
Möbius’ syndrome, 279, 582, 583, 584, 585
Modafinil, for daytime sleepiness, 1272t
Molindone hydrochloride (Moban), effects of, 1286t
Money Road Map Test (MRMT), 545
Monoamine oxidase inhibitors (MAOIs),

neurological disorders due to,
1288–1289, 1289t

Monoclonal gammopathies, of undetermined
significance, 1146–1147

clinical features and disorders associated with,
1146–1147

differential diagnosis of, 1147
epidemiology and risk factors for, 1146
evaluation of, 1147
management of, 1147
pathogenesis and pathophysiology of, 1146
prognosis and future perspectives on, 1147

Mononeuritis multiplex
cytomegalovirus, 936
HIV-related, 1006t, 1007

Mononeuropathy(ies), 280, 281t
pain and temperature sensation in, 371–373
sensory, primary, 346t, 356

Mononeuropathy multiplex, 280
Monosodium glutamate, neurological

disorders due to, 1306
Montage, 477
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Mood, definition of, 35
Mood congruence, 35
Mood, emotion, and thought, 35–53

anatomy of, 37–43

frontal cortex and, 39–40
limbic system and, 38–39
pharmacological, 40–43, 41f, 42f
subcortical structures and, 40

clinical history and, 36–37
definitions related to, 35–36
disorders of

clinical syndromes of, 47, 48t, 49–52

affective disorder syndromes as, 47, 49
aggression as, 51–52
altered sexuality as, 52
anxiety, 51
apathy, 50
impulse dyscontrol as, 51–52
obsessive-compulsive disorder as, 51
pseudobulbar affect as, 49
psychotic, 49–50, 50t

management goals for, 52–53
for affective disorder syndromes, 52
for impulse control and aggression

syndromes, 53
for obsessive-compulsive disorder

syndromes, 53
for psychotic syndromes, 52–53, 53t

examination of, 43–45
medical findings and, 45
neurological, 43–44
neurological findings and, 44–45
tests in, 45–47, 46t

historical background of, 35–36
Mood incongruence, 35
Morphine, for migraine, 1252t
Morquio’s syndrome, 623t, 624
Morton’s neuroma, 1069
Motor evoked potentials (MEPs), 490
Motor examination, in arousal assessment,

10, 11t
Motor fibers

of cranial nerve IX, 218, 219f
of cranial nerve X, 220

Motor force disorders, of gait and balance, 338
Motor function. See also Hyperkinesia;

Hypokinesia; Movement disorders;
specific disorders.

in apraxia assessment, 58
in autonomic nervous system examination,

391
in cerebellar disorders, 317
in consciousness assessment, 11
in cranial nerve II assessment, 121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve V assessment, 171
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 192
in cranial nerve VIII assessment, 208
in cranial nerve IX assessment, 222, 223
in cranial nerve X assessment, 222, 223
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
in gait and balance assessment, 331
in memory assessment, 70
in mood, emotion, and thought assessment,

44–45
in movement disorder examination, 298
in neurovascular examination, 417
in olfactory assessment, 106
pain and temperature sensation and, 368
in sensory loss, 355
in sleep disorders assessment, 27–28
in speech and language assessment, 84
voluntary, anatomy of, 244–245, 245f
Motor homunculus, 256–257, 257f
Motor neuron disease, 281–282.

See also Amyotrophic lateral sclerosis
(ALS).

paraneoplastic, 1096
Motor performance
clinical situations for testing, 555
tests of, 555

Motor syndromes, progressive, 718t, 720,
722–723, 724f

Motor trigeminal nucleus, 165
Motor unit, 248
Mountain sickness, 1207
Movement disorders, 289, 735–760.

See also Hyperkinesia; Hypokinesia;
specific disorders.

alcoholism and, 914–915
historical background of, 735
post-traumatic, 1195–1196
clinical features and disorders associated
with, 1195–1196

differential diagnosis of, 1196
epidemiology and risk factors for, 1195
evaluation of, 1196
management and prognosis of, 1196
pathogenesis and pathophysiology of, 1195

sleep-related, 31–32
assessment of, 28t

Moyamoya disease, stroke and, 1033
MPTP abuse, 893
Mucolipidoses, 624–625
Mucopolysaccharidoses, 622, 623t, 624
Multifocal motor neuropathy with conduction

block, 1150–1152
clinical features and disorders associated with,

1151
differential diagnosis of, 1151
epidemiology and risk factors for, 1151
evaluation of, 1151
management of, 1151–1152
pathogenesis and pathophysiology of,

1150–1151
prognosis and future perspectives on, 1152

Multilingual Aphasia Examination (MAE), 550
Multi-minicore disease, 819
Multiple myeloma, 1148
Multiple sclerosis, 399, 1103–1126
cerebrospinal fluid analysis in, 530t
cervical spondylosis vs., 599
clinical features and disorders associated with,

1107t, 1107–1110
clinically isolated syndrome of, 1110
differential diagnosis of, 1110t, 1110–1111
epidemiology and risk factors for,

1106–1107
evaluation of, 1111–1112, 1113f, 1114–1116
on magnetic resonance imaging, 452
malignant, 1110
management of, 1116–1125
for acute exacerbations, 1116–1117
to alter natural course, 1117–1124
during pregnancy, 1125
symptomatic treatment of existing

disabilities in, 1124–1125
olfactory dysfunction in, 109
pathogenesis and pathophysiology of, 1104f,

1104–1106
“bystander” demyelination and, 1105
gray matter involvement and, 1105–1106
heredity and, 1106
histological subtypes of lesion development

and, 1105
primary progressive, 1116
prognosis and future perspectives on,

1125–1126
progression of, 1110
Multiple sclerosis (Continued )
progressive

primary, therapy of, 1123
secondary, altering the course of, 1122–1124

relapsing progressive, 1110
relapsing-remitting, altering the course of,

1118–1122
somatosensory evoked potentials in,

489–490
trigeminal neuralgia in, 180, 181f

Multiple sleep latency test (MSLT), 29
Multiple sulfatase deficiency, 623t
Multiple system atrophy (MSA), 396–397,

744–745
autonomic neuropathy of, 805–806

differential diagnosis of, 805
management of, 805–806

clinical features and disorders associated with,
744, 777

dementia in, 716
differential diagnosis of, 744, 777, 778f
epidemiology and risk factors for, 744, 777
evaluation of, 744, 777, 778f
management of, 744–745, 777
pathogenesis and pathophysiology of, 744, 777
prognosis and future perspectives on,

745, 777
Multisensory disequilibrium, 338
Mumps, 924–925

clinical features and disorders associated with,
924

differential diagnosis of, 924–925
epidemiology and risk factors for, 924
management of, 925
pathogenesis and pathophysiology of, 924

Muscle(s). See also Myo- entries.
anatomy of, 245–246, 246f, 247f

Muscle biopsy, 511–515
in cranial nerve VII assessment, 193
diagnostic staining methods for, 512–514
muscle selection and technique for, 511–512
myopathic and neurogenic changes and,

514–515
in sensory loss, 356

Muscle bulk, assessment of, 261, 263
Muscle channelopathies, 813–817, 814t

calcium, 815
chloride, 815
differential diagnosis of, 816, 816t
evaluation of, 817
management of, 817
potassium, 815–816
sodium, 814–815

Muscle cramps, 291
Muscle phosphofructokinase deficiency, 625,

626t, 627
Muscle phosphorylase kinase

deficiency, 625
Muscle tone

assessment of, 263–264
changes in, 252
in movement disorders, 298

Muscle-eye-brain disease of Santavouri, 575,
577, 578t, 615

Muscular dystrophy.
See also Dystrophinopathies.

congenital, management of, 579
Emery-Dreifuss, 799
facioscapulohumeral, 795, 796f
Fukuyama, 575, 577, 578t
limb girdle, 794–795, 795t
oculopharyngeal, 798–799

Mushroom intoxication, 886t, 886–887
Mutations, silent, 500
Mutism, 87

akinetic, 35
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Myasthenia(s), congenital, 819–820
clinical features and disorders associated with,

820
differential diagnosis of, 820
epidemiology and risk factors for, 820
evaluation of, 820
management, 820
pathogenesis and pathophysiology

of, 820, 820t
Myasthenia gravis (MG), 283, 1174–1176

clinical features and disorders associated with,
1174

differential diagnosis of, 1174
edrophonium chloride test for, 265
epidemiology and risk factors for, 1174
evaluation of, 1174–1175
management of, 1175–1176
oculomotor dysfunction in, 135, 137
pathogenesis and pathophysiology of, 1174
prognosis and future perspectives on, 1176

Myasthenic syndrome, 283
Mycobacterium avium complex infection(s),

955
Mycobacterium tuberculosis infection(s),

953–955
clinical features of, 953–954
epidemiology and risk factors for, 953
evaluation of, 954
management of, 954t, 954–955, 955t
pathogenesis and pathophysiology of, 953

Mycophenolate mofetil, for myasthenia
gravis, 1175

Myelin, function of, 1103, 1104f
Myelination, of peripheral nerves, 1135–1137,

1136f, 1137f
Myelinosis, central pontine, 898t
Myelitis. See also Encephalomyelitis.

cytomegalovirus, 936
Lyme radiculomyelitis as, cervical

spondylosis vs., 599
neuromyelitis optica as, 1126–1128
poliomyelitis as

cerebrospinal fluid analysis in, 531t
paralytic, 281–282

transverse, 282
Myelography, 460–463

abnormalities detectable on, 461
basic principles and techniques for, 460–461
neurological applications of, 461–463

in extradural spinal lesions, 461, 462f, 463
in intradural extramedullary spinal

lesions, 463, 463f
in intramedullary spinal lesions, 463

normal findings on, 461
Myeloma

multiple, 1148
osteosclerotic, 1148–1150

Myelomeningoceles, 566, 567
Myeloneuropathy(ies)

copper deficiency, 909
vitamin B12, 898t

Myelopathy(ies), 282t, 282–283
diabetic, 852
encephalomyelopathy as

necrotizing, subacute. See Leigh’s disease.
paraneoplastic, 1094t

HIV-associated, 1003–1004
cervical spondylosis vs., 599
clinical course of, 1004
differential diagnosis of, 1004
evaluation of, 1004
pathogenesis of, 1003–1004
pathology of, 1004
treatment of, 1004

HTLV–1, cervical spondylosis vs., 599
Myelopathy(ies) (Continued )
pain and temperature sensation in, 375
paraneoplastic, 1096
proprioception, touch, and vibratory sensation

in, 346t, 358
transverse, 282, 282t
transverse, pain and temperature sensation in,

375–376
Myoclonic epilepsy. See alsoMERRF syndrome.
in infants and children, 1223
progressive, 1226, 1227t, 1228

Myoclonic seizures, 1218
Myoclonus, 290, 305
clinical features and disorders associated with,

758, 758t
differential diagnosis of, 758
epidemiology and risk factors for, 758
essential, 757–759
pathogenesis and pathophysiology of, 757
evaluation of, 758
palatal, 756
paraneoplastic, 1094t
treatment of, 759

Myofibers, 245
Myofibrils, 245, 246f
Myokymia, 196
superior oblique, 162

Myokymic discharges, on electromyography,
492–493

Myopathy(ies), 284
alcoholic, 913–914
cerebrospinal fluid analysis in, 531t
congenital, 817–819
central core and multi-minicore
disease as, 819

clinical features of, 818
congenital fiber-type disproportion as, 819
differential diagnosis of, 819
epidemiology of, 818
evaluation of, 819
myotubular/centronuclear, 818
nemaline, 818
pathogenesis and pathophysiology of,

817–818
distal, 799–800, 800t
electromyography in, 491–492
HIV-related, 1008–1009

clinical features and disorders associated
with, 1009

differential diagnosis of, 1009
epidemiology and risk factors for, 1009
evaluation of, 1009
management of, 1009
pathogenesis and pathophysiology of,

1008–1009
metabolic, 509
mitochondrial, 670
muscle biopsy in, 514–515
paraneoplastic, 1097

Myophosphorylase deficiency, 625, 626, 626t
Myosin, 245
Myositis
cerebrospinal fluid analysis in, 531t
eosinophilic, 1177–1179
clinical features and disorders associated
with, 1178

differential diagnosis of, 1178
epidemiology and risk factors for, 1178
evaluation of, 1178
management of, 1178–1179
pathogenesis and pathophysiology of,

1177–1178
prognosis and future perspectives on,

1179
inclusion body, 1179–1180
Myositis (Continued )

clinical features and disorders associated

with, 1179
differential diagnosis of, 1179
epidemiology and risk factors for, 1179
evaluation of, 1179t, 1179–1180
management of, 1180
pathogenesis and pathophysiology of, 1179
prognosis and future perspectives on, 1180

orbital, 162
viral, acute, influenza virus infections

and, 928
Myotomes, 279
Myotonia(s), 267, 270. See also Muscle

channelopathies.
classification of, 813
differential diagnosis of, 816
evaluation of, 817
management of, 817

Myotonia congenita
autosomal dominant, 815
autosomal recessive, 815

Myotonic discharges, on electromyography,
491, 492f

Myotonic dystrophy, 796–798
clinical features and disorders associated with,

797f, 797–798
epidemiology and risk factors for, 797
evaluation and differential diagnosis of, 798
management and prognosis of, 798
pathogenesis and pathophysiology of,

796–797
Myotubular myopathy, 818
Myxedema coma, cerebrospinal fluid

analysis in, 530t
N

Nadolol, for headache prophylaxis, 1253t
Naegleria fowleri infection(s), 963–964
Nafcillin, for subdural empyema, 950, 951t
Nalidixic acid, central neurotoxicity of, 1293t
Naloxone, for opioid abuse, 892
Naming, in language assessment, 83
Naming Test, 551
Naproxen sodium, for migraine, 1252t
Naratriptan, for migraine, 1252t
Narcolepsy, 1270–1272

clinical features and disorders associated with,
1270–1271

differential diagnosis of, 1271, 1272t
epidemiology and risk factors for, 1270
evaluation, 1271–1272
management of, 1272, 1272t
pathogenesis and pathophysiology of,

1270, 1271f
prognosis and future perspectives on, 1272

“Nasal gliomas,” 565, 565f
Nasal reflex, 191
Nasolacrimal reflex, 191
Natalizumab, for multiple sclerosis, 1121
Near triad, 145
Neck

deformities of, 588
whiplash injuries of, 1203–1204

Neck pain, cervicogenic headache and,
1262–1263

Necrosis, segmental, 515
Necrotizing encephalomyelopathy, subacute.

See Leigh’s disease.
Negative symptoms, 36
Neglect

cranial nerve II dysfunction and, 130
visual, vestibular stimulation for, 131



Index 1347
Neisseria gonorrheae, meningitis due to, 945
Neisseria meningitidis, meningitis due to, 943,

944, 945, 946, 946t
Nemaline myopathy, 818
Neocortical epilepsy, extratemporal, 1221–1222
Neomycin, neurotoxicity of, 1294t
Neonate(s)

aminoacidopathies in, 641–651

screening programs for, 641–642, 642t

benign familial and nonfamilial convulsions
in, 1222–1223

coma in, differential diagnosis of, 644t
cranial disorders in, ultrasonography in,

468–469
organic acidopathies in, 641–651

screening programs for, 641–642, 642t
seizures in, 1228–1229, 1229t

Neoplastic disorders. See also Paraneoplastic
syndromes; specific disorders.

cranial

biopsy of, 518–519, 519t
extra-axial, on magnetic resonance imaging,

449–450, 450f
headache of, 1259
neuroangiography in, 467
plain films and, 439
plain films in, 439
positron-emission tomography in,

472, 473f
single photon emission computed

tomography in, 472, 473f
HIV-related, 1009–1010
intra-axial, on magnetic resonance imaging,

453, 453f
neurological, primary, 1053–1077

chordomas as, 1076
choroid plexus papillomas as, 1077
colloid cysts as, 1077
congenital, 1074–1076

dermoid tumors as, 1074–1075
epidermoid tumors as, 1074–1075
germ cell tumors as, 1075–1076
pineal tumors as, 1075t, 1075–1076
teratomas as, 1074–1075

glomus jugulare tumors as, 1076–1077
hemangioblastomas as, 1076
historical background of, 1053
meningiomas as, 1073–1074
nerve sheath tumors as, 1068–1069
neuroectodermal tumors as, 1053–1068
anaplastic astrocytomas as, 1057–1063
astrocytomas as, 1053–1057
glioblastoma multiforme as, 1057–1063
low-grade gliomas as, 1053–1057
pilocytic astrocytomas as, 1053–1057

neurofibromas as, 1069
of pituitary, 1070–1073
adenomas as, 1070–1071
craniopharyngiomas as, 1071–1073

of spinal cord, 1069–1070
spinal

computed tomography in, 445, 445f
plain films in, 441

Nerve biopsy, 515–516
nerve selection and techniques for, 515–516
in sensory loss, 356
testing methods for, 516, 516t

Nerve conduction studies (NCSs), 493–494.
See also specific conditions.

in autonomic nervous system examination,
392, 392t

basic principles and technique for, 493, 493f
in cerebellar disorders, 318, 319f
clinical uses of, 493–494
in cranial nerve VII assessment, 192
Nerve conduction studies (NCSs) (Continued )
in gait and balance assessment, 332, 333t
in pain and temperature sensation, 369, 370t
in reflex assessment, 272, 273t–274t
in sensory loss, 355
in speech and language assessment, 84, 86

Nerve roots, demyelination of, retinal, 1109
Nerve sheath tumors, 1068–1069
Nerve tissue, analysis of, 515–516
Nervus intermedius, 187t, 188–189, 189f
Nesidioblastosis, coma in, 644t–645t
Netilmicin, neurotoxicity of, 1294t
Neu-Laxova syndrome, 578t
Neural functions, restorative, of sleep, 24
Neural tube defects (NTDs), 564–569
clinical features and disorders associated with,

564–567, 567f
differential diagnosis of, 567
epidemiology and risk factors for, 564
evaluation of, 567
management and prognosis of, 568–569
maternal epilepsy and, 1231–1232
pathogenesis and pathophysiology of, 564,

565f
Neuralgia
occipital, 1263
varicella zoster virus infections and, 935

Neurapraxia, in spinal cord injury, 1198
Neurilemmoma(s), trigeminal, 1068–1069
clinical features and disorders associated with,

1068
epidemiology and risk factors for, 1068
evaluation of, 1068
management of, 1069
pathogenesis and pathophysiology of, 1068

Neuritic plaques, 700, 701, 702f
Neuroacanthocytosis, 748
Neuroangiography, 464–467
abnormalities detectable on, 464
basic principles and techniques for, 464
neurological applications of, 464–467
in cranial lesions, 464–467
in spinal vascular lesions, 467, 467f

normal findings on, 464
Neurocutaneous disorders, 687t, 687–696
autosomal dominant, 687t, 687–693
autosomal recessive, 687t, 693–695
definitions related to, 683
historical background of, 683
with unknown inheritance patterns, 695–696
X-linked, 687t

Neurocysticercosis, 964–965
clinical features of, 964
epidemiology and risk factors for, 964
evaluation of, 964
management of, 964–965
pathogenesis and pathophysiology of, 964

Neurodegeneration, with brain iron
accumulation. See Hallervorden-Spatz
disease.

Neuroectodermal tumor(s), 1053–1068
anaplastic astrocytomas as, 1057–1063
astrocytomas as, 1053–1057
glioblastoma multiforme as, 1057–1063
low-grade gliomas as, 1053–1057
pilocytic astrocytomas as, 1053–1057

Neurofibrillary tangles, 700, 700f
Neurofibroma(s), 1069
Neurofibromatosis, 687–691
clinical features and disorders associated with,

688t, 688–690, 688f–690f
differential diagnosis of, 690
epidemiology and risk factors for, 688
evaluation of, 690
management of, 690–691
Neurofibromatosis (Continued )
pathogenesis and pathophysiology of, 687–688
prognosis of, 691

Neurogenesis, memory and, 69
Neurogenic bladder, 401

management goals for, 402
Neuroimaging, 437–473, 438t. See also specific

modalities and conditions.
in apraxia assessment, 58–59
in autonomic nervous system examination,

391–392, 392t
in cerebellar disorders, 318, 319f
in consciousness assessment, 12, 12t
in cranial nerve II assessment, 122t, 122–123
in cranial nerve III assessment, 152, 153t, 154
in cranial nerve IV assessment, 152, 153t, 154
in cranial nerve V assessment, 172, 172t
in cranial nerve VI assessment, 152, 153t, 154
in cranial nerve VII assessment, 192, 193t
in cranial nerve VIII assessment, 208, 209t
in cranial nerve IX assessment, 223–224, 224t
in cranial nerve X assessment, 223–224, 224t
in cranial nerve XII examination, 237–238,

238t
in epilepsy, surgical treatment of and, 1241,

1241f–1243f
in gait and balance assessment, 332,

333t–334t, 335f
in HIV-related cognitive impairment, 998–999
in memory assessment, 71
in mood, emotion, and thought assessment,

45, 46t
in movement disorder examination, 299, 300t
in neurovascular examination, 417–420, 418t,

419t
in olfactory assessment, 106f, 106–107
in pain and temperature sensation, 369, 370t
in reflex assessment, 272, 273t–274t
in sensory loss, 355
in sleep disorders, 28
in speech and language assessment, 84, 85t,

86
in stroke, 1023

Neuroleptic(s), neurological disorders due to,
1285–1287, 1286t

Neuroleptic malignant syndrome (NMS), 45,
1286–1287

Neurological examination. See also specific
conditions.

integration with neuropsychological testing,
541–543, 543f

Neuromuscular disease
hereditary, nondegenerative, 813–824. See

also specific disorders.
sleep disordered breathing in, 1281–1282

Neuromuscular junction, 246–247
definition of, 244

Neuromuscular junction disorders, 283–284
myasthenia gravis as, 283
myasthenic syndrome as, 283
paraneoplastic, 1097

Neuromuscular transmission
disorders of, electromyography in, 492
evaluation of, repetitive nerve stimulation for,

495
Neuromyelitis optica, 1126–1128

clinical features and disorders associated with,
1127

differential diagnosis of, 1127
epidemiology and risk factors for, 1126–1127
evaluation of, 1127–1128, 1128f
management of, 1128
pathogenesis and pathophysiology of, 1126

Neuronal ceroid-lipofuscinoses (NCLs), 613,
614t, 615–616, 1227t, 1228
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Neuronal ceroid-lipofuscinoses (NCLs)
(Continued )

clinical features and disorders associated with,
615–616

differential diagnosis of, 616
epidemiology and risk factors for, 615
evaluation of, 616
management of, 616
pathogenesis and pathophysiology of,

613, 615
Neuronal migration defects, 573–581

clinical features and disorders associated with,
576–578

differential diagnosis of, 578t, 578–579
epidemiology and risk factors for, 576
evaluation of, 579
management and prognosis of, 579–580
pathogenesis and pathophysiology of,

573–576
Neuronopathy, sensory, subacute, 1094t
Neuropathic pain, 364
Neuropathy(ies). See also Mononeuropathy(ies);

Polyneuropathy(ies);
Polyradiculoneuropathy(ies).

adrenergic, pure, 398
alcoholic, 914
autonomic, 397–398

diabetic, 853
HIV-related, 6008
of multiple system atrophy, 805–806

differential diagnosis of, 805
management of, 805–806

common peroneal, at fibular head, 609
compressive, 605–610, 606t
of lower extremities, 606t, 609–610
of median nerve, 606t, 606–607
of radial nerve, 606t, 608
thoracic outlet syndrome and, 608–609
of ulnar nerve, 606t, 607–608

degenerative, 800–806. See also specific
disorders.

diabetic, cerebrospinal fluid analysis in, 531t
dysimmune, 356
electromyography in, 492
giant axonal, 824
hereditary
sensory and autonomic, 371, 397–398, 803t,

803–805

type I, 803
type II, 803–804, 804f
type III, 804–805
type IV, 805
type V, 805

sensory and motor, 800–803, 801t
clinical features and disorders associated

with, 802, 802f
differential diagnosis and evaluation of,

802
epidemiology and risk factors for, 801
management of, 802
pathogenesis and pathophysiology of,

800–801
prognosis and future perspectives on,

802–803
HIV-associated, 1004t, 1004–1008, 1006t
inherited, cerebrospinal fluid analysis in, 531t
lateral cutaneous, of thigh, 610
median, compressive, 606t, 606–607
mental, 178
motor, multifocal. See Multifocal motor

neuropathy with conduction block.
muscle biopsy in, 514–515
optic, Leber’s hereditary, 126, 669
peripheral, 280–281, 281t
autonomic, 397–398
Neuropathy(ies) (Continued )

in diabetes, 852–853
focal, 852
generalized, 853
segmental, 852–853

paraneoplastic, 1097
proximal, 852
pyridoxine toxicity, 909
radial, compressive, 606t, 608
sensory, primary, 371
thoracoabdominal, diabetic, 852
ulnar, compressive, 606t, 607–608

clinical features of, 607–608
electrophysiological aspects of, 607–608
pathogenesis and pathophysiology of, 607
treatment of, 607–608

uremic. See Renal failure.
Neuropathy, ataxia, retinitis pigmentosa

syndrome, 670
Neuroprotective agents, following head

injury, 1189
Neuropsychiatric syndromes, progressive,

718t, 720
Neuropsychological testing, 539–556. See also

specific conditions.
in apraxia assessment, 59
battery approach to, 543–544
in cerebellar disorders, 320
in consciousness assessment, 12t, 13
in cranial nerve II assessment, 122t, 123–124
in cranial nerve III assessment, 153t, 154
in cranial nerve IV assessment, 153t, 154
in cranial nerve VI assessment, 153t, 154
in cranial nerve VIII assessment, 208–209,

209t
in cranial nerve IX assessment, 224, 224t
in cranial nerve X assessment, 224, 224t
in cranial nerve XII examination, 238
definitions related to, 539–540
of emotional functioning, 555
of executive function and motor performance,

554–555
hierarchy of testing functions and, 543
historical background of, 539
in HIV-related cognitive impairment, 998,

999t
individualized approach to, 544
integration with neurological examination,

541–543, 542f
of intellectual abilities, 547–549
of memory, 551t, 551–553
in memory assessment, 72
in mood, emotion, and thought assessment, 47
in movement disorder examination, 300, 300t
in neurovascular examination, 418t, 420
in olfactory assessment, 107
of orientation, attention, and vigilance,

544–547
of perception and construction abilities,

553–554
practical issues in, 555–556
purposes of, 540–541
of reasoning and problem solving through

concept formation, 549–550
in reflex assessment, 272, 273t–274t
in sleep disorders, 29
in sleep-wake disorder assessment, 28t
in speech and language assessment, 85t, 86
of verbal function, 550–551

Neurosensory Center Comprehensive
Examination for Aphasia
(NCCEA), 550

Neurosyphilis, 955–957
cerebrospinal fluid analysis in, 530t, 531t
clinical features and evaluation of, 956
Neurosyphilis (Continued )
diagnosis of, 956–957, 957t
epidemiology and risk factors for, 955
gummatous, 956
management of, 957
pathogenesis and pathophysiology of,

955–956
Neurotransmitters. See also specific

neurotransmitters.
arousal and, 4
basal ganglia and, 293–295
disorders related to, 676–677, 677t
memory-related changes in, 69
mood, emotion, and thought and, 40–43,

41f, 42f
of motor system, 260–261
sleep and, 27, 27t

Neurovascular disorders, 420–431
carotid system stroke syndromes as, 421–422
carotid-cavernous fistula as, 429
cerebral venous thrombosis as, 429, 430f
clinical history and, 406–407
clinico-anatomical correlates of, 415t–416t
diffuse hypoperfusion syndromes as,

420–421
extracranial steal syndromes from disease to

aortic branches as, 421
intracranial steal syndromes as, 428
lacunar stroke syndromes as, 422–423
management goals for, 431–432
spinal cord stroke syndromes as, 426
spinal cord vascular malformations as,

426–427
stroke as. See Stroke.
subarachnoid hemorrhage syndrome as, 427,

427f
syndromes of extracranial hematomas as,

427–428
syndromes of intracerebral hemorrhage as,

429–431
transient ischemic attacks as, 421
traumatic, 1045–1048

carotid-cavernous sinus fistulas as,

1045–1046
epidural hematomas as, 1046–1047
spinal cord strokes as, 1047–1048
subdural hematomas as, 1046, 1047f

vascular dissection syndromes as, 428–429
vertebrobasilar stroke syndromes as, 423–426

Neurovascular function
in cerebellar disorders, 318
in consciousness assessment, 11
in cranial nerve II assessment, 121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve V assessment, 172
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 192
in cranial nerve VIII assessment, 208, 209t
in cranial nerve IX assessment, 223
in cranial nerve X assessment, 223
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
in gait and balance assessment, 332
in memory assessment, 70
in mood, emotion, and thought assessment, 45
in movement disorder examination, 299
pain and temperature sensation and, 369
in reflex assessment, 271
in sensory loss, 355
in sleep disorders assessment, 28
in speech and language assessment, 84

Neurovascular system, 405–432
anatomy of, 407–414

arterial structure and, 412
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Neurovascular system (Continued )

blood-brain barrier and, 412
of extracranial arterial system, 407–408
of intracranial arterial system, 408–410
of vascular supply to spinal cord, 411–412
of venous supply of brain, 412–413, 413f
of vertebral system, 410–411

definitions related to, 405–406, 406t
examination of, 414–420

associated neurological findings in,
414–417

neurodiagnostic tests in, 417–420, 418t, 419t
neurological, 414

historical background of, 405
Niacin deficiency, 901–902
Nicotinamide, for Hartnup’s disease, 673
Nicotine, neurological disorders due to,

1304–1305
Nicotinic acid deficiency, 901–902
Niemann-Pick disease, 620, 621t
Nifedipine, for headache prophylaxis, 1253t
Nitrates, neurological disorders due to, 1303
Nitrofurantoin neurotoxicity, 1295–1296

central, 1293t
peripheral, 1293t

Nitrogen mustard, neurological disorders due
to, 1297

Nitrosoureas, neurological disorders due to, 1301
Nitrous oxide intoxication

neurological disorders due to, 1290–1291
symptoms of, 881t

NMDA receptor antagonists, for pain
management, 378t, 379

Nociceptors
A-delta, 364
C-polymodal, 364

Nondeclarative memory, 63
anatomy of, 68–69

Non-Hodgkin’s lymphoma, metastatic,
HIV-related, 1010

Nonketotic hyperosmolar hyperglycemia
(NKHH), 850–851

Nonnucleoside reverse transcriptase inhibitors,
neurological disorders due to,
1027t, 1297

Norepinephrine
basal ganglia and, 294–295
mood, emotion, and thought and,

40–42, 41f, 42f
sleep and, 27, 27t

Normal pressure hydrocephalus (NPH),
536–537

cerebrospinal fluid analysis in, 531t
clinical findings and disorders associated with,

536–537
epidemiology and risk factors for, 536
evaluation and differential diagnosis of, 537
management and prognosis of, 537
pathogenesis and pathophysiology of, 536
syndromes of altered cerebrospinal fluid

dynamics and, 537
Norman Roberts syndrome, 578t
Nortriptyline

actions of, 1288t
for headache prophylaxis, 1253t

Nothnagel’s syndrome, 152, 423
Noxious stimuli, response to, with various

levels of central nervous system
dysfunction, 6t

Nuclear lesions
of cranial nerve V, assessment of, 172t
of cranial nerve XI or XII, at medulla and

cervical cord levels, 239
Nuclear syndromes, of cranial nerve V,

173, 176, 176f
Nucleoside reverse transcriptase inhibitors,
neurological disorders due to,
1027t, 1297

Nucleus ambiguus, of cranial nerve IX, 218, 219f
Null tumors, 1070
Numb chin syndrome, 178
Nutritional deficiencies, alcohol-associated.

See Alcoholism, nutritional
deficiencies associated with.

Nystagmus, 160–161
bias, 161
central, evaluation of, 153t
congenital, 161
gaze-evoked, 144, 161, 316
horizontal, 148
jerk, 161, 207
optokinetic, 142, 147
pendular, 161
spontaneous, assessment of, 207
vestibular, 149, 161
O

Obsessive thoughts, 36
Obsessive-compulsive disorder (OCD), 51
assessment of, 46t
history of, 37
management goals for, 53

Obstetrical procedures and surgery, neurological
disorders due to, 1313t, 1313–1134

Obstructive sleep apnea (OSA), 31, 1273–1276
clinical features and disorders associated with,

1274–1275
epidemiology and risk factors for, 1274
evaluation of, 1275
management of, 1275–1276
pathogenesis and pathophysiology of, 1272t,

1273–1274
prognosis and future perspectives on, 1276

Obtundation, definition of, 3
Occipital lobe, assessment of, 122t
Occipital neuralgia, 1263
Ocular flutter, 161–162
evaluation of, 153t

Ocular misalignment, evaluation of, 153t
Ocular misalignment syndromes, 156–159
cranial nerve III palsy as, 156–157
cranial nerve IV palsy as, 157
cranial nerve VI palsy as, 157–158
internuclear ophthalmoplegia as, 158–159
medial longitudinal fasciculus syndrome as,

158–159
Ocular parasympathetic syndrome
postganglionic. See Adie’s pupil.
preganglionic, 154

Ocular sympathetic syndromes, 155–156.
See also Horner’s syndrome.

Oculocardiac reflex, 171
Oculogyric-auricular reflex, 191
Oculomotor apraxia, autosomal recessive

hereditary ataxia with, 768
Oculomotor nerve. See Cranial nerve III

(oculomotor).
Oculomotor signs, cerebellar, 321, 324
Oculomotor system, examination of, in

cerebellar disorders, 316
Oculopharyngeal muscular dystrophy,

798–799
Ohtani’s disease, 625
Olanzapine (Zyprexa), 53t
effects of, 1286t

Olfactory bulbs, 101–102, 103f
absence of, 572–573

Olfactory hallucinations, 109
Olfactory nerve. See Cranial nerve I (olfactory).
Olfactory tracts, 102

absence of, 572–573
Oligoastrocytoma(s), 1063–1064

clinical features and disorders associated with,
1063

differential diagnosis and evaluation of,
1063–1064

epidemiology and risk factors for, 1063
management, 1064
pathogenesis and pathophysiology of, 1063
prognosis and future perspectives on, 1064

Oligoclonal bands (OCBs), 532
Oligodendroma(s), 1063–1064

clinical features and disorders associated with,
1063

differential diagnosis and evaluation of,
1063–1064

epidemiology and risk factors for, 1063
management, 1064
pathogenesis and pathophysiology of, 1063
prognosis and future perspectives on, 1064

Omnipaque, 460
Oncocytoma(s), 1070
Ondansetron (Zofran), for vestibular neuritis, 213t
Ophthalmic artery, anatomy of, 409, 409f
Ophthalmoparesis, 172
Ophthalmoplegia

external, chronic progressive, 668–669

clinical features and disorders associated

with, 669
differential diagnosis of, 669
epidemiology of, 669
management of, 669
pathogenesis and pathophysiology of,

668–669
prognosis of, 669

internal, 145
internuclear, 158–159

Ophthalmoplegic migraine, 1261
Ophthalmoscopy

direct, 119–120
indirect, 120

Opioid(s), for pain management, 378t, 379
Opioid agonist abuse, 891–892

clinical features and disorders associated with,
891–892

epidemiology and risk factors for, 891
management of, 892
pathogenesis and pathophysiology of, 891

Opitz trigonocephaly syndrome, 586
Oppenheim maneuver, 266
Opportunistic infection(s), in AIDS, 1010, 1011t
Opsin, 115
Opsoclonus, 161–162

evaluation of, 153t
paraneoplastic, 1094t

Optic chiasm
anatomy of, 114t, 116f, 116–117
assessment of, 122t

Optic disc, swelling of, 120, 125
Optic nerve. See Cranial nerve II (optic).
Optic neuritis, 125

cerebrospinal fluid analysis in, 531t
in multiple sclerosis, 1107–1108, 1110
visual evoked potentials in, 487

Optic neuropathy, 172
hereditary, Leber’s, 669
ischemic, 125–126

Optic radiations
anatomy of, 114t, 117–118
assessment of, 122t

Optic tract
anatomy of, 114t, 117, 117f
assessment of, 122t
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Optokinetic nystagmus (OKN), 142, 147
Orbicularis oculi reflex, 191
Orbital pain, in cranial nerve V disorders,

178
Orbital syndromes, 162

binocular, 153t
Orexin, 1270

sleep and, 27
Organic acidemias, coma in, 644t–645t
Organic acidopathies, 641–659

of later infancy, with recurrent metabolic
crises, 651–652

neonatal, 641–651

screening programs for, 641–642, 642t

progressive, of infancy and childhood,
652–659

Organic solvent intoxication, 876, 877t–878t,
879–880. See also specific solvents.

by mixed solvents, 876, 879

clinical features and disorders associated

with, 876
differential diagnosis of, 876, 879
epidemiology and risk factors for, 876
evaluation of, 879
management of, 879
pathogenesis and pathophysiology of, 876
prognosis and future perspectives on, 879
symptoms of, 877t
Organochlorine insecticide intoxication,
884–885

clinical features and disorders associated with,
884–885

differential diagnosis and evaluation of, 885
epidemiology and risk factors for, 884
management of, 885
pathogenesis and pathophysiology of, 884
prognosis of, 885
symptoms of, 883t

Organophosphate pesticide intoxication, 882,
884

clinical features and disorders associated with,
884

differential diagnosis and evaluation of, 884
epidemiology and risk factors for, 882, 883
management of, 884
pathogenesis and pathophysiology of, 882
prognosis and future perspectives on, 884
symptoms of, 883t

Orientation
clinical situations for testing, 547
neuropsychological testing of, 544–545

Ornithine Transcarbamoylase (OTC) deficiency,
646

Orthostatic tremor, 755
Orthotopic liver transplantation, for hepatic

failure, 856
Oscillopsia, 134
Osler-Weber-Rendu disease, 427, 687t
Osmotic myelinosis, 829
Osteoporosis circumscripta, plain films and, 439
Osteosclerotic myeloma, 1148–1150

clinical features and disorders associated with,
1149

differential diagnosis of, 1149
epidemiology and risk factors for, 1149
evaluation of, 1149
management of, 1149
pathogenesis and pathophysiology of,

1148–1149
prognosis and future perspectives on,

1149–1150
Otoacoustic emissions (OAEs), 201

in cranial nerve VIII assessment, 209, 209t
Otoconia, 202
Ototoxic medications, 200, 200t, 214–215
Overlap syndrome, 1161–1163
clinical features and disorders associated with,

1161–1162
differential diagnosis of, 1162
epidemiology and risk factors for, 1161
evaluation of, 1162
management of, 1162
pathogenesis and pathophysiology of, 1161
prognosis and future perspectives on,

1162–1163
Oxacillin, for bacterial meningitis, 946t
Oxazepam, for insomnia, 1270t
Oxcarbazepine
clinical use and adverse effects of, 1239
drug interactions of, 1237t
efficacy of, 1236t
pharmacokinetic parameters of, 1235t

Oximetry, overnight, in Alzheimer’s disease, 708
Oxycephaly, 586
Oxygen, for migraine, 1252t
P

Paced Auditory Serial Addition Test
(PASAT), 546

Pachygyria, 578t
Pacinian corpuscles (PCs), 345
proprioception, touch, and vibratory sensation

and, 349–350
Paget’s disease, 603–605
clinical features and disorders associated with,

603–604, 604t
differential diagnosis and evaluation

of, 604, 604f
epidemiology and risk factors for, 603
management of, 604–605
pathogenesis and pathophysiology of, 603
plain films and, 439
prognosis and future perspectives on, 605

Pain
cervical, cervicogenic headache and,

1262–1263
dysesthetic, in multiple sclerosis, treatment of,

1124
facial, 1262–1263
atypical, with cranial nerve V disorders, 179
carotidynia and, 1263
glossopharyngeal neuralgia and, 1263
historical background of, 1245
occipital neuralgia and, 1262–1263
trigeminal neuralgia and, 1262

in Guillain-Barré syndrome, 1141
neuropathic, 364
orbital, in cranial nerve V disorders, 178

Pain asymbolia, 376–377
Pain sensation, 363–379
anatomy of, 364–367
central nervous system pain control
mechanisms and, 366–367

receptors and first-order neurons and,
364–365

second-order neurons and, 365, 366t
third-order neurons and, 365–366

definitions related to, 363
disorders of, 371–377, 372t

anterior spinal artery syndrome as, 376
brain stem pain loss syndromes as, 376
cauda equina vs. conus medullaris

syndrome and, 375, 375t
causalgia as, 377
central post-stroke syndrome as, 376
clinical history and, 363–364
combined radicular and myelopathy

syndromes as, 375
Pain sensation (Continued )

cortical pain syndrome as, 376–377
C-polymodal nociceptor sensitization and,

371, 373f, 374f
diffuse sensory polyneuropathy as,

373–374
dorsal root ganglion syndromes as, 374
insensitivity to pain as, 377
management goals for, 377, 378t, 379
mononeuropathy as, 371–373
plexopathy as, 374–375
primary sensory neuropathy as, 371
psychogenic sensory loss as, 377
radiculopathy as, 374
spinal cord hemisection as, 375
syringomyelia as, 375
transverse myelopathy as, 375–376
triple cold syndrome as, 371

examination of, 367–371
associated medical findings in, 369
associated neurological findings in, 368–369
neurodiagnostic tests in, 369–371, 370t
neurological, 367–368

historical background of, 363
Pain syndromes

cortical pain, 376–377
regional, 401

complex, 1205–1207

clinical features and disorders associated
with, 1206

differential diagnosis of, 1206
epidemiology and risk factors for,
1205–1206

evaluation and management of, 1206
pathogenesis and pathophysiology of,
1205

prognosis and future perspectives on,
377, 401, 1206–1207

thalamic, 376
Painful legs-moving toes syndrome, 754, 1196
Palatal myoclonus, 756
Palilalia, 88, 88t
Palinopsia, 129, 130
Palmomental reflex, 191
Palsy, definition of, 244
Pancoast tumor, 280
Pandysautonomia, 396–398

central (preganglionic), 396–397
ganglionic and postganglionic, 397–398

Panic attacks, 51
Pantopaque, 460
Pantothenic acid deficiency, 908
Papez circuit, memory and, 66, 67f
Papilledema, 125f
Papilloma(s), choroid plexus, 1077
Paralysis

definition of, 243–244
enteroviral infections and, 921–922
periodic, 246, 286. See also Muscle

channelopathies.

classification of, 813
differential diagnosis of, 816, 816t
evaluation of, 817
hyperkalemic, 814
hypokalemic, 814
management of, 817

poliovirus infections and, 923
vasomotor, 401

Paramedian pontine reticular formation (PPRF),
140, 143, 144

conjugate eye movements and, 7, 8, 9
Paramyotonia congenita, 814
Paraneoplastic syndromes, 1093t, 1093–1099

epidemiology and risk factors for, 1095

clinical features of, 1095–1097
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Paraneoplastic syndromes (Continued )

central and peripheral hyperexcitability

syndromes and, 1096
cerebellar syndromes and, 1095–1096
clinical-immunologic correlates of, 1097
encephalopathy and, 1095, 1096f
motor neuron disease and, 1096
myelopathy and, 1096
myopathies and, 1097
neuromuscular junction disorders

and, 1097
peripheral neuropathy and, 1097

differential diagnosis of, 1097
evaluation of, 1098, 1098f
management of, 1098–1099
prognosis and future perspectives on, 1099

pathogenesis and pathophysiology of,
1093–1095, 1094t

Paraparesis, 275, 278t
Paraparetic gait, spastic, 340
Paraplegia, spastic

familial, cervical spondylosis vs., 599
hereditary, 787–788
clinical features of, 788
differential diagnosis and evaluation of, 788
management and prognosis of, 788
pathogenesis and pathophysiology of,

787t, 787–788

Parasomnia(s), 31–32, 1279t, 1279–1281

arousal disorders as, 1279–1280
assessment of, 28t
hypnogenic paroxysmal dystonia as, 1281
REM sleep behavior disorder as, 1280t,

1280–1281
Parathyroid disorders. See Hypercalcemia;

Hypocalcemia.
Paratrigeminal syndromes, 156
Paravertebral muscles, motor neurons

innervating, 249
Paravertebral sympathetic ganglion chain, 138
Paresis

crural, 422
definition of, 243–244
facial, supranuclear, 194
Todd’s, 285

Paresthesia, definition of, 343
Parinaud’s syndrome, 424, 1160
Parkinsonism

following anoxia, 840
neuroleptics and, 1287
primary. See Parkinson’s disease (PD).

Parkinsonism-dementia amyotrophic lateral
sclerosis complex, 745

Parkinsonism-plus syndromes, 302, 743–745.
See also Corticobasal degeneration;
Multiple system atrophy (MSA);
Progressive supranuclear palsy (PSP).

eye movement disorders in, 152
Parkinson’s disease (PD), 226, 301–302,

735–743
autonomic dysfunction in, 397
cerebrospinal fluid analysis in, 531t
clinical features and disorders associated with,

738, 739f
clinical history in, 290–291
dementia in, 711–714
clinical features and disorders associated
with, 712–713, 713t

differential diagnosis of, 713
epidemiology and risk factors for, 712
evaluation of, 713–714
management of, 714
pathogenesis and pathophysiology of,

711–712, 712f
prognosis and future perspectives on, 714
Parkinson’s disease (PD) (Continued )
differential diagnosis of, 738–739, 740t
epidemiology and risk factors for,

736–738
eye movement disorders in, 152
freezing in, 335, 337
management of, 739–742, 741t, 742t
olfactory dysfunction in, 106, 108–109
pathogenesis and pathophysiology of,

735–736, 736f
positron-emission tomography in, 473
prognosis and future perspectives on, 742–743
single photon emission computed tomography

in, 473
subcortical structures and, 40
visual hallucinations in, 130

Parosmia, 109
definition of, 99

Paroxysmal ataxia, 321
Paroxysmal dyskinesia, 748
Paroxysmal dystonia, hypnogenic, 1281
Paroxysmal hemicrania, chronic, 1256
Paroxysmal nocturnal dystonia, 32
Paroxysmal symptoms, in multiple sclerosis,

1109
treatment of, 1124

Parry Romberg syndrome, 231, 232f
Parsonage-Turner syndrome, 280
Partial seizures, 1218–1219
complex, 1218–1219
simple, 1218

Patau’s syndrome, 684–685
Patient care, neuropsychological testing and,

540–541
PCP abuse, 893
Peabody Individual Achievement Test-Revised

(PIAT-R), 549
Peabody Picture Vocabulary Test-Revised, 549,

553
Pediatric patients. See also Infant(s);

Neonate(s).
benign focal epilepsies in, 1220
head injury in, 1188
HIV-associated central nervous system

disorders in, 1000–1003

clinical features and disorders associated

with, 1001–1002
differential diagnosis of, 1002
epidemiology and risk factors for, 1001
evaluation of, 1002–1003
pathogenesis and pathophysiology of,

1000–1001
treatment of, 1003

myoclonic epilepsy in, 1223–1224, 1224f
spinal lesions in, ultrasonography in, 470–471
spine biomechanics in, 1198
strokes in, 1048t, 1048–1049, 1049t

Peduncular hallucinations, 130
Pelizaeus-Merzbacher syndrome (PMD), 627,

627t, 630
Pellagra, 901–902
Pemoline
for daytime sleepiness, 1272t
for spasticity, in multiple sclerosis, 1124

Pendular nystagmus, 161
Penetrating arteries, small, occlusive disease of,

1026–1027
clinical features and disorders associated with,

1027
differential diagnosis and evaluation of, 1027
epidemiology and risk factors for, 1027
management of, 1027
pathogenesis and pathophysiology of, 1026f,

1026–1027, 1027f
prognosis and future perspectives on, 1027
Penicillamine
neurological disorders due to, 1306–1307
for Wilson’s disease, 756

Penicillin(s)
neurotoxicity of, 1293–1294

central, 1293t

for Whipple’s disease, 953
Penicillin G

for bacterial meningitis, 946t
for neurosyphilis, 957
for subdural empyema, 950, 951t

Pentazocine (Talwin) abuse, 892
Pentobarbital, for intracranial pressure

elevation, 536t
Pentobarbital coma, for bacterial meningitis,

947
Perception

auditory, tests of, 554
clinical situations for testing, 554
visual, tests of, 553–554

Perceptual-motor syndromes, progressive, 718t,
720, 722, 723t

Percutaneous transluminal coronary angioplasty,
neurological disorders due to, 1309

Pergolide, for Parkinson’s disease, 741, 741t
Periaqueductal gray matter, in central autonomic

network, 386
Periaqueductal gray matter syndrome, 1160
Periodic limb movement disorder, 1276–1277

clinical features and disorders associated with,
1276

differential diagnosis of, 1276–1277
epidemiology and risk factors for, 1276
evaluation of, 1277
management of, 1277
pathogenesis and pathophysiology of, 1276
prognosis and future perspectives on, 1277

Periodic paralysis, 246, 286. See also Muscle
channelopathies.

classification of, 813
differential diagnosis of, 816, 816t
evaluation of, 817
hyperkalemic, 814
hypokalemic, 814
management of, 817

Periorbital fullness, in cranial nerve II
dysfunction, 121–122

Peripheral nerves
benign tumors of, 1069
demyelination of, retinal, 1109
electrophysiological features of, 1135–1137,

1136f, 1137f
metastatic neoplasms of, 1092–1093

clinical features of, 1092
differential diagnosis of, 1092
epidemiology and risk factors for, 1092
evaluation of, 1092–1093
management of, 1093
pathogenesis and pathophysiology of,

1092

Peripheral neuropathy, 280–281, 281t

autonomic, 397–398
in diabetes, 852–853

focal, 852
generalized, 853
segmental, 852–853

paraneoplastic, 1097
Periphlebitis, retinal, in multiple sclerosis, 1109
Periventricular nodular heterotopia (PVNH),

578, 579
pathogenesis and pathophysiology

of, 575, 576f
Peroxisomal leukodystrophy, 626t, 634–635
Perphenazine (Trilafon), effects of, 1286t
Persistent vegetative state, 15
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Personality changes, in mercury
intoxication, 875

Pertussis vaccine
acellular, neurotoxicity of, 1312–1313
neurotoxicity of, 1311–1312

Pesticide intoxication, 882, 883t, 884–885
with methyl bromide, symptoms of, 883t
with organochlorine insecticides, 884–885
with organophosphate pesticides, 882, 884
with strychnine, symptoms of, 883t

Phantosmia, 109
definition of, 99

Pharyngeal reflex. See Gag reflex.
Phase contrast (PC) technique, for cerebrospinal

fluid flow studies, 453–454
Phase-advanced sleep, 32
Phase-delayed sleep, 32
Phencyclidine abuse, 893
Phenobarbital

clinical use and adverse effects of, 1238
drug interactions of, 1237t
efficacy of, 1236t
pharmacokinetic parameters of, 1235t
for seizures, in renal failure, 859
for status epilepticus, 1234

Phenylalanine hydroxylase (PAH) deficiency,
652–654

chromosomal location of, 644t
clinical features and disorders associated with,

653
differential diagnosis of, 653
epidemiology and risk factors for, 653
evaluation of, 653
pathogenesis and pathophysiology of,

652–653
prognosis and prevention of, 653–654

Phenylketonuria (PKU), 641.
See also Phenylalanine hydroxylase
(PAH) deficiency.

Phenytoin
clinical use and adverse effects of, 1238
drug interactions of, 1237t
efficacy of, 1236t
for myotonic dystrophy, 798
pharmacokinetic parameters of, 1235, 1235t
for seizures, in renal failure, 859

Pheochromocytoma(s), 846
Pheochromocytoma multisystem crisis, 846
Phobias, impulse dyscontrol, 51
Phonation(s)

involuntary, 304
laryngeal, 82

Phonic tics and vocalizations, 87–88
Phoria, 133
Phosphenes, 130
Phosphoglycerate kinase deficiency, 625, 626t
Photoreceptors, 114–115, 115f
Pick’s disease, frontotemporal dementia and,

719f, 719–720, 720f
Pimozide (Orap), effects of, 1286t
Pineal cyst(s), 1075t
Pineal gland, sleep and, 25
Pineal tumor(s), 1075t, 1075–1076
Pineoblastoma(s), 1075t
Piracetam, for myoclonus, 759t
Pituitary tumors, 1070–1073

adenomas as, 1070–1071
craniopharyngiomas as, 1071–1073

Plagiocephaly, 586
Plain films, 437–441

abnormalities detectable on, 439
basic principles and techniques for, 437–438
neurological applications of, 439–441

in cranial diseases, 439–440
in generalized diseases, 439
Plain films (Continued )

in spinal diseases, 440–441

normal findings on, 438–439
Plant toxin intoxication, 886t, 886–887
Plasmapheresis
for chronic inflammatory demyelinating

polyradiculoneuropathy, 1145
for Guillain-Barré syndrome, 1141–1142
for multiple sclerosis, 1116–1117, 1119t

Plasmodium falciparum infections, 965
Plasticity, 69
Platinum analogs, sensory neuropathy

due to, 345t
Plexopathy
pain and temperature sensation in, 374–375
proprioception, touch, and vibratory sensation

in, 346t, 357
Plexopathy syndromes, 279–280, 280t
Pocket Smell Test (PST), 105
POEMS syndrome, 1149
Pointing, in language comprehension

assessment, 82
Poland anomaly, 583
Poland-Möbius’ syndrome, 583
Poliodystrophy
diffuse, HIV-associated, 994.

See also Cognitive impairment,
HIV-related.

infantile, progressive. See Alper’s disease.
Poliomyelitis
cerebrospinal fluid analysis in, 531t
paralytic, 281–282

Poliomyelitis vaccine
inactivated, neurotoxicity of, 1312
oral, neurotoxicity of, 1312

Poliovirus infection(s), 922–924
clinical features and disorders associated with,

923
differential diagnosis of, 923–924
epidemiology and risk factors for, 922–923
management of, 924
pathogenesis and pathophysiology of, 923

Polyarteritis nodosa (PAN), 1161–1163
clinical features and disorders associated with,

1161–1162
differential diagnosis of, 1162
epidemiology and risk factors for, 1161
evaluation of, 1162
management of, 1162
pathogenesis and pathophysiology of, 1161
prognosis and future perspectives on,

1162–1163
stroke and, 1035t

Polycystic ovarian syndrome, epilepsy and, 1232
Polymerase chain amplification (PCR), 504,

505f
Polymicrogyria, 575–576, 577f, 579
differential diagnosis of, 578–579

Polymyositis (PM), 1176–1177
clinical features and disorders associated with,

1176
differential diagnosis of, 1177
epidemiology and risk factors for, 1176
management of, 1177
pathogenesis and pathophysiology of, 1176
prognosis and future perspectives on, 1177

Polymyxin(s), peripheral neurotoxicity of, 1293t
Polymyxin B, neurotoxicity of, 1296
Polyneuritis, postinfectious, influenza virus

infections and, 928
Polyneuropathy(ies)
amyloid. See Amyloid polyneuropathy.
critical illness, 1314
demyelinating
chronic immune, 356
Polyneuropathy(ies) (Continued )

inflammatory. See also Acute inflammatory

demyelinating polyradiculoneuropathy
(AIDP); Chronic inflammatory
demyelinating polyradiculoneuropathy
(CIDP); Guillain-Barré syndrome
(GBS).

inflammatory, HIV-associated, 6005, 6006t
postgastroplasty, 898t, 909–910
progressive, HIV-related, 6006t, 1007–6008
sensory, diffuse, 346t
pain and temperature sensation in, 373–374
proprioception, touch, and vibratory

sensation in, 356
symmetrical, distal
diabetic, 852, 853
HIV-associated, 6005, 6006t, 6007
clinical features of, 6005, 6007
differential diagnosis of, 6007
epidemiology of, 6005
evaluation of, 6007
management of, 6007
pathogenesis and pathophysiology of,
6005
Polyopia, 129, 130, 134
Polyradiculoneuritis, postrubella, 930
Polyradiculoneuropathy(ies)

demyelinating. See Acute inflammatory
demyelinating polyradiculoneuropathy
(AIDP); Chronic inflammatory
demyelinating polyradiculoneuropathy
(CIDP); Guillain-Barré syndrome
(GBS).
inflammatory, chronic. See Chronic
inflammatory demyelinating
polyradiculoneuropathy (CIDP).

sensorimotor, Lyme disease and, 958
Polyradiculopathy(ies)

diabetic, 852
lumbosacral, cytomegalovirus, 936

Polysomnography (PSG), 484–486
abnormal findings and clinical uses of, 485f,

485–486
basic principles and technique for, 484
normal findings on, 484–485
in obstructive sleep apnea, 1275
in REM sleep behavior disorder, 1281
in sleep disorders, 28–29

Polysynaptic flexor reflex, 254f, 254–255
Pompe’s disease, 625–626, 626t
Pontine dysfunction

assessment of, 12t
clinical findings in, 6t
consciousness alteration and, 14

Pontine hemorrhage, 430–431
Pontine lesions, of cranial nerve XI or XII,

238–239
Pontine nucleus, cranial nerve VII and, 187t,

187–188, 188f
Pontine syndromes, 425
Porphyrias, 676
Portable sleep monitoring, 29
Portal-systemic encephalopathy, 853
Porteus Mazes, 554
Position error signals, 144
Position sense. See Proprioception.
Positive sharp waves, on electromyography,

491, 492f
Positive symptoms, 36
Positron emission tomography (PET), 471–473.

See also specific conditions.
abnormalities detectable on, 472
in Alzheimer’s disease, 708
in apraxia assessment, 59
basic principles and techniques for, 471
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Positron emission tomography (PET)
(Continued )

in cerebrovascular disease, 1019
in HIV-related cognitive impairment, 999
in mood, emotion, and thought

assessment, 45
in movement disorder examination, 299, 300t
neurological applications of, 472–473
in brain tumors, 472, 473f
in cerebral trauma, 473
in cerebrovascular disease, 472
in degenerative disorders, 473
in dementia, 472–473
in seizure disorders, 473

normal findings on, 471
in olfactory assessment, Functional magnetic

resonance imaging (fMRI), in
olfactory assessment, 106f, 106–107

in stroke, 1023
Postconcussion syndrome, 1190–1192

clinical features and disorders associated with,
1190–1191, 1191t

differential diagnosis of, 1191
epidemiology and risk factors for, 1190
evaluation, 1191
management of, 1192
pathogenesis and pathophysiology of, 1190
prognosis and future perspectives on, 1192

Posterior cerebral artery syndrome, 425–426
Posterior cord syndrome, 1198
Posterior fossa anomalies, 581–585

clinical features and disorders associated with,
582–584

differential diagnosis of, 584
epidemiology and risk factors for, 582
evaluation of, 584–585
management and prognosis of, 585
pathogenesis and pathophysiology of,

581–582
Posterior inferior cerebellar artery, 156
Posterior inferior cerebellar artery syndrome,

423, 424f
Posterior spinal artery syndrome, 426
Post-fall syndrome, 340
Postganglionic disorders, 397–398

preganglionic disorders differentiated from,
395, 395t

Postgastroplasty polyneuropathy, 898t, 909–910
Postparalytic reinnervation, of cranial

nerve VII, 196
Postpolio syndrome, 923
Posttraumatic stress disorder (PTSD), 51
Postural instability, in Parkinson’s disease, 738
Postural reflexes, 259–260, 262f
Postural tremors, 755
Posture. See also Balance.

change in

cryoglobulinemic vasculitis response to,

394
heart rate response to, 393–394, 394f

examination of, 330–332
associated medical findings in, 332
associated neurological findings in,

331–332
in cerebellar disorders, 314–315
neurodiagnostic tests in, 332, 333t–334t,

335f
neurological, 330–331

Posturography
in cranial nerve VIII assessment, 209t, 210
in gait and balance assessment, 332

Potassium channelopathies, 815–816
Potassium disorders, 831–833
Powassan virus infections, 925
Prader-Willi syndrome, 52, 685
Pramipexole, for Parkinson’s disease, 741, 741t
Praxis, 55–61
anatomy of, 56–57
definitions related to, 55
disorders of. See Apraxia.
historical background of, 55

Prazepam, for insomnia, 1270t
Praziquantel, for Taenia solium infections, 964
Predictive saccades, 147
Prednisolone, for vasculitides, 1162
Prednisone
for Bell’s palsy, 196
for contrast agent allergy, 442
for dermatomyositis and polymyositis, 1177
for eosinophilic myositis, 1178
for giant cell arteritis, 1157–1158
for headache prophylaxis, of cluster

headache, 1255t
for intracranial granulomatous arteritis, 1159
for migraine, 1252t
for tuberculous meningitis, 954t
for varicella zoster virus infections, 935

Preferential looking tests, 118
Pregabalin
clinical use and adverse effects of, 1239
efficacy of, 1236t
for pain management, 378t

Preganglionic disorders, 396–397
postganglionic disorders differentiated from,

395, 395t
Preganglionic syndromes, of cranial nerve V,

assessment of, 172t
Pregnancy
cardiovascular diseases related to, stroke and,

1033–1034, 1034f, 1035f
Guillain-Barré syndrome in, treatment of,

1142
maternal epilepsy during, 1231
multiple sclerosis in, treatment of, 1125
subarachnoid hemorrhage in, management of,

1043
Prehension, 315
Premature infants, intracranial hemorrhage in,

ultrasonography in, 468t, 468–469,
469f

Premature protein truncation, 502t
Presbycusis, 210
Primary gaze, 159
Primary lateral sclerosis, cervical

spondylosis vs., 599
Primidone
clinical use and adverse effects of, 1238
drug interactions of, 1237t
for essential tremor, 755
pharmacokinetic parameters of, 1235t

Primitive reflexes, 267
Prion diseases, 969
Prism therapy, for homonymous hemianopia, 131
Probenecid, for neurosyphilis, 957
Problem solving, clinical situations

for testing, 550
Procarbazine
neurological disorders due to, 1301
neurotoxicity of, 1298t

Procedural memory, 63
anatomy of, 69

Prochlorperazine (Compazine)
for migraine, 1252t
for vestibular neuritis, 213t

Progressive infantile poliodystrophy. See Alper’s
disease.

Progressive multifocal leukoencephalopathy,
cerebrospinal fluid analysis in, 530t

Progressive polyneuropathy/radiculitis,
HIV-related, 1006t, 1007–1008
Progressive spinal muscular atrophy
syndromes, 279

Progressive supranuclear palsy (PSP), 134, 338,
743–744

clinical features and disorders associated with,
726–727, 743

differential diagnosis of, 726–727, 743
epidemiology and risk factors for,

726–727, 743
evaluation of, 726–727, 743
management of, 726–727, 743–744
pathogenesis and pathophysiology of,

726–727, 743
prognosis and future perspectives on,

726–727, 744
subcortical structures and, 40
visual hallucinations in, 130

Progressive systemic sclerosis (PSS), 1171–1172
clinical features and disorders associated with,

1171
differential diagnosis of, 1171
epidemiology and risk factors for, 1171
evaluation of, 1171
management of, 1171
pathogenesis and pathophysiology of, 1171
prognosis and future perspectives on,

1171–1172
Promethazine (Phenergan), for vestibular

neuritis, 213t
Propranolol

for essential tremor, 755
for headache prophylaxis, 1253t

Proprioception, 343–359
anatomy of, 344–345, 346t, 347–350

discriminative touch, vibration, and

conscious sense of joint/muscle
movement and, 349–350

first-order neuron and, 345, 347
of receptors, 344–345, 347f
second-order neuron and, 347
of spinocerebellar pathways, 349
third-order neuron and, 347, 348f, 349,

349f
definitions related to, 343
disorders of, 356–359, 357t
brain stem lesions as, 358, 358t
clinical history and, 344, 344t, 345t
diffuse sensory polyneuropathy as, 356
dorsal horn lesions as, 358, 358t
management goals for, 359
mechanoreceptor dysfunction as, 356
myelopathy as, 358
plexopathy as, 357
primary sensory mononeuropathy as, 356
pure sensory distal nerve lesions as, 356
radiculopathy as, 357–358
sensory cortical lesions as, 359
sensory neuropathy as, 358, 358t
sensory syndromes associated with

psychogenic sensory loss as, 359
subacute combined degeneration as, 358,

358t
thalamic lesions as, 359

examination of
associated medical findings in, 355
associated neurological findings in, 354–355
neurodiagnostic tests in, 355–356
neurological, 350–352, 351f–353f

historical background of, 343
Proprionicacidemia, 649–650

chromosomal location of, 644t
clinical features and disorders associated with,

649
emergency department, 649
epidemiology and risk factors for, 649
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Proprionicacidemia (Continued )
evaluation of, 649–650
management of, 650
pathogenesis and pathophysiology of, 649
prognosis and prevention of, 650

Proptosis, 145
in cranial nerve II dysfunction, 121–122

Prosody, 82
Prosopagnosia, 130

progressive, 718t, 720
Protease inhibitors, neurological disorders due

to, 1027t, 1297
Protein(s)

in cerebrospinal fluid, 529t, 532
SNARE, 247

Protein-energy malnutrition (PEM), 908
Protriptyline, actions of, 1288t
Pseudo seizures, 1233–1234
Pseudobulbar affect, 49
Pseudobulbar palsy, 224–225
Pseudodementia, 75
Pseudo-Foster Kennedy syndrome, 126
Pseudo-Hurler’s syndrome, 623t
Pseudoisochromatic Ishihara plates, 119
Pseudomonas, meningitis due to, 943

P. aeruginosa, 946t
Pseudotumor cerebri, 123, 126

cerebrospinal fluid analysis in, 531t
Psychedelic abuse, 892–893
Psychiatric disorders. See also specific disorders.

in Alzheimer’s disease, 707

management of, 709

language disorders associated with, 94
assessment of, 85t

in speech and language disorders, 80
Psychogenic gait disorders, 341
Psychogenic paralysis, 285
Psychogenic seizures, 1233–1234
Psychogenic sensory loss

examination in, 354
sensory syndromes associated with, 359

Psychogenic unresponsiveness, 17
assessment of, 12t

Psychological trauma, in Guillain-Barré
syndrome, 1141

Psychomotor seizures, 1218–1219
Psychosis, 35–36, 49–50, 50t

assessment of, 46t
definition of, 35
history of, 37
Korsakoff’s, 912

olfactory function in, 105, 106

management goals for, 52–53, 53t
Ptosis, 134–136
Puffer fish tetrodotoxin, 886
Pulmonary edema, high-altitude, 1207
Punch drunk, 1190
Pupil(s)

autonomic disorders affecting, 399–400
examination of, 20f, 119, 145–146, 146f
neurological examination of, 391
sympathetic innervation of, 137, 139
tonic (Adie’s). See Adie’s pupil.
unreactive, bilateral, 156

evaluation of, 153t

with various levels of central nervous system
dysfunction, 6t

Pupillary responses, in arousal assessment, 6–7
Purdue Pegboard test, 555
Pure autonomic failure (PAF), 397
Pure word deafness, 94, 211
Pursuit, 143

cogwheel, 148
low-gain

with catch-up saccades, 148
Pursuit (Continued )

unidirectional, 160

saccadic, 148
smooth, impaired, 160

evaluation of, 153t
Pursuit system
anatomy of, 142
examination of, 147–148

Putaminal hemorrhage, 429
Pyramid(s), 257
Pyramidal tract, 257
Pyramidal tract dysfunction, in multiple

sclerosis, 1107
Pyrazinamide, for tuberculous meningitis, 954t,

955t
Pyridoxine
for Alper’s disease, 666
for homocystinuria, 657
neurotoxicity of, 909, 1305
sensory neuropathy and, 345t
for tuberculous meningitis, 954t, 955t
for Wilson’s disease, 756–757

Pyridoxine deficiency, 906
Q

Quantitative Somatosensory Thermotest (QST),
in pain and temperature sensation,
369, 370t

Quantitative sudomotor axon reflex test
(QSART), 396

“Queen Square” hammer, 266
Quetiapine (Seroquel), 53t
effects of, 1286t
for Parkinson’s disease, 741t

Quick Smell Identification Test (Q-SIT), 105
Quinidine
for malaria, 965
neurotoxicity of, 1302t, 1304

Quinolone neurotoxicity, 1294–1295
central, 1293t
R

Rabies vaccine, neurotoxicity of, 1312
Rachischisis, 565
Radial neuropathy, compressive, 606t, 608
Radiation necrosis, brain biopsy and, 519
Radiation therapy
for acoustic schwannomas, 1069
for arteriovenous malformations, 1045
for ependymomas, 1064
for medulloblastomas, 1066
for meningeal and ventricular metastases,

1086, 1088
for meningiomas, 1074
for neuroectodermal tumors, 1056–1057,

1061, 1064, 1066, 1067–1068
for neurofibromas, 1069
neurological disorders due to, 1309t,

1309–1311

cranial and peripheral nerve damage as,

1311
primary brain damage as, 1309–1310
primary spinal cord damage as, 1311
secondary involvement and, 1311

for primary central nervous system
lymphomas, 1067–1068

for spinal metastases, 1092
for trigeminal neurilemmomas, 1069

Radiculomyelitis, Lyme, cervical
spondylosis vs., 599

Radiculoneuritis, Lyme disease and, 958
Radiculopathy
herpes zoster, 374
pain and temperature sensation in, 374, 375
progressive, HIV-related, 1006t, 1007–1008
proprioception, touch, and vibratory

sensation in, 346t, 357–358
Radiculopathy syndromes, 279
Raeder’s paratrigeminal syndrome, type II, 156
Railway spine, 1190
Ramelteon, for insomnia, 1270t
Ramus externus, of cranial nerve XI, 232
Ramus internus, of cranial nerve XI, 232
Rapid doll’s head test, 9
Raven’s Progressive Matrices Test, 549, 550
Raynaud’s phenomenon, 401
Reading, in language assessment, 83
Reasoning

clinical situations for testing, 550
nonverbal, tests of, 550
verbal, tests of, 549–540

Rebound phenomenon, in cerebellar disorders,
316

Receptor(s)
mechanoreceptors as, 345, 347f

dysfunction of, 356

photoreceptors as, 114–115, 115f
proprioceptive, 344–345, 347f
sensory
of cranial nerve I, 100–101, 102f
of cranial nerve V, 166

touch, 344–345, 347f
vibratory, 344–345, 347f

Rectospinal tract, 258
Red nucleus, 259, 262f
Reflex(es)

abdominal, superficial, 255, 255f
alpha and gamma motor neurons and,

252–253, 253f
anatomy of, 244–259

of internuncial pool, 253f–255f, 253–256
of lower motor neuron pool, 247–253,

248f
alpha and gamma motor neurons and
reflex arcs and, 252–253, 253f

alpha motor neuron and, 148–150,
149f–251f

gamma motor neuron and, 250, 252, 252f
of muscle, 245–246, 246f, 247f
of neuromuscular junction, 246–247
reflex integration of motor pathways and,

259–260
locomotor reflexes and, 260
postural reflexes and, 259–260, 262f
tonic neck reflexes and, 260

of upper motor neuron pool, 256–259
brain stem motor tracts and, 257–259,
260f–262f

corticospinal tract and, 256–257,
257f–259f

voluntarymotor function and, 244–245, 245f
in apraxia assessment, 58
in autonomic nervous system examination, 391
Babinski, 254, 254f, 266, 275
cardiovascular, examination of, 390
in cerebellar disorders, 317
in consciousness assessment, 11
in cranial nerve II assessment, 121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve V assessment, 171
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 192
in cranial nerve VIII assessment, 208
in cranial nerve IX assessment, 222, 223
in cranial nerve X assessment, 223
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Reflex(es) (Continued )
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
crossed extensor, 254–255, 255f
disorders of
clinico-anatomical correlates of, 268t–269t
combined upper and lower motor neuron

syndromes as, 281–283
motor neuron syndrome as, 281–282
myelopathic, 282t, 282–283

faking of, 270
lower motor neuron syndromes as, 279–281
peripheral neuropathy and

mononeuropathy syndromes as,
280–281, 281t

plexopathy syndromes as, 279–280, 280t
progressive spinal muscular atrophy

syndromes as, 279
radiculopathy syndromes as, 279

management goals for, 286
myopathic syndromes as, 284
neuromuscular junction syndromes as,

283–284, 284t
myasthenia gravis as, 283
myasthenic syndrome as, 283

spasticity treatment and, 286
syndrome of diffuse excitation of

internuncial pool as, 278–279
upper motor syndromes as, 275, 278,

278t, 279t
examination of, 261, 263–271

associated medical findings in, 271
associated neurological findings in,

270–271
neurodiagnostic tests in, 272, 273t–274t
neurological, 261, 263–270

fatigability assessment and, 265
muscle bulk assessment and, 261, 263
muscle tone assessment and, 263–264
strength assessment and, 264t, 264–265
in gait and balance assessment, 331
grasp, 267
locomotor, 260
in memory assessment, 70
in mood, emotion, and thought assessment,

44–45
in movement disorder examination, 298
neck, tonic, 260
in neurovascular examination, 417
in olfactory assessment, 106
pain and temperature sensation and, 368
pharmacology of motor system and, 260–261
postural, 259–260, 262f

loss of, in Parkinson’s disease, 302
primitive, 267
related to cranial nerve VII function, 191
in sensory loss, 355
in sleep disorders assessment, 27–28
snout, 267
in speech and language assessment, 84
stretch, 267

long-latency (long-loop), 256
monosynaptic, 252–253, 253f
phasic, 252

tendon, assessment of, 265–266, 266t
Reflex clonus, 266
Reflex posturing, definition of, 3
Reflex responses, 244
Reflex sympathetic dystrophy, 377, 401,

1205–1207
clinical features and disorders associated with,

1206
differential diagnosis of, 1206
epidemiology and risk factors for,

1205–1206
Reflex sympathetic dystrophy (Continued )
evaluation and management of, 1206
pathogenesis and pathophysiology of, 1205
prognosis and future perspectives on,

1206–1207
Reflexive saccades, 147
Refsum’s disease, 634, 687t, 769
noninfantile, 636

Regional pain syndromes, 401.
See also Complex regional pain
syndrome (CRPS).

Rehabilitation, neuropsychological
testing and, 541

Reiterative speech
assessment of, 85t
disturbances of, 88, 88t

Relative afferent pupillary defect (RAPD),
119, 120f

REM behavior disorder (RBD), 52, 1280t,
1280–1281

Renal failure, 857–860
clinical features and disorders associated with,

857–858
dialysis for, neurological complications of,

859t, 859–860
differential diagnosis and evaluation of,

858–859
encephalopathy in, cerebrospinal fluid

analysis in, 530t
epidemiology and risk factors for, 857
management of, 859
pathogenesis and pathophysiology of, 857

Rendu-Osler-Weber disease, 687t
Renshaw cell, 253, 253f
Repetition, in language assessment, 83
Repetition priming, implicit memory and, 63
Repetitive nerve stimulation, 495–496
abnormal findings and clinical uses of,

495–496
basic principles and technique for, 495
normal findings and, 495

Restless legs syndrome (RLS), 754, 1276–1277
clinical features and disorders associated with,

1276
differential diagnosis of, 1276–1277
epidemiology and risk factors for, 1276
evaluation of, 1277
management of, 1277
pathogenesis and pathophysiology of, 1276
prognosis and future perspectives on, 1277

Restriction fragment length polymorphism
(RFLP), 502t, 507, 507f

Reticular activating system (RAS), sleep
and, 24, 25f

Reticulospinal tract, 204, 257–258, 260f
Retina
anatomy of, 114t, 114–116, 115f
assessment of, 122t
disorders of, 124–125
microangiopathy of, stroke and, 1035t

11-cis-Retinal, 115
trans-Retinal, 115
Retinal artery occlusion, 125
Retinal detachment, 125
Retinal hemorrhage, high-altitude, 1207
Retinal periphlebitis, in multiple sclerosis, 1109
Retinal vein occlusion, 125
Retinitis, cytomegalovirus, 936
Retinopathy
cancer-associated, 1094t
melanoma-associated, 1094t
paraneoplastic, 1095

Retrobulbar neuritis, visual evoked
potentials in, 487

Retrograde amnesia, 64–65
Retroparotid space, cranial nerve XI or XII
lesions of, 240

Retropharyngeal space, cranial nerve XI or XII
lesions of, 240

Rett’s syndrome, 753–754
Revised Criteria, 1116
Rey Auditory Verbal Learning Test (RAVLT),

552–553
Reye’s syndrome, 670–671

cerebrospinal fluid analysis in, 531t
clinical features and disorders associated with,

670–671
epidemiology and risk factors for, 670
evaluation and differential diagnosis of, 671
influenza virus infections and, 928
pathogenesis and pathophysiology of, 670
treatment and prognosis of, 671
varicella zoster virus infections and, 934

Rey-Osterrieth Complex Figure Test, 553
in memory assessment, 72

Rey’s 3 X 5 test (Rey’s 15-item memory test), in
olfactory assessment, 107

Rheumatoid arthritis (RA), 1166–1167
clinical features and disorders associated with,

1166–1167
differential diagnosis and evaluation of, 1167
epidemiology and risk factors for, 1166
management of, 1167
pathogenesis and pathophysiology of, 1166
prognosis and future perspectives on, 1167

Rhodopsin, 115
Rhythmical movements, 244
Riboflavin, for glutaricaciduria, type 1, 658
Richmond Agitation-Sedation Scale, 8t
Riddoch’s phenomenon, 129
Rifabutin, for Mycobacterium avium complex

infections, 955
Rifampin

for Mycobacterium avium complex
infections, 955

neurotoxicity of, 1296

central, 1293t

for tuberculous meningitis, 954, 954t, 955t
Right hemisphere disorders, language disorders

associated with, 94, 95t, 96t
Rigidity, 256, 263–264

cog wheel, 263–264
decerebrate, 260
decorticate, 260
definition of, 244
in Parkinson’s disease, 302

Riley-Day syndrome, 804–805
Ringertz grading system, modified, 1054,

1054t, 1055t
Rinne’s test, 206
Risperidone (Risperdal), 53t

effects of, 1286t
Rituals, 36
Rivastigmine, for Alzheimer’s disease, 709
Rizatriptan, for migraine, 1252t
Roberts’ syndrome, 566
Rocky Mountain spotted fever, 959–960, 960t
Rods (retinal), 114, 115, 115f
Romano-Ward syndrome, 13
Romberg test, eyes-closed tandem, 205
Ropinirole, for Parkinson’s disease, 741t
Rotational tests, in gait and balance

assessment, 332
Rotatory chair testing, in cranial nerve VIII

assessment, 209, 209t
Rothmund-Thomson syndrome, 687t
Rubella virus infections, 930–931

clinical features and disorders associated with,
930–931

differential diagnosis of, 931
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Rubella virus infections (Continued )
epidemiology and risk factors for, 930
management and prognosis of, 931
pathogenesis and pathophysiology of, 930

Rubrospinal tract, 257
Rud’s syndrome, 687t
Ruffini’s end organs, 345
S

Saccades
anatomy of saccade system and, 140,

141f, 142
conjugate, impaired, 159–160
examination of saccade system and, 147
goal-directed, 147
hypermetric, 159, 160
hypometric, 159, 160
impaired, evaluation of, 153t
intentional, 147
memory-guided, 147
predictive, 147
reflexive, 147
spontaneous, 147
visually guided, 147

Saccadic pursuit, 148
Saetre-Chotzen syndrome, 585
St. Anne-Mayo grading system, 1054
St. Louis encephalitis virus infections,

925–926
St. Vitus’ dance, 748
Saline, hypertonic, for intracranial pressure

elevation, 1189
Salivary flow, testing of, 194
Salvage chemotherapy, for neuroectodermal

tumors, 1061–1062
Sandhoff’s disease, 619
Sanfilippo’s syndrome, 623t, 624
Santavouri’s disease, 575, 577, 578t, 615
Sarcoid, cerebrospinal fluid analysis in, 530t
Sarcoidosis, stroke and, 1035t
Sarcomeres, 245
Sarcoplasmic reticulum, 245, 247f
Scaphocephaly, 586
Scapuloperoneal syndromes, 795–796
Scheie’s syndrome, 622, 623t
Schirmer test, 191
Schwabach’s test, 207
Schwannoma(s), acoustic, 1068–1069

clinical features and disorders associated with,
1068

epidemiology and risk factors for, 1068
evaluation of, 1068
management of, 1069
pathogenesis and pathophysiology of, 1068

Schwartz-Jampel syndrome, 816
Scopolamine (Transderm-Scop), for vestibular

neuritis, 213t
Scorpion venom intoxication, 885
Scrapie, 969
Seashore Rhythm Test, 554
Second impact syndrome, 1189–1190, 1190t
Segmental necrosis, 515
Segmentation defects, 569–573, 572f

clinical features and disorders associated with,
570f, 570–571

epidemiology and risk factors for, 569
evaluation of, 571
management and prognosis of, 571
pathogenesis and pathophysiology of, 569

Seitelberger’s syndrome, 628t, 630
Seizure(s), 1215–1219. See also Epilepsy.

bacterial meningitis and, 947
generalized, 1215–1218
Seizure(s) (Continued )

absence, 1217f, 1217–1218
myoclonic, 1218
tonic, atonic, and clonic, 1216–1217
tonic-clonic, 1215–1216

in intracerebral hemorrhage, 1040
in multiple sclerosis, 1109

treatment of, 1124
with neuroectodermal tumors, 1055, 1064

management, 1057
neuroleptics and, 1286
nonepileptic (Pseudo seizures; psychogenic

seizures), 1233–1234
partial (focal), 1218–1219

complex, 1218–1219
simple, 1218

in renal failure, 858
subtle, 1228

Seizure disorders. See also Epilepsy.
cerebrospinal fluid analysis in, 531t
positron-emission tomography in, 473
single photon emission computed tomography

in, 473
Selective serotonin reuptake inhibitors (SSRIs),

neurological disorders due to, 1288
Sellar masses, 126
Semantic dementia, 721–722, 722t
Senile chorea, 748
Senile gait, 340
Sensorimotor polyradiculoneuropathy, Lyme

disease and, 958
Sensorineural hearing loss, 210–211
Sensory ataxia, 337
Sensory cortcal lesions, 359
proprioceptive and vibratory sense

abnormalities due to, 346t
Sensory Examination, 554
Sensory fibers
of cranial nerve IX, 219–220
of cranial nerve X, 220–221

Sensory function
in apraxia assessment, 58
in autonomic nervous system

examination, 391
in cerebellar disorders, 317
in cranial nerve II assessment, 121
in cranial nerve III assessment, 152
in cranial nerve IV assessment, 152
in cranial nerve V assessment, 171–172
in cranial nerve VI assessment, 152
in cranial nerve VII assessment, 192
in cranial nerve VIII assessment, 208
in cranial nerve IX assessment, 222, 223
in cranial nerve X assessment, 222, 223
in cranial nerve XI examination, 237
in cranial nerve XII examination, 237
in gait and balance assessment, 331
in memory assessment, 70
in mood, emotion, and thought assessment, 45
in movement disorder examination, 298–299
in neurovascular examination, 417
in olfactory assessment, 106
in reflex assessment, 271
in sleep disorders assessment, 28
in speech and language assessment, 84

Sensory gait syndromes, 337–338
Sensory loss
in multiple sclerosis, 1107
psychogenic
examination in, 354
pain and temperature sensation in, 377
sensory syndromes associated with, 359
Sensory mononeuropathy(ies), primary, 346t,
356

Sensory nerves, distal lesions of, pure, 356
Sensory neuronopathy, 346t, 358, 358t
Sensory neuropathy, primary, 371
Sensory polyneuropathy, diffuse, 346t

pain and temperature sensation in, 373–374
proprioception, touch, and vibratory

sensation in, 356
Sentence Repetition, 551
Septo-optic dysplasia, 571
Serine-deficiency syndromes, 678
Serotonin

basal ganglia and, 295
mood, emotion, and thought and, 43
sleep and, 27t

Serous chorioretinopathy, central, 125
Serratia, meningitis due to, 943
“Setting sun phenomenon,” 562
Sevoflurane, neurological disorders due to, 1290
Sex chromosomal anomalies, 685–687
Sex hormones, neurological disorders due to,

1306
Sexual dysfunction

management goals for, 402
in multiple sclerosis, 1108

treatment of, 1125
Sexuality, altered, 52
assessment of, 46t

Shaken baby syndrome, 1188
Shift work, 32
Shohl’s solution, for methylmalonicacidemia, 651
Short-Portable Mental Status Questionnaire

(SPMSQ), 545
Shoulder shrugging, in cranial nerve XI

examination, 235–236, 236f
Shy-Drager syndrome. See Multiple system

atrophy (MSA).
Sialidosis, 623t, 624–625, 1227t
Signe du journal, 607
Silent mutations, 500
Simple Reaction Time (SRT), 545
Single gene mutation screening, 503–504
Single-photon emission computed tomography

(SPECT), 471–473. See also specific
conditions.

abnormalities detectable on, 472
in Alzheimer’s disease, 708
in apraxia assessment, 59
basic principles and techniques for, 471
in cerebrovascular disease, 1019
in HIV-related cognitive impairment, 999
in mood, emotion, and thought assessment, 45
neurological applications of, 472–473

in brain tumors, 472, 473f
in cerebral trauma, 473
in cerebrovascular disease, 472
in degenerative disorders, 473
in dementia, 472–473
in seizure disorders, 473

normal findings on, 471
in olfactory assessment, 106–107
in stroke, 1023

Single-strand confrontation polymorphism
(SSCP) analysis, 504

Sinus headache, 1261–1262
Siphon region, 138
Sjögren-Larsson syndrome, 687t
Sjögren’s syndrome, 1173–1174

clinical features and disorders associated with,
1173

differential diagnosis of, 1173
epidemiology and risk factors for, 1173
evaluation of, 1173
management of, 1173
pathogenesis and pathophysiology of, 1173
prognosis and future perspectives on,

1173–1174



Index 1357
Skeletal hyperostosis, idiopathic, diffuse, plain
films and, 440

Skew deviation, 160–162
evaluation of, 153t
nystagmus syndromes as, 160–161
ocular flutter as, 161–162
opsoclonus as, 161–162
orbital syndromes as, 162
superior oblique myokymia as, 162

Skill learning, implicit memory and, 63
Skilled nursing facilities, for Alzheimer’s

disease, 710
Skin. See also Neurocutaneous disorders.

autonomic innervation of, 389
neurological examination of, 390

Skin biopsy, in sensory loss, 356
Skull

cloverleaf (trilobed), 586
craniosynostosis and, 585–587
clinical features and disorders associated
with, 586, 586f

differential diagnosis of, 586–587
evaluation and management of, 587
pathogenesis and pathophysiology of,

585–586
fractures of, computed tomography in, 445
plain films of, 437–439

Skull base
deformities of, 588
metastases to, 1088t, 1088–1089
clinical features of, 1089
epidemiology and risk factors for, 1088–1089
evaluation of, 1089
management of, 1089
pathogenesis and pathophysiology of, 1088
Sleep, 21–32
clinical history and, 21–23
definitions related to, 21
functions of
metabolic, 24
physiological, 23–24
restorative, 24
thermoregulatory, 24

historical background of, 21
neurochemical anatomy of, 27, 27t
neuronal circuits and nuclei underlying,

24–26
circadian rhythms and, 24
in non-rapid eye movement sleep, 25–26
pineal gland and melatonin and, 25
in rapid eye movement sleep, 26
reticular activating system as, 24, 25f
suprachiasmatic nucleus as, 24–25

non-rapid eye movement (NREM)
definition of, 21
neuronal circuits and nuclei underlying,

25–26
physiological functions of, 24
stages of, 21

phase-advanced, 32
phase-delayed, 32
quality of, assessment of, 22
rapid eye movement (REM)

definition of, 21
neuronal circuits and nuclei underlying, 26
physiological functions of, 23

Sleep apnea, obstructive, 1273–1276
clinical features and disorders associated with,

1274–1275
epidemiology and risk factors for, 1274
evaluation of, 1275
management of, 1275–1276
pathogenesis and pathophysiology of, 1272t,

1273–1274
prognosis and future perspectives on, 1276
Sleep diaries, 22, 29
Sleep disorders, 1267–1283
in Alzheimer’s disease, 707
management of, 709
arousal disorders as, 1279–1280
chronobiological, 1277–1279
classification of, 22
clinical syndromes of, 29–32, 30t

breathing disorders as, 31
circadian rhythm disorders as, 32
hypersomnia of central origin as, 31
insomnia as. See Insomnia.
movement disorders as, 31–32
parasomnias as, 31–32

examination of
laboratory tests in, 28t, 28–29
medical findings in, 38
neurological, 27–28

historical background of, 1267
hypnogenic paroxysmal dystonia as, 1281
idiopathic hypersomnia as, 1272–1273
insomnia as. See Insomnia.
narcolepsy as, 1270–1272
in neurological disorders, 1281–1283

degenerative central nervous systemdisorders
and, 1282–1283

neuromuscular, 1281–1282
obstructive sleep apnea as, 1273–1276
periodic limb movement disorder as,

1276–1277
polysomnography in, 484–486

abnormal findings and clinical uses of,
485f, 485–486

basic principles and technique for, 484
normal findings on, 484–485

REM sleep behavior disorder as, 1280t,
1280–1281

restless legs syndrome as. See Restless legs
syndrome (RLS).

sleep diary and, 22, 29
Sleep fragmentation, 30–31
Sleep monitoring
ambulatory, 29
portable, 29

Sleep state misperception, 1268
Sleep terrors, 1279–1280
clinical features and disorders associated with,

1279
differential diagnosis of, 1279–1280
epidemiology and risk factors for, 1279
evaluation of, 1280
management of, 1280
pathogenesis and pathophysiology of, 1279
prognosis and future perspectives on, 1280

Sleep-onset insomnia, 30, 32
Sleepwalking, 1279–1280
clinical features and disorders associated with,

1279
differential diagnosis of, 1279–1280
epidemiology and risk factors for, 1279
evaluation of, 1280
management of, 1280
pathogenesis and pathophysiology of, 1279
prognosis and future perspectives on, 1280

Slit lamp biomicroscopy, 120
Sluder’s pterygopalatine ganglion syndrome, 179
Sly’s syndrome, 623t
Small cell lung cancer, paraneoplastic

syndromes and, 1094t, 1094–1095
Smallpox, 938–939
clinical features and disorders associated with,

939
diagnosis of, 939
epidemiology and risk factors for, 938–939
hemorrhagic, 939
Smallpox (Continued )
management of, 939
pathogenesis and pathophysiology of, 939

Smell Identification Test (UPSIT), 105
Smell Threshold Test (STT), 105
Smith-Lemlie-Optiz syndrome, 572
Smith’s disease, 626
Smoking, stroke and, 1021
Snake venom intoxication, 885
SNARE proteins, 247
Sneddon’s disease, stroke and, 1036t
Sneddon’s syndrome, 401
Snout reflex, 171, 267
Sodium benzoate, for hepatic failure, 856
Sodium channel myotonias, 814–815
Sodium channelopathies, 814–815
Sodium dichloroacetate (DCA), for primary

lactic acidoses, 667
Sodium disorders, 827–831
Sodium oxybate, for daytime sleepiness, 1272t
Solvent intoxication. See Organic solvent

intoxication.
Somatosensory evoked potentials (SEPs),

488–490
abnormal findings and clinical uses of,

489–490
basic principles and technique for, 488
normal findings on, 488–489, 489f
in pain and temperature sensation, 370
in sensory loss, 355–356

Sound, definition of, 199
Southern blot hybridization, 505–506, 506f
Span tests, 546
Spasm(s), hemifacial, 305, 757
Spasmodic dysphonia, 86, 225
Spastic catch, 263
Spastic dysarthria, 87

assessment of, 85t
clinico-anatomical correlates of, 95t

Spastic hemiparetic gait, 340
Spastic paraparetic gait, 340
Spastic paraplegia

familial, cervical spondylosis vs., 599
hereditary, 787–788

clinical features of, 788
differential diagnosis and evaluation of, 788
management and prognosis of, 788
pathogenesis and pathophysiology of,

787t, 787–788

Spasticity, 255–256

definition of, 244
in multiple sclerosis, treatment of, 1124
progressive, 718t, 720

cervical spondylosis vs., 599

treatment of, 286
Spatial movement errors, in apraxia, 60
Spatial orientation errors, in apraxia, 59
Spatial production errors, in apraxia, 59
Speech. See also Speech and language.

anatomy of, 80

of affective elements, 82

cerebellar, 321
definition of, 79
examination of, in cerebellar disorders, 316
expressive. See also Aphasia.
assessment of, 82

rate of, 82
volume of, 82

Speech and language, 79–95
anatomy of, 80–82

of affective elements, 82
of language, 80–82, 81f
limbic and subcortical structures

participating in language processing
and, 82
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Speech and language (Continued )

of reading and writing, 81–82
of speech, 80

clinical history and, 79–80
definitions related to, 79
disorders of, 86t, 86–94
agraphia as, 93
assessment of, 85t
alexia as

with agraphia, 93
assessment of, 85t
frontal, 93
without agraphia, 92–93

aphasias as. See Aphasia.
clinico-anatomical correlates of, 95t
dysarthria as, 86–87

ataxic, 87
flaccid, 87
hypokinetic/hyperkinetic, 87
mixed, 87
mutism as, 87
spastic, 87

dysphonia as, 86
spasmodic, 86
vocal cord dysfunction or paralysis and, 86

language-related, 93–94
aphemia as, 93–94
delirium as, 94
psychiatric disorders as, 94
pure word deafness as, 94
right hemisphere, 94, 95t, 96t

management goals for, 95
speech-related, 87–88

phonic tics and vocalizations as, 87–88
reiterative, 88, 88t

examination of, 82–84
associated neurological findings in, 83–84
neurodiagnostic studies in, 84, 85t, 86
neurological, 82–83, 83f

historical background of, 79
Speech discrimination, in cranial nerve VIII

assessment, 209, 209t
Speech-Sound Perception Test, 554
Sphingolipidoses, 1227t
Sphingomyelinoses, 620
Spider venom intoxication, 885
Spinal accessory nerve. See Cranial nerve XI

(spinal accessory).
Spinal artery, anterior, anatomy of, 408
Spinal cord

balance and, 328–329
gait and, 328–329
hemisection of, pain and temperature

sensation in, 375
hypoperfusion of, 420–421

assessment of, 418t

ischemia of
assessment of, 418t
pain and temperature sensation in, 376

segments of, 250
vascular malformations of, 426–427
vascular supply to, anatomy of, 411–412

Spinal cord disorders
combined degeneration as, subacute, cervical

spondylosis vs., 599
in diabetes, 851
in multiple sclerosis, 1115–1116
myelopathy as, 346t, 358

transverse myelopathy syndrome as, 282,

282t
neoplastic, 1069
cerebrospinal fluid analysis in, 531t

Spinal cord injury, 1196–1203
clinical features and disorders associated with,

1196–1199, 1197f, 1198t
Spinal cord injury (Continued )
differential diagnosis of, 1199
epidemiology and risk factors for, 1196, 1197f
evaluation of, 1199f–1201f, 1199–1200
management of, 1200–1203, 1202f
pathogenesis and pathophysiology of, 1196
patterns of deficit in, 1198
prognosis and future perspectives on, 1203
somatosensory evoked potentials in, 490

Spinal cord stroke(s), 426, 1047–1048
clinical features and diagnosis of, 1048
management and prognosis of, 1048
pathogenesis and pathophysiology of,

1047–1048
Spinal cord syndromes, autonomic dysfunction

secondary to, 399
Spinal diseases
computed tomography in, 447
plain films in, 440–441

Spinal dysraphism, 567, 568
Spinal epidural abscesses, 950–952
clinical features of, 951
epidemiology and risk factors for, 950–951
evaluation of, 951–952
management of, 952
pathogenesis and pathophysiology of, 951

Spinal muscular atrophy (SMA), 785t, 785–787
clinical features and disorders associated with,

785–786, 786f
differential diagnosis of, 786t, 786–787
epidemiology and risk factors for, 785
evaluation of, 786–787
future perspectives on, 787
management of, 787
pathogenesis and pathophysiology of, 785

Spinal nerves, 250
Spinal subdural empyema
clinical features of, 950
differential diagnosis and evaluation of, 950
epidemiology and risk factors for, 949
management of, 950
pathogenesis and pathophysiology of,

949–950
Spinal tap, 536–538, 537f
Spinal trigeminal nucleus, 165
anatomy of, 167–168

Spinal trigeminal tract, 165
Spine
epidural lesions of, on myelography, 461,

462f, 463
extramedullary lesions of, intradural, on

myelography, 463, 463f
fractures of
computed tomography in, 445, 445f
plain films and, 440
plain films in, 440

intramedullary lesions of, on myelography, 463
magnetic resonance imaging of, 454–455
metastases to, 1089–1092

clinical features of, 1090, 1090t
differential diagnosis of, 1090–1091
epidemiology and risk factors for,

1089–1090, 1090t
evaluation of, 1091, 1091f
management of, 1092
pathogenesis and pathophysiology of, 1089,

1089f
prognosis and future perspectives on,

1092
neoplasms of

computed tomography in, 445, 445f
plain films in, 441

pediatric lesions of, ultrasonography in,
470–471

plain films of, 438, 439
Spine (Continued )
post-traumatic destabilization of, plain films

and, 440
railway, 1190
vascular lesions of, neuroangiography in, 467,

467f
Spin-lattice relaxation, 448
Spinocerebellar ataxia (SCA)

autosomal dominant, 769t, 770f, 770–775

pathogenesis and pathophysiology of,

770–771
type 1, 771–772
type 2, 772
type 3, 772, 774
type 6, 774
type 7, 774–775
type 17, 775

autosomal recessive, with neuropathy, type 1,
768

Spinocerebellar tracts
dorsal, proprioception, touch, and vibratory

sensation and, 349
proprioception, touch, and vibratory sensation

and, 349
Spinothalamic tract

in multiple sclerosis, 1108
pain and temperature sensation and, 365

Spin-spin relaxation time, 448
Spondylitis

ankylosing, 600–601
infectious, plain films in, 440–441

Spondylosis, cervical, 597–600
clinical features and disorders associated with,

598
differential diagnosis of, 598–599, 600f
epidemiology and risk factors for, 598
evaluation of, 599–600
management of, 600
pathogenesis and pathophysiology of,

597–598, 598f
prognosis and future perspectives on, 600

Spondylosis deformans, plain films and, 440
Spontaneous saccades, 147
Staining methods, for muscle biopsy, 512–514
Stance ataxia

with absent Romberg’s sign, 320–321
with bilateral limb ataxia, 321
with present Romberg’s sign, 321

Staphylococcus aureus, meningitis due to, 944,
945, 946

Stare, 145
Startle syndromes, 759t, 759–760
Static imbalance, 148
Statins, neurological disorders due to, 1307
Status epilepticus, 1232–1234, 1233t
Status migrainosus, 1249
Stellate ganglion, 138
Stereognosis, assessment of, 354
Stereotactic radiotherapy

for meningiomas, 1074
for neuroectodermal tumors, 1061

Stereotypy, 304
Sternocleidomastoid muscle, in cranial nerve XI

examination, 234–235
Steroids. See also Corticosteroids; specific

corticosteroids.
for primary central nervous system

lymphomas, 1067
Stewart-Holmes sign, in cerebellar disorders, 316
Stiffman’s syndrome, cerebrospinal fluid

analysis in, 531t
Stiff-person syndrome (SPS), 399, 745–746, 1098

clinical features and disorders associated with,
746

differential diagnosis of, 746
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Stiff-person syndrome (SPS) (Continued )
epidemiology and risk factors for, 746
evaluation of, 746
management of, 746
pathogenesis and pathophysiology of,

745–746
prognosis and future perspectives on, 746

Stimulus accession, 344
Stimulus localization, assessment of, 354
Stimulus transduction, 344
Stimulus-secretion coupling, 247
Stingers, 1204
Storage diseases, 613–637. See also specific

disorders.
glycogenoses as, 625–627
leukodystrophies as, 627, 628t–629t, 630–635
lipidoses as. See Lipidoses.
neuronal ceroid-lipofuscinoses as, 613,

614t, 615–616
Strabismus, 133
Strachan’s syndrome, 909
Strength

anatomy of, 244–259

of internuncial pool, 253f–255f, 253–256
of lower motor neuron pool, 247–253, 248f
alpha and gamma motor neurons and

reflex arcs and, 252–253, 253f
alpha motor neuron and, 148–150,

149f–251f
gamma motor neuron and, 250, 252, 252f

of muscle, 245–246, 246f, 247f
of neuromuscular junction, 246–247
of upper motor neuron pool, 256–259
brain stem motor tracts and, 257–259,

260f–262f
corticospinal tract and, 256–257,

257f–259f
voluntary motor function and, 244–245,

245f
disorders of. See also Fatigability;

Flaccidity; Paralysis; Paresis;
Spasticity; Weakness.

clinical history and, 244
clinico-anatomical correlates of, 268t–269t
combined upper and lower motor neuron

syndromes as, 281–283

motor neuron syndrome as, 281–282
myelopathic, 282t, 282–283

episodic weakness syndrome as, 285t,
285–286

lower motor neuron syndromes as, 279–281
peripheral neuropathy and

mononeuropathy syndromes as,
280–281, 281t

plexopathy syndromes as, 279–280, 280t
progressive spinal muscular atrophy

syndromes as, 279
radiculopathy syndromes as, 279

management goals for, 286
myopathic syndromes as, 284
neuromuscular junction syndromes as,

283–284, 284t
myasthenia gravis as, 283
myasthenic syndrome as, 283

spasticity treatment and, 286
syndrome of “acute” generalized weakness

as, 284–285
syndrome of diffuse excitation of

internuncial pool as, 278–279
upper motor syndromes as, 275,

278, 278t, 279t
examination of, 261, 263–265, 267–271

associated medical findings in, 271
associated neurological findings in, 270–271
neurodiagnostic tests in, 272, 273t–274t
Strength (Continued )

neurological, 261, 263–270

fatigability assessment and, 265
muscle bulk assessment and, 261, 263
muscle tone assessment and, 263–264
strength assessment and, 264t, 264–265

historical background of, 243–244
pharmacology of motor system and, 260–261

Streptococcus pneumoniae, meningitis due to,
943, 945, 946, 946t

Streptomycin
for Mycobacterium avium complex

infections, 955
neurotoxicity of, 1294t
for tuberculous meningitis, 954t, 955t
for Whipple’s disease, 953

Stretch reflexes, 267
long-latency (long-loop), 256

Striae of Gennari, 118
Striate cortex, anatomy of, 118
Stroke, 1019–1045
carotid system, 421–422
cerebrospinal fluid analysis in, 530t
in children, 1048t, 1048–1049, 1049t
completed (established), definition of, 405
diagnosis of, 1022–1023
clinical, 1022–1023
computed tomography angiography in, 1023
laboratory test in, 1023, 1023t
magnetic resonance angiography in, 1023
neuroimaging in, 1023

in evolution (progressive), definition of,
405, 406t

hemianopia related to, 128–129
hemorrhagic, 405, 1020, 1038–1045

arteriovenous malformations and,
1044–1045

primary intracerebral hemorrhage and,
1038–1041

subarachnoid hemorrhage and, 1041–1044
historical background of, 1019–1020
incidence and prevalence of, 1020–1021
ischemic, 405, 1020, 1023–1038

atherothrombotic disease and, 1023–1026
brain embolism and, 1027–1031
cerebral venous thrombosis and, 1008f,

1037–1038
in coagulation disorders, 1036–1037, 1037t
drug-related vasculopathies and, 1036,

1036t
in immunological abnormalities, 1037
inflammatory vascular disorders and, 1034,

1035t–1036t
migraine-related, 1036
noninflammatory vascular diseases and,

1033
occlusive disease of small penetrating

arteries and, 1026–1027
in pregnancy, 1033–1034, 1034f
prevention of, antithrombotic therapy for,

1031, 1032f
systemic hypertension and, 1032–1033

lacunar, 422–423
risk factors for, 1021–1022
sensory (hemisensory; paresthetic), pure, 422
spinal cord, 426
transient ischemic attacks and, 1022
vertebrobasilar, 423–426

Strokelike episodes, 668, 1250
Stroop Word-Color Interference Test, 554
Strychnine intoxication, symptoms of, 883t
Stupor, definition of, 3
Sturge-Weber syndrome (SWS), 695f, 695–696
Stutter, 88, 88t
Stylomastoid foramen, 187t, 190
Stylomastoid foramen syndrome, 194, 196
Subacute combined degeneration, 346t, 358
Subacute necrotizing encephalomyelopathy.

See Leigh’s disease.
Subacute sclerosing panencephalitis (SSPE)

electroencephalography in, 484
following measles, 929

Subarachnoid hemorrhage (SAH), 427, 427f,
1041–1044

assessment of, 418t
cerebrospinal fluid analysis in, 530t
clinical features and disorders associated with,

1042
diagnosis and evaluation of, 1042f,

1042–1043
diagnosis of, 13
epidemiology and risk factors for, 1042
management of, 1043

of unruptured aneurysms, 1043–1044

neuroangiography in, 466, 466f
pathogenesis and pathophysiology of,

1041–1042, 1042f
prognosis and future perspectives on, 1044

Subarachnoid hemorrhage syndrome, 427, 427f
Subclavian artery, anatomy of, 407
Subcortical aphasia, 92
Subcortical structures, mood, emotion, and

thought and, 40
Subdural empyema

cranial and spinal, 949–950

clinical features of, 950
differential diagnosis and evaluation of,

950
epidemiology and risk factors for, 949
management of, 950
pathogenesis and pathophysiology of,

949–950
spinal, 949–950

Subdural hematoma(s), 427–428, 1046, 1047f
head injury and, 1186–1187

Subfalcine herniation syndrome, 15
Substance abuse. See Alcoholism; Drug abuse;

specific drugs.
Succinic semialdehyde dehydrogenase

deficiency (SSADH), 658–659, 678
clinical features and disorders associated with,

658
differential diagnosis of, 658
epidemiology and risk factors for, 658
evaluation of, 658
management of, 658–659
pathogenesis and pathophysiology of, 658
prognosis and prevention of, 659

Sudden infant death syndrome (SIDS), 671
Sudomotor innervation, evaluation of, 395–396
Sulfonamides, neurological disorders

due to, 1294
Sumatriptan, for migraine, 1252t
Superficial abdominal reflexes, 255, 255f
Superior cerebellar artery syndrome, 423
Superior oblique myokymia, 162
Superior olive, 201
Supplemental motor area aphasia, 91
Suprachiasmatic nucleus (SCN), sleep and,

24–25
Supranuclear facial paresis, 194
Supranuclear syndromes. See also Progressive

supranuclear palsy (PSP).
of cranial nerve V, 173, 175f

assessment of, 172t
Supraorbital reflex, 191
Sustained handgrip maneuver, 394
Sweat imprint, 396
Sweating

gustatory, 197
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Sweating (Continued )
thermoregulatory

deficient, 384
testing of, 396
Swinging flashlight test, 20f, 119
Sydenham’s chorea, 748
Sympathetic blocks, for pain management, 379
Sympathetic skin response, in autonomic

nervous system examination, 392–393
Syncope, 13

cranial nerve VIII disorders versus, 210
Synergy syndromes, 335, 337
Synkinesis, 196, 270
Syphilis, 955–957

clinical features and evaluation of, 956
diagnosis of, 956–957, 957t
epidemiology and risk factors for, 955
management of, 957
meningovascular, 956
pathogenesis and pathophysiology of,

955–956
Syringomyelia, 282–283, 399, 566

cervical spondylosis vs., 599
pain and temperature sensation in, 375

Syringomyelic syndromes, 278
Systemic diseases. See also specific diseases.

plain films in, 439
Systemic lupus erythematosus (SLE),

1167–1171
clinical features and disorders associated with,

1168t, 1168–1170, 1169t
differential diagnosis of, 1170
epidemiology and risk factors for, 1168
evaluation of, 1170, 1170f
management of, 1170
pathogenesis and pathophysiology of,

1167–1168
prognosis of, 1170–1171
T

Tabes dorsalis, 956
Tacrine, for Alzheimer’s disease, 709
Tactile abilities, tests of, 554
Tactile Form Perception, 554
Taenia solium infections, 964–965

clinical features of, 964
epidemiology and risk factors for, 964
evaluation of, 964
management of, 964–965
pathogenesis and pathophysiology of, 964

Takayasu’s arteritis, 1159–1161
clinical features and disorders associated with,

1160
differential diagnosis of, 1160, 1160t
epidemiology and risk factors for, 1160
evaluation of, 1160–1161, 1161f
management of, 1161
pathogenesis and pathophysiology of,

1159–1160
prognosis and future perspectives on, 1161
stroke and, 1035t

Tangier’s disease, 637
Tardive akathisia, 305
Tardive dyskinesia, 1287
Tarui’s disease, 625, 626t, 627
Taxol, sensory neuropathy due to, 345t
Tear production

in Bogorad’s syndrome, 196
cranial nerve VII function and, 191

Telangiectasia, hemorrhagic, hereditary,
427, 687t

Telencephalon syndromes, autonomic
dysfunction secondary to, 398
Teller’s acuities, 118
Temazepam, for insomnia, 1270t
Temozolamide, for neuroectodermal tumors,

1061, 1062f
Temperature sensation, 363–379
anatomy of, 364–367
central nervous system pain control
mechanisms and, 366–367

gate control theory and, 367
receptors and first-order neurons and,

364–365
second-order neurons and, 365, 366t
third-order neurons and, 365–366

definitions related to, 363
disorders of, 371–377, 372t

anterior spinal artery syndrome as, 376
brain stem pain loss syndromes as, 376
cauda equina vs. conus medullaris

syndrome and, 375, 375t
causalgia as, 377
central post-stroke syndrome as, 376
clinical history and, 363–364
combined radicular and myelopathy

syndromes as, 375
cortical pain syndrome as, 376–377
C-polymodal nociceptor sensitization and,

371, 373f, 374f
diffuse sensory polyneuropathy as,

373–374
dorsal root ganglion syndromes as, 374
insensitivity to pain as, 377
management goals for, 377, 378t, 379
mononeuropathy as, 371–373
plexopathy as, 374–375
primary sensory neuropathy as, 371
psychogenic sensory loss as, 377
radiculopathy as, 374
spinal cord hemisection as, 375
syringomyelia as, 375
transverse myelopathy as, 375–376
triple cold syndrome as, 371

examination of, 367–371
associated medical findings in, 369
associated neurological findings in,

368–369
neurodiagnostic tests in, 369–371, 370t
neurological, 367–368

historical background of, 363
Temporal arteritis. See Giant cell arteritis.
Temporal bone, internal auditory meatus of,

187t, 190
Temporal lobe, mood and emotion and, 39
Temporal lobe epilepsy, 1220–1221, 1221f,

1222f
Temporal lobectomy, for epilepsy, 1241
Temporal Orientation Test (TOT), 545
Temporal production errors, in apraxia, 59
Temporomandibular joint (TMJ) syndrome, in

cranial nerve V disorders, 178
Tendon reflexes, assessment of, 265–266, 266t
Tensilon test, for myasthenia gravis, 265, 272,

1174–1175
Tension-type headache, 1253–1254
clinical features and disorders associated with,

1254
differential diagnosis of, 1254
epidemiology and risk factors for,

1253–1254
evaluation of, 1254
management of, 1254
pathogenesis and pathophysiology of, 1253
prognosis and future perspectives on, 1254

Teratoma(s), 1074–1075
Territorial extension, 852
Terson’s syndrome, 125
Tetanus, 278–279, 399, 887–888
cerebrospinal fluid analysis in, 531t
clinical features and disorders associated with,

887–888
differential diagnosis and evaluation of, 888
epidemiology and risk factors for, 887
fused, 249
management of, 888
opioid abuse and, 892
pathogenesis and pathophysiology of, 887
prognosis and future perspectives on, 888

Tetanus toxoid, neurotoxicity of, 1312
Tethered cord, 566, 568
Tetrabenazine

for Huntington’s disease, 748
for myoclonus, 759t

Tetrachloroethane intoxication, occupations and
job-related sources of exposure and,
867t–868t

Tetracycline(s)
neurotoxicity of, 1295

central, 1293t
peripheral, 1293t

for Rocky Mountain spotted fever, 960t
Tetrahydrobiopterin metabolism, defects in,

677–678
Tetraparesis, 275, 279t
Tetraplegia, autonomic dysfunction secondary

to, 399
Thalamic hemorrhage, 430
Thalamic infarction, 425
Thalamic lesions, sensory loss and, 359
Thalamic pain syndrome, 376
Thalamotomy, for primary dystonia, 751
Thalamus, dysfunction, clinical findings in, 6t
Thalidomide, sensory neuropathy due to, 345t
Thallium intoxication

occupations and job-related sources of
exposure and, 867t–868t

symptoms of, 871t
Thanatophoric dysplasia, 587
Thermography, in pain and temperature

sensation, 369, 370t
Thermoregulation, sleep and, 24
Thermoregulatory sweat test, 396
Thiamin, neurological disorders due to, 1305
Thiamin deficiency, alcohol-related, 898–901

clinical features and disorders associated with,
899–900, 900f

differential diagnosis of, 900–901
epidemiology and risk factors for, 899
evaluation of, 901, 901f
management of, 901
pathogenesis and pathophysiology of,

899, 900f
prognosis and future perspectives on, 901

Thiethylperazine (Torecan), for vestibular
neuritis, 213t

Thigh, lateral cutaneous neuropathy of, 610
Thioridazine hydrochloride (Mellaril),

effects of, 1286t
Thiotepa neurotoxicity, 1298, 1298t
Thiothixene, for migraine, 1252t
Thiothixene hydrochloride (Navane), 53t

effects of, 1286t
Third occipital headache(s), 1191
Thomsen’s disease, 815
Thoracic outlet syndrome (TOS), 608–609

clinical features of, 608
evaluation of, 608–609, 609f
treatment of, 609

Thoracoabdominal neuropathy, diabetic, 852
Thought, 35. See also Mood, emotion, and

thought.
Thought disorders, 44
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Three-Dimensional Block Construction, 554
Thromboangiitis obliterans (TO), 1165–1166

clinical features and disorders associated with,
1166

differential diagnosis of, 1166
epidemiology and risk factors for, 1166
evaluation of, 1166
management of, 1166
pathogenesis and pathophysiology of,

1165–1166
prognosis and future perspectives on, 1166

Thrombolysis, for brain embolism, 1029–1030,
1030t

Thrombosis, cerebral venous, stroke and,
1037–1038, 1038f

Thrombotic cerebrovasculopathy, varicella
zoster virus infections and, 935

Thrombotic thrombocytopenic purpura (TTP),
stroke in, 1037

Thunderclap headache, benign, 1260–1261,
1261t

Thyroid disorders, 841–845
Thyroid orbitopathy, 135
Tiagabine

clinical use and adverse effects of, 1239
drug interactions of, 1237t
efficacy of, 1236t
pharmacokinetic parameters of, 1235t

Tic(s), 303–304, 752–753
clinical features and disorders associated with,

752–753
differential diagnosis of, 753
epidemiology and risk factors for, 752
evaluation of, 753
management of, 753
motor, 303–304
ocular movements and, 304
pathogenesis and pathophysiology of, 752
phonic, 87–88
prognosis and future perspectives on, 753
tonic, 304
vocal, 303, 304

Tic douloureux, 165, 179–181, 180f, 181f, 1262
assessment of, 172t
cerebrospinal fluid analysis in, 531t

Tick paralysis, 885–886
Tick-borne encephalitis virus infections, 926
Ticlopidine hydrochloride, for atherothrombotic

disease, 1025
Timing errors, in apraxia, 60
Timolol, for headache prophylaxis, 1253t
Tinel’s sign, 606
Tinnitus, definition of, 199
Tissue analysis. See Fluid and tissue analysis.
Tissue-type plasminogen activator (tPA), for

brain embolism, 1029–1030, 1030t
Titmus test, 131
Tobramycin, neurotoxicity of, 1294t
Todd’s paresis, 192, 285
Token Test, 551
Tolcapone, for Parkinson’s disease, 741t, 742
Tolosa-Hunt syndrome, 134, 135, 159, 178
Toluene intoxication, 880

occupations and job-related sources of
exposure and, 867t–868t

symptoms of, 877t
Tongue

in cranial nerve XII examination, 236–237
gustatory nucleus of cranial nerve VII

and, 189
Tonic neck reflexes, 260
Tonic pupils. See Adie’s pupil.
Tonic seizures, 1216
Tonic-clonic seizures, 1215–1216

generalized, epilepsy with, 1224
Tonin’s disease, 626t, 627
Tonometry, applanation, 120
Tonotopic distribution, 201
Tool selection errors, in apraxia, 61
Tool-object action knowledge, in apraxia, 61
Tool-object association knowledge,

in apraxia, 61
Top of the basilar syndrome, 424–425
Topesthesia, assessment of, 354
Topical local anesthetics, for pain management,

377, 378t
Topiramate
clinical use and adverse effects of, 1239
drug interactions of, 1237t
efficacy of, 1236t
for headache prophylaxis, 1253t
of cluster headache, 1255t
pharmacokinetic parameters of, 1235t

Torsional movements, 133
Total unilateral inferior pontine syndrome, 425
Total unilateral medullary syndrome, 425
Touch sense, 343–359
anatomy of, 344–345, 346t, 347–350
discriminative touch, vibration, and
conscious sense of joint/muscle
movement and, 349–350

first-order neuron and, 345, 347
of receptors, 344–345, 347f
second-order neuron and, 347
of spinocerebellar pathways, 349
third-order neuron and, 347, 348f,

349, 349f
definitions related to, 343
disorders of, 356–359, 357t

brain stem lesions as, 358, 358t
clinical history and, 344, 344t, 345t
diffuse sensory polyneuropathy as, 356
dorsal horn lesions as, 358, 358t
management goals for, 359
mechanoreceptor dysfunction as, 356
myelopathy as, 358
plexopathy as, 357
primary sensory mononeuropathy as, 356
pure sensory distal nerve lesions as, 356
radiculopathy as, 357–358
sensory cortical lesions as, 359
sensory neuropathy as, 358, 358t
sensory syndromes associated with

psychogenic sensory loss as, 359
subacute combined degeneration as,

358, 358t
thalamic lesions as, 359

examination of
associated medical findings in, 355
associated neurological findings in,

354–355
neurodiagnostic tests in, 355–356
neurological, 350–351, 351f–353f, 353

historical background of, 343
light touch and pressure and, 350

Tourette syndrome. See Giles de la Tourette
syndrome (GTS).

Toxoplasma gondii, brain abscess due to, 947
Tragus, 199
Trail Making Test, 546
Transcortical aphasia
mixed, 92
clinico-anatomical correlates of, 95t
motor, 91

clinico-anatomical correlates of, 95t
sensory, 91–92

clinico-anatomical correlates of, 95t
Transcutaneous electrical nerve stimulation

(TENS), 367
for pain management, 379
Transient global amnesia (TGA), 75, 426
Transient ischemic attacks (TIAs), 421, 1022

assessment of, 418t
definition of, 405

Transmissible spongiform encephalopathy,
969–978, 970f

familial form of, 974–975

clinical features of, 974t, 974–975
epidemiology and risk factors for, 974
laboratory evaluation of, 975
management, treatment, and prevention

of, 975
pathogenesis and pathophysiology of, 974

iatrogenic form of, 975–876
clinical features of, 976, 976t
epidemiology of, 975t, 975–976
laboratory evaluation of, 976
management, treatment, and prevention

of, 976
pathogenesis and pathophysiology of, 975

sporadic form of, 969–974
clinical features of, 970–971, 971f, 971t,

972f, 972t
differential diagnosis of, 972–973
epidemiology and risk factors for, 970
laboratory evaluation of, 971, 973f,

973t, 974f
management, treatment, and prevention of,

973–974
pathogenesis and pathophysiology of,

969–970, 970f
variant Creutzfeldt-Jakob disease as,

976–978
clinical features of, 977, 978f, 978t
epidemiology of, 976–977, 977f
laboratory evaluation of, 977–978
management, treatment, and prevention

of, 978
Transplant drugs, neurological disorders due to,

1301–1302
Transtentorial herniation syndrome, upward, 15
Transverse myelitis, 282
Transverse myelopathy syndrome, 282, 282t
Transverse tubules, 245, 247f
Traumatic brain injury. See Head injury.
Traumatic injuries. See specific sites and

types of injury.
Trazodone, for insomnia, 1270t
Treatment outcomes research,

neuropsychological testing for, 541
Tremor(s), 302–303

action, 754–756, 755t

in multiple sclerosis, treatment of, 1124

dystonic, 756
essential, 754–755
familial, 755
intention, 755–756
kinetic, cerebellar, 755–756
mercury-induced, 874
orthostatic, 755
postural, 755
rest, in Parkinson’s disease, 738
writer’s, primary, 755

Treponema pallidum infections, 955–957
clinical features and evaluation of, 956
diagnosis of, 956–957, 957t
epidemiology and risk factors for, 955
management of, 957
pathogenesis and pathophysiology of,

955–956
Treponemal tests, 956–957
Triazolam, for insomnia, 1270t
Trichloroethylene (TCE) intoxication, 880

occupations and job-related sources of
exposure and, 867t–868t
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Trichloroethylene (TCE) intoxication
(Continued )

symptoms of, 877t
Tricyclic antidepressants

neurological disorders due to, 1288, 1288t
for pain management, 377

Trifluoperazine hydrochloride (Stelazine;
Suprazine), 53t

effects of, 1286t
Trigeminal nerve. See Cranial nerve V

(trigeminal).
Trigeminal neuralgia, 165, 179–181, 180f,

181f, 1262
assessment of, 172t
cerebrospinal fluid analysis in, 531t

Trigeminal neurilemmoma(s), 1068–1069
clinical features and disorders associated with,

1068
epidemiology and risk factors for, 1068
evaluation of, 1068
management of, 1069
pathogenesis and pathophysiology of,

1068
Trigemino-abducens reflex, 171
Trigeminofacial reflex, testing of, 193
Trihexyphenidyl

for Parkinson’s disease, 740, 741t
for primary dystonia, 750–751

Trilobed skull, 586
Trimethobenzamide (Tigan), for vestibular

neuritis, 213t
Trimethoprim-sulfamethoxazole (TMP-SMX)

central neurotoxicity of, 1293t
for Whipple’s disease, 953

Trimipramine, actions of, 1288t
Trinucleotide repeat expansion mutations, 501,

501t, 502t
Tripelennamine (Pyribenzamine) abuse, 892
Triple cold syndrome, 371
Trisomy 13, 684–685
Trisomy 18, 684
Trisomy 21, 683–684

Alzheimer’s disease and, 701, 707
clinical features and disorders associated with,

683–684
differential diagnosis of, 684
epidemiology and risk factors for, 683
evaluation of, 684
management and prognosis of, 684
pathogenesis and pathophysiology of, 683

Trochlear headache, primary, 1261
Trochlear nerve. See Cranial nerve IV

(trochlear).
Trochleitis, 1261
Tromethamine (Tham), for

methylmalonicacidemia, 651
Tropheryma whippelii infections, 952–953
Tropia, 133
Trousseau’s sign, 834
Truncal ataxia

with absent Romberg’s sign, 320–321
with bilateral limb ataxia, 321

Tryptophan metabolism disorder.
See Glutaricaciduria, type 1.

Tsujino’s disease, 626t, 627
T&T olfactometer threshold test, 105
Tuberculosis, spinal, plain films in, 441
Tuberculous meningitis, 953–955

cerebrospinal fluid analysis in, 530t
clinical features of, 953–954
epidemiology and risk factors for, 953
evaluation of, 954
management of, 954t, 954–955, 955t
pathogenesis and pathophysiology of,

953
Tuberous sclerosis, 691–693
clinical features and disorders associated with,

691t, 691–692, 692f
differential diagnosis of, 692
epidemiology and risk factors for, 691
evaluation of, 692–693
management of, 693
pathogenesis and pathophysiology of, 691

Tumor(s). See Metastatic neoplasms; Neoplastic
disorders; Paraneoplastic syndromes;
specific tumors.

Tumor cells, in cerebrospinal fluid, 533
“Tunnel vision,” 131
Turner’s syndrome, 686
Turpentine intoxication, occupations and

job-related sources of exposure and,
867t–868t

Two-point discrimination, assessment of, 354
U

Uhthoff’s phenomenon, 1109
Uhthoff’s symptom, 125
Ulegyria, 580
Ulnar nerve, anterior transposition of, 608
Ulnar neuropathy, compressive, 606t, 607–608
clinical features of, 607–608
electrophysiological aspects of, 607–608
pathogenesis and pathophysiology of, 607
treatment of, 607–608

Ulrich’s disease, 629t, 634
Ultrasonography (US), 467–471. See also

specific conditions.
abnormalities detectable on, 468
basic principles and techniques for, 467–468
in cerebrovascular disease, 1019
Doppler, in neurovascular examination, 418
neurological applications of, 468–471
in cranial lesions, 468–469
in intracranial vascular lesions, 469, 469f
in pediatric spinal lesions, 470–471
in vascular lesions in neck, 470, 470f, 471f

normal findings on, 468
Uncal herniation syndrome, 15
University of Pennsylvania Smell Identification

test (UPSIT), 105, 107
Unreactive pupils, bilateral, evaluation of, 153t
Unterberger and Fukuda stepping test, 205–206
Unverricht-Lundborg disease, 1226, 1227t, 1228
Upper airway resistance syndrome, 1273
Upper motor neuron(s), 245
anatomy of, 169
definition of, 244

Upper motor neuron disease, computed
tomography in, 447

Upper motor neuron pool, 256–259
brain stem motor tracts and, 257–259,

260f–262f
corticospinal tract and, 256–257, 257f–259f

Upper motor neuron syndromes, 275, 278,
278t, 279t

Urea cycle disorders (UCDs), 646–649
chromosomal location of, 644t
clinical features and disorders associated with,

648, 651–652
coma in, 644t–645t
differential diagnosis of, 648, 648t, 652
epidemiology and risk factors for,

647–648, 651
evaluation of, 648, 652
late-onset, 651–652
management of, 648–649, 652
pathogenesis and pathophysiology of,

646–647, 647f, 651
Urea cycle disorders (UCDs) (Continued )
prognosis and prevention of, 649, 652

Uremic encephalopathy. See Renal failure.
Uremic neuropathy. See Renal failure.
Uveitis, in multiple sclerosis, 1109
Uvulopalatopharyngoplasty, for obstructive

sleep apnea, 1275–1276
V

Vaccinations, neurological disorders due to,
1311t, 1311–1313

encephalomyelitis as, 939
live-attenuated viruses and, 1312
toxoids and, 1312–1313
whole-killed organisms and, 1311–1312

Vacuum phenomenon, 440
Vagal nerve stimulation, for epilepsy,

225–226, 1239
Vagus nerve. See Cranial nerve X (vagus).
Vail’s vidian neuralgia, 179
Valaciclovir, 935t

for varicella zoster virus infections, 935
Valproate

drug interactions of, 1237t
pharmacokinetic parameters of, 1235t

Valproic acid
clinical use and adverse effects of, 1238
efficacy of, 1236t
for myoclonus, 759t

Valsalva maneuver
blood pressure response to, 394
heart rate response to, 393, 394f

Vancomycin
for bacterial meningitis, 946t, 947
for brain abscess, 949
central neurotoxicity of, 1293t
for subdural empyema, 950, 951t

Varicella zoster virus (VZV) infection(s), 934–935
clinical features and disorders associated with,

934–935
differential diagnosis of, 935
epidemiology and risk factors for, 934
management and prognosis of, 935, 935t
pathogenesis and pathophysiology of, 934

Variola virus infection(s), 938–939
clinical features and disorders associated with,

939
diagnosis of, 939
epidemiology and risk factors for, 938–939
management of, 939
pathogenesis and pathophysiology of, 939

Vascular dementia, 431, 431t, 715–716
Vascular disorders. See also specific disorders.

brain biopsy and, 519–520, 520t
inflammatory, stroke and, 1034, 1035t–1036t
noninflammatory, stroke and, 1033

Vascular dissection syndromes, 428–429
Vascular lesions

intracranial, ultrasonography in, 469, 469f
in neck, ultrasonography in, 470, 470f, 471f

Vascular malformations. See also specific
malformations.

intra-axial, on magnetic resonance
imaging, 453

of spinal cord, 426–427
Vasculitis, 1155–1156, 1156f

with antiphospholipid antibodies, 1164–1165

clinical features and disorders associated

with, 1164–1165
differential diagnosis of, 1165
epidemiology and risk factors for, 1164
evaluation of, 1165
management of, 1165
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Vasculitis (Continued )

pathogenesis and pathophysiology of, 1164
prognosis and future perspectives on, 1165

immune complex, 1155–1156
infections and, 1156
mononuclear-predominant, 1155
neutrophil-predominant, 1155

Vasomotor paralysis, 401
Vasospasm, cerebral, with subarachnoid

hemorrhage, 1043
VDRL test, 956–957
Vegetative state

definition of, 3
persistent, 15

Vein of Galen tumor(s), 1075t
Venezuelan encephalitis virus infections, 926
Venlafaxine, for pain management, 378t
Venous thrombosis, cerebrospinal fluid analysis

in, 530t
Venteroposteromedial nucleus (VPN), anatomy

of, 168–169
Ventral cranial nerve III fascicular syndrome,

423
Ventricular metastases, 1085–1088

clinical features of, 1085–1086, 1086t
differential diagnosis of, 1086
epidemiology and risk factors for, 1085, 1085t
evaluation of, 1086, 1087f
management of, 1086–1088
pathogenesis and pathophysiology of, 1085
prognosis and future perspectives on, 1088

Ventricular system, 523–533
anatomy of, 523–524, 524f, 525f
physiology of, 524–528
cerebrospinal fluid composition and,
525–526, 527t

lumbar puncture and, 526–527, 527f
secretion and absorption and, 524–525,

526f, 526t

Ventriculoencephalitis, cytomegalovirus, 936
Ventriculomegaly, fetal, 563–564
Ventriculoperitoneal (VP) shunting, for

hydrocephalus, 563
Verapamil, for headache prophylaxis, 1253t

of cluster headache, 1255t
Verbal function. See also Speech; Speech and

language.
clinical situations for testing, 551
tests of, 550–551
individual, 551

Vergence movements, 133
Vermian aplasia, 765
Vernet’s syndrome, 226, 240
Versions, 133
Vertebral arteries

anatomy of, 410–411
extracranial portion of, anatomy of, 408

Vertebrobasilar syndromes
lateral and combined, 425
midline, 425
stroke, 423–426

Vertical eye movements, anatomy of, 144
Vertical gaze palsy, 160
Vertical image separation, 135
Vertigo, 134

benign paroxysmal positional, 212, 212f
central, 214, 214t
definition of, 199
in multiple sclerosis, 1108
triggering and exacerbating factors for,

200, 200t
Vessel dissection, assessment of, 418t
Vestibular ataxia, 337–338
Vestibular exercise, 212–213
Vestibular ganglion, 203
Vestibular nerve, 203
Vestibular neuritis, 212–213, 213t
Vestibular nuclei, 203–204, 204f
Vestibular nystagmus, 149, 161
Vestibular pathway, in multiple sclerosis, 1108
Vestibular stimulation, for visual neglect, 131
Vestibular suppressants, for vestibular neuritis,

212, 213t
Vestibular system, anatomy of, 202–204
vestibular ganglion and nerve and, 203
vestibular nuclei and, 203–204, 204f

Vestibulocerebellum, 204
Vestibulocochlear nerve. See Cranial nerve VIII

(vestibulocochlear).
Vestibulo-ocular reflex (VOR)
in arousal assessment, 9
in cerebellar disorders, 316
gain of, assessment of, in cranial nerve VIII

assessment, 9, 207
in vestibulo-ocular system examination,

148–149
Vestibulo-ocular syndrome, 142–143
Vestibulo-ocular system, examination of,

148–149
Vestibulopathies, unilateral, 212–213, 213t
Vestibulospinal tracts, 258, 261f
lateral, 204

Vibratory sense, 343–359
anatomy of, 344–345, 346t, 347–350
discriminative touch, vibration, and
conscious sense of joint/muscle
movement and, 349–350

first-order neuron and, 345, 347
of receptors, 344–345, 347f
second-order neuron and, 347
of spinocerebellar pathways, 349
third-order neuron and, 347, 348f, 349, 349f

definitions related to, 343
disorders of, 356–359, 357t

brain stem lesions as, 358, 358t
clinical history and, 344, 344t, 345t
diffuse sensory polyneuropathy as, 356
dorsal horn lesions as, 358, 358t
management goals for, 359
mechanoreceptor dysfunction as, 356
myelopathy as, 358
plexopathy as, 357
primary sensory mononeuropathy as, 356
pure sensory distal nerve lesions as, 356
radiculopathy as, 357–358
sensory cortical lesions as, 359
sensory neuropathy as, 358, 358t
sensory syndromes associated with

psychogenic sensory loss as, 359
subacute combined degeneration as, 358,

358t
thalamic lesions as, 359

examination of
associated medical findings in, 355
associated neurological findings in,

354–355
neurodiagnostic tests in, 355–356
neurological, 350–351, 351f–353f, 352–353

historical background of, 343
Vigilance
clinical situations for testing, 547
tests of, 545–547

Villaret’s syndrome, 226, 240
Vinca alkaloids, neurological disorders due to,

1300
Vincristine, neurotoxicity of, 1298t
Viral infection(s). See also specific infections.

919–939, 920t
Viral myositis, acute, influenza virus infections

and, 928
Vision. See also Diplopia; Nystagmus; Ocular
entries; Oculomotor entries.

unconscious, in blind hemifield, 129
Visual acuity, assessment of, 118–119
Visual agnosia, 129–130
Visual association areas, anatomy of, 114t, 118
Visual ataxia, 338
Visual axis, 133
Visual evoked potentials (VEPs), 486–487

abnormal findings and clinical uses of,
486–487

basic principles and technique for, 486
in cerebellar disorders, 318, 319f
in cranial nerve II assessment, 122t, 123
in gait and balance assessment, 332
normal findings on, 486, 487f

Visual field testing, 119
Visual hallucinations, 130

assessment of, 122t
Visual inattention, screening for, 119
Visual loss, functional, 130–131
Visual neglect, vestibular stimulation for, 131
Visual recognition, assessment of, 119
Visual Search and Attention Test (VSAT),

546–547
Visual syndromes, progressive, 718t, 720
Visually guided saccades, 147
Visuospatial agraphia, 93
Vital signs, in mood, emotion, and thought

assessment, 45
Vitamin(s)

deficiencies of

alcohol-related, 898–907

of folate, 904–906
of niacin and nicotinic acid, 901–902
of pantothenic acid, 908
of thiamin, 898–901
of vitamin A, 908
of vitamin B6, 906
of vitamin B12, 902–904
of vitamin D, 908
of vitamin E, 906–908, 907f, 907t, 908f,

908t
definition of, 897

definition of, 897
disorders responding to large doses of, 899t
metabolism of, disorders of, 659–662
biotin and, 659–660
folic acid and, 661–662
vitamin B12 and, 660–661

neurological disorders due to, 1305
Vitamin A

deficiency of, 908
neurological disorders due to, 1305

Vitamin B1 deficiency, olfactory function
and, 107

Vitamin B6 deficiency, 906
Vitamin B12

deficiency of, 902–904

clinical features and disorders associated

with, 903
differential diagnosis of, 903–904
epidemiology and risk factors for, 902–903,

903t
evaluation of, 904, 905f
management of, 904
pathogenesis and pathophysiology of, 902,

902f, 903f
prognosis and future perspectives on, 904

metabolism of, disorders of, 660–661
clinical features and disorders associated

with, 660–661
differential diagnosis of, 661
epidemiology and risk factors for, 660
evaluation of, 661
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Vitamin B12 (Continued )

management of, 661
pathogenesis and pathophysiology of, 660
prognosis of, 661
Vitamin B12 myeloneuropathy, 898t
Vitamin D

deficiency of, 908
neurological disorders due to, 1305

Vitamin E
deficiency of, 906–908, 907f, 907t, 908f,

908t

isolated, autosomal recessive hereditary

ataxia with, 769
neurological disorders due to, 1305

Vitreous hemorrhage, 125
Vocal cord dysfunction/paralysis, 86, 227
Vocal tics, 87–88
Voluntary movements, 244

examination of, in cerebellar disorders,
315f, 315–316

Von Gierke’s disease, 625, 626, 626t, 627
von Hippel-Lindau disease, 693, 693f
von Recklinghausen’s disease.

See Neurofibromatosis.
Voriconazole, for Coccidioides immitis

infections, 962
W

Waardenburg’s syndrome, 687t
Wakefulness. See Sleep; Sleep disorders.
Waldenström’s macroglobulinemia, 1150
Walker-Warburg syndrome, 565–566, 567, 577,

578t, 582
Wallenberg’s syndrome, 156, 173, 226, 425
Warfarin, for brain embolism, 1031
Weakness

definition of, 244
episodic, 285t, 285–286
generalized, acute, 284–285
in Guillain-Barré syndrome. See

Guillain-Barré syndrome (GBS).
treatment of, 286

Weapon storage, Alzheimer’s disease and, 710
Weber’s syndrome, 137, 152, 423
Weber’s test, 206
Wechsler Adult Intelligence Scale-III

(WAIS-III), 547, 547t, 548, 553
in memory assessment, 72

Wechsler Intelligence Scale for Children-III
(WISC-III), 547
Wechsler Memory Scale-Revised (WMS-R), in
olfactory assessment, 107

Wechsler Memory Scale-Third Edition
(WMS-III), 544–545, 546, 551–552,
552t

in memory assessment, 72
Wechsler Test of Adult Reading (WATAR),

548–549
Wegener’s granulomatosis (WG), 1163–1164
clinical features and disorders associated with,

1163, 1163t
emergency department, 1163
epidemiology and risk factors for, 1163
evaluation of, 1163–1164
management of, 1164
pathogenesis and pathophysiology of, 1163
prognosis and future perspectives on, 1164
stroke and, 1035t

Werdnig-Hoffman disease, 279
Wernicke-Korsakoff syndrome, 75, 897, 898t,

899–900, 900f, 901
olfactory function in, 107

Wernicke’s aphasia, 89–90
clinico-anatomical correlates of, 95t

Wernicke’s area, 80, 81f, 82
Wernicke’s disease, 152
ocular signs in, 152

Wernicke’s pupil, 127
West Nile virus infections, 925, 926
West syndrome, 1225f, 1225–1226
Western equine encephalitis virus infections, 926
Whiplash injuries, 1203–1204
clinical features and disorders associated

with, 1203
differential diagnosis of, 1203
epidemiology and risk factors for, 1203
evaluation of, 1203–1204
management of, 1204
pathogenesis and pathophysiology of, 1203
prognosis and future perspectives on, 1204

Whipple’s disease, 173, 952–953
Wide Range Achievement Rest-Third Edition

(WRAT-III), 549
Wilbrand’s knee, 116, 116f
Wilson’s disease, 756–757
cerebrospinal fluid analysis in, 530t, 531t
clinical features and disorders associated

with, 756
differential diagnosis of, 756
epidemiology and risk factors for, 756
evaluation of, 756
management of, 756–757
Wilson’s disease (Continued )
pathogenesis and pathophysiology of, 756
prognosis and future perspectives on, 757

Wisconsin Card Sorting Test (WCST), 550
Withdrawal syndromes, alcohol and, 911–912
Wohlfart-Kugelberg-Welander syndrome, 279
Women, epilepsy in, 1230–1232
Word deafness, pure, 94
Word recognition, in cranial nerve VIII

assessment, 209, 209t
Working memory, 64

anatomy of, 69
Worth’s four-dot test, 131
WPPSI-R, 547
Wrist actigraphy, in sleep disorders, 29
Writer’s tremor, primary, 755
Writing, in language assessment, 83
X

Xanthomatosis, cerebrotendinous, 769
Xeroderma pigmentosum, 687t
XYY syndrome, 685
Y

Yes/no answers, in language comprehension
assessment, 82
Z

Zaleplon, for insomnia, 1270t
Zellweger syndrome, 572, 576, 578,

578t, 629t, 634
coma in, 644t–645t

Zidovudine
for HIV-associated central nervous system

disorders, in children, 1003
for HIV-related cognitive impairment, in

adults, 999
Zinc deficiency, olfactory function and, 107
Ziprasidone (Geodon), 53t
Zolmitriptan, for migraine, 1252t
Zolpidem, for insomnia, 1270t
Zonisamide

clinical use and adverse effects of, 1239
drug interactions of, 1237t
efficacy of, 1236t
pharmacokinetic parameters of, 1235t

Zopiclone, for insomnia, 1270t
Zygomycetes infections, 963
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