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PREFACE

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

T he third edition of Textbook of Clinical Neurology

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



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



CHAPTER 1

Levels of Consciousness and Attention

Thomas P. Bleck

HISTORY AND DEFINITIONS
CLINICAL HISTORY

ANATOMY OF CONSCIOUSNESS
AND ATTENTION

Anatomy of Arousal

Anatomy of Awareness

Anatomy of Attention
EXAMINATION OF
CONSCIOUSNESS AND
ATTENTION

Syncope

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 Magoun' established the impor-
tance of the midbrain reticular formation as the driving
force of consciousness. McNealy and Plum?® applied these
concepts in their clinical observations, which were pub-
lished in the 1960s, on patients with mass lesions. With
some modifications by Ropper,’ their discussion of the
anatomy of lesions altering consciousness, as amplified in
the classic text by Plum and Posner,* 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 Eatients with epilepsy,
particularly by Penfield and Jasper’ and by Gloor.® 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

Directed Neurological Examination
Associated Neurological Findings
Associated Medical Findings
EVALUATION GUIDELINES
CLINICAL SYNDROMES

Bilateral Cortical Dysfunction
Diencephalic Dysfunction

Midbrain Dysfunction

Pontine and Medullary Dysfunction
Herniation Syndromes

Persistent Vegetative State

Death by Neurologic Criteria
Psychogenic Unresponsiveness

GENERAL MANAGEMENT GOALS

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).”

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



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.?

Delirium in critically ill patients identifies a group with
higher mortality and longer hospital stays.’

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.

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.

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.'” 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.''

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.'” In patients with chronic subdural
hematoma, diminished awareness appears to reflect a
decrease in thalamic blood flow as a consequence of
horizontal diencephalic shift."?

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.'*

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,



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.

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).

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.

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."

The findings on these examinations are often summa-
rized by use of the Glasgow Coma Scale.'® 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

RESPONSE TO
DYSFUNCTION NOXIOUS STIMULI

Both cortices Withdrawal

Thalamus Decorticate posturing

Midbrain Decorticate or
decerebrate
posturing

Pons Decerebrate posturing

Medulla Weak leg flexion

(or none)

PUPILS

Small, reactive

Same as above, unless the
optic tracts are also
damaged

Midposition, fixed to light

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

Usually small; Horner’s
syndrome with lateral

EYE MOVEMENTS

Spontaneous conjugate
horizontal movements;
if none, cervico-ocular or
vestibulo-ocular reflexes
can be elicited

Same as above

Loss of ability to adduct.
Both eyes may be deviated
laterally (wall-eyed)

(CN III damaged)

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

Usually no effect on
spontaneous eye

BREATHING

Posthyperventilation apnea
or Cheyne-Stokes
respiration

Same as above

Usually same as above;
potential for central reflex

hyperpnea

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

Rarely, ataxic respiration;
apnea if respiratory

lesions

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)."”

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?

movements; may interfere centers involved

with reflex responses;
rarely, nystagmus

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.'®

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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Full Outline of Unresponsiveness (FOUR) testing.

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
IIT 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

Domain scorel 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
Flexion response to pain
1 Extension response to pain
(0] No response to pain or generalized myoclonic status

Brain stem reflexes

Pupil and corneal reflexes present

One pupil wide and fixed

Pupil OR corneal reflexes absent

Pupil AND corneal reflexes absent

Ol=|N|w|»

Absent pupil, corneal, and cough reflex

Respiration

Not intubated, regular breathing pattern

Not intubated, Cheyne-Stokes breathing pattern

Not intubated, irregular breathing

Breathes above ventilator rate

O|=|N|w|»

Breathes at ventilator rate or apnea

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
+4 Combative
+3 Very agitated
+2 Agitated
+1 Restless
0 Alert and calm
—1 Drowsy
=2 Light sedation
-3 Moderate sedation
—4 Deep sedation
=5 Unarousable

Overtly combative; immediate danger to staff

Pulls or removes tube(s) or catheter(s); aggressive
Frequently nonpurposeful movement; fights ventilator
Anxious, but movements not aggressive or vigorous

Not fully alert but has sustained awakening (eye opening or eye contact to voice > 10 seconds)
Briefly awake with eye contact to voice (<10 seconds)

Movement or eye opening to voice (but no eye contact)

No response to voice but movement or eye opening to physical stimulation

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.

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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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.)

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 Pao,,
not Paco,. 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
Posthyperventilation Apnea for more than
apnea 10 seconds after

five deep breaths
Rhythmic waxing and
waning of
respiratory
amplitude

Cheyne-Stokes respiration

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

Continuous deep
breathing

Apneustic respiration Prolonged inspiratory  Pons
time (“inspiratory
cramp”)

Clusters of breaths
punctuated by
apnea

Infrequent, irregular
breaths

Failure of involuntary
respiration with
retained voluntary
respiration

No respiration

Cluster (Biot’s) breathing Lower pons

Ataxic respiration

Ondine’s curse Medulla

Apnea

Bilateral hemispheric dysfunction

Bilateral hemispheric dysfunction

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

COMMENTS

Normally, the cerebral cortex triggers another
breath within 10 seconds regardless of the
Paco,

. 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

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

Does not support adequate ventilation (true for

all following patterns as well). Isolated
lesions at these levels do not produce coma

Lower pons or upper medulla

Medulla down to C4; peripheral nerve (e.g.,

acute inflammatory polyneuropathy),
neuromuscular junction (e.g., myasthenia

gravis), muscle

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.'® 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).

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

Tests of attention must 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 up major 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.

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
these patients, one should concentrate on (1) using the neuro-
logical examination to identify lateralized lesions that may
be affecting consciousness by shifting the diencephalon
and (2) detecting focal dysfunction that may be misinter-
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 B, 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.

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.

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

Bilateral cortical

NEUROIMAGING

Usually normal; may show

dysfunction; atrophy; rarely bilateral chronic
confusion and subdural hematoma or evidence
delirium of herpes simplex encephalitis;

Diencephalic

dural enhancement in

meningitis, especially

neoplastic meningitides
Lesion(s) in or displacement of

ELECTROPHYSIOLOGY

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

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

Usually, diffuse slowing; alpha

dysfunction diencephalon; also displays
mass displacing the
diencephalon
rhythms)
Midbrain Lesion(s) in the midbrain or
dysfunction displacing it

Pontine dysfunction

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

coma; evoked response testing
may demonstrate failure of
conduction above the lesion
EEG: usually normal; evoked
responses usually normal

EEG: normal; brain stem auditory
and somatosensory evoked
responses may show conduction

Findings related to etiology

EEG and evoked potential studies:

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

Medullary Lesion(s) producing dysfunction
dysfunction
abnormalities
Herniation Lesion(s) producing herniation;
syndromes appearance of
perimesencephalic cistern
Locked-in Infarction of basis pontis
syndrome normal
Death by brain Absence of intracranial blood
criteria flow above the foramen
magnum
central conduction
Psychogenic Normal Normal
unresponsiveness

FLUID AND TISSUE
ANALYSIS

Blood or urine

analyses may reveal
etiology; CSF may

show evidence of
infection or
neoplastic cells

Usually not helpful

Rarely, platelet or
coagulation
abnormalities

Rarely, platelet or
coagulation

Rarely, platelet or
coagulation
abnormalities

Findings related to
etiology

Findings related to
etiology
Absence of

hypnosedative drugs

Normal

NEUROPSYCHOLOGICAL
TESTS

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

Usually not obtained

Usually not performed

Usually not performed

Usually not performed

Usually not performed

Usually not performed

Not done

Helpful after patient
“awakens”

CSF, cerebrospinal fluid; EEG, electroencephalogram; FIRDA, frontally predominant intermittent rhythmic delta activity; PLEDS, periodic lateralized epileptiform activity.

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.”® 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.”' 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.*

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



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.

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.”

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.>* 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.

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).

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



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.

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.

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 MREF 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 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



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.

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.”” 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.

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 B P Pco, 2 6 Optional
Canada P P Pco, 1 6 Optional
Mexico P P A A 24 Mandatory
Argentina B P DVO 1 6 Mandatory
United Kingdom B P Pco, 2 6 Optional
France P P Pco, 1 A Mandatory
Sweden P P Pco, 1 A Mandatory
Israel P P Pco, 1 6 (24)° Mandatory
China A A A A A Optional
Japan P P Pco, 1 A Mandatory
Australia P P Pco, 2 2 Optional
New Zealand A P Pco, 2 2 Optional
India P P DVO 4 A Mandatory

*Based on data from eight states.

TObservation 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; Pco,, target Pco, defined (50 or 60 mmHg); DVO, disconnection from ventilator only.

Adapted from Wijdicks EFM: Brain death worldwide. Neurology 2002;58:20-25.

criteria (Table 1-7).2° Many now argue that current criteria
are restrictive and should be expanded to include patients
who have no reasonable chance of regaining conscious-
ness.?” 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.”’

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.*

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 Paco, 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 Paco,
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 H,O 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 Paco, 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 Paco,
reaches 60 mmHg by arterial blood gas analysis. Although
it may be possible to predict this point by following the trend
in end-tidal CO, (Petco,) measurements, there is enough dis-
crepancy between arterial blood Paco, and Petco, to indicate
use of the arterial measurement. Visual observation is the
standard method for detecting respiratory movement; this



may be supplemented by airway pressure monitoring. Any
respiratory movement negates the diagnosis of apnea. How-
ever, if the patient remains apneic despite a Paco, 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.*'
In some areas, transcranial Doppler blood flow velocity
measurements are considered adequate for this purpose.
Transorbital, transtemporal, and transforaminal approaches
can be used.’” 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).

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.

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).

TABLE 1-8
Selected Etiologies Associated with Changes in Level of Consciousness
ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER
Structural Disorders
Developmental Hydrocephalus: obstructive or nonobstructive 28
Neural tube defects
Segmentation, cleavage defects
Neuronal migration defects
Posterior fossa abnormalities, Dandy-Walker, Chiari malformations
Degenerative and compressive Paget’s disease 29
Hereditary and Degenerative Disorders
Storage diseases: lipidoses, glycogen disorders, and Neuronal ceroid lipofuscinosis, especially NCL-2 30
leukoencephalopathies Cerebrosidoses, especially type II
Leukodystrophies, especially Canavan’s disease (neonatal form) and
Krabbe’s disease
Amino/organic acidopathies, mitochondrial enzyme Aminoacidopathies, especially maple syrup urine disease, urea cycle 31
defects, and other metabolic errors disorders, propionic acidemia, methylmalonic acidemia
Mitochondrial enzyme defects, especially Leigh’s disease, Alper’s
disease, MERFF, MELAS, fatty acid oxidation disorders
Chromosomal abnormalities and neurocutaneous Conditions associated with generalized seizures, especially tuberous 32
disorders sclerosis and Sturge-Weber syndrome
The degenerative dementias Alzheimer’s disease (late) 33
Pick’s disease (late)
Movement disorders Multiple system atrophy with syncope 34
Huntington’s disease (late)
Ataxias Dandy-Walker syndrome 35
Chiari malformations
Multiple system atrophy with syncope
Degenerative motor, sensory, and autonomic Amyotrophic lateral sclerosis (late) 36
disorders
Acquired Metabolic and Nutritional Disorders
Endogenous metabolic disorders Electrolyte dysfunction, sodium, potassium, chloride, calcium 38

Hormonal imbalances: especially thyroid, corticomineral steroids, and
glucose metabolism

Continued



TABLE 1-8

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

ETIOLOGICAL CATEGORY

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

Nutritional deficiencies and syndromes associated
with alcoholism

Infectious Disorders
Viral infections
Nonviral infections

Transmissible spongiform encephalopathies
syndromes
HIV and AIDS

Neurovascular Disorders

Neoplastic Disorders
Primary neurological tumors

Metastatic neoplasms and paraneoplastic syndromes

Demyelinating Disorders
Demyelinating disorders of the central nervous
system
Demyelinating disorders of the peripheral nervous
system

Autoimmune and Inflammatory Disorders

Traumatic Disorders

Epilepsy

Headache and Facial Pain
Sleep Disorders

Drug-Induced and Iatrogenic
Neurological Disorders

SELECTED SPECIFIC ETIOLOGIES CHAPTER
Solvents including methyl alcohol, ethylene glycol, carbon tetrachloride 39
Organophosphates and organochlorides
Illicit drugs, including cocaine, amphetamine analogs, and opioids
Alcohol stupor and withdrawal 40
Vitamin deficiencies, including thiamine, B;,, folic acid, and biotin
All causes of viral meningitis and viral encephalitis 41
All organisms causing bacterial meningitis or encephalitis 42
Abscesses with increased intracranial pressure
Kuru, Creutzfeldt-Jakob, Gerstmann-Straussler-Scheinker and fatal 43
familial insomnia
AIDS encephalopathy, AIDS dementia complex (late), dysautonomia from 44
neuropathy or myelopathy, progressive multifocal leukoencephalopathy
Unilateral strokes with secondary edema. Bilateral strokes or showering of 45
emboli, brain stem strokes, subarachnoid hemorrhage
Unilateral tumors with secondary edema. Bilateral cerebral or primary 46
brain stem tumors. Metabolic alterations, especially involving calcium
Unilateral tumors with secondary edema. Bilateral cerebral or primary 47
brain stem tumors. Metabolic alterations, especially involving calcium
Multiple sclerosis (rare) 48
Devic’s disease
Guillain-Barré syndrome (with dysautonomia) 49
Autoimmune cerebritis including giant cell arteritis, primary CNS arteritis, 50
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
Cortical contusion, epidural hematomas, subdural hematomas 51
Traumatic hematomas, post-traumatic epilepsy
All seizures associated with loss of consciousness (i.e., primary and 52
secondary generalized seizures and all complex partial seizures with an
alteration in consciousness)
Complicated migraine, basilar migraine 53
Obstructive sleep apnea 54
Drugs associated with hypotension or seizures 55

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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Sleep occupies approximately one-third of the adult life.
Although the full function of sleep is not understood, the
inherent necessity for sleep is widely recognized and is pre-
sent in almost all mammals. The notion that sleep is a time of
rest and brain inactivity persisted until the 20th century,
when electrophysiological techniques were applied to the
study of sleep. Thereafter, sleep was found to be a dynamic
process, with the cyclical recurrence of different stages.
The discovery of rapid eye movement (REM) sleep by Aser-
insky and Kleitman in 1953' was a major advance in sleep
research, stimulating physiological and clinical studies of
sleep. Sleep alternates between two phases: REM and
non-rapid eye movement (NREM) sleep.’

REM sleep cycles on and off throughout the night. In a
young adult, the first REM period occurs approximately
90 to 100 minutes after sleep onset, following an initial
period of NREM sleep. The first REM period is on average
the shortest of the night. Successive REM periods tend to
be of progressively longer duration, with the longest
REM period most often occurring in the early morning
hours. In infancy, 50% to 80% of total sleep time consists
of REM sleep. By age 2 years and through adulthood, the
percentage of REM sleep falls to approximately 20% to
25% of total sleep time.

REM sleep is divided into tonic and phasic events, and it
has several characteristic features. The tonic REM events
include (1) cortical desynchronization, with mixed fre-
quency, fast activity on electroencephalography (EEG),
similar to that observed in the waking state; (2) hippocampal
synchronous theta activity that also occurs in waking; and
(3) muscle atonia that is present in all but respiratory and
ocular muscles and is marked by a reduction in chin and limb
electromyographic activity. The phasic components of REM
sleep include the following features: (1) rapid eye move-
ments, horizontal and vertical, occurring in bursts during

REM; (2) muscle twitches punctuating the muscle atonia;
(3) ponto-geniculo-occipital spikes (PGOs) not observable
on routine polysomnography (PSG); and (4) autonomic
nervous system lability with fluctuations in respiratory rate,
heart rate, and blood pressure.”

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 (75 microvolts or more)
wave pattern with a frequency range below 4 Hz. 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.>

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



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
disturbances as (1) insomnia, (2) sleep-related breathing
disorders, (3) hypersomnias of central origin, (4) circadian
rhythm disorders, (5) parasomnias, (6) sleep-related move-
ment disorders, (7) normal variants, and (8) other. Insom-
nia could be due to a learned difficulty in sleeping or
psychophysiological insomnia.” Obstructive and central
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.%’

Sleep complaints often involve three areas of sleep dis-
turbance: (1) the perceived inability to obtain sufficient
sleep (insomnia), (2) the presence of excessive sleepiness
or fatigue during the day (excessive daytime somnolence
[EDS]), and (3) the occurrence of abnormal events during
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.® 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.” 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.'® 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 ]l)owerful tool in
estimating routine sleep patterns at home."'

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.'? 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 sufficient—providing for adequate alertness
and a feeling of vitality during the day; (2) it is effi-
cient—easily initiated, continuously maintained, and not
excessively prolonged; and (3) it is convenient—occurring
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,'® 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).’

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.'* 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



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.

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.'® Different medical and neurological conditions,
including iron deficiency, uremia, and peripheral neuropa-
thy, are associated with RLS and PLMD."'” 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.'®

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."
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 impaired metabolism 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.”® 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.?' 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.*>

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.® 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.*?



The function of sleep remains elusive.”* 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.”> 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.””® 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.

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.”’
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 heated®®; therefore, sleep may allow the shedding
of excess accumulated heat.”” 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.*® 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.?! Acute sleep loss has been asso-
ciated with decreased glucose tolerance, lower thyrotropin
concentrations, elevated evening cortisol levels, and
increased sympathetic nervous system activity.*>

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.*® 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.”* SWS may restore
a functional balance of emotional states related to limbic
system function.

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).

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 anatomical structure serving as the internal circadian
rhythm generator is the suprachiasmatic nucleus (SCN) of
the anterior hypothalamus.>>?® Lesions of the SCN in
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A, The ascending reticular formation projects to the thalamus,
hypothalamus, and basal forebrain. B, Orexin neurons project to the
ascending reticular formation and directly to the cortex. ACh, acetylcho-
line; BF, basal forebrain; DA, dopamine; HA, histamine; 5-HT, serotonin;
LC, locus coeruleus; LDT, laterodorsal tegmental area; NE, norepinephr-
ine; PPT, pedunculopontine tegmental area; SN, substantia nigra; TMN,
tuberomammillary nucleus; VTA, ventral tegmental area.

rodents abolish circadian rhythmicity, and disconnection of
the SCN from the rest of the brain also results in a loss of
circadian rhythms in the brain despite continued fluctua-
tions within the SCN. Furthermore, in animals with abla-
tions of the SCN, transplantation of fetal SCN tissue
restores circadian rhythm.

Entrainment of these neurons occurs via the visual path-
ways linking photoreceptors of the retina to the SCN.
There are two pathways: (1) a direct pathway called the
retinohypothalamic tract (RHT) and (2) an indirect path-
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 awm, and thyroid-stimulating hor-
mone increases just before sleep. Hormones both influence
and are influenced by the circadian clock.

The pineal gland is a neuroendocrine gland that synthesizes
and secretes melatonin (N-acetyl-5-methoxytryptamine).’’
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.

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.’

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



shown by lesions of the anterior hypothalamus, preoptic
region, and basal forebrain, all of which can abolish delta
waves.

The anatomical substrates for the different components of
REM sleep are as follows:

1. An important substrate is cortical 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 widespread projections to cortex.

2. Hippocampal theta activity is highly synchronous
activity with a frequency of 5 to 10 Hz, which is
generated in the dentate gyrus and medial entorh-
inal cortex. It involves the rostral pontine reticular
formation in the area of the nucleus 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
reticular nucleus and the rostral nucleus pontis ora-
lis. Muscle paralysis arises at the spinal cord level,
from a centrally mediated hyperpolarization of
the alpha motor neurons through the action of the
inhibitory neurotransmitter glycine.

4. Muscle twitches are superimposed on the tonic mus-
cle paralysis. The twitches arise from descending
excitatory impulses, which transiently overcome
motor neuron inhibition.

5. Rapid eye movements are another phasic event of
REM sleep. Horizontal eye movements arise from
burst neurons in the parabducens reticular formation
in the pons, and vertical eye movements are asso-
ciated with activation of the midbrain reticular for-
mation. Positron emission tomography has shown
that REM-related eye movements involve cortical
areas similar to those used during wakefulness.

6. PGO activity is a phasic feature of REM sleep, gen-
erated in the pons and projected through the lateral
geniculate body and other thalamic nuclei to the
occipital cortex. PGO activity is of two types: Type
1 occurs independent of eye movements, and type 2
occurs simultaneously with eye movements. PGO
spike activity has been associated with fragmentary
images or dreams.

7. Autonomic nervous system lability, with profound
sympathetic activation and fluctuations in respira-
tions, heart rate, and blood pressure, involves the
parabrachial nuclei of pons. Other features of REM
sleep include penile erections not associated with
sexual stimulation or dream content and thermore-
gulatory suspension leading to a pseudopoikilo-
thermic state. Additionally, there is an increase in
cerebral metabolism and blood flow compared with
NREM sleep, particularly in the pons, thalamus,
and cingulate cortex.>*!

The regulation of REM sleep is primarily at the level of
the brain stem, with REM-on and REM-off nuclei.*?
Although the putative trigger zone initiating REM sleep
is not identified, the activity of brain stem areas during
REM sleep has been studied, both electrically and pharma-
cologically. Brain stem nuclei with activity immediately
preceding and persisting during REM sleep are the choli-
nergic cells in the dorsolateral tegmentum: the lateral dor-
sal tegmental (LDT) and the pedunculopontine tegmental
(PPN) nuclei. These two nuclei comprise the main concen-
tration of brain stem cholinergic neurons.** The projection
areas of these nuclei include the basal ganglia; the limbic
areas, including the preoptic area; the thalamic nuclei,
including the lateral geniculate nuclei; 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 feedback of REM-on neurons
through excitatory interconnections with reticular neurons;
(2) excitation of REM-off neurons by REM-on neurons
mediated through cholinergic pathways, although the reti-
cular formation may actually be the origin of this process;
(3) inhibition of REM-on neurons by REM-off neurons
located in the dorsal raphe and locus coeruleus; and (4)
inhibitory feedback of REM-off neurons through recur-
rent collateral or some other method of serotonin and
norepinephrine feedback.’

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.™

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.**



Several primary neurotransmitters control circadian rhythm.
SCN neurons are mostly GABAergic. The neurotransmit-
ter released from the RHT is glutamate, affecting both
N-methyl-p-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.*

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.*

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.*’ In animal
models, alterations of the gene encoding hypocretin 2 recep-
tors and preprohypocretin genes produce findings consistent
with narcolepsy.*®*’ 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.*® The hypocretin system may offer further
understanding of narcolepsy and offer a target for future
treatment strategies.

TABLE 2-1

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

Neurotransmitters Involved during Waking, Slow-Wave Sleep, and REM Sleep

NEUROTRANSMITTER WAKING ACTIVITY SLOW-WAVE SLEEP
Acetylcholine Increased Decreased
Norepinephrine Increased Increased
Serotonin Increased Increased

REM SLEEP LOCATION

Increased Basal forebrain, PPN, laterodorsal tegmental nuclei
Decreased Locus coeruleus and lateral tegmental area
Decreased Dorsal raphe nucleus

Wake—dopamine (ventral tegmental area), histamine (posterior hypothalamus), glutamate (reticular formation and neurons projecting to cortex),

hypocretin/orexin (lateral and posterior hypothalamus)

NREM—GABA (reticular formation, basal forebrain, hypothalamus, reticular nucleus of the thalamus)
NREM/REM sleep—adenosine (hypothalamus and basal forebrain), may be a neuromodulator for sleep by accumulating during wake (antagonized

by caffeine)

PPN, pedunculopontine nucleus.



(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,
including multiple 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.

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.

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

FLUID AND TISSUE

ANALYSIS OTHER

Metabolic evaluation,
illicit drug screening

As appropriate

Thyroid screening Pulmonary function test, ABG ENT

evaluation, weight loss if applicable

TABLE 2-2
Useful Studies for the Investigation of Sleep-Wake Cycle Disorders
NEUROPSYCHOLOGICAL
SYNDROME ELECTROPHYSIOLOGY /SLEEP EVALUATION
Insomnia PSG (rule out other sleep Depression, anxiety,
disorders) dementia
Sleep diary
Sleep-related PSG Depression
breathing
disorders

Hypersomnias of PSG
central origin

MSLT

Circadian disorders ~ Wrist actigraphy, PSG Assessment for

Sleep diary

Parasomnia PSG with videotaping with Post-traumatic stress
extended EEG montage disorder
Depression

Sleep-related
movement
disorders

PSG with videotaping

Depression, anxiety

anxiety, depression

Depression, anxiety

To assist in narcolepsy:
HLA typing, CSF
hypocretin levels

If other: thyroid
disease, anemia,
other metabolic

Salivary melatonin
levels (research)

Illicit drug screening

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

Sleep hygeine, caffeine use

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

Evaluate drugs taken for effect or
withdrawal

RLS: EMG for neuropathy, drug
evaluation

MRI: as indicated by particular movement

Sleep bruxism: caffeine, nicotine, stress

RLS: ferritin

ABG, arterial blood gas; EMG, electromyography; ENT ear, nose, and throat; HLA, human leukocyte antigen; MSLT multiple sleep latency test; OSA, obstructive sleep apnea;
PLMD, periodic limb movement disorder; PSG, polysomnography; RBD, REM Sleep Behavior Disorder; RLS, restless legs syndrome.



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.*’ 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 §-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.™

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.”' 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.>?

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.

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.>*™



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 ~ OSA, upper airway resistance syndrome 29
disorders
The degenerative dementias Alzheimer’s disease (day-night reversal, OSA) 33
Movement disorders Parkinson’s disease; multiple system atrophy; dopa-responsive dystonia; hyperkinetic 34
movements: tics, chorea, dystonia, tremor, hemiballismus, hemifacial spasm, myoclonus
of cortical origin
Degenerative motor, sensory, and Charcot-Marie-Tooth (pharyngeal neuropathy with OSA), amyotrophic lateral sclerosis 36
autonomic disorders (hypoventilation)
Myotonic Dystrophy (daytime sleepiness, OSA)
Hereditary nondegenerative Congential myopathies 37
neuromuscular disease
Endogenous metabolic disorders Thyroid disease (daytime fatigue, OSA) 38
Nutritional deficiencies and syndromes Alcoholism (insomnia, hypersomnia, parasomnias) 40
associated with alcoholism
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 54
disorder, primary insomnia, sleepwalking, sleep talking, bruxism
Drug-induced and iatrogenic neurological ~ Antidepressants; hypnotic-dependent sleep disorder, stimulant-dependent sleep disorder 55

disorders

OSA, obstructive sleep apnea.

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.”’? 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.®” 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



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.

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).®' 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.

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.

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.'® 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.



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.

This group of disorders involves a disruption of the inher-
ent circadian pattern of wakefulness and sleep.’® 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.®? 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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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." 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
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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.’
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.”' Psychosis is distin-
guished from delirium, in which there is an impairment of



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. //lusion
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.” 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.

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.

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



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.

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.* 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



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.

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,” 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.°
Electrical stimulation of this nucleus for the treatment of
Parkinson’s disease has been associated with both transient
mood changes and permanent depressive states.” 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.® 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.”'° 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 colleagues'' describe two main divisions
of the limbic system: (1) an orbitofrontal amygdala divi-
sion involved in emotional associations and appetites and
(2) a hippocampal cingulate division serving mnemonic
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.

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.



In 1939, Kluver and Bucy described primates with bilat-
eral anterior temporal lobectomies, including removal of
the uncus, amygdala, and part of the hippocampus.'? 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.'® 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.

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.”'* 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.

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.”'” 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.'> 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.



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.'® 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.!” 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).">"!”

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

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.”’
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.”” 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.*?

A number of neurotransmitters, specifically the catechola-
mines (norepinephrine and dopamine) and serotonin, are
closely related to mood, emotion, and thought disorders.”*
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 O,,
Fe>", and tetrahydropteridine as cofactors. The second
enzyme involved in catecholamine biosynthesis is DOPA
decarboxylase, which requires pyridoxal phosphate (vitamin
Bg) 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
Ca”" 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,



type A and type B, have been identified. Certain agents
have been shown to specifically inhibit these enzymes,
including clorgyline, a specific type A 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 Mg®" 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
Na"/K*-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.

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
MAQO 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.**
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 in motor control and in mood, emotion, and thought
processes.
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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 (D and D, classes); however, multi-
ple additional subtypes have been identified (two D,
and four D, classes). The D, 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 D, recep-
tor subtype, Ds, has a pharmacological profile that is similar
to that of D, and stimulates adenylate cyclase activity, but it
displays a higher affinity for dopamine and is located pri-
marily in the limbic system. The D, receptors mediate the
inhibition of adenylate cyclase and modulate phosphoinosi-
tide metabolism, as well as inhibiting the entry of Ca®"
through voltage-sensitive channels and enhancing K* 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
Dj; receptor, a D, subtype, is found in highest levels in the
limbic brain structures. Another D, subtype, the D, class,
resembles the D, and Dj 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 D, 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.”> 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-HT5.g, 5-HT>4.c, 5-HT3,
5-HT,, 5-HTs g, and 5-HT;. Specific receptor antagonists
have also been developed that allow more 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-HT, and dopamine D, receptors have proven
more effective antipsychotics than the neuroleptic class of
antipsychotics.®

The directed neurological examination should begin with a
mental status evaluation, which includes a psychiatric
assessment. This part of the examination actually begins



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.

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



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 Bj, 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.

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.

(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 text' 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
Affective disorder

syndromes
Depression

Mania

Psychotic syndromes

Apathy syndromes

Anxiety syndromes

Obsessive-
compulsive
syndromes

Impulse dyscontrol
syndromes

Altered sexuality
syndromes

NEUROPSYCHOLOGICAL
NEUROIMAGING

Brain MRI/CT:
Hydrocephalus

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

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

Brain MRI/CT: CNS
neoplasms, stroke,
trauma

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

Brain MRI/CT: Post-
trauma

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

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

ELECTROPHYSIOLOGY

Not applicable

EEG: Mania associated
with epilepsy

EEG: Psychosis
associated with
temporal lobe epilepsy

EEG: Encephalopathy

EEG: Aura preceding
seizures

EEG: Temporal lobe
epilepsy

Sleep-deprived EEG with
nasopharyngeal
electrodes

EEG: Temporal lobe
epilepsy

FLUID AND TISSUE
ANALYSIS

CBC, chemistries, TFTs,
VDRL, toxicology,
vitamin B, ESR,
adrenal studies

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

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

Toxicology screen

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

Not applicable

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

Prolactin, follicle-
stimulating and
luteinizing hormone
levels, testosterone,

TESTS

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

Minnesota Multiphasic
Personality Inventory-2
(MMPI-2)

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

Frontal Lobe Personality
Scale

State train anxiety
inventory; anxiety
disorders interview
schedule

Yale-Brown Obsessive-
Compulsive Scale

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

MMPI-2

estradiol, urine cortisol

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.

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,



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 1Q 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).

(Table 3-2)

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-1V), 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

Hereditodegenerative Disorders
Storage diseases: lipidoses, glycogen disorders,
and leukoencephalopathies
Amino/organic acidopathies, mitochondrial
enzyme defects, and other metabolic errors
Degenerative dementias

Movement disorders

Degenerative motor, sensory, and autonomic
disorders

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
Viral infections

Nonviral infections

Transmissible spongiform encephalopathy HIV
and AIDS

Neurovascular Disorders

Neoplastic Disorders
Primary neurological tumors

Metastatic neoplasms and paraneoplastic
syndromes

Demyelinating Disorders
Demyelinating disorders of the central nervous
system
Traumatic Disorders
Autoimmune and Inflammatory Disorders
Epilepsy

Headache and Facial Pain Sleep Disorders

Drug-Induced and Iatrogenic Neurological
Disorders

SELECTED SPECIFIC ETIOLOGIES

Cerebral lipidoses—psychotic features

Metachromatic leukodystrophy—psychotic features

Homocystinuria—psychotic features

Acute intermittent porphyria—psychotic features, depression

Diffuse Lewy body disease—psychotic features, dyscontrol syndromes

Alzheimer’s disease—psychotic features, depression, dyscontrol syndromes

Parkinson’s disease—depression, anxiety, apathy

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

Fabry’s disease—psychotic features

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

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

Carbon monoxide poisoning—psychotic features

Heavy metals—psychotic features, anxiety

Amphetamine, hallucinogens, belladonna alkaloids, barbiturate withdrawal,
cocaine, phencyclidine—psychotic features, dyscontrol syndromes

Vitamin B, deficiency—psychotic features, depression, anxiety

Wernicke-Korsakoff syndrome—psychotic features

Pellagra—psychotic features, anxiety

Alcohol—psychotic and manic features

Alcohol withdrawal—anxiety

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

Epstein-Barr virus—depression

Postencephalitic—obsessive-compulsive syndrome

Neurosyphilis—psychotic or manic features, anxiety

Tuberculosis—depression

Creutzfeldt-Jakob disease—psychotic features

Depression

Manic features

Stroke involving temporal/frontal lobe—psychotic or manic features, anxiety,
apathy
Stroke involving right parietal lobe—depression, apathy

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

Parasagittal/orbital ridge meningioma—apathy and dyscontrol syndromes

Hypothalamic/temporal lobe tumors—altered sexuality syndromes

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

Multiple sclerosis—manic features, depression, anxiety

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

Systemic lupus erythematosus—psychotic features, anxiety
Rheumatoid arthritis, temporal arteritis, polyarteritis nodosa—anxiety

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

Migraine—manic features, anxiety
Sleep apnea, narcolepsy—depression

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

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 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.”® 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.

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



subtypes of schizophrenia: paranoid, disorganized, catatonic,
undifferentiated, and residual types.'~®

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 consistent MRI 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 associated with
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 concomitant medical 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.

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

TABLE 3-3

Differential Diagnosis of Psychosis

Acquired immunodeficiency syndrome (AIDS)
Creutzfeldt-Jakob disease

Herpes encephalitis

Neurosyphilis

Neoplasm
Trauma
Normal pressure hydrocephalus

Heavy metals
Carbon monoxide

Vitamin B, deficiency
Pellagra

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

Amphetamines
Anticholinergics
Levodopa
Dopaminergics
Deprenyl

Alcohol

Barbiturate withdrawal
Cocaine

Phencyclidine

Epilepsy

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.



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.

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.”” 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



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 it may be seen in any condition that causes mental
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 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.’® 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.

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.

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)

Chlorpromazine 200-800 mg/day 25-50 mg/dose

(Thorazine)
Fluphenazine (Prolixin)
Hydrochloride 2-20 mg/day None
Enanthate/decanoate None 1.25-2.5 mg every
1-4 weeks
Trifluoperazine 5-20 mg/day 1-20 mg/dose
hydrochloride
Thiothixene 5-30 mg/day 2-4 mg/dose
hydrochloride
(Navane)
Haloperidol (Haldol)
Hydrochloride 2-20 mg/day 2-5 mg/dose
Decanoate None 25-250 mg every
24 weeks

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

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.

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.

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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CHAPTER 4

Praxis

Kenneth M. Heilman, Robert T. Watson, and Leslie J. Gonzalez-Rothi

HISTORY AND DEFINITIONS
CLINICAL HISTORY
ANATOMY OF PRAXIS

EXAMINATION OF PRAXIS
Directed Neurological Examination

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

TABLE 4-1
Apraxias and the Types of Errors Committed to Commands
ERRORS TO COMMAND
APRAXIA TYPE Postural Orientation DISCRIMINATION: MOVEMENT
Ideomotor
Anterior AFrar +++ 0
Posterior +++ SR RS 4
Conduction 0 0 0
Dissociation +++ +++ 0
Ideational 0 0 0
Conceptual 0 0 0

Associated Neurological Findings
EVALUATION GUIDELINES

CLINICAL SYNDROMES
Limb-Kinetic Apraxia
Ideomotor Apraxia

Conduction Apraxia
Dissociation Apraxia
Ideational Apraxia
Conceptual Apraxia

GENERAL MANAGEMENT GOALS

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.

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
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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.'
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.

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 Maas” 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 Kaplan® and Gazzaniga and coworkers®
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 colleagues® and Rothi and associates’ 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 agilit%/ is called
limb-kinetic apraxia by Lawrence and Kuypers.” 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



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 colleagues’ 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 and Marsden'® 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.

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.1 !
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 colleagues'? and Poizner and associates'?).

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

Spatial
Postural Use a body part as tool
Orientation Fail to orient forelimbs to an imaginary target
Movement Incorrect joint movement

Timing Increased latency and incorrect speed

Tool-object action

knowledge with tools, utensils, or objects

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

Mechanical Lack of knowledge of overall mechanics of the use of
knowledge tools

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

Lack of knowledge of the type of actions associated

EXAMPLE

Pantomiming the use of scissors, patients use fingers as
blades

Pantomiming cutting a piece of paper in half with
scissors, patients orient scissors laterally or not in
consistent plane

Pantomiming the use of a screwdriver, patients rotate at
the wrist and fix the elbow

Absence of smooth sinusoidal speeds of movement when
cutting with a knife

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

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

When attempting to drive a nail with no hammer
available, the patient selects a screwdriver rather than a
heavier tool (pliers)

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.

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 system malig-
nancies. Additionally, these imaging studies (particularly
MRI) may show the areas of cortical atrophy in patients with



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).

(Table 4-3)

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.'' 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 (IMA) is characterized by an impairment
in the selection of the posture, spatial movements, speed, and
spatial orientation of transitive and intransitive movements

TABLE 4-3
Selected Etiologies Associated with Disorders of Praxis
ETIOLOGICAL CATEGORY SELECTED SPECIFIC ETIOLOGIES CHAPTER
Hereditodegenerative
Disorders
Degenerative Alzheimer’s disease 33
dementias Pick’s disease
Corticobasal ganglionic
degeneration
Movement disorders Corticobasal ganglionic 34
degeneration
Neurovascular Ischemic/hemorrhagic 45
Disorders infarction
Arteriovenous
malformation
Neoplastic Disorders
Primary neurological Astrocytoma/glioblastoma/ 46
tumors oligodendroglioma/
meningioma
Metastatic neoplasms Metastatic disease 47
and paraneoplastic
syndromes
Traumatic Disorders Blunt or penetrating CNS 51
trauma

(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).'* 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. '

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 laterally'' or may not maintain any
consistent plane.

[N



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.'''? 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.'’ 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.

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 colleagues'® 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,!” 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).

Patients with verbal dissociation apraxia cannot gesture
normally to command but perform well with imitation
and actual tools and objects. Heilman'® 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 colleagues'® 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. 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.” 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.”’*' 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 Heilman'® from
left hemispheric lesions was incorrectly termed “ideational
apraxia.” These patients and those of De Renzi and
associates'® 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.

Patients with ideational apraxia are unable to carry out an
ideational Elan or a series of acts in the proper
sequence.””** 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



it has been used erroneously to label other disorders,*?

including those involving dissociation apraxias'® 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.

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 (ftool-object action
knowledge) and therefore make content errors.’®*’ 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 colleagues®’ 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 é)liers (which are hard, heavy, and good for
pounding).”® 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 tyge,28 but it is also seen with left hemispheric
dysfunction.”

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.’® 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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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.' 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).” 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.



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 refers to the mental processes of knowing, in-
cluding high-level perception, language, and reasoning.
Cognitive processes may be dichotomized as crystallized or
fluid.® Crystallized processes involve the application of
well-established knowledge and well-practiced routines, such
as vocabulary knowledge. Fluid processes are invoked when
a problem must 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.

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.? The gradient may reflect the



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.’
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,® and there
are severe declines in other forms of nondeclarative mem-
ory, such as conditioning.” 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.

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 that may 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-



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.

(Table 5-1)

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

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.

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." Long-term memories are thought to be

OTHER NEUROLOGICAL AND MEDICAL
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Papez circuit that integrates cortical and subcortical structures involved in memory or emotion. (From Goetz CG, Wilson RS: Behavioral neu-
rology. In Weiner WJ, Goetz CG [eds]: Neurology for the Non-Neurologist. Philadelphia, Lippincott, 1994, pp 184-194.)

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.® 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.””!' Therefore, memory of an
event or fact may be widely 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.'? 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."?
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.'* Focal damage to the CA1 region of the
hippocampus is sufficient to result in a clinically substantial
declarative memory deficit.'> More widespread damage to
the entorhinal, perirhinal, and parahippocampal regions
(Fig. 5-2) results in increasingly devastating memory defi-
cits.'® In addition, the fornix constitutes the major subcorti-
cal output pathway of the hippocampal region. Damage to
the fornix can produce global amnesia.'” 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.'®2° Furthermore, subicular and entorhinal areas
appear to 2participate in the retrieval of recently’' or more
remotely*” learned information.



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.)

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.” The importance of the mammillary bodies is less
certain. Lesions there sometimes appear to account for
declarative memory deficits in patients®* 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.” 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.*®

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.'> Some patients with
mild anterograde amnesias, however, show a surprising
loss of personal memories concerning major life events or
family members.”” 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.

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-



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.”® 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 fyramidal, extrapyr-
amidal, and cerebellar motor systems.”’ 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)* and conceptual repetition priming has
been linked to polymodal linguistic neocortical regions in
the left frontal and left temporoparietal areas.®'

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.”> More
complicated conditioning paradigms appear to require, in
addition, medial-temporal regions.

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.”*

Long-term, but not short-term, memory processes require
messenger RNA and protein synthesis.”> 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.’® 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-p-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,”” ™ including humans.*” Not all newly generated hippo-
campal neurons survive, but hippocampal-dependent memory
tasks can enhance the survival of these neurons, whereas hip-
pocampal-independent memory tasks provide no such bene-
fit:*' 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.*>

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.” 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,** 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 disease® and in healthy subjects.*®



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.*’

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).

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 a mild
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 B, 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.

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 Bj, 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 B, 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.

(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 B, 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.*® In contrast, in dementias marked by
relative sparing of memory, such as frontotemporal demen-
tia, hypometabolism occurs primarily in the bilateral frontal
cortices.*” 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.



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.””
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).”' 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
IIT). 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, d=prime), 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,”
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).””



(Table 5-3)

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.°° More than 50 diseases may produce dementia,
but Alzheimer’s disease is thou%ht to account for approxi-
mately 70% of dementia cases.”’ The second main cause

TABLE 5-3
Selected Etiologies Associated with Memory Disorders

ETIOLOGICAL CATEGORY SPECIFIC ETIOLOGIES

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.
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central nervous system
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Cerebral abscess
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Posterior cerebral artery occlusion
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Medial temporal lobe epilepsy hippocampal sclerosis
Insomnia, sleep apnea

Surgical lobectomy to treat medial temporal lobe epilepsy

Electroconvulsive treatment

Medications: analgesic, antihypertensive, anticholinergic, psychotropic,
sedative
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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.’®

A second cortical dementing illness is frontotemporal
dementia.”® 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.°” 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.”' 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.®” 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 f[J)re(:ipitous declines and
plateaus of little apparent change.®®

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.®* 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.®® 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 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



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.! 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.

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 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.°® 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.

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



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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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

EVALUATION GUIDELINES

CLINICAL SYNDROMES
Dysphonia

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 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



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.

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 the motor cortices through the corticobulbar tracts. Coordi-
nation of the movements 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.

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 lar%er on the left, which
is consistent with Wernicke’s area.” 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.” 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.’
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.* 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 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



Precentral
gyrus

Broca's
area
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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 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.

Broca's area

LATERAL SURFACE OF THE LEFT HEMISPHERE

Central sulcus

Postcentral gyrus

Arcuate
fasciculus

Angular
gyrus

Lateral
sulcus

Arcuate fascicutus

Wernicke's area

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

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.)



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 from Wernicke’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.

The dominance of the right hemisphere in the processing
of affective prosody is supported by numerous lesion
studies” and by functional imaging data.® 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.

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.

SPEECH. The examination of speech includes the assess-
ment of speech volume, rate, articulation, prosody, and
initiation.”' 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.'"'?

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."*™"> 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.'® 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,'”'® and fluent aphasia results
from pathology posterior to the fissure of Rolando.

COMPREHENSION OF SPOKEN LANGUAGE. Com-
prehension can be assessed in many ways'’; 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.'* 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 abnormality”’; it
occurs with lesions of the angular gyrus, posterior inferior

v v v

Conduction Transcortical Anomic
aphasia sensory aphasia
aphasia

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.

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



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 associated with 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.'”

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.

(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.”’

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.”” 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

Muscle paralysis or
fatigability

Spastic dysarthria

Flaccid dysarthria

Ataxia dysarthria

Extrapyramidal
dysarthria

Perisylvian aphasia

Extrasylvian aphasia
(transcortical)

Subcortical

Nonlocalizing
(anomic)

Alexia without
agraphia
Alexia with agraphia

Reiterative speech

Delirium

Psychiatric disease

NEUROIMAGING

Mass lesion compressing cranial
nerve X or on the vocal cords

Multiple subcortical white matter
disease

Brain stem lesion, atrophy,
or normal

Atrophy of cerebellum, stroke
or cerebellar tumor

Stroke in basal ganglia,
atrophy of the caudate

Stroke, tumor, abscess in
perisylvian area

Stroke in borderzone vascular
territory

Stroke in striatocapsular
region or thalamus

Generalized atrophy or left
hemisphere lesion

Left occipital infarct involving the
splenum of the corpus callosum
Generalized atrophy or focal infarct
in left parietotemporal junction

Borderzone vascular infarct or
generalized atrophy

Usually normal or generalized
atrophy

Normal

ELECTROPHYSIOLOGY

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

Prolonged sensory and visual evoked
potentials in multiple sclerosis

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

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

Slowing over the fronto- parieto-
temporal region on EEG

Slowing over the left hemisphere on
EEG

Slowing over the temporal lobes
over the left hemisphere on EEG

EEG slowing over the left occipital
cortex
Left centrotemporal slowing on EEG

Left hemisphere slowing on EEG

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

Normal

FLUID AND TISSUE
ANALYSIS

Carcinoma of the vocal cords,
carcinomatous meningitis

Oligoclonal bands in CSF in
multiple sclerosis

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

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

Increased cholesterol,
anticardiolipid antibodies

Plaques and tangles or spongiform
changes on brain biopsy

Plaques and tangles or spongiform
changes on brain biopsy

Normal

NEUROPSYCHOLOGICAL TESTS

Normal language and cognitive
function

Pseudobulbar affect, psychomotor
slowing, retrieval memory deficit

Normal language and cognitive
function

Normal language

Mild cognitive decline, psychomotor
slowing

Decreased verbal memory

Psychomotor slowing and possible
decreased verbal memory

Prominent cognitive deficits:
visuospatial, praxis, memory

Associated Gerstmann’s syndrome
plus anomia constitutes the
angular gyrus syndrome

Multiple cognitive deficits when
there is underlying degenerative
disorder

Multiple cognitive deficits

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.

OTHER TESTS

Vocal cord pathology
visualized by direct
or indirect
laryngoscopy

Prolonged latencies of
evoked potentials in
multiple sclerosis

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

Doppler study of the
carotids to rule out
occlusion

Apolipoprotein E



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.

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.”

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

Vocal cord muscle paralysis or fatigability
Spasmodic dysphonia

Upper motor neuron (spastic dysarthria)

Lower motor neuron (flaccid dysarthria)
Cerebellar (ataxic dysarthria)

Extrapyramidal (hypo- or hyperkinetic dysarthria)
Mixed dysarthria

Phonic tics and vocalization
Reiterative speech
Echolalia

Palilalia

Stuttering

Logoclonia

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
Delirium
Psychiatric disorders
Right hemisphere disorders
Dementing diseases

patients have a breathy sound resulting from abnormal
apposition of the vocal cords.

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 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 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.



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 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 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.”**
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.?® Mutism can also be of psychogenic origin.

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
common with 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.”’ Although scanning
speech is easily misinterpreted as a nonfluent aphasia, careful
evaluation reveals that there is no true language impairment.

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.

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.

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

Phonic tics are either simple or complex vocal tics. Simple
vocal tics are similar in character to motor tics and are



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.

(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 phrase may 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.'? 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.”**’

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

Transcortical sensory aphasia
Mixed transcortical aphasia
Gilles de la Tourette syndrome
Autism

Frontotemporal dementia
Huntington’s disease
Neuroacanthocytosis

Parkinson’s disease

Schizophrenia

Thalamic infarction

Alzheimer’s disease

Idiopathic calcification of basal ganglia
Progressive supranuclear palsy

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

Left subcortical infarction

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,”* 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.*

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.”

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 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.”! 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;>” 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.'® Even though very few



TABLE 6-5

Language Disorders: Clinical Characteristics

TYPE OF APHASIA VERBAL OUTPUT PARAPHASIA REPETITION

Broca’s Nonfluent Rare Poor

Wernicke’s Fluent Common Poor

Conduction Fluent Common Good

Global Nonfluent Common Poor

Transcortical Nonfluent Rare Good
motor

Transcortical Fluent Common Good
sensory

Mixed Nonfluent Rare Good
transcortical

Anomic Fluent Rare Good

Subcortical Fluent or Good Variable

nonfluent

Arcuate fasciculys ~

Wernicke’s
area

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.

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.*

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

READING (ALOUD/
COMPREHENSION NAMING COMPREHENSION) WRITING
Good Poor Poor/good Poor
Poor Poor Poor/poor Poor
Good Poor Poor/good Poor
Poor Poor Poor/poor Poor
Good Poor Poor/good Poor
Poor Poor Poor/poor Poor
Poor Poor Poor/poor Poor
Good Poor Variable Variable
Poor Common Variable Variable

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.'?

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.** 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).">13%3 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.'> 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.



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.)

Verbal output in Wernicke’s aphasia is either normal or
increased, sometimes more than 200 words per minute.'®
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.'?
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.’” 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."”

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.*® 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. '’

CONDUCTION APHASIA. Conduction aphasia occurs in
up to 15% of admissions of patients with aphasia in some
reports.””** 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



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.

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.*” *' 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, notab13y in the left supramargi-
nal gyrus and left temporal gyrus.”’~° 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."
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.*? 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.

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.*® 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.”’ 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.** 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.'! 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,



intracerebral hematoma,*’ and degenerative disorders such
as Alzheimer’s disease,*® are other reported causes.

Transcortical sensory aphasia may also follow the resolu-
tion of Wernicke’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.*’ 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.'”’ 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.

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.*® 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.*”>°
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.”' 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.”” 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,'?!3

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 resgions of cortex required to carry
out language functions.”*”!->*

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.'® 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.'*'” 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.'*"'* 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.

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



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.”

As a separate but closely related entity, Greenblatt
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.
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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.”’

A number of features of frontal alexia are sufficiently dis-
tinctive to allow differentiation from the other varieties of
alexia."”> 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.’’

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.l‘ 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."? 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.

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.



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)."!

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 thegl often carry with them a writing tablet for
others to use.'

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.”® Although
pure word deafness is rare in isolation, it may be associated
with posterior aphasic disorders.

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 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 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.’”®
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.®’ 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

(L) Posterior inferior
frontal lobe

(L) Posterior superior
temporal gyrus

(L) Posterior sylvian
region

(L) Sylvian region

(L) Dorsolateral frontal
cortex

(L) Temporoparieto-
occipital junction

(L) Hemisphere,
vascular border zone
areas

(L) Thalamus, striatum
white matter

Unilateral or bilateral
corticobulbar tracts

Cerebellum

Lower motor neuron,

SPEECH OR LANGUAGE
SYNDROME

Broca’s aphasia
Wernicke’s aphasia
Conduction aphasia
Global aphasia

Transcortical motor
aphasia

Transcortical sensory
aphasia

Mixed transcortical
aphasia

Subcortical aphasia

Spastic dysarthria

Ataxic dysarthria

Flaccid dysarthria

OTHER NEUROLOGICAL
AND MEDICAL FINDINGS

Brachiofacial weakness
Visual field deficit

Cortical sensory deficit
pseudothalamic pain
Hemianopia, hemiplegia

Buccofacial apraxia,
hemiparesis is
occasional

Critical sensory deficit

Visual field deficit

Variable motor, sensory,
and visual field
deficits

Hemiplegia/sensory loss

Unilateral or bilateral
hyper-reflexia or
spasticity

Dysmetria, nystagmus,
ataxia

Atrophy, fasciculation,

COMMON ETIOLOGIES

Stroke, trauma, tumor,
infection

Stroke, temporal lobe
abscess

Stroke

Stroke, tumor, trauma,
infection

Anterior borderzone
vascular infarction

Posterior borderzone
vascular infarction

Degenerative disease

Borderzone infarctions,
anoxia, carbon
monoxide poisoning

Stroke, ischemic and
hemorrhagic

Stroke, demyelinating
and degenerative
disease

Stroke, degenerative,
toxic disorder; tumor

Motor neuron disease,

COMMENTS

Initial (L) conjugate
gaze deviation

Associated ideomotor
apraxia

Echolalia is common

Echolalia very
common

No visual field or
cortical sensory loss

Risk of aspiration

brain stem, or
peripheral nerves

Basal ganglia Hypokinetic/
hyperkinetic chorea
dysarthria

Vocal cords or their Dysphonia

innervation

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.'
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.®® 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

decreased gag

Parkinsonism, dystonia,

Fatigability, ptosis

stroke, carcinomatous
meningitis

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

Laryngitis, vocal cord
paralysis, myasthenia

pneumonia

May be a sign of
laryngeal carcinoma

acquisition of motor and cognitive skills vital in language
recovery.®>® Case studies and an open-label study utili-
zing donepezil have shown beneficial effects on chronic
post-stroke aphasia recovery.®

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.®*** 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-
cularlsy those with Wernicke’s aphasia and pure word deaf-
ness®”; 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

Structural Disorders
Developmental

Hereditary and Degenerative Disorders
Storage diseases: Lipidoses, glycogen disorders, and
leukoencephalopathies
The degenerative dementias

Movement disroders

Ataxias

Degenerative motor, sensory, and autonomic disorders

Hereditary nondegenerative neuromuscular disease
Acquired Metabolic and Nutritional Disorders

Endogenous metabolic disorders

Exogenous acquired metabolic system: Toxins and
illicit drugsdisorders of the nervous

Nutritional deficiencies and syndromes associated with
alcoholism

Infectious Disorders

Viral infections

Nonviral infections

Transmissible spongiform encephalopathies
HIV and AIDS

Neurovascular Disorders

Neoplastic Disorders

Primary neurological tumors
Metastatic neoplasms and paraneoplastic syndromes

Demyelinating Disorders
Demyelinating disorders of the central nervous system
Demyelinating disorders of the peripheral nervous system

Autoimmune and Inflammatory Disorders

Traumatic Disorders

Epilepsy

Headache and Facial Pain

Sleep Disorders

Drug-Induced and Iatrogenic Neurological Disorders

SELECTED SPECIFIC ETIOLOGIES CHAPTER
Arnold-Chiari malformations 28
Adrenoleukodystrophy, Krabbe’s disease, metachromatic 30
leukodystrophy
Alzheimer’s disease, frontotemporal degeneration, 33
Parkinson’s disease, Huntington’s disease
Hallervorden-Spatz disease, Wilson’s disease, progressive 34
supranuclear palsy, Parkinson’s disease, multiple system
atrophy, Huntington’s disease
Friedreich’s ataxia, abetalipoproteinemia 35
Amyotrophic lateral sclerosis 36
Myopathies 37
Hypothyroidism 38
Cocaine 39
Alcoholic cerebellar degeneration Vitamin E deficiency 40
Herpetic encephalitis 41
Toxoplasmosis or bacterial abscess of the temporal lobe 42
Creutzfeldt-Jakob disease, Gerstmann-Straussler syndrome 43
Lymphoma, toxoplasmosis, AIDS dementia complex 44
Vascular dementia; embolic, thrombotic, and hemorrhagic 45
stroke
Glioblastoma, meningioma, astrocytoma 46
Metastasis from lung, breast, melanoma, paraneoplastic 47
cerebellar degeneration
Multiple sclerosis, progressive multifocal 48
leukoencephalopathy
Guillain-Barré syndrome 49
Myasthenia gravis 50
Contusion, subdural hematoma 51
Frontal lobe epilepsy 52
Migraine with aura 53
Hypoxemia and hypotension with sleep apnea 54
Anterior cerebral infarction following aneurysm clipping 55

AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.
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CHAPTER 7

Cranial Nerve I: Olfactory Nerve

Richard L. Doty and Steven M. Bromley

DEFINITIONS
CLINICAL HISTORY

ANATOMY OF CRANIAL NERVE I

Sensory Receptors and Primary
Neurons

Secondary Sensory Neurons: Olfactory
Bulb and Projections

Central Connections

Neurochemical Olfactory Transduction
Processes

NERVE I

Dysosmia

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
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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



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.

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 déja 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.' 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 smokin
can result in improvement in olfactory function over time.
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.” 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.

(Table 7-1)

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).* 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
9 4 2 microtubule arrangement) from its dendritic knob into
the overlying mucus. The cilia, which can radiate across the
epithelial surface for over 30 pm, 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 um long and with an average
diameter of 0.5 um, 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 function to (1) mechanically isolate the bipolar receptor



TABLE 7-1

Clinico-anatomical Correlation of Disorders of the Olfactory Nerve

ANATOMICAL SITE OF
DAMAGE

Sensory receptors
and primary
neuron

Secondary neurons

Olfactory bulb cells

Anterior olfactory
nucleus

Medial and lateral
striae

Medial dorsal
nucleus of
thalamus

Primary and
secondary
olfactory cortex

TYPICAL CN I FINDING

Hyposmia or
anosmia

Dysosmia

Can be unilateral

Hyposmia or
anosmia
Dysosmia

Can be unilateral

Decreased odor
identification
Normal or increased
odor thresholds*
Decreased odor
identification
Normal or increased
odor thresholds*

OTHER NEUROLOGICAL AND MEDICAL
FINDINGS

With trauma, rare nasal leaks of CSF

Foster Kennedy syndrome

Disinhibition, change in personality

Gait dyspraxia, disinhibition, change
in personality

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

Lip smacking, automatisms during
seizures

Dementia, memory loss

Tremor, bradykinesia

Chorea, dementia

Contralateral weakness, aphasia,
homonymous quadrant visual field

COMMON ETIOLOGIES
Head trauma

Upper respiratory infections
Nasal or sinus disease
Toxic exposure
Meningioma

Neurodegenerative diseases
(Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease)

Frontal lobe tumors

Pituitary tumors

Aneurysms
Wernicke-Korsakoff syndrome
Infarctions

Epilepsy

Neurodegenerative disorders
Alzheimer’s disease
Parkinson’s disease
Huntington’s disease
Tumors or infarcts

defects

*Because of bilateral cortical and subcortical representation of olfactory function, unilateral lesions at this level generally do not cause clinically meaningful olfactory

dysfunction.

cells from one another, (2) secrete mucopolysaccarides, (3)
transport molecules across the epithelium, and (4) detoxify
and degrade odorants.” 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.*°

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.”
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 capacity® 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.’ 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.

The olfactory bulbs are complex ovoid structures located
on th