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Foreword

Traditional textbooks convey knowledge. It is the goal of
this text to convey not only essential knowledge, but also
the collected wisdom of its many highly regarded con-
tributors. This volume is divided into three sections:

»  Adult Neurologic Examination
» Common Problems in Adult Neurology
» Neurologic Diseases and Disorders

Also included to facilitate a physician’s use of this
book are:

Nosologic diagnosis tables

“Pearls and Perils” boxes

“Consider Consultation When . . .” boxes
“Key Clinical Questions” boxes

Selected annotated bibliographies

A complete bibliography

VVVVYyYVYY

The nosologic diagnosis tables are based on a dis-
criminator model to promote clearer understanding and
are superior to a criterion-based model and others that
lack similar specificity.

Whoever having undertaken to speak or write
hath first laid for themselves some [basis] to
their argument such as hot or cold or moist or
dry or whatever else they choose, thus reduc-
ing their subject within a narrow compass.
—Hippocrates

As Hippocrates has suggested, structure is the key to
learning. Unless there is a structure onto which knowl-
edge can be built, confusion and disorganization are the
inevitable consequences.

Classification systems induce orderliness in think-
ing and enhance our ability to communicate effectively.

A review of the most enduring hierarchical classification
systems, particularly that of Linnaeus (that is, phyla, gen-
era, species), makes clear the value of grouping according
to discriminating features, as well as the value of simplic-
ity, expandability, and dynamism.

The goal, whatever the classification system, is to
seek the most powerful discriminating features that will
produce the greatest diagnostic clarity. Discriminating fea-
tures should avoid crossing domains. Much of the confu-
sion that arises in diagnosis may be the result of the
clinician who unwittingly crosses the anatomic, pathologic,
pathophysiologic, phenomenologic, and etiologic classifi-
cation domains used in medicine (for example, the inclu-
sion of anatomically-oriented “temporal lobe seizures” in
a phenomenologically based classification system that in-
cludes complex partial seizures). Some conditions, such as
brain tumors, are classified according to their histopathol-
ogy and lend themselves well to this classification system.
Others, such as headaches and movement disorders, are
classified phenomenologically and are therefore much less
easily classified. In other cases, discriminators must en-
compass inclusionary as well as exclusionary features. At
times, we can only use a criterion-based system or con-
struct tables to compare features.

Arbitrarily, we label as consistent features those
which occur more than 75% of the time; features are con-
sidered variable when they occur less than 75% of the
time. The diagnostic tables should be viewed, therefore,
only as a beginning in the extremely difficult effort to
make diagnosis more precise and biologically based. How
well this book accomplishes the goals of identifying the
most powerful discrimination features for maximum di-
agnostic clarity is limited by the current state of the art.
In some areas, several features, when clustered together,
serve to discriminate.

This text is designed to be pithy, not exhaustive, as
there are already many available of this ilk.



Vi Foreword

This text is therefore in no way a singular effort  est wish that this text reside on your desk, rather than
and reflects the expertise of all who contributed in so  your bookshelf.
many different ways and it is my hope that this is re-
flected in the quality of the effort. It is therefore my fond- Ronald B. David, MD



Preface

Many of the contributors to this book are recognized au-
thorities in their fields but were asked to participate be-
cause of their ability to meld their knowledge of a
discipline with practical clinical experience. I would be
highly remiss if I did not acknowledge their extraordinary
contributions to this effort.

Section I of this book offers an organized discussion
of the adult neurological evaluation including the history
and examination, electrophysiological studies and neuro-
radiology. Section II covers common clinical problems in
neurology and ways of evaluating, managing, and treat-
ing them. Section III illustrates the spectrum of specific
neurologic diseases and disorders.

One of my motivations for editing this book was
the opportunity to provide physicians involved in the pri-
mary care of patients with a methodical yet succinct guide
to neurologic disease. Clearly, these are times that require
a well-rationed, yet efficient, approach to the diagnosis

of medical problems. Some instruments to aid in this en-
deavor were first pioneered by Dr. Ronald David, the Se-
ries Editor, in his volume on Pediatric Neurology. They
include the “Features Table” which attempts to capture
the discriminating, consistent and variable features of a
disease. Likewise, the “Pearls and Perils” box emphasizes
essences of a diagnosis in addition to some of the possi-
ble covert traps. “Consider Consultation When” should
provide physicians with helpful guidelines for referral;
“Key Clinical Questions” steers the clinician in his think-
ing and history taking.

It is my hope that you find the chapters in this book
both comprehensive and practical and that Clinical Adult
Neurology quickly becomes indispensable reference in
your bedside and office decision-making.

Jody Corey-Bloom

vii
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CHAPTER 1

The Neurologic History and
Examination of the Adult

Douglas Galasko

v

Outline

» Overall goals
» The neurologic history
» Neurologic examination

Overall Goals

The traditional approach of using the history and exami-
nation to guide diagnostic decision-making reaches a peak
in patients with neurologic problems. Even in an age of
technology and high resolution neuroimaging tests, the
“old-fashioned” clinical approach to neurology remains
relevant. Imaging and other laboratory studies are power-
ful tools, which complement but do not replace a meticu-
lous history and examination. For example, neuroimaging
procedures are not routinely helpful in the evaluation of
common clinical problems, such as headache and lower
back pain, where clinical evaluation remains the mainstay.
Similarly, the history is critical in deciding whether—and
how—to evaluate a patient for the common symptoms of
headache, vertigo, pain, or episodic loss of consciousness.
For non-neurologists, the brain and its offshoots often
seem intimidating and difficult to assess thoroughly and ef-
ficiently. This chapter highlights important principles of the
neurologic history and examination of adults, emphasiz-
ing how the examination can be tailored to fit specific clin-
ical situations (Box 1.1). In addition to a single
comprehensive approach, selected components of the his-
tory and examination can be used for screening the nerv-
ous system, evaluating elderly individuals, and testing
cognitive abilities.

Integrating symptoms and signs into a diagnosis is
part of the art of medicine. The utility of specific parts of

the neurologic history or examination can be rigorously
evaluated, using evidence-based approaches, to help de-
termine the most useful elements that provide positive
(“rule-in”) or negative (“rule-out”) evidence of specific
disorders. For example, when distinguishing syncope from
seizures, a loss of consciousness with prolonged sitting or
standing and preceding feelings of diaphoresis or light-
headedness are the symptoms that best ruled out a seizure,
whereas waking up with a sore tongue, having a sense of
déja vu or other unusual feelings before spells, or having
repeated muscle jerking for a minute or two during spells
is indicative of a seizure. For carpal tunnel syndrome, fea-
tures that best predict electrodiagnostic evidence of me-
dian nerve compression include sensory symptoms in a
plausible distribution, decreased sensitivity to pain in the
median nerve territory, and weak thumb abduction. Noc-
turnal paresthesiae, Phalen‘s and Tinel’s signs, and thenar
atrophy have much less diagnostic value.

The Neurologic History

General Principles

A screening neurologic history should center on common
problems relevant to a patient’s age, gender, or medical his-
tory. For example, in an elderly patient, questions should
cover stroke, memory ability, gait and falls, and the special
senses of vision and hearing. In patients with hypertension
or ischemic coronary disease, inquiry about transient is-
chemic attacks or stroke is important, while in insulin-de-
pendent diabetics, symptoms of cerebral ischemia and
cranial and peripheral neuropathy should be sought.
When a patient’s major complaint consists of or in-
cludes neurologic dysfunction, the history should be fo-
cused and detailed. The onset, course, and tempo of
symptoms, and whether they are intermittent, relapsing
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v

Box 1.1 Overall goals in neurologic assessment

History

» ldentify and characterize neurologic symptoms; try to
map onto syndromes or classes of disease.

» Localize the site(s) of origin of the symptoms.

Determine etiologic or risk factors.

» Define the degree of disability due to the neurologic
problem: e.g., mobility, social or occupational function.

v

Examination

» Localize the site(s) of origin of neurologic symptoms.

» Rule out serious neurologic causes of common symp-
toms such as headaches.

> Assess the extent of impairment of function.

Integrated goal

» Establish a diagnosis in terms of anatomic localization,
likely etiology, and the extent of impairment of daily
function that results.

with normal function between episodes, or constant
should be clarified. Many neurologic symptoms are diffi-
cult to describe, and patients should be encouraged to
provide a detailed account of their nature, using lay lan-
guage rather than technical or jargon terms that may be
misunderstood—a clear description can guide the physi-
cian to decide that the symptoms represent specific syn-
dromes such as vertigo, migraine, seizure, or stroke. For
intermittent or episodic symptoms that recover com-
pletely, such as headaches, seizures, vertigo, or transient
ischemic attacks, clinical judgment depends on the his-
tory alone. If the nature of the symptoms renders the pa-
tient an inadequate historian—as may occur for strokes,
seizures with loss of consciousness, and memory disor-
ders—an informant is essential. This may require a phone
call or an additional clinic visit. A goal of history-taking
is to group symptoms into a syndrome diagnosis if possi-
ble. For example, the description of a throbbing headache
may be insufficient to characterize it as migraine. If nau-
sea and photophobia accompany the headache, and vi-
sual phenomena such as scintillations sometimes precede
it, then the migraine syndrome is obvious.

The onset of neurologic symptoms often helps nar-
row the differential diagnosis. For example, the sudden
or rapid onset of focal loss of neurologic function is typ-
ical of an ischemic or hemorrhagic stroke. The subacute
onset of a similar focal deficit suggests a mass lesion. On
the other hand, many disorders that involve degeneration
of the central or peripheral nervous system begin insidi-
ously and show steady progression, with a course meas-
ured in months or years. The clinician should ask whether
any unusual events or exposures preceded the onset of

¥ Adult Neurologic Examination

symptoms, including headache, infections, medications,
and trauma. In patients with focal weakness or sensory
symptoms suggesting injury or entrapment of a periph-
eral nerve, the history should include a search for predis-
posing factors such as sleeping or sitting in an unusual
position, previous injuries or fractures, and repetitive limb
motion at work or during hobbies.

The clinical course of neurologic conditions helps
to narrow the diagnosis. Episodic conditions that produce
transient neurologic symptoms that then revert to normal
include migraine and other headaches, vertigo, seizures,
and transient cerebral ischemia. Acute attacks of multi-
ple sclerosis are characterized by neurologic deficits with
rapid onset, over hours or more commonly a day or two,
followed by a gradual but often incomplete recovery over
days to weeks. After a stroke or trauma, the brain usually
shows some degree of recovery, which may continue for
many months after the original insult. Fluctuation of
deficits occurs in many neurologic conditions and is com-
monly reported as fatigue. This is especially true of dis-
orders affecting structures that enable rapid conduction of
nerve impulses, such as myelin and the neuromuscular
junction. Multiple sclerosis and myasthenia gravis are
prime examples of conditions with weakness that fluctu-
ates from day to day, and patients with these disorders
may report tiring after the increased effort needed to com-
plete formerly routine activities. A chronic, steadily pro-
gressive course, measured over years, is typical of
inflammatory or degenerative disorders.

It is important to inquire about risk factors for neu-
rologic conditions. Because almost any type of neurologic
condition can be inherited, including degenerative condi-
tions, dementia, movement disorders, seizures, muscle dis-
eases, and peripheral neuropathies, the family history
should be noted. If one strongly suspects an inherited dis-
order, a comprehensive assessment may include obtaining
medical records on other family members, interviewing
relatives of the patient, and examining family members
who may have the disorder of interest. For many inher-
ited neurologic disorders, it is possible to test for patho-
genic DNA mutations and to use the information for
prognosis and, in some instances, for genetic counseling.

Environmental (or nongenetic) risk factors for neu-
rologic conditions form an enormous list. Only a few ex-
amples will be mentioned here. If symptoms suggest a
stroke or transient ischemic attack, then the history
should focus on the heart (including valvular conditions
or arrhythmias such as atrial fibrillation that may predis-
pose to embolism, symptoms of coronary atherosclerosis,
and cardiac surgery) and on hypertension, diabetes, and
smoking. Many systemic diseases can affect the nervous
system, for example, diabetes mellitus, cancer and its
treatment, chronic renal failure, systemic lupus erythe-
matosus, and collagen vascular disorders. Among infec-
tious disorders, human immunodeficiency virus (HIV)
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infection may result in symptoms affecting the entire nerv-
ous system, especially cognitive impairment, focal weak-
ness, seizures, weakness, and sensory symptoms due to
spinal cord or peripheral nerve involvement.

Occupations or hobbies may predispose to neuro-
logic problems. Repetitive movements may lead to pain
and weakness among workers on assembly lines or check-
out stands, people typing at computer terminals, profes-
sional musicians, and workers who use vibrating tools.
These symptoms do not automatically imply nerve dam-
age, because damage or inflammation to muscles, ten-
dons, and joints may explain the clinical picture. A
meticulous examination and ancillary tests such as elec-
tromyography (EMG) or X-ray studies may be needed to
clarify the diagnosis.

It is also important to inquire about medications
and abuse of alcohol and drugs. These substances can
damage the central nervous system, producing cognitive
and behavioral symptoms and contributing to vascular
disorders. They may also affect the peripheral nerves.
Some common scenarios include elderly patients whose
confusion, lethargy, or cognitive changes can be explained
by polypharmacy; patients receiving cancer chemother-
apy, who develop neuropathy or cerebellar ataxia; and
patients receiving psychotropic medications, who become
delirious or develop movement disorders such as tremor,
parkinsonism, or tardive dyskinesia.

The neurologic history should cover psychiatric
symptoms. In some cases, the psychiatric history may re-
veal factors that contribute to patients’ perception of their
neurologic symptoms. For example, conversion reactions
may manifest as pseudoseizures, unusual movement dis-
orders, blindness, sensory loss, or paralysis. Although the
bizarre and nonphysiologic nature of symptoms or signs
helps to clarify many of these diagnoses, patients may
sometimes have combined neurologic and psychiatric dis-
orders, such as mixed pseudoseizures and genuine seizures.
Diagnostic acumen often needs to be supported by physi-
ologic testing (electromyography or electroencephalogram)
or neuroimaging studies to define the etiology of the symp-
toms. In patients with chronic pain, including chronic daily
headaches, factors such as anxiety and depression may ex-
acerbate or amplify the symptoms. Patients with neuro-
logic disorders often develop psychiatric symptoms, which
may be amenable to treatment. Sometimes these symptoms
result from patients’ awareness of their disability (e.g., re-
active depression in patients with paralysis), or they may
be part of the disease, for example, agitation and delusions
in patients with Alzheimer’s disease, or emotional lability
in patients with frontal lobe lesions. By identifying and as-
sessing the importance of these symptoms, the clinician can
determine their impact on the patient’s functional ability
and the need for specific treatment.

Because neurologic conditions may cause disability, it
is critical to assess the impact of symptoms on the patient’s
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daily life, whether this is temporary or permanent, and
whether rehabilitation, assistive devices, or help from other
people may be needed. This judgment will include the find-
ings on physical examination. For most patients with
chronic neurologic diseases, it is important to ask about the
patient’s level of independence in carrying out basic activi-
ties of daily living (walking, dressing, grooming, eating,
bathing, and toileting) and more complicated “instrumen-
tal” activities such as driving, shopping, managing finances,
and carrying out hobbies. If a neurologic condition may in-
terfere with a patient’s occupation, the history should in-
clude a description of the nature of the job and its demands.

Specific Syndromes

A single chapter cannot cover important elements of his-
tory-taking related to every neurologic symptom and con-
dition likely to be encountered. Much of this task will fall
to later chapters that describe the diagnostic approach to
specific disorders. Instead, a few conditions will be se-
lected either because of their relatively high frequency or
the clinical difficulty that they tend to cause. These are
highlighted in Table 1.1.

The Neurologic Examination

General Principles

Screening Examination

The full neurologic examination is not efficient in a screen-
ing situation, and a “bare essentials” examination should
retain elements that cover the nervous system from head
to toe, emphasize those components that can be assessed
more objectively, and focus on findings that may indicate
disorders related to a patient’s age or medical history.

In younger adults, usually enough information is
gleaned about cognitive function from taking a history to
decide whether a formal mental status examination is
needed or not. A basic screening examination should in-
clude selected cranial nerves (especially II, eye movements
[III, IV and VI], and VII), gait, muscle strength, coordi-
nation, and tendon reflexes (including plantars). Testing
shoulder abduction, wrist extension, and finger spread-
ing is a good screen for strength in the arms. Gait testing,
including having patients rise from a chair or from a squat
without using their arms, walk on tiptoes, heels, and tan-
dem is generally an adequate screen of muscle strength in
the legs. In the absence of symptoms or of other findings,
little is to be gained from systematically testing sensation.

In elderly patients, in addition to the just mentioned
screens, it is important to test the special senses of vision
and hearing, memory (e.g., by testing delayed recall of a
list of words), and gait, including rising from a chair and
climbing stairs. A series of functional tests described by
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Condition

Table 1.1 Key historical features of neurologic conditions

Key features

Seizure vs.
pseudoseizure
or syncope

Migraine
headache

Dizziness

Dysarthria vs.

aphasia

Forgetfulness

Numbness,
tingling and
pain in
peripheral
nerve territory

Backache

Generalized seizures (grand mal) should include loss of consciousness, and may include injury, tongue-biting, and
incontinence.

Complex partial seizures may include unusual behavior and bizarre emotional states, and usually last seconds to minutes,
followed by a longer period of mental clouding.

Most seizures produce postictal depression lasting longer than postsyncopal.

Syncope is often preceded by lightheadedness, and occurs after prolonged sitting or standing.

Severe headache, often unilateral. Associated symptoms include visual aura, nausea, photophobia, and phonophobia.

Positive response to treatment with triptan or ergot medications, or after sleep in a dark room.

Distinguish from tension or muscle-contraction headache which is more often described as band-like, squeezing, jabbing, or
pressure, and is bilateral.

Vertigo is a feeling of rotating or being tilted relative to surroundings, usually worsened by changing head position and
often accompanied by nausea. It should be distinguished from presyncope or lightheadedness, whereas “dizziness” often
includes faintness and graying of vision.

Both may make speech difficult to understand. After a transient ischemic attack, patients who are aphasic often report
difficulty thinking what to say, finding words. or understanding other people.

Dysarthria often includes feelings that the tongue or mouth feels heavy, and speech is thick or slurred.

Amnestic and dementing conditions cause difficulty in retaining new or recent information, while older memories are
preserved.

Patients with memory lapses due to impaired attention or concentration often describe these lapses in great detail. Patients
with impaired recent memory often deny problems or are vague on details.

History from an informant is important.

Numbness is a negative symptom; the affected area may feel dead or lame. Paresthesia is a positive symptom, suggesting
both nerve damage and regeneration. It is often described as tingling, pins and needles, or burning and tends to follow the
territory of a root or nerve.

Radicular pain often produces brief, severe, lancinating pain.

Pain may not precisely follow a nerve or root distribution, e.g., carpal tunnel syndrome may produce pain in the forearm
or higher.

It may be difficult to distinguish nerve root compression or sciatica from musculoskeletal pain.

Radiation of pain to the thighs or lower extremity is more likely to be neurogenic.
Back pain in a patient with known or suspected cancer may indicate metastatic spread, especially to the epidural space.

Tinetti and Ginter (1988) may help to identify the risk of
physical dependence and falls.

Comprehensive neurologic examination

To elicit findings accurately and consistently, and to inte-
grate the findings to suggest a locus of abnormality, a
sound knowledge of the basic anatomy and organizing
principles of the brain and peripheral nervous system is
essential. Many textbooks deal with this, and several are
listed among the references. A number of areas are
sources of confusion for non-neurologists, and will be
covered here and emphasized in the other chapters on spe-
cific syndromes.

By carrying out the clinical ritual of the neurologic
examination in a structured manner, one is least likely to
make errors of omission or commission. A key skill is to
be able to discard findings as unphysiologic, inconsistent
with the suspected diagnosis, or artifacts due to the pa-
tient’s lack of complete effort or cooperation. Dividing

the examination into modules that test fairly discrete
brain areas or functional systems works well. When pre-
senting or writing up the neurologic examination, the cus-
tomary approach is “top down,” that is, starting with
mental status, then proceeding through cranial nerves,
motor function, coordination, sensation, reflexes, bal-
ance, and gait. One can deviate from this order in the clin-
ical examination, and it is often useful to test integrative
functions such as gait and balance earlier. However, the
traditional sequence has merits: it is methodical and com-
prehensive, divides the nervous system into anatomic and
physiologic modules, and tests more objective parts of the
examination (such as cranial nerves and motor function)
before more subjective elements (such as sensation).
Many neurologic findings can be dichotomized as
present or absent. For others, the examiner needs to de-
scribe a gradation of abnormalities. It is difficult even for
experienced clinicians to rate the severity of signs consis-
tently. Aids such as numerical grading of findings can be
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Table 1.2 Grading systems for muscle strength
and tendon reflexes

Medical Research Council scale

Strength

5 Movement against full resistance of examiner

4 Movement against some resistance

3 Movement against gravity, not resistance

2 Movement only with gravity eliminated

1 A flicker or trace of voluntary movement

0 No voluntary movement

Tendon reflexes

4+ Pathologically increased, e.g., spreads to other sites,
or clonus is evident

3+ Increased; may be a variant of normal or associated
with anxiety

2+ Normal

1+ Barely present or present only with facilitation

0 Absent

helpful, provided that the examiner can define each grading
level. Two examples for which numbers have a standard
clinical definition are the assessment of muscle strength
from 0 to 5 and the recording of tendon reflexes (Table 1.2).

The terms “intermittent” or “equivocal” tend to be
applied to neurologic findings in inverse relationship to
the examiner’s clinical expertise. With a few exceptions
(such as cutaneous reflexes and frontal release signs that
may fatigue), a positive neurologic finding should be re-
peatedly and consistently detectable. Some of the more
fickle signs include the plantar response, tendon reflexes,
and the testing of pain and light touch. When findings be-
have erratically—for example, a plantar response that
sometimes is flexor and sometimes extensor—the exam-
iner’s inconsistency is more often at fault than the pa-
tient’s nervous system. Similarly, asymmetrical tendon
reflexes that do not fit the distribution of a nerve root,
plexus, or pathway should be retested and found to be re-
producible before they are accepted as definite findings.
Careful technique when performing the examination is
the best way to prevent these problems. Several elements
of the neurologic examination that require special care
are highlighted in later sections.

Another problem is the extent of effort and cooper-
ation provided by the patient. For tests of muscle strength
and speed of movements, the patient must be motivated
to make as good an effort as possible, whereas for testing
tendon reflexes and muscle tone, relaxation is important.
In the presence of pain, a patient may not make a com-
plete effort to contract a muscle group. Recording
strength as “decreased but limited by pain” is appropri-
ate. Testing sensation is the most subjective part of the
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neurologic examination, and abnormal findings should
be interpreted based on their anatomic and physiologic
consistency. For example, a spatial gradient is typical of
impaired cutaneous sensation, with less severe impair-
ment as the zone of normal sensation is approached.
Sharp demarcation of normal and maximally impaired
sensation is less plausible (but can occur in a severe or
complete nerve injury). Asymmetry is a key indicator of a
focal neurologic finding. It is important to compare the
patient’s left and right side, bearing in mind that people
who are strongly left- or right-handed may show a minor
degree of asymmetry of muscle strength or bulk.

A number of “normal” changes are found in many
otherwise healthy elderly people. Small pupils that react
poorly to light, impaired upward gaze, wasting of the first
dorsal interosseous muscle, slight stooping of posture, im-
paired position and vibration sense in the feet, decreased
(or sometimes absent) ankle reflex, and frontal release
signs such as the glabella and snout reflexes are interest-
ing findings that lack clinical or localizing significance.

To gain the most from the neurologic examination, it
should be regarded as more than a checklist of tests car-
ried out independently of each other or of the history. It is
helpful to consider the examination as a way to test hy-
potheses and identify patterns of dysfunction that can be
integrated into systems, syndromes, or levels of the nervous
system. For example, if an elderly patient complains of the
sudden onset of weakness of the right arm, a stroke is a
likely cause. The examination should pay special attention
to testing for weakness and upper motor neuron findings
in the right arm, and also in the right face and leg, which
would indicate a left-sided brain lesion. If left facial weak-
ness is found (“crossed paralysis”), the localization shifts to
the brainstem, in which case other cranial nerve findings
should be carefully sought. If a right hemiparesis is appar-
ent, the examiner should test carefully for aphasia, which
would help to localize the lesion to the cortex rather than
to a subcortical site such as the internal capsule.

Mental Status Examination

When a patient provides a coherent history rich in details,
cognitive abilities are usually intact. If neurologic symp-
toms do not point to a disease process likely to affect cog-
nition, then this intuitive impression of cognitive function
is usually accurate. However, subtle abnormalities or cir-
cumscribed areas of cognitive loss can be overlooked
without formal testing. In elderly patients, because of the
increased prevalence of dementing disorders, it is impor-
tant to screen for the presence of cognitive dysfunction,
notably memory impairment.

Many clinicians develop their own approach to as-
sess mental status. This can be successful, particularly if
it covers major areas of cognitive function. Structure and
order are important in conducting a mental status exam-
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ination, to help interpret apparent deficits correctly.
Memory, language, and attention should be assessed be-
fore testing other areas, because impairment in these
major cognitive abilities often result in poor performance
on other tasks. For example, aphasia may result in diffi-
culty following verbal instructions or making verbal or
written responses, rendering tests of construction or cal-
culation difficult to interpret. Patients with attention
deficits or delirium may have difficulty following com-
plex verbal instructions or registering all of the elements
to be learned in a memory task. Elderly patients may take
a little longer than younger adults to perform certain
tests, but if allowed sufficient time, they perform nor-
mally. These and other principles to provide a brief but
accurate test of mental status are detailed in Table 1.3.
Brief screening tests, such as the Mini-Mental State
Examination (MMSE) (Folstein 1975) or the Blessed In-
formation-Memory-Concentration Test (Blessed et al.,
1968), are concise, structured, and yield standardized and
interpretable total scores. They can detect dementia, es-
pecially Alzheimer’s disease, and can track progression
over time. However, they do not assess language, visu-
ospatial abilities, or abstraction well. Highly educated pa-
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tients can score normally on the MMSE even in the pres-
ence of mild dementia. The examiner should be aware of
how the patient’s age, education, or native language may
influence mental status test scores. Patients with low lev-
els of education may perform suboptimally on tests of
drawing, language, and abstraction. If clinician and pa-
tient do not speak the same language, then testing must be
done using an interpreter. Validated translations of tests
such as the MMSE can be extremely helpful in this chal-
lenging situation.

Cranial Nerves

The clinical usefulness of testing each cranial nerve varies,
and selective emphasis is best for a typical clinical neuro-
logic examination. Because olfaction and taste are diffi-
cult to test sensitively and are unlikely to be the sole
features of significant neurologic illness, these are usually
omitted. For the other cranial nerves, this section assumes
that the reader knows the basic sequence of the exami-
nation. Rather than presenting a complete guide to the
examination, it will focus on details that enhance the ac-
curacy of the examination.

Table 1.3 Key elements of the mental status examination

Orientation

Language

constructional
ability
Abstraction

Calculation

visual agnosia

Remote memory

Visuospatial and

Hemineglect, praxis,

Condition Key features
Attention Refers to sustained effort. Tests include counting backwards from 20, serial subtraction (e.g., serial 3s from 50), reciting
months backwards.
Recent or Recall of a list after a delay, e.g., three or four unrelated words, or a name and address (e.g., John Brown, 42 Market Street,
short-term Chicago). Present the list or address to the patient several times to ensure that they register the information.The delay
memory before testing recall should last at least 5 minutes and is filled with other testing to distract the patient.

Can also ask the patient to describe details of recent news events.

Less important to test than recent memory. Should be preserved even in severe anterograde amnesia. Ask for names of
former U.S. presidents; dates of important historical events.

Test knowledge of time and place; orientation for person is not useful clinically since it is impaired only in severe disorders.
May need to make allowances, e.g., retired or unemployed patients may not track the date.

Aphasia is unlikely if naming is normal, therefore test naming in detail by showing the patient familiar objects and their parts,
e.g., watch, stem or winder, band or strap, clasp or buckle.

Is output fluent (many words, not necessarily highly meaningful) or nonfluent (telegraphic speech)?

Can the patient follow a two-step verbal command? Can the patient repeat a sentence, e.g.,“no ifs, ands, or buts,” or “the
lawyer’s closing argument convinced him?” Can the patient write a dictated sentence?

A good bedside screening test is to ask the patient to draw the face of a clock, fill in the numbers, then set the time, e.g., to
11:20 or 3:30.Copying intersecting pentagons (from the Mini-Mental State Exam) can be used.

Explaining proverbs tests memory and schooling rather than problem-solving. Instead, ask a patient to explain similarities
between word pairs, e.g., table-chair, ship-horse, poem-statue.

Dyscalculia is rarely an isolated or localizing finding, therefore a lower priority to test routinely. Abilities depend on
education. Ask the patient to calculate change, e.g., how many quarters in $3.75,and to subtract numbers.

These are not worth testing as part of a routine mental state examination.

Hemineglect is important chiefly in patients with left hemiparesis; the patient should be asked to identify where they
perceive bilateral sensory stimuli.
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Brief examination of the visual fields is much less
sensitive than formal measurement by perimetry, but at-
tention to detail can improve the yield of clinical testing.
It is unlikely that a clinician will reliably detect a slightly
enlarged blind spot or a small field deficit, and more rea-
sonable goals are to be able to detect larger deficits, such
as those affecting a quadrant or hemifield of vision. Each
eye should be tested individually, using a small visual stim-
ulus; a colored pen cap or preferably a red-topped pin are
better than fingers. All four quadrants of each visual field
should be examined, since quadrantic field deficits can
occur. While the patient fixes gaze on the examiner’s nose,
the stimulus is brought in slowly (to avoid testing motion
perception, a sensitive visual ability) from outside the vi-
sual field until the patient notices it. This is more sensitive
than asking the patient to count fingers (large targets are
much easier stimuli than smaller ones) or to identify mov-
ing fingers. Visual acuity is not commonly affected by neu-
rologic conditions, with rare exceptions such as optic
neuritis and retinal ischemia. Decreased acuity usually re-
sults from refractive problems of cornea, lens disorders
such as cataracts, or macular degeneration. Acuity is best
tested with correction, that is, while the patient wears
glasses or contact lenses, or looks through a pinhole.
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Testing pupillary reactions is more sensitive when
carried out in a darkened room, because it is easier to see
constriction of the baseline dilated pupils. A strong flash-
light or ophthalmoscope light should be used. This
makes it easier to detect unreactive pupils, “sluggish” re-
actions to light, or the small pupil characteristic of
Horner’s syndrome.

Eye movements inform greatly about the function
of the ocular muscles; cranial nerves III, IV, and VI; the
brainstem, cerebellum and vestibular apparatus; and the
cortex. Smooth pursuit, or tracking of a steadily and
slowly moving target such as the examiner’s index finger,
may be assessed while examining the range of eye move-
ments. Nystagmus may only be apparent on extremes of
lateral or vertical gaze. It should be described according
to its nature (for example, rotary or linear), and accord-
ing to the direction of the rapid phase. Saccades are rapid
voluntary eye movements, tested by having a patient
quickly change gaze from straight ahead to full left and
right, then up and down. Slow saccades can occur in neu-
rodegenerative conditions, while overshoot or undershoot
suggest cerebellar dysfunction.

Important details of examining and interpreting cra-
nial nerves V to XII are presented in Table 1.4. One area

Condition Key features

Table 1.4 Elements of the cranial nerve examination

II: Visual fields

I1, Hll: Pupil reaction
I, 1V, VI: Eye

V:Sensory

VII: Motor

VIll:Hearing

VIlI:Vestibular

IX:Sensory

X:Motor

Xl

Xl

Small visual field defects are easily missed.To enhance their detection, test each eye individually. Use a small visual stimulus,
e.g.,a colored pen cap or better still a red-topped pin.Test all four quadrants of each visual field. While the patient fixes gaze
on your nose, bring the target in slowly from beyond the limit of the field.

Best tested in a darkened room. Use a strong flashlight or ophthalmoscope.

Test the full horizontal and vertical range; ask about double vision and look for nystagmus. Check smooth movements
pursuit and rapid eye movements (saccades).

There are three divisions of the trigeminal nerve; test each division by examining the forehead, cheek, and mandible.The
corneal reflex depends on both V and VII.

Central or upper motor neuron facial weakness almost always spares the forehead and often eyelid closure. Lower motor
neuron or true nerve VIl lesions cause weakness of the entire hemiface.Test forehead wrinkling, strong closure of the eye-
lids, symmetry of smiling, puffing out cheeks.

First screen for diminution of overall hearing ability; if hearing is normal, then the Weber or Rinne tests will not be useful.

Nystagmus may originate from vestibular, brainstem, or cerebellar dysfunction.Vestibular (peripheral) nystagmus may only
be seen by abolishing visual fixation, or using postural tests such as head shaking or the Hallpike maneuver.

The gag reflex does not need to be tested routinely in all patients. It is of value when other lower cranial nerves are affected,
to help localize dysarthria, or to help assess a patient’s ability to protect their airway if they aspirate.

Symmetrical and strong elevation of the palate on saying “aaah”is the basic test. Uvula position is less helpful, since it may
deviate slightly from center as a normal variant.

To test for dysarthria, have a patient say “la-la-la; mi-mi-mi; gaa-gaa-gaa” (tests lingual [XIl], labial [VII],and palatal [X]
consonants, respectively). Have edentulous patients wear their dentures for accurate testing.

Sternocleidomastoid (SCM) and trapezius muscles are very strong. In addition to testing head turning to the left (the action
of the right SCM) and the right (the action of the left SCM), also test forward flexion of the head against resistance.

Slight deviation of the tongue on protrusion is usually of no consequence.Test for weakness, e.g., patient pushes tongue into
cheek against the resistance of the examiner’s index finger
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to highlight is the testing of hearing. The Weber (tuning
fork placed on the center of the forehead) and Rinne (air
and bone conduction are compared in each ear) tests are
useful to help classify the cause of hearing loss, but are
unnecessary if hearing is clinically normal. Hearing is in-
tact for clinical purposes if the patient can perceive the
sound of a vibrating 256-Hz tuning fork held a few inches
away from either ear, a whispered question in each ear,
or the rustling of the patient’s hair just above each ear.

Muscle Strength and the Motor System

Attention to technique can enhance the accuracy of test-
ing muscle strength. It is best to expose and visualize limb
muscles, and avoid testing patients who are wearing sev-
eral layers of clothing. Exposure also allows inspection of
muscle bulk and a search for abnormalities such as fasci-
culations. To grade muscle strength, examiners compare
themselves against patients, and should try to use mus-
cles of similar strength to those being tested. Thus, when
testing shoulder abduction (deltoid), hip flexion, knee ex-
tension, or other movements by powerful muscles, the ex-
aminer should use upper body strength, pressing with
both arms if needed. Conversely, to test abduction of the
little finger or thumb, much less effort is required, and
the examiner can use his own little finger or thumb. When
searching for subtle weakness, it is helpful to start testing
with the patient’s muscle groups in a position that places
them under a mechanical disadvantage. This applies es-
pecially to joints that can be locked: instead of trying to
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overcome a hyperextended elbow joint, the examiner
should make the patient start with a flexed elbow and try
to straighten it against resistance. Another trick is to use
leverage when testing strength. For example, when testing
the strength of a patient’s extended arms, pushing down
at the wrist is more effective and sensitive than doing so
at the elbow. Many of the muscle groups of the legs are
very large and difficult to overcome. To demonstrate
minor degrees of weakness, functional tests may be used
to pit a patient’s own body weight against these muscles,
for example, having a patient walk on tiptoes or heels, or
rise from a chair with arms folded across the chest
(Table 1.5).

As with other parts of the neurologic examination,
it is important to compare left and right as well as prox-
imal and distal. The examiner should try to integrate find-
ings into consistent patterns of disease; for example,
upper motor neuron versus lower motor neuron, anti-
gravity muscle weakness in stroke, distal muscle weak-
ness in polyneuropathy, and weakness maximal at
proximal muscles (shoulders, hips) in myopathy
(Table 1.6). If the history suggests the possibility of focal
weakness due to pathology affecting a peripheral nerve,
root, or plexus, then a more detailed examination of all of
the muscles in that region may be needed. Many books
describe the testing of muscles innervated by branches of
peripheral nerves in great detail, as listed in the references.
Peripheral nerve injury or entrapment is common, and
patterns seen in common disorders such as carpal tunnel
syndrome, ulnar neuropathy, peroneal neuropathy, and

Discriminating features

Table 1.5 Patterns of muscle weakness

Consistent features

Variable features

Upper motor neuron
(UMN)

Increased (“spastic”) tone

Increased tendon reflexes, often spread

Pathological reflexes, e.g., extensor
plantar

Lower motor neuron
(LMN)

Weakness is worst distally
Tendon reflexes focally decreased
or absent

Stroke (or other Hemiparesis, affecting at least two
lesion) in cortex or out of face,arm and leg
internal capsule Sudden onset if stroke
Stroke (or other Crossed paralysis: facial weakness
lesion): brainstem on opposite side to limb weakness
Polyneuropathy Symmetrical weakness, worst distally
Myopathy, myositis, Weakness usually is proximal and

dystrophy symmetrical

Weakness especially of
antigravity muscle groups

Weakness in territory of
affected nerve(s)

Antigravity pattern of weakness,
mainly extensor muscles, best
appreciated in the arms
UMN signs

Weakness, UMN signs

LMN signs

Slow progression

Muscle bulk
relatively preserved
Impaired fine motor skills

Wasting, especially in more
severe lesions

Fasciculations

Associated findings:
aphasia, visual field
deficits, hemisensory loss

Other cranial nerve, cerebellar or
sensory abnormalities

Sensory impairment in similar
pattern

Loss of reflexes

Muscle tenderness

Wasting
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Table 1.6 Actions and innervation of selected muscles

Action Main muscle Nerve Main root
Arm abduction Deltoid Axillary 5
Elbow flexion, palm upward Biceps Musculocutaneous 5,6
Elbow flexion, hand vertical Brachioradialis Radial C5,6
Elbow extension Triceps Radial C7,8
Wrist extension Extensor carpi radialis Radial 6,7
Wrist flexion Flexor carpi ulnaris Ulnar c8
Finger extension Extensor digitorum Radial Cc7
Spreading fingers apart Interossei Ulnar C8,T1
Thumb abduction Abductor pollicis brevis Median T
Hip flexion Quadriceps femoris Femoral L2,34
Thigh adduction Adductors Obturator L2,34
Knee flexion Hamstrings Sciatic L5,S1
Foot dorsiflexion Tibialis anterior Peroneal L4,5
Foot plantar flexion Gastrocnemius and soleus Tibial S1,2
Foot eversion Peronei Peroneal L5,S1
Foot inversion Tibialis posterior Tibial L4,5

lumbosacral root lesions should be learned in detail and
are described in another chapter of this book. In addition
to performing strong movements, muscles are also called
upon to carry out fine motor skills. Dexterity may be
tested by having the patient rapidly tap the index finger to
the thumb, open and close the fist, and tap each foot on
the floor. These movements may be slowed after a stroke
or in Parkinson’s disease and may be irregular in rate and
rhythm in cerebellar disorders. Marked slowing or diffi-
culty in performing bimanual movements may be an early
sign of Parkinson’s disease.

Extrapyramidal Motor System

Movement disorders involve the extrapyramidal motor
system, consisting of the basal ganglia and their connec-
tions. Physical findings may be characterized as positive
(abnormal movements such as tremors, myoclonus, or
chorea), or negative (such as slowing of movement or in-
creased muscle tone). Specific disorders are discussed in
later chapters. Aspects of tremor and tone will be dis-
cussed here, because they are often misinterpreted. First,
when assessing tremor, the rate and amplitude are helpful,
because the resting tremor of Parkinson’s disease is slower
than an action or postural tremor. The relationship of the
tremor to movement should be tested. A resting tremor,
characteristic of Parkinson’s disease, occurs when a limb
is relaxed, and often increases with nervousness or activ-
ity such as walking. Although this tremor usually does
not affect fine motor skills, associated findings of bradyki-
nesia and rigidity may do so. A postural tremor is faster,
and best seen when the hands are held outstretched. It
may be accompanied by an action tremor, a rapid tremor

that is maximal while carrying out fine motor tasks such
as pointing or writing. This tremor is sometimes mistak-
enly called cerebellar tremor because it may appear while
a patient carries out the finger-to-nose test. Cerebellar
“intention tremor” is not a genuine oscillation or tremor,
but is due to overshooting or undershooting the target.
Muscle tone is most readily tested in the upper ex-
tremities. The patient should be relaxed, through distrac-
tion if necessary, and the examiner should provide enough
support to the limb being moved to ensure that it is re-
laxed. Movements should include elbow flexion—extension,
wrist flexion—extension, and forearm pronation—-supina-
tion. The limb should be moved relatively slowly, to assess
whether a sustained increase in tone is present throughout
the range of movement, which indicates rigidity. Mild rigid-
ity can be elicited by retesting tone while the patient makes
fine movements with the opposite arm (called facilita-
tion)—for instance, opening and closing the fist.

Coordination

Coordination is easy to test, but may be tricky to inter-
pret, since abnormal performance of “cerebellar” tasks
may be due to causes other than cerebellar lesions. Slow-
ness on finger-to-nose or rapid alternating movement is
nonspecific: it can occur after a stroke or in Parkinson’s
disease. An irregular rate or rhythm of movement and dif-
ficulty making rapid movements to a precise target are
hallmarks of cerebellar hemisphere problems, whereas gait
ataxia indicates midline cerebellar involvement. To detect
a mild cerebellar problem, the clinical tests should be de-
manding. Thus, on finger-to-nose pointing, the patient
should have to extend the arm fully in order to touch the
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Table 1.7 Tendon reflexes and their nerve
and root innervation

Reflex Peripheral nerve Root
Triceps Radial C6-8
Biceps Musculocutaneous 5,6
Brachioradialis Radial C5,6
Quadriceps (knee) Femoral L2-4
Gastrocnemius- Sciatic/tibial S1,2

soleus (ankle)

examiner’s finger. Similarly, the patient should be encour-
aged to perform rapidly alternating movements, such as
pronating and supinating the hands, as quickly as possible.
The key part of the heel-to-shin test is the patient’s ability
to slide the heel of one foot accurately along the shin of the
opposite leg, rather than the speed of movement.

Reflexes

Attention to technique can enhance the reliability of elic-
iting the tendon reflexes. It is important to optimize the
patient’s positioning to elicit these reflexes, so that muscles
are relaxed and the tendon to be tested is at a slight
stretch. For upper extremity reflexes, the patient should
relax the limb completely (letting forearms rest in her lap)
or the examiner should support the relaxed limb. To elicit
the triceps reflexes, a good position can be achieved by the
examiner supporting the patient’s abducted arm by hold-
ing it at the elbow crease, with the elbow passively hang-
ing down at 90 degrees. To test the ankle reflex, the ankle
should be passively dorsiflexed to place the Achilles ten-
don on a slight stretch. The type of reflex hammer makes
a difference: hammers with heavier heads, especially the
queen’s square type, make better contact over the tendon
than the smaller tomahawk hammers. Tendon reflexes
should not show dramatic fatigue or variability, and if a
reflex is increased, decreased, or absent, that sign should
be reproducible on repeated testing. A standard system for
grading the strength of tendon reflexes is shown in
Table 1.2. The nerve and root innervation of the com-
monly tested deep tendon reflexes is shown in Table 1.7.

Much folklore surrounds the plantar response, and
the neurologic literature is replete with eponyms in addi-
tion to that of Babinski, describing a variety of locations
within the S1 dermatome where this reflex can be elicited.
The basic method requires the examiner to scratch the
outer edge of the sole (rather than a more medial zone,
which may trigger a plantar grasp or flexion response),
curving toward the ball of the foot. Although the stimu-
lus should be slightly noxious, it is often useful to start
with a gentle scratch, and then repeat with increasing
firmness until a reflex is seen. Too strong a stimulus will
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trigger a withdrawal response that includes dorsiflexion
of the entire foot and pulling away of the big toe and re-
sembles a “positive Babinski sign.” A true extensor plan-
tar response includes extension of the big toe, often
accompanied by fanning of the rest of the toes. Although
an extensor plantar response may fatigue over many re-
peated tests, it should be a finding that can be repro-
ducibly identified more than once.

Frontal release signs are also known as primitive
reflexes, and include the glabellar, snout, pout, suck, and
grasp reflexes. These are normally present in infants and
absent in normal adults. They reappear in a percentage of
clinically normal elderly individuals, and in frontal lobe
lesions, Alzheimer’s disease, and Parkinson’s disease. Al-
though interesting as phenomena, these signs are not fre-
quent or reliable enough to add specific diagnostic or
localizing information to practice. The superficial re-
flexes refer to the abdominal, cremasteric, and anal re-
flexes. Although they may be absent in spinal cord or
nerve root disease, they are often difficult to interpret re-
liably, and their value is supportive. Other signs should
be given greater weight in assessing spinal cord or sacral
nerve root function.

Sensation

Because it is one of the most subjective parts of the ex-
amination, sensation is best tested after muscle strength,
coordination, and reflexes. Several types of sensation
(“modalities”) should be tested, since there are distinct
sensory pathways for these different stimuli. Sensory
deficits usually are incomplete; however, total loss of
sensation may occur in large strokes, spinal cord le-
sions, peripheral nerve trauma, or severe peripheral
neuropathy. Usually, sensory deficits show a pattern of
gradual transition from decreased sensation to normal,
from distal to proximal. Sensory deficits in the territory
of roots or peripheral nerves may be less extensive than
maps of sensory dermatomes would predict, due to
overlap between adjacent sensory nerves. The sensory
examination is most likely to yield helpful information
if one approaches it with hypotheses in mind, search-
ing for corroborative evidence for the history or exam-
ination findings. It is common for patients to report
some degree of variation from one stimulus to the next,
and it is difficult to provide exactly the same pin-prick
or light touch as sensory testing proceeds from one area
to the next.

Pin-prick is the easiest modality to test reliably over
the whole body. A safety pin or toothpick makes a con-
venient testing tool, but a new one must be used for each
patient to avoid the risk of spreading infectious diseases
such as hepatitis or HIV. As a screen, it is sufficient to
compare the left and right arms and legs, and to sample
proximal and distal areas of each limb. If the history in-
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Discriminating features

Table 1.8 Impaired sensation

Consistent features

Variable features

Polyneuropathy: Selective decrease of position,
large fiber vibration, touch discrimination

Polyneuropathy: Selective decrease of pain and
small fiber temperature sensation

Multifocal neuropathy Patchy, asymmetrical, spares

(mononeuritis multiplex) some branches of nerves
Spinal cord compression Sensory level
(subacute or chronic) Upper motor neuron signs
below level of lesion
Peripheral nerve or root Findings confined to territory

lesion of one nerve or root

Maximal distally, glove-stocking
configuration, symmetrical

Decreased reflexes

Maximal distally, symmetrical

Reflexes preserved

Weakness and reflex loss in
distribution of affected nerves

Sensory loss less apparent

Bilateral sensory loss and
weakness

Distal muscle weakness with or
without wasting

Other sensory modalities impaired

Burning pain. Dysautonomia:
color and sweating changes

Usually rapid or subacute onset;
accompanied by pain

Pain
Impairment of bowel and bladder

Weakness and/or numbness,
tingling and sensory loss

control.
May be acute (e.g., trauma) or
chronic (e.g., entrapment)

dicates sensory symptoms or other neurologic findings are
present, then a more detailed examination must be car-
ried out to try to map the sensory deficit. Temperature is
conducted by the same small-caliber nerve fibers as is
pain. Because it is much harder to test reliably, tempera-
ture sensation is not tested as a routine, but may be used
to corroborate findings on pin-prick testing. A tube of
cold water or a cool metallic object such as a tuning fork
may be used as a stimulus. Vibration sense is not a unitary
sensation, because it is conveyed through large-caliber
and other sensory nerves. Joint position sense is a more
pure test of large-caliber sensory nerve fibers. This modal-
ity is extremely sensitive, allowing the perception of small
movements. Position sense is best tested by grasping the
thumb, finger, or toe at its side and moving the digit
through a short range of a few degrees.

Sensory deficits have several hallmark patterns.
Polyneuropathy produces symmetrical stocking—glove im-
pairment of joint position sense and fine touch (large
fiber), pinprick and temperature (small fiber), or all of
these modalities. Lesions of nerve roots or peripheral
nerves may result in signature areas of impaired sensa-
tion, usually easiest to show by testing pin-prick. These
areas are detailed in Aids to the Examination of the Pe-
ripheral Nervous System (Medical Research Council
1975). Spinal cord lesions produce a sensory level, which
should be carefully sought by testing pin-prick. Lesions
affecting the sacral sensory nerve roots or the most cau-
dal part of the spinal cord may produce sensory deficits
restricted to the perianal region: so-called “saddle anes-
thesia” (Table 1.8).

Gait and Balance

As mentioned earlier, it can be useful to test gait before
most of the neurologic examination, because it is a key in-

tegrative movement. If a patient can rise from a chair, walk
on heels and toes, and tandem walk, then leg muscle
strength is most likely normal. Abnormalities of gait should
be interpreted by using information from the overall neu-
rologic examination to decide which systems or pathways,
and thus what types of pathologic processes, are responsi-
ble. Patients with a variety of balance or gait problems at-
tempt to compensate by standing and walking with their
feet further apart and by taking smaller steps. Therefore,
these two findings are nonspecific. Similarly, difficulty with
tandem walking may occur in a variety of gait disorders,
and is universal in patients aged 80 or older.

Some gait disorders produce characteristic patterns.
Cerebellar disorders of gait are marked by irregularity in
the rate and rhythm of leg movements, with inaccurate
foot placement and unsteadiness, leading to a lurching,
drunk-looking gait. It is important to remember that mid-
line lesions affecting the vermis of the cerebellum may
produce truncal ataxia, in which gait unsteadiness is not
accompanied by dysmetria or abnormalities of rapid al-
ternating movement. Other classic examples of gait dis-
orders include the high-stepping, foot-slapping gait of
peripheral neuropathy; the stooped, shuffling gait with
decreased arm swing typical of Parkinson’s disease; the
waddling gait of proximal weakness as seen in myopathy
or muscular dystrophy; and the dragging and circumduc-
tion of the affected leg seen in hemiparetic stroke. In ad-
dition to the gait abnormalities, these disorders typically
advertise their presence by a pattern of characteristic find-
ings on the systematic neurologic examination.

Balance is difficult to assess clinically, since it is a
complex ability that depends on visual, vestibular, and
position sense input, which are integrated into appropri-
ate and timely postural and other motor responses.
Romberg’s test is a standard clinical approach to test
static balance, in which the patient stands with feet next
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to each other and eyes closed. The presence of sway while
the patient stands in this position is often normal,
whereas the need to open their eyes or take a corrective
step is not. Because visual input is removed with the eyes
closed, the Romberg maneuver tests position sense and, to
a lesser extent, vestibular input to balance. Dynamic bal-
ance (i.e., the response to maintain balance after a per-
turbation) is difficult to test clinically. One test for
postural instability involves standing behind the patient
(whose feet are placed slightly apart), requesting that they
try to stay on balance, and pulling sharply on their shoul-
ders. The normal response is for the patient to sway back-
ward briefly, then make corrective leg muscle contractions
or take a step and regain balance. Patients with Parkin-
son’s disease and impaired postural reflexes tend to top-
ple, therefore, the examiner must be prepared to catch
and support the patient.

¥ Adult Neurologic Examination
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The nervous system functions through the conduction of
electrical impulses. The field of clinical neurophysiology
comprises the recording and measurement of this electri-
cal activity. Commonly used clinical neurophysiology
tests include routine electroencephalography (EEG) and
evoked potentials (EP), EEG telemetry, and intraopera-
tive monitoring of EEG and EPs.

Electroencephalography is a recording of the spon-
taneous electrical activity of the cerebral cortex. The EEG
was first recorded in the late 19th century by Caton, in
dogs. In the early 20th century, Hans Berger recorded an
EEG in humans and soon recognized the importance of
the procedure for the practice of neurology. Prior to the
advent of computed tomography (CT) and magnetic res-
onance imaging (MRI), EEG was the only noninvasive
test for detection and localization of various cerebral le-
sions. Today, EEG is essential in the care of persons with
epilepsy and remains important in evaluation of persons
with encephalopathy, dementia, specific infections, al-
tered consciousness, and coma (Table 2.1).

Evoked potentials are the time-locked electrical re-
sponses of the nervous system to a specific stimulus, such

as a flash of light, a sound, or an electrical stimulus to a
peripheral nerve. The minute electrical signals evoked by
such a stimulus can be recorded only by sophisticated
electronic computer averaging techniques. This was first
accomplished by Dawson in 1951. The recording of EPs
was once the most sensitive and specific test for multiple
sclerosis (MS), but this application has been replaced by
MRI. Evoked potential recordings are now used in the
outpatient setting when a person is suspected of having
MS on the basis of neuroimaging. Evoked potential use
has also moved into the operating room and intensive
care unit as an aid to monitoring the integrity of the nerv-
ous system in special situations.

Basic Mechanisms

Each neuron in the central nervous system (CNS)
actively maintains a state of disequilibrium by pumping
out sodium and pumping in potassium, in a 3:2 ratio
(more sodium goes out than potassium goes in). The in-
side of the neuron is maintained at an electrically negative
potential by this pump, and by the intrinsic negative
charge on cytosolic proteins. The voltage difference across
the cell membrane is determined by the ion concentra-
tions and can be calculated using the Nernst equation; it
averages —140 mV. Electrical signaling in the nervous sys-
tem occurs when the transmembrane potential is changed
via the opening or closing of ion channels. As ion chan-
nels open and ions rush across the membrane down their
electrochemical gradients, the transmembrane potential
changes. In dendrites (the receptive or input portion of
the neuron), shifts in membrane potential occur as a re-
sponse to inputs from other cells. These membrane po-
tentials are summated and, when they reach a threshold,
cause the neuron to “fire” (depolarize) and send an ac-
tion potential (electrical impulse) down the axon (output

15
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Condition Discriminating features

Table 2.1 Electroencephalogram in various neurological conditions

Consistent features Variable features

Encephalopathy
Focal brain lesion Persistent focal delta activity
Focal epilepsy, interictal Focal spike discharge
Focal epilepsy, ictal recording Focal rhythmic evolving spike or
rhythmic ictal discharges
Primary generalized epilepsy Generalized high-amplitude spike-
and-wave, 3 Hz or higher frequency
Secondary generalized

epilepsy

Slow spike-and-wave (1.5-2.5 Hz)

Generalized slow rhythms FIRDA, triphasic waves

Normal activity elsewhere Focal loss of fast (B) activity

Normal activity elsewhere Focal slowing (6 and d)

Normal activity elsewhere Scalp recording may be completely
normal in some frontal lobe
epilepsy

Normal background Interictal recording may be

rhythms completely normal.

Background slowing

portion of the neuron). At the end of the axon, the elec-
trical impulse induces release of neurotransmitters that
act on another dendrite, thus completing the cycle of in-
terneuron communication and transmission.

The action potential is the most dramatic aspect of
neuronal function, but is not the source of EEG signals.
Lasting only a millisecond, the action potential is too
short to be recorded easily. The EEG signal represents the
variations in transmembrane potential in the dendritic
portion of the neuron. These changes occur over the
course of tens to hundreds of milliseconds. The electrical
field generated by each neuron is minute, and is unde-
tectable in routine situations. Only when millions of neu-
rons act in synchrony does the electrical activity sum to a
large enough voltage to be recordable on the scalp EEG.
Using standard technology, a single EEG channel detects
the summated electrical activity of a 6-cm? region of cor-
tex. Scalp EEG signals are measured in microvolts, and
are a thousand times smaller than electromyogram
(EMG) and electrocardiogram (ECG) signals. Large
groups of neurons discharge synchronously owing to co-
ordinated input to the dendritic tree from subcortical af-
ferents, typically from the thalamus. Thalamocortical
connections are thought to form a reverberant circuit, and
these oscillations are felt to give rise to the familiar a-
rhythm (see later discussion). In disease states, abnormal
activity produces patterns such as rhythmic slowing and
spike-and-wave discharges that replace normal activity.

Recording Technology

Recording the EEG requires highly specialized and sensi-
tive equipment owing to the small voltage of the signals.
By convention, EEG electrodes are placed at standard lo-
cations separated by either 10% or 20% of the head cir-
cumference. This is known as the international 10-20
system. In a standard EEG, 21 or more scalp electrodes
are applied. Electrode positions on the left side of the

scalp are designated by odd numbers; on the right by even
numbers. Those applied in the midline are give the sub-
script “z” for zero. Frontal electrodes are named “F”
(“Fp” is the frontal polar head region), temporal elec-
trodes are named “T,” occipital electrodes are named
“0,” and so on. A map of standard electrode locations is
shown in Figure 2.1. In general, the numbers assigned to
the electrode site are larger in positions on the more pos-
terior temporal aspects of the head and are larger the far-
ther they are away from the midline in the coronal
orientation.

Many of the obvious patterns seen on a typical EEG
recording are artifacts; that is, EEG activity of noncere-
bral origin. The eyes are powerful generators of electrical
fields, and eye movements are often the most prominent
feature of a recording in the frontal head region. Scalp
muscles also generate high-amplitude potentials that can
easily obscure the lower-amplitude EEG. One of the most
common errors in recording technology is failure to ob-
tain good electrical contact when the electrode is applied
to the scalp (high impedance). Poorly applied electrodes
may act like an antenna and introduce stray electrical sig-
nals to the recording (noise). Head or body movement
may also create artifact on the EEG and, if rhythmic, may
be mistaken for an abnormal EEG, thereby possibly lead-
ing to misdiagnosis. The high gains used in EEG ampli-
fiers make the recording susceptible to even tiny amounts
of stray electrical noise. The responsibility of identifying
and correcting sources of noise during the recording falls
to the technologist performing the test.

Normal a-wave background rhythms have an aver-
age amplitude of about 50-70 pV, with other physiologic
potentials ranging from 2 to 300 pV. The typical EEG in-
strument amplifies physiologic signals approximately one
million times. The final output of the EEG is a tracing
with a “sensitivity” expressed in microvolts per millime-
ter. Typical sensitivity values are 5-30 pV/mm. The EEG
amplifier is a differential amplifier; that is, it amplifies the
difference between two inputs (usually adjacent elec-
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Figure 2.1 The 10-20 electrode system, showing names and
placements of standard electrodes.

trodes) and rejects signals that are the same in each of the
two inputs (common mode rejection). This amplifier can
be configured in two ways, using either unipolar (refer-
ential) or bipolar montages.

In a referential (unipolar) montage, each channel
displays the activity of a single active electrode subtracted
from an inactive (or relatively inactive) reference electrode
that is common to all channels in the recording (Fig-
ure 2.2). Referential recordings have both advantages and
disadvantages. It is fairly easy to determine the point of
maximum amplitude of an event, just by finding the chan-
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nel with the highest amplitude output. Polarity is also eas-
ily determined as long as the reference is not contami-
nated. When the common reference channel is active with
EEG or artifact, this unwanted activity contaminates the
signal in all channels. Similarly, amplitudes may be dis-
torted slightly because of the physical distance from the
reference: more distant electrodes may display higher am-
plitudes only because of their distance from the reference
(longer inter-electrode distance).

In bipolar montage recordings, channels are
arranged in chains, with each channel representing the
difference usually between adjacent electrodes. Bipolar
montages therefore display EEG gradients rather than
true amplitudes. This form of recording also has advan-
tages and disadvantages. Bipolar recordings are immune
to common reference effects. Focal activity can usually be
localized by looking for a phase reversal, which is usually
negative in polarity (surface negative discharge). This dis-
tinction can be difficult when the maximum amplitude is
at the end of an electrode chain where no phase reversal
occurs. Occasionally, high-amplitude activity with wide-
spread fields and low gradients may not be well seen be-
cause of the small potential difference between electrodes.

The appearance of the EEG is partly determined by
the choice of filters used during the recording. The elec-
trical field of the human brain oscillates at frequencies
ranging from below 1 Hz to well above 100 Hz. How-
ever, routine EEG analysis centers on a band of activity
from 1 Hz to 25 Hz. By convention, different frequencies
are referred to by different names. Activity of 3 Hz or
slower is called delta (d), from greater than 3 Hz to less
than 8 Hz theta (q), from 8 Hz to 12 Hz alpha (a), and
faster frequencies are called beta (b). Frequency compo-
nents above 20 may distort normal sinusoidal waveforms,
making them look sharper than they really are. Filters
that reduce the amplitude of high-frequency activity (also
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Figure 2.2 The figure on the left illustrates a sharp wave on a referential montage with a common inactive reference.The figure on the
right shows the same EEG segment using a bipolar montage relative to its neighboring electrode.
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called low-pass filters) are useful when muscle artifact ob-
scures the EEG activity. Muscle activity typically is com-
posed of high-amplitude signals much faster than 25 Hz.
Changing the high-frequency filter may reduce unwanted
muscle artifact and allow viewing of the otherwise arti-
fact-ridden EEG. Typical high-frequency filter (low-pass
filter) settings range from 35 Hz to 70 Hz, with 15-Hz
filters used for excessively noisy recordings. Low-fre-
quency filters (high-pass filters) affect slow signals. Ex-
cessive filtering can mask or distort important EEG
signals. Equally significant, excessive filtering can alter
the appearance of artifacts and make them appear as EEG
abnormalities when they are not. The practice of running
an entire EEG with filters set at the narrowest bandpass,
practiced in some laboratories, leads both to missing im-
portant findings and over-interpretation of artifacts.

A standard EEG is recorded in an electrically iso-
lated room or at the hospital bedside. Recording sessions
for an awake-only EEG last at least 20 minutes, and for
an awake and asleep recording at least 30 minutes. For 50
years, the recording was traditionally made on a wide,
folded paper, but this has been supplanted in most labs
by digital technology. Computerized digital EEG allows
easier handling and storage of the large amounts of data
generated. With digital EEG, after the record is acquired,
one can change the filter settings, montages, and paper
speed, and quickly move to points of interest in the

¥ Adult Neurologic Examination

recording with out having to turn pages. Recordings are
made by technologists, who should preferably be certi-
fied by the American Board of Registered EEG Technol-
ogists. Interpretation of the EEG is performed by a
neurologist with training in EEG diagnostics. In recent
years, the growth of EEG fellowships and explosion of
technological innovations and clinical applications (espe-
cially in epilepsy) has led the American Board of Psychi-
atry and Neurology to offer certification of special
competency in clinical neurophysiology.

Normal EEG

The normal EEG of an adult appears different in the wak-
ing and sleeping states. In the waking state, the most
prominent EEG activity is the posterior dominant
rhythm, also known as the a-rhythm (8-13 Hz), which is
seen maximally in the occipital region. a-rhythm is pres-
ent when the patient is awake and the eyes are closed, and
is usually “blocked” (attenuated) by eye opening. The
posterior dominant rhythm is often a mixture of several
closely related frequencies, giving it a modulated or wax-
ing-and-waning appearance. Low-amplitude widespread
b-rhythm (13 Hz+) may also be seen as a normal inherited
variant or due to sedative and other medications. Fig-
ure 2.3 shows normal features of the waking EEG.
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Figure 2.3 Normal awake electroencephalogram in a young adult.
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In the transition to drowsiness, the a-rhythm gradu-
ally reduces in amplitude and slows slightly in frequency. In
some cases, the a-rhythm in early drowsiness may transition
to higher-amplitude, monotonous, generalized rhythmic ac-
tivity. Low-amplitude g-rhythm may be seen as an early fea-
ture of drowsiness. Such q activity in the fully awake state
would be abnormal (see later discussion on generalized
slowing), but is normal as the patient becomes drowsy. In-
terpretation of slowing requires consideration of the con-
text in which it appears. Technologist comments on the
recording, change to slow rolling eye movements, and even-
tually disappearance of movement artifact provide impor-
tant clues about the state of the patient. Deeper in
drowsiness, the EEG shows low-amplitude generalized g-
and b-wave activity. Some specific patterns may be seen dur-
ing drowsiness. Positive occipital sharp transients of sleep
(POSTY) are of positive polarity, located in the occipital re-
gion, sharply contoured, and transient (occur briefly). Pos-
itive occipital sharp transients of sleep sometimes form
briefly sustained rhythmic runs mimicking sharp waves.
Vertex waves (V-waves) are seen in stage I sleep and persist
into deeper sleep stages. These surface negative waves are
often very sharply contoured, and are located at the vertex
(Cz electrode). An uncommon finding in the normal drows-
ing EEG is the small sharp spike (SSS), also sometimes
called a benign epileptiform transient of sleep (BETS). These
are discussed in more detail in the section on spike dis-
charges. The EEG of drowsiness is shown in Figure 2.4.

FP1-F7

In stage II sleep, stage I patterns persist, but the
background becomes more active, with higher amplitudes
and the appearance of minor amounts of d-wave activity.
The defining characteristics of stage Il sleep are sleep spin-
dles and K complexes. A sleep spindle is a brief (1-3 sec-
ond duration) discharge of 12-14 rhythms, moderate in
amplitude (30-60 pV typically), enclosed in a spindle-
shaped envelope. These are usually distributed symmetri-
cally about the midline in the fronto-central head regions.
The K complex is located in the same regions as the spin-
dle, and may appear as a combination of vertex wave
with an after-coming slow wave, with superimposed spin-
dle-like components. The K complex is often triggered by
external stimuli.

Stage III and stage IV sleep may be encountered but
are not usually recorded during daytime routine EEG.
The transition from stage II to stage III occurs when the
background is comprised of more than 20% d-wave ac-
tivity (a definition that is less exact than might appear).
Stage IV sleep has greater than 50% d-wave activity.
Deeper sleep stages usually show no spindles, K com-
plexes, vertex waves, or POSTS.

Most vertebrates dream during a stage of sleep char-
acterized by rapid eye movements (REM sleep). During
REM sleep in humans, there is near-complete paralysis of
skeletal muscles, sparing the extraocular muscles. The
EEG of REM sleep shows low-amplitude diffuse slowing
with occasional a-like rhythms. Rapid eye movements ap-

F7-13
1375
T5-01
FP2-F8
F8-T4
T4T6
16-02
FP1-F3
F3-C3
C3-P3
P3-01
FP2-F4
F4-C4
C4-P4
P4-02

WWWVWWW’WWMNMWMMWWMWMWWM
VAN PSRN MMAAN s AN S e A AN NP AT AP TSNP NP A A AR A A o A N e
e A U e e s PN AN AN et o Wb o s o TN PNt P
WA A AN NS A N e A PARPAANN VI 1At AN A~ s AT e i PN P i, P PPt
VAN AP AR A T P A P A A i e A A A A AL e B NS e P e P\ o\ [\ o e e
MAPAPA R AAN Y A A Mo e A A AN A A F AN s ANAAR P e e A AP A ey e A AR
NS AP A AT AN PN AN et M o s e b ST y 8NN PN
VA MV s AN AN A AP AN AN PN AN AN AP pi P o NN AL\
{1 2 e
VWV MAM A AN A A AN A AAAAS A ANARAAAAANAAN AR A A At A AN rf e A SR

50 LLV\ 1 sec

Figure 2.4 Electroencephalogram showing normal drowsiness.
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pear as rhythmic saw-tooth-shaped g-wave activity in the
frontal and fronto-polar regions. In a normal adult, the
nocturnal cycle of light sleep to deep sleep followed by
the initial REM period takes about 90 minutes.

Above the age of 60, certain distinct changes in the
EEG are considered normal for age. As one gets older,
temporal gqrhythms become more prominent during the
waking state. Normal elderly individuals may also have a
slightly slower posterior dominant rhythm in contrast to
young adults. In drowsiness, diffuse slowing (usually q) is
common, and at times may appear paroxysmal. Some
normal elderly adults may exhibit bifrontal rhythmic d
activity during drowsiness.

“Normal Variant” Patterns

Many rare, but normal, patterns occur in EEG. Most of
these patterns occur in less than 1-2% of the population,
but there are enough distinct normal variants so that one
or two of them will be seen per week in a typical EEG
laboratory. Unfortunately, many of these normal variants
are both rhythmic and sharply contoured, thus mimick-
ing abnormal activity, since rhythmicity and sharp con-
tour are hallmarks of the epileptic EEG. These normal
variant patterns, to the uninitiated, may appear distinctly
abnormal. The subject has been reviewed by Klass and
Westmoreland.

13
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Rbythmic temporal q of drowsiness (RTD) is seen in
1-2% of normal adolescents. The discharge is often
sharply contoured, sometimes taking on a triangular or
saw-tooth appearance. The sharp component is surface
negative. Amplitudes are 30-60 pV, and the discharge has
a wide field centered on the mid temporal to anterior tem-
poral regions. The discharge may persist in rhythmic form,
with frequencies of 4-7 Hz, for more than 10-20 seconds
or, more commonly, may appear briefly for 2-5 second
runs. On some occasions, just a single wave, sharply con-
toured, may be seen. Unlike a temporal lobe seizure
(which is a rhythmic, temporal, sharply contoured trian-
gular discharge lasting 5-30 seconds), the RTD maintains
a single frequency (i.e., is monorhythmic) throughout its
course and does not evolve or change to progressively
slower frequencies. In distinction to seizure activity, which
induces postictal slowing or suppression, normal variants
such as RTD produce no disturbance of the background
rhythm. When Gibbs first described this pattern, it was
felt to indicate epilepsy or psychopathology and was called
psychomotor variant (discouraged term), although popu-
lation studies have since shown it to be a benign pattern.

Persons older than age 40 may also show bursts of
q activity, usually either widespread or posterior, in the
transitions from waking to stage I sleeping states. Wicker
spikes are rhythmic, sharply contoured q waves, some-
times with a spike component, that are seen in the mid
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Figure 2.5 Bilateral temporal wicket waves, a sharply contoured benign variant.
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temporal regions of many elderly. The sharp component
is surface negative. Again, like RTD, the wicket spike is
distinguished as nonepileptiform because it is strictly
monorhythmic, within the background rhythm, with no
clear after-going slow wave and without evolution (Figure
2.5). The distinction may be difficult when only a single
spike component, rather than a train of waves, is present.

Mu (p) rhythm is a sharply contoured, comb-shaped
rhythmic wave associated with motor cortex. The sharp
component is surface negative. Usually of low to moder-
ate amplitude, it is seen in the central regions (electrodes
C3 and C4), overlying motor cortex. The discharge is seen
in the waking and drowsing states in bursts lasting 1-
5 seconds, sometimes longer. The frequency is usually
slightly faster than the posterior dominant rhythm. Ac-
tual movement, or even the mere thought of movement
of the contralateral hand, blocks the rhythm. An alert
technologist can confirm the nature of the pattern by hav-
ing the patient move the contralateral hand and com-
menting on the recording. In some individuals, especially
children, the posterior dominant rhythm may exhibit the
peculiar property of merging adjacent waves, dropping
its apparent frequency content in half. The slow a variant
is a harmonic of the normal rhythm. It usually has a
higher amplitude than the regular posterior rhythm, and
can be unilateral (one side slow, the other fast). These har-
monics are usually seen in early drowsiness.

Perhaps the most controversial of the normal rhyth-
mic variants is subclinical rhythmic epileptiform discharge
of adults (SREDA). SREDA is usually seen in older adults.
It may be focal to any head region, although it is most
often seen in the temporal regions. Unlike most of the nor-
mal rhythmic variants, it is not a monorhythmic discharge.

Breach rbythm is a unique pattern that by itself is
not indicative of brain dysfunction. Breach rhythms re-
sult from bony skull defects and are most often seen in
postsurgical patients. The skull defect leads to reduced
electrical impedance and less filtering of high frequencies,
thus allowing for higher amplitude waveforms and faster
frequencies over the scalp/skull defect. Increased pene-
tration of faster frequencies leads to an apparent sharp-
ening of the EEG rhythms, so that waveforms that are
actually normal may look like sharp waves. In addition,
special attention must be paid, so that a sharp wave or
spike in the area of the breach rhythm is not overlooked
as mere breach artifact (Figure 2.6).

Abnormal Patterns

The multitude of abnormal EEG patterns can be catego-
rized into those that are slow versus those that are sharp;
and those that are focal versus those that are generalized.
An additional modifier of rhythmic, periodic, or sporadic
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Figure 2.6 Breach rhythm.This patient has a burr hole or skull defect underlying the T4 recording electrode.
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(the terms occasional or irregular may also be used) com-
pletes the basic classification schema of abnormal EEG
patterns.

Slowing

Generalized slowing of the EEG is the hallmark of en-
cephalopathy or generalized disturbances of global brain
function. In the hospital setting, diffuse slowing is most
often found with toxic or metabolic etiologies, and may
also be seen in posthypoxic comas, degenerative diseases
such as Alzheimer’s dementia, postictal states, and similar
generalized processes. The severity of the condition caus-
ing the encephalopathy is usually correlated with the de-
gree and amplitude of the slowing. In adults, slowing in
the g range is usually associated with mild to moderate
encephalopathies that usually correlate clinically with
lethargy or slight confusion. In contrast, d slowing is usu-
ally seen in stupor or coma states. Sequential EEG may
provide a quantitative and sensitive measure of a patient’s
clinical improvement or decline, and is sometimes the
most accurate way to assess the success of treatment be-
fore clinical changes become evident. A diffusely slow
EEG is shown in Figure 2.7.

Certain forms of slowing may have special meaning
and deserve special mention. Frontal intermittent rbhyth-
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mic delta activity (FIRDA) is a monorhythmic, sinu-
soidally shaped, high-amplitude d activity that is inter-
mittent and typically appears for runs of 1-5 seconds
during light drowsiness. FIRDA can be seen in any gen-
eralized encephalopathy, but it is often indicative of a
transition in the patient’s condition, as opposed to a sta-
ble clinical state. Originally, FIRDA was associated with
deep midline lesions and was felt to reflect altered thal-
amo-cortical synchronization (Figure 2.8).

Triphasic waves are high-amplitude, rhythmic 1-2
waves, with a characteristic three-phase appearance (small
positive-large negative-small positive deflection). These
waves are usually located maximally in the fronto-central
region and may exhibit the unique property of an antero-
posterior lag, with the activity appearing in the anterior
head region 40-100 msec earlier than in the posterior head
region. Triphasic waves are classically associated with he-
patic encephalopathy, but may occasionally be seen with
renal failure, hypercarbic encephalopathy, and other con-
ditions (Figure 2.9). Triphasic waves are called “atypical”
when they exhibit posterior maxima, lack or show reversed
anteroposterior phase lag, or exhibit variable morphology.
Unfortunately, there can be a blurring of distinguishing fea-
tures among FIRDA, triphasic waves, and even atypical
spike-and-wave patterns, emphasizing the point that EEG
findings must be interpreted in the clinical context.

i e T e T T L N T Tl W o NI

Figure 2.7 Generalized slowing of electroencephalogram is the hallmark of encephalopathy.
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Figure 2.8 Frontal intermittent rhythmic delta activity (FIRDA); note the highest amplitude waveforms are seen in the frontal head re-
gions.

Figure 2.9 Triphasic waves. Maximum amplitudes are seen in the fronto-central head regions.
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Figure 2.10 Burst suppression is a pattern of alternating high-amplitude bursts and very low-amplitude suppressed intervals.

Specific EEG patterns seen in stupor and coma pa-
tients may help with prognosis. Burst suppression is a pat-
tern of alternating suppressed EEG intervals (at least
2 seconds of <20 mV) and paroxysmal bursts of mixed
sharp and slow activity of higher amplitude (Figure 2.10).
The burst suppression pattern is nonspecific with regard to
etiology and can be seen in end-stage/ongoing seizure ac-
tivity, hypothermia, anoxic—ischemic encephalopathy, and
even iatrogenic situations such as medically induced coma.
So-called “rhythmic” patterns may also be seen in coma.
These include spindle coma, g-coma, and a-coma patterns,
which consist of diffuse unvarying appearance of their re-
spective EEG components. The diffuse distribution of ac-
tivity, lack of variability, and little or no response to stimuli
differentiate these patterns from normal EEG. Care should
be taken not to confuse these patterns with normal EEG,
as the prognosis for the rhythmic patterns is usually quite
poor. Rhythmic and burst suppression patterns are also
seen with severe diffuse cerebral damage and medication
overdoses. Burst suppression may be iatrogenic, deliber-
ately induced with barbiturates or other medications to
treat status epilepticus, provide neuroprotective levels of

anesthesia during neurosurgery, or induced in the man-
agement of increased intracranial pressure. When not ia-
trogenic, both burst suppression and rhythmic coma
patterns are associated with poor outcomes, especially
when the etiology is anoxic—ischemic injury.

Clinical brain death is usually accompanied by elec-
trocerebral silence (ECS). Electrocerebral silence is de-
fined as no detectable brain activity greater than 2 pV.
Guidelines suggest that ECS can be determined only when
the EEG is performed according to specific protocols and
interpreted by knowledgeable readers. An ECS recording
is not necessary to determine clinical brain death. Record-
ing the EEG at maximal sensitivity settings makes it sus-
ceptible to recording and misinterpreting artifact as
cerebral activity. The EEG should be used as a comple-
mentary tool in the clinical determination of brain death,
and should be reserved for cases when one of the clinical
features of brain death is not available or reliable.

Focal slowing is the hallmark of focal brain lesions,
and can take several forms. Persistent polymorphic d ac-
tivity is most strongly associated with lesions undercut-
ting the cortical-white matter connections. Destructive
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Pearls and Perils
EEG slowing

» Generalized slowing can be seen in many conditions,
including encephalopathies (renal, hepatic, other
metabolic), toxic states (lithium, sedatives, anticonvul-
sants), and degenerative conditions (Alzheimer’s disease,
others).

» Generalized slowing is not usually seen in psychiatric
disease.

» Focal slowing usually suggests a static lesion (stroke,
tumor, other) but may have a transient cause (postictal
state, migraine, transient ischemic attack).

lesions of cortex often produce suppression of the EEG,
first appearing as loss of faster-frequency components (b)
in the area of the lesion and progressing to dropout of all
activity. Intermittent focal slowing, interspersed in a nor-
mal appearing background, may also be seen with focal
lesions. The significance of intermittent slowing versus
persistent slowing remains uncertain. In known epilepsy
patients, intermittent slowing may be the scalp recording
expression of deeper subclinical epileptic activity. Con-
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versely, not all intermittent slowing signifies epilepsy and,
more commonly, it is a relatively nonspecific finding.
Prior to the days of neuroimaging, focal EEG slowing or
suppression was one of the few methods of finding lesions
such as subdural hematomas or tumors (Figure 2.11).
Today, EEG is clearly inferior to either CT or MRI when
looking for focal structural lesions.

Periodic

Periodic patterns on EEG arise in a small number of spe-
cial situations that, although relatively rare, are impor-
tant to recognize. Periodic patterns are composed of
high-amplitude complexes, often with sharp components,
that repeat in an essentially rhythmic manner. These
recordings may be focal or generalized, and are classified
according to repetition rate, relationship to the EEG back-
ground, and wave morphology.

Periodic lateralized epileptiform discharges (PLEDS)
are focal sharp waves that recur with a nearly periodic rep-
etition rate ranging from 0.2 to 2 seconds (Figure 2.12).
There is marked slowing of the background rhythms in
the region of the PLEDS. This pattern is seen in patients
with acute structural lesions, often in the setting of a gen-
eralized encephalopathy. PLEDS may also represent an
end-stage pattern in status epilepticus, as seizure dis-
charges occur in an “exhausted” brain.
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Figure 2.11 Focal slowing in a patient with a brain tumor.
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Figure 2.12 Periodic lateralized epileptiform discharges (PLEDS), due to embolic stroke.

Several infectious diseases are associated with peri-
odic EEG patterns. For example, herpes encephalitis is
often accompanied by a temporal (PLED) or bitemporal
(BIPED) periodic pattern with high-amplitude sharp
waves repeated every 2—6 seconds. The periodic pattern
usually emerges during the first 2-3 days of the illness,
making EEG one of the earliest diagnostic tests for this
treatable disorder. Subacute sclerosing panencephalitis, a
rare disorder associated with atypical measles infection,
shows an EEG pattern of generalized, paroxysmal, peri-
odic bursts every 5-20 seconds against a flat background.
The EEG in Creutzfeldt-Jakob disease initially shows non-
specific diffuse or focal slowing. However, within a
month or two of onset, periodic sharp waves recurring
every 0.5-2 seconds begin to appear. The EEG is presently
the only specific noninvasive test for Creutzfeldt-Jakob
disease; 14-3-3 protein in the cerebrospinal fluid is sug-
gestive (14-3-3 may be also positive in many neurode-
generative disorders) and brain biopsy is confirmatory.
Periodic EEG patterns may also be seen in posthy-
poxic/anoxic coma, may suggest a poor prognosis.

In status epilepticus, the EEG shows an evolution
from discrete seizures through a continuous seizure pat-
tern, with suppression intervals gradually appearing in

the late stages. In untreated status epilepticus, the sup-
pression intervals become frequent, prolonged, and rhyth-
mic. Prognosis declines as the EEG pattern advances
through these stages. In these and other causes of coma,
periodic sharp discharges are associated with poor prog-
nosis. Stimulus-induced rbhythmic, periodic ictal dis-
charges (SIRPIDs) was first described by Hirsch and
colleagues in 2004, in the critically ill. These rhythmic
and periodic discharges can be induced by touch stimu-
lation or even an abrupt noise in the patient’s room. These
periodic discharges often end after the stimulus has
stopped. The pathophysiology of SIRPIDs is still un-
known, as is the prognosis and treatment of patients with
this stimulus-induced periodic EEG pattern (Figure 2.13).

Epileptiform

The EEG signature of the epilepsies is the interictal spike
discharge. Identification of interictal spikes is perhaps the
most common and significant reason for performing rou-
tine EEG. The spike is a brief discharge, lasting between
20 and 70 msec, and is both high enough in amplitude
and sharp enough in waveform to clearly stand out from
the ongoing background. Often, the spike discharge is



Chapter2 V¥ Electroencephalography and Evoked Potential Studies 27

% Maurawasks EEEG - [*Tlmview

) EE

[ e NS e e

|
e e e B I T i
|

e T e Lt ST, E e L O
|

e R e e S |

T L SRR T PR IR, B P P
|

N T LSRR el T .,\_,_pf‘w\._,,,_,_.,.;'-\_,\.r
|

R sy Ry Coum RN,

R T B e L Tl i T, D
|

s — 01 e ) LVE S ! -

'9 1&“1.15”“ ﬂ- b
W

—-a—..z-—'\_uf Sy
w],-.._vw.»ﬁ

i, e Wmmﬂmwﬁmwwhwh "‘"-_-H-‘,lr”’ —
I il R e P e P, R e Y T e Sy il
SERUNIR ¥ RO RS [NSSSSYS PRI IS PRI S () RS Ay, W——

s St W Ll it

O T L L B ey (ot = S

P = PR hes et e e et SR P PR R S R W
Fi - Td WP VRN S e s SRS L B
415 e B [P

L ] B i e e I L B

EMES REE (. — ) —

== Jied

—

{
i3

FHPRE FIEE

Figure 2.13 Stimulus-induced rhythmic periodic ictal discharges (SIRPIDs). With sternal rub, activation of bilateral periodic epileptiform

discharges occurs. (Courtesy of Dr.Lawrence Hirsch)

closely followed by an after-coming slow wave, typically
lasting 200-600 msec. Sharp waves share morphology
with spike waves, but are longer in duration, lasting be-
tween 70 and 200 msec. Spikes and sharp waves (epilep-
tiform activity) are classified by their distribution
(whether generalized or focal); location (temporal,
frontal, central, and so on); amplitude, rhythmicity, and
state dependence (waking or sleeping); prominence of
after-coming slow wave; how frequently they occur; and
associated clinical signs.

Accurate interpretation of epileptiform discharges
is essential to determining their clinical significance. The
presence of spike discharges has a false-positive rate (pa-
tients with spikes but no seizures), and the absence of
spikes has a false-negative rate (patients with seizures but
no spikes). The false-positive rate depends strongly on the
type of spike discharge. Anterior temporal spikes, char-
acteristic of temporal lobe epilepsy (TLE), are a very reli-
able finding, and over 90% of patients with anterior
temporal spikes have epilepsy. Spikes in other locations
are less reliable. Generalized spike-and-wave may often
be seen in persons without seizures (see later discussion),
and the specificity varies even among subtypes of a given
discharge. In patients with proven epilepsy, the EEG may
be negative (that is, show no spikes, or only a normal or
nonspecific pattern) owing to undersampling issues.
Spikes may occur infrequently and, since the EEG is
recorded for only 20-30 minutes, this may not be long

enough to record abnormalities. A single EEG is abnor-
mal in only about 30% of patients with epilepsy. Repeat-
ing the EEG, with sleep deprivation, increases the
diagnostic yield. Two and three serial EEGs yield abnor-
malities in 46 % and 59% of cases, respectively. However,
since more than 20% of epilepsy patients have persist-
ently normal EEGs despite multiple recording sessions,
epilepsy remains a clinical diagnosis. A normal routine
EEG cannot rule out a seizure disorder. Conversely, an
abnormal EEG can make epilepsy a more likely diagno-
sis but is not, by itself, diagnostic of epilepsy.

The use of EEG to search for spikes is important not
only to confirm and classify epilepsies, but also to aid in the
prognosis for seizure recurrence in special circumstances. In
patients presenting with a single seizure, the risk of having
a second seizure is twice as great for patients when epilep-
tiform abnormalities are present. The use of EEG to assess
the risk of seizure relapse in a well-controlled patient who
wishes to stop medications is more controversial. In a large
meta-analysis, abnormal EEG was associated with a rela-
tive risk of 1.45 for relapse over a 1- to 2-year follow-up in-
terval. Others have suggested that the emergence of
epileptiform abnormalities on serial EEGs during medica-
tion taper is more predictive of relapse.

When spikes are not seen in a routine EEG, so-
called activation procedures may be useful to help pro-
voke abnormal discharges. Hyperventilation, which
produces a mild hypocapnia, can lead to slowing on the
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Pearls and Perils

EEG and epilepsy

» A normal EEG may be found in 20-70% of cases with
epilepsy, and repeated tracings should be ordered if sus-
picion is high.

» “Spike discharges”on EEG may actually be normal vari-
ants such as benign epileptiform transients of sleep
(BETS), vertex waves, RTDs, and wicket spikes.

> Seizures that persist despite adequate medication may
be misclassified or may not be epilepsy.

EEG, especially in young patients, or trigger spike-and-
wave discharges that are usually generalized. Repetitive
flashes of a strobe light at frequencies ranging from 2 to
20/sec usually trigger a normal occipital response voltage
called photic driving. In some, the photic response may be
markedly asymmetric, suggesting dysfunction of the un-
derlying occipital brain region. Others, however, may be
photosensitive, and the flash triggers diagnostic spike-
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and-wave discharges. Sleep deprivation prior to record-
ing the EEG may also activate spike discharges. Captur-
ing sleep during an EEG recording may be the most
important activating procedure in bringing to the surface
and provoking focal and generalized epileptiform abnor-
malities. In fact, all of these activation procedures are rou-
tinely used in suspected epilepsy patients to increase the
diagnostic yield of EEG.

Generalized Spike-and-Wave

The generalized spike-and-wave discharge is characteris-
tic of generalized epilepsies. The classic form is the 3-per-
second spike-and-wave, shown in Figure 2.14. The spike
is high-amplitude and narrow, and often contains two or
more phases. The after-coming slow wave is also high-
amplitude, of uniform morphology, and lasts about
300 msec, terminating immediately as another spike-and-
wave complex arises. The first discharges in a burst re-
peat slightly faster than 3-per-second, up to 3.5-4 per
second, and, as the burst progresses, these discharges
gradually slow to slightly below 3-per-second. In pro-
longed discharges, a blunting of consciousness, known as
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Figure 2.14 Generalized 3-per-second spike-and-wave discharges in a child with absence epilepsy.
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an absence seizure, may occur. Children of 5-10 years of
age with this condition usually come to attention because
someone noted “staring spells.” Many will outgrow their
seizures, although some will eventually develop general-
ized tonic—clonic seizures. Medications such as phenytoin
and carbamazepine are unlikely to be effective, and may
provoke worsening of discharges in these patients. This
type of epilepsy is often inherited as an autosomal domi-
nant trait with variable penetrance. Siblings of these pa-
tients may exhibit the EEG trait and yet never have a
clinical seizure, reinforcing the notion that the presence
of spike-and-wave on EEG, by itself, is not diagnostic of
epilepsy, but must be correlated with clinical history.

Spike repetition rates other than 3-per-second are
associated with other seizure types. Discharges consis-
tently faster than 3-per-second are more likely to be seen
in primary generalized epilepsies. Rapid spike-and-wave
at 4-5 per second is seen in juvenile myoclonic epilepsy
(JME). This is a syndrome of three distinct seizure types:
absence, myoclonic, and generalized tonic—clonic. Onset
is usually in early adolescence, and patients rarely out-
grow their epilepsy. Although the rapid spike-and-wave
discharge is strongly associated with JME, these patients
may also display other spike types in their EEG. The EEG
in JME is often normal interictally, and the diagnosis is
sometimes strictly made on clinical evaluation. Patients
with JME frequently have absence seizures, with typical
3-per-second spike-and-wave. Another spike discharge
seen in JME is a run of very rapid, low-amplitude spike
discharges above 15-20 per second, with or without as-
sociated slow wave. The polyspike in JME is sometimes
time-locked to a myoclonic jerk.

Even faster repetition rates of generalized spike-and-
wave are seen in the family of 6-per-second spike-and-wave
discharges. Hughes has proposed a classification of these 6-
per-second spike-and-wave discharges as WHAM or
FOLD variant discharges. WHAM variant discharges are
seen in the waking state, with bhigh amplitude, anterior
scalp predominance, and in male patients. WHAM vari-
ants of the 6-per-second spike-and-wave have a relatively
high association with generalized tonic-clonic seizures.
FOLD variant discharges, on the other hand, are seen in fe-
males, in the occipital region, with lower amplitude (less
than 50 pV for the spike component), and in drowsiness
only, and are associated with a lower risk of epilepsy. Less
than 30% of patients with FOLD discharges have seizures.

The phantom spike is a very-low-amplitude, 6-per-
second spike-and-wave discharge that is generally located
in the posterior head regions and is regarded as a normal
variant. Another discharge with the same general repeti-
tion rate is the 14-and-6-per-second positive spike-and-
wave. This discharge, best seen on referential montages,
has a distinctive characteristic of positive surface polarity
of the spike component, is most often seen in young peo-
ple, and is considered a normal variant.

Generalized spike-and-wave discharges, by defini-
tion, are seen in all head regions. They may display a
phenomenon called fractionation or minor shifting asym-
metries. Patients with generalized epilepsy may have dis-
charges that are seen in focal regions of the scalp,
although the regions will shift from one side to the other
in the course of a single recording or on serial recordings.
An important consideration in the differential diagnosis is
secondary bilateral synchrony, which is seen when a focal
discharge spreads rapidly and appears to be a generalized
discharge. The distinction is an important one, as therapy
(medication or surgery) is often guided by the type of
EEG abnormality/epilepsy that is ultimately diagnosed.
Resective surgery is possible in partial but not generalized

epilepsy.

Focal Spike and Sharp Wave Discharges

The localization-related epilepsies are the most common
adult epilepsies. They differ from the generalized epilep-
sies in that partial seizures arise in a specific epileptic
focus. When the focus is related to a known pathologic
process, such as a tumor, vascular malformation, post-
traumatic lesion, or stroke, the epilepsy is termed symp-
tomatic. Cryptogenic seizures have no known cause.
Some genetic epilepsy may also be of partial or focal
onset.

Recently, progress has been made in understanding
the cryptogenic epilepsies. Accurate diagnosis with the as-
sistance of EEG is important in the successful manage-
ment of these patients. The diagnostic finding on EEG
that suggests a partial seizure disorder is the focal spike or
sharp wave that is restricted to a particular scalp distri-
bution. Focal epileptiform activity is usually less uniform
in appearance, less repetitive, often less rhythmic, and has
a lower-amplitude slow component, compared to gener-
alized spike-and-wave discharges. Spikes and sharp waves
are felt to carry equal diagnostic significance, although
some have suggested that spike sharpness may be predic-
tive of seizure control.

The anterior temporal spike discharge is seen in pa-
tients with temporal lobe, and sometimes frontal lobe,
seizures (Figure 2.15). The discharge is variable in its am-
plitude and morphology. The field is widespread, often
extending into frontal, mid, and posterior temporal re-
gions. The anterior temporal spike is seen most frequently
in drowsiness, unilaterally, and ipsilateral to the seizure
focus. Many patients with temporal lobe seizures will dis-
play spike discharges independently from both temporal
regions. Bilateral independent spike discharges may sig-
nify independent epileptic foci in both temporal lobes, but
may often be seen as secondary phenomena in patients
with purely unilateral disease. The distinction is impor-
tant when planning surgical treatment. The anterior tem-
poral spike has a high specificity for epilepsy, with about
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Figure 2.15 Right anterior temporal spike discharge in a patient with complex partial seizures and mesial temporal sclerosis. Phase re-

versal seen at the common electrode F8.

90% of patients with this discharge having clinical
seizures. People with occipital, central, or frontal spikes
are less likely (40-60%) to have epilepsy.

Several specific types of focal spikes deserve special
attention. A rare EEG finding is the midline spike ap-
pearing near the scalp vertex in patients with epilepsies
arising from frontal midline brain structures. Associated
seizures may involve rhythmic leg movements (arising
from the leg primary motor cortex), unusual body pos-
turing (fencer’s posture arising from the supplementary
motor area), or peculiar movements such as bicycling leg
movements, pelvic thrusting, and other features that do
not look like common seizures. The pathologic midline
spike may be difficult to distinguished from the normal
vertex sharp wave of sleep, especially in children, in
whom the normal V-waves often appear quite sharp.

Several forms of focal spike discharge are best re-
garded as normal variants. The most important of these
is the BETS. This is a low- to moderate-amplitude dis-
charge (<50mV), with a widespread field centered in the
mid temporal regions. The morphology is usually a single
or diphasic form with low-amplitude after-coming slow
wave. The discharge is seen exclusively in early sleep

stages, and is not associated with focal slowing. Popula-
tion studies have shown that this discharge is equally
common in persons with and without epilepsy.

Persons blind from infancy may have occipital nee-
dle spikes, which are named for their very sharp mor-
phology, very brief duration of 10-35 msec, and
characteristic occipital localization. Persons with cerebral
palsy (CP) will sometimes demonstrate so-called CP
spikes in the central (sensorimotor) head region. Needle
spikes and CP spikes are not associated with epilepsy.

EEG in the Differential
Diagnosis of Epilepsy

A clinician will often order an EEG when a patient has
spells that may be seizures. The clinical spectrum of seizure-
like events is great, and includes a number of nonepileptic
events that can mimic seizures. Important imitators of
epilepsy include spells of psychiatric conditions such as
conversion disorders, anxiety or panic attacks, and disso-
ciative state syndromes. These are known as nonepileptic
seizures (NES) or pseudoseizures. Epilepsy may also be
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misdiagnosed in NES of nonpsychiatric origin, including
variant forms of migraine, transient ischemic attacks,
movement disorders, cardiogenic syncope, and episodic en-
docrine spells such as hypoglycemia.

Furthermore, some seizures do not look like “typi-
cal” seizures. Frontal lobe seizures, for example, may have
a bizarre clinical appearance. Patients with frontal lobe
epilepsy (FLE) will often have a normal EEG, occasionally
even during a definite epileptic seizure, making the diag-
nosis difficult. Because of the large size of the frontal lobe,
the epileptiform activity may not be reflected on the surface
EEG, especially if the seizure discharge remains localized.
Patients with TLE may present clinically with confusional
spells, episodes of bizarre behavior, or panic attacks.

Some patients with epileptic spikes on EEG may
turn out to have pseudoseizures. Studies of patients diag-
nosed by neurologists as having epilepsy, referred to spe-
cialty centers for tertiary care, have reported a
misdiagnosis rate of 20%. An even higher rate of misdi-
agnosis occurred in the opposite direction, however, when
seizures were of a peculiar enough type that physicians
dismissed the spells as psychiatric. Approximately 25%
of cases diagnosed by neurologists as having NES turn
out to have epilepsy when monitored in an EEG teleme-
try unit (EMU). The coexistence of epilepsy and NES was
estimated to be about 10-15%. As an example, outcomes
of telemetry monitoring in 394 patients at the Barrow
Neurological Institute are compared to preadmission di-
agnosis in Figure 2.16. Recording one or multiple typical
events in an EMU affords the best chance of arriving at
the proper diagnosis. Every attempt to record all typical
events should be made, owing to the possibility of having
both NES and epilepsy in the same patient. Since patients
consistently under-report seizures, clinicians should have
a low threshold for admission to an EMU, even if the pa-
tient describes only “rare events.”

Electroencephalographic telemetry units are inpa-
tient wards of a hospital, equipped with specialized EEG

Misdiagnosis cmong all admissions
when the admitting diagnosis was...

13
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Pseudoseizure Epilepsy - all types

Figure 2.16 Misdiagnosis in a population of patients with
poorly controlled epilepsy. Data from 394 referrals to the
epilepsy clinic at the Barrow Neurological Institute, comparing
the diagnosis at time of referral to the diagnosis obtained after
video electroencephalographic telemetry.

instruments capable of recording, storing, and analyzing
EEG and video data continuously. These digital video
EEG recordings allow detailed analysis of any recorded
spells. During an EMU admission, patients are often ei-
ther weaned off their anticonvulsant medications or have
their anticonvulsant doses reduced to encourage record-
ing and analysis of typical events. Having the patient or
family members confirm that the observed episodes are
indeed typical of the attacks prompting medical attention,
combined with analysis of the EEG during the attack,
greatly improves the chances for correct diagnosis. In peo-
ple with suspected epilepsy who have not responded ad-
equately to medications, EMU admission often confirms
the diagnosis and type of epilepsy. Diagnosis of events as
NES during an EMU admission can often allow for ces-
sation of potentially toxic antiepileptic drugs (Table 2.2).

Epilepsy Surgery

Medications fail to provide complete control of seizures
in 30-60% of cases. For patients with partial epilepsy,
surgery is an important therapeutic option. Typical “cure

Table 2.2 Major indications for
electroencephalography

Situation Reason for EEG

New-onset seizure Evaluate risk of recurrence

Classify seizure type if abnormality found

Selecting drug therapy Classify seizure type

Uncertain if spellsare  Finding of spike discharges helps support

really seizures diagnosis

Video EEG telemetry offers definitive
diagnosis

Seizures continue Video EEG telemetry to evaluate for

despite drugs epilepsy treatment and confirm

epilepsy diagnosis

Prolonged seizure- Assess risk of relapse when drug

free interval discontinued

Stupor and coma Degree of slowing is sensitive indicator of
progress

Certain patterns portend poor prognosis

Rule out subtle status epilepticus

Encephalitis Periodic pattern or temporal slowing and
sharp waves is early indicator of herpes
infection

Dementias Normal EEG raises suspicion of depression

Periodic pattern suggests Creutzfeldt-
Jakob disease

Abnormal EEG suggests possible “organic
process
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rates” for TLE at established epilepsy surgery centers
range from 60 to 70%, with an additional 20% of pa-
tients showing a marked reduction in seizure frequency.
Frontal lobe epilepsies and epilepsies arising at other lo-
calizations are less common, and have slightly lower suc-
cess rates with surgery. Current evidence shows that
surgery is far more likely to lead to a seizure-free outcome
than medical treatment. A recent Canadian study has
shown clear effectiveness of early surgery compared to
medical therapy in refractory epilepsy patients. Seizure-
free rates from all of the new antiseizure drugs either re-
cently released or under development are all below 10%,
averaging a disappointing 1-2%.

Presurgical evaluation of epilepsy patients should be
undertaken as soon as a patient with partial epilepsy fails
to gain freedom from seizures despite adequate trials of
two or three medications. The cornerstone in the diag-
nostic workup for epilepsy surgery is the EEG. Recording
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of seizures in an inpatient EMU allows for confirmation
of the diagnosis of epilepsy and often localization of the
seizure focus. A focal seizure onset is shown in Fig-
ure 2.17. Certain EEG patterns at the time of seizure
onset are highly predictive of focus localization. The “ini-
tial focal” and “delayed focal” patterns correctly identify
lobe and lateralization in over 90% of cases. Accurate
seizure onset data, when combined with neuroimaging,
are often accurate enough to allow a resective surgery to
be completed without invasive diagnostic testing. Tremen-
dous advances have been made in neuroimaging for
epilepsy surgery, although video EEG telemetry remains a
vital component of the evaluation. An important aspect of
the presurgical evaluation involves ruling out multifocal
epilepsy. Typically, recording five consecutive concordant
seizures is required to achieve a high confidence that the
vast majority come from the same side. The recording of
seizures on video EEG typically requires a 5-7 day hos-
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Figure 2.17 Electroencephalogram showing a temporal lobe seizure onset in a 28-year-old with a 15-year history of complex partial
seizures that were uncontrolled despite maximal medical therapy.The patient has been seizure-free following removal of the right

amygdala and hippocampus.
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pitalization. The volume of data generated during a pro-
longed stay in the EMU is great, and it is not feasible for
an electroencephalographer to review every minute of the
recorded EEG. Computer techniques have done much to
ease this burden, as current recording systems are usually
equipped with computer-driven automatic detection of
spikes and seizures.

In about a quarter to a third of potential surgical
candidates, the information obtained by noninvasive di-
agnostic tests (including neuroimaging and surface elec-
trode recordings) is ambiguous, thereby necessitating
surgical implantation of electrodes inside the skull. Inva-
sive EEG electrodes may be thin strips or two-dimensional
grids placed in the subdural space or thin multicontact
wires implanted into the brain substance. Depth wire
recordings typically target the hippocampus and other
deep limbic structures. The target sites for depth wires are
selected with the assistance of MRI guidance technology.
Each technique has advantages that make it appropriate
for specific cases. Subdural grid electrodes allow for a
seizure focus to be localized to a narrow region. They can
also be used in “mapping” the functions of the cortex that
underlies them, thus improving surgical planning to avoid
eloquent (language, motor function) cortex. Recent ad-
vances in functional MRI techniques may be complemen-
tary and, in the future, may replace the need to perform
grid mapping to localize eloquent cortex. Depth electrodes
can record from brain structures that are not recordable
with subdural or scalp electrodes. Since the vast majority
of medically refractory partial epilepsy arises from deep
limbic structures, depth electrodes provide the most un-
ambiguous localization. Permanent complication rates
from either technique are in the range of 1-2%.

Ambulatory telemetry may occasionally serve as a
lower-cost substitute for inpatient video EEG telemetry.
Electrodes are applied, and a recording device is worn and
carried around for 24-72 (or more) hours, with the pa-
tient returning the device and a seizure diary for analysis.
The modern recording apparatus records continuously to
digital storage for later review. The patient or family can
mark typical events on the device to alert the reviewer to
an appropriate event location on the record. Ambulatory
EEG is particularly useful to quantify 3-per-second spike-
and-wave discharges most often occurring during sleep,
and often not captured during routine outpatient EEG
recording. When clear-cut seizures are recorded, the am-
bulatory EEG can “rule in” a seizure disorder. A normal
recording is often seen during ambulatory recordings and,
unfortunately, cannot be used to rule out certain (e.g.,
frontal lobe) types of epilepsy. Ambulatory EEG can
sometimes provide lateralizing data, but is probably not
adequate for surgical localization.

When medications do not control seizures ade-
quately, and the patient is not a surgical candidate, an-
other option is the vagal nerve stimulator (VNS). This

device is approved by the U.S. Food and Drug Adminis-
tration (FDA) and has been on the market for a number
of years. The device is easily implanted in outpatient sur-
gery, with the output electrode attached to the left vagus
nerve. The VNS is not effective in all who receive it and,
at best, may reduce the number and severity of seizures.
Unlike medications, the therapeutic effectiveness of VNS
often improves with time, without exposing the patient
to the potential side effects of antiseizure medications.
The device is “dumb” in that the stimulation consists of
simple cycling between on and off modes. Stimulation pa-
rameters may be adjusted quickly and easily using a hand-
held programmer. Seizure reduction with the VNS rivals
many of the newer antiseizure drugs. The battery is re-
placeable and has a life expectancy of several years, de-
pending on the stimulation parameters.

New devices that are not yet FDA approved include
an indwelling “smart” device that may be implanted over
epileptogenic cortex. When a focal resection cannot be
completed, this device may be considered. This device is
trained to detect abnormal electrocorticography identi-
fied to be associated with the patient’s clinical seizures. In
response to the detection of abnormal signal, the device
delivers a small electrical stimulation to the underlying
cortex in an attempt to abort the abnormal discharge.
Seizure prediction devices are also in development, with
the hope of providing seizure prediction minutes to hours
before seizure onset.

Computer EEG

The computer has taken over the EEG laboratory. As a
tool for recording, storing, and displaying data, digital
EEG is superior, and also cheaper, than older paper-based
technologies. Computer recording allows mathematical
analysis of the EEG using methods such as power spec-
trum computation, dipole analysis, and coherence analy-
sis. The computer can reformat the EEG from a
difficult-to-interpret acquistion to a visually appealing
and impressive full-colored “topographic map.” There
are a number of sources of error in these procedures,
however, and they cannot yet be recommended for rou-
tine clinical use, except in some special cases of epilepsy
and, potentially, in the evaluation of dementia. No cur-
rent computer system can account for the many normal
variant patterns seen on EEG. Likewise, computer analy-
sis of the EEG is particularly susceptible to minor errors
in technique, and can produce erroneous results in par-
ticular settings, such as mild drowsiness, medication ef-
fects, and artifacts. For the most part, these applications
remain research tools. However, compressed spectral
analysis (CSA) can be a useful clinical tool, especially in
monitoring depth of anesthesia and the presence of a
burst-suppression pattern, either in the operating room
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or intensive care unit. The CSA can also be a sensitive tool
in noting changes during neurovascular procedures, such
as carotid endarterectomy.

Evoked Potentials

Following stimulation of sensory nerves, an afferent im-
pulse goes through specific pathways and synapses in relay
nuclei to reach the brain, where it is processed by neurons
in primary sensory areas. As the signal passes through
each step of the way, it produces a minute electrical im-
pulse. These impulses are too small to be recorded without
averaging techniques, as the raw signal is smaller than on-
going EEG activity. Repetitive stimulation leads to re-
peated identical responses along the pathway in question.
Recording these evoked responses on the computer leads
to cancellation of the random EEG signals, and reinforce-
ment of the time-locked EP, when the appropriate num-
ber of responses are averaged. The signal-to-noise ratio
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improves with the square root of the number of repeti-
tions. Measuring the time and amplitude of the EP peaks
provides an accurate, quantitative assessment of sensory
function along the pathway in question.

Evoked potentials can be recorded in many ways,
but three modes are commonly used in clinical medicine.
Visual EPs (VEPs) are recorded by repetitive visual stim-
ulation, usually with an alternating black and white
checkerboard pattern displayed on a screen in front of the
patient at a predetermined visual angle and stimulus in-
tensity. A positive cortical peak representing arrival of the
nerve impulses at the occipital lobe is seen between 95
and 105 msec after the stimulus. Pattern-reversal VEP re-
quires the attention and cooperation of the patient; with-
out it, inconsistent and nonreproducible results will be
obtained. In uncooperative patients, flash stimulation can
be used but is less precise. Flash stimulation produces a
more variable response than pattern reversal VEP but
may be sufficient to demonstrate gross integrity of the an-
terior visual pathways to the cortex.

P2 7 ms/division

25 ms/division

Figure 2.18 Normal evoked potential studies in typical clinically used modalities.
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Somatosensory EPs are recorded following electri-
cal stimulation of a peripheral nerve. Commonly used
nerves include the median, peroneal, and posterior tibial
nerves. For example, median nerve stimulation produces
peaks recorded at the neck and scalp, representing trans-
mission through the brachial plexus (typically 9-11 msec),
nucleus cuneatus in the brainstem (13-14 msec), and pri-
mary sensory cortex (18-20 msec). Similar waveforms can
be recorded in the other commonly tested nerves as the
impulse passes along the specific pathway.

Brainstem EPs (BAEPs) are obtained following de-
livery of a loud click to the ear, usually at 60 dB above
threshold. A series of five consistently reproducible peaks
come from each of five structures along the auditory path-
way: acoustic nerve (1.5-2.5 msec), cochlear nucleus (2
3 msec), superior olivary nucleus (3-4 msec), lateral
lemniscus (4.5-5.5 msec), and medial geniculate bodies
of the thalamus (5.5-6.5 msec).

Exact latencies for all EPs depend on the technique
used in the lab where the study is obtained. Each lab should
establish its own normal ranges from a series of normal
controls. Examples of EPs are seen in Figure 2.18. Evoked
potentials were once important in confirming conduction
defects in suspected multiple sclerosis. The superior sensi-
tivity of MRI, as well as the broader amount of information
provided, has largely supplanted EPs for this use. VEPs are
still useful to confirm either active or remote optic neuritis,
however. BAEPs provide proof that an auditory stimulus
reaches the CNS and so are objective evidence of hearing
function. BAEPs are presently the best method of evaluat-
ing hearing threshold in neonates, infants with meningitis,
and other children at risk for hearing loss. BAEPs are very
sensitive to acoustic nerve dysfunction from schwannomas,
meningiomas, and other tumors of the cerebellopontine
angle. Conduction hearing loss produces elevation of the
hearing threshold without change in central interpeak
latencies. Sensorineural hearing loss produces increased
interpeak latencies as the stimulus intensity is reduced, so
that changes in the latency—intensity relationship can dif-
ferentiate conduction deficits from neurologic causes of
hearing loss. An important use of EP is to provide continu-
ous monitoring of nerve, spinal cord, brainstem, and corti-
cal function in anesthetized or comatose patients. Tibial
somatosensory EPs, for example, are used to monitor spinal
cord integrity during lumbar and thoracic spine surgery,
whereas median EPs are used for upper cervical surgical
procedures. BAEPs, on the other hand, can help preserve
hearing in resections of schwannomas, and are a good mon-
itor of brainstem integrity during posterior fossa surgery.

Summary

Electroencephalographic and EP studies allow a unique
view of the function of the brain and provide information

that is complementary to other investigations. EEG is of
fundamental importance in the outpatient management
of epilepsy. It provides supporting evidence for its diag-
nosis, aids in the classification of seizure type and/or
epilepsy syndrome, assists with prognosis and, in some
cases, monitors adequacy of therapy. For patients who do
not respond to anticonvulsant medications, EEG teleme-
try is essential in the evaluation for epilepsy surgery. EEG
is a useful adjunct for evaluating prognosis in dementias,
encephalopathies, and coma. Evoked potential studies
have more limited utility but remain important in optic
neuritis, hearing loss, acoustic neuroma, and intraopera-
tive monitoring, where their use may lower neurosurgi-
cal complication rates.
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Electrodiagnostic medicine is defined by the American As-
sociation of Electromyography and Electrodiagnosis as
the “clinical and electrophysiological evaluation of the
function of nerve roots, peripheral nerves, neuromuscular
junctions, muscles, spinal reflexes, and evoked potentials
arising from the spinal cord and brain.” This chapter fo-
cuses on the two most common electrodiagnostic tech-
niques: nerve conduction studies (NCS) and
electromyography (EMG). Collectively, these techniques
are commonly referred to as EMG, although, strictly
speaking, this designation should be reserved for elec-
tromyography only. Clinical EMG is an extremely useful
tool and is best employed as an extension of the neuro-
logic history and examination. In our laboratories, an
electrodiagnostic consultation consists of a neurologic his-
tory, focused examination, and appropriate EMG stud-
ies. This allows for the most accurate diagnosis of
peripheral nervous system disease before designing an ap-
propriate treatment program.

This chapter will first discuss principles of nerve
conduction studies and EMG, and then address the use
of EMG in confirming or refuting a neurologic diagnosis.

Principles of Nerve Conduction Studies

After obtaining a neurologic history and completing a fo-
cused examination, the electrodiagnostician usually be-
gins the evaluation with NCS. Common NCS include
those of sensory nerves, motor nerves, and the neuro-
muscular junction. In each case, the nerve of interest is
stimulated and the response recorded.

Stimulation

The stimulator is a hand-held device with two silver-
plated service electrodes or wetted felt pads 0.5-0.1 cm in
diameter; these are applied to the skin, and current passes
through them to stimulate the nerve of interest below.
With bipolar stimulation, both electrodes (the cathode
and anode) are placed over the nerve. The cathode, or
negative pole, attracts cations and is closest to the record-
ing site. The anode, or positive pole, attracts anions and
is farthest from the recording site. Current flows from
anode to cathode and negative charges accumulate under
the cathode and depolarize the nerve. In a routine stimu-
lator, the cathode and anode are usually 2-3 cm apart.
Alternatively, electroencephalogram (EEG) or monopolar
needles can be used.

The stimulator is designed to deliver a square-wave
pulse of electrical energy to the skin. Both intensity and
duration of the stimulation can be controlled. There are
two types of stimulation: constant-voltage or constant-
current. In constant-voltage stimulation, the current
varies with the skin and electrode impedance. In contrast,
in constant-current stimulation, the current adjusts to the
electrode impedance. Constant current is better for serial
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assessment of the level of shock intensity as a measure of
nerve excitability and is routinely employed in our labo-
ratories. The stimulus intensity varies between 150 and
300 V (20-40 mA) for a healthy nerve. Durations are
from 0.05 to 1 msec. The stimulation threshold is defined
as the level required to achieve a response, and at maxi-
mal threshold all axons are activated.

Recording

Electrical impulses are recorded either directly from de-
polarization of nerve fibers or from depolarization of
muscle fibers. The sensory nerve action potential (SNAP)
represents the sum of electrical depolarizations passing
along the sensory nerve of interest beneath a recording
electrode after electrical stimulation of the nerve. The
compound muscle action potential (CMAP) represents
the electrical sum of muscle depolarizations recorded at
the muscle end plate, the site where peripheral nerve
meets muscle. There are two types of recording elec-
trodes: needle and surface. When recording from sensory
nerves, needle electrodes will both increase the amplitude
and decrease the noise, but are rarely used because they
are invasive and technically more demanding. In motor
nerves, the advantage of needle electrodes is that there is
less interference from other muscles, so there is better def-
inition of the initial deflection (also known as takeoff) of
the CMAP. This can be advantageous when recording
from proximal muscles that are difficult to isolate. The
disadvantage of using needle electrodes for motor record-
ing is that it records only a small portion of the CMAP.
More commonly, surface electrodes are used for
both sensory and motor recordings. Electrodes, with con-
duction paste to reduce impedance, are taped to the skin.
A larger disc ground electrode is also placed on the skin
a few centimeters distant from the recording electrodes.
Signal from the ground is subtracted (in the preamplifier)
from the waveform signal to eliminate environmental
noise such as 60-cycle electrical interference. Although
there is a smaller amplitude and less favorable signal-to-
noise ratio when using surface electrodes for sensory
nerve recordings, they are more easily employed and less
painful for the patient than needle electrodes. Sensory
recordings require a 100,000-fold amplification, which
also magnifies the noise in the system. Averaging of sen-
sory responses can remove this noise and allow a clearer
definition of the sensory signal. The degree of enhance-
ment of the signal is proportional to the square root of
the number of trials. For example, averaging four sensory
trials will decrease the noise-to-signal ratio by two.
Surface electrodes offer a definite advantage when
recording from motor nerves. Surface electrodes record
the CMAP from all fibers innervated by a nerve. The
onset in this instance will reflect the conduction of the
fastest fibers, whereas the amplitude will reflect the num-
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ber of muscle fibers activated and the timing of their ac-
tivation. It is important that surface electrodes are placed
over the motor nerve end plate. During a motor record-
ing, a commonly encountered error is an initial positive
deflection in the CMAP. This indicates the recording elec-
trode is not over the end plate. With both sensory and
motor recordings, it is important to decrease the skin im-
pedance by cleaning off oils, trimming calluses, and
avoiding smeared electrode paste. If excessive noise is still
encountered, it could indicate an error in either the gain
or filter settings, or that the ground requires moistening.

Electrical potentials recorded from surface elec-
trodes pass through a preamplifier, which subtracts the
signal common to both the G1 and G2 electrodes (com-
mon mode rejection) and then passes the net signal on to
the EMG machine. In all contemporary machines, this
analogue signal is then digitized, allowing both storage
and manipulation of the digital waveform (e.g. altered
sensitivity) prior to display. Most contemporary EMG
machines have automatic instrument settings that ma-
nipulate this digital signal. Filter settings for sensory
recordings should eliminate signal components with
waveforms slower than 20 KHz and more frequent than
2 KHz. The gain is set between 10 and 20 pnV per division.
In contrast, for motor recordings, filters are set between
2 and 10 KHz, while the gain is between 1 and 2 mV.

v

Pearls and Perils
Nerve stimulation

» Clearly label the anode and cathode and, if necessary,
rotate the anode off the nerve.

» Avoid measurement from the anode rather than the
cathode for distance measurements.

» Avoid high skin impedance by removing grease and
callous and, if the patient is edematous, stimulate with
needle electrodes.

» Record results only after supramaximal stimulation.

» Avoid NCS in patients with central lines and Swan-Ganz
lines inserted directly into the heart.

» Avoid stimulator artifact, which can occur if the
stimulator and recording electrodes are placed too
closely together or the recording electrodes are placed
too far apart.

» Always place a ground between the stimulating and
recording electrodes.

» Adequately warm skin and underlying tissue prior to
NCS (>32°C in upper extremities, >31°C in lower extremi-
ties ). Nerve conduction studies from cool nerves yield a
distinctive pattern of prolonged distal latency, reduced
conduction velocity, and increased response amplitude.
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Motor Nerve Conduction

During motor nerve conduction studies, the active or
recording electrode is designated as G1 and is placed over
the muscle end plate; G2 is the reference electrode and is
placed on tendon or bone. Supramaximal stimulation
(sufficient to obtain the largest CMAP amplitude) is used
for this and all other nerve conduction recordings.

Calculation of a correct motor conduction velocity
depends on three components: (a) the terminal or distal
latency, (b) an accurate measurement of the CMAP, and
(c) a correct distance calculation. The terminal or distal
latency represents the integrity of the nerve from the point
of stimulation to the axon terminals. It is dependent upon
the length of the axon terminals, the time required for
neuromuscular junction transmission, and the time for
generation of the CMAP. The latency of the CMAP is
measured at the takeoff and corresponds to the fastest
conducting nerve fibers. Compound muscle action po-
tential amplitude measurements are from baseline to neg-
ative peak and correspond to the number of muscle fibers
activated. For a correct calculation of conduction veloc-
ity, a motor nerve is stimulated at both a distal and prox-
imal point along the main nerve trunk. The distance
between the cathodes is measured. Conduction velocity
represents the distance in meters between the cathodes di-
vided by the proximal latency minus the distal latency in
seconds. A common source of error in motor recordings
is the use of submaximal stimulation, which can lead to
inaccurate takeoffs and variable CMAPs. A small initial
negative CMAP peak may occur if a high gain is used.
This deflection can arise from the nerve and is usually ig-
nored. In contrast, a small positive CMAP dip indicates
that G1 is not over the end plate and must be reposi-
tioned. Frequently, volume conduction can occur from
other muscles. This can be due to overzealous stimulation
of more than one nerve. Alternatively, anomalous inner-
vation may exist, and volume conduction could reflect a
true anatomic variation.

Sensory Nerve Conduction Studies

There are two common types of sensory recordings: or-
thodromic and antidromic. In an orthodromic recording,
stimulation of the digital sensory nerves elicits a response
at a more proximal site along the nerve trunk. Alterna-
tively, stimulation of a proximal site along the nerve re-
sults in an antidromic recording from digital nerves.
Sensory amplitudes can be measured baseline to negative
peak, our method of preference. Sensory amplitudes are
a reflection of the density of innervation.

Sensory conduction velocities can be calculated di-
rectly, based on the distal latency alone, since there is no
need to factor out the time delay incurred by motor
nerves in neurochemical transmission across the neuro-

muscular junction. In this instance, the distance between
the cathode and the recording G1 electrode is divided by
the initial distal latency. More proximal sensory conduc-
tion velocities are calculated identically to motor nerves,
as described earlier.

Measurement Variability

Several factors can contribute to variability in nerve con-
duction studies. For both sensory and motor nerves, con-
duction velocity increases 0.7-2.4 m/s (or about 5%) per
degree between 29-48°C. Thus, temperature control is
crucial to performing accurate, reproducible nerve con-
duction studies. In the authors’ laboratories, we require
the hand warmed to 32°C and the foot to 31°C, and use
thermal packs. Heating lamps are also employed for limb
warming. If the skin is 34°C, the muscle is approximately
37°C. If a limb is inadequately warmed, artificial in-
creases in distal latencies, with corresponding slowed
conduction velocities are observed, together with an in-
crease in the response amplitude, especially for sensory
responses.

Age is another important variable in nerve conduc-
tion studies. Conduction velocities for full-term infants
are 50% that of adults. Between the ages of 3 and 3 years,
childhood velocities reach adult values. After the age of
60, motor conduction velocities are on average 10%
slower than before the age of 60 and, by 70, are 15%
slower. By the age of 70, median sensory amplitudes are
decreased by one-third when compared with responses
measured between the ages of 18 and 25 years.

Anatomic variation in nerves also contributes to
variability. Both proximal and distal conduction veloci-
ties are slower in the legs when compared to the arms. An
inverse relationship is also present between height and
conduction velocity, so that the taller the individual, the
slower the conduction velocity. Conductions velocities are
greater proximally than distally, because of decreased dis-
tal axon diameters, shorter internodal distances, and the
temperature gradient of distal arms and legs.

Principles of Electromyography

Electromyography is the study of motor unit potentials,
defined as the summated electrical potentials of all mus-
cle fibers in one motor unit firing in response to activation
of a single lower motor neuron. Most commonly, a con-
centric needle electrode is passed through muscle fibers,
where it detects both the intracellular and extracellular
potentials. The three major parts of the needle examina-
tion include evaluations of (a) insertional activity, (b) ab-
normal spontaneous activity, and (c) motor unit action
potentials (MUAPs). Careful attention to each component
will improve the diagnostic capacity of the examination.
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Insertional Activity

Insertional activity is examined at an amplifier gain of 20—
100 pV per division. As the needle passes through muscle,
irritation of muscle fiber membranes produces potential
changes, which deflect the trace on the screen. This normal
insertional activity indicates to the examiner that he is
recording from muscle, and should stop within 20-
100 msec after needle movement is stopped. A marked de-
crease in insertional activity implies either that the needle
is not in muscle or that the muscle has undergone severe
chronic fibrosis or replacement by fat. Severe, acute is-
chemia of muscle due to vascular occlusion or compart-
ment syndromes may also produce decreased or absent
insertional activity. Conversely, prolonged insertional ac-
tivity suggests abnormal muscle membrane irritability.

Abnormal Spontaneous Activity

When the needle is no longer being moved, normal mus-
cle is electrically silent. Spontaneous electrical activity
with the needle at rest is generally pathologic. Abnormal
spontaneous activity arises when a muscle fiber loses its
innervation. Clinical entities associated with abnormal
spontaneous activity include denervation due to axonal
injury to motor nerve fibers, and muscle fiber necrosis
(because portions of individual muscle fibers separated
by necrosis from their motor end plate become dener-
vated). Motor axonal injury occurs with many neu-
ropathies. Myofiber injury occurs in inflammatory
myopathy, dystrophies, and metabolic disorders of mus-
cle, such as hyperkalemic periodic paralysis. These same
myopathic disorders often produce abnormal prolonga-
tion of insertional activity, as described earlier.

The most commons forms of abnormal spontaneous
activity are positive waves and fibrillation potentials. Pos-
itive waves are potentials generated from injured single
muscle fibers and represent the repolarization phase of
the muscle action potential. Fibrillation potentials are bi-
or triphasic potentials with an initial positive component
and are thought to represent distant recording sponta-
neous discharge from a single denervated muscle fiber.
Fibrillation potentials are of variable amplitude (20-200
pV) with a rhythmic discharge pattern (0.5-20 Hz). Fib-
rillation potential amplitude depends upon fiber size.
Chronically denervated, atrophied muscle has small-am-
plitude fibrillation potentials, whereas recent denervation
of a hypertrophied fiber yields a large-amplitude poten-
tial. Various rating scales exist for quantifying fibrillation
potentials. We employ the following empiric scale: 1+ in-
dicates sustained fibrillation potentials in two areas of
muscle; 2+, fibrillations in half of insertion sites; 3+, ac-
tivity found in all areas examined, and 4+, abnormal po-
tentials fill the baseline in all areas and make
interpretation of voluntary response difficult.
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Other forms of abnormal spontaneous activity in-
clude fasciculation potentials, complex repetitive dis-
charges, myokymia, myotonia, neuromyotonia, and
cramp potentials. Fasciculations represent the sponta-
neous contraction and accompanying electrical discharge
of one entire motor unit. Although frequently associated
with denervated motor units in amyotrophic lateral scle-
rosis (ALS), fasciculations may also be noted in other
chronic denervating conditions, or as a normal variant,
especially following exercise.

Several high-frequency discharges can be distin-
guished and have distinctive clinical significance. These
discharges often are provoked by needle insertion, indi-
cating increased biochemical irritability of muscle fibers,
although they also frequently occur spontaneously. Com-
plex repetitive discharges are sustained, high-frequency,
rhythmic bursts with a distinctive “machine noise” sound
that typically signals very chronic denervating injury. By
contrast, myokymic discharges are trains of brief, high-
amplitude, high-frequency discharges, classically seen fol-
lowing ionizing radiation injury or therapy. Clinical
myotonia, transient muscle stiffness following brief iso-
metric exercise, is associated with repetitive discharge fea-
turing a continuously changing frequency and amplitude
yielding a distinctive “dive-bomber” quality. Myotonic
discharges or related “neuromyotonia” may be encoun-
tered in myotonic dystrophy or in metabolic derange-
ments of muscle membrane ion channels (referred to as
“channelopathies™), such as hyper- or hypokalemic peri-
odic paralysis. Finally, continuous, rhythmic high-fre-
quency discharges of simple morphology, “cramp
potentials,” may signal hyper-irritability of injured mus-
cle but is usually a normal variant.

Motor Unit Action Potentials

Motor unit action potentials represent the summation of
individual muscle fiber action potentials from one motor
unit. Motor unit action potentials are described based on
their activation pattern, or recruitment, as well as their
amplitude, duration, and configuration. Recruitment pat-
tern describes the preprogrammed, orderly, and invariant
order in which motor units are activated in response to in-
creasing voluntary effort. Small MUAPs are recruited
first, typically firing in semirhythmic bursts of seven to
eight and, with increased effort, increase their firing rate
to 15-20. Incremental effort recruits additional motor
units of increased size, each firing initially at seven to
eight and quickening their firing rate as effort is increased.
Figure 3.1 shows a schematic representation of motor
unit recruitment in normal muscle.

Three other characteristics distinguish the MUAP
waveform: amplitude, arbitrarily determined as the height
(in microvolts) from greatest positive to greatest negative
deflection; duration, during which the oscilloscope trac-
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Figure 3.1 Schematic motor unit recruitment patterns demon-
strated on needle examination of patients with normal muscle,
denervation, or myopathy. Each curve represents an individual
motor unit, with frequency of depolarization measured as a func-
tion of total force generated. Line thickness gives a measure of
relative motor unit size. As described in the text, during normal
recruitment (top panel), small motor units are recruited first, in-
creasing their firing rate to 10-15 before recruitment of subse-
quent, larger units. During the electromyographic evaluation, the
greatest information can be obtained by evaluating the first
three to five motor unit action potentials, the area demarcated
by shading in the top panel. Either denervation or myopathy de-
creases maximum power generated. In denervation, loss of some
motor units results in increased firing rate of remaining units,
whose size is often increased. In myopathy, power generated by
each individual muscle fiber and motor unit is decreased, so re-
cruitment occurs more rapidly. Due to fiber splitting, motor units
are often smaller in size.

' 200 pV

Figure 3.2 Two sequential recordings of a typical normal motor
unit action potential (MUAP). Waveform is unchanged from one
firing to the next. As indicated by the scales, this MUAP is about
1,000 pV in amplitude, and 9 msec in duration.This MUAP has
two phases and five turns.

ing is deflected from the baseline (in msec); and furns and
phases, that is, the number of times within a MUAP that
the tracing changes polarity or crosses the baseline, re-
spectively. A typical MUAP is shown in Figure 3.2. Prox-
imity of the needle to the MUAP of interest dramatically
alters these characteristics. For adequate recording, the
rise time of the first negative deflection should be less than
0.5 msec, indicating close proximity of MUAP and nee-
dle. A typical MUAP will have a duration of less than
10 msec, fewer than five phases, and a stereotyped mor-
phology with each firing. Amplitude varies from one
MUAP to the next, but is typically less than 2,000 pV for
each of the first four MUAPs recruited.

Electromyographic Assessment
of Denervation

By examining the recruitment pattern for the first three
to five MUAPs in several sites for each muscle, the elec-
tromyographer may recognize decreased recruitment due
to neurogenic injury. Two criteria are commonly used in
the authors’ lab:

o [Increased MUAP amplitude. In normal muscle,
the first three to four MUAPs all have an ampli-
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tude of less than 2,000 pV. Discovery of high-am-
plitude (>2,000 pV) motor units among the first
three or four on the screen in more than 20% of
the sites examined suggests neurogenic loss of rel-
atively smaller motor units, necessitating early re-
cruitment of larger motor units.

® Fast firing MUAPs. Ordinarily, recruitment of a
subsequent MUAP occurs before the previous
motor unit reaches a firing rate of 15. Discovery
of individual motor units firing at more than 20,
regardless of their amplitude, suggests neurogenic
loss of other motor units that would normally be
recruited in support as effort is increased.

Recruitment changes are the first recognizable EMG
signs of functional disconnection between motor neuron
and muscle, present immediately upon injury, before the
appearance of spontaneous activity (2-3 weeks) or alter-
ations in MUAP morphology observed with reinnervation
(>6 weeks). Subtle or early changes may be difficult to de-
tect in the absence of other signs. Moreover, discovery of
decreased recruitment, in itself, does not provide infor-
mation about the duration of the injury, its cause (e.g.,
axonal injury versus demyelination), or its location (e.g.,
damage to motor neuron, root, plexus, or axon).

Attention to the morphology of the motor units in
a muscle with decreased recruitment offers information
about both chronicity of injury and associated reinnerva-
tion. In partially denervated muscle, surviving motor
axons send out terminal sprouts that reinnervate dener-
vated muscle fibers. Recently reinnervated fibers lack
proper synchronization with the rest of the adopted
motor unit, and may not respond to every axonal signal.
Thus, motor units containing recently reinnervated fibers
are of long duration and often have a ragged, polyphasic
morphology that can alter from one firing to the next be-
cause of dropout of individual fibers. When extreme, so-
called “satellite potentials” may represent fibers firing so
late that they are time-locked with, but not within the
waveform of the primary motor unit. As reinnervated
connections mature, polyphasic behavior gives way to
well-consolidated units of increased amplitude. Cyclic
denervation and reinnervation may lead to consolidation
of surviving muscle fibers into a few gargantuan motor
units (amplitudes of 5,000-15,000 pV) in ALS and
chronic radiculopathies.

Following traumatic nerve crush, transection, lo-
calized ischemia, or other complete axonal denervation,
regenerating axons must extend from the point of injury
down the remnant nerve sheath, usually at a rate of 2-
3 cm per month. Distinctive low-amplitude, complex, and
long-duration nascent motor units herald reinnervation
of the denervated muscle, and may be observed as early as
6 weeks following injury in paraspinal and other very
proximal muscles. The electrodiagnostic presence of such
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nascent motor units may portend a comparably good
prognosis for recovery of strength before any voluntary
muscle activity can be observed clinically.

Electromyographic Assessment of Myopathy

Activation of muscle acetylcholine receptors generates a
wave of depolarization that is carried away from the
motor end plate into the depth of the muscle fiber through
the T-tubule system, assuring a synchronized contraction
of the entire fiber, a condition that optimizes the force
generated by the muscle. Myopathy, whether due to meta-
bolic injury, ion channel dysfunction, or inflammatory
necrosis of muscle fibers, decreases the efficiency and
power of muscular contraction, often by desynchronizing
one portion of a motor unit or myofiber from another. As
a result, the unifying electrodiagnostic abnormality in my-
opathy is increased recruitment: a greater than expected
number of motor units must be recruited to generate a
given power of muscular contraction. Schematic repre-
sentations of recruitment in normal muscle, following
denervation, or in myopathy are compared in Figure 3.1.

In mild disease, this subtle effect can be very difficult
to recognize or quantify. In profound myopathy, volun-
tary effort may rapidly fill the screen with motor units,
yet generate no perceptible movement of the examined
limb, indicating essentially complete electromechanical
dissociation. One simple rule of thumb is that in larger
muscles (e.g., biceps, deltoid), the patient should be able
to generate force recognizable by the examiner while only
a single motor unit is firing near the inserted EMG needle.
If initial voluntary effort always produces multiple motor
units near the needle, a myopathy should be considered.

Changes in MUAP morphology may also distin-
guish myopathy, although this is not invariable. Myo-
pathic motor units are often of low amplitude, short
duration, and very polyphasic, reflecting desynchroniza-
tion of firing both within individual fibers and between
fibers in a given motor unit. Often, in more severe my-
opathy, no motor unit has an amplitude greater than
1,000 pV. Although in isolation, myopathic motor units
may closely resemble the nascent units observed in rein-
nervation, these two may be distinguished in the context
of dramatically different recruitment patterns.

Finally, fibrillation potentials may be observed in in-
flammatory myopathies and some dystrophies, reflecting
functional denervation of portions of individual muscle
fibers by necrosis. Other distinctive repetitive discharges
associated with myopathies have been discussed earlier.
Complex combinations of abnormal spontaneous activity,
decreased recruitment, and myopathic motor units should
make the examiner think of injury due to toxins, severe
chronic illness, or inclusion body myositis. A comparison
of EMG findings in denervation and myopathy is pre-
sented in Table 3.1.
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Denervation

Table 3.1 Electrodiagnostic comparison of denervation and myopathy

Myopathy

Motor symptoms Weakness often distal

Sensory symptoms/signs Depends on process
SNAP Depends on process

CMAP Reduced amplitude

large motor units)
Electrodiagnostic criteria
(in >20% of sites)

Abnormal spontaneous activity Often

EMG Decreased recruitment: (loss of some motor
units requires remaining motor units to
provide more effort; reinnervation leads to

1 Any of first three MUAPs is >2000pV

2 Any of first three MUAP:s fires >20Hz
before recruitment of additional motor units

Weakness often proximal

No

Normal

Often normal

Increased recruitment: (because all motor units
inefficient, more motor units necessary to
generate same level of power)

1 Impossible to voluntarily generate just one
MUAP on screen

2 No large MUAPs. MUAPs are of short
duration, low amplitude, and polyphasic

Often

Electrodiagnosis of Specific Disorders

Nerve Conduction Studies/
Electromyography as a Diagnostic Tool

In a number of specific diseases, EMG and NCS can be of
benefit in rendering a diagnosis. In general, electrodiag-
nostic studies excel in localizing the site of a peripheral
nerve lesion (e.g., motor neuron, nerve root, plexus, distal
nerve axon), distinguishing denervating from demyelinat-
ing injury, and quantifying the contributions of sensory and
motor axonal injury in neuropathy. Nerve conduction
studies and EMG are the most sensitive methods for diag-
nosing abnormalities of neuromuscular junction transmis-
sion, such as myasthenia gravis. As described earlier, EMG
recognizes myopathy and may distinguish inflammatory
myopathy (which may respond to immunosuppressive
therapy) from metabolic myopathy (which is unresponsive
to immunosuppressive therapy). Nerve conduction studies
offer a quantitative and reproducible assessment of current
nerve function, allowing objective measurement of disease
progression and response to treatment.

Diagnostic limitations of electrodiagnosis must be
considered. Nerve conduction studies and EMG are rela-
tively insensitive measures of subtle axonal or muscle in-
jury (as compared to microscopic analysis of biopsy
specimens, for instance), and may find no abnormalities
in early disease or conditions in which irritation of nerve
fibers lead to pain but no permanent injury. They cannot
substitute for clinical judgment, and normal results should
not be used to dismiss complaints of localized pain, myal-
gias, or exercise intolerance. Biopsy of nerve or muscle,
imaging in search of soft tissue or bony compression, or
repeat evaluation after an interval of watchful waiting may
be necessary to demonstrate subtle abnormalities.

Large myelinated sensory fibers carry vibration and
proprioceptive information, whereas pain and tempera-
ture sensibility are mediated by small, unmyelinated, or
thinly myelinated axons. Sensory NCS assess only large
myelinated sensory fibers, and will be normal in cases of
small-fiber neuropathy, which may be seen in diabetes or
prediabetes, amyloidosis, leprosy, or as a hereditary con-
dition. These neuropathies frequently present with pain,
paresthesias, and occasionally with autonomic dysfunc-
tion. Quantitative sensory testing, recording of sympa-
thetic skin responses, quantitative sudomotor axon reflex
testing (QSART), R-R interval evaluation, and skin
biopsy for intraepidermal nerve fiber counting may com-
plement NCS in determining the extent of injury to small
unmyelinated fibers and autonomic involvement. Finally,
EMG and NCS provide information exclusively about
lower motor neurons and peripheral sensory fibers.
Weakness, sensory loss, or autonomic dysfunction due to
spinal cord or brain lesions will produce only subtle re-
cruitment changes, and no alterations in motor or sen-
sory conductions, unless concurrent peripheral nerve
injury is present.

Entrapment and Compression Neuropathies:
Upper Extremity

Nerve injuries due to entrapment or compression are
readily recognized by NCS. In general, the diagnostic ap-
proach combines conduction measurements across acces-
sible sites of entrapment with needle EMG to confirm
localization and determine the extent of denervation. En-
trapment frequently causes localized demyelination be-
fore frank axonal injury. Thus, demonstration of drop in
conduction velocity or conduction block across an en-
trapped nerve segment is the most sensitive measure of
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early injury. Knowledge of motor innervation allows lo-
calization by examining successive muscles innervated by
the nerve of interest for evidence of denervation.

Compression of the median nerve at the wrist—
carpal tunnel syndrome—is the most common upper ex-
tremity nerve entrapment. Risk factors include repetitive
hand or forearm motion, especially under load, and
weight gain. Wrist and hand pain; paresthesias radiating
into hand, forearm, or shoulder; and ultimately sensory
loss, thumb and finger weakness, and thenar atrophy
occur as a result of compression of the median nerve be-
tween wrist bones and the transverse carpal ligament.
Electrodiagnosis takes advantage of the accessibility of
both the median and ulnar nerves at the wrist. Specific
criteria for sensory latencies have been established. In our
laboratories, a median sensory distal latency of more than
3.7 msec, or a difference side to side of more than
0.5 msec is sufficient to suggest the diagnosis of median
entrapment at the wrist. In equivocal cases, orthodromic
sensory recording of conduction across the short midpal-
mar to wrist segment is more sensitive.

Proximal entrapment of the median nerve is rare.
Compression of the pure motor anterior interosseus
branch (usually by fibrous bands attached to the flexor
digitorum superficialis) can be established by showing
denervation of pronator quadratus and flexor pollicis
longus, but not distal muscles of the main median nerve
(e.g., adductor pollicis brevis). Compression of the me-
dian nerve between two heads of the pronator teres
(pronator syndrome) causes decreased conduction in the
forearm segment, and denervation of distal median mus-
cles, sparing the pronator teres.

Ulnar entrapment occurs most commonly at the
elbow, as the nerve passes through the cubital tunnel and
retrocondylar groove. Compression against the proximal
ulna is a common chronic injury due to resting elbows on
tables, car windows, or chair rests. Electrodiagnosis de-
pends on demonstrating ulnar slowing or conduction
block across the elbow. Because of variable innervation,
proximal ulnar forearm muscles (flexor carpi ulnaris) may
or may not show denervation. Sparing of abductor polli-
cis brevis helps to distinguish ulnar neuropathy from lower
trunk plexopathy. Compression of the ulnar nerve at the
wrist in Guyon’s canal (between pisiform and hook of the
hamate) spares the dorsal cutaneous branch but causes
denervation of finger intrinsics and prolonged distal sen-
sory latencies in the typically measured palmar branches.

Radial nerve injury at the axilla (“crutch palsy)”
can be distinguished from spiral groove compression
(humerus fracture, “Saturday night palsy”) by sparing of
the triceps in the latter case. Because the proximal radial
nerve cannot be approached directly, demonstration of
focal conduction block is difficult, and care must be taken
to exclude a middle trunk plexopathy (rare) or C7 radicu-
lopathy. Brachioradialis (a C5-Cé6 innervated muscle) is
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often spared in both conditions, and radial sensory re-
sponses should be normal in C7 radiculopathy. Uncom-
monly, the posterior interosseus branch may be
compressed by fracture, rheumatoid arthritis, or soft tis-
sue swelling, typically causing denervation of extensor
carpi ulnaris, but often sparing the supinator.

Entrapment Neuropathies: Lower Extremity

Peroneal nerve compression as it swings beneath the head
of the fibula is the most common focal neuropathy of the
lower extremity and one of the most accessible to elec-
trodiagnosis. Entrapment often occurs beneath the per-
oneus longus, which is typically spared from denervation.
Peroneal conduction across the fibular head is slowed,
and denervation of the anterior tibialis and extensor dig-
itorum brevis is common. Peroneal and tibial nerves are
both branches of the sciatic nerve, which may be en-
trapped at the sciatic notch on its exit from the pelvis, or
less commonly by fibers of the piriformis muscle, through
which the sciatic nerve frequently passes. Severe sciatic
neuropathy may be distinguished from L5-S1 radicu-
lopathy by sparing of gluteal and paraspinous muscles.
Partial sciatic injury often preferentially affects peroneally
innervated muscles, and should be distinguished from per-
oneal neuropathy by assessing involvement of the short
head of the biceps femoris, a muscle that receives inner-
vation exclusively from peroneal fibers proximal to the
popliteal fossa. The distal tibial nerve may be entrapped
in the tarsal tunnel between the laciniate ligament and the
inferior aspect of the medial malleolus, producing low-
amplitude motor responses and prolonged distal motor
latency at the adductor hallices.

Femoral nerve entrapment occasionally follows
trauma, psoas hematoma, or vigorous surgical position-
ing, with proximal thigh pain and knee extensor weak-
ness. Nerve conduction studies are often of limited value.
Sparing of obturator-innervated adductors excludes lum-
bar plexopathy. Imaging for pelvic mass or hematoma is
often warranted. Meralgia paresthetica, focal entrapment
of the lateral femoral cutaneous nerve beneath the in-
guinal ligament, produces paresthesias and sensory loss
across the proximal lateral thigh, most commonly in the
setting of recent weight gain. In thin individuals, direct
side-to-side comparison of sensory nerve conduction can
confirm the diagnosis.

Rheumatoid or osteoarthritis, autoimmune or con-
nective tissue diseases, or prolonged physical labor can
predispose to multifocal entrapment mononeuropathies,
but the clinician should also consider metabolic disease
(diabetes) or vitamin deficiencies that may render pe-
ripheral nerves more vulnerable to compressive injury.
Hereditary predisposition to pressure palsy (HNPP)
should be suspected if the patient relates a series of re-
current, prolonged palsies, often following trivial injury.
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Neuromuscular

disorder Discriminating features

Table 3.2 Motor weakness

Consistent features

Variable features

Anterior horn cell disease 1 Normal sensory studies

Polyradiculopathy 1 Normal sensory studies

Plexopathy 1 Focal low or absent SNAP
amplitudes in the distribution of
a plexus, e.g. brachial, lumbar

2 No paraspinal denervation

Myasthenia gravis 1 Reparable decrement in CMAP
amplitude (=10%) in two nerves
with 2-Hz repetitive stimulation

Myopathy 1 Short duration, small amplitude
MUAPs

2 Normal sensory study

Demyelinating 1 Widespread reduction in

polyneuropathy conduction velocities (<70%
normal) and increase in distal
latencies (>125% normal)

2 Preserved distal CMAP amplitudes

Axonal polyneuropathy 1 Widespread reduction in
conduction velocities (<70%
normal) and mildly prolonged
distal latencies

2 Reduced CMAP and SNAP
amplitudes

1 Multifocal reduction in CMAP
and SNAP amplitudes

2 Multifocal mild reduction in

Mononeuritis multiplex

conduction velocities

1 Low amplitude or absent CMAP

2 Extremity and paraspinal
denervation

3 Diffuse muscle fasciculations

1 Extremity and paraspinal
denervation

1 Low or absent CMAP
amplitudes in a plexus
distribution

2 Extremity denervation

1 Normal CMAP amplitude

2 Increased jitter + blocking with
SFEMG

1 Increased recruitment of MUAPs

1 Mild decrement in CMAP
amplitude with 2-Hz repetitive
stimulation

1 Prolonged F-wave latencies or
absent F-waves

1 Prolonged F-wave latencies or
absent F-waves in the affected
limb(s)

1 Absent or prolonged F-wave

2 Abnormal sensory studies

1 Large, long duration polyphasic

1 Large, long duration polyphasic

1 CMAP amplitude normal or
reduced depending on degree
of atrophy

1 Temporal dispersion

latencies 2 Partial conduction block

depending on the type of

demyelinating neuropathy

1 Absent or mildly prolonged F-

MUAPs wave latencies

1 Absent or mildly prolonged F-

MUAPs wave latencies

Nerve conduction studies of HNPP patients frequently
demonstrate a mild demyelinating neuropathy featuring
conduction slowing more than conduction block, even in
nerves not reported to have been previously affected.

Motor Neuronopathies

Injury to peripheral motor neurons in specific sites along
their course (from the anterior horn of the spinal cord,
through ventral spinal roots, to recombination in brachial
or lumbosacral plexus and distally) produces distinctive
electrodiagnostic features that aid in diagnosis (Table
3.2). Focal injury to motor neuron cell bodies may occur
with infection (e.g., poliomyelitis or HIV), intramedullary
spinal cord mass lesions, or syrinx. More commonly,
motor neuron disease is degenerative; either sporadically,
as in ALS; hereditarily, as in the spinal muscular atro-

phies; or through autoimmune activities, as in multifocal
motor neuropathy with conduction block.

Amyotrophic lateral sclerosis may be considered the
electrodiagnostic prototype of motor neuron degenera-
tion: sensory responses are normal, and motor responses
show decreased amplitudes reflecting muscle atrophy, but
essentially preserved distal latencies and conduction ve-
locities. In contrast to typical radiculopathies, F-responses
are often easily elicitable, frequently of normal latency,
and may produce unusually large-amplitude waveforms
reflecting chronic consolidation of motor units. Chronic
denervation and subsequent reinnervation lead to dra-
matically enlarged motor units, as denervated fibers are
reinnervated by the terminal sprouts of surviving motor
neurons. This leads to a characteristic EMG pattern of
decreased recruitment of very large (2,000-10,000 pV)
motor units in the presence of abnormal spontaneous ac-
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tivity (often of large amplitude) and, characteristically,
fasciculations.

To meet formal criteria for ALS, denervation must be
observed in muscles of multiple myotomes of at least three
of the four body segments (head, upper extremities, tho-
racic paraspinal muscles, lower extremities). Denervation
in thoracic paraspinal muscles rarely occurs with trauma,
and strongly suggests ALS in the appropriate clinical setting
(also common in patients with diabetes). Proximal motor
conductions should be performed on every patient evalu-
ated for ALS in hopes of finding multifocal conduction
block, evidence for multifocal motor neuropathy. These pa-
tients often have high titers of circulating anti-GM1 gan-
glioside antibodies, indicating autoimmune neuronal
injury, and may respond to immunosuppression with in-
travenous gammaglobulin or cyclophosphamide.

Electrodiagnostic Approach to
Peripheral Polyneuropathy

Electrodiagnostic characterization of peripheral neu-
ropathy follows a clear framework to subdivide neu-
ropathies into manageable diagnostic groups. The
fundamental questions to be answered are: (a) Does the
neuropathy involve sensory fibers, motor fibers, or both?
(b) Is it primarily axonal or demyelinating? (c) Is the
process acute, subacute, or chronic? and (d) What is the
extent of axonal injury? As described in the following sec-
tions, NCS play a critical role in answering the first two
questions, while needle EMG offers information about
the severity and chronicity of axonal injury. Most
polyneuropathies begin distally, involving distal fibers of
multiple nerves equally. If only selected distal nerves are
affected, multiple mononeuropathies due to compression,
vasculitis, or infiltration should be considered. Frequently,
in more severe neuropathies, distal motor and sensory re-
sponses will be absent, offering little information about
the character of the neuropathy. The electrodiagnostician
should proceed proximally (e.g., radial sensory, peroneal
motor responses recorded from the anterior tibialis) until
a nerve with a recordable distal latency and amplitude is
discovered, to document the extent of the neuropathy. A
protocol for the initial assessment of polyneuropathy is
summarized in Box 3.1.

Sensory Neuropathy

Nerve conduction studies readily distinguish sensory
and motor nerve involvement in peripheral neuropathy.
Distal sensory responses are a specific measure of large
myelinated axonal loss. Sensory potentials with ampli-
tudes less than 50% of the lower limit of normal indi-
cate clear axonal injury. Note that older individuals
frequently experience decreased sensory amplitudes,
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Box 3.1 Protocol for the initial
assessment of polyneuropathy

Conduction studies

» Test most symptomatic site when symptoms/signs are
mild or moderate, least involved if severe.

» Record motor amplitude, distal latency, conduction
velocity, and F-response for the peroneal motor
(extensor digitorum brevis).

» If abnormal, repeat sequence for tibial motor (abductor
hallucis).

» If no responses, repeat protocol and peroneal motor
recording at the:

— Anterior tibialis muscle
— Ulnar motor (hypothenar)
- Median motor (thenar)

» Record sensory amplitude, distal latency, and conduction
velocity for the sural sensory (ankle). If not clearly
normal, consider averaging.

» Median sensory (index finger). If antidromic response is
absent or a focal entrapment is suspected, record from
the wrist stimulating the palm.

» Abnormalities should result in evaluation of opposite
extremity and/or evaluation of additional peripheral
nerves.

Needle examination

» Examine anterior tibial, medial gastrocnemius, first dor-
sal interosseous (hand), and lumbar paraspinal muscles.

> If they are normal, intrinsic foot muscles should be
examined.

» Confirm abnormalities by examining at least one
contralateral muscle.

and that absent sural responses should not be consid-
ered pathologic in patients over 75 years of age. Small,
thinly myelinated, and unmyelinated fibers do not con-
tribute to the sensory potential, so painful small-fiber
sensory neuropathies may produce normal sensory con-
ductions. Because sensory responses are all recorded
distally, and more proximal stimulation of sensory
nerves is impractical, conduction block and slowing due
to demyelination cannot be easily recorded from sen-
sory nerves. Pure sensory axonal neuropathies cannot
be reliably distinguished electrically from sensory neu-
ronopathies. In each, there is a loss of sensory poten-
tials with preservation of motor amplitudes and
conductions. Although rare, pure sensory neuropathies
and/or neuronopathies are most commonly seen in
paraneoplastic syndromes, autoimmune disorders (es-
pecially Sjogren’s syndrome), vitamin E deficiency, cis-
platinum or pyridoxine toxicity, elderly women
(idiopathic sensory neuropathy), and inherited disor-
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Box 3.2 Pure sensory neuropathies

Paraneoplastic syndromes

Autoimmune disorders (Sjégren’s syndrome)
Vitamin E deficiency

Vitamin B, deficiency

Cis-platinum neuropathy

Pyridoxine toxicity

Idiopathic sensory neuropathy

Hereditary sensory neuropathy

Friedreich’s ataxia

Bassen—Kornzweig disease
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ders, including hereditary sensory neuropathy types I-
IV, Friedreich’s ataxia, and Bassen—-Kornzweig disease.
Box 3.2 lists sensory neuropathies.

Motor Neuropathy: Demyelinating versus Axonal

Distal motor responses and proximal conduction along
motor nerves offer robust diagnostic tools for assessing
axonal and demyelinating injuries. Primary demyelina-
tion is typically the result of autoimmune attack of myelin
in distal nerves, as in acute inflammatory demyelinating
polyneuropathy (AIDP, also known as Guillain—Barré
syndrome), chronic inflammatory demyelinating polyneu-
ropathy (CIDP), or a consequence of hereditary defects
in myelin deposition. An understanding of the physiology
of nerve conduction is important for appreciating the var-
ious nerve conduction findings indicative of demyelina-
tion. Peripheral axons are insulated along their entire
length by segments of myelin elaborated by Schwann
cells, and they are broken between each Schwann cell by
a short node of Ranvier. Conduction of an action poten-
tial proceeds down the axon in a saltatory fashion, re-
generating at each node, at a velocity 5-20 times faster
than that achievable by demyelinated axons. Primary de-
myelination occurs at random nodes of Ranvier along the
entire length of the axon in a segmental pattern, preserv-
ing the physical continuity of the axon except in the most
severe cases. Mild segmental demyelination disrupts nor-
mal saltatory conduction along some axons within the
nerve, slowing the conduction velocity of these axons. As
demyelination becomes more profound, conduction
through some axons is blocked entirely, functionally dis-
connecting the motor neuron from the innervated muscle
and resulting in weakness. Demyelinating effects summate
distally, reflecting the greater burden of segmental injury
in longer nerves.

Three distinctive motor response features (temporal
dispersion, diminished conduction velocity, and conduc-
tion block) suggest primary demyelination. In mild dis-

ease, distal latencies are prolonged, but amplitude may be
essentially normal, indicating preservation of distal
axons. Temporal dispersion is a normal characteristic of
the motor action potential and reflects the difference in
conduction time between the slowest and fastest fibers
within a nerve. With demyelination, the difference in time
necessary to transmit a signal along the most severely af-
fected axons is increased, prolonging the CMAP duration.
By stimulating the motor nerve more proximally, a longer
portion of axon is observed, and the effects of segmental
demyelination summate: proximal CMAP duration of
more than 125% of distal CMAP duration indicates
pathologic temporal dispersion and suggests demyelinat-
ing injury. Proximal stimulation also allows recording of
conduction velocity along the proximal nerve segment,
which will be slowed in demyelination.

With more severe demyelination, some fibers will
not transmit signals along their entire length, resulting in
conduction block. A drop in proximal CMAP amplitude
of more than 50% compared with the distal response in-
dicates conduction block. In general, conduction block is
a more prominent feature of acquired demyelinating in-
jury in AIDP or trauma, whereas heroic temporal disper-
sion and uniformly slowed conduction velocities, out of
proportion to the decrease in CMAP amplitude, are char-
acteristic features of hypertrophic hereditary demyelinat-
ing neuropathies like hereditary motor sensory
neuropathy type I (HMSN 1, also known as Charcot—
Marie-Tooth disease) and hereditary motor sensory neu-
ropathy type III (HMSIII, also known as Dejerine-Sottas
disease). Even though weakness is profound and de-
creased recruitment is noted, abnormal spontaneous ac-
tivity is typically absent from the needle exam, indicating
structural continuity of peripheral axons. Severe or ad-
vanced forms of both hereditary and acquired demyeli-
nating diseases can be accompanied by true axonal loss,
indicated by the appearance of abnormal spontaneous ac-
tivity on needle exam. A list of the common causes of de-
myelinating neuropathy is presented in Box 3.3.

Mixed Motor and Sensory Neuropathy

Metabolic stress and microvascular ischemia (as seen in
diabetes), in addition to toxic injury and nutritional defi-
ciencies, affect both sensory and motor neurons with the
longest distal axons, leading to distal axonal degeneration
and focal loss of myelin. This type of neuropathy, classi-
fied as a sensorimotor “mixed” (i.e., components of both
axon loss and demyelination) polyneuropathy is exceed-
ingly common. Electrically, these neuropathies present as
absent or low-amplitude sural sensory potentials with mild
reduction in motor amplitudes and conduction velocities.
Recorded sensory potentials and CMAPs reflect the
dropout of axons with decreased amplitude of the re-
sponse. Because the surviving axons conduct essentially
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Box 3.3 Common causes of
demyelinating neuropathies

Segmental demyelinating, motor > sensory
polyneuropathy
» Acute inflammatory demyelinating polyneuropathy
» Chronic inflammatory demyelinating polyneuropathy
» Monoclonal gammopathy of undetermined significance
» Pharmaceuticals
- Amiodarone
- Perhexiline
- High-dose Ara-C
» AIDS
» Hereditary neuropathy with susceptibility to pressure
palsies (HNPP)

Uniform demyelinating mixed sensorimotor
polyneuropathy

» Hereditary motor sensory neuropathy

» Metachromatic leukodystrophy

» Adrenomyeloneuropathy

normally, distal latency is not markedly prolonged. The
mild slowing of conduction velocities is attributed to two
phenomena: early focal demyelination and axonal loss of
the fastest conducting myelinated fibers. No conduction
block is observed unless focal injury is present across the
recorded segment. Box 3.4 presents a list of the common
etiologies of sensorimotor mixed polyneuropathy.

Radiculopathies and Plexopathies

Injury to nerve roots is common in both the cervical and
lumbar spine due to degenerative spondylosis, herniated
disk, trauma or, more rarely, impingement of mass le-
sions, metastatic or intrinsic extradural tumors, vascular
anomalies, or abscess. In the cervical region, electrodiag-
nosis helps distinguish radiculopathy from brachial plex-
opathy through careful anatomic localization. Injury to
the exiting nerve root by compression in the ventral root
exit zone does not impinge on sensory nerve cell bodies,
which are positioned outside the neural foramen in the
dorsal root ganglia (DRG). Even though proximal con-
nections between the DRG and spinal cord may be in-
jured, resulting in characteristic pain, dermatomal sensory
loss, and paresthesias, continuity is preserved between the
sensory nerve cell body and the distal afferent axon. Thus,
a critical general principle regarding electrodiagnosis of
radiculopathy is that clinical sensation is impaired, but
distal action potentials of sensory nerves are preserved.
In contrast, compression or stretch injury beyond the level
of the DRG leads to prominent decreased sensory re-
sponse amplitudes in plexopathy.
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Box 3.4 Etiologies of sensorimotor
mixed polyneuropathy

Mixed axon loss, demyelinating sensorimotor
polyneuropathy

» Diabetes mellitus, impaired glucose tolerance
» Uremia

Axon loss, motor > sensory polyneuropathy
Axonal Guillain-Barré syndrome

Porphyria

Hereditary motor sensory neuropathy

Lead neuropathy

Dapsone neuropathy

Vincristine neuropathy
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Axon loss, mixed sensorimotor polyneuropathy
» Amyloidosis
» Chronic liver disease
» Nutritional diseases
- Vitamin B deficiency
- Folate deficiency
» Alcoholism
Sarcoidosis
» Connective tissue diseases
Rheumatoid arthritis
Periarteritis nodosa
— Systemic lupus erythematosus
Churg-Strauss vasculitis
Hypereosinophilia syndrome
» Toxic neuropathy
- Acrylamide
— Ethylene oxide
- Hexacarbons
- Organophosphorus esters
- Glue sniffing
» Metal neuropathy
— Chronic arsenic intoxication
- Mercury
» Drug-induced
— Colchicine
- Ethambutol
- Metronidazole
- Misonidazole
- Nitrofurantoin
- Chloroquine
- Disulfiram
- Nitrous oxide
» Neuropathy of chronicillness
» AIDS

v
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Table 3.3 Electrodiagnostic comparison of motor neuronopathy, radiculopathy, and plexopathy

F-responses Often present. Normal latency

Paraspinous denervation Yes

Motor neuronopathy Polyradiculopathy Plexopathy
Motor signs/symptoms Weakness involving multiple myotones and peripheral nerve distribution
Sensory loss No Often Yes
SNAP Normal Normal Low amplitude
CMAP Low amplitude or absent Low amplitude Low amplitude

Often absent
Conduction block or severe

Sometimes absent
Mild prolongation

prolongation
Usually No

Needle examination of specific muscles may further
aid in localization to cervical roots or brachial plexus.
Denervation in paraspinous muscles indicates injury to
very proximal dorsal root rami. The dorsal scapular nerve
to the rhomboids, and long thoracic nerve to the serratus
anterior muscle, leave the C5 root and C5, C6, and C7
roots, respectively, prior to incorporation into the upper
trunk. Sparing of these muscles localizes the lesion to the
upper trunk of the brachial plexus. Differentiating be-
tween C8-T1 radiculopathy and lower trunk plexopathy
can be difficult, since peripheral muscles served are essen-
tially identical. Sensory nerve action potential of the me-
dian cutaneous nerve of the forearm will be reduced in
lower trunk plexopathy, but not in C8 radiculopathy. Low
cervical paraspinous muscles are spared in plexopathy.

A similar conundrum confronts the electromyogra-
pher attempting to distinguish lumbosacral plexopathy
from L5-S1 radiculopathy, since the sciatic trunk carries
most fibers from each proximal distribution. L5-S1
radiculopathy is more common. Sural sensory responses
should be spared in this disorder, but in fact are often ab-
sent or reduced due to age or local trauma. Nerves to the
gluteal muscles depart the lumbosacral plexus early, and
are often spared in plexopathy, but often show denerva-
tion in significant L5-S1 radiculopathy. Generalized clin-
ical and electrodiagnostic features of motor neuronopathy,
radiculopathy, and plexopathy are compared in Table 3.3.

Neuromuscular Junction Disorders

Neuromuscular junction (NM]) disorders share a com-
mon theme: toxic or autoimmune injury to components
of the NM] reduces the fidelity of transmission, resulting
in weakness that is often variable with effort or over time.
A brief review of the physiology of the NM] aids in un-
derstanding electrodiagnosis of these disorders (Figure
3.3). Depolarization of the axon terminal opens mem-
brane calcium (Ca?*) channels, and Ca?* influx triggers re-
lease of acetylcholine (ACh) molecules from vesicles at the
axon terminal. Acetylcholine diffuses across the neuro-

muscular synaptic junction to bind to ACh receptors on
the muscle end plate. Binding to a sufficient number of re-
ceptors triggers membrane depolarization and synchro-
nized contraction of the muscle fiber. Unbound ACh is
rapidly degraded by acetylcholinesterase in the synaptic
cleft. With each subsequent stimulation, the store of im-
mediately available ACh is reduced, and a smaller number
of ACh quanta are released. Fortunately, a large surplus of
both ACh and ACh receptor provides a “safety margin”
that allows threshold depolarization across every stimu-
lated NM]J under normal circumstances. Recruitment of
additional ACh from stores in the presynaptic axon ter-
minal ensure that this safety margin is maintained, even
with prolonged exercise or repeated stimulation.

Some common NM] diseases and toxins are listed
by their site of action in Figure 3.3. Myasthenia gravis

/

Axon
terminal

( Ca""’
Botulinum Og A
toxin
~Zr A s
Mestinon ACh :- : L

AChE .~  *
Pesticides 4,,_//' .- Y=

Muscle
end plate

Myasthenia grovis

Curare

Figure 3.3 Steps in neuromuscular junction (NMJ) transmission
are represented here and described in the text. Diseases and tox-
ins affecting the NMJ are shown at their sites of action. ACh,
acetylcholine; AChE, acetylcholinesterase; LEMS, Lambert-Eaton
myasthenic syndrome.
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Myasthenia gravis (MG)

Table 3.4 Diagnostic comparison of neuromuscular junction disorders

Lambert-Eaton myasthenic syndrome (LEMS)

Symptoms
Common sites Bulbar/ocular muscles
Pathophysiology Postsynaptic

Autoimmune attack of: ACh receptors

Electrodiagnosis
CMAP amplitude
Repetitive stimulation

Often normal
6-30% decrement

Postexercise CMAP amplitude Little or no facilitation

Normal baseline strength, with fatigable weakness

Baseline weakness, improves with exercise

Limb muscles; associated autonomic dysfunction
Presynaptic

Ca?* channels

Often decreased
Little or no decrement
50-300% facilitation

(MG) and Lambert-Eaton myasthenic syndrome (LEMS)
serve as prototypes of postsynaptic and presynaptic dam-
age, respectively. Myasthenia gravis, the most common
NM] disorder, results from autoimmune destruction of
postsynaptic ACh receptors. The defining symptom of
MG is rapidly progressive weakness with exercise. In
essence, the safety margin of NM] transmission is de-
creased, so that even slight depletion of ACh results in
failure of postsynaptic depolarization for many muscle
fibers. Pyridostigmine (Mestinon) helps by inhibiting
acetylcholinesterase, thus making more ACh available at
the postsynaptic end plate. By comparison, in LEMS, au-
toimmune destruction of the presynaptic Ca%* channels
results in radically decreased ACh release at all times. Pa-
tients with LEMS are chronically weak but, paradoxi-
cally, brief exercise increases their strength. These
disorders can be distinguished by NCS techniques. Con-
trasting findings reflect their different sites of injury to the
NM]J and underline their pathophysiology, as outlined in
Table 3.4.

Repetitive nerve stimulation of a target muscle is a
simple (but relatively insensitive) NCS method for evalu-
ation of NM] abnormalities. Repetitive stimulation typi-
cally follows evaluation of the CMAP and can be
performed at any site where a clearly defined CMAP from
just one muscle can be obtained. Stimulation sufficient to
generate a maximal CMAP amplitude is determined to
assure that all innervated motor units are being excited.
Patients with LEMS usually have low-amplitude CMAPs,
reflecting ACh depletion, whereas the CMAPs of MG pa-
tients are often normal. The patient is then given a train
of electrical stimuli at 0.5-second intervals, usually a total
of four, to deplete released ACh quanta with each stimu-
lation. Amplitudes of successive generated CMAPs are
compared. Normal individuals will show no change in
CMAP amplitude, since the large safety margin of ACh
and ACh receptor excess allows for NM]J transmission
even with partial depletion of released ACh. However, pa-
tients with MG will show a decrement or decrease in
CMAP amplitude, reflecting the failure of NM]J trans-

mission for some muscle fibers with damaged ACh re-
ceptors. A CMAP amplitude drop of 6-10% is consid-
ered significant if technical errors can be excluded. In
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Box 3.5 Electrodiagnostic approach
to the weak patient

Conduction studies

» Record sensory amplitude, distal latency, and conduction
velocity for the sural sensory (ankle).

> If sural equivocal or technically difficult:
- Opposite sural
- Ulnar sensory

» Record motor amplitude, distal latency, and conduction
velocity for the ulnar motor (hypothenar). Repetitive
supramaximal stimulation at wrist (2 x 4 stimuli) before
and immediately after 5 seconds of maximal voluntary
exercise (fingers should be restrained or taped together).

» If proximal weakness predominates:

— Record motor amplitude, distal latency, and
conduction velocity for the spinal accessory motor
(trapezius). Repetitive supramaximal stimulation at
wrist (2 X 4 stimuli) before and immediately after
5 seconds of maximal voluntary exercise.

> If legs weaker:

- Record sensory amplitude, distal latency, and
conduction velocity for the peroneal nerve (EDB).

» Abnormality in any of the above requires further
evaluation of suspected disorder (e.g., polyradiculopathy,
myopathy, neuromuscular transmission abnormality

Needle examination

» Examine selected distal and proximal muscles, in upper
and lower limbs, including paraspinal. For example,
biceps brachii, first dorsal interosseous (hand), vastus
lateralis, anterior tibialis, medial gastrocnemius, lumbar
paraspinal muscles.
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symptomatic patients with MG, a decrement of 10-30%
is common. Evaluation of fatigable muscles is more likely
to demonstrate a decrement. Lambert—Eaton myasthenic
syndrome and NMJ toxins feature a less dramatic decre-
ment to repetitive stimulation at electrode 2.

A second maneuver distinguishes LEMS from MG.
Increasing the rate of repetitive stimulation to 20 (or hav-
ing the patient forcefully activate the muscle of interest for
10 seconds) floods the neuromuscular junction with ACh.
Increased synaptic ACh temporarily allows greater fidelity
of NM] transmission for LEMS patients. This is reflected
in facilitation of the CMAP to 150% or even 300% of its
pre-exercise amplitude, often close to normal. By compar-
ison, in MG patients, postexercise stimulation will yield a
CMAP that is essentially unchanged in amplitude from ini-
tial recordings, indicating “repair” of their decrement.

Accurate interpretation of repetitive stimulation de-
pends on achievement of a maximal CMAP as a baseline.
If stimulation is submaximal, a spurious facilitation may
be observed following exercise in normal subjects. Simi-
larly, cooling can reproduce a decrement in the absence of
disease. A generalized protocol for the electrodiagnostic
approach to the weak patient is shown in Box 3.5.

Repetitive stimulation may evoke no decrement in
myasthenics with weakness confined to bulbar or ocular
muscles. If ACh receptor antibody titers are negative or

Myopathy
suspec
f
Increased recruitment
in symptomatic muscles?

equivocal, but MG is suspected on clinical grounds, the
patient should be referred to an experienced electromyo-
grapher who can perform single-fiber EMG evaluation.
Single-fiber EMG detects asynchrony of NMJ transmis-
sion between different muscle fibers served by the same
motor neuron (i.e., in the same motor unit), a condition
that precedes NM] block in MG. Single-fiber EMG is
more sensitive than other methods discussed for detection
of a NM]J disorder, and it can also detect NMJ asyn-
chrony associated with recent reinnervation.

Myopathy

Nerve conduction studies typically play a modest role in
evaluation of myopathy. Typically, strength is decreased
out of proportion to reduction in CMAP amplitude, re-
flecting electromechanical dissociation rather than axonal
loss as the pathophysiology. The CMAPs may be either
normal or mildly reduced if muscle has been replaced by
fat or connective tissue in longstanding disorders. Sensory
responses should be normal.

Electrodiagnostic features of myopathy have been
discussed in some detail under the earlier EMG technique
section. A basic electrodiagnostic algorithm combining
EMG features and duration of weakness is presented in
Figure 3.4. A careful search for abnormal spontaneous

No Yes
| Abnormal
- CPT deficiency spontaneous
= Channelopathies activity?
|
Or | i
No Myotonia Fibrillations
or other CRD
- Metabolic myopathies - Myotonic dystrophy - Acute
Mitochondrial - Myofonia congenita Viral myositis
McArdle’s disease - Channelopathies Rhabdomyolysis
Carnitine deficiency - Acid maltase deficiency Ischemic injury
- Thyroid disease - Subacute
- Steroid myopathy Polymyositis
- Adult onset dystrophies Dermatomyositis
- Chronic
Inclusion body myositis
Adult onset dystrophies

Figure 3.4 Electromyographic diagnostic algorithm for myopathy and dystrophy.
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activity is important, since inflammatory myopathies are
often amenable to treatment. Experience allows detection
of muscle areas that have been replaced by fat or con-
nective tissue (decreased insertional activity, spongy
“feel” at the tip of the needle), suggesting chronic injury
in many dystrophies. Repetitive discharges (myotonia,
neuromyotonia) in the setting of myopathic motor units
should suggest myotonic dystrophy, or channelopathies
such as myotonia congenita and paramyotonia.

Summary

Nerve conduction studies and needle EMG serve as a
quantitative extension of the neurologic examination.
Nerve conduction studies localize compressive lesions, de-
termine the extent of sensory and motor nerve contribu-
tions to neuropathy, assess NM] integrity, and distinguish
between demyelination and axonal denervation. Elec-
tromyography distinguishes traumatic injury and degen-
eration due to motor neuronopathies, radiculopathies, or
peripheral neuropathy. Needle evaluation provides infor-
mation about chronicity of disease and plays a critical
role in diagnosis of myopathies. Specialized NCS and
EMG techniques are the most sensitive measures of neu-
romuscular junction injury. Coupling a patient’s history,
clinical examination, and electrodiagnostic studies fre-
quently yields an informative diagnosis, allowing for ef-
fective therapeutic intervention.
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Neuroradiology: Diagnostic Imaging Strategies
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Imaging Modalities

Many imaging modalities exist today in neuroradiology,
and the optimal use of each technique depends on a good
understanding of its advantages and disadvantages.

Plain Films

Plain x-ray films were the mainstay of neuroradiology be-
fore the advent of computed tomography (CT) and mag-
netic resonance imaging (MRI), which show much greater
anatomic detail. Nevertheless, plain films still give a good
general overview of anatomy by providing excellent pic-
tures of the bony structures. This can be useful in cases of
head trauma, congenital abnormalities such as cran-
iosynostosis (early suture closure resulting in deformities
of the skull) or cephaloceles, osseous dysplasias, bone ab-
normalities due to Paget’s disease and multiple myeloma,
degenerative changes and deformities of the spine, and fa-
cial abnormalities. Plain films are also helpful to estab-
lish anatomic relationships for presurgical or radiation
planning, and to screen for the presence of foreign bodies
(in particular to identify potentially hazardous metal prior
to MRI).

Plain film radiography involves exposure to ionizing
radiation and thus should be avoided or limited in preg-
nant women since fetuses are particularly vulnerable, es-
pecially in the first trimester. Plain films offer almost no

information about the brain or spinal cord, locations
where other modalities such as CT or MRI should be used.

Computed Tomography

The development of CT was a breakthrough, allowing
information to be obtained about the inner contents of
the skull and the spine. Although CT is excellent for eval-
uation of cortical bone, it is also helpful in tissue differ-
entiation between fat, fluid, soft tissue, bone, and air.
Through the use of iodine contrast, the imaging capabil-
ities of CT are expanded considerably. Changes in the
blood-brain barrier lead to contrast enhancement, so
that neoplasms, infarcts, and inflammatory processes are
more readily detected. Computed tomography has be-
come an extremely rapid imaging technique and there-
fore lends itself well to evaluating unstable patients, such
as those with acute traumatic injuries. Computed to-
mography is often the modality of choice when biopsy
guidance is needed.

Computed tomography employs ionizing radiation
emitted from an x-ray tube, which moves in a circular
fashion around a patient. As the radiation passes
through the patient, it is attenuated by differences in tis-
sue density, and this change is sensed by detectors also
arranged in a circular gantry. The information from the
detectors is then sent to a computer for reconstruction of
an image, appearing as a “slice” of the imaged region of
interest. The configuration of the CT scanner has
evolved, the latest being a multi emitter, multidetector
arrangement with a contiguous helical acquisition capa-
ble of extremely rapid scanning and exquisite recon-
struction. This rapid image acquisition, in conjunction
with the dynamic administration of iodinated contrast
material, also allows the cerebral and neck vasculature
to be reconstructed, thus creating computed tomo-
graphic angiography (CTA) images.
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Computed tomography is not free of hazards. Of
great concern is the relative risk of iodinated contrast ma-
terial in people who are allergic to iodine or who have
poor renal clearance of iodine as a result of renal failure
or multiple myeloma. A history of contrast allergy is not
an absolute contraindication to the administration of io-
dine, since nonionic iodine contrast agents can now be
used, or patients can be premedicated with steroids or an-
tihistamines. Prednisone is typically given as 50 mg, 12
and then 2 hours prior to administration of contrast,
whereas diphenhydramine (Benadryl) may be given as 50
mg, 2 hours prior to iodine contrast in patients with a his-
tory of minor reactions. Iodine is excreted by the kidneys
and should be used cautiously in patients with diminished
renal function (that is, those with a creatinine level greater
than 1.5). Liberal intravenous fluids should be adminis-
tered and, in some cases, dialysis may be necessary.

As informative as CT may be, its images are fraught
with artifacts from bone, metal, or patient motion. Owing
to the adjacent dense petrous bone, the posterior fossa is
often difficult to evaluate well, particularly when the
image is degraded by motion. Metal from dental fillings
or surgical clips can interfere with the image, causing
beam-hardening artifacts. The girth of the patient may
also be a limiting factor, producing image degradation.

The primary plane of scanning is axial. This may
limit the ability to visualize certain structures, although
coronal images can be obtained directly if the patient is
able to extend their head and neck. Otherwise, the com-
puter can use the axial images to reconstruct views in dif-
ferent planes (known as image reformatting), but the
image detail is never as sharp as true acquisitions. For that
reason, MRI has major advantages by presenting direct
multiplanar anatomy in virtually any plane, as opposed to
the limited planes of CT.

Magnetic Resonance Imaging

Magnetic resonance imaging is the most recent widely
available advance in radiologic imaging. Its advantages
over CT include direct multiplanar imaging, the lack of
ionizing radiation, and increased soft tissue contrast res-
olution. Additional capabilities include magnetic reso-
nance angiography (MRA), in which blood vessels are
imaged without use of iodinated contrast, and magnetic
resonance spectroscopy (MRS) that detects brain metabo-
lites and provides biochemical physiologic information.
Magnetic resonance imaging is based on exciting nu-
clear spin states with a radio frequency generator in a
strong magnetic field and measuring the induced current
in receiver coils. The amplitude of the induced current is
proportional to the number of excited nuclei exerting a
net magnetic vector. The decay of the induced current can
be used to calculate relaxation parameters specific for each
tissue type. By varying the time interval between excita-
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tion pulses (repetition time or Ty), as well as the interval
between excitation pulse and echo—or signal readout
(echo time or T)—one can use the specific tissue relax-
ation properties to discriminate different tissue types. For
example, fat gives a high (strong) signal intensity on stud-
ies with short Ty, and short Ty, whereas water gives high
signal intensity on studies with long Ty and long T;.. Mag-
netic resonance imaging scanners measure single-proton
hydrogen nuclei in water and relatively short chain fats.
The MRI signals in larger molecules decay too rapidly for
current clinical imaging applications; however, hydrogen
protons in these larger molecules are detected by MRS.

Contrast studies can highlight tissue appearance in
regions of differential perfusion or breakdown of the
blood-brain barrier. Furthermore, MRI uses chelated
gadolinium as a contrast agent. Chelated gadolinium does
not contain iodine and is only rarely associated with acute
reactions, very few of which are serious. Recent reports,
however, of nephrogenic systemic fibrosis (NSF) induced
by gadolinium contrast have limited the use of this con-
trast agent in patients with reduced renal clearance capa-
bility; specifically, a glomerular filtration rate (GFR) of
less than 60 is considered a relative contraindication, and
a GFR of less than 30 an absolute contraindication, un-
less the information to be obtained with contrast en-
hancement is deemed critical to patient survival.

The increased tissue contrast resolution with MRI
makes it the diagnostic study of choice for many soft-tis-
sue applications. The direct multiplanar imaging capabil-
ities and lack of distortion from adjacent osseous
structures make MRI ideal for imaging most of the cen-
tral nervous system (CNS), particularly the posterior fossa
and spinal cord. Increased contrast resolution means
greater sensitivity for the detection of subtle masses,
meningitis, white matter tract disease (demyelinating or
dysmyelinating), early infarction (particularly that of the
brainstem and posterior fossa), and most inflammatory
or infectious processes (Tables 4.1 and 4.2).

Magnetic resonance angiography is another appli-
cation. The most commonly used MRA imaging method
depends on the effect of flowing blood that places “fresh
spins” of nonexcited blood hydrogen nuclei (which can
produce a strong readout signal) into a slab of saturated
tissue (purposefully previously suppressed by repeated ex-
citations prior to obtaining the readout signal), resulting
in an image of the vasculature. Ironically, by the same
physiology of flowing blood, blood vessels in routine
MRI show as regions of low signal or “flow void,” since
the excited blood hydrogen nuclei leave the imaged slice
prior to acquisition of the readout signal. Magnetic reso-
nance angiography is an excellent modality for evaluating
vascular anomalies, aneurysms, and vessel stenosis/oc-
clusion. However, angiography remains the gold standard
for imaging complex vascular structures such as arteri-
ovenous malformations (AVMs).
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Table 4.1 Tissue signals on CT and MR

Signals on CT

Air Very very dark —1,000 to —100 HU

Fat Very dark —100to —20 HU

Water Dark 0to +20 HU

Muscle Gray 30 to 60 HU

Bone Bright over +200 HU
Signals on MRI

T T2

Air Very dark Very dark

Cortical bone, calcium  Very dark Very dark

Fat Bright Gray

Water Dark Bright

Muscle Gray Gray
HU = Hounsfield units

Magnetic resonance spectroscopy has also now be-
come a relatively routine additional sequence acquisition
in the magnetic resonance neuroimaging armamentarium.
Magnetic resonance spectroscopy exploits the small dif-
ferences in nuclear spin rates (chemical shifts) of protons
in different molecular moieties caused by the local elec-
tronic environment created by the surrounding electron
cloud. Magnetic resonance spectroscopy analyzes the bio-
chemical substances in the brain (such as cerebral cellular
constituents, neuronal metabolites, and neurotransmit-
ters) and provides physiologic information to complement
the anatomic findings of MRI. When confronted with a
lesion on MRI, MRS can help categorize the abnormality
and differentiate between neoplastic, inflammatory/infec-
tious, vascular (infarction), degenerative, and metabolic
pathologic processes.

Unfortunately, like all modalities, MRI also has lim-
itations. First, contraindications to MRI examinations
exist, including pacemakers; metal in the brain, orbit, or
on blood vessels not specifically cleared for MRI; most
cochlear implants; surgically placed neurostimulator
leads; many other types of metal in the body; body habi-
tus; and weight. Relative contraindications include preg-
nancy, claustrophobia, and inability to hold still for
relatively long periods (the last two factors may be alle-
viated with general anesthesia). Magnetic resonance im-
aging studies may be limited by artifacts caused by
adjacent metal (for example, dental repairs and spinal
metal hardware), motion, or vascular flow artifact.

Angiography

Angiography is an invasive technique used to study blood
vessels in great detail. It uses x-rays with film or digital ra-
diography to record a moving picture of the actual flow

Table 4.2 MRI vs.CT:what to use

Brain
Supratentorial tumor MR cT
Infratentorial tumor MR
Demyelinating disease MR
Meninges MR
Infarcts
Early MR
Subacute MR cT
Chronic MR cT
Trauma
Acute hemorrhage MR cT
Subacute hemorrhage MR
Chronic hemorrhage MR
Calcification cT
Aneurysm, AVM MR cT
Temporal bone cT
Orbit (except retinoblastoma) MR
Skull base
Bone erosion cT
Fracture cT
Marrow replacement MR
Meningioma MR
Paranasal sinuses
Screen cT
Fracture cT
Mucous vs. tumor MR
Spine
Degenerative changes cT
Epidural abscess MR
Radiculopathy MR cT*
Myelopathy MR

*CT myelogram

of blood. Iodine contrast is injected via catheters that are
placed selectively or superselectively into specific blood
vessels feeding the area of interest (Figure 4.1). Angiog-
raphy shows blood vessels in the greatest detail and rep-
resents the gold standard in the evaluation of vascular
disease in the brain and spine, including aneurysms,
AVMs, and vasculitis. It may also be a precursor to re-
cently developed neurointerventional procedures, which
include thrombolysis, angioplasty/stenting, and em-
bolization of AVMs, tumors, and aneurysms.

The drawback to angiography is that it is invasive
and carries a risk of about 0.5% for complications such
as bleeding at the puncture site (commonly causing a
groin hematoma because the access point is usually the
femoral artery), allergic reactions, infection, stroke, blind-
ness, vascular damage, loss of limb, and even death.
Therefore, in certain situations, such as screening for
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Pearls and Perils
MR scanning

» The patient’s body habitus and weight must be within
the physical limits of the MRI.

» Patients cannot be claustrophobic and must be
physically able to hold still for relatively long periods of
time.

» Patients must be able to lie flat in a tight space—use in
patients with congestive heart failure or nausea can be
dangerous.

» If patients require sedation, qualified personnel must be
available to monitor them.

» If there is a history of a possible orbital metallic foreign
body such as from welding or metal grinding, patients
should undergo screening radiographs of the orbit.
Orbital metallic foreign bodies are an absolute con-
traindication.

» Prior surgery, in particular brain aneurysm surgery, with
the placement of metallic vascular clips, requires specific
clearance by the manufacturer (need lot and model
number). A negative intraoperative magnet test is
preferred.

» Cochlear, ocular, penile, and heart valve prostheses, in
addition to vascular filters, require specific clearance.
Most vascular stents are safe within 6 weeks of place-
ment, but this factor should be confirmed.

» Use of MRI during pregnancy is controversial. Pregnancy
should be considered a relative contraindication,
particularly in the first trimester.

» Cervical halos should be nonferromagnetic for MRI
use. Most orthopedic hardware is safe for MRI. Size,
configuration, and orientation of axis are important.

An examination should be discontinued if a patient
experiences discomfort.

» Patients should wait at least 6-8 weeks after cardiac
bypass or other surgeries, particularly if surgical clips
are close to vital structures.

» BBsand shrapnel are ferromagnetic and dangerous. Bul-
lets and shotgun pellets are generally nonferromagnetic
and relatively safe if not located within or adjacent to
vital structures such as the neural axis, orbital globe,
heart, major blood vessels, etc. Each must be considered
as contaminants since age may change these properties.

carotid atherosclerotic disease in workups for transient
ischemia, a less invasive test such as carotid ultrasound
or MRI/MRA is preferred, reserving angiography for sub-
sequent therapeutic intervention. Historically, angiogra-
phy was used to diagnose intracranial masses by
determining displacement of blood vessels by neoplasms
or other intracranial lesions that also produce mass effect
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Figure 4.1 Normal vertebral artery angiogram.

such as subdural hematomas. At present, CT and MRI
provide much more specific and less invasive detection.

Ultrasound

Ultrasound is based on the production of mechanical vi-
brations by applying a current to a piezoelectric crystal
in a transducer head, causing the crystal to oscillate at a
set frequency. When the crystal is placed in contact with
the skin, the vibrations are conducted through the body.
Some of the vibrations are reflected at interfaces of dif-
ferent tissues and are measured by the transducer, which
also functions as a receiver. The interval between the ap-
plied pulse and the reflected signal (echo) is proportional
to the distance traveled, allowing the calculation of ob-
ject depths. The echo display brightness is proportional
to the reflected signal intensity. The amount of reflection
at an interface of two tissues is proportional to the dif-
ference in acoustic properties of the tissue types. There-
fore, interfaces with air, bone, or metal (each of which
has extreme acoustic values relative to soft tissue) result
in near complete reflections. On the other hand, trans-
mission through water involves no interfaces and should
generate no echoes (anechoic).

Another ultrasound application utilizes the change in
frequency that occurs when an echo is produced by a mov-
ing object (Doppler effect). This allows the calculation of
flow velocities in blood vessels, an important component of
vascular evaluation. Transcranial Doppler directs ultra-
sound waves into the brain, enabling many intracranial
blood vessels to be identified, as well as the direction of
flow through them. Neuroradiologic applications of ultra-
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sonography in adults include evaluation of carotid vessels
for plaques, stenosis, dissection, or subclavian steal; eval-
uation of intracranial vasculature for spasm after hemor-
rhage or trauma; ultrasound-guided needle biopsies; and
intraoperative localization of brain and spinal cord tumors.

Advantages of ultrasound include the lack of ioniz-
ing radiation, direct multiplanar imaging, portability,
real-time imaging, and relatively low cost. Its disadvan-
tages include relatively poorer tissue contrast resolution,
operator dependence, and inability to view beyond air,
bone, or metal.

Nuclear Medicine and Positron
Emission Tomography

Nuclear medicine studies record g-ray photoemissions re-
sulting from the radioactive decay of unstable atomic iso-
topes. Emissions are measured by crystal detectors with
electronically set energy ranges calibrated to the isotope
of interest. These usually produce planar images, how-
ever, moving detectors can be scanned in multiple projec-
tions and analyzed with a computer to produce a
cross-sectional image known as single-photon emission
computed tomography (SPECT). Nuclear medicine stud-
ies use radioactive atoms attached to specific carrier mol-
ecules. Because these molecules are often biologically
active, and because spatial resolution is poor, nuclear
medicine studies provide information that is generally
more physiologic than anatomic.

Neuroradiologic applications include cerebral blood
flow studies to identify regions of decreased cerebral per-
fusion, confirm brain death, or evaluate regions of seizure
activity; bone scans to evaluate metastatic lesions in the
spine; and triple-phase bone scans or Indium white blood
cell (WBC) scans to identify osteomyelitis. Indium cis-
ternograms are used to evaluate suspected cerebrospinal
fluid (CSF) leaks, extra-axial cysts, and ventricular shunt
function, and to confirm the presence of normal pressure
hydrocephalus. Functional brain scans with Techni-
tium®’™-HMPAO and 1'23 spectamine can be used for
early detection of cerebral infarction (within 1 hour) or to
evaluate collateral blood flow in preparation for cerebral
vascular surgery. Indium WBC scans and thallium studies
may be used to evaluate cerebral abscesses or tumors, re-
spectively. SPECT has been used to identify patterns of
brain hypometabolism as a marker of Alzheimer’s disease
and other dementias, but its sensitivity is not optimal.

The advantages of nuclear medicine studies include
specific physiologic information and very few con-
traindications. Disadvantages include poor spatial and
anatomic resolution, radiation exposure, limited clinical
applications, relatively long study times, and, in some
cases, nonspecificity of findings.

Positron emission tomography (PET) is a very re-
cent imaging development, and resembles SPECT, since

both use a radioactive compound producing photons and
result in cross-sectional imaging. Although in SPECT the
measured photon is a direct product of the radioactive
decay, in PET a parent compound undergoes b* decay, in
which one of the daughter decay products is a positron—
an entity that has the identical mass of an electron but is
positively charged (also called antimatter). The emitted
positron travels a short distance (usually less than 1 cm)
and collides with an electron, resulting in an annihilation
reaction producing two photons traveling in opposite di-
rections. These photons are detected tomographically and
analyzed using a computer to generate images. Most iso-
topes of carbon, nitrogen, and oxygen are positron emit-
ters, as is fluorine18, and can be attached to a wide range
of biologically active compounds. These compounds ac-
cumulate in regions of increased perfusion, oxygen con-
sumption, or glucose utilization; regions of protein
synthesis; or regions containing specific receptors.

Positron emission tomography may be used for
evaluating brain masses for determining the rate of meta-
bolic activity (higher rates generally imply a higher degree
of malignancy), localizing seizure foci, distinguishing
postsurgical change or radiation necrosis from tumor re-
currence, diagnosing Alzheimer’s dementia, and evaluat-
ing metabolic brain disorders and posttraumatic changes;
PET has also been used to map brain activity during cog-
nitive tasks. Positron emission tomographic imaging
yields physiologic information with poor anatomic and
spatial resolution. Other disadvantages include lack of
availability due to rapid decay times (only available at a
limited number of centers with a nearby cyclotron to pro-
duce the isotope), high expense, and the need for concur-
rent use of an anatomic imaging modality (usually MRI)
to improve anatomic localization.

Myelography

Myelography is an invasive procedure requiring an in-
trathecal lumbar or cervical needle puncture to gain ac-
cess to the CSE where iodine contrast is injected.
Formerly, an oil-based iodine contrast called Pantopaque
was used, which needed to be removed. Now, excellent
nonionic water-soluble intrathecal contrast agents are
used. These agents are excreted by the kidneys, do not
have to be removed, and have a rarer incidence of side ef-
fects and complications.

Myelography followed by CT is extremely inform-
ative in assessing spinal degenerative disease and its ef-
fects on the spinal cord and nerve roots. Although it has
been superseded by MRI for many purposes, myelogra-
phy is an option when MRI is contraindicated or cannot
be obtained, such as when metallic orthopedic hardware
causes excessive artifact. Myelography can effectively
show extradural spinal disease due to disc extrusion or
osteophytes. It is sensitive to the presence of intradural
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extramedullary lesions such as meningiomas or metas-
tases, as well as arteriovenous (A-V) fistulas. However,
myelography is less specific than MRI because it lacks
good soft-tissue differentiation. Subsequently, MRI is
clearly superior when the question of spinal in-
tramedullary disease is raised.

If there is a possible complete block to the flow of
the CSF in the spine, lumbar puncture should be avoided
because of the risk of herniation, and C1-C2 puncture
should be performed instead. Myelography may be ex-
tremely risky in the presence of epidural spinal infection
because the needle may traverse an epidural abscess and
seed the subarachnoid space. Therefore, in the workup of
spinal infection, MRI is preferred on the grounds of
greater safety and specificity.

Cisternography

As an extension of a myelographic procedure, intracra-
nial cisternography following placement of intrathecal io-
dinated contrast agents can be performed and is useful in
the diagnosis of arachnoid cysts within the cavarum or
calvarium CSF leaks. Radionuclide cisternography can be
performed for similar abnormalities and in cases of sus-
pected normal pressure hydrocephalus.

Spinal Intervention

Under radiologic guidance, injection of contrast material
into intervertebral discs (discography), the epidural space,
or aimed at nerve roots or articular facets may be per-
formed for diagnosis. Similarly, once location of the nee-
dle tip is confirmed, pharmacologic agents injected into
these same regions can then provide therapeutic relief. Re-
cently, widespread acceptance and performance of verte-
broplasty, the placement of methylmethacrylate into
vertebral body compression fractures (either osteoporotic
or pathologic) via transcutaneous needle insertion with
needle tip positioning into the vertebral body, usually by
a transpedicular approach, has resulted in tremendous
immediate pain relief and fracture stabilization for this
otherwise relatively untreatable problem, allowing pa-
tients, usually previously bedridden, to resume normal ac-
tivities of daily living.

Endovascular Neurointerventional Procedures

Via angiographic access, superselective vessel catheteri-
zation can be used for embolization of AVMs, vascular
tumors, and aneurysms. Embolization may make use of
polyvinyl alcohol (PVA) foam particles, cyanoacrylates,
and in some cases alcohol, coils, and balloons. Detach-
able microcoils are also commonly used to treat intracra-
nial aneurysms. Detachable balloons are effective in the
treatment of cavernous carotid fistulas. Vascular tumors
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such as meningiomas are often treated by flow-directed
tiny PVA foam particles, whereas soft-tissue tumors can
be treated with direct intra-arterial chemotherapy ad-
ministration. Thrombolysis may be performed in cases of
hyperacute strokes within less than 6 hours of onset. After
superselective catheterization of arteries, tissue plas-
minogen activator (TPA) or urokinase may be infused to
dissolve fresh thrombi directly. Angioplasty can be used to
treat proximal cerebral artery vasospasm, a complication
of subarachnoid hemorrhage. Additionally, intra-arterial
infusion of papaverine can be helpful for more distal vas-
cular spasm, although the agent is effective for only short
periods of time and may need to be repeated. Finally, an-
gioplasty with stenting for arthrosclerotic stenotic lesions
of the carotid arteries is now an acceptable alternative to
carotid endarterectomy surgery.

Problem-solving Approaches

Brain Disorders

Trauma

Computed tomography remains the most efficient and ef-
fective means of evaluating acute head trauma, and can
readily detect hemorrhage and other effects. Epidural
hematomas have a characteristic extra-axial biconvex or
lenticular shape. In the acute phase, they are of high den-
sity and appear white. These are often associated with
skull fractures that cross meningeal grooves or dural si-
nuses, resulting in subsequent rupture of the associated
vessel, meningeal artery, or venous sinus, respectively
(Figure 4.2). Patients may initially present with a lucent
interval, making detection by imaging critical prior to the
development of serious neurologic deterioration due to
cerebral compression from the adjacent mass effect of the
lesion. Although epidural hematoma is well known to be
a medical emergency, the even more common subdural
hematoma can be just as serious. Subdural hematomas
have a typical extra-axial crescent shape and, in the acute,
phase appear white, whereas a subacute or chronic sub-
dural will be less dense, appearing gray or black, respec-
tively. A subdural hematoma may occur in the absence of
a skull fracture. These lesions are due to rupture of the
traversing cortical veins where they join with the dural si-
nuses. Subdural hematomas are common manifestations
of head trauma, can also be associated with significant
mass effect on the adjacent brain parenchyma, and may
be accompanied by other serious traumatic injury such as
contusions and shears.

Cerebral contusions are intraparenchymal “brain
bruises” caused by contact between the cortical surface and
the adjacent calvarium. They can be either hemorrhagic or
bland (edematous). The lesions may occur adjacent to the
area of impact (coup) or opposite the site of impact (con-
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Figure 4.2 Trauma.Computed tomography reveals a lenticular
high-density collection in the left occipital region indicating an
acute epidural hematoma (large arrow).The high density and
thickening along the posterior falx is consistent with an inter-
hemispheric subdural hematoma (broad medium-sized arrow).
The high density along a right frontal sulcus (small arrow) indi-
cates subarachnoid hemorrhage.

trecoup). They do not always manifest immediately, reach-
ing their maximum extent after a latency of 4-7 days;
therefore, serial CT studies may be needed. Shear injuries—
also known as diffuse axonal injury (DAI)—are also intra-
parenchymal lesions, but occur deeper in the brain than
cerebral contusions, at gray—white matter junctions, along
major white matter tracts such as the corpus callosum, and
in the brainstem. Like contusions, shear injuries may be he-
morrhagic but are more commonly bland. These bland
edematous changes are therefore more readily detected by
MRI than CT (Tables 4.3 and 4.4).

Fractures of the skull and facial bones can be de-
tected by plain films or more readily by CT. Fractures
may be a marker of underlying intracranial injury. Al-
though nondepressed skull fractures may be of less clini-
cal importance, depressed skull fractures (more easily
recognized by CT) can be very significant. Depression of
at least 5 mm (the width of the skull) warrants neurosur-
gical attention because such fractures are often associated
with open injuries and tears of the dura.

Skull base fractures may result in a CSF leak. Fine-
cut CT, particularly in the coronal plane, is an effective
way of determining the presence of basal skull fractures
(Figure 4.3). Evaluation for CSF rhinorrhea may be initi-
ated with radionuclide cisternography. This can be fol-
lowed by fine-cut CT scanning in the area of suspicious

Table 4.3 Hemorrhage on CT

Stage Time State
Acute 0-1 week Bright
Subacute 1-3 weeks Isodense
Chronic >3 weeks Dark

1 The signal of hemorrhage on computed tomography (CT) varies with
time.The bright signal largely depends on the hemoglobin (protein) con-
centration, which eventually breaks down and is diluted. In anemia, the
bright signal may not show with acute hemorrhage.

2 In some cases of hyperacute hemorrhage, the signal of actively extravasat-
ing blood may be isointense (gray) rather than bright due to its liquid (un-
clotted) state. A memory aid for the timing of isointense blood is the “rule
of sevens,”i.e., 7 seconds or 7 days.

3 The signal of chronic hemorrhage is dark (like cerebrospinal fluid) on CT,
so that differentiation between a chronic subdural hematoma and a sub-
dural hygroma may be difficult. Magnetic resonance imaging may be
needed to distinguish between the two.

4 Subdural hematomas along the tentorium cerebelli can be very difficult to
detect on CT.

radionuclide concentration with iodine contrast cis-
ternography, if necessary.

High-resolution CT is the optimal means of evaluat-
ing the temporal bone for possible fractures. Longitudinal
fractures appear along the long axis of the temporal bone
and are more common than transverse fractures. They usu-
ally result in ossicular dislocation and conductive hearing
loss. Transverse fractures cross the axis of the petrous por-
tion of the temporal bone and are usually more serious,
damaging the VII and VIII cranial nerve complex, resulting
in sensorineural hearing loss and facial paralysis.

Direct vascular trauma may result in frank lacera-
tions of vessels, pseudoaneurysm formation, and fistulas.

Table 4.4 Hemorrhage on MRI

Stage Time State T T2
Hyperacute 0-6 hours OxyHgb Iso Iso
Acute 6 hours-3days  DeoxyHgb Iso Dark

Subacute (early) 3-7 days Intracell MET ~ Bright Dark
Extracell MET  Bright Bright

Hemosiderin ~ Dark Dark

Subacute (late) 1-3 weeks

Chronic 3 weeks—forever

OxyHgb,= oxyhemoglobin; DeoxyHgb, deoxyhemoglobin; intracell MET, intra-

cellular methemoglobin; Extracell MET, extracellular methemoglobin.

1 Hemorrhage changes in a different manner on magnetic resonance imag-
ing (MRI) than on computed tomography (CT).In addition to protein
breakdown, changes also occur in paramagnetic effects.

2 In the hyperacute stage, detection of subarachnoid hemorrhage can be
very difficult because it may have the same signal as adjacent cere-
brospinal fluid unless fluid-attenuating inversion recovery (FLAIR) imaging
sequences are obtained.

3 Because none of the signals of hemorrhage on MRI are exactly the same
as water on all pulse sequences, this can help differentiate a chronic sub-
dural hematoma from a subdural hygroma.

4 Extracellular MET may also persist forever in the brain if the blood-brain
barrier becomes intact prior to macrophage invasion, which is required for
conversion to hemosiderin.
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Figure 4.3 Trauma. Coronal computed tomography of the face
demonstrating multiple complex facial fractures (black arrows).
There are also fractures at the cribriform plate at the base of the
skull (arrowheads), and pneumocephalus in the left subfrontal re-
gion (open arrow). Meningitis may be a potential complication.

Rapidly enlarging soft tissues, subarachnoid hemorrhage,
or active wound bleeding may warrant urgent radi-
ographic evaluation by angiography. Arteriovenous fistu-
lae, most commonly a carotid artery—cavernous sinus
fistula or vertebral artery—vertebral vein fistula, may de-
velop as a result of vascular trauma, or a dural A-V fis-
tulae can occur following thrombosis of a dural sinus.
The carotid—cavernous fistula may manifest as proptosis
and chemosis. Computed tomography may reveal a di-
lated superior ophthalmic vein. Angiography is necessary
for definitive evaluation, and neurointerventional tech-
niques such as balloon occlusion of the fistulae may be
needed for final treatment. Arterial lacerations or
pseudoaneurysms should be diagnosed acutely by an-
giography. In many cases, these can be treated by neu-
rointerventional techniques using detachable balloons, or
coils, or both.

Neoplasms

Evaluation of cerebral neoplasia can be performed effec-
tively by CT or MRI. The use of contrast agents is very
helpful in defining the extent and nature of the underly-
ing neoplasm. For lesions above the tentorium cerebelli,
noncontrast CT is an inadequate examination, since small
lesions may be missed; however, the addition of contrast
material results in satisfactory visualization of these le-
sions. For masses below the tentorium, where beam-hard-
ening artifacts from adjacent temporal bones degrade the
CT images, lesions may be missed even following contrast
administration. Magnetic resonance imaging is superior
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Table 4.5 Frequency of brain tumors

Metastasis 40%
Gliomas 25%
Meningiomas 15%
Pituitary adenomas 10%
Schwannomas <10%
Other 1%

to CT in the detection of neoplastic lesions, in particular
those in the posterior fossa, and should be performed in
all patients especially those who have a contraindication
to iodinated contrast material that precludes a contrast-
enhanced CT scan (Table 4.5).

When evaluating metastatic disease, one should pay
attention not only to the brain parenchyma but also to
the bones, which may be affected by metastases, particu-
larly those from lung, breast, and prostate, as well as lym-
phoma. On CT, one should scrutinize the bone windows
in addition to the brain windows. When searching for
metastatic disease with MRI, it is important to look care-
fully at the bone marrow signal on T1-weighted images,

L

Figure 4.4 Extra-axial tumor.T1-weighted post-gadolinium
magnetic resonance imaging showing an extra-axial enhancing
mass arising from the right subfrontal region of the cranium,
with a broad-based dural surface attachment (arrows). These fea-
tures are characteristics of a meningioma.
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Figure 4.5 Meningeal tumor.T1-weighted post-gadolinium
coronal magnetic resonance imaging of the brain demonstrating
abnormal contiguous meningeal enhancement over the convexi-
ties (solid arrows), which may be seen in infections, neoplasia, and
other conditions—in this case, lymphoma.There is also enhance-
ment of the tentorium (open arrows).

which normally has a homogeneous appearance in the
skull and the clivus. The meninges must be examined
carefully to detect extra-axial lesions such as meningioma
(Figure 4.4) or metastatic disease, for example from the
breast, lung, or melanoma, or from lymphoma.
Meningeal involvement is best imaged by T1-weighted
postgadolinium MRI scans taken in the coronal and axial
planes (Figure 4.5).

Some tumors, such as oligodendrogliomas, cranio-
pharyngiomas, astrocytomas, dermoids, and menin-
giomas, tend to calcify, whereas others may cause bone
destruction. These changes are best seen on CT. On the
other hand, the most sensitive indicator of early bone
marrow involvement is MRI, in which the T1-weighted
images demonstrate loss of bright bone marrow signal.
Some tumors may be hemorrhagic, which assists in the
differential diagnosis (Figure 4.6 and Table 4.6).

Tumors may present as ring-enhancing lesions and
can mimic the appearance of inflammatory lesions such as
abscesses. Glioblastoma multiforme (GBM) typically has
a ring-enhancing configuration due to its necrotic center,
often with eccentric thickening where blood vessels enter
(Figure 4.7). Juvenile pilocytic astrocytomas may present

Figure 4.6 Metastases. Axial noncontrast computed tomogra-
phy shows multiple scattered high-density nodules throughout
the brain with surrounding vasogenic edema, suggestive of hem-
orrhagic metastases, or possibly septic emboli. Biopsy showed
metastatic melanoma.

as an enhancing nodule with or without an adjacent rim-
enhancing cyst. Metastatic lymphoma in immunosup-
pressed patients often presents as a periventricular

v

Pearls and Perils

Brain tumors

» The use of iodine or gadolinium contrast agents markedly
increases the conspicuity of most brain tumors.

> Metastatic lesions are much more easily seen with
contrast agents. They often appear as one or more
nodules surrounded by extensive edema.

> Asolitary lesion does not necessarily exclude a
metastasis; 40-50% are single when found.

» Some brain neoplasms and other mass lesions typically
do not enhance.These include lower-grade astrocy-
tomas, lipomas, epidermoids, and arachnoid cysts.
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Figure 4.7 Intraparenchymal tumor.T1-weighted postgadolin-
ium coronal magnetic resonance imaging demonstrates a ring-
enhancing mass with surrounding edema in the right parietal
lobe, causing midline shift and compressing the right lateral ven-
tricle. The mass is eccentrically thickened along its medial inferior
border.This appearance is typical of a glioblastoma multiforme,
which was confirmed on biopsy.

ring-enhancing lesion. Sometimes it is difficult to deter-
mine if a ring-enhancing lesion is a neoplasm, an inflam-
matory process, or other lesion. Clinical history,
characterization of imaging patterns, and MR spec-
troscopy (Figure 4.8) can be helpful, although biopsy may
ultimately be necessary (Box 4.1).

When initially viewing an intracranial mass, it is im-
portant to determine whether it arises from within the
brain (intra-axial) or from outside the brain (extra-axial),
since this will significantly change the differential diag-
nostic possibilities. Magnetic resonance imaging has the
distinct advantage of true multiplanar anatomic presen-
tations, which facilitates this determination. Computed
tomography may fail to demonstrate a dural attachment
of an extra-axial lesion (Table 4.7).

Table 4.6 Common hemorrhagic brain tumors

Primary Metastatic

Glioblastoma multiforme Melanoma

Ependymoma Choriocarcinoma
Pituitary adenoma Renal cell carcinoma
Oligodendroglioma Thyroid carcinoma

Adenocarcinoma
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Figure 4.8 Glioblastoma multiforme. A: Axial T1-weighted mag-
netic resonance imaging (MRI) with gadolinium contrast and MR
spectroscopy voxel shows a large right frontal intraparenchymal
mass with peripheral enhancement, necrotic center,and right to
left midline shift. B: Short T MR spectra demonstrates dimin-
ished N-acetylaspartate (NAA), decreased creatine (Cr), markedly
elevated choline (Cho), elevated lactate (Lac), and elevated lipid
(Lip), a pattern indicative of highly malignant neoplasm.
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Table 4.7 Features of intra-axial
and extra-axial masses

Imaging features: intra-axial mass
Cortex pushed out
Infiltrates brain
Narrows cisterns
Typical intra-axial masses
Glioma (includes astrocytoma, ependymoma, oligodendroglioma,
GBM)
Brain metastasis
Primitive neural ectodermal tumor (PNET)
Hemangioblastoma
Primary cerebral lymphoma
Imaging features: extra-axial mass
Cortex pushed in
Dural base:flat, broad based, dural “tail”
Bone changes
Widens cisterns
Typical extra-axial masses
Meningioma
Schwannoma
Pituitary adenoma
Epidermoid, dermoid, lipoma
Meningeal metastasis
Secondary lymphoma
Arachnoid cyst

Vascular disease

The term stroke encompasses a wide group of cerebral
vascular disorders with differing clinical presentation,
pathology, etiology, prognosis, and treatment.

Cerebral infarction. Ischemic cerebral vascular disease
leading to cerebral infarction is the most common cause
of stroke. The usual mechanisms include arterial steno-
sis/occlusion or embolism, or both, from atherosclerotic

v

Box 4.1 Common ring-enhancing lesions

Mnemonic: MAGIC DR

M: Metastases

A:  Aneurysm

G: Glioma

I: Infections (abscess)

C: Clot (resolving hematoma)

D: Demyelinating process (e.g., active multiple sclerosis

plaque)
Radiation change
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vascular narrowing/ulceration, arterial thrombosis, ath-
erosclerotic embolic debris, or embolism from cardiac
sources.

The acute phase of an infarct may become appar-
ent on MRI within an hour of the stroke, particularly
with diffusion-weighted imaging, and on CT in 6-24
hours, depending on lesion size. Earlier than this, CT is
often completely normal. On CT, changes may be quite
subtle, with evidence of mild mass effect manifested by
sulcal effacement due to slight brain swelling, or the nor-
mal band of low-density medial to the insula (the insular
ribbon) may be lost. On CT, there may be decreased den-
sity or, on T2-weighted MRI, increased signal intensity
secondary to the increased water content in the neuronal
cells (cytotoxic edema). Additionally, it is this cytotoxic
edema that results in restricted water diffusion in the cell,
allowing early identification of the lesion on diffusion-
weighted MRI (Figure 4.9).

If contrast is given in the acute phase, blood vessels
in the region of the infarct may enhance. This intravas-
cular enbancement sign is seen more often on MRI than
on CT. Later, one may visualize meningeal enhancement
in the territory of the infarct, again more obvious on
MRI. Early thrombosis of the feeding vessel leading to the
area of infarction may show as loss of the vascular flow
void on MRI or as a hyperdense artery on CT.

During the subacute phase, which may last from a
few days to a few weeks, the likelihood of hemorrhage
increases. Although an infarct may not be frankly hem-
orrhagic initially, it may develop petechial hemorrhage
later, usually along the gyral surfaces. The petechial
hemorrhage appears on CT or MRI as a wavy cortical
pattern, and may progress to a denser, deeper intra-
parenchymal hemorrhagic pattern. During this phase, the
pattern with contrast agent administration changes from
predominantly meningeal to increasingly intraparenchy-
mal enhancement, usually taking on a wedge-shaped ap-
pearance. Brain swelling progressively diminishes.

In the chronic phase of an infarct, encephalomala-
cia develops, with focal volume loss appearing as a dark
area on CT or a bright area on T2-weighted MRI. Com-
pensatory enlargement of the adjacent ventricle may
occur. Congenital infarction may produce gross loss of
brain, leaving a cyst lined by gliotic white matter com-
municating with the adjacent ventricle, referred to as
porencephaly.

Vascular evaluation. When there is a history of transient
ischemic attack, amaurosis fugax, or an infarct, a vascu-
lar workup should be performed. The most sensitive ul-
trasound assessment of the carotid arteries is obtained by
duplex evaluation, combining an image of anatomic fea-
tures (e.g., carotid plaques) with Doppler evaluation of
carotid blood flow velocity. From the peaks of systolic ve-
locity and waveforms, a percent stenosis of the diameter
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Figure 4.9 Acute infarct. A: Axial FLAIR magnetic resonance
image (MRI) shows a region of increased signal intensity in the
right medial frontal lobe involving the gray and adjacent white
matter compatible with a right anterior cerebral artery infarct.

B: Diffusion-weighted MRI confirms the lesion is an acute infarct.

of the internal carotid artery is estimated. Ultrasound
evaluation of the carotid arteries is noninvasive compared
to catheter carotid angiography, but its accuracy is ex-
tremely operator-dependent. Therefore, a skilled ultra-
sonographer should perform the evaluation.

Following initial screening by ultrasound of the
carotid arteries or echocardiography (to locate a possible
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cardiac embolic source), or both, further evaluation of the
brain’s vasculature can be obtained by angiography, using
CT, MRI, or catheter contrast angiography. Both CTA
and MRA are noninvasive and can be performed with
considerable accuracy. On MRA, a two-dimensional
time-of-flight technique is chosen to cover the entire neck
from the thoracic inlet to the skull base. A three-dimen-
sional time-of-flight technique, which gives greater detail
but less area coverage than the two-dimensional type, can
be chosen to display the circle of Willis. One should be-
ware of flow and dephasing artifacts, particularly at the
petrous bone and whenever there are sharp bends in ves-
sels, because these may cause false-positive stenoses. Two-
dimensional MRA may overestimate the degree of true
carotid stenosis but is more dependable than ultrasound
for detecting tandem stenoses. With the use of gadolin-
ium contrast agent, a three-dimensional technique can
now be acquired of the neck vessels, resulting in less sat-
uration artifact and more accurate determination of the
degree of vascular stenosis, as well as the detection of ex-
tremely slow flow such as that seen in a carotid “string
sign.” Computed tomography angiography also provides
accurate information on the degree of vascular narrow-
ing; however, high-density material such as calcification in
atherosclerotic plaque or the normal skull base bone may
lead to image artifact and possible misinterpretation of
the examination.

Catheter angiography can also accurately measure
the degree of vascular stenosis (Figure 4.10). However,
being an invasive procedure and given the accuracy of
CTA and MRA, it is usually reserved to answer a specific
question regarding the patient’s condition. Catheter an-
giography can better delineate collateral flow, vascular
steal, vasculitis, and associated lesions such as tandem
stenoses, intracerebral aneurysms, and AVMs, as well as
tumor vascularity. Although MRA is an excellent screen-
ing test and can usually detect aneurysms as small as 3
mm, catheter angiography remains the gold standard to
diagnose small vascular abnormalities. Catheter angiog-
raphy is also necessary to fully evaluate the feeding ar-
teries, vascular nidus, and draining veins of an AVM, and
is, of course, mandatory prior to endovascular therapy
such as embolization for AVMs, A-V fistulae, and
aneurysms; angioplasty for stenoses or vasospasm (Fig-
ure 4.11); and superselective chemotherapy infusion for
tumors.

Most recently, CT or MR perfusion examinations
have become clinically available to further evaluate cere-
brovascular physiology, and these have shown great
promise to expand the time window for administration
of thrombolytic agents in the presence of acute cerebral is-
chemic disease. This technique can produce cerebral
blood flow (CBF), cerebral blood volume (CBV), and
blood mean transit time (MTT) maps that demonstrate
perfusion mismatches of infarcted versus ischemic—yet



Chapter4 ¥ Neuroradiology 65

Figure 4.10 Vascular stenosis. Lateral view of a left common
carotid angiogram demonstrating high-grade stenosis at the
proximal left internal carotid artery.There is 83% diameter steno-
sis (open arrow) relative to the normal expected diameter of the
left internal carotid artery (solid arrow).

still viable—brain parenchyma (ischemic penumbra),
which is potentially salvageable (Figure 4.12), while lim-
iting the risk of hemorrhagic complications.

Unusual causes of ischemic cerebrovascular disease. One
should consider other causes of ischemic cerebral vascu-
lar disease, particularly if the patient is young or lacks
risk factors for arteriosclerosis. Arterial dissection is due
to a tear within the vessel wall leading to either a false
lumen (appearing as a double lumen on angiography) or
subintimal hematoma (appearing as vessel narrowing).
Arterial dissection most commonly affects the proximal
internal carotid artery just distal to the carotid bifurca-
tion or the vertebral artery from C1-C2 to the skull base.
The most specific way of demonstrating dissection, par-
ticularly if a subacute thrombus is present in the vessel
wall, is by MRI, because angiography may show only ves-
sel narrowing (the effect of the lesion on the vascular
lumen), whereas MRI depicts the actual hematoma in the
vessel wall.

Figure 4.11 Vascular stenosis. Left common carotid angiogram
demonstrating high-grade stenosis of the intracranial pericav-
ernous left internal carotid artery (arrows). This lesion is not
amenable to surgical repair, but could be treated with carotid
angioplasty and stenting.

Vasculitis is most accurately diagnosed by catheter
angiography, since the lesions are commonly located in
the smaller vessels of the distal vasculature. Therefore,
sharp focus and great detail are required to find these
areas of subtle narrowing and luminal irregularity. The
causes of vasculitis include collagen vascular disease (for
example, systemic lupus erythematosus or scleroderma),
necrotizing disorders (such as giant cell arteritis, Takayasu
disease, or periarteritis nodosa), drug-related disease, or
infections (tuberculosis, syphilis). Drugs of abuse, such as
cocaine, amphetamines, or heroin may cause vascular
spasm, vasculitis, thrombosis, or intraparenchymal hem-
orrhage leading to brain infarction in typical or atypical
locations. Septic emboli with scattered brain abscesses
may also occur.

The basal ganglia, particularly the putamen and
globus pallidus, develop infarction (often bilateral and
symmetric) in rare metabolic conditions such as Leigh’s
disease and propionic acidemia. Toxic causes of cerebral
anoxia, including poisoning due to carbon monoxide or
cyanide, also may affect the basal ganglia symmetrically.

Magnetic resonance imaging is an excellent modal-
ity to evaluate venous thrombosis, an often-overlooked
cause of stroke. On spin echo, one may see the bright sig-
nal of subacute thrombus in a dural sinus, such as the su-
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perior sagittal sinus. Phase-contrast magnetic resonance
venograms (MRV) can demonstrate the lack of flow in
many venous structures, such as the major dural sinuses
(the superior sagittal sinus, the straight sinus, or the trans-

Figure 4.12 Ischemic penumbra. A: Axial diffusion-weighted
magnetic resonance imaging (MRI) reveals foci of increased
signal from acute infarction in the right frontal lobe deep white
matter. B: Axial MR perfusion mean transit time map depicts a
large region of delayed cerebral perfusion (diffusion—perfusion
mismatch) throughout the entire right middle cerebral artery
territory, compatible with ischemic but not yet infarcted brain
parenchyma.
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verse sinuses) or the smaller draining veins (the superficial
cortical veins or the deep internal cerebral veins). On con-
trast-enhanced CT, one may encounter the delta (d) sign,
noted in the major dural sinuses but most commonly seen
at the torcula (the triangular-shaped junction of the
straight sinus, superior sagittal sinus, and transverse si-
nuses at the occiput). This is caused by the absence of sig-
nal in the center of the sinus due to the occluding
thrombus but with bright enhancement at the periphery
of the sinus secondary to the small, contrast-filled collat-
eral venous channels in the sinus wall.

Intracranial hemorrhage. Primary intracranial hemorrhage
in the absence of trauma accounts for 15% of strokes.
The usual causes are hypertension (50%), amyloid an-
giopathy (20%), vascular malformations (15%), and
other causes such as coagulopathy, drugs, infarction, neo-
plasia, or rarely, infectious processes.

Hypertensive hemorrhages are most commonly
identified by their intraparenchymal location in the puta-
men (Figure 4.13) or thalamus, or less commonly in the
pons, cerebellum, or subcortical regions. The risk of amy-
loid angiopathy increases with age. Deposition of amy-

Figure 4.13 Hypertensive hemorrhage. Axial noncontrast com-
puted tomography of the brain showing a large intraparenchy-
mal hemorrhage arising from the left basal ganglia (solid arrow)
and causing midline shift to the right, with leakage of blood into
the lateral ventricles (open arrow) and subsequent development
of hydrocephalus.



Chapter4 ¥ Neuroradiology 67

loid along vessel walls leads to loss of vessel integrity and
subsequent hemorrhages, typically located in the periph-
eral lobar areas. Although imaging studies may be sug-
gestive, the diagnosis is confirmed by demonstrating
vascular amyloid on biopsy.

Coagulopathies can cause intracranial hemorrhage.
Coagulopathies may be secondary to anticoagulation
with Coumadin, heparin, and aspirin, or they may be due
to primary disorders such as disseminated intravascular
coagulopathy, thrombotic thrombocytopenic purpura, he-
mophilia, and hemolytic—uremic syndrome. Meningitis or
encephalitis may be associated with peripheral (usually
petechial) gyral hemorrhages and may mimic subarach-
noid hemorrhage. Contrast usually shows gyral enhance-
ment of the leptomeninges, dural enhancement of the
pachymeninges, or both.

Neoplasms may undergo hemorrhage. The use of
iodine or gadolinium as a contrast agent may reveal an
enhancing nodule adjacent to a hematoma, suggesting a
neoplasm. The primary brain neoplasm that tends to
hemorrhage most often is glioblastoma multiforme, fol-
lowed by ependymoma, oligodendroglioma, and pituitary
adenoma. Metastatic lesions with a high likelihood of
hemorrhage include melanoma, choriocarcinoma, renal
cell carcinoma, thyroid carcinoma, and adenocarcinoma.

About 15% of cases of hemorrhage are due to vas-
cular malformations. Arteriovenous malformations are
the most common type, but hemorrhage may also re-
sult from cavernous malformations, rarely from capil-
lary telangiectasia, and very uncommonly from
developmental venous anomalies (DVAs). An AVM is a
congenital shunt between the arterial and venous sys-
tem, in which microfistulae are found instead of capil-
laries, causing the left-to-right shunt. Increased flow
through AVMs may lead to the formation of arterial
aneurysms or venous varices. Evaluation of an AVM
may start with CT to demonstrate hemorrhage, with
punctate or serpentine calcifications found in up to
25%. Magnetic resonance imaging shows numerous
vascular flow voids at the region of the nidus, in addi-
tion to enlarged feeding arteries and draining veins.
Magnetic resonance angiography may help to show the
detail of the AVM, but the definitive diagnostic workup
requires detailed catheter angiography, which may be
combined with specific endovascular therapies (em-
bolization) and followed by surgical removal. The ra-
diologic angiographic hallmark of an AVM is early
venous drainage during the arterial phase and the pres-
ence of a vascular tangle or nidus.

Cavernous malformations are very slow-flowing
vascular malformations. Like other vascular malforma-
tions, they usually do not cause significant mass effect un-
less they bleed. They are best detected by MRI, which
may reveal the footprints of prior hemorrhage (the pres-
ence of low-signal-intensity hemosiderin), particularly in

gradient echo studies. Spin echo sequences may indicate
subacute hemorrhage as high T1 signal extracellular
methemoglobin (Figure 4.14). Phase-contrast MRA can
be even more sensitive to slowly flowing blood and may
demonstrate cavernomas, which can be invisible on
catheter angiography due to the extremely slow flow.

A DVA (formerly known as venous angioma) is an
unusual appearing collection of veins that actually drains
normal brain parenchyma. On angiography, its appear-
ance may be bizarre, taking on a medusa’s head shape of
tangled veins draining into a single venous channel, seen
only in the venous phase on angiography. Developmental
venous anomalies only rarely produce bleeding or mass
effect. Capillary telangiectasias are tiny vascular malfor-
mations that may only very rarely undergo punctate hem-
orrhage. Again, the best way to detect their footprints is
by MRI, using gradient echo sequences sensitive to he-
mosiderin (if prior bleeding has occurred) and to the in-
herent deoxyhemoglobin within these lesions; otherwise,
this entity is more commonly recognized as showing a
punctuate area of enhancement (usually in the pons) fol-
lowing contrast material administration.

Figure 4.14 Hemorrhage in a patient with temporal lobe
epilepsy due to cavernous hemangioma. Axial T2-weighted
magnetic resonance imaging reveals an area of high signal (solid
arrow) with surrounding low signal (smaller paired arrows),
consistent with subacute hemorrhage with a rim of surrounding
hemosiderin.
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Subarachnoid hemorrhage Primary (nontraumatic) sub-
arachnoid hemorrhage accounts for about 5% of strokes.
The most common cause is aneurysm rupture (80%), fol-
lowed by vascular malformations (15%), and rarely co-
agulopathy, drugs, or sepsis. Aneurysmal hemorrhage
represents a neurosurgical emergency. About 2% of peo-
ple harbor aneurysms, as shown by surveys of cerebral an-
giograms or of autopsy specimens. If an aneurysm bleeds,
there is a 50% chance of rebleeding and a 50% chance of
mortality if left untreated. The risk of a hemorrhage from
an aneurysm is approximately 1-2% per year. Aneurysms
are usually found at arterial bifurcations and are related to
faster or disturbed blood flow. Most aneurysms are lo-
cated around the circle of Willis (Table 4.8). Indeed, if an
aneurysm is peripheral to the circle of Willis, one should
consider the possibility of a mycotic aneurysm, AVM-in-
duced aneurysm, or other lesion.

When acute subarachnoid hemorrhage is suspected,
the initial evaluation should be CT to identify the site of
maximal blood collection as a predictor of the site of the
aneurysm. This should be followed by detailed catheter
angiography to define the aneurysm, although CTA or
MRA may also be helpful. Because there is a 20% chance
of multiple aneurysms, a complete cerebral angiogram
should be performed. A good-quality cerebral angiogram
should define the aneurysm, its exact location, the direc-
tion that it is pointing, the nature of its neck, whether
there is adjacent arterial spasm, and if other aneurysms
are present. Additionally, at the same setting, the
aneurysm could then be treated endovascularly with de-
tachable coils following the diagnostic procedure, if ap-
propriate criteria are met such as a narrow aneurysm
neck, ability to access the aneurysm via catheter naviga-
tion, and no arterial branch incorporated into the
aneurysm sac wall.

Infection

Neuroimaging studies may be helpful in the evaluation of
certain types of brain infections, particularly encephali-
tis, abscesses, and meningeal and parameningeal abnor-
malities. The use of contrast with CT or MRI is extremely
important to make the disease process much more con-
spicuous. For encephalitis and to detect meningeal and
subependymal abnormalities, MRI is more sensitive than
CT. For lesions that calcify (such as old cysticercosis or

Table 4.8 Common locations of aneurysms

Anterior communicating artery 35%
Posterior communicating artery 35%
Middle cerebral artery 20%
Basilar artery 5%
Posterior fossa and other sites <5%
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Pearls and Perils
Aneurysms

> If several aneurysms are present on angiography, the
decision as to which aneurysm has bled is usually based
on aneurysm size (the largest being the most likely to
have ruptured) as well as associated information
obtained on the angiogram and clues from other
neuroimaging studies:

a Site of greatest blood collection:
- Interhemispheric fissure: anterior communicating
artery origin
— Sylvian fissure:ipsilateral posterior communicat-
ing or middle cerebral artery origin
- Prepontine cistern: basilar artery origin
— Foramen magnum or fourth ventricle: posterior
inferior cerebellar artery origin
b Active extravasation of contrast from the aneurysm.
¢ Adjacent vascular spasm.
d Irregularity of the aneurysm (Murphy'’s teat).

» If an aneurysm is not found by cerebral angiography, a
repeat study should be performed 1-2 weeks later; an
aneurysm may go undetected because it has clotted or
vasospasm is present at the time of initial angiography.

» In nonhemorrhagic situations (e.g.,in a patient with
family history of aneurysms), MRA is a reasonable
noninvasive screen and can detect unruptured
aneurysms as small as 3 mm.

granulomatous lesions) and for lesions arising from the
skull (e.g., complications of sinusitis or mastoiditis), CT
is more revealing than MRI, particularly in demonstrat-
ing areas of skull base erosion on scans taken in the coro-
nal plane. However, MRI may be more helpful in
demonstrating the extent of dural involvement or trans-
dural penetration of a disease process. Communicating
hydrocephalus may be a complication of meningitis and
is detectable by either CT or MRI.

Magnetic resonance imaging is superior in detect-
ing encephalitis because it shows white matter changes
earlier than CT and is better at revealing areas of adja-
cent edema. Complications such as brain abscess can be
detected readily by CT or MRI with contrast agents. Her-
pes simplex causes a devastating form of encephalitis and
is a medical emergency because early treatment may be
lifesaving. This virus has a predilection for the insula and
temporal lobe, and is identified more readily by MRI than
CT. In some cases it may mimic a tumor mass.

Human immunodeficiency virus (HIV) infection
and a host of HIV-related diseases commonly affect the
nervous system. In HIV infections of the brain, CT or
MRI shows progressive central and peripheral volume
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loss and deep white matter changes, usually without en-
hancement. In patients with HIV, brain involvement due
to toxoplasmosis or lymphoma may produce focal neu-
rologic deficits, with lesions that are readily detected by
either contrast CT or MRI. Toxoplasmosis appears as
nodular, ring-like, or bull’s-eye enhancing lesions with
surrounding edema, usually 1-2 c¢m in size and located in
the basal ganglia or gray-white matter junctions. Lym-
phoma lesions can appear to be almost identical to toxo-
plasmosis, but tend to cluster around the ventricles and
may be somewhat larger, from about 2-3 cm. They also
are more typically ring enhancing rather than nodular or
bull’s-eye in shape, and they may show hyperdensity on
CT or low T2 signal intensity on MRI due to the high nu-
clear-to-cytoplasmic ratio of the small “blue” cells that
comprise this lesion. Additionally, MRS is an excellent
modality to differentiate these two, sometimes confusing,
lesions rather than the usual initiation of empiric therapy
or brain biopsy.

Cytomegalovirus (CMV) can cause ependymitis in
patients with HIV. Ependymitis is readily detected as an
area of periventricular high signal on T2-weighted MRI,
which enhances with gadolinium. CMV retinitis is difficult
to detect by CT or MRI unless, a secondary hemorrhage
occurs. At the cauda equina or a peripheral nerve level,
CMV polyradiculitis can readily be seen on MRI with
gadolinium and fat suppression techniques (Figure 4.15).

Sl

Figure 4.15 Cytomegalovirus (CMV) polyradiculitis in a patient
with acquired immune deficiency syndrome.T1-weighted sagit-
tal magnetic resonance imaging postgadolinium of the lumbar
spine reveals multiple enhancing nerve roots in the cauda
equina (open arrows).

Mycobacteria (usually Mycobacterium tuberculosis
or avium), the most common HIV-related opportunistic
infection worldwide, may present with thick meningeal
enhancement (best seen on MRI) and scattered enhanc-
ing granulomas throughout the brain. Cryptococcus, an-
other common HIV-related disease, tends to affect the
Virchow-Robin perivascular spaces, which show dilata-
tion and occasionally mild enhancement. The adjacent
meninges may also enhance and thicken. Again, this is
usually best seen on MRI with contrast.

Intravenous drug abuse may result in complications
such as vasculitis, septic emboli, mycotic aneurysms, in-
farcts, and brain abscesses. Whereas brain abscesses and
infarcts can be detected with CT or MRI, vasculitis and
mycotic aneurysms may be subtle and are usually best eval-
uated by highly detailed cerebral catheter angiography.

Multiple sclerosis and white matter diseases

Multiple sclerosis is by far the most commonly acquired
demyelinating disease, resulting in white matter changes
that are most sensitively revealed by MRI (Figure 4.16).
Numerous lesions are found, potentially anywhere in the
white matter. Sites of predilection are periventricular re-

Figure 4.16 Multiple sclerosis. Axial proton density magnetic
resonance imaging of the brain demonstrating focal and conflu-
ent areas of high signal intensity in the periventricular white
matter. The configuration is nodular or knuckle-like, reminiscent
of fingers curled around the ventricles (arrows)—the so-called
Dawson'’s fingers.
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gions (in particular around the atria), the corpus callo-
sum, brainstem (especially at the root of the fifth cranial
nerve), cerebellum, medulla, and cervical cord. Subtle le-
sions may be seen affecting the optic nerves. Active hy-
peracute lesions (usually <6 weeks old) may enhance
with gadolinium. Occasionally, active lesions may result
in tumefaction, with mass effect and surrounding edema.
In chronic multiple sclerosis, one may see areas of vol-
ume loss.

The specific diagnosis of multiple sclerosis cannot
be made by imaging alone because other disease
processes, such as Lyme disease and even subacute arte-
riosclerotic encephalopathy, may closely mimic the pat-
tern of white matter changes (Box 4.2). Use of sagittal
fluid-attenuating inversion recovery (FLAIR) sequences
can help differentiate demyelination from ischemia by
demonstrating lesions at the callosal-septal interface (this
location being common in demyelinating conditions but
not in ischemia). However, multiple sclerosis is most ac-
curately diagnosed by combining clinical and laboratory
findings, including neuroimaging studies, CSF examina-
tion, and evoked potential studies.

Infectious diseases such as HIV tend to produce dif-
fuse symmetric deep white matter changes primarily in
the frontal regions, without significant mass effect or en-
hancement when contrast is given. Progressive multifocal
leukoencephalopathy (PML) produces more focal, asym-
metric, peripherally located white matter lesions primarily
in the parieto-occipital lobes, without mass effect, that
can rarely show mild enhancement.

Autoimmune causes of white matter abnormalities
include acute disseminated encephalomyelitis (ADEM),
which may follow a vaccination or viral illness, and sub-
acute sclerosing panencephalitis (SSPE), a rare delayed
complication after a measles infection. In these condi-
tions, white matter changes may contain areas of contrast
enhancement, sometimes showing slight mass effect, and
may be scattered widely throughout the brain and spinal
cord. Autoimmune diseases such as lupus erythematosus
may also produce periventricular white matter changes.

Cyclosporine and methotrexate toxicity, as well as
other chemotherapeutic agents, may lead to diffuse white
matter changes; lesions that are potentially reversible if
the etiology is identified early and cessation of the drug is
prompt. Carbon monoxide and cyanide tend to affect the
basal ganglia but may also involve areas of the deep white
matter. Drugs such as heroin, cocaine, and amphetamines
may produce white matter changes in a nonspecific dif-
fuse periventricular pattern. Radiation change may be
seen along the confines of the radiation ports and may
also produce a tumor-like area of enhancement with sur-
rounding edema (radiation necrosis).

Vascular causes of white matter changes on imaging
include hypertension and arteriosclerosis. Binswanger’s
disease (subcortical arteriosclerotic encephalopathy) is a
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Box 4.2 Deep white matter abnormalities on imaging

Demyelinating diseases:
Primary: Multiple sclerosis
Secondary:
1 Infection:E.g., progressive multifocal leukoen-
cephalopathy, HIV, Lyme disease
2 Autoimmune: Acute disseminated encephalomyelitis,
SSPE
3 Metabolic: Osmotic (central pontine myelinolysis),
Leigh’s disease
4 Toxic: Methotrexate, cyclosporine, alcohol, carbon
monoxide, cyanide, CNS irradiation
5 Vascular:Hypertension, arteriosclerosis, anoxia, mi-
graine
6 Trauma:Shear injuries
Dysmyelinating diseases:
1 Adrenoleukodystrophy, metachromatic leukodystro-
phy, Alexander’s disease, and other rare disorders

rare cause of dementia in which diffuse periventricular
deep white matter changes and scattered lacunar infarcts
are seen. Anoxic encephalopathy may lead to diffuse white
matter changes, as well as basal ganglia infarction, and
migraine may rarely produce scattered, deep white matter
T2 hyperintensities on MRI. In hypertensive en-
cephalopathy, transient white matter changes may occur in
the subcortical areas of the posterior circulation that revert
to normal upon resolution of the hypertensive crisis.

Finally, dysmyelinating diseases are rare inherited
disorders that lead to malformation of myelin and exten-
sive breakdown of the white matter.

Congenital disorders

Many disorders of neural development manifest in chil-
dren and are not within the scope of this chapter. A vari-
ety of congenital disorders may be found in adults and
may be first suspected because of detection on neu-
roimaging. Computed tomography is often adequate to
make the diagnosis, although the multiplanar presenta-
tion of MRI may be much more advantageous in deter-
mining the specific type of congenital defect.
Cephaloceles may manifest as defects in the skull
with protrusions of brain or meninges, or both. These de-
fects may be initially seen on plain films and may be fur-
ther evaluated by CT scans to assess the relationship of
the cephalocele to the skull. Cephaloceles may be related
to other underlying disease processes such as Chiari mal-
formations, holoprosencephaly, and aqueductal stenosis.
Corpus callosum agenesis may be suspected on CT
scan by the flaring of the lateral ventricles in a “race car”
configuration (with the anterior horns of the lateral ven-
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tricles widely separated as well as flared atria). Magnetic
resonance imaging is the optimal way to image corpus
callosal agenesis and also can show associated anomalies
such as a callosal lipoma, Arnold-Chiari malformation,
Dandy-Walker deformity, or schizencephaly.

Phakomatoses are neural crest disorders that lead
to epidermal and neural abnormalities. In tuberous scle-
rosis, gray matter heterotopias, subependymal nodules,
and giant-cell astrocytomas may develop. Other phako-
matoses such as von Recklinghausen’s disease (neurofi-
bromatosis type I), neurofibromatosis type II, or von
Hippel-Lindau disease may be associated with CNS tu-
mors in adults.

Schizencephaly is considered to be a form of gray
matter heterotopia that extends from the periphery of the
brain to the ventricle. In “open-lipped” schizencephaly,
there is a CSF cleft between the invaginations of gray mat-
ter, whereas “closed-lipped” schizencephaly lacks a CSF
space between the gray matter lips. Magnetic resonance
imaging can differentiate these abnormalities from a
porencephalic cyst, which is lined by gliotic white matter
and not gray matter.

Seizure disorders

Magnetic resonance imaging best evaluates seizures asso-
ciated with a temporal lobe focus. Multiplanar volume
acquisition with thin-section, high-resolution, T1-
weighted images, as well as coronal inversion recovery
(FLAIR) sequences, can yield highly detailed anatomic
presentations of the temporal lobe and, in particular, the
hippocampus to show mesial temporal sclerosis, vascular
malformations, or neoplasms. Gradient echo MRI studies
can be used to search for areas of small vascular malfor-
mations that may have bled periodically in the past, set-
ting up a seizure focus. Positron emission tomography is
used in some centers to help determine the site of origin
of seizure foci in patients for whom seizure surgery is
being considered. Magnetic resonance spectroscopy of the
hippocampus can also show evidence of neural volume
loss indicative of mesial temporal sclerosis prior to the de-
velopment of anatomic imaging findings.

Skull Base Lesions

Anterior skull base

Paranasal sinuses and nasopharynx. Computed tomogra-
phy is the simplest and most cost-effective way to screen
for disease of the paranasal sinuses. Coronal images are
usually obtained, because this technique most closely du-
plicates the anatomy as seen by the endoscopic sinus sur-
geon. The paranasal sinuses are most commonly affected
by acute, allergic, or chronic inflammatory disease. In-
flammatory changes may show on CT as areas of mu-
coperiosteal thickening, air fluid levels, or total

Figure 4.17 Infection. Axial computed tomography with contrast
at the level of the orbits demonstrates intraorbital extension of si-
nusitis (open arrow) leading to an orbital abscess (large arrows) as
aresult of an Aspergillus infection.The intraorbital infectious
process extends posteriorly into the cavernous sinus (solid arrows).

opacification. Sinusitis may be complicated by os-
teomyelitis, extension of infection to invade the orbit, cav-
ernous sinus, anterior skull base, meninges, or brain
(Figure 4.17), as well as vascular involvement possibly re-
sulting in brain infarction.

The most common malignancy of the nasopharynx
and paranasal sinuses is squamous cell carcinoma,
whereas other tumors such as lymphoma and minor sali-
vary gland tumors are less frequent. Computed tomogra-
phy may demonstrate skull base invasion and subsequent
spread to meninges or brain. Several benign neoplasms,
including papillomas of the nasal cavity and juvenile na-
sopharyngeal angiofibroma of the pterygopalatine fossa
may invade the anterior skull base. To help plan surgery
for these types of lesions, MRI and CT may both be
needed (Table 4.9).

The eye and orbit. Either CT or MRI can be used to eval-
uate the orbit. Ocular lesions, such as primary uveal
melanoma or metastatic melanoma, are best imaged by
MRI to search for paramagnetic effects of melanin (bright
on T1-weighted images, dark on T2-weighted images). In
evaluating a malignancy of the eye, MRI can also show
extension along the optic nerve and involvement of
meninges and cavernous sinus, which is best seen with
contrast and fat suppression. Again, MRI is best for
showing demyelination of the optic nerve in optic neuri-
tis. To support the additional diagnosis of multiple scle-
rosis, demyelination may be sought in the brain.
Abnormalities of the extraocular muscles, such as thyroid
ophthalmopathy, metastasis, and orbital pseudotumor,
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Table 4.9 Skull base lesions

Primary skull base lesions
Infections
Cephaloceles
Meningioma
Pituitary adenoma
Craniopharyngioma
Metastasis
Osseous neoplasms
Schwannoma
Paraganglioma
Epidermoid
Arachnoid cyst
Extracranial to intracranial routes of skull base lesion extension
Direct invasion through the bone
Perineural spread (cranial nerve V, VII)
Pterygopalatine fossa
Orbital apex
Eustachian tube to temporal bone
Carotid canal
Jugular foramen

can be evaluated by either MRI or CT, as can masses or
inflammation involving the lacrimal gland or periosteum.

Mid skull base

In evaluating the sella turcica and parasellar regions,
MRI has advantages over CT because it can clearly
demonstrate structures adjacent to the pituitary gland,
such as the carotid arteries and the cavernous sinus, the
optic chiasm, and the meningeal surface from which a
meningioma may arise. A wide variety of lesions may pro-
duce radiologic abnormalities in this region (Box 4.3). On
either MRI or CT, a pituitary microadenoma typically ap-
pears as a relatively hypointense area of the gland when
contrast is given (Figure 4.18), owing to the slow uptake
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Box 4.3 Differential diagnosis of sellar
and suprasellar masses

Mnemonic: SATCHMOE

Sellar/suprasellar pituitary adenoma
Aneurysm

Tuberculosis and other granulomatous disease
Craniopharyngioma and Rathke’s cleft cyst
Histiocytosis X, hamartoma

Meningioma, metastasis

Optic nerve glioma
Epidermoid/dermoid/teratoma

mMEETINAERY
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Figure 4.18 Pituitary adenoma. Coronal T1-weighted magnetic
resonance imaging postgadolinium, through the sella turcica,
shows lack of enhancement of the left lateral aspect of the
pituitary gland (solid arrow). Magnetic resonance imaging is
better than computed tomography since it reveals much more
information about adjacent structures, including the optic
chiasm (paired solid arrows), the carotid arteries passing through
the cavernous sinuses (large open arrows), and Meckel’s cave
containing the trigeminal nerve ganglion (small open arrows).

of contrast by the tumor relative to the normal gland,
which lacks a blood-brain barrier. On the other hand, a
macroadenoma (defined as a pituitary tumor larger than
1 ¢m) tends to enhance with contrast as brightly as the
rest of the gland. To diagnose microscopic adrenocorti-
cotropic hormone (ACTH)-secreting pituitary adenomas,
superselective petrosal vein sampling may be necessary.

Posterior skull base

High-resolution CT scanning in the coronal and axial
planes is the optimal way of obtaining detailed imaging of
the temporal bone, which may be involved in mastoiditis
and secondary cholesteatoma. If diagnosed late, these con-
ditions may lead to destruction of the middle ear ossicles,
invasion of the inner ear structures, cranial nerve VII palsy,
venous thrombosis, meningitis, or brain abscess.
Magnetic resonance imaging is best for evaluating
the cerebellopontine angle (CPA). Neoplasms of the tem-
poral bone or CPA cistern include a vestibular schwan-
noma arising from the sheath of cranial nerve VIII (75%)
(Figure 4.19), meningioma (10%), epidermoid tumors
(5%), arachnoid cysts (5%), paragangliomas (glomus
tympanicum and glomus jugulare), schwannomas arising
from other cranial nerves, and, rarely metastasis.
Common lesions of the clivus include chordomas,
chondrosarcomas, and metastases. Loss of bone marrow
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Figure 4.19 Vestibular nerve schwannoma.Coronal T1-
weighted magnetic resonance imaging postgadolinium, demon-
strating an enhancing ice cream cone-shaped mass involving
the left internal auditory canal. The extracanalicular part of the
mass is rounded like a scoop of ice-cream (double arrows) and is
centered directly at the internal auditory canal.There is also
slight widening of the internal auditory canal opening, the
porous acusticus.

signal on MRI is often the earliest sign. Further evaluation
of the bone matrix may be accomplished by CT. The fora-
men magnum may be involved by neoplasms (particularly
meningiomas) and is the site of congenital abnormalities
(Chiari malformations with tonsillar ectopia), as well as
vascular abnormalities. In the case of meningiomas, MRI
is the best modality to demonstrate dural relationships of
the tumor. For vascular abnormalities (tortuous vertebral
and basilar arteries or aneurysms), MRI with MRA or di-
rect catheter angiography may be needed. Areas such as
the jugular foramen may be evaluated by MRI or CT in
search of neoplasms such as paragangliomas, schwanno-
mas, or metastatic tumors.

Spine abnormalities

Trauma

Evaluation of acute spinal trauma usually begins with
plain films to obtain a general overview and to search for
fractures, subluxations, malalignment, and soft-tissue in-
juries. Further osseous detail can be obtained by CT. For
spinal ligamentous injury or intraspinal abnormalities—
for example, epidural hematoma, nerve root avulsion,
and spinal cord contusion—and delayed complications
such as myelomalacia or syrinx formation, MRI is best.
To evaluate acute spinal vascular injuries, CTA or MRA
may be adequate. However, angiography may be neces-

sary, allowing neurointerventional procedures to be used
to treat active hemorrhage.

Neoplasia

Radiographically, the spaces of the spinal canal are de-
scribed as extradural, intradural-extramedullary, and in-
tradural-intramedullary. In addition, one should be alert
for extraspinal processes that can invade the spine from
adjacent soft tissues (Figure 4.20). When extradural dis-
ease is caused by neoplasia, metastatic cancer is by far the
most common cause. Spinal metastasis often invades the
bone marrow. This can be seen very early on MRI as sig-
nal dropout on T1-weighted images (loss of the normal
fat signal). Magnetic resonance imaging may identify
spinal metastasis earlier than radionuclide bone scans and
provides much greater anatomic detail. Metastases to the
spine commonly arise from primary tumors of the lung,
breast, prostate, melanoma, and lymphoma. Myeloma
may also affect the spine, resulting in compression frac-
tures and possible extension into the spinal canal. Benign
tumors of the spine are rare, and include giant-cell tumor
in the vertebral body and aneurysmal bone cyst, osteoid
osteomas, and osteoblastoma when located in the poste-
rior elements. A common benign entity of the vertebral
body is the hemangioma. Correlation with CT and plain
films is often helpful to evaluate the cortical bony aspects
of the tumor and to characterize the bone matrix.

Figure 4.20 Extradural spinal lesion. Axial T1-weighted post-
gadolinium magnetic resonance imaging of the lumbar spine
with fat saturation reveals abnormal meningeal enhancement en-
tering the neural foramen, causing compression of the thecal sac
(linear arrows) and extending into the paravertebral soft tissues
bilaterally. A functioning right kidney (open arrow) is seen, but the
left kidney is not visualized due to nonfunction because of ob-
struction. The inferior vena cava is thrombosed (large solid arrow).
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Intradural-extramedullary tumors may be primary
or metastatic. Meningiomas arise mainly in the thoracic
spinal canal (80%), with the remainder (20%) being cer-
vical, and, very rarely, lumbar. They tend to have a broad-
based dural surface attachment and enhance very brightly
with gadolinium. Schwannomas arise from nerve sheaths,
whereas neurofibromas invade both the sheaths and the
nerves. A variety of neoplasms can seed the meninges, for
example, via CSF spread from primary neural tumors
such as glioblastoma, ependymoma, neuroblastoma, and
primitive neuroectodermal tumors, or from hematoge-
nous metastatic tumor, such as from the lung or the
breast, and melanoma. Leukemia and lymphoma may
also be seen and can be either primary or metastatic.

Intradural-intramedullary  neoplasms include
ependymomas, astrocytomas, hemangioblastomas, lipo-
mas, dermoids (Figure 4.21), and rarely, metastasis.
Ependymomas are the most common primary intraspinal
neoplasm and occur primarily at the conus and the filum
terminale but can affect any part of the spinal cord. On
MRI, they appear as either a solid enhancing or a par-
tially enhancing (necrotic) mass with or without a cystic

Figure 4.21 Intramedullary spinal lesion. Sagittal T1-weighted
magnetic resonance imaging demonstrates an intramedullary
mass with mottled high-intensity signal suggesting the presence
of fat. The mass was found to be a fat-containing dermoid.
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component or hemorrhage, or both. Astrocytomas can
have a similar appearance. However, they are usually lo-
cated in the cervical and upper thoracic cord. Spinal he-
mangioblastoma is less common, appearing as a cyst with
an eccentric enhancing mural nodule or as an enhancing
nodule alone. Intramedullary lipomas and dermoids can
be distinguished by their high fat content.

Magnetic resonance imaging has become the most
important tool for imaging intraspinal neoplasms. Com-
puted tomography myelography may be sensitive to neo-
plasms in an extradural or even an intradural location,
but is less specific when compared with MRI. Also, if sus-
picion exists of complete block within the spinal canal,
myelography requires a C1-C2 puncture to avoid reduc-
ing pressure below the level of the block, to prevent po-
tential herniation of the brain.

Degenerative disease

Many components of the spine can produce symptoms
due to compression of the spinal cord or nerve roots. De-
generative disc disease may be due to frank herniation,
bulges, or disc and osteophyte complexes. Herniation of
the disc may be focal—localized at the disc interspace
level; extruded—discs migrate out from the disc inter-
space level either upward or downward while remaining
attached to the parent disc; or sequestered—a disc frag-
ment that becomes detached from its parent disc and mi-
grates away from the disc interspace. Whether symptoms
occur depends on the location of disc herniation. Discs
that are central (midline) may result in cord compression
and myelopathy, whereas those that herniate into a neu-
ral foramen or into a subarticular or lateral recess may
impinge on the adjacent nerve roots, resulting in a radicu-
lopathy (Figure 4.22).

Osteophytes may contribute to stenotic changes de-
pending on their location. Those at the edges of disc in-
terspaces may protrude into the central canal and carry
the adjacent disc back with them. This forms a disc-os-
teophyte complex, or hard disc, and may require surgical
removal. Osteophytes may cause stenosis at the central
canal, the subarticular or lateral recess, or at the neural
foramen (Figure 4.23). Degeneration of the articular facet
joints may result in hypertrophy of the superior articular
facet, which not uncommonly causes stenosis at the neu-
ral foramen. A disc that bulges laterally may also cause
foraminal stenosis. Hypertrophy of the adjacent pedicle
or congenital short pedicles may lead to stenosis of the
central canal or lateral recess. Degenerative changes to
facet joints can also lead to synovitis and the development
of synovial cysts that can subsequently compress an ad-
jacent nerve root.

Computed tomography myelography is an excellent
means of evaluating degenerative spinal disease due to
bony hypertrophy. It has been replaced to a large extent
by MRI, which is less invasive and gives additional in-
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Figure 4.22 Disc herniation. Sagittal T2-weighted magnetic res-
onance imaging shows narrowing of the thecal sac at the L4-L5
level due to a mass corresponding to disc signal (arrow).This is an
extruded herniated disc that has migrated cephalad from the
disc space.

formation about the adjacent spinal cord, nerve roots,
and bone marrow changes in the adjacent vertebra. For
example, early vertebral end plate changes (type I) may be
seen on MRI as areas of edema or granulation tissue and
therefore may enhance. Later changes may include fatty
end plate changes (type 2) and sclerosis at the end plates
(type 3). Clinical judgment is often needed to determine
the significance of these abnormal imaging findings.

Recurrent back pain after spinal surgery is referred
to as the “failed back.” This syndrome has numerous
causes, with recurrent disc prolapse at the operative site
and development of scar tissue high on the list. Imaging
with contrast helps distinguish these problems because
scar tissue enhances, whereas the disc tends not to do so.
In either case, MRI is the optimal means of evaluation,
provided that surgery did not introduce a substantial
amount of metal into the individual’s body, resulting in
significant imaging artifact that may preclude satisfactory
evaluation (Box 4.4).

Infection

The most common cause of spinal infection is Staphylo-
coccus, which is usually the result of seeding from the

Figure 4.23 Osteophyte. Computed tomography myelogram
shows a large osteophyte narrowing the thecal sac and right lat-
eral recess (arrow).

chest, kidneys, or a cardiac valvular source, as well as ia-
trogenically, either following surgery or from intravenous
drug use. Other pyogenic spinal infections may be due to
Streptococcus or Escherichia coli. Vertebral osteomyelitis
and discitis may progress to an epidural or paravertebral
abscess. Epidural abscess may compress the thecal sac,
leading to spinal cord compromise, cauda equina syn-
drome, or both. Tuberculosis, brucellosis, and fungal in-
fections such as coccidiomycosis and cryptococcus also
may affect the spine. Tuberculosis most commonly affects
the lower thoracic spine and produces bony changes that
may be complicated by an epidural abscess. The discs are
affected late, in contrast to pyogenic bacterial infections
that affect the discs early.

v

Box 4.4 Causes of failed back surgery

Residual or recurrent disc herniation

Disc herniation elsewhere

Scar formation

Facet arthrosis

Discitis, osteomyelitis, arachnoiditis, neuritis
Epidural hematoma

Failed instrumentation or bone fusion

VVvVVvVVYVYYVYY
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Imaging for a spinal infection often starts with plain
films of the spine, which may show early signs such as
loss of disc interspace height or irregularity of the sub-
chondral aspects of the vertebral end plates. For more de-
finitive diagnosis, MR is the technique of choice because
it is very sensitive to the changes of osteomyelitis and
discitis, and can detect an epidural abscess (Figure 4.24).
Computed tomography myelography can demonstrate an
epidural abscess, but it is not specific. Other extradural
defects including epidural hematoma, epidural neoplasm,
and herniated discs, can have a similar appearance. Also,
when performing a spinal puncture, there is a danger of
traversing an abscess with the needle and seeding the sub-
arachnoid space. Therefore, especially if MRI is available,
CT myelography should be avoided in this situation.

It is sometimes unclear whether an abnormal en-
hancing area in the spine represents postsurgical scar,
epidural neoplasm, or infection. An infectious cause may
be sought by radionuclide scanning with Indium!!!-la-
beled leukocytes, or gallium, or using a three-phase bone
scan with technetium. The most specific way to diagnose
spinal infection and determine the causative organism is
by needle biopsy under CT or fluoroscopic guidance.

Figure 4.24 Epidural abscess. Sagittal T1-weighted magnetic
resonance imaging postgadolinium in a patient with acute
myelopathy shows abnormal enhancement of upper thoracic
vertebral body (small solid arrow) and in the epidural space (open
arrows), consistent with osteomyelitis and an epidural abscess
causing severe central canal stenosis. There is also a prevertebral
fluid collection indicating an abscess (large solid arrow) adjacent
to the thoracic aorta and posing a major vascular threat.
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Inflammation of the intradural nerve roots
(polyradiculitis) with abnormal enhancement (Figure
4.15) may occur with HIV-related CMV. Similar
enhancement can occur in other viral illnesses, Guillain-
Barré syndrome, and arachnoiditis. Sarcoidosis, tuber-
culosis, metastatic meningeal carcinomatosis, and
lymphoma are also potential considerations, although the
enhancement pattern is usually more nodular with these
entities. Magnetic resonance T1-weighted imaging with
gadolinium using fat saturation is the best way to visual-
ize these lesions.

Demyelinating disease

Multiple sclerosis is the most common demyelinating dis-
ease to affect the spinal cord. Magnetic resonance imag-
ing may show hyperintensities in the white matter on
T2-weighted imaging, and active plaques may enhance
when contrast is given. Transverse myelitis may lead to a
similar appearance of the spinal cord.

Congenital abnormalities

Congenital spinal defects are often initially noticed on
plain films, which may show scoliosis, or defects such as
spina bifida, hemivertebrae, or block vertebrae. Com-
puted tomography and MRI are valuable if further
workup is needed. Magnetic resonance imaging may be
useful in demonstrating associated defects, such as a teth-
ered cord (held in an abnormally low position by lesions
such as lipomas) or diastematomyelia (a defect with a
bony bar or a fibrous band that splits the cord). The
Chiari I malformation, with unusually low cerebellar ton-
sils that may have an associated syrinx (usually cervical),
is best evaluated by MRI, as are myelomeningoceles (seen
in association with spinal dysraphism or Arnold-Chiari
[Chiari IT] malformation).

On the Horizon

The field of radiology is subject to profound influences
by cutting-edge technologies. Several advances are men-
tioned briefly.

Digital radiography allows lower radiation expo-
sure, electronic manipulation of images, and digital trans-
fer and storage of images. Multidetector spiral CT has
allowed faster acquisition of images, and now spiral CTA
is being used as a noninvasive screen or confirmatory
study for carotid disease (stenosis or dissection),
aneurysm workup, and other vascular disorders. Sono-
graphic resolution continues to improve, and new sono-
graphic contrast agents—some in current use for vascular
sonography—may extend the role of neurosonography.
Intraoperative neurosonography is becoming widely used
to aid in surgical resection of lesions. In addition, high-in-
tensity, focused ultrasound itself can be used therapeuti-
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cally, such as in thermal tumor ablation or vascular
thrombolysis. In nuclear medicine, a host of new carrier
compounds are being tested and may yield important in-
formation about brain physiology. These compounds can
also be linked to therapeutic agents to act as a “magic
bullet,” once reaching their intended target receptor. New
research with supercomputers may obviate the need for
collimators, decrease the dose of radiopharmaceutical
needed, and greatly increase the spatial resolution of nu-
clear medicine studies.

In no area of radiology do changing technologies
hold more promise than MRI. New ultra-fast MRI sys-
tems allow image acquisition times rapid enough to pre-
vent movement artifact. Real-time MRI is being tested
and now occasionally used for image-guided interven-
tional procedures at academic centers. Magnetic reso-
nance spectroscopy continues to improve, and now
three-dimensional “whole-brain” acquisition is possible,
which holds promise for physiologic brain studies via in-
dividual metabolite brain mapping. Functional MRI is de-
fined as any MRI technique that is sensitive to the
activation of neuronal tissue. The technique most used is
based on cerebral perfusion, and has the ability to image
the inherent hemoglobin oxygenation state without ex-
ogenous contrast material—known as blood oxygenation
level dependent (BOLD) contrast—since there is a dis-
proportionate increase in regional cerebral blood flow
and hemoglobin oxygenation level after brain activation,
relative to the local surrounding metabolic rate. This tech-
nique allows mapping of brain activation with different
tasks, and is being used at present to map eloquent re-
gions of the brain and enhance our understanding of how
the brain functions. Other newer sequences, such as arte-
rial-spin labeling, are being investigated, and may provide
greater sensitivity and spatial localization of brain acti-
vation mapping as well as less patient motion artifact and
precise measurements of cerebral blood flow. The role of
diffusion-weighted imaging, now in common clinical
practice for the early detection of cerebral ischemia, has
been further expanded by exploiting the inherent

anisotropy (limited movement) of water molecules within
neuronal axon bundles to generate diffusion tensor im-
ages of the white matter tracts throughout the brain. This
type of imaging can show whether a neoplasm has in-
vaded an eloquent tract such as the corticospinal tract
(precluding complete resection) or if the tract is merely
displaced (allowing safe removal of the entirety of the le-
sion). Additionally, white matter fractional anisotropy
mapping holds promise for detecting white matter ab-
normalities, such as multiple sclerosis, earlier than con-
ventional T2-weighted or FLAIR sequences. With the use
of state-of-the-art super-high-field strength magnets
(3 Tesla and above), the resolution of MRI will be greatly
increased, leading to superb images, such that MRA will
rival digital subtraction catheter angiography and obvi-
ate the need for invasive diagnostic vascular examina-
tions. Finally, there are exciting possibilities involving
MRI using atoms other than hydrogen, for example 13C,
23Na, and 3'P, particularly in conjunction with MR spec-
troscopy.

Annotated Bibliography

Edelman RR, Hesselink JR, Zlatkin MB, Crues JV, eds. Clinical
magnetic resonance imaging, 3rd ed. Philadelphia: WB Saun-
ders Elsevier, 2006.

A comprebensive review of the use of MRI in clinical practice.

Grossman RL, Yousem DM. Neuroradiology: The requisites,
2nd ed. Philadelphia: Mosby Elsevier, 2003.

An excellent, easy-to-understand overview of the basics of
neuroradiology.

Harnsberger HR. Diagnostic imaging: head and Neck. Salt Lake
City: Amirsys, 2004.

An extensive and well-illustrated survey of head and neck
imaging.

Osborne AG. Diagnostic imaging: Brain. Salt Lake City:
Amirsys, 2004.

An extensive and well-illustrated survey of brain imaging.

Ross, ]JS. Diagnostic imaging: Spine. Salt Lake City: Amirsys,
2004.

An extensive and well-illustrated survey of spine imaging.






SECTION 2

COMMON PROBLEMS IN
ADULT NEUROLOGY






Syncope and Seizures
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» Transient loss of consciousness of unknown etiology

The task of evaluating a patient who comes to the office
or emergency room complaining of a momentary loss of
consciousness, but who appears otherwise well at the time
of the visit, makes many physicians uncomfortable. When
no diagnosis is immediately reached, the physician must
decide if a potentially serious disorder is present and the
patient should be admitted for observation and a series
of tests, or if the patient can safely be discharged home
and assessed as an outpatient. In addition, there is the
question of what tests are necessary to arrive at the cor-
rect diagnosis, in what order they should be performed
so as to minimize the time and expense of an evaluation,
or when might it be appropriate and safe to simply ob-
serve the patient without subjecting them to a laundry-
list of investigations.

Not uncommonly, a firm diagnosis of the problem
is not arrived at with the initial encounter, or the wrong
diagnosis is mistakenly assumed, sometimes with unfa-
vorable life-long consequences (for example, incorrectly
labeling a patient as having epileptic seizures). The goals
of this chapter are to review the basic pathophysiologic
concepts involved with transient interruption of con-
sciousness, apply these concepts to several common dis-
orders, understand when laboratory tests may be helpful
in reaching a diagnosis, and recognize when the patient’s
symptoms may be due to a potentially serious disorder
requiring immediate attention.

CHAPTER 5

Definitions

Syncope is a term used to describe a sudden, brief, and
reversible loss of consciousness usually accompanied by
flaccid muscle tone that is often, but not uniformly, due to
acute impairment in cerebral blood flow. Terms some-
times used by patients to describe syncope include: black-
out, faint, or even seizure. Syncope should be
differentiated from symptoms of feeling dizzy, light-
headed, or woozy, which the patient may use to describe
a near loss, but not complete loss, of consciousness. These
latter terms often are meant to describe symptoms of im-
pending loss of consciousness or near-syncope. Although
some authors use the term seizure to describe any sudden

v

Key Clinical Questions

» Was the patient completely unresponsive, and for how
long?

» Did the loss of consciousness occur gradually, suddenly
without warning, or suddenly but preceded by other
symptoms (e.g., chest pain, palpitations, dyspnea, nausea)?

» What activity was the patient involved in at the time of the
event (e.g., standing, sitting, or lying down, resting or exert-
ing, coughing, swallowing, micturating, or defecating)?

» Was the patient’s muscle tone during the event flaccid or
stiff, and was the event accompanied by other activity
(e.g., myoclonus, clonic or tonic activity, or tongue biting)?

» Has there been a history of similar episodes?

> s there a personal history of heart disease, or family
history of sudden death?

» What medications or illicit drugs might the patient be
using?

81
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behavioral change, and reserve the term epileptic seizure
when this behavior is brought about by a paroxysmal dis-
charge of cortical neurons, in this chapter the term seizure
will be synonymous with epileptic seizure.

Syncope
Epidemiology

Approximately 3% of all emergency room visits in the
United States are for syncope. In the younger patient, the
most common cause is neurally mediated syncope,
whereas in the elderly orthostatic hypotension or cardio-
vascular causes are more frequent (Table 5.1). In the past,
nearly one-half of all incidents remained undiagnosed
even after prolonged observation and diagnostic studies.
However, more recently, newer diagnostic tests utilizing
prolonged outpatient cardiac monitoring, electrophysio-
logic laboratory studies of the heart, tilt table testing to re-
produce orthostatic stress, video-EEG recording, and the

Table 5.1 Common causes of transient
loss of consciousness

Neurally mediated syncope
Situational syncope
Micturition syncope
Tussive syncope
Deglutination syncope
Defecation syncope
Glossopharyngeal neuralgia
Carotid sinus hypersensitivity
Orthostatic syncope
Cardiac syncope
Arrhythmia
Valvular heart disease
Cardiomyopathy
Atrial myxoma
Cardiac tamponade
Pulmonary embolus
Cerebrovascular disease
Vertebrobasilar insufficiency
Subclavian steal
Vertebrobasilar migraine
Brainstem compression
Arnold-Chiari malformation
Hydrocephalic attacks
Epileptic seizure
Psychiatric disorders
Panic attacks
Somatization disorder
Psychogenic unresponsiveness
Malingering

wider application of the psychiatric interview, have en-
abled a reliable diagnosis in nearly 85%.

Syncope may underscore a severe condition such as
a cardiac arrhythmia and the risk for sudden death if left
untreated. However, in spite of the forewarning, it seems
that if the cause for the syncopal episode remains undi-
agnosed, and no indication of heart disease is evidenced
from the patient’s initial examination, history, or electro-
cardiogram (ECG), the risk of serious morbidity or mor-
tality is low. The greatest danger for serious consequences
comes with the diagnosis of cardiac syncope; so conse-
quently, initial investigations should focus on discovering
or excluding a cardiovascular source.

Pathogenesis

Consciousness is the awareness of oneself and one’s sur-
roundings, whereas, unconsciousness is the inability to
have subjective experiences and respond to sensory stim-
uli. The cerebral cortex and brainstem reticular activating
system normally function to maintain consciousness, and
diseases that produce dysfunction of either, or both, lead
to an unconscious state. Consciousness may be inter-
rupted by one of four basic mechanisms: decreased cere-
bral blood flow (which happens with asystole of 5-8
seconds, or with an absolute drop in blood pressure to
,<60 mm Hg), impaired delivery to the brain of necessary
nutrients such as oxygen or glucose, interruption of the
brain’s normal neuronal function by neurotoxins, or dis-
ruption of the brain’s neuronal electrical activity such as
occurs during a seizure.

Initial Approach

The critical step in attaining a correct diagnosis is an ac-
curate and sufficient history. Obtaining details of the cir-
cumstances leading up to the event, the behavior and
subjective sensations witnessed or experienced during the
event, and the condition and activities of the patient upon
regaining consciousness are most important. Because the
patient, due to his unconscious state, is often unable to
provide all of this information, it is crucial that a reliable
witness be interviewed.

It must first be established that consciousness was in
fact lost. Alternatively, was the incident due to some other
condition besides syncope? Were the symptoms due to a
spinning sensation or true vertigo, disequilibrium, tem-
porary weakness, or a brief confusional state during
which time the patient appeared awake but disoriented?
These symptoms would suggest alternative diagnoses dif-
ferent from those producing syncope.

Knowing the patient’s position when consciousness
was lost is essential. If syncope occurred during a postural
change toward a more upright position, orthostatic syn-
cope must be considered (especially in a patient with a
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history of multiple events, all occurring soon after mak-
ing postural changes). Syncope that occurs after standing
for a prolonged period of time is consistent with either
orthostatic hypotension or neurally mediated syncope.
Cardiac arrhythmia, an epileptic seizure, or a transient is-
chemic attack (TIA) will occur independent of the posi-
tion of the patient.

If syncope occurs with physical exertion, a cardiac
cause should be seriously considered. Severe valvular
heart disease (e.g., aortic stenosis), obstructive cardiomy-
opathy, acute coronary ischemia, or pulmonary hyper-
tension may all cause syncope brought on by exertion,
and a thorough evaluation to confirm or exclude these di-
agnoses must be initiated. If headache accompanies the
exertionally induced syncope, a posterior fossa mass or
congenital abnormality such as an Arnold-Chiari malfor-
mation might be present. Other clues to a cardiac source
are symptoms of palpitations, dyspnea, chest pain, a per-
sonal history of heart disease, or a family history of sud-
den death occurring at a young age (e.g., prolonged QT
interval, or hypertrophic cardiomyopathy). Following a
syncopal event, if the patient complains of “the worst
headache” of his life, it is essential to exclude a sub-
arachnoid hemorrhage.

Syncope occurring only in relation to specific activ-
ities such as micturition, coughing, swallowing, or defe-
cating suggests a situational syncope. A seizure or
migraine attack may be ushered in by an aura. Syncope
during exercise of the arm, sometimes preceded by an
aching pain involving the arm, could be the result of a
subclavian steal syndrome. Dysarthria, diplopia, vertigo,
disequilibrium, and/or focal weakness and sensory
changes preceding or following the syncopal event signals
vertebrobasilar ischemia, or if followed by a headache (es-
pecially in a young female patient) may be due to verte-
brobasilar migraine.

If the duration of unconsciousness is more than
$ minutes, the disorder is less likely to be neurally medi-
ated syncope or orthostatic hypotension. In these condi-
tions, unconsciousness is rarely longer than a few
minutes, and often lasts less than 1 minute unless the pa-
tient suffers a traumatic head injury as a result of the fall
or is prevented from falling to the ground (e.g., in a phone
booth). Cardiovascular, cerebrovascular, or metabolic
conditions (or a seizure that is confused with syncope)
may result in a prolonged period of unconsciousness. Uri-
nary incontinence can occur with either neurally medi-
ated syncope or a seizure, but a deeply bitten tongue
strongly argues for a recent generalized tonic—clonic
seizure, especially if the tongue is laterally bitten (the tip
of the tongue may sometimes be bitten when the patient
falls from other causes).

The physical examination must include a complete
general and neurologic examination, and should be per-
formed as soon after the syncopal event as possible. Di-

agnostic signs may vanish as the time between the event;
and the examination increases. Unfortunately, many pa-
tients are examined well after the event has occurred,
when they are conscious and asymptomatic. With recur-
ring episodes, it can be helpful diagnostically to teach
family or friends of the patient to measure pulse rate,
blood pressure, respirations, and response to noxious or
other stimuli. With the prevalence of personal home video
recorders, recurring episodes of syncope might be cap-
tured on tape, so that the behavior during and immedi-
ately following the event can be reviewed for clues as to
the diagnosis.

The blood pressure and pulse should at least be
measured with the patient lying and then standing. It is
best if the supine pressure is obtained after the patient has
rested on his back for 10 minutes. After standing, the
pulse and blood pressure are measured immediately and
again at 1 and 2 minutes. If there is a trend for the blood
pressure to slide downward, the recording in the upright
position should be continued until the lowest point is
reached or syncope comes about. Criteria for the diagno-
sis of orthostatic hypotension are given later in this chap-
ter in the section on orthostatic hypotension.

With subclavian steal, the blood pressure will show
a significant difference when measured in the normal arm
compared to the affected arm. The heart examination
may reveal either an irregular, fast, or slow pulse sug-
gesting an arrhythmia. Presence of a murmur could iden-
tify valvular heart disease as the basis for syncope.
Findings of congestive heart failure put the patient at a
higher risk for serious morbidity or mortality following a
syncopal event. Recognition of asymmetrical weakness or
reflexes, a Babinski response, visual field deficit, or lan-
guage error should lead to a more extensive neurologic
evaluation, with the possible findings of cerebrovascular
disease or other intracranial lesion.

Laboratory Tests

When a cause for the syncopal event is reliably deter-
mined, the diagnosis is often made from the history and
physical examination. The role of laboratory tests is usu-
ally to confirm what is already suspected. However, cer-
tain tests are sometimes helpful as screening tools and, in
the case of an ECG, could help the physician decide if the
patient is at higher risk for significant morbidity or sud-
den death, and may influence a decision to admit to the
hospital or dismiss from the emergency room. Nonselec-
tive cardiac testing is rarely rewarding, not economically
justified, and can sometimes be associated with unneces-
sary risk.

General metabolic profiles or hemograms are un-
commonly helpful in detecting a diagnosis that is not al-
ready suspected. A hemogram can be used to confirm a
significant anemia in a patient with a recent gastroin-
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Pearls and Perils
Evaluation of patients with syncope

» The patient’s description of the event should always be
confirmed by a reliable witness whenever possible.

» The correct diagnosis can often be established or sus-
pected at the time of the initial examination. Laboratory
studies are often helpful only in confirming a suspected
diagnosis.

» Cardiovascular and orthostatic syncope are more
common in the elderly, whereas neurally mediated
syncope is more common in the young.

» The elderly patient may have multiple reasons for
syncope, including heart disease, arrhythmia, medication
effect, and orthostatic hypotension.

» Itis helpful to examine the patient as close in time to the
event as possible.

» A supine blood pressure and pulse after the patient has
remained prone for at least 10 minutes, and then after
standing for at least 2 minutes should be performed in
nearly every evaluation for syncope.

» The ECG isimportant in the initial evaluation not only for
diagnostic purposes, but to help stratify the patient into
either a high- or low-risk group for serious morbidity or
mortality.

» Prolonged ECG monitoring is indicated when a history of
heart disease is present, and when the cause of syncope
remains unknown after the initial assessment.

testinal hemorrhage and orthostatic hypotension, but may
not be as sensitive as testing stool for occult blood when
the hemorrhage is too fresh to result in a measurable
change in the hematocrit. A metabolic profile may con-
firm a prerenal azotemia when congestive heart failure or
depleted intravascular volume is presumed. A recent gen-
eralized tonic—clonic seizure may produce all of the fol-
lowing: high anion gap metabolic acidosis due to
unmeasured lactic acid, elevation of the creatine phos-
phokinase (CPK) because of rhabdomyolysis, and a pos-
tictal leukocytosis with primarily mature granulocytes
and relative lymphocytopenia. A recent myocardial in-
farction can also cause an elevated CPK. An elevated pro-
lactin level may occur following a complex partial or
generalized tonic—clonic seizure, but can also be elevated
after a syncopal event, therefore, limiting its usefulness
unless a consistent clinical history is available.

Drug screens confirm the clinical suspicion of drug
overdose or detect the presence of drugs, such as cocaine,
that might precipitate a cardiac arrhythmia or epileptic
seizure. However, these tests are usually more helpful in
the evaluation of patients with altered mental status who
are brought to the emergency room still unconscious or

delirious. It is uncommon that a diagnosis not thought of
after a detailed history and examination is uncovered by
the results of these laboratory tests.

A 12-lead ECG is standard in nearly all evaluations
of syncope unless the diagnosis is obvious after the initial
history and examination. The presence of heart block,
short PR interval, or prolonged QT interval is evidence
for an underlying conduction abnormality and a potential
arrhythmia. Findings of atrial fibrillation, sinus brady-
cardia or tachycardia, ventricular arrhythmia, or changes
of an acute myocardial infarction often only validate
what is already suspected from the interview and exami-
nation. Patients without a history of heart disease, no
symptoms suggesting a cardiac cause, and who have a
normal ECG portend, more likely, a benign cause. Except
for a tilt table test (which will be discussed later), these
patients usually do not require further cardiac evaluation.

Prolonged cardiac monitoring either with outpatient
ambulatory recorders such as a 24-hour Holter monitor
or continuous inpatient monitoring is useful only with a
history of heart disease, an abnormal ECG, symptoms
suggesting an arrhythmia, or if the patient remains undi-
agnosed with recurrent syncope. If prolonged monitoring
fails, referral to a cardiologist for electrophysiologic stud-
ies (EPS) is sometimes diagnostic, especially if the synco-
pal spell was preceded by palpitations, or there is a
history of a recent myocardial infarction with the risk of
a ventricular tachyarrhythmia or a family history of sud-
den death at a young age. Unfortunately, during EPS, ar-
rhythmias unassociated with the patient’s syncopal spells
may be induced. Therefore, the results of these studies
should be cautiously interpreted when a compatible his-
tory or positive response to medications is lacking.

Prolonged loop monitors that can be worn by the
patient for weeks, months, or even longer have resulted in
fewer undiagnosed events. The externally placed moni-
tors are complicated by patient error when they forget to
activate the monitor at the time of the event, inappropri-
ately erase recorded information, disconnect or misplace
leads, or develop an allergic reaction to the electrode
pads. Implantable loop monitors avoid many of the pa-
tient errors, but are expensive and should be used when
other tests are unrewarding and there is a high suspicion
for an arrhythmia.

Echocardiograms are helpful in revealing structural
disease when symptoms, examination, or ECG suggest a
cardiac source. A valvular abnormality may be unrelated
to the patient’s symptoms, but the echocardiogram can
assess the severity of the valvular disorder and help de-
termine its role in the patient’s syncope. Echocardiograms
and stress ECG are particularly useful when evaluating
exertional syncope.

Carotid massage may identify carotid hypersensi-
tivity but has the risk of inducing ventricular fibrillation,
asystole, stroke, or sudden death. It should only be car-
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ried out where the appropriate monitoring and resuscita-
tion equipment are accessible. The technique is not stan-
dardized, and as many as 5-25% of asymptomatic elderly
men may have a positive response. Carotid massage
should be reserved for patients whose history suggests
syncope occurring in a setting in which the carotid sinus
might be stimulated (for example, while shaving, wear-
ing a tight-fitting collar, or turning the head).

The tilt table test can be valuable in identifying pa-
tients with neurally mediated syncope. Its sensitivity in
detecting disease in the adult patient may approach 80%,
but is dependent on several variables including the angle
and duration of the tilt, and if chemical stimulation with
isoproterenol or nitroglycerin is used. The specificity of
the test may be nearly 90%, but patients may have a pos-
itive response to tilt table testing while their spontaneous
events could be due to an unrelated diagnosis. Tilt table
testing is indicated for recurrent undiagnosed syncope in
the patient with no evidence of heart disease (or for
whom cardiovascular causes have been ruled out). If a pa-
tient has a history of heart disease, an abnormal ECG, or
symptoms suggesting a cardiovascular source for syncope,
other cardiac disorders should be excluded before pro-
ceeding to tilt table testing. The reproducibility of a pos-
itive test for neurally mediated syncope is low, therefore,
it is not useful in appraising response to therapy.

Neuroimaging procedures such as computed to-
mography, magnetic resonance imaging, and cerebral an-
giography are only indicated when the initial examination
suggests a disorder involving the central nervous system
(CNS) that could produce a transient loss of conscious-
ness. Rarely is an electroencephalogram (EEG) diagnostic
of a seizure disorder unless the episode is occurring dur-
ing the recording of the EEG. Usually, the diagnosis of a
seizure disorder is dependent on the descriptions of the
patient and any witness of the behavioral changes during
the event, and the EEG is obtained to aid in the classifi-
cation of the seizure type. Intensive neurodiagnostic mon-
itoring with continuous inpatient EEG and video
recording can differentiate seizures from nonepileptic
events such as psychogenic unresponsiveness, anxiety at-
tacks, or malingering. Unfortunately, the value of this
highly diagnostic test is limited by the availability of
special monitoring equipment, advanced technical and in-
terpretive skills of the EEG technologist and electro-
encephalographer, expense of prolonged inpatient
monitoring, and the variable frequency of the patient’s
spells. Prolonged EEG monitoring is more likely to be di-
agnostic if at least several spells occur weekly.

Diagnostic tests for evaluating syncope can be per-
formed as an outpatient, but hospitalization for observa-
tion should be undertaken when the potential exists for
serious risk to the patient. If this is an isolated or rare syn-
copal episode, the history and examination give no evi-
dence for heart disease either suspected or known, and

the ECG is normal, then there seems to be minimal and
acceptable risk in discharging the patient from the emer-
gency room or office and arranging for an outpatient
evaluation. Inpatient admission for observation and ini-
tiation of diagnostic studies is often indicated in the fol-
lowing situations: (a) evidence of a cardiovascular cause
for syncope from the history, examination, or abnormal
ECG (e.g., acute ischemic changes, arrhythmia, increased
QT interval, bundle branch block, or conduction defect),
(b) normal ECG and no history of heart disease but the
patient presents with chest pain or exertional syncope, (c)
syncope due to severe side effects from medications, (d)
severe orthostatic hypotension, (e) neurologic disorders,
(f) syncope with a resultant injury that requires hospital-
ization for treatment of the injury, or (g) an associated di-
agnosed disorder that requires hospitalization (for
example, a gastrointestinal hemorrhage, or a fractured
hip incurred when the patient fell).

With a history of recurrent, undiagnosed syncope
after extensive investigations, submitting the patient to a
psychiatric interview might be rewarding. This is espe-
cially true in the setting of generalized anxiety, major de-
pression, somatization, drug, or alcohol history. Video
EEG with ECG monitoring, if the patient is experiencing
frequent events, can be diagnostic for true seizures,
nonepileptic psychogenic seizures, or pseudo-syncope.

Specific Causes

Neurally mediated syncope

Neurally mediated syncope, sometimes referred to as vaso-
vagal or reflex syncope, may be the most common cause
of syncope in patients without a history of heart disease.
A reflex activated by stimulation of arterial or visceral
mechanoreceptors causes this form of syncope.
Mechanoreceptors located in the walls of the bladder, gas-
trointestinal tract, or carotid sinus are stimulated by pres-
sure or distention and send afferent messages to the
brainstem, which, in turn, transmits an efferent signal via
the vagus nerve to the sinus node of the heart, producing
bradycardia. Vasodilation, which is also part of the reflex
and which contributes to the decrease in blood pressure,
may be due to a reduction in efferent sympathetic activity.

The reflex can be precipitated by a sudden painful
or emotionally charged experience. At other times, it oc-
curs without any identifiable initiating event, usually
while the patient is standing or walking. In this situation,
venous pooling in the lower extremities causes a decrease
in filling of the left ventricle and a compensatory increase
in sympathetic stimulation to increase heart rate and
maintain cardiac output. However, vigorous and rapid
contractions of an incompletely filled left ventricle can
stimulate mechanoreceptors, which produce paradoxical
reflex bradycardia and peripheral vasodilation. Loss of
consciousness in some cases is due to the cardioinhibitory
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response with bradycardia or even sinus arrest. In other
events, it is due to the vasodilatory response with minimal
or no reduction in heart rate, and in others hypotension
is affected by mixed cardioinhibitory and vasodilatory re-
sponses.

Neurally mediated syncope may occur while a per-
son is sitting or even lying down, but is most often expe-
rienced while a person is standing for a prolonged period
of time, usually in a hot, crowded room while in a slightly
dehydrated state. Symptoms of nausea, blurred vision, di-
aphoresis, generalized weakness, and the feeling of an im-
pending loss of consciousness (presyncope) may precede
the syncopal event. The patient then loses consciousness,
becomes limp, and falls to the ground. A few arrhythmic
myoclonic jerks or even incontinence may be observed
and mistaken for a seizure (however, the myoclonus of
neurally mediated syncope is quite brief, whereas a gen-
eralized tonic—clonic seizure may be prolonged for sev-
eral minutes). The myoclonus is due to a momentary
decrease in cerebral blood flow and cerebral hypoxia. Al-
most immediately after falling, a return of consciousness
occurs, followed by a short period of confusion, and soon
after an ability to return to regular activities without lim-
itations (Table 5.2).

The diagnosis of neurally mediated syncope is based
on a typical history, a normal physical examination, and
the exclusion of other possible causes. For patients with
an atypical history or recurrent episodes of syncope, a tilt
table test may help identify neurally mediated syncope
and distinguish it from other disorders. With neurally me-

Table 5.2 Neurally mediated syncope

Discriminating features

1 Evidence of an overactive autonomic nervous system

2 Positive tilt table test with reflex bradycardia and/or peripheral
vasodilatation with reproduction of the syncopal episode

3 Sometimes triggered by specific circumstances (i.e,, situational
syncope)

Consistent features

1 Usually occurs in younger patients

2 Usually occurs while standing in a hot, crowded room

3 Physical examination, screening laboratory tests, and ECG are
normal

4 Consciousness regained almost immediately after falling

Variable features

1 Presyncopal symptoms of blurred vision, nausea, diaphoresis,
generalized weakness, and sense of impending loss of con-
sciousness

2 Brief myoclonic jerks accompanying loss of consciousness

diated syncope, immediately tilting the patient upright re-
sults in tachycardia and normal blood pressure, followed
several minutes later by sudden bradycardia, peripheral
vasodilation, or both, with a profound drop in blood
pressure. In contrast, orthostatic hypotension causes an
immediate and continuous drop in blood pressure when
the patient is tilted upright from a reclined position.

Various management strategies for neurally medi-
ated syncope have been employed. Unfortunately, most
have only the strength of anecdotal reports or small series
of patients to support their use. The most important first-
line treatment for neurally mediated syncope is to edu-
cate the patient as to the cause of the disorder, help him
to be aware of, and avoid when possible, precipitating
events (e.g., hot crowded rooms, intramuscular injections,
phlebotomy), recognize premonitory symptoms that may
herald a loss of consciousness, and what they can do to
abort the episode (sitting or lying down until the symp-
toms resolve). If symptoms are recurrent, volume expan-
sion by increasing salt and fluid intake, moderate exercise
to strengthen leg muscles and improve venous return, and
waist high support stocking may help. Some patients may
benefit from being taught isometric counterpressure ma-
neuvers such as tightening the hand grip and arm mus-
cles or crossing their legs while avoiding straining and
causing a coinciding Valsalva maneuver (which can im-
pair venous return to the heart and increase the risk for
syncope). Tilt training, by having the patient stand against
a wall for 15-20 minutes or as tolerated two or three
times each day has been shown in some instances to re-
duce the frequency of syncope, but requires persistence
and a highly motivated patient to continue the exercises.

For persistent neurally mediated syncopal events,
drug therapy with b-blockers, scopolamine, disopyra-
mide, angiotensin-converting enzyme inhibitors, selective
serotonin reuptake inhibitors, theophylline, and
ephedrine have been used with inconsistent or unsus-
tained benefit. Addition of mineralocorticoids (for exam-
ple, fludrocortisone) may be used to increase
intravascular volume, but elderly patients should be care-
fully monitored for precipitation of congestive heart fail-
ure. Midodrine, an a-agonist, may help maintain vascular
tone and prevent or dampen the vasodilatory effect of
neurally mediated syncope. Its short effect requires that it
be dosed two or three times each day, but should not be
used before bedtime so as to avoid the sometimes serious
problem of supine hypertension at night. Drug treatment
for neurally mediated syncope should only be used for re-
current events that may result in injury when avoidance
activities, maximum hydration, and physiologic maneu-
vers have failed.

Some reports show mixed benefits from insertion of
a pacemaker for intractable neurally mediated syncope.
However, it is not clear just what clinical features predict
a successful outcome. For now, a pacemaker might be
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considered for patients with frequent and intractable neu-
rally mediated syncope with risk for significant injury,
who demonstrate a strong cardioinhibitory response
rather than a vasodilatory response on tilt table testing,
who fail to respond to nonpharmacologic and pharma-
cologic therapy, and for whom other diagnoses for syn-
cope have been thoroughly investigated (for example,
psychiatric and cardiovascular causes).

Situational syncope

When it is associated with specific circumstances, neurally
mediated syncope is sometimes referred to as situational
syncope. Syncope occurring during venipuncture may be
the most commonly observed type of situational syncope.
The sudden sharp pain of the phlebotomist’s needle or the
emotional shock of witnessing blood provokes reflex
bradycardia, vasodilation, and brief loss of consciousness.
Syncope can usually be avoided by placing the patient in
a reclined position with their eyes diverted from the
venipuncture site. Avoiding or modifying the offending
situation that triggers reflex bradycardia and vasodilata-
tion usually treats the other forms of situational syncope.

Micturition syncope occurs during or shortly fol-
lowing urination. Typically, the patient arises from bed in
the middle of the night to go to the bathroom. Then,
while urinating, mechanoreceptors in the wall of the con-
tracting bladder are stimulated to produce reflex brady-
cardia and vasodilation. Standing adds an orthostatic
component to the hypotension and contributes to the loss
of consciousness. Treatment consists of recognizing the
event as micturition syncope and having the patient uri-
nate while sitting down.

Cough or tussive syncope occurs during a fierce
bout of coughing, usually in the setting of chronic ob-
structive pulmonary disease. An increase in intrathoracic
pressure brought on by coughing intensifies the hypoten-
sive response by impairing venous return and decreasing
cardiac output. Vigorous coughing may induce a gag re-
sponse, leading to reflex bradycardia and vasodilation.
Management consists of identifying and treating the un-
derlying disorder that causes these uncontrollable cough-
ing fits.

Swallow or deglutination syncope is a rare disorder
caused by stimulation of esophageal mechanoreceptors
during swallowing, notably of a large solid bolus of food.
There is usually a history of an esophageal stricture or
spasm, and management is directed toward treatment of
the underlying esophageal disorder.

Defecation syncope, another rare form of situa-
tional syncope, occurs in the setting of a colonic disorder
with episodes of painful defecation. Foreign bodies, such
as ingested toothpicks, have been reported that may be-
come embedded in the anus, causing painful defecation
and reflex syncope. The obvious treatment is to recognize
and to remove the offending agent. Defecation syncope

has also been reported to occur with functional obstruc-
tion of the inferior vena cava. Straining during a bowel
movement increases intra-abdominal pressure and leads
to obstruction of the inferior vena cava at the level of the
diaphragm. A crural myotomy and surgical mobilization
of the inferior vena cava may be curative, but should be
reserved only for intractable cases in which syncope may
result in serious injury.

Glossopharyngeal neuralgia rarely induces a reflex
syncopal response. Sudden, severe, sharp pain extending
along the course of the glossopharyngeal nerve in the pos-
terior pharynx, neck, or external ear may produce reflex
bradycardia, vasodilation, hypotension, and syncope.
Sometimes a head or neck malignancy causing irritation
of the nerve is discovered, whereas frequently no identi-
fiable cause is found. Management consists of recognizing
the disorder and its association with head and neck can-
cer, performing a detailed physical examination (supple-
mented with radiographic examinations when
appropriate), and treating the underlying malignancy if
discovered. If no cause is found, controlling the episodes
of painful neuralgia by symptomatic treatment with
phenytoin, carbamazepine, or gabapentin may prevent
syncope. For extreme cases, either sectioning the glos-
sopharyngeal nerve or implanting a cardiac pacemaker
has been attempted with some success. However, im-
plantation of a pacemaker to prevent reflex bradycardia
does not abolish recurrent episodes of syncope if the
mechanism for hypotension is primarily a vasodilatory
and not a cardioinhibitory response. There have been re-
ports of treating recalcitrant glossopharyngeal neuralgia
and syncope with surgical exploration of the root entry
zone of the vagal and glossopharyngeal nerves, and de-
compressing the nerves if there is evidence for compres-
sion due to an aberrant blood vessel.

Carotid sinus hypersensitivity is an exaggerated re-
sponse to carotid sinus stimulation that causes syncope,
usually occurring in elderly patients with a history of ath-
erosclerotic vascular disease. Stimulation of the carotid
sinus by external pressure or massage produces a vagally
induced reflex bradycardia and vasodilation. The diag-
nosis is based on a positive response to carotid sinus mas-
sage and a history of syncope occurring only in situations
in which the carotid sinus is stimulated, such as while
wearing a tight collar, when shaving, or while turning the
head. Treatment consists of avoiding situations in which
the carotid sinus might be accidentally stimulated. For re-
current events, a pacemaker may be indicated.

Orthostatic hypotension

Orthostatic hypotension is a common cause of syncope
in the elderly. A decrease in blood pressure, cerebral hy-
poperfusion, and loss of consciousness results if the car-
diovascular system is unable to compensate quickly for
sudden postural changes from lying (or sitting) to stand-
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Table 5.3 Orthostatic hypotension

Discriminating features

1 Significant drop in orthostatic blood pressure
2 Often associated with a decrease in muscle tone

Consistent features

1 Most common cause of syncope in elderly patients

2 Occurs while standing or when making postural changes to a
more upright position

3 Consciousness regained almost immediately after falling

4 Usually aborted if the patient can immediately assume a sitting
or prone position

Variable features

1 Presyncopal symptoms of blurred vision, nausea, and disequilibrium

ing. Sometimes vague near-syncopal symptoms, charac-
terized by blurred vision, dizziness, lightheadedness, dis-
equilibrium, or nausea, may precede the syncopal event
(Table 5.3).

Many conditions have been associated with ortho-
static syncope. In the elderly, the most common cause
may be medication effect from the overuse of diuretics,
antihypertensives, sedatives, or various combinations of
these drugs. Other causes include prolonged bed rest, de-
hydration, severe anemia, spinal cord disorders, auto-
nomic neuropathies, neurodegenerative disorders
associated with autonomic failure (for example, Parkin-
son’s disease, or multiple system atrophy), postprandial
hypotension, adrenal insufficiency, paraneoplastic syn-
dromes, or hereditary disorders (such as dopamine b-hy-
droxylase deficiency or hyperbradykinism).

With a compatible clinical history, the diagnosis is
established when the patient demonstrates a significant
drop in orthostatic blood pressure associated with a re-
currence of the syncopal event. The diagnosis is sus-
pected if symptoms of near-syncope occur while
standing, associated with an orthostatic decrease in sys-
tolic blood pressure of more than 20 mm Hg, or in an
elderly patient, an absolute decrease in systolic blood
pressure less than 90 mm Hg. A history of recurrent syn-
cope, with events occurring either with the patient lying
down or even sitting, generally indicates a disorder other
than orthostatic syncope.

Therapy is directed toward identifying and correcting
the condition or conditions predisposing the individual to
orthostatic hypotension (for example, prolonged bed rest,
dehydration, anemia), and educating the patient as to the
adverse risks of hot weather, hot baths, rising quickly from
a sitting to standing position, and the effects of meals and
alcohol on orthostatic changes. When possible, diuretics,

antihypertensives, and sedatives should be discontinued or
their doses modified. Other first-line measures include in-
creasing sodium and fluid intake to expand plasma vol-
ume, providing waist-high support stockings to prevent
venous pooling, elevating the head of the bed 6-8 inches at
night to check nocturnal fluid loss and to increase vascular
tone, moderate exercise to strengthen leg muscles, and in-
gestion of strong caffeinated coffee or tea.

Mineralocorticoids (for example, fludrocortisone)
may be added to increase sodium and fluid retention and
thereby help maintain an expanded plasma volume, but
must be used cautiously so as not to produce supine hy-
pertension or congestive heart failure. Desmopressin,
which can prevent fluid loss at night, is another drug used
to treat orthostatic hypotension. Midodrine, an a-ago-
nist, increases vascular tone, is dosed two to three times
each day, but should be avoided at night to prevent supine
hypertension. The effects of other drugs such as
prostaglandin synthesis inhibitors (for example, in-
domethacin or ibuprofen), metoclopramide, b-blockers,
ergotamine nasal spray, clonidine, or yohimbine are too
inconsistent or unreliable to readily recommend them as
initial drug therapy for orthostatic hypotension.

Postural tachycardia syndrome (POTS), in which
the patient experiences an exaggerated increase in his
heart rate when changing to an upright position, may
present with symptoms of palpitations, blurred vision,
near, or complete syncope. Diagnosis is evident from the
clinical features and measurement of the patient’s heart
rate and blood pressure lying and standing. Management
includes avoiding volume depletion and treating similarly
as for orthostatic hypotension.

Cardiac syncope

Cardiac causes for syncope often produce a sudden de-
crease in cardiac output, resulting in decreased cerebral
perfusion and loss of consciousness. Symptoms that
should lead to a suspicion of a cardiac cause include pal-
pitations, chest pain, nonorthostatic position at the time
of the syncopal event, or exertional syncope. Syncope
from valvular heart disease such as aortic stenosis, idio-
pathic hypertrophic subaortic stenosis, and mitral steno-
sis, usually occurs in the setting of physical exertion and
can be suspected by findings on physical examination.
However, the presence of valvular heart disease may not
necessarily indicate that this is the source for the patient’s
syncopal events unless severe outflow obstruction can be
documented with ECG or cardiac catheterization.

Brief arrhythmias are a potentially serious cause for
syncope, and sudden death may be a consequence if left
untreated. Arrhythmias should be considered in any pa-
tient with a history of heart disease and no other appar-
ent cause for syncope. Common examples include
supraventricular tachyarrhythmias (for example, atrial
fibrillation or flutter with a rapid ventricular response,
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and paroxysmal supraventricular tachycardia), sinus
bradycardia, second- or third-degree heart block, ven-
tricular tachycardia, or other ventricular arrhythmias
sometimes associated with a congenital or acquired pro-
longed QT interval. The ECG may detect the rhythm dis-
turbance at the time of the examination, but, in other
instances, the rhythm disturbance may have resolved. In
those cases, prolonged cardiac monitoring or EPS may be
required to identify the arrhythmia, so that appropriate
therapy can be started.

Other cardiac causes of syncope include severe car-
diomyopathy, left atrial myxoma, cardiac tamponade, pul-
monary hypertension, and pulmonary embolus. Diagnosis
of these disorders relies on an appropriate history, physi-
cal examination, and confirmation by special studies.

Ictal asystole is a rare disorder due to induction of
significant bradycardia or asystole as a result of a seizure,
usually a partial seizure that involves limbic areas of the
brain. The diagnosis may be made with video EEG mon-
itoring, and treatment would be directed to controlling
the seizures with anticonvulsants or a pacemaker.

Cerebrovascular disease

Cerebrovascular disease may provoke a syncopal attack
by producing brainstem ischemia, with dysfunction of the
ascending reticular activating system. This may occur, for
example, with atherosclerotic cerebrovascular disease, mi-
graine, or subclavian steal syndrome. Syncope secondary
to a vertebrobasilar stroke or TIA usually occurs in the
presence of other symptoms of brainstem ischemia, such
as vertigo, diplopia, dysarthria, ataxia, incoordination, or
focal motor or sensory symptoms (Table 5.4). In the ab-
sence of these accompanying symptoms, other causes of
syncope should be considered. Vertebrobasilar or Bicker-
staff’s migraine is an uncommon cause of syncope, is most
often seen in young women, and occurs with an associ-
ated headache and brainstem or cerebellar signs.
Subclavian steal syndrome typically presents with
exercise-induced arm pain on the side on which the sub-

Table 5.4 Vertebrobasilar insufficiency

Discriminating features

1 Other brainstem signs and symptoms accompany syncope
2 Cerebral angiogram is abnormal

Consistent features

1 Usually takes place in elderly patients
2 Occurs in any position

Variable features

1 Recurrent episodes may lead to a fixed neurologic deficit

clavian artery is stenosed or occluded. Infrequently, syn-
cope alone may accompany arm exercise, but the event
usually occurs with other brainstem signs and symptoms.
Physical findings of a diminished blood pressure or pulse
amplitude in the involved arm and arteriographic find-
ings of subclavian stenosis with reversal of flow through
the vertebrobasilar artery help confirm the diagnosis.

Brainstem compression

Brainstem compression due to transient rises in intracra-
nial pressure may produce loss of consciousness either by
compressing and disrupting the reticular activating sys-
tem, the brainstem vasopressor center, or by impairing ver-
tebrobasilar blood flow. Congenital anomalies, such as
Arnold-Chiari malformation, hydrocephalic attacks from
a faulty ventricular shunt, or intermittent obstruction of
the lateral ventricles by a colloid cyst, may create the nec-
essary and temporary rise in intracranial pressure to cause
syncope. The abnormal findings on neurologic examina-
tion, or history of a shunt placement for hydrocephalus,
should raise suspicion for these disorders and lead to ap-
propriate confirmatory neuroradiologic studies.

Seizures

Seizures are classified according to the behavioral change
exhibited during the seizure and by the interictal EEG
findings. The two major categories are primary general-
ized and partial seizures. The interictal EEG of primary
seizures demonstrates generalized epileptiform discharges,
whereas focal epileptiform discharges may occur interic-
tally with partial seizures.

Primary generalized seizures include generalized
tonic—clonic, absence, myoclonic, and atonic seizures. Pri-
mary generalized tonic—clonic seizures are characterized
by rhythmic major motor activity occurring without
warning, lasting 1-2 minutes, and sometimes associated
with incontinence or tongue biting. The presence of
tongue biting is more suggestive of a generalized tonic—
clonic seizure than of other causes for syncope. Absence
seizures are identified by a motionless stare lasting 5-
10 seconds, sometimes accompanied by rhythmic eye
blinking. Bedside hyperventilation for 3 minutes can
sometimes evoke an absence seizure and validate the di-
agnosis. Myoclonic seizures are sudden, brief, irregular
contractures of the extremities, often without loss of con-
sciousness. An atonic seizure, or drop attack, is a brief,
sudden loss of muscle tone, terminating in a fall if the pa-
tient is standing, and these usually occur without loss of
consciousness. Patients with atonic seizures frequently
have severe CNS abnormalities and exhibit other seizure
types as well.

Partial seizures may begin with an aura (for exam-
ple, focal sensory or motor symptoms, or experiential sen-
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sations). As the seizure progresses, the patient may be-
come confused or lose consciousness. Automatisms, such
as chewing movements, swallowing, or picking at clothes,
will sometimes occur during the seizures. A partial seizure
without an alteration of consciousness is termed a simple
partial seizure, whereas a partial seizure that is associated
with an alteration or loss of consciousness is termed a
complex partial seizure. Either type may evolve into a
generalized tonic—clonic seizure, in which case it is termed
a partial seizure with secondary generalization. For a
more complete discussion of specific epileptic syndromes
see Chapter 14.

Sometimes, it is difficult to distinguish an epileptic
seizure from syncope. A syncopal event is usually de-
scribed as a sudden loss of consciousness accompanied by
generalized flaccid muscle tone. Brief myoclonic jerks may
occur in the setting of cardiovascular and neurally medi-
ated syncope and are believed to be due to cerebral hy-
poxia. However, major motor activity, like that which
occurs with generalized tonic—clonic seizures, rarely hap-
pens during a syncopal event.

The diagnosis of an epileptic seizure is dependent
on the detailed description of the event by the patient and
a reliable witness. An EEG is helpful in classifying seizures
as either primary generalized or partial seizures, but it is
uncommon to record an epileptic seizure during a routine
EEG. Exceptions to this are an absence seizure provoked
by hyperventilation, or a nonepileptic psychogenic seizure
brought on by suggestion techniques. It should be em-
phasized that a normal EEG does not rule out the possi-
bility of a seizure disorder, nor does an abnormal EEG
without a suitable clinical history confirm a diagnosis of
a seizure disorder.

Transient Loss of Consciousness
of Unknown Etiology

Although the cause of a patient’s transient loss of con-
sciousness can often be suspected after the initial inter-
view and examination, if a source cannot be inferred and
physical findings or a history of heart disease or abnormal
ECG are present, a more comprehensive cardiac evalua-
tion might be undertaken, as outlined previously. Patients
without either underlying heart disease or symptoms sug-
gesting a cardiovascular cause for syncope usually do not
need further cardiac assessment because their prognosis
for serious morbidity or mortality is low.

Patients who experience repeated events pose spe-
cial management problems. How far should one proceed
with an evaluation? Repeated attacks may not reflect a
serious underlying disorder, but recurrent episodes of un-
consciousness may, by themselves, threaten the patient’s
health if they occur at a time when the patient is engaged
in an activity requiring intense concentration (for exam-
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Consider Consultation When...

» The cause of syncope is not clear after history, physical
and neurologic examinations, and appropriate labora-
tory tests, particularly if a cardiac or neurologic basis is
suspected (e.g., a history of cardiac or neurologic disease,
and ECG abnormality, or focal neurologic deficit).

» Technical assistance is needed in interpreting or
performing diagnostic procedures; or, further experience
or expertise is needed to treat the diagnosed cause for
syncope.

» The patient does not respond to treatment, or the
patient’s course is different from that expected.

ple, driving). In these situations, any alteration or loss of
concentration might result in severe injury.

Patients with recurrent events should be reevaluated
periodically. Over the course of time, repeated interviews
and examinations may lead to the recognition of a specific
disorder. Sometimes it is helpful to teach the patient’s fam-
ily or friends how to measure blood pressure and pulse
rate, as well as what behavioral responses to observe
when the patient is challenged with certain stimuli. A nor-
mal blood pressure and pulse immediately following an
episode makes a cardiac arrhythmia less likely. Abrupt
alerting immediately following the administration of a
noxious stimulus (for example, inhalation of an ammonia
capsule) raises suspicion for a psychogenic cause. Having
the patient keep a diary to objectively quantify the fre-
quency and pattern of the events allows the physician to
decide if continuous, prolonged inpatient neurodiagnos-
tic monitoring with EEG, ECG, and video would be
worthwhile. The diary also provides a baseline against
which the benefits of a therapeutic trial using, for in-
stance, an anticonvulsant or psychotherapy, might be
compared.

Finally, patients who remain undiagnosed after mul-
tiple events (especially if they have a history of a psychi-
atric disorder) may benefit from a psychiatric evaluation.
Psychiatric disorders that may present with temporary
loss of consciousness include anxiety disorder, panic at-
tack, somatization disorder, malingering, or psychogenic
unresponsiveness.
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CHAPTER 6

Vertigo and Other Forms of Dizziness

Douglas J.Lanska
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Dizziness is a very common problem in clinical practice,
particularly among the elderly. Complaints of dizziness
increase with age, due to age-related physiologic changes
and age-associated diseases of the special sense organs
and balance system. Although estimates vary depending
on the study design and the characteristics of participants,
15-40% of persons over age 80 complain of frequent
dizziness. Furthermore, compared to younger patients
with dizziness, elderly persons with dizziness have greater
disability, more chronic symptoms, and more frequent
multifactorial etiologies.

From a neurologic standpoint, it is essential to dis-
tinguish vertigo from other causes of dizziness. To do this,
it is necessary to understand the anatomy and physiology
of the vestibular system, the symptomatology and clinical
presentations of different categories of dizziness, and the
general examination of the dizzy patient. This informa-
tion will allow the practitioner to target further history,
examination, diagnostic tests, and appropriate therapies.

Anatomy and Physiology of the
Vestibular System

The vestibular receptors are housed in the bony labyrinth,
a bilateral series of intercommunicating cavities and hol-

low channels in the petrous portion of the temporal
bones. From a central cavity called the vestibule arise
three semicircular canals and the cochlea. Within this
bony labyrinth is the membranous labyrinth, a series of
intercommunicating sacs and ducts filled with endolym-
phatic fluid and specialized structures for vestibular and
auditory sensation. The vestibular portion of the mem-
branous labyrinth includes the utricle and saccule within
the vestibule, and the semicircular ducts within the semi-
circular canals. The space between the bony labyrinth and
the membranous labyrinth contains perilymph, a con-
nective tissue, and blood vessels. The membranous
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Key Clinical Questions

Vertigo and other forms of dizziness

Was the onset abrupt, subacute, or chronic?

Is the course episodic or monophasic?

If episodic, how long does the dizziness last?

Can the dizziness be categorized as vertigo, disequilib-

rium, presyncope, or psychophysiologic (psychogenic)

dizziness?

» Are there associated autonomic (e.g., nausea, vomiting),
auditory (e.g., hearing loss, tinnitus), or central nervous
system (CNS) signs or symptoms (e.g., diplopia, facial
numbness, extremity weakness)?

» Can the symptoms be reproduced with provocative ma-
neuvers (e.g., Dix-Hallpike positioning maneuver, hyper-
ventilation, rotation)?

» Can any medications or drugs be implicated as a contrib-
utor to the dizziness?

> Is there evidence of vestibular imbalance on examina-

tion (e.g., nystagmus, past pointing)?

vVVvyvyy
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labyrinth and its neural structures receive their vascular
supply from the internal auditory artery, which usually
originates from a branch of the basilar artery.

Hair cells in the vestibular receptor organs trans-
duce the mechanical forces associated with head acceler-
ation into nerve action potentials. Hair cells are
specialized sensory receptors from which protrude, on
their apical sides, bundles of directionally sensitive pro-
toplasmic filaments or “hairs.” Deflection of the hairs in
one direction decreases the resting membrane potential of
the cell, resulting in an increase of the cell’s spontaneous
firing rate. Deflection of the hairs in the opposite direction
produces hyperpolarization and a decrease in the sponta-
neous firing rate.

Receptor organs, called macules, in the utricle and
saccule respond to linear acceleration and static tilt. Each
macule consists of a mat of hair cells; an overlying gelat-
inous material embedding the hair cell projections, called
the otolithic membrane; and a superficial covering of rel-
atively dense calcium carbonate crystals called otoconia.
Forces resulting from linear acceleration or gravity dis-
place the dense otoconia and produce deflections of the
directionally sensitive filaments protruding from the un-
derlying hair cells.

Receptor organs called cristae in the semicircular
ducts respond to angular acceleration. The cristae are lo-
cated in enlargements of the semicircular ducts called am-
pullae. Each crista consists of a mat of hair cells and an
overlying gelatinous mass called the cupula, which proj-
ects from the surface of the hair cells to the ceiling of the
ampulla. Angular movements of the head produce flow
of endolymph within the semicircular ducts, which dis-
places the cupulae and deflects the directionally sensitive
filaments protruding from the underlying hair cells.

The three semicircular ducts are oriented orthogo-
nally, with the lateral duct oriented roughly horizontally
and the anterior and posterior ducts oriented vertically,
so that the anterior duct on one side is in the same plane
as the posterior duct on the opposite side. The lateral or
“horizontal” duct is actually not quite horizontal, though,
as it is tilted 30 degrees from the horizontal plane.

Sensory information from the vestibular receptor
organs is conveyed centrally via the eighth cranial nerve,
through the internal auditory canal in conjunction with
the facial nerve, into the posterior fossa to synapse in the
vestibular nuclei and cerebellum. The vestibular nuclei are
situated in the brainstem on the floor of the fourth ven-
tricle. The vestibular nuclei and brainstem reticular for-
mation integrate inputs from the vestibular receptors,
visual system, proprioceptive pathways, and cerebellum.
The vestibular nuclei in turn project to the parietotempo-
ral cerebral cortex, brainstem ocular motor and auto-
nomic nuclei, and the spinal cord. Projections to the
parietotemporal cerebral cortex are responsible for mo-
tion perception and spatial orientation. The connections

with the ocular motor nuclei mediate vestibulo-ocular re-
flexes (VOR). Vestibulo-ocular reflexes produce eye
movements in the orbit that are equal in amplitude and
opposite in direction to head movements, so that gaze re-
mains steady. The projections to the spinal cord mediate
vestibulospinal reflexes, which assist in maintaining pos-
ture and balance, particularly through tonic influence on
the antigravity muscles.

Physiologic imbalances in neural discharges within
the vestibular system are produced with head movements,
rotation, and caloric stimulation. Pathologic imbalances
in the vestibular system can be produced by impairments
either in the vestibular inputs or in the central connec-
tions of the vestibular system. Vertigo results from a mis-
match between the converging inputs and the expected
sensory patterns. For example, acute unilateral
labyrinthine dysfunction produces vertigo because the
sensation of self-motion associated with the vestibular
tone imbalance is inconsistent with expectations based
upon visual and somatosensory information. The vertigo
ultimately resolves, usually because of a rebalancing cen-
trally, rather than a return of function peripherally: that
is, central compensation corrects the mismatch between
inputs and expectations.

The clinical manifestations of vestibular tone im-
balance are produced through various vestibulo-ocular
and vestibulospinal reflexes, as well as through the con-
nections of the central vestibular system to cortical and
brainstem centers. A disturbance of cortical spatial ori-
entation produces the sensation of vertigo. Nystagmus is
due to a direction-specific imbalance in the VOR. If eye
movements do not match head movements, then images
of the world move across the retina, producing blurred
vision and an illusory visual sensation of environmental
motion called oscillopsia. Postural imbalance is caused by
abnormal activation of monosynaptic and polysynaptic
vestibulospinal pathways. Finally, nausea and vomiting
are due to activation of the medullary vomiting center.

History in the Dizzy Patient

Dizziness is a nonspecific term that describes an unpleas-
ant sensation of imbalance or altered orientation in space.
There are four major categories of pathologic dizziness:
vertigo, disequilibrium, presyncope, and psychophysio-
logic dizziness. Careful history, provocative testing, and
detailed examination will allow distinction of the major
categories of dizziness in most cases and will often allow
a specific etiologic diagnosis as well.

Vertigo is an illusion of movement due to an imbal-
ance of tonic vestibular activity. It is usually rotatory, im-
plying a disturbance of the semicircular canals or their
central connections. Sensations of body tilt or impulsion
indicate otolithic disturbances. Vertigo is commonly as-
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Pearls and Perils
Dizziness

» There are four major categories of pathologic dizziness:
vertigo, disequilibrium, presyncope, and psychophysio-
logic.

» Complaints of dizziness increase with age.

» Elderly persons with dizziness have greater disability,
more chronic symptoms, and more frequent multifactor-
ial etiologies.

» Drugs should be reviewed in all cases of dizziness.

The elderly are particularly susceptible to drug ototoxicity.

» Careful examination of the eyes, ears, cardiovascular sys-
tem, nervous system, and vestibular system is indicated.

» Provocative testing is often helpful in defining the sub-
jective sensation and the often vague description of
dizziness.

» Presyncope and disequilibrium may be exacerbated by
antivertiginous medications.

» Patients with presyncope, disequilibrium, and psy-
chophysiologic dizziness are unlikely to benefit from
vestibular exercises or antivertigo medications.

v

sociated with nystagmus, oscillopsia, postural imbalance,
nausea, and vomiting. Autonomic symptoms (e.g., sweat-
ing, pallor, nausea, vomiting) are generally more severe
with vertigo of peripheral origin than with vertigo of cen-
tral origin. Common causes of vertigo in the elderly in-
clude benign paroxysmal positioning vertigo, viral
neurolabyrinthitis, trauma, toxins, and posterior circula-
tion or labyrinthine ischemia. Common causes of vertigo
in young adults include Méniére’s syndrome, viral neuro-
labyrinthitis, trauma, and toxins.

Disequilibrium is a state of nonvertiginous altered
static (e.g., standing) or dynamic (e.g., walking) postural
balance. Patients with disequilibrium often complain of
unsteadiness, imbalance, and falls. There are two types of
disequilibrium: sensory and motor. Sensory disequilib-
rium is caused by altered spatial orientation, which may
be due to proprioceptive impairment (e.g., from periph-
eral neuropathy or tabes dorsalis), balanced bilateral or
compensated unilateral vestibular dysfunction (e.g., due
to aminoglycoside toxicity or the residua of viral neuro-
labyrinthitis), visual-vestibular mismatch (e.g., due to
impaired vision, ocular misalignment, or use of optic de-
vices such as lens implants or new glasses), or multisen-
sory impairment. Except in cases of visual-vestibular
mismatch, patients with sensory disequilibrium generally
do worse in the dark and frequently have a Romberg sign
on examination. Motor disequilibrium is caused by im-
paired motor performance, which may be due either to
mechanical factors (e.g., severe arthritis or prosthetic

limbs) or to dysfunction of central and peripheral nerv-
ous system motor pathways. The central motor pathways
that may be affected in patients with motor disequilib-
rium include the pyramidal, extrapyramidal, and cere-
bellar systems, whereas the peripheral motor pathways
include the peripheral nerves, neuromuscular junctions,
and muscles. Motor disequilibrium, as from cerebellar
dysfunction, is generally not exacerbated in the dark or
with the eyes closed.

Presyncope is a syndrome characterized by a sensa-
tion of impending loss of consciousness, and is typically
associated with weakness, diaphoresis, nausea, and epi-
gastric distress. Other associated symptoms may include
facial pallor or ashen-gray appearance, scotomata, visual
dimming or “gray out,” headache, tremulousness, and,
depending on the cause, palpitations, acral and perioral
paresthesias, and carpopedal spasms. Presyncope is due
to diffuse and sudden impairment in cerebral metabolism,
which may occur in isolation or as a precursor to loss of
consciousness (i.e., syncope; see Chapter 5). The sudden
cerebral metabolic dysfunction occurs due to generalized
cerebral ischemia, or less commonly with hypoglycemia
or hypoxia. Presyncope (and syncope) may occur with de-
creased cardiac output (e.g. arrhythmias, obstructive car-
diomyopathies, pulmonary emboli), inadequate
peripheral vasoconstrictor mechanisms (e.g., vasovagal
response, sympatholytic drugs, primary autonomic insuf-
ficiency, central and peripheral nervous system diseases),
cerebral vasoconstriction (e.g., hyperventilation), hypov-
olemia, mechanical reduction in venous return (e.g.,
cough, micturition), and with alterations in the oxygen
or nutrient content of the blood (e.g., hypoxia, hypo-
glycemia). True syncope is rare with hyperventilation and
hypoglycemia. Episodes of presyncope are generally re-
lieved with recumbency.

Psychophysiologic (psychogenic) dizziness is a
vague giddiness or dissociated sensation due to impaired
central integration of sensory and motor signals in pa-
tients with acute and chronic anxiety. The dizzy sensation
is typically protracted or continuous, with periodic exac-
erbations, often punctuated by episodes of hyperventila-
tion-induced presyncope. Specific provocative factors
may be identified, such as the presence of crowds, driving,
or being in confined places (e.g., elevators). Episodes are
not associated with facial pallor and are not relieved with
recumbency.

Drugs should be reviewed in all patients with dizzi-
ness. Drugs associated with dizziness include alcohol and
other central nervous system (CNS) depressant medica-
tions (e.g., benzodiazepines, barbiturates, phenoth-
iazines), aminoglycoside antibiotics, anticonvulsants,
antidepressant medications, antihypertensive medica-
tions, chemotherapeutic agents, loop diuretics (e.g.,
furosemide), and salicylates (see Table 6.1). The elderly
are particularly susceptible to drug ototoxicity: (a) they



Aminoglycosides
Anticonvulsants
Antidepressants
Antihypertensives

Antimalarial agents

Antipsychotics
Cis-platinum

Cytosine arabinoside
Ethacrynic acid

5-Fluorouracil
Furosemide

Minocycline
Salicylates

Sedative-hypnotics

2.Motor disequilibrium (ataxia)

Sensory disequilibrium or vertigo, oscillopsia,
and hearing loss
Motor disequilibrium (ataxia)

Presyncope

Presyncope

Sensory disequilibrium or vertigo, hearing loss,
and tinnitus

Presyncope

Sensory disequilibrium or vertigo, hearing loss,
and tinnitus

Motor disequilibrium (ataxia)

Sensory disequilibrium or vertigo, hearing loss,
and tinnitus

Motor disequilibrium (ataxia)

Sensory disequilibrium or vertigo, hearing loss,
and tinnitus

Sensory disequilibrium or vertigo, and tinnitus

Sensory disequilibrium or vertigo, hearing loss,
and tinnitus

Mixed disequilibrium
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Table 6.1 Drugs associated with dizziness
Drug Syndrome Mechanism
Alcohol 1.Vertigo (positional) 1.Reversible changes in cupula specific gravity

2.Cerebellar dysfunction

a.reversible after acute intoxication

b. permanent after long-term abuse
Irreversible damage to labyrinthine hair cells

Cerebellar dysfunction

1.Reversible after acute intoxication

2.Potentially irreversible after chronic phenytoin intoxication
Orthostatic hypotension

Orthostatic hypotension

Variably reversible damage to labyrinthine hair cells

Orthostatic hypotension
Variably reversible damage to labyrinthine hair cells

Variably reversible damage to cerebellar Purkinje cells
Irreversible damage to cerebellar Purkinje cells

Reversible inhibition of cerebellar metabolism by metabolites
Reversible inhibition of enzymes in cochlea

Reversible vestibular toxicity

Reversible inhibition of metabolic activity of labyrinthine hair
cells and/or cochlear neurons

Reversible depression of CNS integration areas

are more likely to receive ototoxic drugs, (b) they have
less reserve (due to age-associated vestibular end organ
changes, preexisting sensorineural hearing loss, and pre-
vious treatment with ototoxic drugs), and (c) they are
likely to have impaired renal function.

Helpful aspects of the history in the differential di-
agnosis of vertigo are outlined in Table 6.2. Particular at-
tention should be given to the onset, duration, and course
of the vertigo, as well as any associated autonomic, audi-
tory, or CNS signs and symptoms. This information alone
is often sufficient to suggest a specific etiologic diagnosis.

As outlined in Box 6.1, the neurologic symptoms as-
sociated with vertigo are particularly helpful in localizing
the responsible lesions. Hearing loss and tinnitus gener-
ally imply peripheral dysfunction, usually involving the
inner ear, but occasionally involving the internal auditory
canal or the structures of the cerebellopontine angle. Since
the motor fibers for facial expression pass in the seventh
cranial nerve in close proximity to the vestibulocochlear
sensory fibers in the eighth cranial nerve, peripheral-type
facial paresis (involving both upper and lower facial mus-
cles) may be associated with lesions of the internal audi-
tory canal, cerebellopontine angle, or brainstem. Any of

the following imply an intracranial basis for the dysfunc-
tion: diplopia, facial numbness, dysarthria, dysphagia, ex-
tremity weakness or numbness, or incoordination.

Patients with vertigo often give confusing and con-
tradictory accounts of the directionality of their symptoms,
probably because the vestibular and self-referred visual sen-
sations of movement are oppositely directed. Therefore, it
is helpful to determine the direction of the sensation of ro-
tation of the body with the eyes closed, which is away from
the side of a peripheral vestibular lesion.

Precipitating factors for vertigo may include head
movements, coughing, sneezing, and loud noises. Head
movements accentuate imbalance within vestibular path-
ways, and may produce vertigo even after compensation
has occurred in response to a vestibular lesion. In addi-
tion, positional vertigo is frequently induced by ordinary
head movements, such as looking up or to one side, lying
down, sitting up, or bending over. Coughing and sneezing
may precipitate vertigo, particularly by changing middle
ear pressure in patients with a posttraumatic perilymph
fistula. Loud noises may also precipitate vertigo in pa-
tients with inner ear disease, such as Méniere’s disease.
This is called the Tullio phenomenon.
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Table 6.2 History in the differential diagnosis of vertigo

Associated symptoms
Condition Onset Duration Course Autonomic* Auditoryt CNS
Benign paroxysmal Abrupt Seconds Episodic +++ - -

positioning vertigo

Seizures Abrupt Seconds/minutes Episodic —/+ - ++
Migraine Abrupt Minutes Episodic +++ - ++
Vertebrobasilar Abrupt Minutes/hours Episodic + + +++
insufficiency/TIA
Méniere’s syndrome Abrupt Hours Episodic +++ +++ -
Trauma Abrupt Days Monophasic ++ ++ ++
Stroke Abrupt Days Monophasic + + ++++
Vestibular neuronitis Subacute Days Monophasic ++++ /-
Toxic Subacute/chronic Days Monophasic + +++ ++
Posterior fossa mass Subacute/chronic Days Varies + ++ +++
—, never; +, uncommon; ++, common; +++, typical; ++++, universal; TIA, transient ischemic attack.
*Autonomic symptoms (sweating, pallor, nausea, vomiting) are much more common and much more severe with vertigo of peripheral origin (labyrinth or eighth nerve)
than with vertigo of central nervous system (CNS) origin.
‘tAuditory symptoms generally only occur if the vascular event involves either the inner ear or the acoustic nerve.

Examination of the Dizzy Patient

Since patients’ descriptions of dizzy sensations are often
confusing, particularly when the events are episodic,
provocative testing is often helpful in defining the subjec-
tive sensation and the often vague description of dizzi-
ness. Provocative testing can be used to produce
physiologic sensations of vertigo or presyncope, which
can then be compared and contrasted with the subjective
sensations experienced by the patient.

Rotational or caloric testing can also induce physi-
ologic vertigo in the office. To perform rotational testing
in the office, the patient can be seated in a rotary office
chair with the head tilted 30 degrees forward, and then
rotated carefully 10 times over 20-30 seconds. Tilting the
head forward 30 degrees places both horizontal semicir-
cular canals parallel to the floor, and therefore perpendi-
cular to the axis of rotation in the chair. As a result, both
horizontal canals are affected with rotational testing, with
output from one canal stimulated, while output from the
other canal is inhibited. The mismatch between the re-
sulting vestibular imbalance and visual and somatosen-
sory information produces physiologic vertigo, which
generally lasts less than 1-2 minutes. During this time,
one can observe the typical peripheral vestibular nystag-
mus and past pointing (see later discussion). Because of
the risk of falls and injury, patients should not stand until
the vertigo has resolved. Vertigo can also be produced
with caloric testing, for example, by injecting cold water
into the patient’s external auditory canal. However, this is
generally much more uncomfortable for the patient than
rotational testing, and is also more time-consuming and

messier for the examiner. Caloric testing has specific in-
dications, but is not recommended for provocative testing
to determine the category of dizziness.

Hyperventilation produces presyncope with perioral
and acral paresthesias and potentially carpopedal spasms.
To produce these sensations in the office, the patient is
asked to breathe deeply and quickly for 3 minutes
through an open mouth with the lips not pursed. This is
difficult to do even for cooperative patients, and consid-
erable encouragement from the examiner is often re-
quired.

Other maneuvers are helpful in identifying certain
specific pathologic conditions, rather than identifying the
broad category of dizziness. Assessment of pulse and
blood pressure with the patient both supine and standing
is necessary to diagnose presyncope due to orthostatic hy-
potension. Orthostatic hypotension is defined as an or-
thostatic reduction of either systolic blood pressure of at
least 20 mm Hg or diastolic blood pressure of at least 10
mm Hg, generally within 3 minutes of standing. Occa-
sional patients with orthostatic hypotension may not
manifest significant drops in blood pressure until they
have been standing for at least 10 minutes. A fistula test
is used to evaluate patients with vertigo from a suspected
perilymph fistula, a disruption of the limiting membranes
of the labyrinth. Patients with perilymph fistulas note the
sudden onset of hearing loss with tinnitus and vertigo,
usually following head trauma, coughing, sneezing,
straining, or exercise. In the fistula test, an otoscope with
an insufflator is used to transiently change the pressure
in the external auditory canal. Alternatively, the tragus of
the ear can be used to occlude the external canal, and ap-
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Box 6.1 Neurologic symptoms associated with
vertigo due to lesions at different anatomic sites

» Inner ear
* Hearing loss
« Tinnitus

» Internal auditory canal
+ Facial weakness
+ Hearing loss
+ Tinnitus
» Cerebellopontine angle
+ Facial numbness
» Facial weakness
* Hearing loss
+ Tinnitus
+ Extremity incoordination
» Brainstem
+ Diplopia
+ Facial numbness
+ Facial weakness
» Dysarthria
+ Dysphagia
+ Extremity weakness
+ Extremity incoordination
+ Extremity numbness
» Cerebellum
+ Extremity incoordination

plying pressure to the tragus using the examiner’s finger
can alter pressure in the canal. In the appropriate clinical
setting, a positive fistula test with transient vertigo and
nystagmus is suggestive of a perilymph fistula and war-
rants referral to an otolaryngologist. The Dix-Hallpike
positioning test is used to precipitate vertigo in patients
with episodic symptoms, especially when the symptoms
appear to be related to either head position or head move-
ments. This technique, its application, and its interpreta-
tion will be discussed in detail later. Other provocative
maneuvers that may be helpful in selected and controlled
circumstances include carotid sinus massage and the Val-
salva maneuver.

In all patients with dizziness or vestibular com-
plaints, careful examination of the eyes, ears, cardiovas-
cular system, nervous system, and vestibular system is
indicated. The following discussion, though, will be lim-
ited to a review of the bedside examination of the vestibu-
lar system. Clinically, vestibular imbalance is indicated by
nystagmus, past pointing, and postural and gait abnor-
malities.

Because different types of nystagmus have different
clinical implications, it is important to carefully charac-
terize nystagmus both by its appearance and by any pre-

v

Pearls and Perils
Evaluation of vertigo

» Particularly in the elderly, great care should be taken in
excluding a central cause for acute vertigo.

» Particular attention should be given to the onset, dura-
tion, and course of the vertigo, as well as any associated
autonomic, auditory, or central nervous system signs and
symptoms.

» Careful examination of the eyes, ears, cardiovascular sys-
tem, nervous system, and vestibular system is indicated.

» Neurologic symptoms and signs are particularly helpful
in localizing the responsible lesions.

» Vertigo due to peripheral vestibular dysfunction is often
associated with severe nausea and vomiting.

» Hearing loss and tinnitus generally imply peripheral dys-
function, usually involving the inner ear.

» Peripheral vestibular nystagmus may be evident only
when fixation is prevented.

» In central vestibular disorders, vertigo, autonomic, and
audiologic manifestations are mild or absent, and there
are frequently associated central neurologic signs or
symptoms.

» Any of the following imply an intracranial basis for the
dysfunction: diplopia, facial numbness, dysarthria, dys-
phagia, extremity weakness or numbness, or incoordina-
tion.

» A central cause is likely if the associated nystagmus has a
pendular appearance, is purely rotatory or purely linear,
changes direction with gaze in different directions, or is
not suppressed with fixation.

» Small cerebellar strokes may mimic labyrinthine lesions
clinically.

cipitating and inhibiting factors. For example, nystagmus
may be characterized by the symmetry of the oscillations,
whether the oscillations are linear or rotatory, and
whether the oscillations are unidirectional or direction
changing. Jerk nystagmus is identified by a clear slow-
phase drift in one direction and a corrective quick phase
in the opposite direction. Jerk nystagmus is traditionally
described by the direction of the quick phases; for exam-
ple, “down beat” nystagmus. In contrast, pendular nys-
tagmus is characterized by smooth sinusoidal oscillations
of the eyes.

Precipitating factors for nystagmus may include spe-
cific eye and head positions. Pathologic nystagmus may
be present in primary position (spontaneous nystagmus),
with a change in eye position (gaze-evoked nystagmus), or
with a change in head position (positional and position-
ing nystagmus). Spontaneous nystagmus is assessed by di-
rect observation of the patient’s eyes while the patient is
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looking straight ahead, either fixating on a target or with
fixation removed. Gaze-evoked nystagmus is assessed
similarly with the patient fixating on targets 30 degrees to
the right, left, up, and down. Extreme eye positions
should be avoided because they can result in “end-point”
nystagmus in normal individuals. Positioning nystagmus
is assessed with the Dix-Hallpike positioning test.

An important inhibiting factor for peripheral
vestibular nystagmus is fixation. While fixating, patients
with peripheral vestibular nystagmus can use their visual
pursuit system to counteract the nystagmus. In contrast,
fixation does not suppress central vestibular nystagmus,
since patients with central vestibular disorders cannot uti-
lize their pursuit system to suppress the nystagmus. Cen-
tral vestibular and visual pursuit pathways are highly
integrated, so central vestibular lesions damage both sys-
tems, thereby precluding inhibition by fixation.

To visualize peripheral vestibular nystagmus, spe-
cial techniques may be needed to suppress fixation. Oph-
thalmoscopy is a readily available way of preventing
fixation when the nonviewed eye is covered. The direc-
tion of linear nystagmus when viewed with an ophthal-
moscope is reversed from that observed by direct
inspection of the eye, since (a) the axis of rotation of the
eye is perpendicular to the line of sight, and (b) the retina
lies behind the center of rotation to the eye, while the
cornea lies in front. Torsional nystagmus can also be de-
tected with an ophthalmoscope by observing the vessels
around the macula. The direction of torsional nystagmus
is not reversed when viewed with an ophthalmoscope,
since the axis of rotation is parallel to the line of sight.

The clinical features of peripheral and central spon-
taneous vestibular nystagmus are contrasted in Table 6.3.
Peripheral vestibular nystagmus is a mixed linear-rota-
tory jerk nystagmus that beats in one direction, away
from a hypofunctioning labyrinth. With semicircular duct
stimulation or dysfunction, eye movements occur in the
plane of an affected semicircular duct. With all forms of
peripheral vestibular nystagmus, nystagmus amplitude
and frequency increase with gaze in the direction of the

quick phases due to summation of tonic driving forces
and elastic restoring forces both moving the eyes in the
direction of the nystagmus slow phases. The presence of
any of the following suggests a central cause for the nys-
tagmus: (a) the nystagmus has a pendular appearance, (b)
the nystagmus is purely rotatory or purely linear, (c) the
nystagmus changes direction with gaze in different direc-
tions, (d) the nystagmus is not suppressed with fixation,
(e) vertigo is mild or absent, (f) nausea is absent, or (g)
central neurologic signs or symptoms are present. Despite
these helpful rules, small cerebellar strokes may mimic
labyrinthine lesions clinically. Therefore, particularly in
the elderly, great care should be taken in excluding a cen-
tral cause for acute vertigo.

The Dix-Hallpike positioning maneuver tests for
positionally induced nystagmus, particularly that associ-
ated with benign paroxysmal positioning vertigo. The pa-
tient is instructed to stare off into space and to try to
avoid looking at any specific object during the procedure.
The patient’s head is turned to one side, and then the pa-
tient is rapidly moved backward from a sitting to a head
hanging position. Turning the head to one side places the
ipsilateral posterior semicircular duct in a parasagittal
plane. When the patient is subsequently moved back-
ward, the movement is in the plane of that duct. The ex-
aminer maintains the patient in the head hanging position
for approximately 1 minute and observes the patient’s
eyes for nystagmus. Anticipation or the experience of ver-
tigo may make patients very anxious. Calm but firm re-
assurance from the examiner is often necessary to
complete the maneuver.

The clinical features of peripheral and central posi-
tional vestibular nystagmus are outlined in Table 6.4. Like
peripheral spontaneous nystagmus, peripheral positional
or positioning nystagmus is a mixed linear—rotatory jerk
nystagmus. Peripheral positional or positioning vestibular
nystagmus generally beats upward and toward the un-
dermost ear, and has a latency of from 1 to 45 seconds
(but typically only a few seconds) and a duration of less
than 60 seconds. It lessens or disappears with repetition

Peripheral

Table 6.3 Clinical features of peripheral and central spontaneous vestibular nystagmus

Central

Appearance Jerk
Mixed linear and rotatory
Fixation Inhibits nystagmus
Associated symptoms Severe vertigo
and signs
Severe nausea

Hearing loss and tinnitus common

Unidirectional (beats away from hypofunctioning labyrinth)

No central nervous system symptoms or signs

Jerk or pendular

May be pure linear or pure rotatory

May change direction with gaze in different directions
Little effect

Mild or absent vertigo

Mild or absent nausea
Hearing loss and tinnitus uncommon
Central nervous system symptoms and signs common
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Table 6.4 Clinical features of peripheral and central positional vestibular nystagmus

Associated symptoms Severe vertigo
and signs
Severe nausea

Hearing loss and tinnitus common

Peripheral Central
Latency 1-45 seconds None
Appearance Jerk Jerk or pendular
Mixed upbeat rotatory May be pure linear or pure rotatory
Unidirectional May change direction with gaze in different directions
Fixation Inhibits nystagmus Little effect
Duration <60 seconds Persists
Fatigability Lessens and may disappear on repetition Persists

No central nervous system symptoms or signs

Mild or absent vertigo

Mild or absent nausea
Hearing loss and tinnitus uncommon
Central nervous system symptoms and signs common

of the offending head positioning. The presence of any of
the following suggests a central cause for the nystagmus:
(a) the nystagmus begins immediately upon assumption
of the offending head position, (b) the nystagmus has a
pendular appearance, (c) the nystagmus is purely rotatory
or purely linear, (d) the nystagmus changes direction with
gaze in different directions, (e) the nystagmus is not sup-
pressed with fixation, (f) the nystagmus continues indef-
initely with maintenance of the offending head position,
(g) the nystagmus persists with repetition of the offending
head positioning, (h) vertigo is mild or absent, (i) nausea
is absent, or (j) central neurologic signs or symptoms are
present. As with spontaneous vestibular nystagmus, great
care should be taken in excluding a central cause for acute
vertigo, particularly in the elderly.

Corrective saccades are rapid conjugate eye move-
ments that allow the patient’s eyes to refixate on the tar-
get following a shift in gaze. Corrective saccades after
single, rapid, small-amplitude head turns can be helpful in
identifying the side of vestibular dysfunction, particularly
when spontaneous nystagmus is absent. In this test, the
patient’s head is turned rapidly 5 to 10 degrees to one side
by the examiner, while the patient attempts to maintain
fixation on an object 6 feet or more away. The examiner
observes the patient for corrective saccades. The gaze of
a patient with unilateral labyrinthine dysfunction shifts
only when the head moves quickly toward the dysfunc-
tional side. An oppositely directed compensatory saccade
corrects the gaze error. Thus, leftward saccades following
rapid rightward head movements indicate right vestibular
dysfunction, whereas rightward saccades following rapid
leftward head movements indicate left vestibular dys-
function.

Caloric testing may also be helpful in determining
the side of a peripheral vestibular lesion. Otoscopy must
be performed prior to the test to ensure that the tympanic
membrane is intact and that wax does not obstruct the

external canal. The patient’s head is elevated 30 degrees
from a supine position to bring the lateral semicircular
duct into a vertical orientation. Cold or warm water is in-
stilled in the external canal, which induces convection
currents in the endolymph of the lateral semicircular duct.
Because of its ready availability, ice water is commonly
used for bedside testing. Two to ten milliliters of ice water
are usually adequate. A normal response to caloric stim-
ulation with ice water consists of tonic deviation of the
eyes toward the side of instillation plus nystagmus with
corrective quick phases in the direction opposite to the
tonic deviation. Warm water produces the opposite re-
sponse. The onset is in 30-60 seconds, and the duration
is usually 1-3 minutes. In comatose patients, only tonic
deviation is observed. In labyrinthine or eighth-nerve le-
sions, neither cold nor warm water will elicit a normal re-
sponse on the affected side. This is called canal paresis.
Greater than 20% asymmetry in duration or frequency
between the two sides suggests an abnormality on the side
of the lesser response. If the dysfunction is mild, quanti-
tative testing with electronystagmography may be neces-
sary to establish the finding. If the ocular response to
caloric stimulation is consistently greater in one direction
than another, there is a directional preponderance of the
vestibular system. This may occur with both central and
peripheral vestibular disorders, particularly in the pres-
ence of spontaneous nystagmus. By itself, directional pre-
ponderance is not localizing.

Clinical disturbances of the vestibulospinal path-
ways are assessed with several tests including past point-
ing, stance, the Romberg test, and tandem gait with eyes
closed.

When assessing a patient for past pointing, the pa-
tient is asked to sit facing the examiner with index finger
extended and pointing at, but not touching, the exam-
iner’s extended finger. The patient is then asked to raise
the arm to a vertical position with the index finger point-
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ing at the ceiling, and subsequently return the arm to the
initial position. This is repeated several times with the
eyes closed. Consistent deviation of the arm to one side is
called past pointing. If extralabyrinthine inputs are not
minimized by keeping the eyes closed and the arm ex-
tended, visual or proprioceptive signals will permit accu-
rate localization of the target even if vestibular function is
impaired. For this reason, the standard finger-nose—
finger test is not helpful in identifying past pointing. In
acute vestibular lesions, patients past-point toward the af-
fected side; however, the test can be misleading since CNS
compensation rapidly corrects the past pointing and can
produce a drift to the opposite side.

With acute unilateral vestibular lesions, patients
have impaired postural control and may sway or fall to-
ward the lesion. Although this is helpful diagnostically, the
examiner must take great care when assessing stance and
gait in patients with vestibular complaints, as patients may
suddenly fall and could injure themselves. The examiner
must provide adequate support for the patient to prevent
falls and injuries. In patients who are unable to maintain
their stance without support when their eyes are open, it
is unnecessary and potentially dangerous to proceed with
a Romberg test or an unsupported assessment of gait.

In patients with vestibular lesions, the tendency to
fall toward the lesion is accentuated when they are pre-
vented from using vision to compensate for the vestibular
imbalance. This is the basis of the Romberg test. In the
Romberg test, the patient is first asked to stand with eyes
open and feet together. If the patient is unable to maintain
balance in this position, the stance is widened until this is
possible. The patient is then asked to close his or her eyes.
Patients with proprioceptive or vestibular dysfunction may
be unable to maintain this position. Patients with unilat-
eral dysfunction usually sway or fall toward the side of the
lesion, particularly if the dysfunction is acute. Because of
CNS compensation, the test is less sensitive to chronic uni-
lateral vestibular dysfunction. As with past pointing, over-
compensation may result in falls toward the “good” side.

With eyes open, tandem walking may be impaired
with acute vestibular lesions. It is, however, mainly a test
of cerebellar function, because vision compensates for
chronic vestibular and proprioceptive dysfunction. A bet-
ter test of vestibular function is tandem walking with eyes
closed. When cerebellar and proprioceptive function are
normal, imbalance during this test indicates vestibular
dysfunction. However, the direction of falling does not
reliably indicate the side of the lesion. The test is also dif-
ficult for normal elderly people.

Diagnostic Tests

The history and physical examination are frequently suf-
ficient to classify the dizziness into one of the four cate-

gories mentioned earlier, and perhaps even to suggest an
etiologic diagnosis. In many cases, though, additional di-
agnostic tests will be required. These should be ordered
selectively. The diagnostic evaluation of nonvertiginous
dizziness is beyond the scope of this chapter. Discussion
of the evaluation of disequilibrium can be found in Chap-
ter 7 (Disorders of Gait), and discussion of the evaluation
of presyncope and syncope can be found in Chapter 5.
Diagnostic studies that may be helpful in patients
with vertigo include audiometry, electro- or video-nys-
tagmography, bithermal caloric testing, brainstem audi-
tory evoked potentials, and cranial imaging, optimally
with magnetic resonance imaging (MRI). Consultation in
problematic cases should be sought from neurology, es-
pecially in cases of CNS dysfunction, or otolaryngology,
especially in cases of peripheral vestibular dysfunction.

Treatment

The treatment of dizziness varies by type and cause. In
general, it is symptomatic and directed at the underlying
cause. For example, vertigo may be alleviated with
vestibular sedatives, whereas these agents may exacerbate
presyncope and disequilibrium. Also, patients with acute
persistent vertigo from peripheral vestibular lesions may
benefit from vestibular exercises, whereas patients with
presyncope, disequilibrium, and psychophysiologic dizzi-
ness are unlikely to benefit from these exercises.

Patients with any form of dizziness are at a signifi-
cantly increased risk of falling (Box 6.2). Falls are the
leading cause of both nonfatal injuries and unintentional
injury deaths among older people in the United States,
and dizziness is a major contributor to such falls. More
than half of people age 65 or older fall each year, and
10% of these falls result in serious injury. Injuries from
falls include hip fracture, other fractures, subdural
hematoma, and other head injury. Many elderly people
have multiple medical problems for which they are re-
ceiving medications, which in turn can often increase the
risk of dizziness and falls (Box 6.3). The risk of falling
and confusion increases with increasing number of med-
ications, independent of the types of medications.

The risks of falls and fall-related injuries in patients
with dizziness can be significantly decreased with appro-
priate management (Box 6.4). In particular, strategies uti-
lizing multifactorial assessment and intervention can
significantly reduce the rate of falling and the risk of fall-
associated injury, including hip fractures, in dizzy pa-
tients, particularly those who are elderly, frail, and infirm.
Although there is no consensus on which components are
necessary in such multifactorial intervention programs,
components can include educating and guiding staff,
modifying the environment, implementing exercise pro-
grams, supplying and repairing aids, reviewing and mod-
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Box 6.2 Patient-related factors associated Box 6.3 Medications particularly likely
with an increased risk of falling to increase the risk of falling
» History of previous falls (especially within the previous 6 » Antidepressants (especially tricyclics and serotonin-
months) reuptake inhibitors)
» Medication effects » Anxiolytics (especially benzodiazepines)
* Multiple medications » Antipsychotics (especially haloperidol and phenothiazines)
+ Specific medications » Antihypertensives
> Disease (Note: these are not mutually exclusive categories) » Antiarrhythmics
+  Sensory or motor disequilibrium » Anticonvulsants
- Impaired vision > Laxatives
- Impaired hearing
- Arthritis
~ Uiy ) ifying drug regimens, providing hip protectors, and post-
- Myasthenia Sl el GRSt L AL Gl e fall problem-solving conferences. The choice of compo-
o elkerekim ) nents should appropriately be targeted to the specific
= ORI mETEn d'seése o patient issues, including type of dizziness.
~ evaesh (g, apleleer ) Other fall prevention methods may also be useful
~ Hemiparesis (e.g. stroke) (Boxes 6.4 and 6.5), including exercise programs,
= O e s ) ) evaluation and management of comorbid conditions pre-
~ ML Ry (sl sehse e ol senseli disposing to falls (e.g., orthostatic hypotension, parkin-
LiISLsels polyn'europathy) sonism, delirium, leg weakness, and arthritis), medication
- Tal?es el ) management (e.g., limiting or curtailing the use of certain
- Spln.ocerebel'larataXIa medications, particularly those with sedative effects or
- Parkmsorl’s d.'se‘—f's_e ) those contributing to orthostatic hypotension, motor dis-
~ Ginsraldnsiieiislelsinelemes (g, pleg s equilibrium or ataxia), provision of appropriate footwear,
supranuclear palsy, multiple system atrophy, etc) use of assistive devices, elimination of home hazards, and
= Dyslarencen hyperl.dnetic SVETEN eI s the like. In addition, other approaches can decrease the
(e, i gos el risk of injury from falls (i.e., without necessarily impact-
- Normal pressure 37 OIS ing on the risk or frequency of falls), including evaluation
- |nt0XIC.atI0n'S ) and management of osteoporosis and the provision of
- (?ther eyt o i ) g protective orthotics (e.g., hip protectors).
° Ve ) ) At least on a yearly basis, medical care providers
© OISR et e should ask elderly patients about any falls or difficulty
> Bneee o with balance and gait. They should also observe their
’ Neurocogn!tlvelmpalrment ) i patients while rising from a chair, while standing, and
= Dt o er i i e g et s while walking. Any elderly patients who have observed
- Psyc.hosis/HaIIucinosis difficulty with getting around should be considered for
- Anx'et)f » professionally supervised balance, gait, and muscle-
- Confugon or f}lelmum strengthening programs. Such programs, coordinated by
= Azueliners d'%ease physical, occupational, or kinesio-therapists, can decrease
= Otz ) the risk of falls by 10%.
= leniausieie] ity ehs e Commonly used antivertigo drugs and their dosages
’ Infec“fm (eaggedtilly Ly s i) are shown in Table 6.5. In any given patient, it is often
o il difficult to predict which drug or which combination of
- Gitnarelea ol drugs will be most effective in alleviating the symptoms.
. -Ot:ecent esiplizilpaiiion The drug or drug combination is empirically chosen based
er

+ Error of judgment

* Misinterpretation

* Miscalculation

+ Misuse of equipment (e.g., ladder, roller walker, etc.)

on the known effects of each drug, and on the course and
severity of the patient’s symptoms. Severe forms of acute
persistent vertigo are very distressing, particularly when
accompanied by nausea and vomiting. Antivertigo med-
ications with both sedative and antiemetic effects are very
helpful in these situations. Chronic recurrent vertigo is
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Box 6.4 Management of patients who fall

Review all medications (including over-the-counter).
Limit or eliminate problematic medications if possible,
particularly those with sedative effects or those
contributing to orthostatic hypotension or motor
disequilibrium or ataxia.

Decrease the total number of medications to four or
fewer (if possible).

Assess for orthostatic hypotension (i.e., pulse and blood
pressure measured supine, standing, and standing after
3 minutes).

Assess vision, hearing, heart, lungs, joints, muscles, and
sensory function.

Evaluate and manage comorbid conditions predisposing
to falls (e.g., orthostatic hypotension, parkinsonism,
delirium, leg weakness, and arthritis).

Supply aids and assistive devices, including canes, ice
gripper attachments for canes, walkers, lifts, etc.
Observe patient rising from chair, standing, walking, and
turning.

Recommend an exercise program for patients who are
suitable candidates, with professional supervision if
necessary.

Obtain appropriate blood tests (including complete
blood count, serum electrolytes, calcium, phosphorus,
alkaline phosphatase, 25-hydroxy vitamin D level, blood
urea nitrogen, creatinine, glucose, vitamin B, , level,and
thyroid stimulating hormone level).

Obtain neuroimaging in presence of a head injury, new
focal findings, or a suspected central nervous system
process based on history or examination.

Consider tests of bone mineral density (particularly of
the hips and spine), especially in postmenopausal
women or those at increased risk of osteoporosis or
osteomalacia for other reasons (e.g., vitamin D defi-
ciency, anticonvulsant use, steroids, cigarette smoking,
etc.). Treat with appropriate agents and monitor if bone
mineral density testing is significantly abnormal.

Refer patients with observed difficulty ambulating to
physical therapy for comprehensive evaluation and re-
habilitation.

Recommend appropriate footwear, e.g., comfortable,
soft-soled shoes with adequate support, low or no heel,
and appropriate tread (not smooth soled).

Recommend hip protectors, which may decrease the risk
of hip fracture by more than 50%.

Refer to occupational therapy for an in-home safety
evaluation.

Eliminate home hazards to decrease fall risks.

v

Box 6.5 Environmental changes that can
decrease falling include

Removal of rugs

Change to safer footwear (e.g., soft, flat-soled shoes)
Use of nonslip bath mats

Improvement of lighting (including use of a night light)
Addition of stair, bathtub, and toilet rails

Removal of low chairs

Repair of pavement irregularities

VVVYVYyYVYVYY

less distressing and interferes less with daily activities.
Agents with less sedating properties will help patients
carry on with their normal routine. Agents that com-
monly cause confusion are best avoided in the elderly.
Also, parenterally administered drugs that may produce
hypotension or respiratory depression should generally
be used only in a hospital setting.

In patients with acute persistent vertigo from pe-
ripheral vestibular lesions, recovery occurs more rapidly
and more completely when vestibular exercises are begun
as soon as possible after the onset of symptoms. The
vestibular exercises shown in Box 6.6 are adapted from
those proposed by Cooksey and Cawthorne in 1945. The
exercises are intended to help the patient learn to use vi-
sual and proprioceptive information to compensate for
the dysfunctional vestibular system. Eye and head move-
ments are begun as soon as possible after the acute vertigo
and autonomic symptoms subside. More complicated ex-
ercises involving head movements, bending, standing, and
moving about are then gradually introduced as the pa-
tient improves. The exercises should be performed for at

v

Pearls and Perils

Vertigo management

» Antivertiginous medications with both sedative and
antiemetic effects are very helpful in alleviating the
symptoms of acute persistent vertigo.

» Antivertiginous medications with less sedating proper-
ties are least disruptive to the daily activities of patients
with chronic recurrent vertigo.

» Antivertiginous medications that commonly cause con-
fusion are best avoided in the elderly.

» In patients with acute persistent vertigo from peripheral
vestibular lesions, recovery occurs more rapidly and
more completely when vestibular exercises are begun as
soon as possible after the onset of symptoms.
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Table 6.5 Dosage and common effects of antivertigo medications
Drug Dose Sedation Antiemetic Anticholinergic EPS* Confusion® Other
Diazepam (Valium) 5-10 mg po or IV +++ + - - ++ Respiratory
g4-6h depression
Dimenhydrinate 50-100 mg po or ++ ++ ++ - +
(Dramamine) IM g4-6h
Droperidol 2.5-10mg IM or +++ +++ - ++ + Hypotension,
(Inapsine) IV q12h tachycardia
Meclizine (Antivert) 25-50 mg g4-6h + ++ ++ - +
Phenobarbital 30 mg poor IV +++ + - - ++ Respiratory
q6-8h depression
Prochlorperazine 5-10 mg po/IM ++ +++ + ++ + Hypotension
(Compazine) q6-8h; 25 mg pr
q12h;or 2.5-10 mg
IV g6-8h
Promethazine 25-50 mg +++ +++ + + +
(Phenergan) po/IM/pr q4-6h
Trimethobenzamide 250 mg po g6-8h; + +++ - ++ + Hypotension
200 mg pr/IM q6-8h
—, never; +, uncommon; ++, common; +++, typical
Anticholinergic effects include blurred vision, dry mouth, tachycardia, urinary retention, agitation, confusion. These manifestations may also occur with antihistamines
(meclizine, dimenhydrinate), but to a lesser degree.
*Extrapyramidal (EPS) effects potentially include acute dystonia, parkinsonism, akathisia, and tardive dyskinesia.
tConfusion is particularly a problem in the elderly.

least 5 minutes several times per day. Specific head posi-
tions and movements that precipitate vertigo should be
sought and repetitively performed to facilitate vestibular
compensation. Antivertigo medications can be used dur-
ing the exercises to help control both the vertigo and the
autonomic symptoms. Although there are theoretical rea-
sons to imagine that vestibular sedatives may limit the ef-
ficacy of vestibular exercises, no solid evidence suggests
that such medications affect either the rate or degree of
vestibular compensation.

Selected Vertiginous Syndromes
and Diseases

Benign Paroxysmal Positioning Vertigo

Benign paroxysmal positioning vertigo (BPPV) is a me-
chanical disorder of the inner ear in which certain head
movements or positions precipitate vertigo, with con-
comitant nystagmus and autonomic symptoms. In the
vast majority of cases, the symptoms result from abnor-
mal stimulation of the posterior semicircular duct. Benign
paroxysmal positioning vertigo is particularly important
to recognize because (a) it is very common, and indeed is
probably the most common cause of vertigo in the eld-
erly; (b) it can be disabling; (c) it can be accurately diag-
nosed by clinical examination; (d) extensive diagnostic
studies are not indicated; (e) if untreated, it will usually

spontaneously remit, although manifestations may be
protracted in some cases and recurrences are common;
and (f) it is readily treatable and even curable. Specific
conditions etiologically associated with BPPV include
head trauma, middle ear and mastoid infections, middle
or inner ear surgery, and labyrinthine ischemia. Most
cases, however, are idiopathic.

The diagnosis of BPPV is clinical and depends on
observing the characteristic manifestations, which are
typically elicited with the Dix-Hallpike positioning test
(see earlier description). Definite diagnosis of BPPV re-
quires demonstration of linear-rotatory nystagmus with
appropriate latency, duration, and fatigability. With adop-
tion of the offending head position, vertigo and nystag-
mus begin with a brief latency of from 1 to 45 seconds,
and typically 2 to 5 seconds. The nystagmus is mixed up-
beat-rotatory and slightly disconjugate. For the rotational
component of the slow phases, the dependent eye intorts
and the upper eye extorts. The nystagmus varies some-
what in the two eyes and with the direction of gaze. It is
more rotatory in the dependent eye and with gaze toward
the dependent (affected) ear, and more upbeat in the
upper eye and with gaze away from the dependent ear.
The manifestations of BPPV subside in 10-60 seconds,
even with maintenance of the precipitating position. If
BPPV is elicited with the Dix-Hallpike positioning test,
the vertigo and nystagmus may recur, usually less vio-
lently, when the patient returns to a sitting position. The
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Box 6.6 Vestibular exercises

In bed

1 Move eyes up and down and then side-to-side, at first
slowly, then quickly.

2 Move head forward and backward and then side-to-side,
at first slowly, then quickly.

Sitting

1 Eye and head movements as above.

2 Rotate head and shoulders, at first slowly, then quickly.
3 Bend forward and pick up objects from ground.

Standing

1 Change from sitting to standing, at first with eyes open,
then with eyes closed.

2 Eye and head movements as above.

Moving about

1 Turn around.

2 Walk across room, at first with eyes open, then with eyes
closed.

3 Stand on one foot, at first with eyes open, then with eyes
closed.

4 Climb up and down steps with eyes open.

5 Play games involving stooping, stretching, aiming (e.g.,
shuffleboard or bowling).

v

Pearls and Perils
Benign paroxysmal positioning vertigo (BPPV)

» BPPV is the most common cause of vertigo in the elderly.

Extensive diagnostic studies are not indicated.

» Definite diagnosis of BPPV requires demonstration of
positioning-induced linear-rotatory nystagmus with ap-
propriate latency, duration, and fatigability.

» If typical nystagmus is observed with the Dix-Hallpike
positioning test, the affected ear is the one undermost.

» The main differential diagnostic consideration is distin-
guishing BPPV from central causes of positional vertigo,
which are more ominous.

» Cranial imaging, preferably with magnetic resonance
imaging, is indicated if the clinical manifestations are not
typical of BPPV, or if there is evidence of static neurologic
dysfunction.

» Particle-repositioning or liberatory maneuvers and posi-
tioning exercises are highly effective therapies for BPPV.

» Drug therapy with vestibular sedatives is generally not
helpful with the severe abrupt episodes of BPPV.

» Drug therapy may help suppress the nausea and non-
specific dizziness between episodes.

» Surgical procedures to correct BPPV are generally unnec-
essary and should be avoided.

v

duration of this nystagmus will also be less than 1 minute.
With repeated assumption of the offending head position,
the manifestations will rapidly and progressively decrease
and may stop altogether. If typical nystagmus is observed,
the affected ear is the one undermost. Generally, there
should be no evidence of static neurologic dysfunction,
particularly affecting the vestibular system, cerebellar
pathways, and cranial nerves, although BPPV can also
occur with Méniére’s syndrome, labyrinthine ischemia,
and head trauma, all of which may be associated with
static neurologic or peripheral vestibular dysfunction
(Table 6.6).

The main differential diagnostic consideration is
distinguishing BPPV from central causes of positional ver-
tigo, which are more ominous. Certain clinical findings
can be very helpful in distinguishing central and periph-
eral forms of positional nystagmus (Table 6.4). However,
despite the generally helpful clinical prediction rules, cen-
tral lesions may rarely cause positional nystagmus that
resembles BPPV clinically. Particularly in the elderly, great
care should be taken in excluding a central cause for ver-
tigo. Cranial imaging, preferably with MRI, is indicated
if the clinical manifestations are not typical of BPPV, or if
there is evidence of static neurologic dysfunction, partic-
ularly affecting the vestibular system, cerebellar path-
ways, or cranial nerves.

Several theories have been developed to explain the
clinical phenomena of BPPV. In 1973, Schuknecht hy-
pothesized that BPPV is produced by relatively heavy de-
bris from degenerating otoconia of the utricular macule
settling on the cupula of the posterior semicircular duct.
As a result, the cupula of this duct would be transformed
from a rotary motion sensor to a linear motion sensor.
This “cupulolithiasis theory” was supported by some his-
tologic evidence, but is not compatible with all of the clin-
ical features of BPPV. In particular, this theory would
predict sustained vertigo with maintenance of an offend-
ing head position. Generally, the debris floats freely
within the endolymph of the duct in the form of loose
particles or a congealed clot or plug. Since the particles or
clot are heavier than endolymph, they gravitate toward
the most dependent part of the duct. Movement of the
particles or clot induces a flow of endolymph within the
duct which pushes on the cupula, thereby producing a
BPPV attack. This “canalolithiasis theory” can explain
all of the clinical features of BPPV and provides the basis
for effective approaches to treatment.

Currently, the preferred form of treatment is with
various “particle repositioning” or “liberatory” maneu-
vers and exercises. If performed properly, these forms of
therapy are highly effective in BPPV. The Semont and
Epley maneuvers utilize a single sequence of head and
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Discriminating features Consistent features

Table 6.6 Benign paroxysmal positioning vertigo

Variable features

Episodic vertigo of abrupt onset, lasting
seconds minutes

Vertigo precipitated by Dix-Hallpike
positioning test

Upbeat-rotatory jerk nystagmus between episodes

Nystagmus begins with latency of 1-45
seconds

Nystagmus duration is less than 1 minute system

Nystagmus fatigues with repetition of

Dix-Hallpike positioning test

Patients may estimate that vertigo lasts

Nausea and vomiting with episodes
Nonvertiginous dizziness (disequilibrium)

No auditory manifestations
No symptoms or signs of central nervous

No evident precipitating factors

Normal audiograms, brainstem auditory
evoked responses, and cranial imaging

Electronystagmographic evidence of
paroxysmal upbeat-rotatory nystagmus

Onset following prolonged bed rest, head
trauma, middle ear and mastoid infections,
middle or inner ear surgery, or labyrinthine
ischemia

Occurs more frequently in the elderly

Elderly cases are usually idiopathic

Vestibular paresis on bithermal caloric testing
disease

body positioning to remove debris from within the pos-
terior semicircular canal and deposit it back into the utric-
ular cavity. Complete resolution of symptoms with these
maneuvers occurs after a single treatment in 80-90% of
cases in most series. In contrast, the Brandt-Daroff exer-
cises utilize a repetitive sequence of head and body posi-
tioning to facilitate central compensation.

The modified Epley liberatory particle-reposition-
ing maneuver consists of four steps. The first two steps
are basically a repeat of the Dix-Hallpike positioning test.
In step 1, with the patient seated, the patient’s head is
turned horizontally 30 degrees toward the affected ear, so
that the ipsilateral posterior semicircular duct is in a
parasagittal plane. In step 2, the patient is tilted back-
ward, so that both shoulders rest against the table, the
head is slightly hanging off the opposite edge, and the
nose is pointed to the side of the affected ear (i.e., the head
is approximately 105 degrees back from the sitting posi-
tion, with the head turn from step 1 maintained). Because
of the head positioning, the movement in step 2 is in the
plane of the affected semicircular duct. The resulting
head-hanging position is maintained for 3 minutes. In
step 3, the head is turned 90 degrees toward the unaf-
fected ear. The head then continues turning another 90
degrees toward the unaffected ear, in conjunction with a
90-degree turn of the trunk. At this point, the patient is on
his or her side, with the unaffected ear undermost and the
nose pointed toward the table. Positioning nystagmus
beating toward the uppermost (affected) ear predicts ther-
apeutic success. In contrast, positioning nystagmus beat-
ing toward the undermost (unaffected) ear indicates that
the plug of material within the duct has moved in the
wrong direction, back toward the ampulla. This position
is maintained for 3 minutes unless the nystagmus occurs
in the wrong direction, in which case the entire procedure
should be repeated. Finally, in step 4, the patient is moved

to the sitting position. A home-treatment version of these
exercises is also available (see annotated bibliography),
which is particularly helpful for patients with recurrences.
If the Epley maneuver is unsuccessful, the procedure can
be repeated, a Semont maneuver can be tried, or Brandt-
Daroff exercises can be prescribed.

The Semont liberatory maneuver also consists of
four steps. In step 1, with the patient seated, the patient’s
head is turned horizontally 45 degrees toward the unaf-
fected ear, so that the contralateral posterior semicircular
canal is in a coronal plane. In step 2, the patient is tilted
laterally toward the affected ear, so that the ipsilateral
shoulder rests against the table and the head hangs off the
edge of the table with the nose up (i.e., the head is ap-
proximately 105 degrees from the sitting position, with
the head turn from step 1 maintained). Because of the
head positioning, the movement in step 2 is in the plane
of the affected semicircular duct. The resulting head-
hanging position is maintained for 3 minutes. In step 3,
the patient is tilted laterally toward the opposite (unaf-
fected) ear, so that the opposite shoulder rests against the
table and so that the nose is down (i.e., the head is moved
approximately 195 degrees from step 2, with the head
turn from step 1 maintained). Positioning nystagmus
beating toward the uppermost (affected) ear predicts ther-
apeutic success. In contrast, positioning nystagmus beat-
ing toward the undermost (unaffected) ear indicates that
the plug of material within the duct has moved in the
wrong direction, back toward the ampulla. This position
is maintained for 3 minutes unless the nystagmus occurs
in the wrong direction, in which case the entire procedure
should be repeated. Finally, in step 4, the patient is moved
back to a sitting position. If the Semont maneuver is not
successful, the procedure can be repeated, a modified
Epley maneuver can be tried, or Brandt-Daroff exercises
can be prescribed.
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The Brandt-Daroff exercises were developed origi-
nally based on the cupulolithiasis model of BPPV. Al-
though this model is no longer thought to explain the
majority of cases of BPPV, Brandt-Daroff exercises are
nevertheless effective in relieving the symptoms of BPPV.
Indeed, the vast majority of patients experience complete
relief of symptoms in 3—14 days. In addition, by showing
patients that they may control their own symptoms, the
Brandt-Daroff exercises provide considerable reassurance
and greatly decrease the anxiety commonly associated
with those symptoms. To perform the Brandt-Daroff ex-
ercises, the patient sits on the bedside, and then tilts lat-
erally until the side of the head rests on the bed. This
position is maintained until the vertigo subsides. The pa-
tient then sits up for 30 seconds or until the vertigo sub-
sides. This maneuver is then repeated with the patient
tilting to the opposite side. The entire sequence is repeated
during a given session until vertigo is not elicited in the of-
fending position. The exercises are done every 3 hours
while awake, and are stopped after two consecutive ver-
tigo-free days. If Brandt-Daroff exercises fail to eliminate
the symptoms of BPPV after 2 weeks, the diagnosis
should certainly be reviewed.

Drug therapy with vestibular sedatives is generally
not helpful with the severe abrupt episodes of BPPV. Drug
therapy may, however, help suppress the nausea and non-
specific dizziness between episodes. Whether use of
vestibular sedatives delays recovery by slowing central
compensation is controversial.

Surgical procedures to correct BPPV should be
avoided. Surgical procedures, such as selective dissection
of the ipsilateral posterior ampullary nerve, or transmas-
toid posterior semicircular canal occlusion, were advo-
cated in the past. With the availability of the liberatory
maneuvers and the Brandt-Daroff exercises, surgical pro-
cedures for BPPV are almost never needed now.

Vertebrobasilar Insufficiency

Vertebrobasilar insufficiency (VBI) is mainly a disease of
the elderly. In VBI, ischemia of structures supplied by the

vertebrobasilar circulation may produce a wide range of
neurologic symptoms, including vertigo, diplopia, weak-
ness, drop attacks, and visual field defects. The vertigo is
abrupt in onset, usually lasts several minutes, and may be
associated with nausea and possibly vomiting. A large
proportion of patients with VBI have isolated episodes of
vertigo at some time in their illness. However, recurring
episodes of isolated vertigo over a period of months
should suggest a diagnosis other than VBI.

The diagnosis of VBI is clinical, and depends on a
history of recurrent episodes of transient neurologic dys-
function, generally lasting minutes, referable to the verte-
brobasilar circulation. Neurologic examination, CT, and
MRI scans are frequently normal unless there has been a
prior stroke. Conventional and magnetic resonance an-
giography and transcranial Doppler ultrasonography may
provide the most helpful diagnostic information in ap-
propriate clinical circumstances. Limitations of angiog-
raphy in VBI include the following: (a) angiographic
findings may not correlate well with clinical symptoms
and signs; (b) lesions are typically diffuse and inaccessible
surgically, although newer interventional approaches may
be helpful in selected cases; and (c) conventional angiog-
raphy may cause further ischemia (Table 6.7).

The cause of VBI is usually atherosclerosis of the
posterior cerebral circulation (subclavian, vertebral, or
basilar arteries), which supplies the occipital lobes of the
cerebral hemispheres, brainstem, cerebellum, eighth
nerve, and labyrinth. Cerebral hypoperfusion (e.g.. from
postural hypotension) can precipitate bouts of VBI, par-
ticularly in those with posterior circulation atherosclero-
sis. Unusual (and overdiagnosed) causes of VBI include
subclavian steal syndrome and mechanical compression
of the vertebral arteries from cervical spondylosis.

Treatment of VBI is usually directed at treating
stroke risk factors and using antiplatelet agents, such as
aspirin or clopidogrel. Anticoagulation is reserved for se-
lected patients, including those with frequent incapaci-
tating episodes and those with symptoms and signs
suggesting impending basilar artery thrombosis, such as
episodes of bilateral blindness or quadriparesis. Vestibu-

Discriminating features

Table 6.7 Vertebrobasilar insufficiency/Transient ischemic attack (TIA)

Consistent features

Variable features

Episodic vertigo of abrupt onset and
duration of minutes to hours

Central nervous system symptoms and signs
during events, such as visual field deficits,
diplopia, dysarthria, drop attacks, ataxia,
or limb weakness

Presence of stroke risk factors, including age
over 55, hypertension, diabetes

No auditory manifestations

Normal neurological examination

Normal audiograms, brainstem auditory evoked
responses, electro- or video-nystagmography,
and cranial imaging

Mild nausea and rarely vomiting

Orthostatic hypotension

Stenosis or occlusion of the subclavian,
vertebral, or basilar arteries on
angiography or ultrasonography

Old infarcts on cerebral imaging
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Pearls and Perils
Vertebrobasilar insufficiency

» VBl is mainly a disease of the elderly.

» Ischemia of structures supplied by the vertebrobasilar
circulation may produce a wide range of neurologic
symptoms, including vertigo, diplopia, weakness, drop
attacks, and visual field defects.

» A large proportion of patients with VBI have isolated
episodes of vertigo at some time in their illness.

» The vertigo is abrupt in onset and usually lasts several
minutes.

» Recurring episodes of isolated vertigo over a period of
months indicates a diagnosis other than VBI.

» The diagnosis of VBI depends on a history of recurrent
episodes of transient neurologic dysfunction, generally
lasting minutes, referable to the vertebrobasilar circulation.

» Neurologic examination, CT,and MRI scans are fre-
quently normal unless there has been a prior stroke.

» Angiography should not be performed indiscriminately.

» Cerebral hypoperfusion from postural hypotension can
precipitate bouts of VBI.

» Treatment of VBI usually involves treating stroke risk
factors and administering antiplatelet agents.

» Anticoagulation is reserved for selected patients.

» Antivertiginous medications are not helpful and may
exacerbate VBI by causing or exacerbating orthostatic
hypotension.

lar sedatives are not helpful and may exacerbate the prob-
lem by causing or exacerbating orthostatic hypotension.

Méniére’s Syndrome

Meéniere’s syndrome is characterized by episodic vertigo,
fluctuating hearing loss and tinnitus, and a sensation of
fullness or pressure in the ear. Each episode develops rap-
idly over minutes and then slowly subsides over several
hours. The associated nystagmus quick phases are initially
directed away from the affected ear, followed later by an
oppositely directed secondary nystagmus. After the acute
vertiginous episode is over, the patient frequently is dizzy
and unsteady for several days. Early in the course of the
illness, the hearing loss reverses completely, but later per-
sistent and frequently progressive hearing loss occurs. Bi-
lateral involvement eventually occurs in about one-third
of cases. The peak age of onset of Méniére’s syndrome is
in the fourth and fifth decades.

Diagnosis is based on the characteristic clinical pro-
file and documentation of fluctuating hearing loss. Audi-
ologic evaluation shows sensorineural hearing loss usually
worse at the lower frequencies, recruitment consistent
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Pearls and Perils
Méniére’s syndrome

» The peak age of onset is in the fourth and fifth decades.

» Méniére's syndrome is characterized by episodic vertigo,
fluctuating hearing loss and tinnitus, and a sensation of
fullness or pressure in the ear.

» Each episode develops rapidly over minutes and then
slowly subsides over several hours.

» The associated nystagmus quick phases are initially di-
rected away from the affected ear.

» Early in the course of the illness, the hearing loss reverses
completely, but later there is persistent and frequently
progressive hearing loss.

» Bilateral involvement eventually occurs in about one-
third of cases.

» Medical management includes symptomatic treatment
of acute episodes, in conjunction with long-term pro-
phylaxis with salt restriction and diuretics.

» In resistant cases, shunt surgery or ablative surgery can
be considered.

» Ablative procedures are generally contraindicated in
those with bilateral involvement.

with cochlear dysfunction, and relatively preserved speech
discrimination. Electronystagmography may demonstrate
a spontaneous peripheral vestibular nystagmus and either
a vestibular paresis or directional preponderance on
caloric testing. Brainstem auditory evoked responses are
generally normal. Radiologic studies are not helpful
(Table 6.8).

Meéniére’s syndrome can result from bacterial, viral,
or syphilitic labyrinthitis, but the majority of cases are id-
iopathic. Genetic factors may be involved, as a positive
family history is reported in up to 50% of cases. The prin-
cipal pathologic finding in patients with Méniére’s syn-
drome is an increase in the volume of endolymph, with
dilation and distortion of the membranous labyrinth. The
mechanism involved in the episodic symptoms of
Meéniere’s syndrome is unknown, but is thought to involve
rupture of utricular or semicircular canal membranes.

Medical management includes symptomatic treat-
ment of acute episodes, in conjunction with long-term
prophylaxis with salt restriction and diuretics. In resistant
cases, shunt surgery or ablative surgery can be considered.
Ablative procedures are generally contraindicated in those
with bilateral involvement.

Viral Neurolabyrinthitis

Viral neurolabyrinthitis can occur at any age. It is typi-
cally manifested by the rapid onset over hours of either
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Discriminating features Consistent features

Table 6.8 Méniére's syndrome

Variable features

Episodic vertigo of abrupt onset,
lasting hours

Ear fullness

Fluctuating hearing loss and tinnitus,
that increase during attacks

Spontaneous linear-rotatory jerk
nystagmus during attacks

Gait unsteadiness during attacks speech discrimination

Normal cranial imaging

Nausea and vomiting with attacks

Nonvertiginous dizziness between attacks

No central nervous system symptoms or signs

Audiogram demonstration of sensorineural
hearing loss worse at lower frequencies,
recruitment consistent with cochlear
dysfunction, and relatively preserved

Normal brainstem auditory evoked responses

Loud noises may precipitate vertigo (Tullio
phenomenon)

Family history of Méniére's syndrome

History of bacterial, viral, or syphilitic labyrinthitis

Electronystagmographic demonstration of
spontaneous or positional peripheral
vestibular nystagmus most prominent with
eyes closed or open in darkness

Vestibular paresis or directional preponderance
on bithermal caloric testing

Superimposed BPPV

unilateral deafness, vertigo with associated nausea and
vomiting, or some combination of the two. When vertigo
occurs alone without audiologic manifestations, the con-
dition may be called vestibular neuronitis or vestibular
neuritis. When audiologic manifestations occur alone, the
condition may be called acoustic neuritis. Only the syn-
drome with vertigo will be discussed further.

In viral neurolabyrinthitis, neurologic symptoms
and signs are absent, other than those referable to the pe-
ripheral auditory and vestibular organs. Deafness, when
present, is often profound but returns to normal in more
than half of the cases. Vertiginous sensations typically
peak within 24 hours and then gradually resolve over sev-
eral weeks. Signs of acute unilateral labyrinthine dys-
function include both nystagmus with quick phases
directed away from the affected ear and vestibulospinal
dysfunction with postural imbalance and falling toward
the affected ear. Since the labyrinthine dysfunction typi-
cally involves all of the ducts and otoliths of one
labyrinth, the resulting nystagmus is horizontal-torsional,
representing the balance of signals from the contralateral
labyrinth.

The diagnosis is based on the following: (a) the pres-
ence of a characteristic clinical profile; (b) absence of neu-
rologic signs and symptoms referable to the CNS; and (c)

laboratory evidence of peripheral auditory and/or vestibu-
lar dysfunction using audiology, caloric testing, and
electronystagmography. Audiograms may demonstrate
unilateral sensorineural hearing loss. Bithermal caloric
testing shows vestibular paresis and electronystagmogra-
phy shows spontaneous nystagmus, most prominent with
the eyes either closed or open in darkness. Brainstem au-
ditory evoked responses and cranial imaging are normal
(Table 6.9).

Viral neurolabyrinthitis must be distinguished from
brainstem/labyrinthine ischemia, bacterial labyrinthitis,
and perilymph fistula. In the elderly, vertebrobasilar is-
chemia should be carefully excluded. With vertebrobasi-
lar distribution ischemia, there is usually a history of
recurrent episodes of neurologic dysfunction. With brain-
stem ischemia or stroke, the onset is sudden or stuttering,
there are typically, but not always, signs of brainstem or
cerebellar dysfunction, and infarction may be evident on
cerebral imaging studies. Infarction of the labyrinth re-
sults in sudden severe vertigo and deafness in contrast to
the more gradual onset with viral neurolabyrinthitis. Bac-
terial labyrinthitis is usually associated with mastoiditis,
which should be evident on examination with CT, using
bone windows through the temporal bone. With a peri-
lymph fistula, the onset of vertigo and deafness is abrupt;

Discriminating features Consistent features

Table 6.9 Viral neurolabyrinthitis

Variable features

Monophasic vertigo with subacute onset
lasting days
Nausea and vomiting
Spontaneous horizontal-rotatory jerk
nystagmus
Gait unsteadiness
Normal cranial imaging

No central nervous system symptoms or signs
Electronystagmographic demonstration of
spontaneous nystagmus most prominent
with eyes either closed or open in darkness
Vestibular paresis on bithermal caloric testing
Normal brainstem auditory evoked responses

Unilateral hearing loss and tinnitus

Audiogram demonstration of unilateral
sensorineural hearing loss

Vestibular neuronitis can occur at any age
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Pearls and Perils
Viral neurolabyrinthitis

» Patients experience the rapid onset over hours of
unilateral deafness and vertigo, with associated nausea
and vomiting.

» Central neurologic symptoms and signs are absent.

» Vertigo typically peaks within 24 hours and then
gradually resolves over 1-2 weeks.

» Deafness is often profound, but returns to normal in
more than half of the cases.

» Vestibular neuronitis must be distinguished from
brainstem/labyrinthine ischemia, bacterial labyrinthitis,
and perilymph fistula.

> Persisting vertigo beyond 2 weeks suggests CNS
dysfunction with resulting inability to restore balance of
vestibular tone.

» Patients with severe acute vertigo will be most comfort-
able lying in bed with the affected ear up.

» Antivertiginous medications can decrease both the
sensation of vertigo and the accompanying nausea and
vomiting.

» Initially, a parenterally administered antivertiginous
medication with some sedative effects is preferable.

» Antivertiginous medications should be required only for
a short period, usually less than 2 weeks.

» Vestibular exercises should be initiated as early as
possible, usually several days after onset.

» Patients should gradually progress to more difficult
vestibular exercises, even if they exacerbate the vertigo.

» Recovery in the elderly may be protracted.

» Recurrences occur in 20-30% of affected patients.

there is usually a precipitating event such as head trauma,
sudden strain (e.g., with lifting, coughing, or sneezing),
or stapedectomy for otosclerosis; and a fistula test is fre-
quently positive.

A large body of epidemiologic, pathologic, and ex-
perimental evidence supports a viral cause for most cases
of neurolabyrinthitis. Vestibular neuronitis may be a com-
ponent of a systemic viral illness or may occur as an iso-
lated infection of the labyrinth and eighth nerve. In an
individual patient with neurolabyrinthitis, a viral origin is
difficult to document. Unless there is evidence to suggest
another cause for acute persistent unilateral labyrinthine
dysfunction, the patient should be managed as having
viral neurolabyrinthitis.

The treatment is basically symptomatic and sup-
portive. Vestibular sedatives can be helpful in decreas-
ing the sensation of vertigo, and in decreasing the
accompanying nausea and vomiting. Initially, a par-
enterally administered agent with some sedative effects

v

Consider Consultation When...

» The cause of dizziness is not clear after history, physical,
and neurologic examinations, and appropriate laboratory
tests.

> Further expertise or experience is needed to treat the
underlying cause.

» The patient does not respond to treatment, or the
patient’s course is different from that expected.

» The patient has an intracranial mass lesion, the patient
has an undiagnosed CNS disorder, or the patient has a
positive fistula test.

» Technical assistance is needed in interpreting or
performing diagnostic or therapeutic procedures.

is preferable. Some commonly used agents are listed in
Table 6.5. Vestibular sedatives should be required only
for a short period, since acute vertigo due to peripheral
vestibular disease typically resolves in 1-2 weeks. Per-
sisting vertigo suggests CNS dysfunction, with resulting
inability to restore balance of vestibular tone. In this
circumstance, cranial imaging and neurologic consulta-
tion are indicated.

Initially, patients with severe acute vertigo will be
most comfortable in bed, lying with the affected ear up.
After several days, vestibular exercises can be initiated.
These exercises are outlined in Box 6.6 (Chapter 6). The
exercises should be performed for at least 5 minutes three
times a day as long as vertigo persists. Patients should
gradually progress to more difficult exercises even if they
exacerbate the vertigo.

Recovery in the elderly may be protracted, with
dizziness and unsteadiness persisting for years. Recur-
rences, which occur in 20-30% of affected patients, may
represent reactivation of latent viruses.
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Walking on two feet requires simultaneous integration of
several neurologic systems to overcome gravity, propel
oneself forward, and compare motor performance with
incoming data from several sensory systems. Many im-
portant neurologic diseases may manifest themselves par-
tially or wholly as gait problems, since dysfunction at any
level of the nervous system can upset these finely inte-
grated systems and impair the act of walking. As a result,
evaluation of disturbances of gait can reveal vital clues to
diagnosis of neurologic disease.

Anatomy and Function

The initiation of motor activity is thought to arise in the
frontal lobes and particularly the premotor cortex (Brod-
mann’s area 6). The next step appears to involve activa-
tion and integration of a motor neural network, which
includes the corticospinal system, the basal ganglia, and
the cerebellum. The main component of the corticospinal

CHAPTER 7

tract arises from large pyramidal (Betz) cells in the pre-
central gyrus (Brodmann’s area 4). These Betz cells give
rise to fibers that descend ipsilaterally through the inter-
nal capsule to the cerebral peduncles of the midbrain, the
basis pontis of the pons, and then the pyramids of the
medulla. These fibers travel to the lower medulla to cross
the midline at the decussation of the pyramids. The fibers
then descend to terminate on the lower motor neurons in
the anterior horn of the spinal cord. The lower motor
neurons leave the spinal cord as the ventral root, which
joins the (afferent) dorsal root to form the spinal nerve.
The lower motor neurons then terminate at the muscles—
the terminus forming the neuromuscular junction (NM]).

The basal ganglia (the caudate, putamen, globus
pallidus, and some other components) and the cerebellum
are intimately involved in the process of movement as in-
tegrators and comparators of movement, motor function,
and sensory input.

Proprioceptive sensory input is gathered from mus-
cle and tendon stretch organs, and travels, along with
joint position information, through the peripheral nerves

v

Key Clinical Questions

» Does the patient have medical conditions (e.g., diabetes)
that might predispose to sensory or gait disturbance?

» Does the patient take any medications that might cause
gait problems?

> Is the gait disorder associated with urinary incontinence?

» Is there evidence of associated unilateral or bilateral
damage to the corticospinal tract?

» s parkinsonism a feature of the gait disturbance?

» s the gait disorder associated with foot deformities or
foot drop?
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to enter the posterior spinal cord via the dorsal root gan-
glia. Lower extremity proprioceptive information enters
the spinal cord through the sacral and lumbar nerve roots
and ascends to synapse in the nucleus dorsalis in the dor-
sal horn of segments C8 through L3. The nucleus dorsalis
gives rise to axons ascending ipsilaterally in the ipsilat-
eral dorsal spinocerebellar tract in the dorsolateral fu-
niculus. The axons terminate at the nucleus Z portion of
the nucleus gracilis in the medulla. Then fibers from nu-
cleus Z enter the internal arcuate tract and cross the mid-
line before rising to the ventral posterior nuclei of the
thalamus in the medial lemniscus, and then to the primary
sensory cortex through the internal capsule and the co-
rona radiata. The axons traveling in the dorsal spin-
ocerebellar tract send collateral branches through the
inferior cerebellar peduncle to provide proprioceptive in-
formation to the cerebellum. Additional information is
received from the visual and vestibular systems.

Mechanics of Walking

Normal walking is a complex task requiring maintenance
of an upright posture while shifting the center of gravity
from side to side to allow alternate raising and swinging
of the lower extremities for forward motion (propulsion).
The human body maintains resistance to gravity in part
through antigravity reflexes that are mediated at the level
of the spinal cord and brainstem. These reflexes preserve
the legs and spine in extension and are controlled to some
degree by the propriospinal and rubrospinal pathways.
Additional reflexes at the level of the cervical cord and
brainstem maintain and integrate neck and head position
with limb movements while walking. The gluteal muscles,
the quadriceps, and the paraspinous muscles are the most
important muscles in producing extension. Weakness in
these muscles (such as seen in muscular dystrophies) can
severely impair stance, posture, and gait.

Walking consists of a repetitive gait cycle. The cycle
is traditionally considered to begin at the strike of the
right heel on the ground. The left toe is then lifted and
the left leg swings forward at the hip with flexion of the
knee. The right leg bears weight from its heel strike to the
lifting of the right toe. Hence, this period is known as the
right support or stance phase. The left leg movement is
referred to as the swing phase. From the moment that the
left heel returns to the ground until the right foot leaves
the ground, the body is supported briefly by both feet.
This is the double support phase. Running differs from
walking in that both feet are off the ground briefly, so
that propulsion is provided by a thrust of the hind leg.
The entire sequence from one contact of the right heel to
the ground to the next right heel strike is a stride. Ca-
dence refers to the maintenance of a smooth rhythmic gait
cycle. With normal walking, the arms swing freely and
act as counterbalances for truncal and leg motion.

History and Examination

Evaluation of patients with gait problems begins with a
complete neurologic history and examination. In partic-
ular, details of medical conditions that may predispose the
patient to sensory or gait disturbance should be obtained.
For example, diabetes commonly disturbs gait, with its
frequent concomitant neuropathy and visual problems.
Many medications (Box 7.1) can predispose patients to
gait problems, especially if they produce orthostatic hy-
potension (e.g., propranolol), confusion (e.g., anticholin-
ergics), ataxia (e.g., carbamazepine), or drowsiness (e.g.,
benzodiazepines).

Measurement of orthostatic blood pressure and
pulse can detect orthostatic hypotension during standing.
The neurologic examination closely evaluates strength, co-
ordination, and sensation. The coordination examination
should include testing of rapid alternating movements,
stroking of the heel along the opposite shin from knee to
ankle, and finger-to-nose testing. The five primary sensory
modalities are tested in all limbs (light touch, pin-prick,
temperature, position, and vibration) looking for focal
sensory loss, graded distal (stocking-glove) sensory loss, or
levels of decreased sensation, hyperesthesia, or dysesthesia.

Examination of strength should include particularly
hip flexors (iliopsoas), hip extensors (gluteus maximus),
hip abductors (gluteus medius), knee extensors (quadri-
ceps), foot dorsiflexors (e.g., tibialis anterior), and foot
plantar flexors (e.g., gastrocnemius). Strength can be
measured and reliably recorded on a scale of 0-5 as rec-
ommended by the Medical Research Council (Box 7.2).

The focused gait examination (Table 7.1) detects
both stance (or station) and walking abnormalities.
Standing requires adequate strength to overcome gravity
while maintaining appropriate control of balance and
sway. The patient standing at rest can reveal an abnor-
mality of posture or balance control. Walking requires
forward propulsion while alternating weight support be-
tween each foot during alternate strides. Walking brings
to light any problems disturbing the complex interaction
of the various neurologic systems. The arms normally

v

Box 7.1 Medications that commonly
predispose to gait problems

Antihypertensives
Antidepressants
Anxiolytics/sedatives
Anticonvulsants
Neuroleptics
Anticholinergics
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v

Box 7.2 Medical Research Council
grading for strength

No muscle contraction

Flicker or trace of contraction

Active movement with gravity eliminated

Active movement against gravity but no resistance
Active movement against gravity and some resistance
Normal power

v b W N = O

swing freely during walking as a counterbalance, and lack
of swing can be a very important diagnostic clue to gait
abnormalities. Walking on the heel or toes may reveal
weakness in foot dorsiflexion or extension. Tandem walk-
ing consists of walking in a straight line, alternately plac-
ing each foot in front of the other and pressing the heel of
the leading foot against toes of the other. Tandem walk-
ing can be very sensitive for the detection of ataxias.
However, minor difficulty in tandem walking is common
even in the normal elderly person. Examining the pattern
of wear on the sole of the shoes can suggest altered foot
placement or foot dragging.

Later sections focus on the most common gait prob-
lems affecting adults, particularly the elderly. These gait
problems (Box 7.3) include spastic, parkinsonian, cere-
bellar ataxic, sensory ataxic, steppage, myopathic, an-
talgic, and hysterical gaits. First, however, the gait
changes in normal elderly persons bear discussion.

Senile Gait

Certain changes in gait can be expected with normal
aging. These are sometimes referred to as senile gait.
Stance changes occur to maximize stability: the feet tend
to be spread wider, giving a broader base to support the
center of gravity. With walking, there may be slowing in

Table 7.1 Gait examination

Station (stance) Gait

Note posture, width of base Free forward gait

Place feet together Tandem (heel to toe) gait
Gentle forward and backward Heel walk
push (be ready to catch Toe walk
patient) Walk around chair
Compare stance with eyes Pattern of wear on shoe
open and closed (be ready

to catch patient)

Patient arises from chair

v

Box 8.1 Gait problems

Normal elderly gait (senile gait)
Frontal lobe gait

Spastic gait

Hemiparetic gait

Scissors gait

Spastic quadriparesis
Extrapyramidal gait disorders
Parkinsonian gait

Choreic gait

Cerebellar ataxic gait
Sensory ataxic gait

Steppage gait

Myopathic gait

Antalgic gait

Functional gait disorders
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speed, reduction in arm swing, and increased body sway.
Normal cadence is preserved. These changes should be
kept in mind when deciding if an elderly patient has a
pathologic gait disorder (Table 7.2).

Frontal Lobe Gait

Dysfunction in the frontal lobes can lead to changes in
gait broadly known as frontal gait. This gait disorder may
stem from injury to the frontopontocerebellar tract
(Arnold’s bundle) that connects the frontal lobe and cere-
bellum. It is frequently associated with urinary inconti-
nence. The stance is characterized by a wide base and
poor balance control. The patient is slow to initiate the
first step and then begins taking several small steps with
very short strides. The patient may progressively lengthen
the stride or stop abruptly. An interesting feature is “mag-
netic feet”—the patient seems to have difficulty lifting the
feet, so that they appear stuck to the floor. As discussed
in a following section, this gait disorder has some features
in common with parkinsonian gait, but can be distin-
guished by relatively normal arm swing and the lack of
other features associated with parkinsonism. Some neu-
rologists feel that this gait disorder amounts to an
apraxia—loss of voluntary control to begin a movement,
although it can be elicited involuntarily, automatically
(when the patient’s attention is distracted from the task),
or reflexively (Table 7.3).

Frontal gait is frequently seen in the context of dif-
fuse or multifocal injury to the frontal lobes and the basal
ganglia, as may occur with multiple infarcts or diffuse is-
chemic changes to the cerebral white matter (e.g., multi-
infarct dementia or Binswanger’s disease). Another entity
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Discriminating features Consistent features

Table 7.2 Senile gait

Variable features

Preservation of normal cadence
Slowed speed

Increased body sway
Age >65

Widened base while standing

Mild reduction in arm swing

Arthritis of lower extremities

Depressed ankle jerks

Loss of vibration sense in toes but not joint
position sense

with this type of gait disorder is normal pressure hydro-
cephalus (NPH), a form of communicating hydrocephalus
without raised intracranial pressure. Normal pressure hy-
drocephalus typically manifests with the triad of demen-
tia, frontal gait disorder, and urinary incontinence. It is
important to recognize NPH, as it is treatable with the-
coperitoneal or ventriculoperitoneal shunting, but the
classic triad of symptoms is actually seen more commonly
in multi-infarct dementia.

Spastic Gait

Damage to the upper motor neurons in the corticospinal
tracts can lead to hemiparesis (weakness in two ipsilat-
eral limbs), paraparesis (weakness in the lower extremi-
ties), or quadriparesis, depending on the location of
injury. Upper motor neuron injury is associated with hy-
perreflexia, hypertonia, weakness, and also sensory
deficits if nearby sensory pathways are injured. Long-
standing injury to the upper motor neurons can lead to
flexor contractures, posturing, and deformity (Table 7.4).

Hemiparetic Gait

Hemiparetic gait occurs when there is unilateral damage
to the corticospinal tracts, usually cephalad to the decus-
sation of the tracts at the base of the medulla and there-
fore contralateral to the side of weakness. This is a
common gait problem and may be seen in such entities as
stroke, cerebral palsy, and closed head injury. It may also

occur with unilateral cervical spinal cord lesions produc-
ing ipsilateral hemiparesis. Injury to the spinal cord motor
pathways on one side may be associated with ipsilateral
deficits in discrimination, touch, and joint position sense,
and contralateral deficits in pain and temperature sensa-
tion (the Brown-Sequard syndrome). When standing, the
affected arm is usually held flexed at the elbow, and the
leg can be held in extension. Walking frequently accentu-
ates the abnormal posture of the arm, producing adduc-
tion at the shoulder, flexion at the elbow, and flexion of
the thumb and fingers. Arm swing is often reduced. The
leg swings first outward during forward motion and then
returns in an arc. This important sign is known as cir-
cumduction. In contrast, the feet of normal young adults
remain close to the midline during the swing phase, al-
though the swing may be slightly widened in the normal
elderly person. The upper body sometimes rocks away
from the hemiparetic side during circumduction to aid
balance. The sole of the shoe may scrape the floor and
become excessively worn under the toe and along the
outer edge of the sole on the affected side.

Scissors Gait

Spastic paraparesis generally results from injury to the
corticospinal tracts in the spinal cord, below the level of
the nerves to the upper extremities (i.e., below T1). This
gait can be seen, for example, in patients recovering from
spinal cord injury and in some patients with multiple scle-
rosis. The paraparetic patient will often stand with both
legs held in stiff extension at the knees and hips. Move-

Discriminating features Consistent features

Table 7.3 Frontal gait disorders

Variable features

Slow initiation of gait Wide base stance

“Magnetic feet” - feet appear stuck Very short stride
to floor Normal arm swing
Poor balance control Slow gait

En bloc turns

Dementia

Urinary incontinence
Increased tone in leg muscles
Hyperreflexia

Babinski signs

Tendency to fall backwards
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Discriminating features

Table 7.4 Spastic gait

Consistent features

Variable features

Legs cross each other (scissoring)
Posturing of upper extremity
(shoulder adduction, elbow flexion)

Weakness
Hypertonia
Hyperreflexia
Babinski signs
Circumduction

Sensory changes
Bladder problems

ments usually seem forced and stiff. The legs may cross in
front of each other while walking (scissors gait or scis-
soring). The stride is short and the toes may scrape the
ground. The trunk can sway sideways away from the
leading leg in the stride.

Spastic Quadriparesis

Spastic quadriparesis requires injury to the motor control
of the upper extremities (upper or lower motor neuron) in
addition to the deficits noted above for spastic parapare-
sis. The arms can be held stiffly against the body with
elbow flexion. This is seen most often in the setting of
cerebral palsy (in this entity, it is often identified as spas-
tic diplegia) or cervical spinal cord injury.

Extrapyramidal Gait Disorders

Parkinsonian Gait

A common gait problem presenting to the primary care
physician is the parkinsonian gait. The problem relates to
dysfunction within the basal ganglia and its connections,
particularly the substantia nigra of the midbrain. The pa-
tient can stand with the head flexed forward (anterocollis
or procollis), the spine bent forward, and the arms often
held flexed at the elbows in front of the body. Because of
impaired postural reflexes, the patient may begin to fall if
pushed backward gently, or may take a series of quick
small steps backward (retropulsion). The patient may be

slow at initiating gait when asked, and may lean further
forward once the patient starts walking. The arms are held
stiffly at the side, often with greatly decreased arm swing.
When asked to turn, the patient will turn rigidly like a
block of wood, the en bloc turn. The stride is often very
small and the shoes shuffle along the floor (marche a pe-
tits pas). A common feature is a gradual increase in for-
ward leaning as the patient continues to walk, and the
small steps begin to occur faster and faster. This is known
as festination and can make the patient not only appear to
be falling headlong but result in real falls. As noted by
Oliver Sacks in 1983, in Awakenings, the inability to ini-
tiate movement can sometimes be overcome by visual or
tactile stimuli, such as periodic tiling on the floor or an-
other person touching the patient. Commonly associated
features include a fixed, mask-like face; bradykinesia (dif-
ficulty in initiating and slow execution of movements); a
3- to 4-Hz tremor usually most evident in the upper ex-
tremities; and decreased blinking. Idiopathic Parkinson’s
disease is the most common cause of the syndrome of
parkinsonism. The diagnosis is made when many of the
listed features apply and no other cause is elicited by eval-
uation. Other common causes include parkinsonism in-
duced by medications (most frequently neuroleptics) and
strokes in the basal ganglia (atherosclerotic parkinsonism).
Rarely, it can be seen after encephalitis, carbon monoxide
poisoning, occupational exposure to manganese, or MPTP
exposure. An uncommon disease, which can mimic some
of the features of Parkinson’s disease is progressive
supranuclear palsy. This is an idiopathic neurodegenera-

Discriminating features

Table 7.5 Parkinsonian gait

Consistent features

Variable features

Masked faces with decreased blink

3- to 4-Hz resting tremor

Cogwheel rigidity

Feet shuffle on floor with small steps

Progressive forward leaning with faster steps (festination)
Turns en bloc

Falls easily if pushed or must make quick steps to avoid falling

Bent forward at neck and waist

Slow to initiate gait

Arms held stiffly at side with decreased
arm swing

Bradykinesia (slow movements)

Bradyphrenia (slow thoughts)
Micrographia (tiny writing)
Seborrhea

Hypersalivation

Whispering voice
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Discriminating features Consistent features

Table 7.6 Choreic gait

Variable features

Rapid irregular limb movements
Twisting of neck and trunk

Sudden thrusts of trunk Neck turns

Frequent involuntary brief movements of
face and extremities

Dementia
Neuroleptic or dopaminergic medication use

tive disease with axial rigidity, dysphagia, dysarthria, de-
mentia, impairment of vertical and horizontal gaze, rigid
extension of the neck (retrocollis), and resistance to lev-
odopa therapy (Table 7.5).

Choreic Gait

Chorea is another manifestation of basal ganglia disease
that may affect gait. Chorea is manifested by irregular,
spasmodic movements of the face and limbs. The chorea
affects gait by interrupting normal gait with rapid irregu-
lar limb movements, neck turns, and twisting of the trunk
and neck. There can be sudden forward or sideward
thrusts of the trunk and limbs. This entity is not common,
but is seen most classically in adults with Huntington’s dis-
ease, a neurodegenerative disease affecting particularly the
caudate nuclei. A much more common cause of chorea in
the elderly is chronic exposure to dopaminergic or anti-
dopaminergic medications, although this is rarely severe
enough to seriously affect gait (Table 7.6).

Cerebellar Ataxic Gait

Damage to the cerebellum can result in dramatic changes
in gait, known as ataxic gait. The cerebellum is, in a gen-
eral sense, an integrator and comparator of both sensory
and motor information. The most significant diagnostic
sign of cerebellar ataxia is difficulty standing with the feet
together, regardless of whether the eyes are open or
closed. On attempting this, the patient may fall or will
promptly spread the feet to avoid falling. The gait ataxia
is manifested by sudden uncontrolled lurching while

walking and a need to grab onto objects for support.
There is erratic foot placement, and stride varies consid-
erably in length between steps. The patient is usually par-
ticularly poor at tandem walking. Cerebellar gait ataxia
is manifested after injuries to the midline cerebellum. As
an isolated finding in adults, this occurs most commonly
in the setting of chronic alcoholism, whereas in children,
midline cerebellar tumors are a frequent cause. If the lat-
eral portions of the cerebellum (the cerebellar hemi-
spheres) are also injured, other findings such as ipsilateral
action tremor, limb ataxia, hyporeflexia, hypotonia, and
breakdown of repetitive alternating movements (dysdi-
adochokinesia), may occur. If asked to walk around a
large object, such as a chair, the patient may repeatedly
veer toward the side of the lesion. This can be seen in such
entities as cerebellar infarction, multiple sclerosis, cere-
bellar hemorrhage, and head injury (Table 7.7).

Sensory Ataxic Gait

It is important to differentiate cerebellar ataxia from sen-
sory ataxia. Sensory ataxia arises when proprioceptive in-
formation is blocked from arriving at the sites of
information integration in the brain (such as the cerebel-
lum). This may arise from damage to the peripheral
nerves, dorsal root ganglia, posterior spinal columns, or
medial lemnisci. Such patients may stamp their feet to the
ground, using both the sound and the greater neural im-
pulses from the shock to overcome their impaired pro-
prioception. In contrast to the foot slapping in the
steppage gait (see following section), the feet are appro-
priately dorsiflexed when the knee is high. In addition,

Discriminating features Consistent features

Table 7.7 Cerebellar ataxic gait

Variable features

Sudden uncontrolled lurching
Erratic foot placement

Wide variation in stride length
Grabs on to objects for support Incoordination

Can stand with eyes closed Ipsilateral intention tremor

Veering to side of lesion with unilateral disease
Veering to both sides with midline or bilateral disease
Falls if tries to stand with feet together (advanced disease)

Limb ataxia with hemispheric disease

Loss of speech prosody or cadence
Hyporeflexia

Hypotonia

Breakdown of repetitive alternating
movements
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Discriminating features

Table 7.8 Sensory ataxic gait

Consistent features

Variable features

Feet lifted high but dorsiflexed appropriately
at the ankle
No foot drop
Foot slaps ground

Decreased vibration sense in lower extremity
Decreased temperature, pinprick, light touch in lower extremity
Can stand with feet together, eyes open, not closed

Numbness in arms
Worsens in dark room

the patient may stand with feet together if the eyes are
open, but falls or moves the feet quickly apart to avoid
falling if the eyes are closed. Recall that the patient with
cerebellar ataxia cannot stand with feet together even
with eyes open. This occurs because the patient with sen-
sory ataxia has a functioning cerebellum that is able to
keep the patient upright as long as it continues to get
some information—such as visual input. But closing the
eyes removes this input source and the patient falls as the
lack of proprioceptive information makes it impossible to
tell where the feet or floor are. This difference was noted
by the neurologist Moritz H. Romberg in the 19th cen-
tury and is still known as Romberg’s sign. Other signs
that may aid in diagnosis include improvement with a
cane (which broadens the effective stance and provides
proprioceptive information about the floor through the
often intact upper extremities) and worsening of the
ataxia in a darkened room (which removes the visual
clues to the patient). Nineteenth century physicians saw
this entity frequently and called it “locomotor ataxia.” In
that era, the most common cause was tabes dorsalis, a
neurosyphilitic degeneration of the dorsal root ganglia
and the posterior columns of the spinal cord. The most
common cause today is peripheral neuropathy. In the
U.S., this is most frequently caused by diabetes mellitus
but there are myriad other causes. Sensory ataxia is par-
ticularly prominent in patients with multiple sensory
deficits, as for example, in a diabetic with peripheral neu-
ropathy and cataracts. Such patients are particularly sus-
ceptible to nighttime injuries. Affected patients may
benefit from the use of canes, and should be encouraged
to use nightlights and to avoid moving about in the dark
without turning on lights (Table 7.8).

Steppage Gait

Damage to the motor nerve fibers can also affect gait.
Motor nerve injury leads to weakness limited to muscles
in the distribution of the nerves affected, with associated
muscular atrophy, hyporeflexia, and fasciculations. Pe-
ripheral motor neuropathy is generally associated with a
predominately distal weakness. The most prominent
changes related to gait occur when the ability to dorsiflex
the foot is impaired. This leads to a “foot drop.” The pa-
tient attempts to compensate by raising the knee quite
high and taking a very high step, hence the name step-
page gait. As the front of the foot hangs down, the toe is
frequently caught on carpets, curbs, and other protuber-
ances. To avoid tripping, the patient may kick the lower
leg forward and then slap the foot to the ground. In any
case, the front of the toe of the shoe may be scuffed or
worn (Table 7.9).

This type of gait change may be seen in any condi-
tion with lower motor neuron involvement, including di-
abetes, Guillain—Barré syndrome (acute inflammatory
demyelination of the motor nerves), early amyotrophic
lateral sclerosis (degeneration of the upper and lower
motor neurons), and lead intoxication. It is particularly
common in younger adults with hereditary sensorimotor
neuropathies. With the latter condition, motor com-
plaints often predominate and are frequently accompa-
nied by foot deformities, including a high arched foot
and hammer toes (shortened extensor tendons displace
the toes backward and up with a flexed appearance).
Foot drop often benefits from various orthoses. Tendon
transfer surgery can produce substantial improvement in
some cases.

Discriminating features

Table 7.9 Steppage gait

Consistent features

Variable features

Knee lifted high
Foot drop

Distal weakness
Distal atrophy
Hyporeflexia

Trips easily

Foot slaps ground

Toe of shoe worn
Fasciculations
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Discriminating features Consistent features

Table 7.10 Myopathic gait

Variable features

Excessive lumbar lordosis Proximal weakness
Hyperextension of knees
Exaggerated hip sway and Preserved reflexes

lateral pelvic movements No sensory changes

Proximal muscle atrophy

Gower’s maneuver
Flattened clavicles

Scapular winging

Webbed appearance to neck
Facial and palatal weakness

Myopathic Gait

Muscle diseases produce predominately proximal weak-
ness in contrast to the distal weakness associated with
neuropathic illnesses. Typically, there is proximal muscle
atrophy, relative preservation of the reflexes, and no sen-
sory changes. The pelvic girdle, the hip flexors, and the
quadriceps muscles, as well as the paraspinal muscles of
the back, which support the spine, are the muscle groups
most affected. This leads to postural changes as the pa-
tient tries to preserve the stability of the center of gravity
despite worsening axial weakness. In this position, bones
and ligamentous structures, rather than muscle, largely
support the body. With weakness of the hip and back ex-
tensors, there can be exaggeration of the lumbar lordosis
with an associated protrusion of the abdomen. As the
weakened quadriceps are no longer able to fully support
the knees in their normal slightly flexed position, the
knees become hyperextended while standing (“back knee-
ing”). Gluteal and other pelvic girdle muscle weakening
prevents the pelvis from being held fixed and steady dur-
ing gait (as the weight is shifted from one foot to the
other). Thus, the pelvis tends to “waddle” as the patient
walks. As a result, there is exaggerated hip swing, as well
as lateral swing of the pelvis, as the patient shifts weight
from side to side during the successive support phases.
Associated shoulder girdle weakness is also readily ap-
parent during walking, with hunching of the shoulders,
rotation of the arms, so that the palms face backward
rather than inward, and a floppiness of the arms due to
impaired stabilization of the arm at the shoulder. Addi-
tional clues to the diagnosis include flattening of the clav-
icles (which normally curve down slightly from lateral to
medial), a webbed appearance to the neck, and scapular
winging (protrusion of the shoulder blade when the arm
is flexed at the shoulder) (Table 7.10).

Many muscle problems tend to be rare, familial, and ap-
pear in children or young adults, including Duchenne’s
muscular dystrophy, facioscapulohumeral dystrophy, my-
otonic dystrophy, spinal muscular atrophy, and mitochon-
drial myopathies. Muscle diseases that first appear in
adulthood include polymyositis, steroid myopathy, and
myopathies related to hypothyroidism or hyperthyroidism.

Antalgic Gait

Walking may be affected by non-neurologic factors such
as musculoskeletal pain or osteoarthritis. Stiffness of the
lower back can reduce or eliminate lumbar lordosis and
affect the stance and posture. If arthritis of the hip is se-
vere, the patient may stand with the trunk leaning toward
the affected side to reduce the weight load on the joint.
The patient with knee problems may limp, favoring the
affected leg by limiting the time of full weight bearing.

Functional Gait Disorders

Finally, gait can be affected in various ways in conversion
disorders, other psychiatric disorders, and malingering.
The result is often bizarre with very theatrical lurches,
grabs for support, and even falls. The clinician must be
very cautious in making a diagnosis of a functional gait
disorder, however, in order not to miss an organic gait
disorder, especially if some functional overlay is present.
The patient may also demonstrate giveaway weakness, in
which the patient is able to produce full muscular strength
at first, but then quickly relaxes. With any of the so-called
functional gait disorders, the patient’s problems are max-
imized when they are witnessed and are greatly decreased
or absent when the patient is unaware of observation by
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Consider Consultation When...

» A patient presents with a frontal gait in the setting of
urinary incontinence and a slowly progressive dement-
ing disorder.

» A patient presents with acute or subacute spastic
diplegia or quadriparesis.

» Huntington'’s disease is suspected in a patient with
choreic gait.

» A patient presents with cerebellar gait ataxia.

» Adiagnosis of functional gait disorder is considered.
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Pearls and Perils
Gait disorders

» Evaluation of patients with gait problems begins with a
complete neurologic history and examination, with
particular attention to medical conditions (e.g., diabetes)
that may be associated with sensory or gait disturbances.

» Many medications can predispose to gait problems, espe-
cially if they produce orthostatic hypotension (e.g., pro-
pranolol), confusion (e.g., anticholinergics), ataxia (e.g.,
carbamazepine), or drowsiness (e.g., benzodiazepines).

» Tandem walking can be very sensitive for detection of
ataxias; however, minor difficulty in tandem walking is
common even in normal elderly.

» Patients with cerebellar ataxia cannot stand with feet
together even with eyes open.

» Muscle diseases produce predominately proximal weak-
ness, in contrast to the distal weakness associated with
neuropathic illnesses.

» Walking may be affected by non-neurologic factors such
as musculoskeletal pain or osteoarthritis.

the clinician. In patients with functional hemiparesis,
there is no flexion or posturing of the upper extremity
and no circumduction in the affected leg, the patient is
able to use the leg for support, and there are no associated
focal neurologic findings such as ipsilateral hyperreflexia
or a Babinski sign. Astasia-abasia refers to the inability
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to stand (astasia) or walk (abasia) at all, despite the
preservation of adequate strength and the demonstrated
ability to voluntarily mimic all the movements necessary
for walking. Astasia-abasia is highly suggestive of hyster-
ical gait disorder. In cases of patients on long-term an-
tipsychotic treatment, extrapyramidal gait problems due
to medication effects should be considered in addition to
hysterical gait problems.
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Headache is the most common painful state afflicting hu-
mans. Headaches were described by the ancient Greeks,
and in the first century A.D., Galen described headache
syndromes in detail. Throughout the Middle Ages,
headaches were thought to be caused by an imbalance of
one of four bodily fluids, or humors, and classified and
treated accordingly. Treatment for the most part consisted
of phlebotomy or the use of purgatives. However, it was
not until the pioneering investigations of Harold G. Wolff
in the early 1930s that migraine and other headaches
were studied in a systematic and scientific manner.

Data from community surveys in the United States
and Great Britain indicate that from 10-20% of the pop-
ulations studied have at some time suffered from severe
headache, whereas negligible numbers report having
never suffered from headache. The epidemiology of
headache has been described in more than 50 population-
based studies, in which annual prevalence generally
ranges from 60% to 90%. It has been estimated that
more than 70% of the population of the United States
will experience headache within a 1-year period. The eco-
nomic burden on society in terms of medical costs and
lost productivity from headaches is unknown. However,
estimates of annual indirect costs in the United States
have varied from $1.4 billion to as much as $17.2 billion
for just migraine alone.

Although symptoms of head pain most often repre-
sent a primary headache disorder, many headaches may
be due to underlying medical problems. Patients them-
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selves may fear that headache indicates a sinister under-
lying problem, such as brain tumor, and seek reassurance
as well as symptomatic relief. Accordingly, this chapter
has been designed to aid the general practitioner in de-
termining whether an individual patient’s headache re-
flects a primary headache syndrome or is symptomatic of
a more ominous medical or neurologic illness. The chap-
ter begins with a general clinical approach to the evalua-
tion of an individual complaining of head pain. The
primary headache syndromes, criteria for their diagnoses,
suggested laboratory evaluations, and treatment proto-
cols are then described. Finally, symptomatic headaches
as part of a variety of medical and neurologic illnesses
will be discussed, including discriminating features that
may aid in diagnosis.

General Clinical Approach
History

A large majority of individuals who come to physicians
for relief of headache pain may have several types of
headache, and it is incumbent on the care provider to de-
lineate these if any success in treatment is to be achieved.
For example, it is not uncommon for a patient to suffer
from both migraine and tension-type headaches without
really discriminating between the two.

Certain critical information elicited as part of the
history will help determine the types of headache from
which a patient is suffering. Where does the headache
localize? Does it begin at a specific locus, or is it
holoacranial? Migraine is typically hemicranial,
whereas tension-type headaches are often occipital,
retro-orbital, or frontotemporal. Does the patient grad-
ually become aware of having a headache, as is com-
mon with tension-type headache, or does it begin more
suddenly, in the fashion typical of migraine? Timing and
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frequency are also important. Tension-type headaches
are more typical later in the day, whereas cluster
headache is common within an hour of falling asleep.
Migraine headaches rarely occur more than twice in a
week, whereas cluster headaches can occur several
times within a 24-hour period. What are the duration,
severity, and character of the pain? A tension-type
headache can last for days, and a typical migraine can
last from 9 to 24 hours, but an individual cluster
headache may last only 15-30 minutes. Severity is gen-
erally not a useful measure, since most patients in
whom head pain is a primary symptom will complain
that it is severe. However, pain severity is useful in a re-
view of systems. More important is the character of the
pain: tension-type headaches are often described as
squeezing or a band-like pressure; migraine is typically
described as throbbing; the pain of trigeminal neural-
gia is shooting; and “lower-half” headaches are likened
to being stabbed with an ice pick. What is the course of
the pain? Does it have a well-defined beginning and
end? How long does it take to reach a maximum level
of discomfort? Are there precipitating factors? What at-
tenuates the pain, and what exacerbates it? Are there
any associated neurologic symptoms and signs? This is
critical information and will be explored more fully
when symptomatic headaches are discussed.

A query as to whether neurologic symptoms occur
hours to days (prodromes) or minutes (auras) before the
onset of a headache will help define types of migraine,
perhaps broaden the differential to allow consideration
of other conditions, and aid in neurologic localization of
a lesion. Especially helpful in management is whether spe-
cific factors (food, environmental situations) may precip-
itate the headaches. Is there an association with sleep
cycles, as in cluster headache or migraine, or are sleep pat-
terns disrupted in association with the headache? To what
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Key Clinical Questions
Migraine

» Do you have nausea or feel sick to your stomach with
your headaches?

» When you are with headache, does light bother you (a
lot more than when you don’t have headache)?

» Does your headache limit you from working, studying or
doing what you need to do?

According to Lipton et al., in the primary care setting these
three questions had a sensitivity of 0.81 and a specificity of
0.75, relative to an HIS-based migraine diagnosis assigned
by a headache specialist.

degree are emotional factors playing a role? Often, this
information is crucial and takes an empathetic but criti-
cal listener to obtain it. Is there a history of prior head
trauma, ophthalmologic or neurologic illness, or lumbar
puncture? Is the patient taking medications or frequently
exposed to substances that could contribute to the cur-
rent headache syndrome; for example, nitroglycerin trans-
dermal patches or job-site exposure to nitrates.

Examination

A good general physical examination, with emphasis on
particular areas or systems dictated by the history, is an im-
portant aspect of the evaluation of a patient with headache.
For example, an individual with a long history of chronic
tobacco abuse with a new-onset headache needs a thor-
ough examination of the chest for evidence of malignancy.
As part of the physical examination of all headache pa-
tients, it is particularly important to obtain vital signs, in-
cluding a blood pressure determination in both arms. A
careful head and neck examination should include the fol-
lowing: a search for pain-eliciting trigger points, including
percussion of the frontal and maxillary sinuses; palpation
of the superficial temporal arteries for pulses and tender-
ness; palpation of cervical muscles for spasm or tenderness
and evaluation of cervical range-of-motion; palpation of
the mastoids; palpation of the temporomandibular joint
with jaw opening and closing; auscultation of the head for
bruits; examination of the oral cavity for masses or other
lesions; examination of the teeth for signs of bruxism; per-
cussion of the teeth with a tongue blade; and examination
and palpation for cervical adenopathy. Since over half of
headaches that originate with ear pain are caused by pri-
mary otalgias, an otoscopic examination of the external
auditory canals should not be overlooked.

In both the emergency room and in the office of
the general practitioner, there is seldom time to perform
the detailed neurologic examination usually reserved for
the specialist. If the following screening examination is
normal, then the probability of finding an underlying
neurologic or neurosurgical lesion as the cause of a
symptomatic headache is low (Box 8.1). The examina-
tion should include a careful cranial nerve evaluation,
including ophthalmoscopy. If not otherwise contraindi-
cated, patients should be instructed to hop on either
foot. The floor of our clinic is covered with 12-inch
square tiles, within which we instruct the patient to hop.
Successful performance requires essentially normal
strength and sensation below the waist, as well as the
ability to coordinate the activity. Patients are also asked
to stand with arms abducted laterally to 90 degrees
while standing with the heel of one foot in front of and
touching the toes of the other foot, the so-called “tan-
dem position.” Most adults should be able to maintain
balance in this position for 4 seconds. Lastly, the deep
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Box 8.1 Headache evaluation

History

Types of headache

Onset and location

Timing and frequency
Duration, severity, character
Precipitating factors
Associated signs and symptoms
Course

Prodromes and aura

Sleep pattern

Emotional factors

Family history
Medical/Surgical history
Allergies/Medications

VVVVVVVVYVYVYYVYYVYY

Physical exam
» Vitals
» Head/Neck/Ear exam

Neurological exam

» Cranial nerves

» “Hopping”and balance
> Reflexes

tendon reflexes are evaluated with particular regard to
asymmetry and hyperactivity. This neurologic screening
examination can be completed in fewer than 5 minutes.
Of course, any abnormality must be pursued with a
more detailed, but directed, examination.

Differential Diagnosis

The decision-making process that the practitioner uses in
arriving at a differential diagnosis for headache will de-
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pend both on the setting and the individual’s analytical
style. In the emergency room, it is often more expedient
to consider the headache course (Table 8.1). Is the patient
complaining of an acute single headache? Is it an acute
but recurrent headache? Alternatively, has the headache
been present for days or weeks, and does it meet criteria
for classification as a chronic daily headache. If the pa-
tient’s headache can be easily classified under one of these
categories, then certain etiologies can be considered based
solely on headache course.

The flow diagram in Figure 8.1 represents an algo-
rithmic approach to the evaluation of patients with
headache. An algorithm will help the practitioner develop
a differential diagnosis sufficiently accurate so that life-
threatening illnesses will not be omitted from considera-
tion. Perhaps the most important initial question is
whether the headache is of new onset or different from
prior headaches. A minimal evaluation and little change
in management is usually necessary for an individual who
has had migraine for years and is transferring care. How-
ever, this is in contradistinction to a middle-aged man with
a long history of tension-type headaches who describes a
new headache of recent onset that is highly different in
character. Any recent history of trauma will require imag-
ing studies appropriate for the type and degree of injury,
but should, at a minimum, include a noncontrasted com-
puted tomography (CT) scan to evaluate for the presence
of blood (refer to the section on Symptomatic headaches:
Trauma). If the patient is over 60 years of age, strong con-
sideration must be given to the possibility of temporal ar-
teritis. An erythrocyte sedimentation rate (ESR) should be
measured emergently and appropriate steps taken if it is el-
evated (refer to the section Symptomatic Headaches: In-
flammatory disease). If there has been progression in the
character, severity, or frequency of a headache over weeks
to months, or if there is a change in the neurologic exam-
ination, the possibility of an intracranial mass (e.g., tumor
or expanding aneurysm) must be considered.

Acute single headache Acute recurrent headache

Table 8.1 Differential diagnosis of headaches in Emergency Department patients

Subacute headache

(days or weeks) Chronic headache

Subarachnoid hemorrhage Migraine

Systemic infection Intermittent hydrocephalus
Pressor reaction Cerebrovascular insufficiency

Optic neuritis Trigeminal neuralgia

Glaucoma Cerebral tumors
Meningitis Pheochromocytoma
Encephalitis Subarachnoid hemorrhage

(First) migraine Cluster

Sinusitis Pseudotumor cerebri

Subdural hematoma Chronic daily headaches

Temporal arteritis Cervical spondylosis
Subdural hematoma Brain abscess
Brain abscess Psychiatric state
Pseudotumor cerebri Analgesic rebound
Cerebral tumor Paroxysmal hemicrania
Cerebral tumor

Pseudotumor cerebri
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Figure 8.1 Migraine treatment algorithm/flowchart.

If there has been no recent change in the patient’s
headache profile, the clinician may determine that it fits
a well-defined pattern of one of the primary headache
syndromes. It is also helpful to inquire if either physical
exertion or masticatory activity is consistently associated
with headache. With exertional headaches, one should
consider the possibility of aneurysm or other mass, espe-
cially in the posterior fossa. Developmental abnormali-
ties of the posterior fossa, such as platybasia or Chiari
syndromes, can also be associated with exertional
headaches, without the presence of a mass-occupying le-
sion. Alternatively, pheochromocytoma should be con-
sidered in the patient with exertional headache. Chewing
difficulty associated with headache raises the possibility
of temporomandibular joint dysfunction or other oral ab-
normalities, including bruxism (refer to the section Symp-
tomatic headaches: Pain of oral or dental etiology).

Although the algorithm presented here defaults to
the primary headache syndromes, it is important to re-
member that tension-type, and even migraine, symptoms
may be secondary to and reflect other underlying disease.
For example, tension-type headache is commonly seen in
patients with cervical degenerative joint disease or in pa-
tients suffering from depression. Patients with psy-
chogenic headaches or with dependent personalities have
underlying psychiatric illness which, when treated, may
lead to resolution of headaches. Even with consistent use
of this or other algorithms, there will always be a number
of patients who remain difficult to classify and should be
referred to a neurologist or headache specialist. Using this
kind of approach, however, reduces the risk of missing a
potentially life-threatening cause of headache.

No specific laboratory tests should be regularly or-
dered in all patients with headache. Laboratory tests, in-
cluding chemistry panel, complete blood count,
urinalysis, and drug screen, should be ordered as indi-
cated. A lumbar puncture is critical in suspected cases
of infection, including meningitis and encephalitis. Cere-
brospinal fluid (CSF) examination may help ascertain
the presence of pseudotumor cerebri or meningeal car-
cinomatosis. In cases of clinically suspected subarach-
noid hemorrhage in which an imaging study is
unrevealing, lumbar puncture is essential. Computed to-
mography should be performed for acute hemorrhage,
clinical evidence of increased intracranial pressure, and
if there is a deficit on neurologic examination. If avail-
able, magnetic resonance imaging (MRI) should be sub-
stituted for CT to image soft tissue and to better
visualize the posterior fossa. An electroencephalogram
(EEG) is necessary only in cases of headache believed
secondary to an epileptic seizure, rare cases of epileptic
equivalent headache, and suspected encephalitis. A chest
radiograph should be obtained if the history or exami-
nation suggests malignancy. Sleep studies may be indi-
cated in patients with headache who are overweight,
snore, are heavy smokers, or otherwise raise a suspicion
of sleep apnea (refer to the section Symptomatic
headaches: Toxic and metabolic headaches).

Headache Syndromes
Migraine Headache

Migraine is the best defined of the idiopathic or primary
headache syndromes. Typically, it is characterized by pe-
riodic, commonly unilateral, pulsatile headaches, which
begin in late childhood or early adult life and recur with
diminishing frequency during advancing years. With the
gradual, widespread adoption of the classification and di-
agnostic criteria of the International Headache Society
(IHS) first published in 1988 (Table 8.2), a coherent de-
lineation of migraine prevalence is emerging. From sev-
eral population-based studies using these criteria, it
appears that migraine has its highest prevalence in indi-
viduals between 25 and 55, peaking at about age 40. The
prevalence of migraine is about 6% among men and 16 %
among women, although this gender bias varies with age,
increasing from menarche through the early fifth decade
and declining thereafter. As might be predicted from these
prevalence data, patients seeking health care for migraine
tend to be women. The consultation is motivated by a
need for pain relief among individuals with debilitating,
persistent headache symptoms of recent onset. The mi-
graineur’s entry into the system is through the primary
care physician in over half the cases; emergency rooms
are a distant second, and only about 10% of migraineurs
initially present to a neurologist.
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Table 8.2 International Headache Society
classification of migraine headaches
(2nd Edition, 2004)

Classification No. Name
1.1 Migraine without aura
1.2 Migraine with aura
13 Childhood periodic syndromes
1.4 Retinal migraine
1.5 Complications of migraine
1.6 Probable migraine

Classification

The classification of migraine using THS criteria is pre-
sented in Table 8.2. The vast majority of cases will fall
under migraine without (1.1) or migraine with (1.2) aura.
The definition of migraine without aura, referred to in
older literature as idiopathic recurring headache and com-
mon migraine, is comprehensive and requires five prior
attacks. Much of the definition of migraine with aura
concentrates on details of the aura, a symptom so clear
and evident to most patients that only two prior episodes
are required. The aura is not restricted to visual symp-
toms but may include a variety of neurologic symptoms.
Not surprisingly, prior to the adoption of THS criteria,
such headaches were also described by their neurologic
accompaniments (ophthalmic, hemiparetic, hemiplegic,
and aphasic migraine). Ophthalmoplegic migraine con-
sists of extraocular paralysis, which may include cranial
nerves III, IV, and VI, occurring 6-10 hours after the
onset of headache or as the headache subsides. Recovery
is usually complete. Because this entity appears to overlap
with Tolosa Hunt syndrome, in which the ophthalmople-
gia is of longer duration (refer to the section Symptomatic
headaches: Ophthalmologic headache), it was reclassified
in 2004 under cranial neuralgias. Retinal migraine is de-
fined as repeated attacks of monocular scotoma or blind-
ness lasting less than 1 hour with or without an
accompanying headache. It is necessary to exclude tran-
sient ischemic attack (TTA) in these individuals (Tables 8.3
and 8.4).

There are four major categories of “complications
of migraine.” In patients with status migranosis, the
headache persists for more than 72 hours, despite con-
ventional treatment. These individuals require more in-
tensive treatment (see later). Persistent aura without
infarction occurs when patients have episodes typical of
prior attacks except that one or more aura symptoms per-
sist for 1 week without radiographic evidence of infarc-
tion. Migrainous infarction is defined as one or more
migrainous symptoms associated with an ischemic brain
lesion in the appropriate territory, as demonstrated by

Table 8.3 Migraine without aura

Discriminating Consistent Variable

features features features

At least five Moderate to Unilateral locus
attacks severe intensity

Attacks lasting Pulsatile
4-72 hours

Either nausea

Aggravated by
physical activity
Normal neurologic Family history

and/or vomiting, exam

or photophobia

and phonophobia

Environmental

No aura Female > Male

(3:1) trigger

neuroimaging. Remarkably, clinically evident infarction
from migraine is quite rare: in the absence of other stroke
risk factors, the incidence of “migrainous infarction” is
estimated at 1.44 per 100 000 population per year. Sev-
eral studies have compared head MR scans in headache
patients and controls: small areas of increased signal on
T2-weighted scans (ischemic—gliotic changes) appeared
four to five times more commonly in patients with
headache. The fact that clinically evident infarction does
not occur more frequently in migraineurs may indicate
that the clinically observed symptoms result from spread-
ing decreased cerebral blood flow rather than cessation
of blood flow at a fixed locus (see later) (Table 8.4). A
last complication is the rare migraine-triggered epileptic
seizure.

There are several different categories of migraine
with aura. Migraine with typical aura includes those with
scintillating scotomata, fortification spectra, and other
homonymous visual disturbances previously termed clas-

Table 8.4 Migraine with aura

Discriminating Consistent Variable

features features features

At least two Moderate to Prodrome
attacks severe intensity

Reversible aura Unilateral and Family history

pulsatile
Environmental

Headache onset Nausea and/or

5-60 minutes vomiting, trigger
after aura begins photophobia,
phonophobia

Normal neurologic
exam

Female > Male
(3:1)
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sic migraine. Additionally, headaches with auras consist-
ing of either unilateral sensory disturbance or aphasia are
also considered migraine with typical aura. Hemiplegic
migraine, a rare type in which the aura includes motor
weakness of up to 24 hours duration, can occur either
sporadically or as an inherited disorder. Two specific ge-
netic subtypes of familial hemiplegic migraine have been
identified: mutations in the CACNA1A gene on chromo-
some 19 (FHM1) and in the ATP1A2 gene on chromo-
some 1 (FHM2). Several other susceptibility loci for more
common forms of migraine have been identified in
genome-wide screens and candidate locus studies. The
atypical aura of basilar artery migraine of Bickerstaff in-
cludes signs of brainstem or cerebellar dysfunction, such
as diplopia, ataxia, dysarthria, other cranial nerve signs,
and occasionally coma. Basilar artery migraine is more
common in children and young adults, although the gen-
der ratio of 4:1 favoring women is the same as for mi-
graine with and without aura. Migraine aura without
headache may include any of the neurologic deficits de-
scribed previously and, in the past, has been termed -
graine equivalent. It is critical that TIA and cerebral
infarction are not overlooked in patients given a diagno-
sis of either “typical aura with nonmigraine headache”
or “typical aura without headache.”

Pathophysiology

According to Wolff’s vascular theory of migraine, the aura
is caused by intracerebral vasoconstriction, and the
headache pain by reactive vasodilatation of the external
carotid artery, enhanced by vasoactive polypeptides. This
theory explained the throbbing quality of the pain, its var-
ied localizations, and its relief with treatment by ergot
preparations. However, it failed to explain either the pro-
drome or associated neurologic features of the migraine
attack, and why some of the drugs used effectively to treat
migraine have no effect on blood vessels.

In recent decades, the concept of the migraine syn-
drome has been expanded to include several distinct phases:
prodrome, aura, headache, headache termination, and post-
drome. Co-evolution of this concept and the THS classifica-
tion has led to the development of the neurogenic theory of
migraine, for which the central tenet is a primary derange-
ment of brain function. Investigations have studied sero-
tonergic and noradrenergic pain-modulating systems
originating in the brainstem, as well as the trigeminal and
high cervical spinal neurons. A prodrome may begin hours
to days before the aura or headache. Although the symp-
toms are vague, they tend to be specific for an individual
migraineur. Although more introspective patients may re-
port and recognize these, many are not aware of their pro-
dromal features, hence, the importance of individuals
maintaining a headache diary as part of their management.
Similarly, during the postdrome, certain symptoms tend to
recur as part of the migraine syndrome. These pre- and

post-headache symptoms help the physician to separate
types of headaches for an individual and may be useful in
guiding pharmacologic management (Table 8.5).
Evidence from a variety of imaging (e.g., diffu-
sion/perfusion MRI, functional MRI [fMRI], regional
cerebral blood flow [rCBF] measured by Xe!33) and mag-
netoencephalography studies, suggests that the aura of
migraine is a neuroelectric event similar to cortical
spreading depression (CSD) induced experimentally in ro-
dents. Cortical spreading depression is a spreading wave
of neuronal depolarization, followed by a long-lasting
suppression of neuronal activity and concomitant reduc-
tion in cerebral blood flow. Certain stimuli, including cor-
tical trauma and high extracellular concentrations of
glutamate, can induce CSD. However the initiating mo-
lecular events for migraine aura remain unknown. During
migraine aura, cortical neuronal excitation followed by
depression of normal neuronal activity spreads slowly
from the site of initiation at 2-6 mm/min. Using fMRI to
study migraines induced by visual stimulation, Cao and
colleagues found that transient activation followed by
spreading neuronal depression was accompanied by va-
sodilatation and hyperoxygenation. This brief increase in
rCBF was followed by oligemia lasting approximately 1
hour after the wave of neuronal inhibition. Blood flow
may decrease to 16-23 mL per 100 g of brain tissue per
minute, well within the range associated with TIA. This
spread of intracerebral oligemia may be bilateral, fail to
respect territories of vascular supply, and evolve so that,
as the leading edge advances, a return to normal occurs at
the trailing edge. That stroke is such a rare complication
of migraine may be explained by this phenomenon, which
is distinctly different from stroke itself, in which the is-
chemic focus is fixed and obeys vascular territories. In a
single report of cerebral blood flow during migraine with
aura, oligemia began with the aura and persisted into the
headache phase, consistent with a primary neurologic
event producing secondary vascular changes, but not with
reactive vasodilatation as a cause of headache.
Overwhelming evidence links serotonergic (5-HT)
neurotransmission and trigeminal nerve activity with the

Table 8.5 Nonheadache symptoms of migraine

Preheadache symptoms Postheadache symptoms

Depression Calmness
Drowsiness Euphoria
Fatigue Hyper-alertness

Hunger for sweets, thirst Increased energy
IrritabilityLethargy
Nervousness

Yawning
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pain of migraine. Migraine-specific triggers induce a pri-
mary brain dysfunction (CSD, other?) that causes dilation
of trigeminal nerve-innervated cranial blood vessels.
These dilated blood vessels mechanically activate perivas-
cular trigeminal sensory nerve fibers, causing both trans-
mission of a pain response into the brainstem and
peripheral trigeminal release of vasoactive peptides, par-
ticularly calcitonin gene-related peptide (CGRP) and sub-
stance P. These peptides exacerbate vasodilation and cause
a neurogenic inflammation, characterized by plasma pro-
tein extravasation and mast cell degranulation within the
dura mater. This further enhances activation of sensory
trigeminal fibers, leading to increased CGRP release and
causing increased inflammation and vasodilation; very
quickly, a vicious cycle erupts leading to peripheral sensi-
tization. Notably, CGRP has been detected in jugular ve-
nous blood during migraine attacks, and intravenous
infusion of CGRP into susceptible individuals can elicit a
migraine-like headache. Triptans (5-HT agonists) and er-
gotamines can significantly reduce this neurogenic in-
flammatory response. Moskowitz and colleagues have
established a possible link between migraine aura and
headache by demonstrating in a rodent model that CSD
causes long-lasting extracerebral blood-flow enhancement
selectively within the middle meningeal artery, dependent
on trigeminal and parasympathetic activation, and plasma
protein leakage within the dura mater.

A further tenet of the neurogenic theory of migraine
pathogenesis is the concept of central sensitization that
attempts to explain the later-stage temporal progression
of a migraine attack and the development of migraine
chronicity. In this model, central sensitivity is a reflection
of neuronal hyperexcitability driven by peripherally sen-
sitized trigeminal nociceptors (see earlier discussion).
These sensitized trigeminal neurons abnormally bombard
the downstream neurons with which they synapse in the
trigeminal nucleus caudalis (TNC) in the brainstem. Al-
though precise mechanisms are unknown, enhanced ac-
tivity at glutamatergic synapses, as has been demonstrated
in other hyperexcitability phenomena (e.g., long-term po-
tentiation and kindling), is a leading candidate. Proposed
loci of these pathologic changes are the TNC itself and
perhaps brainstem periaqueductal gray matter. Once cen-
tral sensitization has been established, subsequent attacks
may occur in response to stress or excessive afferent stim-
ulation, including light, noise, or odors, which are no
longer appropriately modulated. It has been recognized
for years that this susceptibility may have a hereditary
basis: up to one-third of patients who have migraine with
aura report migrainous family members, considerably
higher than what is found in nonheadache controls.

Precipitating factors in migraine

Numerous foods and food additives can precipitate a mi-
graine in susceptible individuals. Typically, nitrates and

nitrites used in processed meats (e.g., hot dogs) can trig-
ger migraines. Chocolate, aged cheeses, certain nuts, and
wines can also induce a migraine, presumably due to their
content of phenylethylamines. However, at least one
blinded study has demonstrated that the phenylethy-
lamine, tyramine, given intravenously to migraineurs, did
not precipitate headache. Other food sources have in-
cluded citrus fruits, dairy products, and shellfish. Caffeine
and related substances are especially problematic in mi-
graine patients who have headaches triggered by relative
withdrawal states (such as in the early morning before re-
suming daily consumption). The physician needs to in-
quire about use of soft drinks, some of which contain
considerable amounts of caffeine, as well as total daily in-
take of coffee, tea, and over-the-counter medications.
Asian foods and many prepared foods contain
monosodium glutamate, which can trigger headache
(refer to the section on Toxic and metabolic headaches).

Bright or flickering light, noise, and odors have all
been incriminated as precipitants of migraine. In addition
to gastrointestinal symptoms (usually nausea and vomit-
ing), the most common complaints among migraineurs
during an attack are photophobia, sonophobia, and os-
mophobia. Although strenuous exercise can precipitate
migraine in some individuals, the relationship to headache
severity and frequency is variable, but may be reduced
with a regular, moderate exercise schedule. Stress, as well
as possible coexistent tension-type headache, may trigger
migraine in some individuals, but this is not invariable
among migraineurs. Attacks of migraine typically follow
periods of stress (during the “let-down” phase), in con-
trast to tension-type headaches, which are more tempo-
rally correlated with times of greatest stress.

The association of sex hormones and migraine re-
mains controversial. Not infrequently, attacks are linked
to the menstrual cycle, and may be refractory to treat-
ment. The documented peak in attack frequency occur-
ring within several days of the onset of the menstrual
period (and associated with drops in serum levels of
both estrogen and progesterone) can be delayed with the
administration of estrogen. Although migraine incidence
generally decreases with advancing age, it may either
regress or worsen at the time of menopause, and estro-
gen replacement therapy may exacerbate migraine.
Thus, the relationship of estrogen level to headache is
not straightforward. For replacement therapy, generally
the lowest dose of estrogen required to control symp-
toms should be used. It sometimes helps to convert the
dosing schedule from interrupted to continuous. In some
women taking oral contraceptives, migraine attacks will
be exacerbated, whereas in others they may improve or
show no change. Consequently, women prescribed oral
contraceptives must be followed for any change in their
headache profile. Although the possible relationship be-
tween oral contraceptives, migraine, and stroke is con-
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troversial, the Collaborative Group for the Study of
Stroke in Young Women found that a diagnosis of mi-
graine did not increase the risk of stroke in women using
oral contraceptives.

Comorbidity

Several disease states occur with higher frequency in at
least some patients with migraine. Depression is more
common in patients with migraine compared with those
without migraine, occurring in approximately 40% of mi-
graineurs. Migraines with aura have a relationship to car-
diovascular and cerebrovascular disease in women. Data
from the Women’s Health Study demonstrated an ap-
proximate doubling of risk of myocardial infarction or is-
chemic stroke in women with migraines with aura. In
contrast, those patients having migraine without aura do
not appear to be at increased risk for ischemic disease.
Some authors feel that having a patent foramen ovale
with large right-to-left shunt not only predisposes patients
to migraine, but may also explain the increase in stroke
risk among patients with migraine with aura. Closure of
the patent foramen ovale may decrease or stop migraines
in up to 60% of patients with this condition. It has been
suggested that migraines are more common in patients
with epilepsy; however, the data are somewhat conflicting
on this account. It appears that epilepsy is more likely in
patients having migraine with aura (30.4%), but the re-
lationship is not as clear for patients with migraine with-
out aura. A large, case-control study has demonstrated
that patients with migraine are 3.5 times more likely to
have comorbid restless legs syndrome than are those with-
out migraine. The pathologic link between these two dis-
orders, if any, is unknown.

Treatment of Migraine

Management of the migraineur must include patient ed-
ucation, environmental modification, and medication
considerations. Changes in the environment include al-
terations in diet, elimination of the precipitating factors
just discussed, adoption of regular habits, and use of
various nonpharmacologic interventions. Patient educa-
tion and environmental modifications are intertwined.
Migraineurs who better understand the nature of the ill-
ness will be more willing to adopt a lifestyle that will
help to eliminate headaches. Pharmacotherapy has three
facets: abortive treatment, adjunctive therapy, and mi-
graine prophylaxis.

Patient education. The best form of treatment for mi-
graines is preventative. Migraineurs should be encouraged
to adopt a lifestyle that will help to eliminate or reduce
headaches by reducing inciting agents or activities. Pa-
tients should be encouraged to initiate a wellness program
that emphasizes regular exercise, balanced meals, and ad-
equate sleep during headache-free intervals. The use of a

headache calendar is an important component of this pro-
gram. In addition to providing information useful in elim-
inating environmental triggers and assessing effectiveness
of medications, it helps patients understand their disor-
der and its treatment. Many migraineurs feel their lives
are controlled by their headaches. With understanding
comes a greater sense of control over their headaches.

Environmental modification. Environmental modification
is generally a slow process, taken on by the patient and
physician during which efforts are made to identify pre-
cipitating factors. Alteration of some factors has been
found to generally help migraineurs. For example, the fre-
quency and severity of headaches may be reduced with
regular exercise and sexual activity. Headaches can be
brought on by both too much and too little sleep, and
many migraineurs have learned that they feel better if they
go to bed and get up at the same time every day. Complete
elimination of caffeine from the diet is also advisable.

Migraineurs may experience an increase in severity
and frequency of headaches during times of stress, loss
(through death, separation or divorce), change of em-
ployment, and geographical relocation. For those indi-
viduals who appear to be under chronic stress and
anxiety, or who are clinically depressed, individual or
family counseling may be beneficial.

Sensory stimuli that may trigger migraines must be
identified and eliminated or mitigated. These include
strong or flickering lights, glue, paint, chemical or petro-
leum fumes, cigarette smoke, perfumes or other odors,
and automobile exhaust fumes. As described earlier, nu-
merous foods and food additives can trigger a migraine in
those susceptible, although most authorities do not be-
lieve food allergies per se cause migraine. Foods to be
eliminated from the diet should be determined on a sys-
tematic trial-and-error basis.

Pharmacotherapy

Abortive therapy. A Practice Parameter from the
American Academy of Neurology (AAN) gives the fol-
lowing goals for acute treatment of migraine:

1. treat attacks rapidly and consistently to avoid
recurrence;

2. restore the patient’s ability to function;

3. minimize the use of backup and rescue medica-
tions;

4. optimize self-care and reduce subsequent use of
resources;

5. be cost-effective for overall management; and

6. have minimal or no adverse effects.

Although no currently available medication meets
all of these criteria, great strides have been made in the
treatment of migraine in the past decade. Abortive thera-
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pies for migraine include simple analgesics, isomethep-
tene, ergotamines, and triptans.

Simple analgesics include nonsteroidal anti-inflam-
matory drugs (NSAIDs), acetaminophen, and combina-
tion products (e.g., aspirin, acetaminophen, and caffeine).
These simple analgesics are important first-line agents for
treating mild to moderate migraine attacks. They are in-
expensive and readily available without a prescription. A
population-based survey in 1999 revealed that 57% of mi-
graineurs treated their headaches exclusively with non-
prescription medications. Therefore, the clinician should
be certain to ask about prior use of these products and the
efficacy and adverse effects experienced with their use.
Acetaminophen products can be given according to the
package directions for analgesia, not to exceed 4,000
mg/day from all sources of acetaminophen (including pre-
scription combination analgesic products). However, acet-
aminophen alone has not demonstrated efficacy for
migraine. The usefulness of NSAIDs may be due to inhi-
bition of prostaglandin synthesis and platelet release of
bradykinin and serotonin. Ibuprofen and naproxen are ef-
fective, and are rapidly and completely absorbed, reaching
peak plasma concentrations in 1 hour. Because individual
response to specific medications varies considerably,
meclofenamate and indomethacin should also be consid-
ered. In an emergency room setting, an intramuscular in-
jection of 60 mg of ketorolac may be an effective
treatment. The dose of NSAIDs should be limited to the
maximum listed in the prescribing information for each
drug. Common adverse effects of NSAIDs include nausea,
gastric upset, and diarrhea. Combination products include
a combination of isometheptene, dichloralphenazone, and
acetaminophen (e.g., Midrin, Isocom) or a combination
of aspirin, acetaminophen, and caffeine (Excedrin). These
products are effective for migraine and well tolerated. The
isometheptene, dichloralphenazone, and acetaminophen
product is contraindicated in patients with severe hyper-
tension, glaucoma, and heart disease. One study has com-
pared the efficacy of ibuprofen to the combination of
aspirin, acetaminophen, and caffeine and to placebo. In
this comparison, both medications were effective com-
pared to placebo; however, the combination product had
a 20-minute faster onset of action than ibuprofen. Similar
numbers of patients became headache-free with either the
combination product or ibuprofen at 1 or 2 hours post-
dose, but more subjects given the combination product
were pain-free at 3 or 4 hours post-dose than subjects
given ibuprofen. When given to patients with less severe
migraines, the acetaminophen, aspirin, and caffeine com-
bination was also more effective than 50 mg of sumatrip-
tan given orally for pain relief at 4 hours post-dose,
headache response, and use of rescue medications.

If a patient responds poorly to simple analgesics, or
if the patient has moderate to severe migraine pain, the
AAN Practice Parameter recommends proceeding directly

to migraine-specific agents such as triptans or ergota-
mines. The triptans are effective treatments for migraine,
acting on the specific serotonin receptors 5-HT,; and
5-HT, . The effect of activation of these receptors is re-
versal of vasodilatation and decrease in neurogenic in-
flammation. A number of agents with various
formulations are available (Table 8.6). Nonoral routes of
administration have faster onsets of action and are im-
portant for patients who experience nausea, vomiting,
and/or gastric stasis with migraine attacks. Subcutaneous
sumatriptan is available in an auto-injecting device for
self-administration. It has the fastest onset of action, the
highest 2-hour response rate (76 %), and the highest inci-
dence of adverse effects of any triptan. Sumatriptan and
zolmitriptan are also available in nasal spray formula-
tions. The onset of action is faster for this administration
form than for oral tablets. However, some patients dis-
like the taste of the nasal spray.

Orally disintegrating tablets are available for
zolmitriptan and rizatriptan. These tablets are not ab-
sorbed sublingually. They disintegrate in the oral cavity,
but are swallowed and absorbed in the intestinal tract.
Therefore, they do not work faster than conventional oral
tablets. The main use for these tablets is for patients who
do not have access to water, or for patients who become
nauseated if they consume water with a conventional
tablet. However, in one study with zolmitriptan, 70% of
patients preferred the orally disintegrating tablet to the
conventional oral tablet.

Comparisons of efficacy generally consider two pa-
rameters: therapeutic gain 2 hours after administration
and headache recurrence rate. The therapeutic gain is de-
fined as the difference in headache response between
placebo- and medication-treated subjects. The therapeu-
tic gain is greatest for subcutaneous sumatriptan (51%)
and lowest for frovatriptan (19%). The recurrence rates
are highest for sumatriptan (38%), zolmitriptan (37%),
and rizatriptan (47%). The lowest recurrence rates are
for frovatriptan (7%) and naratriptan (17%). These dif-
ferences may be somewhat explained by the different
pharmacokinetics of the triptans (Table 8.6). Frovatrip-
tan has the longest half-life of all the triptans at 26 hours;
naratriptan follows with a half-life of 6 hours. This long
half-life makes recurrence of migraine much less likely
with these two agents. A combination product of suma-
triptan 85 mg and naproxen sodium 500 mg is in devel-
opment, and has demonstrated efficacy over placebo,
naproxen, or sumatriptan alone in clinical trials. If a pa-
tient reports that a triptan is not efficacious, and further
inquiry reveals that the medication has been used appro-
priately, it is reasonable to switch to another triptan.
However, after the patient has failed three different trip-
tans, it is unlikely that further trials will be effective.

Because of significant vasoconstriction, all triptans
are contraindicated in patients with or at risk for coro-
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Table 8.6 Abortive therapies for migraine

Agent (brand) Maximum dose/
Triptans Dosage forms T onax t'/2 (hours) Dose 24 hours (mg)
Almotriptan (Axert) Tablets 6.25 mg, 12.5mg 1-3 2-4 1 tab, may repeat in 2 hours 25
Eletriptan (Relpax) Tablets 20 mg, 40mg 1 hour 4-5 1 tab, may repeat in 2 hours 80
Frovatriptan (Frova) Tablets 2.5mg 2-4 hours 26 1 tab, may repeat in 2 hours 7.5
Naratriptan (Amerge)  Tablets 1mg,2mg 2-3 hours 6 1 tab, may repeat in 4 hours 5
Rizatriptan (Maxalt) Tablets 5mg, 10mg 1-1.5 hours 1.8 1 tab, may repeat in 2 hours 30

Orally disintegrating tablets 1.6-2.5 hours 1.8 1 tab, may repeat in 2 hours 30

5mg, 10mg

Sumatriptan (Imitrex) ~ Subcutaneous injection 6mg 12 minutes 1.9 1 injection, may repeat in 1 hour 12

Intranasal 5mg, 20mg 30 minutes 2 1 spray in one nostril, may repeat 40

in 2 hours

Tablets 25 mg, 50mg, 100mg 2 hours 2.5 1 tab, may repeat in 2 hours 200
Zolmitriptan (Zomig)  Tablets 2.5 mg,5mg 1.5 hours 3.75 1 tab, may repeat in 2 hours 10

Orally disintegrating tablets 25mg,5mg 3.75 1 tab, may repeat in 2 hours 10

3 hours
Intranasal 5mg 3 hours 3 1 spray in one nostril, may repeat 10
in 2 hours
Ergots
Ergotamine tartrate Sublingual tablets 2mg unknown 2 1 tab under tongue, may repeat 6
(Ergomar) in 1 hour
Dihydroergotamine Intranasal 4mg ampules 0.9 hours 10 1 spray (0.5 mg) in each nostril, 3
(DHE 45; Migranal) repeat in 15 minutes
Intravenous/intramuscular/ SQ 15-45 9 1 mL vials TmL IV/IM/SQ, 2mg IV;
subcutaneous Tmg/mL minutes may repeat in 1 hour 3mg IM/SQ

nary artery disease, stroke, uncontrolled hypertension, pe-
ripheral vascular disease, ischemic bowel disease, and
pregnancy. They also should not be used in patients with
hemiplegic or basilar migraines. Common adverse effects
include a sensation of pressure, warmth, and/or tightness
over the chest and neck areas, and tingling in the ex-
tremities.

All triptan administration is contraindicated within
2 weeks of treatment with monoamine oxidase inhibitors
because of the potential for serotonin syndrome. They
should not be given in patients using methysergide or
methylergotamine, and they should be used with caution
with other serotonin-active medications. Because of the
risk of severe vasoconstriction, triptans should not be
used within 24 hours of ergotamines. Likewise, different
triptans should not be administered concomitantly, ex-
cept for repeated doses at manufacturer-specified inter-
vals (Table 8.6). Cimetidine increases the half-life of
zolmitriptan, making dosage reductions of zolmitriptan
necessary. Propranolol increases plasma concentrations
of rizatriptan. Patients using both should be given 5-mg
doses of rizatriptan. Because eletriptan is primarily me-
tabolized by cytochrome P450 (CYP) 3A4, it is con-
traindicated in the presence of potent CYP3A4 inhibitors,
including ketoconazole, itraconazole, erythromycin, clar-

ithromycin, ritonavir, nelfinavir, and indinavir. There have
been case reports suggesting eletriptan should not be used
with verapamil or fluconazole. Caution should be exer-
cised when using eletriptan with any inhibitor of CYP3A4
metabolism.

Ergotamine has been used in the treatment of acute
migraine attacks for over a century. Ergotamine and di-
hydroergotamine (DHE) are available in several dosage
forms (Table 8.6). Dihydroergotamine (DHE) is an effec-
tive abortive treatment for acute migraine, offering ex-
cellent relief from severe headache, even when it is
administered after the attack is well underway. DHE is
available as a nasal spray and in a parenteral formula-
tion. These nonoral routes of administration are particu-
larly useful for patients who experience nausea and/or
vomiting with their migraines. Although no longer con-
sidered a first-line therapy for migraine, ergotamine tar-
trate is available as a sublingual tablet, and combinations
of ergotamine and caffeine are available as oral tablets
and rectal suppositories.

Ergotamines are contraindicated in patients with or
at risk for coronary artery disease, stroke, uncontrolled
hypertension, peripheral vascular disease, ischemic bowel
disease, and pregnancy. They should not be used in pa-
tients with hemiplegic or basilar migraines. With chronic,
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daily use, ergotamines have been associated with fibrotic
complications. Unfortunately, a common adverse effect
of ergotamine is nausea and/or vomiting. Because of this
effect, many patients will require co-administration of an
antiemetic. Other common adverse effects include diar-
rhea, cramps, paresthesias, tachycardia, and bradycardia.

Ergotamines should not be used within 24 hours of
triptans because of the risk of severe vasoconstriction.
There have been case reports of severe vasospasms lead-
ing to cerebral or extremity ischemia when ergotamines
were administered with potent CYP3A4 inhibitors, in-
cluding ketoconazole, itraconazole, erythromycin, clar-
ithromycin, ritonavir, nelfinavir, and indinavir.

If these first-line therapies are ineffective, a rescue
medication for the patient to self-administer may be
added to therapy to alleviate pain and avoid frequent
emergency department visits. Other conditions in which
second-line therapies might be considered include intol-
erance or contraindications to first-line therapies. Opioid
analgesics are occasionally chosen in these situations.
However, the sedative adverse effects and the risk for
abuse and/or dependence must be addressed before selec-
tion of an opioid analgesic. Butorphanol nasal spray and
many oral combination products are available for these
uses. Butorphanol nasal spray is prescribed as one spray
in one nostril every 1 hour as needed for pain relief. The
oral opiates should be administered according to manu-
facturer directions. Most of these combination products
contain codeine. Therefore, it is necessary to inquire
about allergies or intolerances (such as nausea) to codeine
before the prescription is given. A possible alternative is
the use of a tramadol-acetaminophen combination prod-
uct, which has demonstrated efficacy in migraine com-
pared to placebo. Another common component of the
combination opioid analgesics is acetaminophen. It is
prudent to also establish the amount of acetaminophen a
patient receives from all sources, particularly nonpre-
scription products, prior to prescribing additional aceta-
minophen.

Parenteral administration of other compounds may
be necessary if the patient reports to the emergency de-
partment with unresolved migraine pain. In this instance,
intravenous or intramuscular injections of an opioid anal-
gesic or ketorolac may be required. An antiemetic is often
helpful in these situations as well. Those patients with
truly intractable headache, or status migranosis, should
have a neurologic consultation. Many may require ad-
mission to the hospital for complicated treatment regi-
mens, including repetitive DHE and corticosteroids.

Regardless of the therapy chosen for acute migraine
relief, an assessment of efficacy is necessary. Rapoport
and colleagues suggest the following questions to deter-
mine if a medication is optimal: (a) How quickly does the
medicine begin to work? (b) When does the medicine
reach its maximal effect? (c) When the medicine has

reached its maximum effect, what percentage of the
headache is gone? (d) Does the medication cause any ad-
verse effects? (e) Does the headache recur or worsen
within 24 hours after the patient is significantly im-
proved? (f) How often can the patient become pain free
and not have to take any further medicine? (g) How con-
sistently does the medicine work?

Adjunctive therapy. Adjunctive therapy is directed
at treating the migraine headache and associated symp-
toms. For some patients, the associated symptoms of mi-
graine, especially nausea and vomiting, are more
disturbing than the headache pain itself. Gastric stasis and
delayed gastric emptying associated with migraine can de-
crease the effectiveness of oral medication. In addition,
the medications used to treat migraine, especially ergota-
mines, can also produce nausea. Therefore, an antiemetic
such as metoclopramide (10- 20 mg), which will also en-
hance gastric emptying and the absorption of coadminis-
tered medications, should be given orally, intramuscularly,
or intravenously at the onset of symptoms. Promethazine
(25-50 mg), prochlorperazine (5-10 mg), and
trimethobenzamide (100-250 mg) are all available in
oral, rectal, and parenteral forms, and are also useful for
control of nausea and vomiting, but do not enhance gas-
tric emptying. These agents may cause sedation, an effect
that should be discussed with the patient when prescrib-
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Pearls and Perils

Migraine headache

» The most common complaints among migraineurs
during an attack are photophobia, sonophobia, and
osmophobia.

» Attacks of migraine typically follow periods of stress dur-
ing the “let-down” phase, in contrast to tension-type
headaches, which are more temporally correlated with
the time of greatest stress.

» Although the possible relationship among oral contra-
ceptives, migraine, and stroke is controversial, a diagno-
sis of migraine does not increase the risk of stroke in
women using oral contraceptives.

» Rebound headaches may occur with chronic overuse of
ergot preparations.

» Prophylactic therapy is indicated if analgesics are needed
more than two or three times per week, or if excessive
amounts are required or are ineffective for treating a
headache.

» Patients should be encouraged to initiate a wellness pro-
gram that emphasizes regular exercise, balanced meals,
and adequate sleep during headache-free intervals.
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ing them. Serotonin receptor (5-HT),) antagonists, such
as granisetron, have not shown statistically significant
clinical benefit for migraine relief.

Many patients are relieved of their migraine attack
by sleep, and for them, even a mild analgesic coupled with
a sedative-hypnotic or anxiolytic agent may be sufficient
to allow sleep and the resolution of symptoms. The
antiemetics discussed above may provide sufficient seda-
tion, but for others a short-acting barbiturate (e.g., bu-
talbital, 50 mg by mouth) or benzodiazepine (e.g.,
diazepam, 5-10 mg by mouth) may be necessary. Rest in
a quiet, dark area must follow sedation. Patients must be
warned of the danger of habituation.

A neuroleptic, especially in an emergency room set-
ting, is an alternative for severe migraine attacks unre-
sponsive to other therapies, but patients should be
pretreated with 500 mL of normal saline to reduce the
risk of hypotension. Effective agents include chlorpro-
mazine (25 mg), haloperidol (5 mg), and thiothixene (5
mg).

Prophylactic therapy The need for prophylactic
therapy depends on several factors including migraine fre-
quency and severity, effectiveness and tolerability of
abortive and interval therapy, and impact of the migraine
syndrome on the patient’s quality of life. The AAN Prac-
tice Parameter suggests the following criteria for initiating
prophylactic therapy:

1. recurrent migraines that, in the patients’ opin-
ions, significantly interfere with their daily rou-
tines, despite acute treatment;

2. frequent migraines;

3. contraindication to, or failure or overuse of,
acute therapies;

4. adverse effects with acute therapies;

5. cost of therapy is problematic;

6. patient preference; or

7. presence of uncommon migraine conditions

(hemiplegic migraine, basilar migraine, pro-
longed aura, etc.).

The relationship between use of prophylactic ther-
apy and health care expenditures has been examined in a
large database from the U.S. Military Health System. This
analysis found an increase in absolute expenditures for
patients who were initiated on prophylactic therapy com-
pared with those who were not given prophylaxis, largely
due to increased ambulatory care visits and prescription
medication costs. However, the overall cost of treatment
for the prophylaxis group declined compared to their own
pretreatment values, demonstrating that the expenditure
for migraine prophylaxis for those with frequent and se-
vere migraine headaches is cost-effective. General princi-
ples to guide the use of migraine prophylactic agents
include using the lowest effective dose, giving an adequate

trial of therapy (2-3 months), and considering any coex-
isting conditions in the choice of agent (e.g., B-blockers
are contraindicated in asthma patients, but beneficial in
hypertension).

Many tricyclic antidepressants are used for the pre-
vention of migraine. However, amitriptyline has the best
clinical evidence for effectiveness. Over 60% of patients
who benefit from amitriptyline show a response within 1
week, although it may take up to 6 weeks for full thera-
peutic effect. The usual starting dose is 10-25 mg at bed-
time. If no adverse effects occur, the dose can be raised
gradually, but as a rule, doses above 125 mg do not con-
fer additional benefit. Common anticholinergic side ef-
fects include dry mucous membranes, constipation, blurry
vision, confusion, and sedation. In older men, particu-
larly, urinary retention is also a concern.

Among B-adrenergic blockers, propranolol,
atenolol, metoprolol, nadolol, and timolol have all been
shown to be effective. As a group, they are effective in up
to 70% of migraineurs. B-Blockers with intrinsic sympa-
thomimetic activity (acebutolol, pindolol) are not effective
for migraine prophylaxis. A typical starting dose of pro-
pranolol is 20-40 mg twice per day. Usual therapeutic
doses are 120-240 mg/day divided into three to four doses
with a maximum dose of 320 mg/day. Guidelines for judg-
ing when a maximal tolerated dose has been reached in-
clude heart rate less than 50 beats per minute, systolic
blood pressure less than 100 mm Hg, and a less than 10
beat per minute increase in heart rate following mild ex-
ercise. Full effectiveness of a given dose may take 4-6
weeks to occur. Adverse effects associated with B-blockers
include fatigue, cold extremities, postural hypotension,
and bradycardia. B-Blockers are contraindicated in those
with asthma, congestive heart failure, or depression.

Among calcium channel blockers, verapamil, dilti-
azem, nicardipine, and nifedipine are all efficacious. The
typical starting dose of verapamil is 80 mg three to four
times per day. Because observable effects may not be ap-
parent for 2-8 weeks, treatment should be continued for
at least 2 months before evaluating efficacy. If either the
response is not satisfactory or intolerable side effects
arise, another calcium channel blocker can be tried. The
most common adverse effects of these agents include con-
stipation, drowsiness, and orthostatic hypotension.

Several different anticonvulsants have been used in
the prophylactic treatment of migraine, including carba-
mazepine, phenytoin, gabapentin, topiramate, and dival-
proex sodium. Considered as a class, anticonvulsants
decrease migraine events by about 1.3 attacks per 28 days
compared to placebo. Divalproex sodium and topiramate
have U.S. Food and Drug Administration (FDA)-ap-
proved indications for migraine prophylaxis. Divalproex
sodium is absorbed through the gastrointestinal tract as
the valproate ion. The usual starting dose is 250 mg twice
daily or 500 mg once daily of the extended-release prepa-
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ration. Liver function tests should be performed prior to
therapy and at frequent intervals, especially during the
first 6 months. Common side effects are nausea, alope-
cia, tremor, and weight gain. Topiramate 50 mg twice
daily has also shown efficacy compared to placebo for mi-
graine prophylaxis. This medication must be titrated
slowly, no more than 25 mg increments weekly, to avoid
excessive sedation and psychomotor retardation. Other
common adverse effects of topiramate include dizziness
and paresthesias. Uncommon, but serious, adverse effects
include renal stones, oligohidrosis, hyperthermia, meta-
bolic acidosis, secondary angle closure glaucoma, and
acute myopia. Gabapentin demonstrated efficacy com-
pared to placebo in one study, in which doses of 1,800-
2,400 mg/day were used. Gabapentin was generally well
tolerated, but some subjects reported dizziness, giddiness,
and drowsiness.

Nonsteroidal anti-inflammatory drugs have been
used as prophylactic, as well as acute, treatment for mi-
graine. Naproxen and naproxen sodium have been most
frequently examined as prophylactic agents. There are
concerns, however, of rebound headaches when daily
NSAID administration is stopped. Botulinum toxin has
been injected into various muscles in the head to prevent
migraine with some success. However, a patient would
require referral to a practitioner with experience in these
injections. Methysergide, an ergot alkaloid, has demon-
strated efficacy, but is usually not used due to safety con-
cerns. In addition to gastrointestinal symptoms and leg
restlessness and pain, retroperitoneal and retropleural fi-
brosis have been associated with its use. Naratriptan,
with its longer half-life has also been used for prophylaxis
of menstrually related migraine. Using 1 mg twice daily
for 6 days, starting 3 days before the onset of menstrua-
tion increased the percentage of patients without mi-
graines during this period to 34-38% compared to
24-29% among patients who received placebo. However,
it should be noted that most patients did not have com-
plete prevention of their menstrually related migraines
with this treatment.

A final comment on treatment and prevention of
migraines when women may become pregnant or during
pregnancy is in order. It is generally recognized that no
medicine is completely without risk during the pericon-
ceptional and pregnancy stages. For abortive therapy of
migraine, generally treatment with opioid analgesics or
acetaminophen can be recommended. All of the prophy-
lactic therapies have significant risk during pregnancy,
and their use is not recommended.

Cluster Headache

Cluster headache is one of the most severe forms of head
pain known to man. In contrast to migraine, cluster
headache predominantly affects men, with a male-to-

female ratio of at least 4.5:1. It accounts for only a small
percentage of all headache sufferers and, unlike migraine,
there is little evidence for a genetic factor. Peak incidence
is in men aged 40-49 years and women aged 60-69 years.
The age- and gender-adjusted incidence is 9.8 per 100,000
person-years. Patients with cluster headache are often
heavy smokers and have a history of excessive use of
ethanol. Periodicity is the main feature of cluster
headache, with cluster periods lasting an average of 6-12
weeks. Cluster periods typically occur every year or two,
are separated by periods of complete freedom from the
headache, and tend to occur more frequently in spring
and autumn. Recurrent clusters occur at the same site in
over 75% of patients.

During a cluster, the headache tends to recur nightly,
between 1 and 2 hours after onset of sleep, but may also
occur several times during the night and day. Pain, de-
scribed as excruciating, penetrating, and usually non-
throbbing, reaches a peak about 10-15 minutes after
onset and lasts about an hour. It is usually felt unilaterally
behind the eye, the temple, and in the maxillary area. In
addition to pain, the cluster headache attack profile may
include an ipsilateral blocked nostril followed by rhinor-
rhea, injected conjunctivum, and lacrimation, but there is
no antecedent aura. Ptosis and miosis can also occur. Six
percent of patients develop a permanent ipsilateral ptosis
with repeated attacks. Patients may develop tenderness
over the ipsilateral carotid artery, face, and scalp, as well
as periorbital edema. The pain of a given headache may
resolve as rapidly as it began, or it may fade away grad-
ually. Ethanol commonly precipitates headaches during a
cluster, but does not have this capacity during remissions.
Patients who are aware of this frequently stop drinking
during a cluster period. In a population-based study of
Danish patients, 78% of cluster headache patients stated
that the headaches restricted their activities, causing
lifestyle changes for 96% of them. Thirty percent of these
patients reported missing work within the last year be-
cause of a cluster headache attack.

Classification

The IHS classification groups cluster with other trigeminal
autonomic cephalgias. The group includes cluster and
paroxysmal hemicrania, both of which are subdivided into
an episodic and chronic form, and short-lasting unilateral
neuralgiform beadache attacks with conjunctival injection
and tearing (SUNCT) (Table 8.7). Chronic cluster is de-
fined by absence of remission for more than a year. Over
time, individual attacks tend to increase in frequency, and
the syndrome becomes less responsive to therapy. The uni-
lateral pain and autonomic features of paroxysmal hemi-
crania are similar to cluster, but attacks, which last only
5-10 minutes, may occur up to 30 times in a day. The
chronic form is seen mostly in women, the episodic vari-
ant is without gender bias. Both forms of paroxysmal
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hemicrania show an absolute and specific responsiveness
to indomethacin, typically 25 mg three to four times per
day, making it both diagnostic and therapeutic. The uni-
lateral pain and autonomic features of SUNCT, which oc-
curs in men over 50, are similar to cluster. In contrast,
attacks typically occur during the day, last 5 seconds to 40
minutes, and occur at a rate of 5-6 per hour. Lesions in the
posterior fossa or involving the pituitary gland may mimic
SUNCT. Patients may respond to corticosteroids,
gabapentin, lamotrigine, or carbamazepine.

Pathophysiology

No unique and unifying pathophysiologic explanation ex-
ists for cluster headache. Indeed, migraine and cluster
headaches share many clinical features, postulated mech-
anisms, and treatment. Two distinguishing clinical differ-
ences include the symptom localization and clock-like
regularity of cluster. Based on the clinical features of clus-
ter headache, it is reasonable to conclude involvement of
ipsilateral trigeminal nociceptive pathways, activation of
the cranial parasympathetic system, and dysfunction of
the ipsilateral sympathetic nerves. Additionally, the clock-
work consistency of attacks strongly suggests that a cen-
tral pacemaker must be integrally involved in the genesis
of this illness.

Cluster headache has traditionally been thought of
as a “vascular” headache disorder. During an attack, ex-
tracranial, periorbital vasodilatation occurs. Vasodilators
such as ethanol, nitroglycerin, and histamine are known to
trigger cluster headache. However, other evidence suggests
these vascular changes may be secondary to neuronal dis-
charges in the area, as described earlier under the patho-
physiology of migraine. Thus, the arterial and venous flow
changes seen during cluster headache attacks are an
epiphenomenon of trigeminal activation, are not specific,
and do not play a large role in the genesis of cluster
headache. To wit, pain drives changes in vessel caliber and
not vice versa. Nevertheless, ample evidence supports in-
volvement of both the trigeminovascular and parasympa-
thetic systems in cluster headache. The excruciatingly
severe unilateral pain is likely to be mediated by an-
tidromic activation of the ophthalmic division of the
trigeminal nerve, with release of calcitonin gene-related
peptide (CGRP) into the cranial venous circulation. The
autonomic symptoms are caused by activation of the cra-
nial parasympathetic outflow from the seventh (facial) cra-
nial nerve, associated with markedly elevated levels of
vasoactive intestinal polypeptide (VIP). Of note, a func-
tional reflex occurs between the trigeminovascular and
cranial parasympathetic systems: stimulation of either the
superior sagittal sinus or trigeminal ganglion results in the
release of both CGRP and VIP into the cranial circulation.

The periodicity of clusters and the circadian regu-
larity of headaches within a cluster suggest dysfunction
of the biologic clock mechanism of the hypothalamus.

Table 8.7 Episodic cluster headache

Discriminating Consistent Variable

features features features

At least five Ipsilateral Ipsilateral ptosis
attacks lacrimation

Attacks last
15-180 minutes
Frequency: eight

Conjunctival Ipsilateral miosis
injection

Ipsilateral nasal Eyelid edema

per day to one fullness
every other day

Severe unilateral Ipsilateral Forehead/facial
orbital and/or rhinorrhea sweating
temporal pain

Circadian Recur 1-2 hours Attack
regularity after sleep onset precipitated by al-

cohol during a
cluster

Changes in a number of hormonal secretory circadian
rhythms have been shown (e.g., in the levels of cortisol, B-
endorphin, testosterone, and prolactin) between periods
of cluster and remissions, leading to speculation that at-
tacks may be linked to a disordered central pacemaker
mechanism. In humans, this pacemaker is located in the
hypothalamus, in an area known as the suprachiasmatic
nucleus, which controls the rhythmic secretion of mela-
tonin from the pineal gland. The 24-hour production of
melatonin is reduced in patients with cluster headache,
and the nocturnal melatonin peak is blunted during clus-
ter periods. Low melatonin may be due to reduced avail-
ability of serotonin, which is needed for its synthesis.
Furthermore, the biologic clock mechanisms in the hypo-
thalamus are known to be modulated by serotonergic af-
ferent neuronal pathways that may directly impact on
certain treatment modalities.

Differential Diagnosis

The symptoms of cluster headache are so characteristic
that its diagnosis is usually not a problem. However, the
differential diagnosis should include other strictly unilat-
eral headaches, such as episodic and chronic paroxysmal
hemicrania, because of their unique response to in-
domethacin. Other considerations include SUNCT,
trigeminal neuralgia, carotid dissection, temporal arteri-
tis, pheochromocytoma, and the Tolosa-Hunt syndrome,
which are all described elsewhere in this chapter.

Treatment

As with the migraineur, management of the patient with
cluster headache must include patient education, envi-
ronmental modification, and medication considerations.
Patients should be apprised of the associations of cluster
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headache with heavy smoking and alcohol. Unlike mi-
graine, other consistent precipitants are rare. Pharma-
cotherapy plays a much greater role, and, because of the
relative brevity of individual headache attacks, has two
facets: abortive treatment and prophylaxis.

Abortive therapy. Oxygen inhalation by a non-rebreath-
ing mask at 6-10 L per minute for 15 minutes at the onset
is effective in aborting cluster headache in about 70% of
patients. Although oxygen relieves pain almost immedi-
ately, it may return after a brief respite, requiring repeated
use. Because of the frequency of nocturnal attacks, main-
tenance of an oxygen tank at home during a cluster has
proved to be effective, safe, and economical.
Subcutaneous administration of 6 mg of sumatrip-
tan is an effective and well-tolerated treatment for acute
attacks of cluster. Headache relief is achieved in about
75% of patients within 15 minutes. In at least one study,
use of 12 mg led to increased side effects but no im-
provement in efficacy. Intranasal sumatriptan has also
been shown to be effective; however, in a comparison trial
with subcutaneous sumatriptan, only two of 26 subjects
preferred the nasal form because of a slower onset of ac-
tion. Zolmitriptan 10 mg nasal spray also showed effi-
cacy compared to placebo as soon as 15 minutes
following administration. Other triptans have shown
greater efficacy only anecdotally. Intranasal dihydroergo-
tamine has not been evaluated for cluster headaches.

Prophylactic therapy Treatment of cluster headaches
should be directed toward prophylaxis, since the
headaches are often too short for abortive medications to
take effect and, if they occur multiple times per day, may
lead to overmedication. Prophylactic medication should
be started early in the course of a cluster episode and used
daily until the headache has been absent for at least 2
weeks, after which it should be tapered. As a rule, med-
ications can be completely discontinued during remissions
but should be restarted with the first appearance of an
exacerbation.

Calcium channel blockers are now widely used in the
prophylactic treatment of cluster headache, and many au-
thorities consider them the drugs of first choice. Verapamil
has been used most commonly and appears to be the most
effective, despite having little effect on cerebral hemody-
namics. However, verapamil does influence hypothalamic
adrenergic activity and affects a wide variety of biogenic
amine receptors. The usual dose is 80-160 mg three times
a day, or 240 mg of the sustained-release preparation once
or twice a day. The common side effects are constipation,
drowsiness, fluid retention, and hypotension.

Lithium is commonly used in the prevention of
chronic and episodic cluster headaches. Doses of 600-900
mg/day, lower than those usually used for bipolar disor-
der, are effective. Headache suppression usually begins
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Pearls and Perils
Cluster headache

» Over 80% of patients with cluster headache are men.

» Alcohol commonly precipitates headaches during
a cluster, but no longer has this capacity during
remissions.

» Cluster headaches may only be delayed by abortive
medications, are often too short for abortive medica-
tions to take effect and, if they occur multiple times in a
day, may lead to overmedication; therefore, prophylactic
medications are an important part of therapy

» A variant of cluster headache, chronic paroxysmal hemi-
crania, shows an absolute and specific responsiveness to
indomethacin.

within a few days of treatment initiation. Common ad-
verse effects include tremor, polyuria, and diarrhea.
Serum lithium concentrations are sensitive to excessive in-
take of salt and to dehydration.

Corticosteroids have been used as prophylactic
agents for cluster headache. Either prednisone up to 80
mg/day or dexamethasone up to 8 mg/day is usually effec-
tive within 1-2 days of initiation. Hyperglycemia, gastric
upset, and mood swings are common adverse effects with
short-term use. Because of the risk of serious, long-term
adverse effects, such as osteoporosis and immunosuppres-
sion, the use of corticosteroids should be limited to 2-3
weeks duration. When stopping corticosteroids, a taper
must be used, both because of the risk of headache recur-
rence and the risk of adrenopituitary axis suppression.

In contrast to migraine, there is a role for
methylsergide in the prophylactic treatment of episodic
cluster headache. The usual dose of 4-8 mg/day is most
effective in the early course of the disease. With repeated
exacerbations or evolution to chronic cluster, the med-
ication loses efficacy. However, it does have an overall ef-
fectiveness of 70% in episodic cluster headache. The
usual immediate adverse effects of methylsergide include
leg swelling and muscle pain, acroparesthesia, chest pain,
and nausea. Because of the usually short course of treat-
ment during a cluster, commonly less than 3 months, fi-
brotic reactions are a minimal concern. It is, however, not
advisable to treat clusters repeatedly.

Other agents have been utilized in small, open-label
trials for cluster headache prophylaxis. These medications
include valproic acid, topiramate, botulinum toxin, nara-
triptan, and baclofen. Although not proven in large, dou-
ble-blind, placebo-controlled trials, they may prove
effective in difficult-to-manage patients. Patients with re-
peated clusters, those who develop chronic cluster at the
outset, and those in whom episodic headaches evolve into
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chronic cluster headache are best referred to a neurologist
or other headache specialist.

Tension-type Headache

Tension-type headache (TTH) has been called by many
other names, including muscle contraction headache,
stress headache, ordinary headache, psychogenic
headache, and tension headache. The TTH is the most
common headache type, with a lifetime prevalence of
69% in men and 88% in women. In a Danish longitudi-
nal study, the annual incidence rate for frequent TTH was
calculated to be 14.2 per 1,000 population with a female-
to-male ratio of 2.6:1. It is also the most common diag-
nosis among patients presenting to an emergency room
with acute, nontraumatic headache. Tension headache
has no prodrome or aura. The pain may be described as
dull or achy, usually nonpulsatile, and is combined with
a feeling of tightness, pressure, or constriction. It is typi-
cally mild to moderate in intensity, contrasting with the
moderate to severe pain of migraine, although some pa-
tients with TTH report excruciating pain. Tension-type
headache is usually bilateral, but can be unilateral in up
to 20% of patients. In addition to involving any region of
the head, it can involve the neck and jaw. Although TTH
is no longer presumed to be caused by chronic muscle
contraction, many patients will report pericranial and cer-
vical muscle tenderness, as well as tenderness of the scalp
(Table 8.8).

Classification

Under the IHS classification, TTH has been subdivided
into infrequent episodic, frequent episodic, and chronic
forms. At less than one headache day per month, infre-
quent episodic TTH seldom has impact on an individ-

Table 8.8 Frequent episodic
tension-type headache

7 days

No prodrome
oraura

absent; or only

one present
No nausea or

vomiting

Discriminating Consistent Variable

features features features
12 and <180 Mild to Bilateral or
headache moderate holoacranial
days/year intensity

At least 10 prior Pressing/tightening  Family history
attacks quality

Attacks lasting Photophobia and No aggravation
30 minutes to phonophobia by routine

physical activity

ual. However, episodic TTH that occurs up to 180 days
per year can cause considerable disability and often
leads to medication overuse headaches. Because treat-
ment of frequent episodic TTH and migraine without
aura differ, the THS made efforts to tighten criteria for
their diagnoses (compare Tables 8.3 and 8.8). Frequent
episodic TTH and migraine without aura often coexist
and can be discriminated by a diagnostic headache diary.
This will help to both direct appropriate therapy and se-
lectively monitor treatment effectiveness for each
headache type. More problematic for the clinician is dis-
criminating between chronic migraine and chronic TTH,
as well as determining whether medication overuse ex-
ists. It is possible to narrowly fit diagnostic criteria for
both, suggesting that a small group of individuals may
suffer from both. Again, a diary will help discriminate
treatment and response to each headache type. Finally,
chronic paroxysmal hemicrania (discussed under Cluster
headache) is also a form of chronic daily headache, but
relatively easily diagnosed by its specific responsiveness
to indomethacin.

Chronic daily (migraine and tension-type) headache
occurs in 2% of the population and is the most common
problem seen at headache centers. Ninety per cent of pa-
tients with this disorder have a family history of
headache. In addition to the causes mentioned above,
chronic daily headache can have symptomatic origins in-
cluding cervical spine disorders, oral or dental pain, and
head trauma (refer to Symptomatic headaches, later). De-
spite IHS attempts to discriminate, there is apparent
symptom overlap of the chronic forms of TTH and mi-
graine supporting the view, first suggested by Raskin and
Appenzeller, that both headache syndromes may belong
to the same clinical continuum. Shared response to some
of the same medications adds additional support to this
contention. Such reasoning has led to the emergence of
the convergence hypothesis, which postulates a single
pathophysiologic mechanism to explain the clinical spec-
trum of primary headaches seen in migraineurs.

Treatment

Episodic tension-type headache. Episodic TTH is rela-
tively easily treated. Almost all patients will demand some
analgesics for pain. They should be strongly encouraged
to use the milder analgesics: acetaminophen, aspirin, and
NSAIDs. There is little evidence that more than standard
nonprescription doses increase effectiveness. These med-
ications should be taken as soon as the headache begins.
Short-term use of muscle-relaxants such as carisoprodol,
cyclobenzaprine, and methocarbamol at manufacturer-
recommended doses are helpful in those patients with an
element of cervical myalgia and spasm.

In many patients, episodic TTH may be associated
with temporarily increased stress from direct environ-
mental factors, including work, family, and marital prob-
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lems. Discussion of any problems that surface is more
therapeutic than is generally recognized. Many patients
are anxious to discuss problems, and the physician serves
as a counselor. Lastly, reassurance that their headache is
a reflection of environmental pressures, that their physi-
cal examination is normal, and that they are not suffering
from a brain tumor or other malignant illness, will help a
number of patients.

Many individuals will respond to a course of home
cervical traction, especially when the physiologic mecha-
nism of stretching and relaxing tight cervical muscles is
explained. Patients should be instructed to begin with 5
pounds and gradually increase to no more than 12 to 14
pounds of traction to the neck for 10 minutes three times
per day. Use of more weight tends to encourage isometric
contractions of cervical muscles that aggravates the pain.
This form of physical therapy promotes relaxation and
encourages the patient to take some direct responsibility
for headache treatment.

Prophylactic treatment of TTH is a useful adjunct
designed to reduce the frequency and severity of headache
attacks. Its efficacy is often measured by reduced de-
pendence on analgesics. An appropriate first choice is the
tricyclic antidepressant, amitriptyline. The usual starting
dose is 10-25 mg at bedtime. If no adverse effects occur,
the dose can be raised gradually but, as a rule, doses
above 125 mg do not confer additional benefit. Any of
the other medications discussed earlier for migraine pro-
phylaxis can also be tried, particularly in patients who
have both TTH and migraine.

Chronic tension-type headache. Successful treatment of
chronic tension-type headache (CTTH) is difficult, and
the practitioner’s goal should be directed toward control
and not cure. Studies from most headache specialty cen-
ters report no better than 20% long-term cures of chronic
daily headache regardless of therapy. Patients often ex-
hibit physical and emotional dependency, low frustration
tolerance, sleep disturbance, and depression.

Many headache patients tend to abuse a variety of
medications. Frequent and excessive use of non-narcotic
analgesics, such as aspirin and acetaminophen, leads to
analgesic rebound headache (one of several categories
under IHS code: Medication overuse headache). Several
studies have reported marked improvement in patients
with CTTH within several weeks after the withdrawal of
analgesics and ergotamine. Whether analgesic abuse is a
consequence, or a contributing cause of CTTH is not
known. Curiously, however, nonheadache patients who
take large amounts of analgesics for other conditions,
such as arthritis, do not develop medication overuse
headache.

Prophylactic medication is the mainstay of phar-
macotherapy, but its efficacy is reduced by half in those
patients who continue chronic analgesic use. Thus, an

important first step in treatment involves the withdrawal
of analgesic medication. A nonprescription medication
may be withdrawn abruptly, but ergots, narcotics, and
barbiturates must be tapered cautiously, sometimes in an
inpatient setting. In the outpatient setting, controlled use
of an NSAID may be used to withdraw a patient from
aspirin and a tapering schedule of an isometheptene,
dichloralphenazone, and acetaminophen formulation
(e.g., Duradrin), beginning with one capsule four times
per day and reducing the daily dose by one capsule per
week, can be helpful in weaning patients from acetamin-
ophen and, occasionally, from ergotamine. When nar-
cotics or codeine-containing compounds are tapered,
clonidine may be helpful in repressing some of the with-
drawal symptoms. For many patients with chronic daily
headache (whether CTTH or chronic migraine), detoxi-
fication requires hospitalization and the administration
of repetitive intravenous DHE. This should be done with
the help of a neurologic consultant or headache special-
ist. This is also the appropriate time to initiate psy-
chotherapy, with a mental health specialist if feasible,
and patient education. Botulinum toxin type-A has been
used in a small study of 28 patients with CTTH. The
medication was injected into pericranial muscles includ-
ing frontalis, splenius capitis, trapezius, occipitalis, and
temporalis. The number of headache days per month de-
clined from a mean of 24.9 at baseline to 14.9 at one
month, 9.1 at three months, and 5.1 at 1 year after the
one-time injection.

As discussed earlier, for prophylactic medication to
be effective, the patient must be withdrawn from any
overused drug. Many authorities choose amitriptyline as
the first choice for prophylaxis. Dosage is the same as that
described for episodic TTH and migraine. Some patients
with chronic daily headache respond to B-blockers, di-
valproex sodium, venlafaxine, or topiramate, at the same
doses used to prevent migraine, reinforcing the concept
that this entity can evolve from migraine as well as TTH.
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Pearls and Perils

Chronic daily headache

» Patients with chronic daily headache frequently abuse
non-narcotic analgesics, such as aspirin and acetamino-
phen, which leads to analgesic rebound headache.

» Patients may show a marked improvement of headache
frequency and severity within several weeks after the
withdrawal of analgesics and ergotamine.

» Prophylactic medication is the mainstay of pharmaco-
therapy, but its efficacy is reduced by half in those
patients who continue chronic analgesic use.
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If the CTTH cycle can be broken, patients will often
revert to their former episodic headache type. Education
should continue into this phase. The phenomenon of
analgesic rebound needs to be reiterated to patients: over-
use of analgesics will itself cause daily headache, and daily
analgesic medication will subvert the effectiveness of pro-
phylactic medications. Behavioral modification, includ-
ing reduction of stressors, is critical to ensure any degree
of long-lasting control and prevention of recurrence of
chronic daily headache. The use of a headache calendar
by this group of patients is extremely important. As em-
phasized in the section on treatment of the migraineur, in
addition to providing specific information helpful in man-
agement, using a calendar and learning about the nature
of the illness gives the patient a greater sense of internal
control over the headache and helps dispel some of the
magical thinking concerning its treatment.

Symptomatic Headaches

A major concern to most physicians is that the patient
coming to them with symptoms of headache will have
some underlying medical or neurologic problem, for
which headache is one of the symptoms. The following
group of causes for headaches is certainly not complete,
but it covers the majority of illnesses that may be seen in
a general practice, among which headache is a major
symptom.

Altered Cerebrospinal Fluid Dynamics

Increased intracranial pressure is often associated with
headaches, either directly as in pseudotumor cerebri, or
indirectly in association with space-occupying lesions, es-
pecially posterior fossa masses or deep cerebral tumors.
Acute obstruction of CSF pathways always results in se-
vere headache. This may be associated with Cushing’s
triad of hypertension, bradycardia, and respiratory slow-
ing, which is almost always associated with deep coma.
Cushing’s triad appears more commonly in children than
in adults. Although obstruction of CSF outflow anywhere
along the ventricular system can produce headache, it is
typified by colloid cysts of the third ventricle, an uncom-
mon disorder accounting for less than 2% of all in-
tracranial tumors. The headache pain is paroxysmal and
precipitated or relieved by changes in posture, which has
been postulated to be secondary to “ball valve” ventric-
ular obstruction at the foramen of Munro. There may
also be sudden falls or “drop attacks.” A much more
common cause of acute hydrocephalus and associated
headache is ventriculo-peritoneal shunt malfunction,
which is a neurosurgical emergency.

Ten to thirty percent of patients have been reported
to develop headache 15 minutes to 4 days following a
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Pearls and Perils
Symptomatic headache

» Refractory headache resulting from lumbar puncture
will nearly always respond to an autologous blood patch
injected into the epidural space adjacent to the punc-
ture site.

» Persistent low-grade headache is a consistent feature of
infectious mononucleosis.

» Headache and visual obscurations in a patient over 60
years of age should suggest temporal arteritis and
demands an emergent Westergren sedimentation rate. If
significantly elevated, treatment with steroids should be
initiated immediately.

» Headache in a setting of slowly developing neurologic
symptoms or signs should prompt consideration of an
intracranial tumor as the cause.

» The most common cause of headache from dental dis-
ease is bruxism, or teeth clenching.

» Headache with nausea and vomiting occurring concur-
rently, rather than sequentially,among several family
members should suggest carbon monoxide poisoning
(e.g., from a faulty automobile exhaust or furnace) over a
viral etiology.

lumbar puncture. Post-lumbar puncture headaches may
last, on average, 4-8 days, but have been reported to last
as long as several weeks or even months. They are twice
as common in women than men. The pain is described as
either a pounding or a dull ache, and is described equally
as frontal, occipital, or diffuse. The headaches typically
occur when the patient assumes an upright position and
are abolished when lying flat. Over the years, a variety of
risk factors have been evaluated; those that correlate with
reducing headache risk are the use of a small-bore needle
(21-gauge or smaller), use of atraumatic needles, replace-
ment of the stylet, and the skill of the individual per-
forming the procedure. Once headache is established,
adequate hydration and remaining supine are sufficient
for a resolution of symptoms over several days in most
patients. Others respond to treatment with theophylline
(300 mg t.i.d.). Refractory headaches respond to an
epidural blood patch 90% of the time. Ten to 20 mL of
autologous blood is injected into the epidural space adja-
cent to the dural sac, usually by an anesthesiologist. An
attempt to prevent post—lumbar puncture headache with
frovatriptan 2.5 mg/day for 5 days following the lumbar
puncture was successful in a small, open-label, uncon-
trolled trial.

Pseudotumor cerebri, first described before the ad-
vent of readily available imaging studies, is generally an
idiopathic illness, associated with increased intracranial
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pressure, in the range of 25-40 cm of CSF, as measured by
lumbar puncture in the lateral decubitus position. The
typical patient with pseudotumor cerebri is female, of
childbearing age, obese, and amenorrheic. Over 80% of
patients complain of headache, which is usually of insid-
ious onset and generalized. The headache may be rela-
tively mild, but 93% of patients in one study described it
as the “worst ever.” It is not uncommon for the headache
to be present on awakening or at its worst in the morn-
ing or after exertion. The typical description fits the pro-
file for TTH, although associated migrainous features
often are present. Seventy per cent of patients with
pseudotumor experience transient visual obscurations,
80% develop some degree of visual loss, and 10% be-
come blind without treatment. The differential diagnosis
for idiopathic pseudotumor cerebri includes venous sinus
occlusion, hypoparathyroidism, hypervitaminosis A, sys-
temic lupus erythematosus, renal disease, and treatment
with tetracycline. Medical treatment, with help in man-
agement from the consulting neurologist, should begin
with acetazolamide (Diamox), weight loss, and serial lum-
bar punctures. It is important to monitor vision closely
with perimetry. Several authorities recommend optic
nerve sheath fenestrations as a means of protecting vision.
Although it is not certain by what mechanism this proce-
dure is effective, it has been suggested that allowing the
efflux of CSF through the surgical tear in the epineurium
reduces pressure. An alternative treatment, which protects
both vision and abolishes headache, is placement of a the-
coperitoneal shunt. Unfortunately, these shunts are diffi-
cult to maintain and often require revision.

Cerebrovascular Disease

Subarachnoid Hemorrhage

Almost all patients suffering from subarachnoid hemor-
rhage will have an associated headache. It is typically de-
scribed as the “worst headache of my life.” Although this
entity can occur at any age, the average age is 51 years.
When the subarachnoid hemorrhage is due to a ruptured
saccular aneurysm, patients may describe a sentinel
headache that has occurred days to weeks before, and
most likely represents a small hemorrhage, which sponta-
neously stopped. In most individuals, the primary rupture
occurs during normal activity, but may be associated with
exertion, including sexual intercourse. Neurologic abnor-
malities are common following subarachnoid hemorrhage,
but may be absent. The patient may have nausea and vom-
iting and complain of photophobia or dizziness. More
devastating hemorrhages are associated with amnesia, a
decreased level of arousal, or coma. On examination, the
patient may have ocular palsies, or pain with eye move-
ments. Although nuchal rigidity is extremely common, ab-
sence of meningeal signs does not rule out subarachnoid

hemorrhage. After examination of patients with suspected
subarachnoid hemorrhage, acute management begins with
an unenhanced CT scan of the head. In the absence of con-
traindications, if the CT scan does not show evidence of
intracranial hemorrhage, a lumbar puncture should be
performed. If the CSF is xanthochromic, then the hemor-
rhage is at least 2—4 hours old. Patients with subarachnoid
hemorrhage may also have nonspecific EKG abnormali-
ties, and may have leukocytosis, albuminuria, glycosuria,
and electrolyte disturbances. It is appropriate to obtain a
consult from a neurologist or a neurosurgeon, who can
help with further studies and management. Remember
that patients with subarachnoid hemorrhage will occa-
sionally provide a family history of cerebral aneurysm,
subarachnoid hemorrhage, polycystic kidney disease, or
coarctation of the aorta.

Intraparenchymal Hemorrhage

Three to ten percent of all strokes include hemorrhage
into the brain parenchyma, and headache is a symptom in
over 50% of these cases. Although many ischemic and he-
morrhagic strokes include headache in the symptomatol-
ogy, severe headache is a fair “predictor” of hemorrhagic
stroke. Hypertension is present in at least 50% of patients
with hemorrhagic strokes.

It is important for the generalist in the emergency
room setting to be aware of hemorrhagic cerebellar
stroke, which represents 10% of all intracranial hemor-
rhages. In over 75% of cases, patients complain of
headache subsequent to the sudden onset of profound
ataxia or syncope. Typically, patients are brought to a
hospital emergency room and remain in the prone posi-
tion without adequate testing of cerebellar function. Pa-
tients initially may have nothing more than an end-gaze
nystagmus but, as the hemorrhage enlarges, they may ex-
perience an acute onset of brainstem compression and
herniation, resulting in death. Patients with headache and
cerebellar symptoms and signs should have an emergent
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Pearls and Perils

Subarachnoid hemorrhage

» Most patients describe the headache of subarachnoid
hemorrhage as the worst of their life.

» Up to one-third of patients may experience premonitory
headaches due to leaking of an aneurysm for as long as
a few weeks before a major rupture.

» Neither absent meningeal signs nor a normal head CT
scan rules out subarachnoid hemorrhage.

» A lumbar puncture should be performed if the CT scan
does not show blood and if there is no contraindication.
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CT scan of the head. If a cerebellar hemorrhage is present,
it should be treated as a neurosurgical emergency. Some
neurosurgeons will follow small hemorrhages (less than
3 cm in diameter and not compromising the brainstem)
with serial CT scans of the head. If the hemorrhage does
not enlarge, patients can be managed conservatively with-
out the need for surgery.

Ischemic Cerebrovascular Disease

Headache occurs acutely in 17-54% of persons with is-
chemic infarction. The headache is generally of mild to
moderate intensity, and often occurs subsequent to the is-
chemic event, in contrast to the concurrent onset of
headache with subarachnoid hemorrhage. These may
have some localizing value: for example, if the headache
is lateralized, it tends to occur frontally and ipsilateral to
the symptomatic anterior circulation. Approximately a
third of patients experiencing a TIA attack will experi-
ence headache, which tends to be more common with TIA
in the vertebrobasilar than carotid system.

Carotid Artery Dissection

Carotid artery dissection is a rare cause of headaches,
usually occurring in young adults. Eighty percent of cases
have headache as a major symptom, which is usually in
the frontoparietal region ipsilateral to the lesion. Patients
also complain of pain in the anterior cervical region ipsi-
lateral to the dissected carotid artery. A major diagnostic
clue is an ipsilateral Horner’s syndrome, including miosis,
anhydrosis, ptosis, and pseudoexophthalmos, due to
damage to the sympathetic plexus contiguous to the ar-
tery. One-third of patients with carotid artery dissection
suffer ipsilateral cerebral infarctions several hours to days
after the actual event. For this reason, it is advisable to
obtain a neurological consultation and anticoagulate pa-
tients while the dissection is healing. Surgical intervention
is generally not necessary. Some patients develop persist-
ent headaches for years after the event. In a minority of
these patients, treatment with antiepileptics, or possibly
steroids, helps.

Cervical Disease

Beginning in middle or late life, disease of the cervical
spine becomes a common cause of headache. A wide va-
riety of disease processes have been implicated, including
cervical radiculopathies. Radiculopathies generally pro-
duce neck pain and characteristic shooting (radicular)
pain along the dermatome of the involved root, usually
Cé6 or C7. In addition to radiculopathies (which may, in
some cases, occur secondary to herniated discs), one
should consider the possibility of hypertrophied ligamen-
tum flavum, meningiomas of the foramen magnum, and
other cervical tumors, including neurofibromas, ependy-
momas, and metastases. Changes in the bone caused by

rheumatoid arthritis, ankylosing spondylitis, and perhaps
osteoarthritis, can be a source of headache, as can infec-
tious processes such as tuberculous spondylitis.

The pain is usually described as occipital and is
often asymmetric. It generally has a nonthrobbing, aching
quality, and is associated with shoulder and low back
pain. The course tends to be chronic and relapsing. Sev-
eral treatment options are possible, including trigger point
injections with local anesthetics, muscle relaxation tech-
niques, NSAIDs, muscle relaxants, combinations of pos-
tural training, and cervical traction.

Hypertension

The association of hypertension with headache is contro-
versial. Although as many as half of patients with hyper-
tension complain of headache, the exact relationship is
not clear. However, certainly there is a subpopulation in
whom correction of the hypertension leads to resolution
of headaches. If hypertension is severe, with diastolic
blood pressures in the range of 120-130 mm Hg, or
higher, headache is frequent and responds to reduction in
blood pressure. In many of the patients with hypertension
who also complain of headache, the pain is usually worse
in the morning and located occipitally. Patients with
chronic severe hypertension may develop hypertensive en-
cephalopathy, characterized by impaired consciousness
and severe headaches. These patients typically have pa-
pilledema and retinal hemorrhages on examination, ab-
normal electroencephalograms, and laboratory findings
of uremia.

Infectious Disease

Headache is common in bacterial meningitis, where it is
usually generalized. However, headache symptoms in bac-
terial meningitis are typically overshadowed by the often
dramatic presentation of altered consciousness, fever,
nuchal rigidity, and nonspecific neurologic signs. In con-
trast, headache is the most frequent symptom in viral
meningitis, where it is often accompanied by photopho-
bia, phonophobia, and fever, but a normal or only mini-
mally altered level of consciousness. Infection by human
immunodeficiency virus (HIV) can cause meningitis or
impair immunity, so that individuals are subject to menin-
gitis caused by unusual, as well as typical, pathogens.
Among other viral infections, persistent, low-grade
headache is a key feature of infectious mononucleosis.
Headache with fever also occurs with uncommon infec-
tions involving the nervous system, including subdural
empyema, epidural abscess, and brain abscess. In all cases
of headache, altered level of consciousness, and fever, it is
appropriate to obtain neurologic consultation.

Acute, but not chronic, sinusitis often causes a dull,
nonpulsatile aching, the location of which depends upon
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the sinus involved. Most studies suggest that the pain in
acute sinusitis arises from inflammation of tissues adja-
cent to the nasal structures, rather than from alterations
in the sinus itself. There is some localizing value to the
headache: in ethmoid sinusitis, patients complain of a
pain that passes from the retro-orbital to the temporal re-
gion; sphenoid sinusitis produces headache symptoms re-
ferred to the vertex and orbits; maxillary sinusitis
produces cheek, ear, and dental pain; and frontal sinusi-
tis produces pain in the midfrontal region.

Inflammatory Disease

The most common inflammatory disease associated with
headache is temporal arteritis. More than 85% of indi-
viduals who develop temporal arteritis are over 60 years
of age. Women are affected much more commonly than
men. Early symptoms include malaise, fever, weight loss,
and jaw claudication. Many patients feel generally unwell
and suffer weight loss. Some will complain of shoulder
and hip girdle pain and stiffness secondary to polymyal-
gia rheumatica. Typically, the patient develops an in-
creasingly intense headache, which may be throbbing or
nonthrobbing, bilateral or unilateral, and usually local-
ized to the site of the affected arteries. The headache is
typically more severe at night and may be worse follow-
ing exposure to cold. The affected superficial temporal
artery and other scalp arteries are frequently swollen, red,
tender, and without pulsation. It is important to diagnose
temporal arteritis early because of the threat of blindness
due to ischemic optic neuritis.

The Westergren erythrocyte sedimentation rate
(ESR) is nearly always elevated, often to levels of 100
mm/hour or more. Treatment should be initiated imme-
diately with steroids, typically 60-80 mg/day of pred-
nisone, in divided doses. After 3—6 months, this can then
be gradually reduced, typically to 20 mg/day, which will
usually be required for at least 2 years. Unfortunately, al-
ternate-day steroids have proved inadequate. The ESR is
both a reliable index of therapeutic response and a bell-
wether of relapse. The decision to biopsy a symptomatic
temporal artery remains controversial, but should always
be done in cases in which the diagnosis is questionable.
Typically, microscopic examination discloses an intense
granulomatous or “giant-cell” arteritis, but its absence
should not preclude treatment in patients suspected clin-
ically of having temporal arteritis.

Other inflammatory diseases associated with
headache include Henoch-Schonlein purpura, Takayasu’s
arteritis, systemic lupus erythematosus, and isolated cen-
tral nervous system granulomatous angiitis. Pseudotumor
cerebri and its associated headache is a common neuro-
logic manifestation of Behget’s disease and probably re-
flects venous sinus thrombosis. Help with the diagnosis
and management of these less common causes of

headache should come from a consulting neurologist or
rheumatologist.

Neoplastic Disease

About half of patients with intracranial neoplasms com-
plain of headache at the time of diagnosis. Most studies
suggest that headache is more likely to occur with faster
growing masses. The pain of a brain tumor is usually deep,
aching, dull, and nonthrobbing. It is often generalized, but
tends to be frontal, intermittent, and not necessarily in-
tense or severe. If unilateral, the brain tumor is invariably
on the ipsilateral side. The headache tends to be intermit-
tent until the tumor becomes sufficiently large to increase
intracranial pressure or to cause pressure against pain-sen-
sitive structures. Headaches in patients with brain tumors
tend to be constant, severe, refractory to common anal-
gesics, and associated with nausea or vomiting. The con-
cept that brain tumor headache results from traction on
intracranial pain-sensitive structures is supported by sev-
eral recent CT and MRI studies, which relate headache to
the size of the tumor and amount of midline shift.

When considering the diagnosis of intracranial
tumor, probably more important than the quality and lo-
calization of the headache is the history of significant
change from a prior headache pattern or occurrence of
seizures, mental symptoms, and neurologic symptoms
and signs. Patients fitting these criteria should be imaged
and referred to a neurologist or neurosurgeon for con-
sultation.

Neuralgia

Herpetic Neuralgia

Herpes zoster (“shingles™) is a common viral infection of
the nervous system that produces inflammatory lesions in
the posterior root ganglia and is characterized clinically
by a vesicular cutaneous eruption and radicular pain. The
incidence rate is three to five cases per 1,000 persons per
year, but rates tend to be higher in middle-aged and eld-
erly patients. Involvement of the trigeminal ganglion oc-
curs in about 20% of cases, in which the ophthalmic
division is, by far, the most commonly affected. The Ram-
sey-Hunt syndrome, involving the geniculate ganglion,
consists of a facial palsy in combination with herpetic
eruption of the external auditory meatus. Other associ-
ated symptoms can include periauricular pain, tinnitus,
vertigo, and deafness. Lastly, head pain, affecting palate,
pharynx, neck, and the retroauricular region, can occur
with herpetic infection of upper cervical roots or ganglia
of the vagus and glossopharyngeal nerves. In all of these,
a postherpetic neuralgia can develop with persistent, in-
tense burning pain following the initial acute illness. It is
more common in older individuals and can occur in as
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many as one-half of patients over age 60 years. The pain
is localized over the distribution of the affected nerve, is
associated with exquisite tenderness to even the lightest
touch, and is usually described as sharp and shooting. The
pain may persist for months or even years, although in
younger patients, the discomfort usually subsides after
several weeks. The incidence of postherpetic neuralgia is
reduced if the acute infection is treated with an antiviral
agent, such as acyclovir 800 mg five times per day for 7
days, beginning before the third day of symptoms. Al-
though there remains some controversy about benefit,
many practitioners also treat concurrently with steroids,
such as prednisone 60 mg/day, with a rapid decrease over
the following 2-3 weeks.

Trigeminal Neuralgia

A disorder of middle age and later life, trigeminal neural-
gia is an intense, stabbing pain that occurs in paroxysms
within the distribution of the mandibular and maxillary
divisions (rarely, the ophthalmic division) of the trigemi-
nal nerve. The most frequent of all neuralgias, it is usually
unilateral, and the pain seldom lasts more than a few sec-
onds to at most a minute, but may be so intense that the
patient winces, leading to the alternate sobriquet “tic
douloureux.“ An important characteristic feature is that
the pain is induced even by the lightest touch to a partic-
ular area of the face, lips, or gums, as occurs with chew-
ing, talking, yawning, or touching. Indeed, these trigger
zones are reported to the physician by pointing, rather
than touching, by the patient who carefully guards them.
Affected individuals may go for days without eating or
talking, to prevent the paroxysms of pain.

The etiology of trigeminal neuralgia is not well un-
derstood. Most cases are idiopathic, but a minority have
been associated with multiple sclerosis, cerebellopontine
angle tumors, aneurysms, and arteriovenous malforma-
tions. Usually, other objective signs of neurologic deficit
help distinguish these symptomatic causes from idiopathic
trigeminal neuralgia. Furthermore, the pain from these is
often atypical and spreads beyond the distribution of the
trigeminal nerve. The most widely used drug for treat-
ment of trigeminal neuralgia is carbamazepine, at main-
tenance doses of from 600-1,200 mg/day. Uncontrolled
observations and clinical practice indicate that clon-
azepam, gabapentin, lidocaine, oxcarbazepine, phenytoin,
pregabalin, sodium valproate, and topiramate may also
be effective. The maintenance dose of sodium valproate is
600-1,200 mg/day; the maintenance dose of pregabalin is
200-300 mg/day. There is evidence that baclofen (50-80
mg/day) alone provides pain relief and that lamotrigine
(300-600 mg/day) has an additive effect in patients with
insufficient relief using carbamazepine. Phenytoin or li-
docaine can be used intravenously as emergency treat-
ment if exacerbations are so severe that the patient cannot
take anything by mouth. Often, the response to medica-

tion is dramatic, with either complete suppression of pain
or a shortening of the duration of the attacks. Sponta-
neous remissions and recurrences are common, with a
tendency for symptoms to occur more frequently as the
disease continues. Consultation with a neurologist can
help with the long-term management. Ultimately, some
patients may require neurosurgery, usually stereotactically
controlled thermocoagulation of trigeminal roots using a
radiofrequency generator. Janetta has championed the hy-
pothesis that idiopathic trigeminal neuralgia is, in most
cases, due to compression of the trigeminal roots by a tor-
turous blood vessel, and has performed microvascular
surgery to relieve pain through decompression of the root.
Gamma knife radiosurgery has become a treatment op-
tion for those unable to undergo more invasive surgical
procedures. However, the long-term outcome is less ef-
fective. If trigeminal neuralgia recurs after surgical inter-
vention, patients often respond to another trial of medical
therapy.

Other Neuralgias

Other craniofacial neuralgias are much less common than
trigeminal neuralgia, and include glossopharyngeal and
occipital neuralgia, as well as neck-tongue syndrome,
among others. The pain of glossopharyngeal neuralgia is
intense and paroxysmal and may be provoked by swal-
lowing, talking, chewing, yawning, or laughing. The pain
may radiate in either direction between throat and ear
and is characterized by cluster attacks, each lasting weeks
to months. This is the only craniofacial neuralgia that
may be accompanied by bradycardia, even to the point
of causing syncope. In most cases, the pain is idiopathic.
However, peritonsillar abscesses or neoplasms of the
oropharynx have rarely been implicated. Medical treat-
ment is the same as for trigeminal neuralgia.

Pain in the distribution of the greater or lesser oc-
cipital nerves gives rise to occipital neuralgia. Occasion-
ally, patients experience extreme tenderness where the
affected nerve crosses the superior nuchal line, and occa-
sionally, scalp hypesthesia or paresthesias are present in
the distribution of the affected nerve. Relief may be ob-
tained with injection of local anesthetics with or without
steroids, and with the use of oral NSAIDs or carba-
mazepine.

The neck—tongue syndrome has been attributed to
compression of the second cervical root. In this syndrome,
pain occurs unilaterally over the neck or occiput, in as-
sociation with ipsilateral numbness of the tongue upon
sudden rotation of the neck. Cervicofacial pain that can
be elicited by pressure on the common carotid arteries of
patients has been referred to as carotodynia. The pain
produced is usually a dull ache, referred to the ipsilateral
face, ear, jaws, and teeth. Most cases of carotodynia are
thought to represent a migraine variant and are treated
as such.
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Otalgia

Pain from the ear, which may be primary or referred, can
frequently generalize into a headache. Over half of
headaches that originate with ear pain are caused by pri-
mary otalgias. Major causes include external canal for-
eign bodies (including excess cerumen), external otitis
(e.g., swimmer’s ear), acute infectious otitis media, trauma
to the external or middle ear, and neoplasms (e.g.,
acoustic neuroma). Typically, acoustic neuroma causes ip-
silateral hearing loss, tinnitus, and vertigo, but may also
produce ear pain. Causes of referred otalgia include den-
tal problems, sinus disease (particularly involving the
maxillary sinus), glossopharyngeal neuralgia, tumors
(e.g., tumors of the pharynx, larynx, and thyroid), and
peritonsillar abscess.

Ophthalmologic Headache

A variety of ocular disorders have been associated with
headache. A favorite but overdiagnosed etiology for
headaches is eyestrain, due either to refractive errors or to
an extraocular muscle imbalance. When actually present,
the associated pain does indeed increase with increased
use of the eyes. Optic neuritis, an acute inflammation of
the optic nerve, frequently provokes slight pain in or be-
hind the eye, especially with ocular movement or by pres-
sure over the globe. Various types of visual defects can be
found, including central scotoma and color vision im-
pairment. Pupillary reactions are usually preserved, al-
though abnormal. If the inflammation extends to the
optic disc (papillitis), the funduscopic exam reveals
blurred disc margins and, rarely, hemorrhages in the nerve
head or adjacent retina. If the lesion is near the chiasm,
the fundus may appear normal or only slightly congested.

Acute elevations of intraocular pressure, such as
occur in narrow-angle glaucoma, frequently provoke
episodic pain in or around the eye. Patients may also com-
plain of nausea, tearing, and impaired vision. The lid and
conjunctivae may be congested, and the globe is some-
times firm to palpation, although this is often difficult to
assess reliably without tonometry. Other causes of pain
include uveitis, episcleritis, and conjunctivitis. It is im-
portant to remember that pain in or around the eye that
is produced by local causes seldom extends beyond the
involved region.

Last, a number of eponymous syndromes exist,
which include headache and restricted eye movements as
prominent features. Probably the most common is the
Tolosa-Hunt syndrome, which is characterized by single
or recurrent attacks of unilateral, retro-orbital, continu-
ous, boring pain, associated with ophthalmoplegia. At-
tacks, which can last from days to weeks, can show
symptomatic improvement with prednisone within 48
hours.

Pain of Oral or Dental Etiology

The most common cause of headache from dental disease is
bruxism, or teeth clenching. This is usually, but not always,
related to anxiety. If asked, patients will often note that their
spouse has heard them grind their teeth while asleep. If par-
ticularly bad, obvious wearing down of the teeth is appar-
ent. Bruxism can often be helped by the fashioning of an
oral prosthesis to serve as an occlusal bite-guard.
Temporomandibular joint (TM]) dysfunction is an
overdiagnosed cause of headache. Early in the development
of the syndrome, there is pain in and around the TM]J.
Commonly, the pain is described as in front of and behind
the ear of the affected side, but it may also radiate over the
cheek and face, and the ear may feel full. Pain in the TM]
may be confused with the pain of otitis media, tic
douloureux, sinusitis, and arthritis, as well as the pain as-
sociated with tumors of the brain, head, or neck. Many pa-
tients with headache may have a lax TM]J, which is
unrelated to the etiology of the headache. Initial treatment
of TM] dysfunction should include rest of the mandible, a
softer diet, and use of NSAIDs and local heat. Plain x-rays
of the TM]J are often normal. However, CT scans can show
early bony changes. Long periods of remission from symp-
toms can occur. Patients should be managed by an oral or
maxillofacial surgeon with special interest in TM]J disease.

Toxic and Metabolic Headaches

A variety of metabolic states or toxic exposures can result
in headaches, in association with other signs and symptoms.
A common pattern in this headache syndrome is a gradual
intensification of the pain, followed by impaired con-
sciousness, unless the cause of the disturbance is corrected.

A large number of toxins have been reported to
cause headache, including carbon monoxide. Not uncom-
monly, when the weather turns cold, patients will appear
in the emergency room with headache and nausea due to
carbon monoxide poisoning from a furnace leak or faulty
heating system. Invariably, some patients are sent back
into that environment with the diagnosis of viral upper
respiratory tract infection. A critical clue to correct diag-
nosis is that whole families will present to the emergency
room with the same set of symptoms occurring at the same
time. In contrast, a viral infection will be passed from one
family member to another over a period of days to weeks.

Acute mountain sickness is a transient syndrome
that includes headache, nausea, anorexia, and dyspnea.
It can occur within several hours after reaching high alti-
tudes, usually in excess of 10,000 feet. Rarely, coma or
even death, associated with acute pulmonary edema, may
occur. For mild cases, diuresis, induced by furosemide or
acetazolamide, with return to lower altitudes, is sufficient.

Several vasoactive agents are commonly associated
with headache syndromes. Headache can infrequently
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occur with facial and extremity flushing in the setting of
mastocytosis, carcinoid, and serotonin-secreting tumors.
Headache frequently occurs in patients on chronic he-
modialysis and appears to be related to the dialysis pro-
cedure itself, as well as to low levels of renin and
18-hydroxy-11-deoxycorticosterone. Hypercapnia sec-
ondary to chronic respiratory insufficiency is frequently
associated with headaches and drowsiness. Although
monosodium glutamate (MSG) has been implicated as the
cause of the “Chinese Restaurant” syndrome (headache,
nausea, lightheadedness, and numbness, and burning of
the neck, chest, and arms) and a trigger of migraine, clin-
ical trials have failed to identify a consistent relationship
between ingestion of MSG and the constellation of symp-
toms that comprise the syndrome.

Headaches also occur occasionally in association
with endocrine disorders. Patients with hypoglycemia
often complain of headache, in addition to lightheaded-
ness, nausea, and sweating. Headache can be a prominent
manifestation of hyper- and hypoparathyroidism, hypo-
and hyperthyroidism (especially Hashimoto’s thyroiditis),
and Addison’s disease. In the majority of these illnesses,
headache is not a prominent feature.

A variety of medications may produce headache.
Disulfiram, when combined with alcohol, produces a
throbbing headache, which serves as part of the induce-
ment to refrain from alcohol. Monoamine oxidase in-
hibitors can produce severe hypertension and headache if
combined with tyramine-containing foods. Nitrates, used
in the treatment of ischemic cardiovascular disease, can
precipitate headache even in individuals not subject to mi-
graine or similar headache syndromes. Headaches may
also occur as a result of substance withdrawal. Typical
examples include alcohol, caffeine, corticosteroids, ergot
preparations, and narcotics. Withdrawal headaches can
even occur following abuse of aspirin and acetamino-
phen. More commonly, abuse of these and other over-the-
counter analgesics results in early morning rebound
headaches, as discussed earlier.

Among drugs of abuse, migraine-like headaches have
been associated with cocaine intoxication. Although the
acute onset of new headaches in cocaine addicts can signal
intracranial hemorrhage, ischemic stroke, or brain abscess,
more commonly it can be attributed to acute intoxication
or withdrawal. The presumed mechanism relates to co-
caine’s effect on noradrenergic and serotonergic systems.
The most common headache syndrome among abused
drugs is hangover after brief but excessive consumption of
ethanol. Symptoms include headache, nausea, vomiting,
malaise, nervousness, tremulousness, and sweating.

Trauma

The general internist will encounter headache associated
with trauma, usually in two general situations. In the

emergency room, patients with acute head trauma may
have suffered intracranial hematomas. If conscious, pa-
tients with either epidural or acute subdural hematomas
invariably complain of headache. Headache is one of the
most frequent presenting symptoms, as high as 60% in
some studies, in patients with subacute or chronic sub-
dural hematomas. Subacute or chronic subdural
hematomas should be suspected in patients who complain
of headache and are on anticoagulant therapy or suffer
from alcoholism, uncontrolled epileptic seizures, or renal
disease requiring dialysis. It should also be considered in
patients over 60 years of age, who have suffered recent in-
termittent confusion, even when the headache is described
as minimal and no history of trauma can be obtained. In
all of these cases, it is best to obtain a neurologic or neu-
rosurgical consultation as soon as possible.

Patients with subacute or chronic subdural
hematomas may first present in the outpatient office set-
ting, as may patients with posttraumatic headaches. This
latter is an immediate transient headache that follows al-
most all head injuries. Reported prevalence of chronic
posttraumatic headaches is as high as 83% following
head injury. However, many patients with posttraumatic
headache take daily or near-daily medications to relieve
the pain, raising the possibility that they are suffering
from medication-overuse or rebound headaches. Post-
traumatic headaches are often associated with irritability,
concentration impairment, insomnia, memory distur-
bance, and lightheadedness. Although posttraumatic
headaches typically resolve 4-8 weeks after trauma, it is
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A patient is in status migrainosis..

A patient has an intraventricular shunt malfunction.

Pseudotumor cerebri is suspected.

An intracranial hemorrhage is suspected.

Carotid artery dissection is suspected.
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of consciousness and fever.
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» Initiating long-term treatment plans for trigeminal
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not uncommon for these headaches to persist as long as
a year or more. Although the duration and severity of the
headache and associated symptoms are usually related to
the severity of the trauma, this is not invariable. Finally,
the patient’s long-term, functional recovery may be re-
lated both to premorbid status and level of functioning at
the job site. Those individuals who are maximally chal-
lenged intellectually on the job may find that, upon re-
turning to work, they are unable to perform at their prior
level of activity. Indeed, some patients may ultimately re-
quire vocational rehabilitation. Because of the prospect
of possible rehabilitation and litigation in many cases in-
volving posttraumatic headaches, patients without reso-
lution of symptoms after 2-3 months, if not sooner,
should receive neurologic consultation.
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As our understanding of pain physiology and of the
human pain experience evolves, so does our clinical ap-
proach to the patient with pain. Whereas some years ago,
opiates were used only exceptionally in the person with
chronic benign pain, narcotics are employed more fre-
quently today. However, relieving the symptom of pain is
a very short first step in the patient who has longstanding
disabling pain with concomitant depression, sleeplessness,
loss of function, and dysfunctional human relationships.
Not only are we discovering new ways in which pain dra-
matically affects the function of distant parts of the nerv-
ous system, we are also finding new transmitters and
factors that directly impact pain pathways. For example,
several growth factors have been implicated in the gener-
ation of complex regional pain, and adenosine triphos-
phate (ATP), traditionally considered an energy-generating
metabolite, has taken the lead as a major neurotransmit-
ter in small afferent fibers and is a likely candidate for car-
rying pain signals from the peripheral nervous system.
At the same time, our society increasingly demands
that physicians and scientists directly address pain issues.
As an example of this new focus, pain was the cover story
of the May 19th 2003 issue of Newsweek. Congress has
considered a bill (H.R. 1863) to place pain care research,
education, and treatment among our national public
health priorities; the costs are staggering, with uncon-
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ventional treatments alone accounting for several billion
dollars expended by patients out of pocket each year, and
U.S. business and industry losing about $90 billion an-
nually to sick time, reduced productivity, and direct med-
ical and other benefit costs. A recent meta-analysis
estimated severe chronic pain at 11% of the general pop-
ulation. Approximately 23.5 million are disabled (Na-
tional Institute on Disability and Rehabilitation
Research), with pain directly causative in 75%. The high
toll of pain in the United States has prompted the Joint
Commission on Accreditation of Health Care Organiza-
tion (JCAHO) to require all accredited organizations,
whether inpatient or outpatient facilities, to develop and
implement programs that screen for and effectively man-
age pain.

Physiology of Pain

The response to a single noxious sensation differs greatly
from the experience of disabling pain. Only very recently
has attention been drawn to models of chronic pain, and
has technology sufficiently advanced to allow meaning-
ful noninvasive investigation in humans. Most of what is
known about pain physiology, however, derives from the

v

Key Clinical Questions

Assessing the patient with pain

» What is the etiologic diagnosis (i.e., what is the illness)?

» What is the mechanistic diagnosis (i.e., what part of the
illness is causing pain)?

» What is the impact of the pain on the patient’s life?
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intrinsically limited applicability of animal studies on pain
sensation to pain problems in human beings. Based on
these types of studies, one may conceptualize the pain sys-
tem as comprising seven components (Figure 9.1):

1. the peripheral nervous system signaling unit;
2. the dorsal horn of the spinal cord, a processing
“gate” featuring great synaptic plasticity;

3. the classical spinothalamic tract projecting to
cortex, a sensory-discriminative afferent system
that defines the physical properties of the pain;

4. the spinoreticular-limbic pathway, an affective
or motivational system producing the negative
quality of pain;
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Figure 9.1 Overview of pain neurophysiology.The pain system is
complex, but can be conceptualized in seven components, includ-
ing four afferent systems and three control systems.This division is
somewhat arbitrary, as all components clearly play a role in both
functions, and it is ultimately impossible to truly separate them.

5. the reticulospinal descending modulating sys-
tem, terminating in the dorsal horn;

6. the local modulating system, based on pro-
priospinal connections; and

7. the neocortex providing cognitive and evalua-
tive functions and controlling lower levels.

Peripheral Nervous System Signal

The nociceptor is a sensory neuron whose cell body re-
sides in the dorsal root ganglion. Its process extends from
the skin, where it is endowed with a specialized receptor,
to the dorsal horn of the spinal cord, where it synapses.
Although nociceptors specific for one type of injury (ther-
mal, mechanical, or chemical) exist, the majority respond
to many types of injury, hence the term “mechano-heat
nociceptor.” Most respond to the chemical mediators of
inflammation such as prostaglandins, kinins, and sub-
stance P, with direct activation or sensitization.

This response reflects the important principle that tis-
sue injury activates previously inactive fibers. For exam-
ple, distention of the normal detrusor muscle of the bladder
activates pressure-sensitive, non—pain-transmitting A
fibers. With a urinary tract infection, or with an upper
motor neuron lesion, an unmyelinated C fiber becomes the
transducer, producing discomfort and a “full” signal at a
much lower bladder volume. This change results in the
clinical manifestations of dysuria and frequency.

Different nociceptor types activate at different #imes
during an injury, rather than for different zypes of injuries.
Pain onset is signaled by slowly conducting (unmyeli-
nated) C-fiber mechano-heat nociceptors in glabrous skin,
and in hairy skin, by a specific (type II) class of rapidly
conducting (myelinated) A-fiber mechano-heat nocicep-
tors (the “pricking pain” of a burn). Continued pain is
signaled by another class of medium-speed A fibers (type
I) in both types of skin.

Nociceptors exist in virtually all tissues, but are
prominent in covering membranes (such as skin, perios-
teum, meninges, and peritoneum), vessels, ligaments, and
tendons. Within the walls of hollow viscera, they signal dis-
tention almost exclusively. They are sparse or absent within
the nonvascular and noncollagenous portions of parenchy-
mal tissues such as brain, liver, and muscle. This distribu-
tion corresponds with the usual sites of chronic pain.

Dorsal Horn Processing “Gate”

Remarkably, the dorsal horn can process the same signal
differently under different circumstances. Thus, the long
popular labeled-line theory (holding that, for instance, a
touch receptor always only transmits touch) has been put
to rest. Although activation of a previously inactive neu-
ron characterizes the peripheral component, changes in
modality from one type of sensation to another are fre-
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quent at the dorsal horn level. As a striking example, in-
jection of capsaicin (the active ingredient of hot peppers;
it produces a burning sensation by releasing substance P,
one of the inflammatory neurotransmitters) next to a
touch-sensitive, non—pain signaling receptor causes it to
signal pain.

Such processing changes are well explained by the
dorsal horn’s four distinct operating modes (Table 9.1),
each defined by the response to normally noxious and in-
nocuous stimuli. The first is the “normal” or baseline
state. The next two are temporarily altered states of pain
suppression or sensitization, controlled by the on—off bal-
ance of the descending modulating system (see later dis-
cussion). The last—most relevant in chronic pain—is a
pathologic state of reorganization due to irreversible in-
jury. Dorsal horn neurons may undergo dramatic changes
in their receptive field sizes in response to glutamate, sub-
stance P, and nerve growth factor.

Spinothalamic pathway

The second-order sensory neuron for pain originates in
the dorsal horn ipsilateral to the body part represented. It
crosses the midline two spinal segments above, ascending
anterolaterally in the spinal cord, and dorsolaterally in
the brainstem. These projections terminate in the ventro-
posterior nucleus of the thalamus, dispersed as clusters or
islands throughout the nucleus.

Recently, a long-elusive specific nucleus for pain
was identified in the ventrocaudal thalamus of the mon-
key. Positron emission tomography (PET) studies tell us
that in patients with chronic pain, this same ventrocaudal
nucleus is particularly active.

Spinoreticular pathway

Some dorsal horn neurons project to reticular formation
nuclei throughout the dorsal brainstem. Reticular neu-
rons, in turn, project to midline thalamic nuclei, the
amygdala, and the hypothalamus. Because of its diffuse
nature, the exact role and pharmacology of this pathway
are not yet clear, and it is less well understood than the
spinothalamic tract. Nonetheless, it may be the more im-
portant afferent pathway to the clinical management of

chronic pain. It may ultimately account for the aversive
response to a painful state, including autonomic changes,
and maladaptive and other behavioral responses, as well
as mood and personality changes.

Reticulospinal modulating system

This crucial system is the target of nearly every oral anal-
gesic. The lowest control level resides in a brainstem re-
gion, the rostral ventromedial medulla (RVM), which
projects to the dorsal horn. Descending fibers travel
through the dorsolateral funiculus of the spinal cord. The
RVM, in turn, is modulated by the periaqueductal gray
in the midbrain, the amygdala and ventromedial hypo-
thalamus, and insular and frontal cortices.

The RVM includes two types of cells. The “off-cell”
inhibits pain transmission, while the “on-cell” enhances
pain transmission. The two cell types are in a physiologic
balance. Through collateral inhibition, activation of one
cell type directly inactivates the other. The state of this
balance is controlled by higher centers through opioid
peptides. Opiate inhibition of the on-cells increases the
activity of the off-cells and reduces pain transmission. The
major effect of this balance occurs at the dorsal horn. On-
cells push the horn toward a sensitized state, while off-
cells push it toward a suppressed state (Table 9.1).

Off-cells provide the main descending pathway, and
on-cell activity is reflected by inhibition of the off-cell pro-
jection. Axons travel through the dorsolateral funiculus to
reach the dorsal horn. Here, they inhibit second-order
projection neurons of the spinothalamic system, using
serotonin and norepinephrine, which interact respectively
with the 5-HT2 and 2-adrenergic receptors. The inhibi-
tion of the spinothalamic tract projection neurons occurs
through several mechanisms, including direct inhibition
of this neuron and indirect inhibition through interneu-
rons containing -aminobutyric acid (GABA) and opiates.

Propriospinal local modulating system

Evidence of the existence of a propriospinal local modu-
lating system stems from the observation that a noxious
stimulus reproducibly lessens the intensity of another one,
if the two stimuli are in close proximity. This phenome-

Response to stimulus that is usually:

Table 9.1 The operating modes of the dorsal horn

Reorganized Pain (allodynia) Pain (hyperalgesia)

Mode innocuous noxious Clinical syndrome Example

Baseline No pain Pain Normal No injury

Suppressed No pain No pain Hyposensitivity Athlete continues sport, unaware of severe injury
Sensitized Pain (allodynia) Pain (hyperalgesia) Inflammation Hypersensitivity near gouty toe

Neuropathic pain

Post-herpetic neuralgia

Adapted from Woolf CJ. Textbook of Pain. New York: Churchill Livingstone, 1994; pp. 101-112.
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non may account for the expression “bite the bullet,” and
the practice of rubbing the area around a burn to lessen
pain. Transsection of the dorsolateral funiculus of the
spinal cord (containing the projection from the descend-
ing modulating system) does not abolish this phenome-
non, and it is hence thought to be mediated by
propriospinal pathways. Transcutaneous electrical nerve
stimulation (TENS) units and aggressive mobilization
may operate through this system.

Cognitive-evaluative neocortex

This system, although not well understood, involves the
sensory and cingulate cortices. Perhaps the sensory cortex
is involved with discriminative issues, while the cingulate
cortex handles motivationally directed pain response, as
the cingulate gyrus comprises a portion of the motiva-
tional/emotional limbic system.

General Principles of Pain
Management

Acute versus Chronic Pain

Acute pain signals a threat, and its cause must be med-
ically addressed. Once the problem is identified, the pain
signal loses its usefulness and should be medically relieved
until the process resolves. Chronic pain, however, serves
no useful purpose. The problem is either diagnosed and ir-
remediable, or unidentifiable. Thus, striking differences
exist between acute and chronic pain that span physiol-
ogy, behavior, and clinical approach (Tables 9.2 and 9.3).
Although chronic pain can be defined as pain lasting
longer than 3 months, the chronic pain syndrome is the
more important clinical concept, and it can develop
whenever chronic pain is not properly addressed. The
chronic pain syndrome implies concomitant maladaptive
behaviors that interfere with the patient’s life. The degree
of interference may be minimal, such as inability to per-
form a leisure activity, or dramatic, with loss of work, loss
of social and family ties, and severe depression. Such a
syndrome has an underlying neural basis, spanning
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changes in the sensory, modulatory, and cognitive circuits
previously described.

The management of acute and chronic pain differs
entirely, as outlined in Table 9.3. The well-managed pa-
tient with acute pain has nearly total pain relief, whereas
in chromnic pain syndromes, such a goal is not even ex-
plicitly mentioned. Rather, chronic pain management fo-
cuses on maximum return of function and on coping
strategies to reduce the effect the pain has on the patient’s
life, with regard to work, family life, and medical system
dependency. The patient with a chronic pain syndrome
must address many behavioral, functional, and medical
issues, and is best handled by an integrated interdiscipli-
nary pain team.

Pain Measurement

Although few human experiences are as overwhelming
and distressing as pain, few aspects of clinical practice are
as difficult to verify. Since health care providers tend to
underestimate the level of pain experienced by patients,
the patient’s own report carries the greatest validity and
should go undisputed. Generalized autonomic changes
such as tachycardia and pupillary dilatation occur only in
the acute setting, and these are not helpful in evaluating
chronic pain. No benefit is gained by disputing the pa-
tient’s report, and the greatest chance of successful treat-
ment is based on face-value acceptance. Disbelief by the
practitioner may compound a negative therapeutic impact
onto a patient who is already struggling psychologically.

Two measures of pain have attained widespread
use, with well-documented validity. The visual analog
scale (VAS) is extremely simple, but measures only pain
intensity. The McGill Pain Questionnaire takes longer to
complete, but provides a deeper assessment of sensory, af-
fective, and evaluative aspects of pain.

Patient Evaluation

In assessing the patient with pain, three questions need to
be answered. First, what is the etiologic diagnosis (i.e.,
what is the illness)? Examples would include traumatic

Acute pain

Table 9.2 Differences in the characteristics of acute and chronic pain

Chronic pain syndrome

Duration <2 weeks

Dorsal horn physiology (see Table 9.1) Baseline or sensitized

Autonomic changes

dilated pupils
Long-term interference with life None
Maladaptive behavior None

Generalized: rapid respiratory and heart rates,

>3 months

Reorganized

No generalized effects

Focal effects such as swelling or skin color
change may occur

Mild to severe

Present
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Management strategy Acute pain:relieve pain

Table 9.3 Differences in the approaches to acute and chronic pain

Chronic pain syndrome: return function

Management team 1-2 cooperating disciplines entirely adequate
(multidisciplinary)
Treatment Primarily pharmacologic; blocks and opiates

(if used) titrated to full pain relief, if possible

Pain relief is not a goal

Requires interdisciplinary team, including at least patient,
primary physician, psychologist, and occupational and
physical therapists

Primarily nonpharmacologic with blocks and drugs as adjuncts

Opiates rarely used

injury, rheumatoid arthritis, and small-cell lymphoma.
Second, what is the mechanistic diagnosis (i.e., what part
of the illness is causing pain)? Various disease etiologies
may be associated with many mechanisms, such as root
compression, inflammatory pain, and spinal cord injury.
Third, what is the impact of the pain on the patient’s life?
Answers may vary from none to total debilitation with
major depression and anxiety. This last question is much
less relevant in the patient with acute pain, where the goal
of management is simply pain relief.

It is important to keep these three lines of thought
separate, as each impacts on ultimate management deci-
sions. For example, an etiologic diagnosis may indicate a
short life expectancy, or may be entirely lacking at the ini-
tial visit due to an incomplete diagnostic evaluation. Either
of these would contraindicate an intensive pain manage-
ment program at that point in time. A mechanistic diag-
nosis frequently directs the pharmacologic and
anesthesiologic approach to pain management. The impact
of pain on life dictates the intensity and direction of psy-
chological and behavioral intervention, psychiatric drug
treatment, and, ultimately, lifestyle modification goals.

Acute Pain Management

The biggest single failure in acute pain management is in-
adequate dosing of pain relievers. Based on ethical, hu-
manitarian, and quality-of-care issues, proper pain relief
should be provided for patients with acute postoperative,
posttraumatic, or post organ-failure pain. Yet this is not
the case in 50-70% of such patients, mainly because care-
givers either underestimate the intensity of pain or have
an unfounded fear of addiction. Of 11,882 patients who
were given opiate preparations in the hospital, one study
could only find four cases of possible addiction. In con-
trast, unrelieved severe pain may produce major adverse
consequences, including myocardial ischemia and irre-
versible nervous system damage, probably mediated by
glutamate.

The available tools for acute pain management in-
clude systemic medications, administered orally or par-
enterally, and local anesthetic blocks of various types.

When oral agents cannot be given, or if they fail to provide
complete relief, intravenous short-acting opioids such as
morphine are administered through a patient-controlled
analgesia (PCA) pump titrated to complete or (if side ef-
fects prevent this) near-complete pain relief. Local blocks
are used when systemic administration cannot achieve ad-
equate comfort levels. Once pain relief is achieved, oral
medications are introduced at a dosage-equivalent level
(Table 9.4). The duration of action for all drugs mentioned
is around 3 hours, except for methadone and levorphanol,
which are effective for as long as 8 hours.

Medications should be administered on a scheduled
basis, and not as needed. Health care personnel frequently
underestimate patient analgesic need, and the patient’s
knowledge of the time of the next dose may significantly
relieve pain simply through anxiety reduction. Further, a
regular dosage schedule keeps the analgesic levels con-
stant and avoids the “roller-coaster” effect. Adjunctive
agents such as nonsteroidal drugs and tricyclic medica-
tions are added when pain duration exceeds 1 week.

Chronic Pain Management

In contrast to acute pain, pain relief is rarely achieved in
chronic pain syndromes. Long-term use of narcotics car-
ries a higher risk of addiction and complications, al-

Table 9.4 Dosage of frequently used opioid agonist
medications equivalent to 10 IM morphine sulfate

Intramuscular dose (mg) Oral dose (mg)

Codeine 130 200
Meperidine 75 300
Propoxyphene 50 100
Oxycodone 15 30
Morphine 10 30
Methadone 10 20
Levorphanol 2 4

Oxymorphone 1 10
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though this tenet is coming under some scrutiny. Thus,
the mainstay of treatment is the interdisciplinary pro-
gram, in which an integrated team of health professionals
focuses on improving the function of the patient to meet
a preset specific goal. At most institutions, pain manage-
ment teams include professionals from various disciplines,
including neurology, psychology, anesthesiology, and
physical medicine.

To be successful, pain management must break two
traditional notions. First, the patient must relinquish the
concept that increasing function must await pain relief
and buy into the goal of controlling his life with high
function in spite of pain. Although pain levels do drop
with a pain program (presumably because greater fitness
reduces the exertion required for a particular task), this is
never explicitly stated as a goal. Second, caregivers must
include the patient on their team, as an integral member
with equal power. This approach differs from traditional
Western medicine, in which the physician takes into ac-
count the patient’s views and needs, then sets the man-
agement course. In pain management, the patient must
truly set his own goals, and meet or alter them within the
structured context of the team. If the patient cannot be
motivated both to set the goals and to strive toward them
in spite of pain, management will fail.

The complexity of the issues surrounding chronic
pain has resulted in the use of the intensive interdiscipli-
nary pain program lasting 8 hours a day for 3-6 weeks.
Such a setting has many advantages. The patient is re-
moved from his native environment, where maladaptive
behaviors may have become ingrained to the point of
going unnoticed. The management team, including the
patient, can focus single-mindedly on one goal. Fruitful,
problem-solving interactions occur between patients who
are having similar problems. Finally, the uninterrupted
contact time allows each discipline to address difficult is-
sues concisely and effectively. Such a program is more
cost-effective than trying to piece services together over a
longer period of time, and it significantly reduces the use
of medical resources in the long term.

The primary goal of the program is a more mean-
ingful and satisfying life for the patient. The management
tools that can help the patient toward this goal fall into
three categories. First, the patient must learn the purpose,
limitations, and proper use of medications, and be em-
powered to participate in educated self-management de-
cisions. In parallel, when anesthetic blocks are suggested,
the patient must understand their realistic limitations,
purpose, and the patient’s own active role in deriving
maximal benefit. Second, the patient’s lifestyle must be
altered to incorporate pain and stress management strate-
gies. Examples include self-pacing of activity levels, avoid-
ance of pain-reinforcing behavior, reduction in covert
pain signals (sometimes called “pain behaviors”) along
with improved open communication about pain, and fi-

nally, when appropriate, relaxation and biofeedback.
Third, overall functional level and physical fitness must be
gently and gradually increased, if the patient is to return
to a productive life. Not only can a deconditioned patient
not perform more strenuous daily activities, but his mus-
cles also are more susceptible to spasm and even injury,
both of which further increase pain.

The choice of medications is large. The particular
agents selected depend in large part on the specific qual-
ity of pain (Table 9.5) and desired side effects. For exam-
ple, a patient with sleep disturbance would benefit from
a tricyclic agent, which will improve sleep patterns and
reduce pain. In most cases, the mainstay of treatment in-
volves some combination of a nonsteroidal anti-inflam-
matory drug (NSAID) and a tricyclic agent, with
additional medications added to address remaining symp-
toms. For example, mexiletine could be added for severe
tingling in a patient with arachnoiditis who is already on
ibuprofen and amitriptyline. The tricyclics should always
be pushed to tolerance, with gradual increases every sec-
ond or third day, until either an unacceptable side effect
(causing discontinuance) or the desired benefit ensue.

It is crucial that all pain-relieving medications be
prescribed in a time-contingent, not pain-contingent fash-
ion (that is, “scheduled,” not “as needed”). Scheduled
dosing provides constant levels of analgesic throughout
the day; provides analgesia as the pain is beginning, not
after hopelessly high levels have been reached; and takes
much of the decision-making out of the patient’s hands,
thus reducing focus on pain levels and reducing the risk of
improper use and addiction. Compared to as-needed dos-
ing, scheduled dosing has been shown to reduce total drug
used and enhance pain relief. If patients have difficulty
with this concept, the analogy with treatment of high
blood pressure, which also fluctuates from day to day, can
be quite helpful.

Opiate use in chronic nonmalignant pain is contro-
versial, but is finding some support. Careful adherence to
some guidelines should avert abuse in most cases. Opi-

Table 9.5 Choice of analgesic medication
based on symptoms and clinical context

Symptom Medication

Deep aching Nonsteroidal agent (NSAID)

Deep burning Tricyclic antidepressants, clonidine

Surface burning Capsaicin ointment

Spasms Clonazepam, baclofen

Shooting pain Carbamazepine, Dilantin, valproate

Paresthesias Mexiletine, gabapentin, agents for
“shooting pain”

Sympathetic pain Phenoxybenzamine, prazosin
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ates are never a first-line choice, and should be reserved
for patients well known to the treating professionals after
other measures, including a pain management program if
appropriate, have been thoroughly tried. Opiates should
generally not be used in a patient with a history of ad-
diction, or out of frustration with noncompliance for
other recommendations. Thus, opiates are appropriate in
the patient who demonstrated complete and enthusiastic
compliance with all control measures instituted, often in-
cluding a pain management program, yet still cannot
function at a reasonable level because of pain. If the en-
tire team (including the patient) feels that function may be
enhanced by an opiate, a carefully considered decision
may be made to begin. At the outset, the team signs a for-
mal contract containing the specific and individualized set
of rules that govern that patient’s opiate use, and this is
placed in the patient’s chart. With patient permission, a
copy is made available to a single dispensing pharmacist.
Any violation should result in discontinuation of the drug.
Ultimate success is judged by whether the set functional
goals are met and not by the patient’s report of pain relief.

Only long-acting agents such as methadone or con-
tinuous-release morphine should be used. As with all
other pain medications, and even more so with opiates,
dosage should be scheduled regularly, never as needed.
Changes are made once or at most twice per week, and
the patient must not alter dosing up or down without ex-
plicit instruction from the physician. In addition, the pa-
tient must agree that no other physician will prescribe
pain-relieving drugs for chronic pain. Most importantly,
as in all pain management, specific functional goals must
be set, such as returning to work or increasing the hours
of a specific activity by 50%. An external observer, such
as an employer, a fitness center attendant or, as the pa-
tient is often engaged in an active pain program, the re-
habilitation staff, should validate the achievement of these
goals. This last aspect of the contract provides a relatively
solid safeguard, as true dependence invariably results in a
decline in both work performance and family relation-
ships. Most patients can tolerate long-term continuation
without increasing dosage. An increase in dosage re-
quirement suggests either drug dependence, requiring ces-
sation of opiates, or physical tolerance requiring a 1-week
drug holiday or switching to another equipotency opiate.

Certain frequently encountered issues must be re-
solved prior to the initiation of an intensive pain manage-
ment program. Dependence on opiates, benzodiazepines,
alcohol, or illicit drugs must be fully addressed, and the
patient must be free from the offending agent for at least
6 weeks prior to beginning an intensive chronic pain man-
agement program. Simple measures, such as initiation of
a tricyclic agent and physical therapy, may be used during
this period, but a structured, aggressive program should
be avoided since the patient would not maximally utilize
it, and the patient’s problem could be detrimental to other

participating patients. Major depression and disabling
anxiety are also best managed prior to beginning a pro-
gram. Finally, if important legal issues are pending, these
may alter the patient’s ability to participate or provide a
counter-incentive. Some programs require a minimum of
6 months’ distance to any significant past illegal activity.
Not resolving these issues prior to starting the intensive
program significantly weakens its effectiveness, as the pa-
tient, staff, and other patients in the program become dis-
tracted from the main issue of pain, which in itself requires
a full commitment of energy and motivation.

A nonspecialist may be able to treat the majority of
milder cases of chronic back or limb pain by following
some simple guidelines. The key is to be aggressive early
and to refer within 3 months to an interdisciplinary pro-
gram if the simpler uni- or multidisciplinary aggressive
approach fails. A patient is appropriate for this approach
if he has a process causing moderate pain that proves to
be clearly nonremediable after a thorough evaluation. A
referral to an interdisciplinary team should be made at
the outset if the patient is not working because of pain
only; if family or social relationships are threatened; if
there is significant psychopathology, such as major de-
pression; if the patient is thought to be drug-dependent;
or if there are serious legal issues.

Treatment should begin with a simple generic com-
pound such as ibuprofen, used at the highest recom-
mended dosage and given on a scheduled, not as-needed
basis. The patient should be monitored for gastrointesti-
nal, liver, and kidney toxicities, and a gastric protective
agent may be added if needed. Some type of activation of
the body part experiencing pain should always accom-
pany drug treatment. This is best done by referral to phys-
ical therapy for the low back and lower extremity, and
occupational therapy for the neck and upper extremity.
In more severe cases, both may be required. Depending
on the severity of the problem, and the progress made by
the patient, treatment time may be as little as two sessions
to provide proper instructions and review for an inde-
pendent program, or three sessions a week for several
weeks. The eventual goal should always be an independ-
ent program. Passive modalities such as massage, ultra-
sound, and electrical stimulation hinder this goal, as they
increase, rather than reduce, the patient’s ultimate de-
pendence on the medical system. Thus, these have no
place in physiotherapy for chronic pain, except when they
provide a window of opportunity for the patient to
achieve a very specific goal in his active program.

The patient should be seen again in approximately
1 month. Absence of any progress at all should lead to
referral to an interdisciplinary team. When improvement
is satisfactory, the patient should continue his current reg-
imen, with rechecks in physiotherapy at monthly inter-
vals until no further progress occurs. This should then be
followed by continuation independently three times a
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week in a fitness center for at least 1 year and, ideally, for
life. When progress is neither absent nor satisfactory, a
tricyclic agent should be added, as detailed later. Another
follow-up should be scheduled in 1 month, and the same
decision tree followed as with the first follow-up visit.

Amitriptyline is the best tricyclic agent for back,
neck, and fibromyalgia syndromes, and when pain im-
pairs sleep; 10 or 25 mg should be given 3 hours prior
to bedtime, escalating the dose by one tablet every third
day until improvement or an unacceptable side effect en-
sues. With limb pain, imipramine appears to be more ef-
fective, perhaps because it produces less sedation and
can be given throughout the day. The usual starting dose
is 5 or 10 mg three times a day, with the same gradual
upward titration. In the elderly, nortriptyline and de-
sipramine are better tolerated because of fewer side ef-
fects, and should be substituted for amitriptyline and
imipramine respectively. Prolongation of Q-T interval
should be checked by EKG in the elderly. Usual dosage
is 20-150 mg/day for all agents mentioned, but clearly
depends on response. Some elderly patients have re-
sponded dramatically to as little as 2.5 mg of de-
sipramine once per day (achieved by having the
pharmacist cut 10 tablets in four), and some young pa-
tients require several hundred milligrams per day. Doses
in excess of 225 mg/day require blood level checks. Dox-
epin is available in a pediatric liquid formulation that
allows administration of extremely low dosages down
to 0.5 mg, which is very useful in excessively sensitive
patients, including the elderly.

Specific Syndromes

Conditions Related to the Spine

Background and principles of management

Between 10% and 25% of all work injuries leading to
temporary or total disability are due to back injuries, with
an estimated cost of between $10 and $50 billion per
year. Despite this enormous cost, there are few facts (and
hence much opinion) regarding the true mechanism of
pain, and most management decisions have no solid phys-
iologic basis. One can begin to infer potential mechanisms
with knowledge of pain-sensitive structures in the spine.
These are listed in Table 9.6, based on intraoperative
studies using progressive regional anesthesia.

In assessing a patient with neck or back pain, one
considers two overarching questions. What symptoms or
signs are worrisome and suggest further immediate in-
vestigation? And, would a surgical procedure be of any
benefit? Table 9.7 outlines features that differentiate a be-
nign lesion, such as arthritic or disk disease, from a ma-
lignant one such as an inflammatory or neoplastic
process. If no features suggesting the latter are present,

Table 9.6 Pain-sensitive structures in the spine

Structure Sensitivity to manipulation at surgery

Lumbar fascia Insensitive

Supraspinous Mild tenderness

ligament

Muscles Painful at neurovascular bundle entry and
attachment site to bone

Nerve root If normal, stimulation is completely
painless; if swollen or compressed,
stimulation reproduces “sciatica”
symptoms

Annulus 1/3 of disks exquisite, 1/3 moderate,

1/3 no tenderness
Vertebral end plate Severe deep pain
Facet joints Sharp localized pain
Synovium/cartilage Insensitive

Bones Insensitive

Based on Kuslich SD, Ulstrom CL, Michael CJ. Ortho Clin North Am
1991;22:181-187.

one can follow the patient for 2-4 weeks, reserving some-
times unpleasant and costly examinations, such as imag-
ing or electromyography (EMG), if no symptomatic
improvement occurs. The exact roots involved can be de-
termined using reflex, sensory, and motor abnormalities,
as listed in Table 9.8.

The principles of surgical management are similar
in the low back and in the neck. In clinical practice, at
this time, two clear ends of the spectrum exist, along with
a large, poorly defined gray zone. Most would operate
for a clear-cut, acute neurologic deficit, and surgery is
clearly indicated with disabling myelopathy or significant
sphincteric dysfunction. In contrast, surgery is not indi-
cated for chronic pain restricted to the spine in the ab-
sence of neurologic signs or a structural lesion. The
ultimate decision is related to a balance of multiple factors
(Table 9.9).

The acute episode of back and limb pain

Based on this information, how should one manage the
common acute episode of uncomplicated back and (radic-
ular) limb pain? A Finnish study of 187 patients suggested
that telling patients to “go home and do what is com-
fortable” was much better than bed rest, and somewhat
better than physical therapy. What follows is one of sev-
eral viable approaches. Assuming a classical history and
findings with a single root involved to a moderate extent,
and without any of the “worrisome” characteristics listed
in Table 9.7, no tests are ordered at the first visit. As-
suming no contraindications, a 5-day course of pred-
nisone (60 mg/day) is prescribed with rapid 2-day taper,
then continuing with a nonsteroidal at maximum toler-
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Item

Table 9.7 Investigation of spine pain

Comment

Pain severity
Pain location

Temporal course

Severity itself has no etiologic implications

Pain restricted to the spine suggests a mechanical process, while limb radiation implies root involvement. Referred pain
must be distinguished from radicular pain. Radicular pain is suggested when the limb pain extends below the level of
the elbow or knee, worsens with factors distinct from those affecting the spine pain or is accompanied by paresthesias,
numbness or weakness

Rapid onset and a subsequent stable course suggests a mechanical cause. Progressive symptoms are worrisome for a

Exacerbating factors

Number of roots
involved
Sphincters

Myelopathic signs

Associated signs

neoplasm. A traumatic event can be the trigger to a serious process such as a pathologic vertebral fracture.

1 Cough, sneeze or strain aggravating limb pain is a classic sign of an intraspinal lesion such as a disc or tumor made
worse by rising venous pressure; helpful for localization, but not worrisome by itself.

2 Supine, night-time back pain suggests a posterior cord lesion such as an ependymoma or meningioma.

3 Hip extension or flexion reproducing limb pain on examination, termed positive reverse straight leg raise and straight
leg raise, respectively, suggests midlumbar or lumbo-sacral root involvement.

4 Isolated vertebral tenderness should always be investigated for infection or malignancy.

The likelihood of a malignant process increases as the number of roots involved increases unilaterally or across the
midline. Noncontiguous root involvement (e.g., left L2 and right S1) is always worrisome for malignancy.

Urgency with severe pain and other mild stable sphincteric symptoms are not uncommon, but clear loss of function,
such as reduced stream or incontinence, requires investigation.

These range from minimal, an isolated equivocal Babinski response, for example, to severe, including bilateral clonus
with severe weakness and spastic gait. The clinical impact ranges from minimal in a chronic indolent setting, to
dramatic, if an acute progressive process warrants urgent action.

Fever and chills suggest an epidural or disk space infection, while weight loss occurs with malignancy.

ated dosage. If severe spasm is found on examination,
muscle relaxants such as cyclobenzaprine, tizanidine, or
benzodiazepines, among many, may be used for the first
5-10 days, although no strong evidence supports this
practice. Two days into steroid treatment, the patient be-
gins very gradual water jogging (5—10 minutes in the pool
at the outset), progressing over 4 weeks to water aero-
bics. A tricyclic may also be added for sleep and pain con-
trol, as outlined earlier. Most cases of acute discs and

other new-onset uncomplicated mechanical or radicular
pain benefit from this regimen.

The patient returns in 3 weeks. If no dramatic im-
provement is observed, investigations are then ordered, in-
cluding EMG and magnetic resonance imaging (MRI) of
the spine area involved. The EMG (see Chapter 3) provides
functional information that (a) localizes the exact root(s)
involved through distribution of muscles affected; (b) as-
sesses severity of motor loss; (c) confirms the diagnosis of

Table 9.8 Physical findings for cervical and lumbar radiculopathy
Root Reflex Sensory loss Motor loss (partial list)
c5 Brachioradialis Lateral arm Arm abduction, internal rotation
C6 Biceps Thumb, lateral forearm Forearm flexion, supination
c7 Triceps Middle finger Wrist extension, flexion, pronation
c8 Finger flexor Fifth finger, medial forearm Finger extension, flexion
T1 — Medial arm Hand intrinsics
L1 Cremasteric Inguinal region —
L3 Adductor Medial thigh Thigh flexion, adduction
L4 Knee (quadriceps) Anterior thigh, medial calf and foot Leg extension
L5 Internal hamstring Great toe, dorsum of foot, lateral thigh, anterior calf Thigh abduction, foot dorsiflexion and rotation
S1 Ankle and external Small toe, plantar region, posterior thigh and calf Thigh extension, leg flexion, foot plantar flexion
hamstring
S2 Bulbocavernosus Buttock Anal sphincter
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Item Appropriate operation may help

Table 9.9 Management of spine disease

Surgery unlikely to benefit

Pain location
Duration Days to weeks
Neurologic findings 1 Reflex loss

2 Radicular weakness

3 Sphincteric involvement

such as herniated disc or spinal stenosis

Radiates into the limb, especially into hand or foot.

4 Myelopathy
Prior back surgery None, or successful operation for different symptoms
EMG Denervation in appropriate myotome
Imaging Clear and symptom-appropriate structural abnormality,

Isolated to the spine
Months to years
None, or mild radicular

Previous unsuccessful back operation for same symptoms
Negative or mildly positive
Normal or mild changes

radiculopathy, if sensory nerve action potential amplitudes
are unaffected; (d) reveals the degree of denervation
through the presence of fibrillation potentials; and (e) de-
fines any preexisting chronic lesions by enlargement of the
electrical size of motor unit potentials, a process which be-
gins at 6 weeks and takes 30 weeks to complete (and hence
would be absent in the acute lesion). The MRI provides
structural information that delineates any anatomic regions
impinging on a root, such as spinal stenosis, a disc hernia-
tion or bulge, and facet hypertrophy. The severity of re-
maining symptoms, and the strength of the investigations
in providing an appropriate specific diagnosis may prompt
a surgical referral. The first section outlines nonsurgical
management principles. A recent treatment guidelines by
the American Academy of Neurology found no clear ben-
efit for epidural injections in any clinical circumstance.

Spinal stenosis

Narrowing of the spinal canal may occur at either cervi-
cal or lumbar levels on a congenital basis, an arthritic
basis or, most often, a combination of the latter superim-
posed on the former. Cervical stenosis causes a very
slowly progressive myelopathy. One considers that the
cervical canal is narrow when its anteroposterior dimen-
sion measured on a lateral plain film is less than 10
(Table 9.10).

Lumbar stenosis causes a specific syndrome known
as pseudoclaudication. Pseudoclaudication consists of leg
pain triggered by a specific amount of time spent in the
erect posture, whereas the leg pain of true claudication
depends on muscular effort. For example, standing in one
place may precipitate pseudoclaudication but not true
claudication, whereas bicycling may precipitate true clau-
dication, but not pseudoclaudication. Lumbar stenosis
usually involves the upper lumbar roots (L2-L4), and
hence produces anterior and medial thigh pain. The
pathophysiology is thought to be ischemia of these nerve
roots in the upright posture due to the combination of
further narrowing of the canal and venous engorgement.

Fibromyalgia and myofascial syndromes

Although the pathophysiology is not understood, the terms
fibromyalgia and myofascial syndromes, when properly
used, do not refer to “wastebasket” categories for other-
wise nondiagnosable pain, but rather to fairly specific syn-
dromes with specific diagnostic criteria. Fibromyalgia
refers to a diffuse, total body pain syndrome with severe fa-
tigue, whereas myofascial syndrome is localized to one or
two extremities or body quadrants. The main physical
finding in fibromyalgia is the “tender point,” where pal-
pation of specific tendinous structures produces a nonra-
diating pain. In contrast, in myofascial syndromes, a
“trigger point” causes pain or numbness to radiate in mus-
cle-specific patterns in response to palpation of the muscle
belly. Despite differing clinical presentations, the two syn-
dromes have several specific physiologic abnormalities in
common. A particular disturbance of sleep appears to ac-
company both syndromes (Table 9.11).

Table 9.10 Lumbar spinal stenosis

Discriminating features

» Radicular pain in the legs associated with time upright.
Prompt relief with sitting.

» Narrowed lumbar canal with impingement on nerve roots
demonstrated by imaging studies

Consistent features

» Leg pain is not effort-dependent, for example, not due to
bicycling

»  Upper lumbar roots (L2-L4) involved, with anterior thigh pain,
iliacus weakness, and a positive EMG.

Variable features

» Long symptom duration, with progressive decrease in pain-free
upright time

» Back pain which is usually not time-dependent

»  Sphincteric symptoms
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Table 9.11 Fibromyalgia

Discriminating features

» Pain on digital palpation in 11 or more designated tender point
sites, assessed separately on the right and left: occiput, low cer-
vical, trapezius, supraspinatus, second rib, lateral epicondyle,
gluteal, greater trochanter, knee

Consistent features

» Chief complaint of diffuse muscle aches, made worse by any
activity

»  Widespread, bilateral pain above and below waist for more than
3 months

» Stiffness

» Fatigue

» Nonrestorative sleep

» Functional disability

Variable features

»  Associated psychological disorders, such as anxiety and stress

reaction

Headache

Paresthesias

Sense of swelling

Irritable bowel syndrome

vVvVvyyvyy

Raynaud phenomenon

Whiplash injury refers to a flexion—extension injury of
the cervical spine. The severity of the injury depends mostly
on the total excursion and speed of the head, which relates
poorly to the speed of a collision. Thus, when the injury re-
sults from a motor vehicle accident, as it does in more than
90% of cases, the apparent accident severity based on ve-
hicular damage bears little relation to the severity of the
whiplash injury. Symptoms may begin immediately or
within several days. Between one-quarter and one-half of
patients continue to have symptoms 5 years later, and these
fall into two common symptom complexes. The first is a
cervical myofascial syndrome with trigger points and non-
dermatomal radiating pain or numbness into the arms. The
second may be termed posttraumatic migraine syndrome,
characterized by severe headache, dizziness, nausea, scintil-
lating scotoma, photophobia, phonophobia, and sometimes
tinnitus or even recurrent syncope.

Treatment of these entities is similar, and similarly
unsatisfactory. Standard pain management with an inter-
disciplinary team constitutes the best approach.
Amitriptyline works better than imipramine. Other effec-
tive drugs include cyclobenzaprine and alprazolam. Trig-
ger points, when present, should be injected with
1.5-2 mL of a solution containing half long-acting steroid
and half long-acting anesthetic. Vascular headaches and
concomitant symptoms may respond to high doses of ve-
rapamil (0.5-1 g/day), b-blockade, or anticonvulsants
such as gabapentin or topiramate. Severe fatigue may re-

spond to amantadine or other stimulants. Pharmacother-
apy is not helpful in isolation. The fitness and endurance
training aspects of management are crucial.

Neuralgias and Related Conditions

Facial pain

Facial pain has traditionally fallen into the province of sev-
eral unrelated specialties, based mainly on the presenting
symptoms. No widely used cross-disciplinary classification
scheme has been established, and the categories used here
are somewhat arbitrary. The anatomically well-defined den-
tal, gingival, and mucosal causes of pain are not addressed.

Tic douloureux (trigeminal neuralgia). The diagnosis of a
classical facial neuralgia is based on the pain characteris-
tics, presence of pain-free intervals, and absence of sen-
sory or other neurologic findings. The pain is restricted to
the face and consists of short trains of extremely brief
jabs, commonly triggered by a non-noxious stimulus in a
nearby location. The pathophysiology of the disorder is
unknown, although the effectiveness of anticonvulsants
suggests neural hyperactivity at some level. Most cases
are idiopathic, but multiple sclerosis, infiltrative lesions,
and vascular anomalies cause a minority. Cranial imaging
should be performed if any atypical feature or neurologic
finding is present. Many neurologists would advocate im-
aging even in typical cases (Table 9.12).

Treatment is initially pharmacologic, with carba-
mazepine, phenytoin, or baclofen. Other useful drugs in-

Table 9.12 Trigeminal neuralgia (tic douloureux)

Discriminating features

» Trains (1-2 min) of brief jabs (<1 sec) with sudden onset and
offset

» Located on one side of face

» Stereotyped trigger area on same side but away from area of pain

» Trigger stimulus is innocuous, such as shaving, chewing or cold air

Consistent features

» Severe, incapacitating pain

P No pain between attacks. Pain may occur many times per day

» Spontaneous remissions lasting months to years

» Onset in fifth to eighth decade of life; earlier onset suggests
multiple sclerosis or a structural lesion.

» Improvement with anticonvulsants, radio frequency lesion of
the ganglion, and removal of a vascular loop, if present.

Variable features

» Background burning pain may be present

» Trigeminal nerve may be compressed by a crossing vessel

» Trigeminal nerve division involved is, in order of frequency:
mandibular, maxillary, ophthalmic
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clude mexiletine, valproate, and clonazepam. Approxi-
mately 25% of patients with typical tic douloureux even-
tually fail maximum tolerable doses of these medications
alone or in combination. Imaging should be performed at
this point if not previously done. Treatment options after
failure of pharmacologic management then include injec-
tions of local anesthetic into the trigger zone, injection of
alcohol into the gasserian ganglion, radio frequency ab-
lation of the gasserian ganglion, and vascular decom-
pression of the trigeminal nerve. Alcohol injection into
the gasserian ganglion may produce relief of up to 1 year’s
duration. Repeated injections for pain recurrence are
often unsuccessful. Radio frequency ablation may there-
fore be the procedure of choice, with reported benefit last-
ing 5 years in 50% of patients, good benefit from
repeated procedures, and low surgical morbidity. Vascu-
lar decompression procedures are also advocated on the
presumption that idiopathic neuralgia is related to vas-
cular compression of the nerve. This procedure may be
more effective than radio frequency ablation, but no
study has prospectively compared the two procedures.
The required suboccipital craniotomy for vascular de-
compression procedures carries greater surgical risk.

Temporomandibular joint dysfunction. Temporomandibu-
lar joint (TM]) dysfunction refers to several different en-
tities (which have in common pain in or around the TM]
or the muscles that act upon it) that are made worse by
mastication. At least three conditions are recognized in
association with these symptoms:

1. bruxism, or intermittent tight clenching of the
jaw during sleep;

2. derangement of the joint itself, due to arthritis
or displacement of the disc;

3. a myofascial syndrome with tenderness and
trigger points found in the muscles.

In the elderly, these syndromes must be distin-
guished from true claudication of the jaw, which may be
the presenting complaint of temporal arteritis. Diagnosis
may be difficult, because many patients have symptoms
that do not clearly fit one of the three conditions. Man-
agement depends on the diagnosis, and is most often han-
dled by an oral surgeon. If needed, bruxism can be
defined during a sleep study. Internal derangement of the
joint may often respond to an intra-articular injection of
steroid or may be demonstrated arthroscopically. Relief
with trigger point injection suggests a myofascial syn-
drome. The pain management approach, with an oral sur-
geon and a speech therapist on the treatment team, may
also be used in refractory cases.

Burning mouth syndrome. Burning mouth syndrome is
classified as “atypical facial pain,” but has enough char-

acteristic features to be treated separately. It is predomi-
nantly a disease of women over age 40. The major symp-
tom is a continuous burning pain of either the tongue or
the entire mouth, which may interfere with eating, swal-
lowing, and sleeping. Examination is unrevealing.

Deficiencies of iron, zinc, and vitamins B, B, B,,,
and E have been associated. It is helpful to check levels of
all these substances, because patients often benefit from
replacement of the deficient substance. In addition, the
main alternative diagnosis is an associated covert or
major depression. When depression is suspected, referral
to a psychiatrist is frequently helpful, as proper treatment
of the depression may produce resolution of the pain.

Atypical facial pain. Atypical facial pain is used to en-
compass nearly all other forms of facial pain. Unilateral
pain, especially when progressive, may suggest an occult
lesion and should prompt a more careful search than bi-
lateral pain, for which a specific anatomic etiology is
rarely found. The major caution in this group is avoid-
ance of any irreversible treatments, such as ablations and
operations of any type, without an incontrovertible indi-
cation. These patients respond poorly to the agents men-
tioned earlier. Biofeedback, relaxation, physiotherapy for
facial exercises, and sometimes injections should be tried
through the team approach, but success rates are low.

Postherpetic neuralgia

Shingles represents a reactivation of the herpes varicella
zoster virus, which produces chickenpox. This virus re-
mains dormant in the dorsal root ganglion cells, unless it
becomes reactivated with aging or immune compromise
related to cancer, acquired immune deficiency syndrome
(AIDS), or pharmacologic immunosuppression. When
pain persists or returns beyond 3 months after the initial
attack, it is referred to as postherpetic neuralgia (PHN).
No treatment has clearly been shown to be of benefit in
the prevention of PHN, although steroids, acyclovir, and
dimethylsulfoxide (DMSO) have received some attention
(Table 9.13).

Postherpetic neuralgia remains restricted to the ini-
tially affected dermatome, commonly a thoracic one. The
pain of PHN may be quite severe and debilitating. If the
diagnosis is in doubt, a thermoregulatory sweat test
demonstrates absence of sweating in the involved der-
matome. Treatment follows the principles of pain man-
agement outlined in the first section of this chapter, with
activation and exercise forming the basis of any success-
ful treatment. Desensitization is often crucial and may be
achieved with occupational therapy, water jogging, or the
application of 0.075% capsaicin ointment. Anesthetic
creams are also helpful, both directly for pain relief and
in improving tolerance to capsaicin. Tricyclic agents con-
stitute the core of pharmacologic intervention, with
amitriptyline most commonly used. Carbamazepine and
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Table 9.13 Postherpetic neuralgia

Discriminating features

» Pain more than 3 months after attack of shingles.

p Scar from healed vesicular lesions present

» Hypesthesia within affected dermatome and hyperesthesia in
overlap zone

Consistent features

» Burning quality of pain, both deep and surface with tic-like jabs
of pain

Variable features

»  Occurs in 5-10% of patients with shingles

» Usually one root involved, but may be more.

» Thoracic dermatome or ophthalmic division of V. most common,
but may occur anywhere

mexiletine can reduce shooting pain. Finally, an epidural
or sympathetic block is valuable in selected cases.

Pain associated with generalized neuropathies

Pain accompanying a sensorimotor neuropathy reflects
involvement of the small sensory fibers at some level.
Neuropathies involving only motor or large sensory
axons often produce no pain. However, most “large-
fiber” neuropathies have some degree of small-fiber in-
volvement, and pain is more common than assumed. In
addition, if the reduction in large fibers increases the uti-
lization of small-fiber pathways, pain may ensue. Patients
describe a burning or deep boring sensation in the feet
and hands. The location of pain may also be spotty, with
a dermatomal distribution, if the underlying neuropathy
involves roots or dorsal root ganglion cells, as in shingles,
diabetes, and Sjogren syndrome-associated neuropathy.

Diagnosis is straightforward in the patient with clas-
sical symptoms and findings, including reduction of sen-
sation and deep tendon reflexes distally. Nerve
conduction velocity (NCV) studies and EMG confirm the
diagnosis. Some patients display small-fiber dysfunction
only, such as reduction in pin-prick or temperature sen-
sation, or reduction in sweating (often reflected by the
complaint of excessive sweating in the normally func-
tioning areas). The remainder of the examination may be
normal, with preserved deep tendon reflexes. Since EMG
and NCV do not test small fibers, and the diagnosis of
isolated small-fiber neuropathy can only be made by au-
tonomic testing, which defines the extent and severity of
the condition.

Box 9.1 lists the causes of painful neuropathy. In-
volvement truly restricted to small fibers is rare enough
that one must seriously consider a paraneoplastic syn-
drome in older patients. Diabetic neuropathies can be
grouped by their temporal course. The slowly progres-
sive, chronic neuropathy that continues for the duration

v

Box 9.1 Differential diagnosis of painful neuropathy

I. Acquired disorders

» Diabetes

Amyloidosis

Paraneoplastic (breast, lung, lymphoma)
Sjoégren-associated ganglionopathy
Human immunodeficiency virus (the third type of HIV-
associated neuropathy occurring late in the disease)
Vasculitis

Hypothyroidism (LF)

Idiopathic

Drugs and toxins

Gold

Thallium

Arsenic (often painless) (LF)
Metronidazole

Taxol

Isoniazid (LF)

Deficiencies

Niacin (LF)

B, (thiamine) (LF)

Other B complex (B, ,, folate) (LF)

vVVvYyvYyYyYy
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Il. Inherited disorders

Fabry disease (a-galactosidase deficiency)
Acute intermittent porphyria

Riley-Day syndrome (HSAN l1)
Mitochondrial disorders

Tangier disease

vVVvYvVvyYvVvYy

Most involve small fibers predominantly or in isolation, but
some, labeled with “LF,” involve large fibers.

of the disease, although sometimes uncomfortable, is usu-
ally not associated with severe pain. The subacute neu-
ropathies, however, can be extremely painful. These come
on over days to a few weeks, sometimes in association
with disease onset, or paradoxically with improved treat-
ment, such as a switch from an oral agent to insulin. Tho-
racic or abdominal radiculopathies often lead to cardiac
and gastrointestinal evaluations, respectively. Weight loss
may be severe, and often prompts a search for an occult
neoplasm. The loss of weight may be profound enough
to reduce insulin resistance to the point at which sugar
levels normalize. It is crucial to appreciate that the sever-
ity of the syndrome may not correlate at all with the
severity or duration of diabetes, which may even be mar-
ginal (Table 9.14).

Compressive mononeuropathies

Compressive mononeuropathies occur spontaneously or
as a manifestation of an underlying diffuse neuropathy,
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Table 9.14 Subacute diabetic neuropathies

Discriminating features

» Rapid onset of symptoms (1-12 weeks)

> Small fiber function involved out of proportion to large fiber
function

» Autonomic testing abnormal in distribution of involved nerve

Consistent features

»  Associated with change in glycemic control: disease onset or

new treatment

Prominent positive symptoms and pain

Weakness and hypesthesia in same nerve distribution

Significant weight loss

vvyyvyy

Autonomic symptoms: hyper- or hypohidrosis, sexual or sphinc-

teric dysfunction; orthostatic lightheadedness

Variable features

» Variable sites, with several well described syndromes:

- Cranial nerve (especially IIl)

- High lumbar root-segment disease (termed “diabetic amy-
otrophy”)

- Thoracic or abdominal involvement

- Brachial plexopathy

- Distal“stocking” neuropathy

such as that due to diabetes. The most common sites are
the median nerve at the wrist (carpal tunnel syndrome),
the ulnar nerve at the elbow, the tibial nerve at the ankle
(tarsal tunnel syndrome), the peroneal nerve at the knee,
and the plantar digital nerve between the metatarsal
heads (Morton neuroma). Burning pain in the distribu-
tion of the nerve is associated with tingling when com-
pression of the nerve increases. This phenomenon
underlies two signs on physical examination, which elicit
tingling or radiating pain in the distribution of the nerve:
the Tinel sign is elicited when tapping the nerve at the pre-
sumed site of compression, whereas the Phalen sign is
elicited when bending the joint at the presumed site of
compression, for example, flexing the wrist for carpal
tunnel syndrome or intorting the foot for tarsal tunnel
syndrome. Patients also complain of a dull aching pain
referred to limb areas proximal to the entrapment.

An EMG confirms the diagnosis of the compressive
mononeuropathy, and defines any underlying generalized
peripheral neuropathy. The presence of such a general-
ized process should prompt further evaluation to identify
the cause. In addition, management of a compressive
mononeuropathy in the presence of a generalized neu-
ropathy should be more aggressive, with early surgical in-
tervention, because the nerve’s lowered metabolic reserve
reduces its resistance to chronic pressure. Conservative
management options include injection of steroid into the
compressed area, a nighttime splint to immobilize the
joint associated with the compression, and gentle physi-

v

Pearls and Perils
Complex regional pain syndrome (CRPS)

» In early CRPS (<6 months), very aggressive treatment
may cure the syndrome.

» A 3-week course of steroids may dramatically relieve
pain and reduce swelling.

» Sympathetic blocks (when effective) should be combined
with aggressive physical and occupational therapy as the
cornerstone of treatment.

» The affected limb heals poorly,and only an extremely
strong indication should prompt surgery.When
unavoidable, it is prudent to precede the operation with
a program that optimizes limb function, administer a
perioperative sympathetic block, and follow-up with an
aggressive course of physiotherapy, accompanied by a
sympathetic block series if needed.

» Immobilization fosters the development of CRPS and
should be avoided at all costs.

cal therapy. The nonsteroidal and tricyclic agents are
helpful. When conservative measures fail, or when a gen-
eralized peripheral neuropathy is present, surgical de-
compression of the nerve is usually effective. In fact,
decompression should be entertained sooner when a com-
pressive mononeuropathy occurs in the context of a gen-
eralized peripheral neuropathy, since the nerve may have
far less regenerative reserve.

Limb Pain

Chronic limb pain may have many ligamentous, capsu-
lar, or muscular etiologies. When accompanied by obvi-
ous, visible changes of the limb, such as swelling or color
changes, the term reflex sympathetic dystrophy (RSD) has
been used. This term carries unwarranted pathophysio-
logic implications (the disease is not “reflex,” minimally
“sympathetic,” and rarely “dystrophic”), which have
prompted its replacement by the descriptive term com-
plex regional pain syndrome (CRPS).

Complex regional pain syndrome can be defined
based on four criteria: (1) pain out of proportion to, and
out of the usual distribution of, any known pathology; (2)
allodynia (pain induced by a normally innocuous stimu-
lus); (3) alterations in limb function, which may be home-
ostatic, such as edema, and color, temperature, sweating
changes, or may be motor, such as dystonia or spasm; and
(4) alterations in limb structure, including hair, nail, skin,
or bone changes (particularly periarticular bony deminer-
alization). The diagnosis depends on the number of crite-
ria present to a moderate or greater degree of severity: 4,
definite; 3, probable; 2, possible; and 1, unlikely.
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The term sympathetically maintained pain (SMP) is
sometimes mistakenly used in reference to the same syn-
drome. Chronic regional pain syndrome is a clinical syn-
drome, requires no tests for diagnosis, and implies no
underlying pain mechanism. Patients with CRPS may or
may not respond to a particular treatment, such as a sym-
pathetic block, in the same way that patients with chest
pain radiating to the left arm may or may not respond to
nitroglycerin. In contrast, SMP defines a pain mechanism,
not a clinical syndrome. Sympathetically maintained pain
refers to pain that stops when sympathetic outflow to the
involved body part is stopped, by injection of anesthetic
into the sympathetic ganglia or oral a-adrenergic phar-
macologic blockade, for example. The diagnosis of SMP
therefore requires one of these procedures, and its use-
fulness is restricted to defining the treatment course. Sym-
pathetically maintained pain occurs with a variety of
conditions, including CRPS; shingles, for example, may
be supportive of a diagnosis of CRPS, but SMP is not a
criterion for CRPS.

Although the diagnosis of CRPS requires no tests,
some laboratory findings provide support when the diag-
nosis is unclear. Periarticular demineralization by X-ray
studies establishes the fourth criterion for the diagnosis.
A bone scan may show diffuse uptake in the involved
limb, in support of the third criterion. Autonomic testing
also correlates well with the clinical syndrome of CRPS,
and limb temperature measurements predict the response
to sympathetic blocks (that is, the presence of SMP) in
CRPS. The term pain/dysfunction syndrome has been ap-
plied when no observable changes accompany disabling,
diffuse limb pain.

In all types of limb pain, return of limb function is
the goal and cornerstone of successful management.
Compared with patients with other chronic pain syn-
dromes, patients with limb pain, especially CRPS, require
a more aggressive anesthesiologic approach, administered
in the context of an interdisciplinary program. In the early
stages (pain duration of less than 6 months), such ag-
gressive treatment may sometimes cure CRPS. Specific
measures include sympathetic blocks; systemic -adrener-
gic blockade, such as with phenoxybenzamine; and Bier
blocks, which consist of filling the tourniquet-occluded
venous system of the limb with an anesthetic, steroid, or
sympathetic blocker for 20 minutes. The benefit of injec-
tions must be measured by function in physiotherapy, not
only by the patient’s own report of pain relief. When ef-
fective, injections are provided in a series, for example
four to six times during an intensive 4-week program, and
three times during the subsequent 4 months. Finally, in
the early stage of CRPS, steroids can be nearly miracu-
lous, especially in the lower extremity. A high dose, such
as 60-80 mg of prednisone, is given daily for 1 week, and
extended to a maximum of 3 weeks if effective the first
week, with concomitant aggressive physiotherapy, or

while in a pain program. A paravertebral sympathectomy
may be useful in carefully selected cases of CRPS who
have SMP (a sympathetic block markedly reduces their
limb pain), but who fail to respond to other measures.
This procedure is falling out of favor because pain fre-
quently returns 1-2 years after the operation, more se-
verely than at the outset. Radio frequency ablation of the
sympathetic ganglion has recently surfaced as perhaps the
best alternative to surgical sympathectomy. This method
provides about 3—6 months of functional disruption with-
out destruction of the ganglion, and with consequent re-
lief of pain. The procedure may be repeated.

Postamputation limb pain presents a different set of
problems. More frequent than assumed, it occurs in al-
most three-quarters of all amputees in the first year after
amputation. At 2 years, however, only a minority have
significant pain. According to Jensen it may be divided, at
least conceptually, into “(i) preoperative pain persisting
after amputation; (ii) phantom pain; (iii) stump pain.”
Perhaps because it follows a surgical procedure, the pain
is often managed surgically. No strong evidence suggests
that this type of pain should be handled differently from
other chronic pain states. Management aims to improve
patient function in spite of pain. Anticonvulsants may be
especially effective when stump pain arises from a neu-
roma. Opioids should be used early if improved function
can be demonstrated and maintained. Calcitonin injec-
tions may also have a role here.

Visceral Pain

Chronic abdominal pain

The general physician may occasionally be called upon to
manage the patient whose recurrent or chronic abdomi-
nal pain has no clearly identifiable etiology or no decisive
treatment. In some cases, the pain may be attributed to
chronic spasm of one of the duct sphincters (such as the
sphincter of Oddi), to a chronic form of an acute disease
(cholecystitis, appendicitis, pancreatitis), or simply to “ir-
ritable bowel syndrome.” A thoracic or abdominal
radiculopathy may also present with the chief complaint
of abdominal pain, especially in diabetics. Although the
evidence for some of these entities in an individual patient
may be solid, the connection between the finding and the
patient’s complaint is frequently tenuous.

The best strategy with such patients is to use periods
when pain is quiescent to train them in relaxation, en-
durance, and exercises that tone and strengthen the mus-
cles near the site of pain. Periods of severe pain are then
used to assess the response to these measures and to phar-
macologic agents. All of the medications mentioned in the
section on chronic pain management may play a role, de-
pending on the quality and type of pain. Patients with ab-
dominal pain, especially when it is due to spasm of a
sphincter or viscus, may also respond to anticholinergic
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or adrenergic agents, such as glycopyrrolate, clonidine,
or propranolol. In addition, clonazepam may relieve chest
and abdominal wall spasms. Celiac plexus or ganglion
blocks may also be helpful in selected cases.

The treating team should include a gastroenterolo-
gist as well as a dietitian, who can evaluate the impact of
dietary habits on symptoms.

Pelvic pain

Undiagnosable pains of the pelvis, including anal pain,
testicular and vulvar pain, and coital pain are difficult to
treat. Although the usual maneuvers are clearly worth try-
ing, the chances of success in this group of patients are
low, possibly because of deep psychological disturbances
inherent to pain in this area. A high frequency of sexual
abuse precedes this disorder.

Oxalate-induced vulvodynia. Although uncommon, ox-
alate-induced vulvodynia deserves a mention because it is
not well known, yet it is very easily treatable. It occurs in
women in the second to sixth decades. The chief com-
plaint is that of waxing and waning bilateral burning vul-
var pain. Some patients have made the connection with
high oxalate-containing foods, although most do not.
High oxalate-containing foods include lamb, bitter
chocolate, peanuts, pecans, wheat germ, and some of the
edible weeds—dock, pokeweed, and purslane. Small
amounts are also present in carrots, collards, kale, leeks,
okra, parsnips, potatoes, and sweet potatoes. The finding
of elevated 24-hour urinary oxalate excretion confirms
the diagnosis. The pain can be relieved with calcium cit-
rate supplementation. Recent literature has brought the
existence of this disorder into question.

Cancer Pain

Conceptually, cancer pain should be handled in the same
way as any other type of chronic pain. In addition, the
presumed pain mechanism should dictate the choice of
agent. What sets cancer pain apart is not the pain itself,
but the poorer long-term prognosis and performance sta-
tus of patients with metastatic cancer. Thus, many man-
agement strategies, such as endurance training, become
impractical. Also, with so little time left to live, patients
prefer not to spend weeks in a health facility. Given these
considerations, opiates become the mainstay of treatment.
Because of limiting toxicity in higher doses, it is crucial to
implement other aspects of pain management to the ex-
tent feasible. These include physiotherapy and the ad-
junctive medications mentioned earlier, especially
NSAIDs, tricyclic agents, and acetaminophen. Steroids
may also be effective if tumor edema is compressing a
pain-sensitive structure, and they possess intrinsic pain-
relieving properties. Finally, when life expectancy is short,
dramatic benefit can be gained by neurolytic procedures

performed by an anesthesiologist, which destroy the re-
sponsible plexus or nerve.

Glossary of Pain Terms

The following terms are frequently used in the pain liter-
ature, but are seldom defined as a group. They are placed
here for comparison and ease of reference.

Sensory Terms (in order of progressive
complexity)

Sensory modality: Specific type of elemental sensa-
tion, which is thought to be directly transmitted
by its own specialized receptors. Examples in-
clude temperature, joint movement, vibration,
pain. A sensation requiring multiple elemental
modalities, such as graphesthesia (discerning a
letter traced on the skin) would not be called a
modality.

Hypesthesia (from hypo, reduced, + esthesia, sensa-
tion): Reduced sensation to a particular modal-
ity, often included in the term (e.g., hypesthesia
to temperature sensation), defined experimen-
tally as increased threshold to that modality.

Hyperesthesia (from hyper, increased, esthesia, sen-
sation): Heightened sensation to a modality, de-
fined as a reduced threshold.

Hypoalgesia (from hypo, reduced, algesia, pain):
Hypesthesia to the modality of pain.

Hyperalgesia (from hyper, increased, + algesia,
pain): Hyperesthesia to the modality of pain.
This may in turn be subdivided by pain sub-
modalities, such as thermally, chemically, or
mechanically induced pain.

Allodynia (from allo, other, + dynia, tenderness):
Pain produced by a normally innocuous stimu-
lus. This symptom represents, by definition, a
change in the modality conveyed by a sensory
pathway.

Hyperpathia (hyper, increased, + pathia, suffering):
Hyperalgesia or allodynia, in the presence of
hypesthesia. That is, an area shows reduced
sensation to one or more modalities, while si-
multaneously having a heightened sensation to
one of the pain modalities, or producing pain
with a normally innocuous stimulus.

Paresthesia (para, beside, esthesia, sensation): Ab-
normal sensation, such as tingling, pricking,
shooting, or tightness in the absence of any ap-
propriate sensory stimulus. Such sensations are
considered to be generated by an abnormality
of the nervous system itself and suggest the di-
agnosis of neuropathic pain.
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Neuropathic pain (neuro, nerve, + pathia, suffer-
ing): Pain generated by dysfunction of the nerv-
ous system itself, where such dysfunction is
either proven or suspected. The dysfunction
may be central or peripheral. The pain is burn-
ing, shooting, or associated with paresthesiae.

Neurophysiologic Terms (in alphabetical order)

Collateral inhibition: Inhibition of a neuron by a
branch (“collateral”) off the axon of its neigh-
bor. The axon itself projects a long distance,
whereas the collateral branch synapses close to
the cell body. The nervous system uses this prin-
ciple extensively, in two settings. Most com-
monly, collateral inhibition enhances contrast
and sharpens a stimulus, such as an image or
sensation, by inhibiting neighboring neurons
with similar function to those firing. Less fre-
quently, collateral inhibition reduces the func-
tion of neurons with a role opposite to those
firing, producing a positive feedback loop.

Ephaptic transmission: Activation of an axon by
“cross-talk” from a neighboring axon. Axons
are normally shielded by their Schwann cells
and by a purposely short length of contiguity
between any two fibers. The nerve sprouts that
follow a nerve injury have neither of these prop-
erties.

v

Consider Consultation When...

» The cause of the pain problem is not clear after history,
physical and neurologic examinations, and appropriate
laboratory tests.

» Pain is associated with new or unexplained neurologic
symptoms and signs.

» Further expertise or experience is needed to treat the
underlying cause.

» The patient does not respond to treatment, or the
patient’s course is different from expected.

» The only medication that is reported to relieve pain is an
opiate.

» Complex regional pain syndrome (reflex sympathetic
dystrophy) is not resolved within 6 weeks of the initial
evaluation.

» A patient with chronic pain has new escalating pain levels.

» Interdisciplinary management is needed for disabling
chronic pain.

» Technical assistance is needed in interpreting or
performing diagnostic or therapeutic procedures.

Labeled-line theory: The concept that a particular
neuron, when activated, always results in the
perception of the same modality (for example,
vibration) through the same central synapses.
Thus, the line, like a telephone line, which al-
ways conducts from the same house, can trans-
mit nothing else, and is “labeled.” This concept
1s not correct.

Sensitization: The response of a portion of the nerv-
ous system has increased over what is normally
expected for a given stimulus. Sensitization
refers to a quantitated nervous system response
(such as the number of times a neuron fires),
not a subjective patient report.

Wind-up: A type of sensitization that occurs in dor-
sal horn neurons: they increase their discharge
rate in response to repeated identical C-fiber
stimuli spaced at intervals of 3 seconds or less.
This physiologic process matches subject re-
ports that repeated identical noxious stimula-
tions at less than 3-second intervals cause an
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» Sleep architecture
» Sleep disorders

Disturbed sleep has plagued humankind for ages, and the
elusive function of sleep has fascinated physicians and the
public alike. Unfortunately, a search for a single “sleep
center” in the brain has not been successful. Instead, le-
sion and stimulation studies have demonstrated the com-
plexity of the sleep process, the multiplicity of structures
involved in sleep, and the reciprocal interactions necessary
for the initiation and maintenance of sleeping behavior.
Structures that have been found to facilitate sleep
include the basal forebrain (i.e., preoptic area of the hy-
pothalamus, specifically the ventrolateral preoptic nucleus
[VLPO], promoting sleep via g-amino-butyric acid
[GABA/galanin] activity), the area surrounding the soli-
tary tract in the medulla, the dorsal raphe nuclei, and the
midline thalamus. The sleep-promoting role of the ante-
rior hypothalamus results from its inhibitory effect on the
posterior hypothalamic awakening neurons (mainly
tuberomammillary-histaminergic neurons [TMN]) pro-
jecting widely to the cortex. Structures that have been
found to facilitate waking are the newly discovered
hypocretin (orexin) neurons in the dorsolateral hypo-
thalamus, the ascending reticular activating system of the
pons and midbrain, and the posterior hypothalamus. Al-
though no direct interaction between the VLPO and
hypocretin system has been reported, both innervate the
main components of the ascending arousal systems (the
adrenergic locus ceruleus [LC], serotonergic dorsal raphe
[DR], dopaminergic ventrotegmental area [VTA], and his-
taminergic TMN). The VLPO [GABA/galanin] system in-
hibits, while the dorsolateral hypothalamic (hypocretin/

orexin) activates, these “arousal” systems. Destruction of
the VLPO system results in insomnia, whereas destruc-
tion of the hypocretin system results in narcolepsy (hy-
persomnolence/sleep attacks and cataplexy). Integrity of
the preoptic area of the anterior hypothalamus is not re-
quired for sleep onset, as sleep can be restored by inhibi-
tion of the posterior hypothalamus in cats made
insomniac by preoptic lesions.

The control of alternating main sleep stages (non-
rapid eye movement [NREM|/REM cycling) is attributed
to a reciprocal interaction between two antagonistic sys-
tems: aminergic and cholinergic. Noradrenergic, hista-
minergic, and serotonergic neurons, which are active
during the waking state, are virtually silent during REM
sleep, whereas most other neurons are highly active. It has
been accepted that the activation of forebrain structures
during REM sleep is generated and transferred rostrally
by brainstem cholinergic nuclei. The shut-off of dorsal
raphe serotonergic neurons is one of the major factors un-
derlying the activity of these cholinergic nuclei (disinhi-
bition). Both systems, aminergic and cholinergic, are also
involved in the process of cortical activation with arousal.
The dopaminergic system (especially the ventral tegmen-
tal area) is specifically involved in the control of alertness.
Dopaminergic neurons of the VTA, but not of substantia
nigra (SN), are excited by hypocretins, and there is a
greater hypocretin innervation of the VTA than the SN.
Dopaminergic neurons in the ventral periaqueductal gray
(PAG) are also activated during wakefulness. A descend-
ing dopaminergic projection may have an important role
in sleep disorders accompanied by anomalies of sleep-re-
lated motor control (cataplexy, periodic limb movement
disorder [PLMD], etc.).

Circadian sleep/wake rhythm is modulated by the
hypothalamic suprachiasmatic nucleus (SCN). The SCN
sets the body clock period to approximately 25 hours,
with light and schedule cues (“time givers”) entraining it
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to 24 hours. The retinohypothalamic tract conveys light
stimuli to the SCN. This represents direct influence of
light on the activity of the SCN. Melatonin has been im-
plicated as a modulator of light entrainment, since it is
secreted maximally during the night by the pineal gland
(“hormone of darkness”). Thus, the anterior hypothala-
mus (VLPO) seems to serve as a center for “sleep switch”
under the influence of the circadian clock (SCN).

Increasing understanding of the neurochemistry of
sleep has raised the hope for more specific treatments of
sleep disorders (e.g., hypocretin agonists and/or
GABA/galanin antagonists for treatment of excessive day-
time sleepiness or hypocretin antagonists/GABA/galanin
agonists for treatment of insomnia). Rational design of
new classes of stimulants/hypnotics will inevitably paral-
lel better understanding of the intimate mechanisms of
sleep physiology.

The important clinical, diagnostic, and therapeutic
features of some sleep disorders are described in this
chapter. Useful guidelines for diagnosis and therapy are
also presented, although few universally accepted treat-
ments are available for common sleep complaints.

Sleep Architecture

Since the evaluation of many patients with sleep disorders
will involve the use of a sleep laboratory, it is important
to understand the tests available and the parameters
measured. Three basic parameters are needed to define
the stage of sleep: