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Preface

These last few years have been exciting as understanding about the operation of the nervous system in health and disease 
and about the underlying mechanisms of neurologic disease has increased. Medical science and technology have progressed 
spectacularly. This new edition of Clinical Neurology has been mandated by the many advances that have occurred over the 
last few years in the clinical neurosciences and, more specifically, in the investigation and management of patients with 
neurologic disorders. We have endeavored to incorporate these developments while, at the same time, limiting the size of 
the text so that it remains useful to medical students and residents, introducing them to the field of neurology as practiced 
on the wards and in an outpatient setting. We have been aided in doing so by our own experience over many years as prac-
ticing neurologists and clinical teachers. We hope we have been successful and have been able to replace the ambivalence 
of medical trainees with more confidence and interest as they approach patients with neurologic disorders.

Over the years, medical curricula have continued to expand, and the scientific and fundamental aspects of medicine 
have sometimes seemed to overshadow the more clinical aspects. We have attempted to balance these various approaches. 
All the chapters in the book have been updated and in large part rewritten to maintain the emphasis on the practical aspects 
of neurology while discussing its scientific underpinnings. Colored illustrations were introduced in the last edition, but 
several new ones have been incorporated to illustrate new points or replace older black-and-white figures. We have not 
included a lengthy bibliography at the end of each chapter because of the sheer volume of the literature but instead have 
pointed to key references after different sections in the text and have included limited suggestions for further reading at the 
end of each chapter.

This new edition of Clinical Neurology is available not only in print format but also online as part of the popular www.
accessmedicine.com Web site. This makes it more accessible for many readers and also facilitates searches for particular 
topics and comparison of its content with other standard medical works on the same Web site.

We thank Drs. Catherine Lomen-Hoerth, William Dillon, and Paul Garcia who read selected portions of the text and 
made helpful suggestions for revisions. At McGraw-Hill, Ms. Ann Sydor helped to guide us through the complexities of 
early planning of this new edition, and Ms. Karen Edmonson oversaw the production process and ensured that the final 
product was of the highest quality. We thank them and all the other staff at McGraw-Hill for their help.

Michael J. Aminoff
David A. Greenberg

Roger P. Simon

v
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Neurologic History  
& Examination

HIStoRy
Taking a history from a patient with a neurologic com-
plaint is fundamentally the same as taking any history.

`` Age
Age can be a clue to the cause of a neurologic problem. 
Epilepsy, multiple sclerosis, and Huntington disease usu-
ally have their onset by middle age, whereas Alzheimer 
disease, Parkinson disease, brain tumors, and stroke pre-
dominantly affect older individuals.

`` Chief Complaint
The chief complaint should be defined as clearly as pos-
sible, because it will guide evaluation toward—or away 

from—the correct diagnosis. The goal is for the patient 
to describe the nature of the problem in a word or 
phrase.

Common neurologic complaints include confusion, 
dizziness, weakness, shaking, numbness, blurred vision, 
and spells. Each of these terms means different things to 
different people, so it is critical to clarify what the patient 
is trying to convey.

A. Confusion

Confusion may be reported by the patient or by family 
members. Symptoms can include memory impairment, 
getting lost, difficulty understanding or producing spoken 
or written language, problems with numbers, faulty judg-
ment, personality change, or combinations thereof. 

Aminoff_ch01_p001-026.indd   1 05/03/15   12:00 pm



Chapter 12

Symptoms of confusion may be difficult to characterize, so 
specific examples should be sought.

B. Dizziness

Dizziness can mean vertigo (the illusion of movement of 
oneself or the environment), imbalance (unsteadiness due 
to extrapyramidal, vestibular, cerebellar, or sensory defi-
cits), or presyncope (light-headedness resulting from 
cerebral hypoperfusion).

C. Weakness

Weakness is the term neurologists use to mean loss of power 
from disorders affecting motor pathways in the central or 
peripheral nervous system or skeletal muscle. However, 
patients sometimes use this term when they mean general-
ized fatigue, lethargy, or even sensory disturbances.

D. Shaking

Shaking may represent abnormal movements such as 
tremor, chorea, athetosis, myoclonus, or fasciculation (see 
Chapter 11, Movement Disorders), but the patient is 
unlikely to use this terminology. Correct classification 
depends on observing the movements in question or, if 
they are intermittent and not present when the history is 
taken, asking the patient to demonstrate them.

E. Numbness

Numbness can refer to any of a variety of sensory distur-
bances, including hypesthesia (decreased sensitivity), 
hyperesthesia (increased sensitivity), or paresthesia (“pins 
and needles” sensation). Patients occasionally also use this 
term to signify weakness.

F. Blurred Vision

Blurred vision may represent diplopia (double vision), ocu-
lar oscillations, reduced visual acuity, or visual field cuts.

G. Spells

Spells imply episodic and often recurrent symptoms such 
as in epilepsy or syncope (fainting).

`` History of Present Illness
The history of present illness should provide a detailed 
description of the chief complaint, including the following 
features.

A. Quality of Symptoms

Some symptoms, such as pain, may have distinctive fea-
tures. Neuropathic pain—which results from direct injury 
to nerves—may be described as especially unpleasant (dys-
esthetic) and may be accompanied by increased sensitivity 
to pain (hyperalgesia) or touch (hyperesthesia), or by the 

perception of a normally innocuous stimulus as painful 
(allodynia). The severity of symptoms should also be 
ascertained. Although thresholds for seeking medical 
attention vary among patients, it is often useful to ask a 
patient to rank the present complaint in relation to past 
problems.

B. Location of Symptoms

Patients should be encouraged to localize their symptoms 
as precisely as possible because location is often critical to 
neurologic diagnosis. The distribution of weakness, 
decreased sensation, or pain helps point to a specific site in 
the nervous system (anatomic diagnosis).

C. time Course

It is important to determine when the problem began, 
whether it came on abruptly or insidiously, and if its sub-
sequent course has been characterized by improvement, 
worsening, or exacerbation and remission (Figure 1-1). 
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▲▲ Figure 1-1. Temporal patterns of neurologic disease 
and examples of each.
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NeUrOLOGIC hIStOrY & eXaMINatION 3

For episodic disorders, such as headache or seizures, the 
time course of individual episodes should also be 
determined.

D. Precipitating, Exacerbating, and  
Alleviating Factors

Some symptoms may appear to be spontaneous, but in 
other cases, patients are aware of factors that precipitate or 
worsen symptoms, and which they can avoid, or factors 
that prevent symptoms or provide relief.

E. Associated Symptoms

Associated symptoms can assist with anatomic or etio-
logic diagnosis. For example, neck pain accompanying leg 
weakness suggests a cervical myelopathy (spinal cord 
disorder), and fever in the setting of headache suggests 
meningitis.

`` Past Medical History
The past medical history may provide clues to the cause of 
a neurologic complaint.

A. Illnesses

Preexisting illnesses that can predispose to neurologic dis-
ease include hypertension, diabetes, heart disease, cancer, 
and human immunodeficiency virus (HIV) disease.

B. operations

Open heart surgery may be complicated by stroke or a 
confusional state. Entrapment neuropathies (disorders of a 
peripheral nerve due to local pressure) affecting the upper 
or lower extremity may occur perioperatively.

C. obstetric History

Pregnancy can worsen epilepsy, partly due to altered metabo-
lism of anticonvulsant drugs, and may increase or decrease 
the frequency of migraine attacks. Pregnancy is a predispos-
ing condition for idiopathic intracranial hypertension (pseu-
dotumor cerebri) and entrapment neuropathies, especially 
carpal tunnel syndrome (median neuropathy) and meralgia 
paresthetica (lateral femoral cutaneous neuropathy). 
Traumatic neuropathies affecting the obturator, femoral, or 
peroneal nerve may result from pressure exerted by the fetal 
head or obstetric forceps during delivery. Eclampsia is a life-
threatening syndrome in which generalized tonic-clonic 
seizures complicate the course of pre-eclampsia (hyperten-
sion with proteinuria) during pregnancy.

D. Medications

A wide range of medications can cause adverse neurologic 
effects, including confusional states or coma, headache, 

ataxia, neuromuscular disorders, neuropathy, and 
seizures.

E. Immunizations

Vaccination can prevent neurologic diseases such as polio-
myelitis, diphtheria, tetanus, rabies, meningococcal or 
Haemophilus influenzae meningitis, and Japanese encepha-
litis. Rare complications include postvaccination autoim-
mune encephalitis, myelitis, or neuritis (inflammation of 
the brain, spinal cord, or peripheral nerves).

F. Diet

Deficiency of vitamin B1 (thiamin) is responsible for the 
Wernicke-Korsakoff syndrome and polyneuropathy in 
alcoholics. Vitamin B3 (niacin) deficiency causes pellagra, 
which is characterized by dementia. Vitamin B12 (cobala-
min) deficiency usually results from malabsorption associ-
ated with pernicious anemia and produces combined 
systems disease (degeneration of corticospinal tracts and 
posterior columns in the spinal cord) and dementia (mega-
loblastic madness). Inadequate intake of vitamin E 
(tocopherol) can also lead to spinal cord degeneration. 
Hypervitaminosis A can produce intracranial hyperten-
sion (pseudotumor cerebri) with headache, visual deficits, 
and seizures, whereas excessive intake of vitamin B6 (pyri-
doxine) is a cause of polyneuropathy. Excessive consump-
tion of fats is a risk factor for stroke. Finally, ingestion of 
improperly preserved foods containing botulinum toxin 
causes botulism, which presents with descending 
paralysis.

G. tobacco, Alcohol, and other Drug Use

Tobacco use is associated with lung cancer, which may 
metastasize to the central nervous system or produce para-
neoplastic neurologic syndromes. Alcohol abuse can pro-
duce withdrawal seizures, polyneuropathy, and nutritional 
disorders of the nervous system. Intravenous drug use may 
suggest HIV disease, infection, or vasculitis.

`` Family History
This should include past or current diseases in the spouse 
and first- (parents, siblings, children) and second- (grand-
parents, grandchildren) degree relatives. Several neuro-
logic diseases are inherited in Mendelian or more complex 
patterns, such as Huntington disease (autosomal domi-
nant), Wilson disease (autosomal recessive), and Duchenne 
muscular dystrophy (X-linked recessive) (Figure 1-2).

`` Social History
Information about the patient’s education and occupa-
tion helps determine whether cognitive performance is 
background-appropriate. The sexual history may indicate 
risk for sexually transmitted diseases that affect the 
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Chapter 14

nervous system, such as syphilis or HIV disease. The travel 
history can document possible exposure to infections 
endemic to particular geographic areas.

`` Review of Systems
Non-neurologic complaints elicited in the review of systems 
may point to a systemic cause of a neurologic problem.

1.  General—Weight loss or fever may indicate neoplasm 
or infection.

2.  Immune—Acquired immune deficiency syndrome 
(AIDS) may lead to dementia, myelopathy, neuropa-
thy, myopathy, or infections (eg, toxoplasmosis) or 
tumors (eg, lymphoma) affecting the nervous system.

3.  Hematologic—Polycythemia and thrombocytosis 
may predispose to ischemic stroke, whereas thrombo-
cytopenia and coagulopathy are associated with intra-
cranial hemorrhage.

4.  Endocrine—Diabetes increases the risk for stroke 
and may be complicated by polyneuropathy. 
Hypothyroidism may lead to coma, dementia, or ataxia.

5.  Skin—Characteristic skin lesions are seen in certain 
disorders that affect the nervous system, such as neu-
rofibromatosis and postherpetic neuralgia.

6.  Eyes, ears, nose, and throat—Neck stiffness is a 
common feature of meningitis and subarachnoid 
hemorrhage.

7.  Cardiovascular—Ischemic or valvular heart disease 
and hypertension are major risk factors for stroke.

8.  Respiratory—Cough, hemoptysis, or night sweats 
may be manifestations of tuberculosis or lung neo-
plasm, which can disseminate to the nervous system.

9.  Gastrointestinal—Hematemesis, jaundice, and diar-
rhea may suggest hepatic encephalopathy as the cause 
of a confusional state.

10.  Genitourinary—Urinary retention or incontinence, 
or impotence, may be manifestations of peripheral 
neuropathy or myelopathy.

11.  Musculoskeletal—Muscle pain and tenderness may 
accompany the myopathy of polymyositis.

12.  Psychiatric—Psychosis, depression, and mania may be 
manifestations of a neurologic disease.

`` Summary
Upon completion of the history, the examiner should have 
a clear understanding of the chief complaint, including its 
location and time course, and familiarity with elements of 
the past medical history, family and social history, and 
review of systems that may be related to the complaint. 
This information should help to guide the general physical 
and neurologic examinations, which should focus on areas 
suggested by the history. For example, in an elderly patient 
who presents with the sudden onset of hemiparesis and 
hemisensory loss, which is likely to be due to stroke, the 
general physical examination should stress the cardiovas-
cular system, because a variety of cardiovascular disorders 
predispose to stroke. On the other hand, if a patient com-
plains of pain and numbness in the hand, much of the 
examination should be devoted to evaluating sensation, 
strength, and reflexes in the affected upper extremity.

GENERAL PHySICAL ExAMINAtIoN
In a patient with a neurologic complaint, the general physi-
cal examination should focus on looking for abnormalities 
often associated with neurologic problems.

`` Vital Signs
A. Blood Pressure

Elevated blood pressure may indicate chronic hyperten-
sion, which is a risk factor for stroke and is also seen 

Autosomal dominant

Autosomal recessive

X-linked recessive

▲▲ Figure 1-2. Simple Mendelian patterns of inheri-
tance. Squares represent males, circles females, and 
filled symbols affected individuals.
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NeUrOLOGIC hIStOrY & eXaMINatION 5

acutely in the setting of hypertensive encephalopathy, 
ischemic stroke, or intracerebral or subarachnoid hemor-
rhage. Blood pressure that drops by ≥20 mm Hg (systolic) 
or ≥10 mm Hg (diastolic) when a patient switches from 
recumbent to upright signifies orthostatic hypotension 
(Figure 1-3). If the drop in blood pressure is accompanied 
by a compensatory increase in pulse rate, sympathetic 
autonomic reflexes are intact, and the likely cause is hypo-
volemia. However, the absence of a compensatory response 
is consistent with central (eg, multisystem atrophy) or 
peripheral (eg, polyneuropathy) disorders of sympathetic 
function or an effect of sympatholytic (eg, antihypertensive) 
drugs.

B. Pulse

A rapid or irregular pulse—especially the irregularly 
irregular pulse of atrial fibrillation—may point to a car-
diac arrhythmia as the cause of stroke or syncope.

C. Respiratory Rate

The respiratory rate may provide a clue to the cause of a 
metabolic disturbance associated with coma or a confu-
sional state. Rapid respiration (tachypnea) can be seen in 
hepatic encephalopathy, pulmonary disorders, sepsis, or 
salicylate intoxication; depressed respiration is observed 
with pulmonary disorders and sedative drug intoxication. 
Tachypnea may also occur in neuromuscular disease 
affecting the diaphragm. Abnormal respiratory patterns 
may be observed in coma: Cheyne-Stokes breathing (alter-
nating deep breaths, or hyperpnea, and apnea) can occur in 
metabolic disorders or with hemispheric lesions, whereas 

apneustic, cluster, or ataxic breathing (see Chapter 3, 
Coma) implies a brainstem disorder.

D. temperature

Fever (hyperthermia) occurs with infection of the menin-
ges (meningitis), brain (encephalitis), or spinal cord 
(myelitis). Hypothermia can be seen in ethanol or sedative 
drug intoxication, hypoglycemia, hepatic encephalopathy, 
Wernicke encephalopathy, and hypothyroidism.

`` Skin
Jaundice (icterus) suggests liver disease as the cause of a 
confusional state or movement disorder. Coarse dry 
skin, dry brittle hair, and subcutaneous edema are char-
acteristic of hypothyroidism. Petechiae are seen in 
meningococcal meningitis, and petechiae or ecchymo-
ses may suggest a coagulopathy as the cause of subdural, 
intracerebral, or paraspinal hemorrhage. Bacterial 
endocarditis, a cause of stroke, can produce a variety of 
cutaneous lesions, including splinter (subungual) hem-
orrhages, Osler nodes (painful swellings on the distal 
fingers), and Janeway lesions (painless hemorrhages on 
the palms and soles). Hot dry skin accompanies anticho-
linergic drug intoxication.

`` Head, Eyes, Ears, & Neck
A. Head

Examination of the head may reveal signs of trauma, such 
as scalp lacerations or contusions. Basal skull fracture may 
produce postauricular hematoma (Battle sign), periorbital 

▲▲ Figure 1-3. Test for orthostatic hypotension. Systolic and diastolic blood pressure and heart rate are measured 
with the patent recumbent (left) and then each minute after standing for 5 min (right). A decrease in systolic blood 
pressure of ≥20 mm Hg or in diastolic blood pressure of ≥10 mm Hg indicates orthostatic hypotension. When auto-
nomic function is normal, as in hypovolemia, there is a compensatory increase in heart rate, whereas lack of such an 
increase suggests autonomic failure.
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B. Eyes

Icteric sclerae are seen in liver disease. Pigmented 
(Kayser-Fleischer) corneal rings—best seen by slit-lamp 
examination—are produced by copper deposits in Wilson 
disease. Retinal hemorrhages (Roth spots) may occur in bac-
terial endocarditis, which may cause stroke. Exophthalmos is 
observed with hyperthyroidism, orbital or retro-orbital 
masses, and cavernous sinus thrombosis.

C. Ears

Otoscopic examination shows bulging, opacity, and ery-
thema of the tympanic membrane in otitis media, which 
may spread to produce bacterial meningitis.

D. Neck

Meningeal signs (Figure 1-5), such as neck stiffness on 
passive flexion or thigh flexion upon flexion of the neck 
(Brudzinski sign), are seen in meningitis and subarach-
noid hemorrhage. Restricted lateral movement (lateral 
flexion or rotation) of the neck may accompany cervical 

A Kernig sign

B Brudzinski sign

Involuntary hip and
knee flexion

▲▲ Figure 1-5. Signs of meningeal irritation. Kernig sign 
(A) is resistance to passive extension at the knee with 
the hip flexed. Brudzinski sign (B) is flexion at the hip 
and knee in response to passive flexion of the neck. 
(Used with permission from LeBlond RF, DeGowin RL, 
Brown DD. DeGowin’s Diagnostic Examination. 9th ed. 
New York, NY: McGraw-Hill; 2009.)

▲▲ Figure 1-4. Signs of head trauma include periorbital 
(raccoon eyes, A) or postauricular (Battle sign, B) hema-
toma, each of which suggests basal skull fracture. (Used 
with permission from Knoop KJ, Stack LB, Storrow AB, et 
al. The Atlas of Emergency Medicine. 3rd ed. New York, NY: 
McGraw-Hill; 2010.)

A

B

hematoma (raccoon eyes), hemotympanum, or cerebro-
spinal fluid (CSF) otorrhea or rhinorrhea (Figure 1-4). 
Percussion of the skull over a subdural hematoma may 
cause pain. A bruit heard over the skull is associated with 
arteriovenous malformations.
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NeUrOLOGIC hIStOrY & eXaMINatION 7

spondylosis. Auscultation of the neck may reveal a carotid 
bruit, which may be a risk factor for stroke.

`` Chest & Cardiovascular
Signs of respiratory muscle weakness—such as intercostal 
muscle retraction and the use of accessory muscles—may 
occur in neuromuscular disorders. Heart murmurs may be 
associated with valvular heart disease and infective endo-
carditis, which predispose to stroke.

`` Abdomen
Abdominal examination may suggest liver disease and is 
always important in patients with the new onset of back 
pain, because intra-abdominal processes such as pancre-
atic carcinoma or aortic aneurysm may present with pain 
that radiates to the back.

`` Extremities & Back
Resistance to passive extension of the knee with the hip 
flexed (Kernig sign) is seen in meningitis. Raising the 
extended leg with the patient supine (straight leg raising, or 
Lasègue sign) stretches the L4-S2 roots and sciatic nerve, 
whereas raising the extended leg with the patient prone 
(reverse straight leg raising) stretches the L2-L4 roots and 
femoral nerve and may reproduce radicular pain in patients 
with lesions affecting these structures (Figure 1-6). 
Localized pain with percussion of the spine may be a sign 
of vertebral or epidural infection. Auscultation of the spine 
may reveal a bruit due to spinal vascular malformation.

`` Rectal & Pelvic
Rectal examination can provide evidence of gastrointesti-
nal bleeding, which is a common precipitant of hepatic 
encephalopathy. Rectal or pelvic examination may disclose 
a mass lesion responsible for pain referred to the back.

NEURoLoGIC ExAMINAtIoN
The neurologic examination should be tailored to the 
patient’s specific complaint. All parts of the examination—
mental status, cranial nerves, motor function, sensory func-
tion, coordination, reflexes, and stance and gait—should be 
covered, but the points of emphasis will differ. The history 
should have raised questions that the examination can now 
address. For example, if the complaint is weakness, the exam-
iner seeks to determine its distribution and severity and 
whether it is accompanied by deficits in other areas, such as 
sensation and reflexes. The goal is to obtain the information 
necessary to generate an anatomic diagnosis.

`` Mental Status Examination
The mental status examination addresses two key questions: 
(1) Is level of consciousness (wakefulness or alertness) nor-
mal or abnormal? (2) If the level of consciousness permits 

more detailed examination, is cognitive function normal, 
and if not, what is the nature and extent of the abnormality?

A. Level of Consciousness

Consciousness is awareness of the internal or external world, 
and the level of consciousness is described in terms of the 
patient’s apparent state of wakefulness and response to 
stimuli. A patient with a normal level of consciousness is 
awake (or can be easily awakened), alert (responds appro-
priately to visual or verbal cues), and oriented (knows who 
and where he or she is and the approximate date or time).

Abnormal (depressed) consciousness represents a con-
tinuum ranging from mild sleepiness to unarousable unre-
sponsiveness (coma, see Chapter 3, Coma). Depressed 
consciousness short of coma is sometimes referred to as a 
confusional state, delirium, or stupor, but should be char-
acterized more precisely in terms of the stimulus–response 
patterns observed. Progressively more severe impairment 
of consciousness requires stimuli of increasing intensity to 
elicit increasingly primitive (nonpurposeful or reflexive) 
responses (Figure 1-7).

▲▲ Figure 1-6. Signs of lumbosacral nerve root irrita-
tion. The straight leg raising or Lasègue sign (top) is 
pain in an L4-S2 root or sciatic nerve distribution in 
response to raising the extended leg with the patient 
supine. The reverse straight leg raising sign (bottom) is 
pain in an L2-L4 root or femoral nerve distribution in 
response to raising the extended leg with the patient 
prone. (Used with permission from LeBlond RF, DeGowin 
RL, Brown DD. DeGowin’s Diagnostic Examination. 9th ed. 
New York, NY: McGraw-Hill, 2009.)
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Chapter 18

B. Cognitive Function

Cognitive function involves many spheres of activity, some 
localized and others dispersed throughout the cerebral 
hemispheres. The strategy in examining cognitive function 
is to assess a range of specific functions and, if abnormali-
ties are found, to evaluate whether these can be attributed 
to a specific brain region or require more widespread 
involvement of the brain. For example, discrete disorders 
of language (aphasia) and memory (amnesia) can often be 
assigned to a circumscribed area of the brain, whereas 
more global deterioration of cognitive function, as seen in 
dementia, implies diffuse or multifocal disease.

1. Bifrontal or diffuse functions—Attention is the ability 
to focus on a particular sensory stimulus to the exclu-
sion of others; concentration is sustained attention. 
Attention can be tested by asking the patient to immedi-
ately repeat a series of digits (a normal person can repeat 
five to seven digits correctly), and concentration can be 
tested by having the patient count backward from 100 
by 7. Abstract thought processes like insight and judg-
ment can be assessed by asking the patient to list simi-
larities and differences between objects (eg, an apple and 
an orange), interpret proverbs (overly concrete interpre-
tations suggest impaired abstraction ability), or describe 
what he or she would do in a hypothetical situation 
requiring judgment (eg, finding an addressed envelope 
on the street). Fund of knowledge can be tested by ask-
ing for information that a normal person of the patient’s 
age and cultural background would possess (eg, the 
name of the President, sports stars, or other celebrities, 
or major events in the news). This is not intended to test 
intelligence, but to determine whether the patient has 
been incorporating new information in the recent past. 

Affect is the external behavioral correlate of the patient’s 
(internal) mood and may be manifested by talkativeness 
or lack thereof, facial expression, and posture. 
Conversation with the patient may also reveal abnor-
malities of thought content, such as delusions or hallu-
cinations, which are usually associated with psychiatric 
disease, but can also exist in confusional states (eg, 
alcohol withdrawal).

2.  Memory—Memory is the ability to register, store, and 
retrieve information and can be impaired by either dif-
fuse cortical or bilateral temporal lobe disease. Memory 
is assessed by testing immediate recall, recent mem-
ory, and remote memory, which correspond roughly 
to registration, storage, and retrieval. Tests of immedi-
ate recall are similar to tests of attention (see earlier 
discussion) and include having the patient immediately 
repeat a list of numbers or objects. To test recent 
memory, the patient can be asked to repeat the same 
list 3 to 5 minutes later. Remote memory is tested by 
asking the patient about important items he or she can 
be expected to have learned in past years, such as per-
sonal or family data or major historic events. 
Confusional states typically impair immediate recall, 
whereas memory disorders (amnesia) are characteristi-
cally associated with predominant involvement of 
recent memory, with remote memory preserved until 
late stages. Personal and emotionally charged memories 
tend to be preferentially spared, whereas the opposite is 
true in psychogenic amnesia. Inability of an awake and 
alert patient to remember his or her own name strongly 
suggests a psychiatric disorder.

3. Language—The key elements of language are compre-
hension, repetition, fluency, naming, reading, and writ-
ing, and all should be tested when a language disorder 

Normal consciousness

Depressed consciousness

Coma

R
es

po
ns

e

Verbal
or visual

Coherent

Purposeful

Semi-
purposeful

Reflexive
or none

Tactile

Stimulus

Painful

▲▲ Figure 1-7. Assessment of level of consciousness in relation to the patient’s response to stimulation. A normally 
conscious patient responds coherently to visual or verbal stimulation, whereas a patient with impaired conscious-
ness requires increasingly intense stimulation and exhibits increasingly primitive responses.
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NeUrOLOGIC hIStOrY & eXaMINatION 9

(aphasia) is suspected. There are a variety of aphasia 
syndromes, each characterized by a particular pattern 
of language impairment (Table 1-1) and often correlat-
ing with a specific site of pathology (Figure 1-8). 
Expressive (also called nonfluent, motor, or Broca) 
aphasia is characterized by paucity of spontaneous 
speech and by the agrammatical and telegraphic nature 
of the little speech that is produced. Language 

expression is tested by listening for these abnormalities 
as the patient speaks spontaneously and answers ques-
tions. Patients with this syndrome are also unable to 
write normally or to repeat (tested with a content-poor 
phrase such as “no ifs, ands, or buts”), but their lan-
guage comprehension is intact. Thus, if the patient is 
asked to do something that does not require language 
expression (eg, “close your eyes”), he or she can do it. 
The patient is typically aware of the disorder and frus-
trated by it. In receptive (also called fluent, sensory, or 
Wernicke) aphasia, language expression is normal, but 
comprehension and repetition are impaired. A large 
volume of language is produced, but it lacks meaning 
and may include paraphasic errors (use of words that 
sound similar to the correct word) and neologisms 
(made-up words). Written language is similarly inco-
herent, and repetition is defective. The patient cannot 
follow oral or written commands, but can imitate the 
examiner’s action when prompted by a gesture to do so. 
These patients are usually unaware of and therefore not 
disturbed by their aphasia. Global aphasia combines 
features of expressive and receptive aphasia—patients 
can neither express, comprehend, nor repeat spoken or 
written language. Other forms of aphasia include con-
duction aphasia, in which repetition is impaired 
whereas expression and comprehension are intact; 
transcortical aphasia, in which expressive, receptive, 
or global aphasia occurs with intact repetition; and 
anomic aphasia, a selective disorder of naming. 
Language is distinct from speech, the final motor step 
in oral expression of language. A speech disorder (dys-
arthria) may be difficult to distinguish from aphasia, 
but always spares oral and written language compre-
hension and written expression.

4. Sensory integration—Sensory integration disorders 
result from parietal lobe lesions and cause mispercep-
tion of or inattention to sensory stimuli on the side of 
the body opposite the lesion, even though primary 
sensory modalities (eg, touch) are intact. Patients with 
parietal lesions may exhibit various signs. Astereognosis 
is the inability to identify by touch an object placed in 
the hand, such as a coin, key, or safety pin. 
Agraphesthesia is the inability to identify by touch a 
number written on the hand. Failure of two-point dis-
crimination is the inability to differentiate between a 
single stimulus and two simultaneously applied, adja-
cent but separated, stimuli that can be distinguished by 
a normal person (or on the normal side). For example, 
the points of two pens can be applied together on a 
fingertip and gradually separated until they are per-
ceived as separate objects; the distance at which this 
occurs is recorded. Allesthesia is misplaced (typically 
more proximal) localization of a tactile stimulus. 
Extinction is the failure to perceive a visual or tactile 
stimulus when it is applied bilaterally, even though it 
can be perceived when applied unilaterally. Neglect is 

table 1-1. Aphasia Syndromes.

type Fluency Comprehension repetition

Expressive (Broca) − + −

Receptive (Wernicke) + − −

Global − − −

Conduction + + −

Transcortical expressive − + +

Transcortical receptive + − +

Transcortical global − − +

Anomic (naming) + + +

(Modified from Waxman SG. Clinical Neuroanatomy. 26th ed. New 
York, NY: McGraw-Hill; 2010.)
See also Figure 1-8.

1

4 3

5

2

Arcuate
fasciculus

Language
comprehension
area (Wernicke)

Motor
speech area

(Broca)

▲▲ Figure 1-8. Traditional view of brain areas involved 
in language function including the language compre-
hension (Wernicke) area, the motor speech (Broca) area, 
and the arcuate fasciculus. Lesions at the numbered 
sites produce aphasias with different features: (1) 
expressive aphasia, (2) receptive aphasia, (3) conduc-
tion aphasia, (4) transcortical expressive aphasia, and 
(5) transcortical receptive aphasia. See also Table 1-1. 
(Modified from Waxman SG. Clinical Neuroanatomy. 26th ed. 
New York, NY: McGraw-Hill; 2010.)
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Chapter 110

failure to attend to space or use the limbs on one side of 
the body. Anosognosia is unawareness of a neurologic 
deficit. Constructional apraxia is the inability to draw 
accurate representations of external space, such as fill-
ing in the numbers on a clock face or copying geomet-
ric figures (Figure 1-9).

5. Motor integration—Praxis is the application of motor 
learning, and apraxia is the inability to perform previ-
ously learned tasks despite intact motor and sensory 
function. Tests for apraxia include asking the patient to 
simulate the use of a key, comb, or fork, without props. 
Unilateral apraxias are commonly caused by contralat-
eral premotor frontal cortex lesions. Bilateral apraxias, 
such as gait apraxia, may be seen with bifrontal or dif-
fuse cerebral lesions.

`` Cranial Nerves
A. olfactory (I) Nerve

The olfactory nerve mediates the sense of smell (olfaction) 
and is tested by asking the patient to identify common 
scents, such as coffee, vanilla, peppermint, or cloves. 
Normal function can be assumed if the patient detects the 
smell, even if unable to identify it. Each nostril is tested 
separately. Irritants such as alcohol should not be used 
because they may be detected as noxious stimuli indepen-
dent of olfactory receptors.

B. optic (II) Nerve

The optic nerve transmits visual information from the 
retina, through the optic chiasm (where fibers from the 
nasal, or medial, sides of both retinas, conveying informa-
tion from the temporal, or lateral, halves of both visual 

1 2
3

4
4

5

6

7

8
9

10

A B

▲▲ Figure 1-9. Unilateral (left-sided) neglect in a 
patient with a right parietal lesion. The patient was 
asked to fill in the numbers on the face of a clock  
(A) and to draw a flower (B). (Used with permission from 
Waxman SG. Clinical Neuroanatomy. 26th ed. New York, 
NY: McGraw-Hill; 2010.)

Vein
A

Arteriole

Optic
diskFovea

Macula

B

▲▲ Figure 1-10. The normal fundus. The diagram (A) shows 
landmarks corresponding to the photograph (B). (Photo by 
Diane Beeston; used with permission from Vaughan D, Asbury 
T, Riordan-Eva P. General Ophthalmology. 15th ed. Stamford, 
CT: Appleton & Lange; 1999.)

fields, cross), and then via the optic tracts to the lateral 
geniculate nuclei of the thalami. Optic nerve function is 
assessed separately for each eye and involves inspecting the 
back of the eye (optic fundus) by direct ophthalmoscopy, 
measuring visual acuity, and mapping the visual field.

1. Ophthalmoscopy should be conducted in a dark room 
to dilate the pupils, which makes it easier to see the 
fundus. Mydriatic (sympathomimetic or anticholiner-
gic) eye drops are sometimes used to enhance dilation, 
but this should not be done until visual acuity and 
pupillary reflexes are tested, nor in patients with 
untreated closed angle glaucoma or an intracranial 
mass lesion that might lead to transtentorial herniation. 
The normal optic disk (Figure 1-10) is a yellowish, oval 
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structure situated nasally at the posterior pole of the 
eye. The margins of the disk and the blood vessels that 
cross it should be sharply demarcated, and the veins 
should show spontaneous pulsations. The macula, an 
area paler than the rest of the retina, is located about 
two disk diameters temporal to the temporal margin of 
the optic disk and can be visualized by having the 
patient look at the light from the ophthalmoscope. In 
neurologic patients, the most important abnormality to 
identify is swelling of the optic disk resulting from 
increased intracranial pressure (papilledema). In early 
papilledema (Figure 1-11), the retinal veins appear 
engorged and spontaneous venous pulsations are 
absent. The disk may be hyperemic with linear hemor-
rhages at its borders. The disk margins become blurred, 

initially at the nasal edge. In fully developed papill-
edema, the optic disk is elevated above the plane of 
the retina, and blood vessels crossing the disk border 
are obscured. Papilledema is almost always bilateral, 
does not typically impair vision except for enlarge-
ment of the blind spot, and is not painful. Another 
abnormality—optic disk pallor—is produced by atro-
phy of the optic nerve. It can be seen in patients with 
multiple sclerosis or other disorders and is associated 
with defects in visual acuity, visual fields, or pupillary 
reactivity.

2. Visual acuity should be tested with refractive errors 
corrected, so patients who wear glasses should be 
examined with them on. Acuity is tested in each eye 
separately, using a Snellen eye chart approximately 6 m 

A

C D

B

▲▲ Figure 1-11. Appearance of the fundus in papilledema. (A) In early papilledema, the superior and inferior margins of 
the optic disk are blurred by the thickened layer of nerve fibers entering the disk. (B) Moderate papilledima with disk 
swelling. (C) In fully developed papilledema, the optic disk is swollen, elevated, and congested, and the retinal veins are 
markedly dilated; swollen nerve fibers (white patches) and hemorrhages can be seen. (D) In chronic atrophic papilledema, 
the optic disk is pale and slightly elevated, and its margins are blurred. (Photos used with permission from Nancy Newman.)
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A B

C D

E

▲▲ Figure 1-12. Confrontation testing of the visual field. (A) The left eye of the patient and the right eye of the 
examiner are aligned. (B) Testing the superior nasal quadrant. (C) Testing the superior temporal quadrant. (D) Testing 
the inferior nasal quadrant. The procedure is then repeated for the patient’s other eye. (E) Testing the inferior tempo-
ral quadrant.

(20 ft) away for distant vision or a Rosenbaum pocket 
eye chart approximately 36 cm (14 in) away for near 
vision. The smallest line of print that can be read is 
noted, and acuity is expressed as a fraction, in which 
the numerator is the distance at which print can be read 
by someone with normal vision and the denominator is 
the distance at which it can be read by the patient. Thus, 
20/20 indicates normal acuity, with the denominator 
increasing as vision worsens. More severe impairment 
can be graded according to the distance at which the 
patient can count fingers, discern hand movement, or 
perceive light. Red–green color vision is often dispro-
portionately impaired with optic nerve lesions and can 
be tested using colored pens or hatpins or with color 
vision plates.

3. Visual fields are tested for each eye separately,  
most often using the confrontation technique  
(Figure 1-12). The examiner stands at about arm’s 
length from the patient, the patient’s eye that is not 
being tested and the examiner’s eye opposite it are 
closed or covered, and the patient is instructed to fix 

on the examiner’s open eye, superimposing the mon-
ocular fields of patient and examiner. Using the index 
finger of either hand to locate the peripheral limits of 
the patient’s field, the examiner then moves the finger 
slowly inward in all directions until the patient detects 
it. The size of the patient’s central scotoma (blind 
spot), located in the temporal half of the visual field, 
can also be measured in relation to the examiner’s. 
The object of confrontation testing is to determine 
whether the patient’s visual field is coextensive with—
or more restricted than—the examiner’s. Another 
approach is to use the head of a hatpin as the visual 
target. Subtle field defects may be detected by asking 
the patient to compare the brightness of colored 
objects presented at different sites in the field or by 
measuring the fields using a hatpin with a red head as 
the target. Gross abnormalities can be detected in less 
than fully alert patients by determining whether they 
blink when the examiner’s finger is brought toward 
the patient’s eye from various directions. In some situ-
ations (eg, following the course of a progressive or 
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resolving defect), the visual fields should be mapped 
more precisely, using perimetry techniques such as 
tangent screen or automated perimetry testing. 
Common visual field abnormalities and their ana-
tomic correlates are shown in Figure 1-13.

C. oculomotor (III), trochlear (IV), and 
Abducens (VI) Nerves

These three nerves control the action of the intraocular 
(pupillary sphincter) and extraocular muscles.

1
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Temporal     Nasal Nasal    Temporal
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Visual fields

Retina

Optic nerve

Optic tract

Optic radiation

Lateral 
geniculate
nucleus
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▲▲ Figure 1-13. Common visual field defects and their anatomic bases. 1. Central scotoma caused by inflammation 
of the optic disk (optic neuritis) or optic nerve (retrobulbar neuritis). 2. total blindness of the right eye from a com-
plete lesion of the right optic nerve. 3. Bitemporal hemianopia caused by pressure exerted on the optic chiasm by 
a pituitary tumor. 4. Right nasal hemianopia caused by a perichiasmal lesion (eg, calcified internal carotid artery).  
5. Right homonymous hemianopia from a lesion of the left optic tract. 6. Right homonymous superior quadran-
tanopia caused by partial involvement of the optic radiation by a lesion in the left temporal lobe (Meyer loop).  
7. Right homonymous inferior quadrantanopia caused by partial involvement of the optic radiation by a lesion in the 
left parietal lobe. 8. Right homonymous hemianopia from a complete lesion of the left optic radiation. (A similar 
defect may also result from lesion 9.) 9. Right homonymous hemianopia (with macular sparing) resulting from 
posterior cerebral artery occlusion.
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1. Pupils—The diameter and shape of the pupils in 
ambient light and their responses to light and accom-
modation should be ascertained. Normal pupils aver-
age ≈ 3 mm in diameter in a well-lit room, but can vary 
from ≈6 mm in children to < 2 mm in the elderly, and can 
differ in size from side to side by ≈1 mm (physiologic 
anisocoria). They should be round and regular in 
shape. Normal pupils constrict briskly in response to 
direct illumination, and somewhat less so to illumina-
tion of the pupil on the opposite side (consensual 
response), and dilate again rapidly when the source of 
illumination is removed. When the eyes converge to 
focus on a nearer object such as the tip of one’s nose 
(accommodation), normal pupils constrict. Pupillary 
constriction (miosis) is mediated through parasympa-
thetic fibers that originate in the midbrain and travel 
with the oculomotor nerve to the eye. Interruption of 
this pathway, such as by a hemispheric mass lesion pro-
ducing coma and compressing the oculomotor nerve as 
it exits the brainstem, produces a dilated (≈7 mm) 
unreactive pupil. Pupillary dilation is controlled by a 
three-neuron sympathetic relay, from the hypothala-
mus, through the brainstem to the T1 level of the spinal 
cord, to the superior cervical ganglion, and to the eye. 
Lesions of this pathway result in constricted (≤1 mm) 
unreactive pupils. Other common pupillary abnormali-
ties are listed in Table 1-2.

2. Eyelids and orbits—The eyelids (palpebrae) should be 
examined with the patient’s eyes open. The distance 
between the upper and lower lids (interpalpebral fis-
sure) is usually ≈10 mm and approximately equal in the 
two eyes. The upper lid normally covers 1 to 2 mm of 
the iris, but this is increased by drooping of the lid 
(ptosis) due to lesions of the levator palpebrae muscle 
or its oculomotor (III) or sympathetic nerve supply. 
Ptosis occurs together with miosis (and sometimes 
defective sweating, or anhidrosis, of the forehead) in 
Horner syndrome. Abnormal protrusion of the eye 
from the orbit (exophthalmos or proptosis) is best 
detected by standing behind the seated patient and 
looking down at his or her eyes.

3. Eye movements—Movement of the eyes is accom-
plished by the action of six muscles attached to each 
globe, which act to move the eye into the six cardinal 
positions of gaze (Figure 1-14). Equal and opposed 
actions of these muscles in the resting state place the 
eye in mid- or primary position (looking directly for-
ward). When the function of an extraocular muscle is 
disrupted, the eye is unable to move in the direction of 
action of the affected muscle (ophthalmoplegia) and 
may deviate in the opposite direction because of the 
unopposed action of other extraocular muscles. When 
the eyes are thus misaligned, visual images of perceived 
objects fall at a different place on each retina, creating 

table 1-2. Common Pupillary Abnormalities.

Name appearance reactivity (light)
reactivity  

(accommodation) Site of Lesion

Adie (tonic) pupil Unilateral large pupil Sluggish Normal Ciliary ganglion

Argyll Robertson pupil Bilateral small, irregular 
pupils

Absent Normal Midbrain

Horner syndrome Unilateral small pupil and 
ptosis

Normal Normal Sympathetic innervation 
of eye

Marcus Gunn pupil Normal Consensual > direct Normal Optic nerve

Superior
rectus

Inferior
oblique

Lateral
rectus

Inferior
rectus

Superior
oblique

Medial
rectus 

▲▲ Figure 1-14. The six cardinal positions of gaze for 
testing eye movement. The eye is adducted by the 
medial rectus and abducted by the lateral rectus. The 
adducted eye is elevated by the inferior oblique and 
depressed by the superior oblique; the abducted eye is 
elevated by the superior rectus and depressed by the 
inferior rectus. All extraocular muscles are innervated 
by the oculomotor (III) nerve except the superior 
oblique, which is innervated by the trochlear (IV) nerve, 
and the lateral rectus, which is innervated by the abdu-
cens (VI) nerve.
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the illusion of double vision or diplopia. The extraocu-
lar muscles are innervated by the oculomotor (III), 
trochlear (IV), and abducens (VI) nerves, and defects 
in eye movement may result from either muscle or 
nerve lesions. The oculomotor (III) nerve innervates all 
the extraocular muscles except the superior oblique, 
which is innervated by the trochlear (IV) nerve, and the 
lateral rectus, which is innervated by the abducens (VI) 
nerve. Because of their differential innervation, the pat-
tern of ocular muscle involvement in pathologic condi-
tions can help to distinguish a disorder of the ocular 
muscles per se from a disorder that affects a cranial 
nerve.

  Eye movement is tested by having the patient look at 
a flashlight held in each of the cardinal positions of gaze 
and observing whether the eyes move fully and in a 
yoked (conjugate) fashion in each direction. With nor-
mal conjugate gaze, light from the flashlight falls at the 
same spot on both corneas. Limitations of eye move-
ment and any disconjugacy should be noted. If the 
patient complains of diplopia, the weak muscle respon-
sible should be identified by having the patient gaze in 
the direction in which the separation of images is great-
est. Each eye is then covered in turn and the patient is 
asked to report which of the two (near or far) images 
disappears. The image displaced farther in the direction 
of gaze is always referable to the weak eye. Alternatively, 
one eye is covered with translucent red glass, plastic, or 
cellophane, which allows the eye responsible for each 
image to be identified. For example, with weakness of 
the left lateral rectus muscle, diplopia is maximal on 
leftward gaze, and the leftmost of the two images seen 
disappears when the left eye is covered.

4. Ocular oscillations—Nystagmus, or rhythmic oscilla-
tion of the eyes, can occur at the extremes of voluntary 
gaze in normal subjects. In other settings, however, it 
may be due to anticonvulsant or sedative drugs, or 
reflect disease affecting the extraocular muscles or their 
innervation, or vestibular or cerebellar pathways. The 
most common form, jerk nystagmus, consists of a slow 
phase of movement followed by a fast phase in the 
opposite direction (Figure 1-15). To detect nystagmus, 
the eyes are observed in the primary position and in 
each of the cardinal positions of gaze. If nystagmus is 
observed, it should be described in terms of the posi-
tion of gaze in which it occurs, its direction, its ampli-
tude (fine or coarse), precipitating factors such as 
changes in head position, and associated symptoms, 
such as vertigo. The direction of jerk nystagmus (eg, 
leftward-beating nystagmus) is, by convention, the 
direction of the fast phase. Jerk nystagmus usually 
increases in amplitude with gaze in the direction of the 
fast phase (Alexander law). A less common form of 
nystagmus is pendular nystagmus, which usually 
begins in infancy and is of equal velocity in both 
directions.

D. trigeminal (V) Nerve

The trigeminal nerve conveys sensory fibers from the face 
and motor fibers to the muscles of mastication. Facial 
touch and temperature sensation are tested by touching 
and by placing the cool surface of a tuning fork on both 
sides of the face in the distribution of each division of the 
trigeminal nerve—ophthalmic (V1, forehead), maxillary 
(V2, cheek), and mandibular (V3, jaw) (Figure 1-16). The 
patient is asked if the sensation is the same on both sides 
and, if not, on which side the stimulus is felt less well, or as 

A End-position
nystagmus

B Nystagmus in
primary position

▲▲ Figure 1-15. Nystagmus. A slow drift of the eyes 
away from the position of fixation (indicated by the 
broken arrow) is corrected by a quick movement back 
(solid arrow). The direction of the nystagmus is named 
from the quick component. Nystagmus from the pri-
mary position is more likely to be pathologic than that 
from the end position. (Used with permission from 
LeBlond RF, Brown DD, DeGowin RL. DeGowin’s Diagnostic 
Examination. 9th ed. New York, NY: McGraw-Hill; 2009.)

Ophthalmic
division

Maxillary
division

Mandibular
division

▲▲ Figure 1-16. Trigeminal (V) nerve sensory divisions. 
(Used with permission from Waxman SG. Clinical 
Neuroanatomy. 26th ed. New York, NY: McGraw-Hill; 2010.)
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less cool. To test the corneal reflex, a wisp of cotton is 
swept lightly across the cornea (not the white sclera) on the 
lateral surface of the eye (out of the subject’s view). The 
normal response, which is mediated by a reflex arc that 
depends on trigeminal (V1) nerve sensory and facial (VII) 
nerve moor function, is bilateral blinking of the eyes. With 
impaired trigeminal function, neither eye blinks, whereas 
unilateral blinking implies a facial nerve lesion on the 
unblinking side. Trigeminal motor function is tested by 
observing the symmetry of opening and closing of the 
mouth; on closing, the jaw falls faster and farther on the 
weak side, causing the face to look askew. More subtle 
weakness can be detected by asking the patient to clench 
the teeth and attempting to force the jaw open. Normal jaw 
strength cannot be overcome by the examiner.

E. Facial (VII) Nerve

The facial nerve supplies the facial muscles and mediates 
taste sensation from about the anterior two-thirds of the 
tongue (Figure 1-17). To test facial strength, the patient’s 
face should be observed for symmetry or asymmetry of the 
palpebral fissures and nasolabial folds at rest. The patient is 
asked to wrinkle the forehead, squeeze the eyes tightly shut 
(looking for asymmetry in the extent to which the eye-
lashes protrude), and smile or show the teeth. Again the 
examiner looks for symmetry or asymmetry. With a 
peripheral (facial nerve) lesion, an entire side of the face is 
weak, and the eye cannot be fully closed. With a central 
(eg, hemispheric) lesion, the forehead is spared, and some 
ability to close the eye is retained. This discrepancy is 

thought to result from dual cortical motor input to the 
upper face. Bilateral facial weakness cannot be detected by 
comparison between the two sides. It is tested for instead 
by asking the patient to squeeze both eyes tightly shut, 
press the lips tightly together, and puff out the checks. If 
strength is normal, the examiner should not be able to pry 
open the eyelids, force apart the lips, or force air out of the 
mouth by compressing the cheeks. Facial weakness may be 
associated with dysarthria that is most pronounced for m 
sounds. If the patient is normally able to whistle, this abil-
ity may be lost with facial weakness. To test taste sensation, 
cotton-tipped applicators are dipped in sweet, sour, salty, 
or bitter solutions and placed on the protruded tongue, and 
the patient is asked to identify the taste.

F. Acoustic (VIII) Nerve

The acoustic nerve has two divisions—auditory and 
vestibular—which are involved in hearing and equilibrium, 
respectively. Examination should include otoscopic inspec-
tion of the auditory canals and tympanic membranes, 
assessment of auditory acuity in each ear, and Weber and 
Rinne tests performed with a 512-Hz tuning fork. Auditory 
acuity can be tested crudely by rubbing thumb and forefin-
ger together approximately 2 in from each ear.

If the patient complains of hearing loss or cannot hear 
the finger rub, the nature of the hearing deficit should be 
explored. To perform the Rinne test (Figure 1-18), the 
base of a lightly vibrating, high-pitched tuning fork is 
placed on the mastoid process of the temporal bone until 
the sound can no longer be heard; the tuning fork is then 
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▲▲ Figure 1-17. Facial (VII) nerve. (A) Central and peripheral motor innervation of the face. The forehead receives 
motor projections from both hemispheres and the lower face (eyes and below) from the contralateral hemisphere 
only. (B) Somatic afferent (SA, touch) and visceral afferent (VA, taste) innervation of the tongue. (Used with permission 
from Waxman SG. Clinical Neuroanatomy. 26th ed. New York, NY: McGraw-Hill; 2010.)
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moved near the opening of the external auditory canal. 
In patients with normal hearing or sensorineural hearing 
loss, air in the auditory canal conducts sound better than 
bone, and the tone can still be heard. With conductive 
hearing loss, the patient hears the tone longer with the tun-
ing fork on the mastoid process than the air-conducted 
tone. In the Weber test (see Figure 1-18), the handle of the 
vibrating tuning fork is placed in the middle of the fore-
head. With conductive hearing loss, the tone will sound 
louder in the affected ear; with sensorineural hearing loss, 
the tone will be louder in the normal ear.

In patients who complain of positional vertigo, the Nylen-
Bárány or Dix-Hallpike maneuver (Figure 1-19) can be used 
to try to reproduce the precipitating circumstance. The 
patient is seated on a table with the head and eyes directed 
forward and is then quickly lowered to a supine position 
with the head over the table edge, 45 degrees below horizon-
tal. The test is repeated with the patient’s head and eyes turned 
45 degrees to the right and again with the head and eyes turned 
45 degrees to the left. The eyes are observed for nystagmus, 
and the patient is asked to note the onset, severity, and cessa-
tion of vertigo, if it occurs.

G. Glossopharyngeal (Ix) and Vagus (x) Nerves

Motor function of these nerves is tested by asking the 
patient to say “ah” with the mouth open and looking for 
full and symmetric elevation of the palate. With unilateral 
weakness, the palate fails to elevate on the affected side; 
with bilateral weakness, neither side elevates. Patients with 
palatal weakness may also exhibit dysarthria, which affects 

especially k sounds. Sensory function can be tested by the 
gag reflex. The back of the tongue is stimulated on each 
side in turn using a tongue depressor or cotton-tipped 
applicator, and differences in the magnitude of gag 
responses elicited in this manner are noted.

H. Spinal Accessory (xI) Nerve

The spinal accessory nerve innervates the sternocleido-
mastoid and trapezius muscles. The sternocleidomastoid is 
tested by asking the patient to rotate the head against resis-
tance provided by the examiner’s hand, which is placed on 
the patient’s jaw. Sternocleidomastoid weakness results in 
decreased ability to rotate the head away from the weak 
muscle. The trapezius is tested by having the patient 
shrug the shoulders against resistance and noting any 
asymmetry.

I. Hypoglossal (xII) Nerve

The hypoglossal nerve innervates the tongue muscles. Its 
function can be tested by having the patient push the 
tongue against the inside of the cheek while the examiner 
resists by pressure on the outside of the cheek. In some 
cases, there may be also deviation of the protruded tongue 
toward the weak side, but facial weakness may result in 
false-positive tests. Tongue weakness also produces dysar-
thria with prominent slurring of labial (l) sounds. Finally, 
denervation of the tongue may be associated with wasting 
(atrophy) and twitching (fasciculation).

`` Motor Function
Motor function is governed by both upper and lower 
motor neurons. Upper motor neurons arise in cerebral 
cortex and brainstem, and project onto lower motor neu-
rons in the brainstem and anterior horn of the spinal cord. 
They include projections from cortex to spinal cord (corti-
cospinal tract) including the part of the corticospinal tract 
that crosses (decussates) in the medulla (pyramidal tract). 
The motor examination includes evaluation of muscle 
bulk, tone, and strength. Lower motor neurons project 
from brainstem and spinal cord, via motor nerves, to 
innervate skeletal muscle. Lesions of either upper or lower 
motor neurons produce weakness. As discussed later, 
upper motor neuron lesions also cause increased muscle 
tone, hyperactive tendon reflexes, and Babinski signs, 
whereas lower motor neuron lesions produce decreased 
muscle tone, hypoactive reflexes, muscle atrophy, and 
fasciculations.

A. Bulk

The muscles should be inspected to determine whether 
they are normal or decreased in bulk. Reduced muscle bulk 
(atrophy) is usually the result of denervation from lower 
motor neuron (spinal cord anterior horn cell or peripheral 
nerve) lesions. Asymmetric atrophy can be detected by 
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Rinne test Weber test

Hearing loss Rinne test                  Weber test
  (Conduction) (Localization)

None  Air > bone Midline
Sensorineural Air > bone Normal ear
Conductive Bone > air Affected ear

▲▲ Figure 1-18. Tests for hearing loss.
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comparing the bulk of individual muscles on the two sides 
by visual inspection or by using a tape measure. Atrophy 
may be associated with fasciculations—spontaneous mus-
cle twitching visible beneath the skin.

B. tone

Tone is resistance of a muscle to passive movement at a 
joint. With normal tone, there is little such resistance. 
Abnormally decreased tone (hypotonia or flaccidity) may 

accompany muscle, lower motor neuron, or cerebellar dis-
orders. Increased tone takes the form of rigidity, in which 
the increase is constant over the range of motion at a joint, 
or spasticity, in which the increase is velocity-dependent 
and variable over the range of motion. Rigidity is associ-
ated classically with diseases of the basal ganglia and spas-
ticity with diseases affecting the corticospinal tracts. Tone 
at the elbow is measured by supporting the patient’s arm 
with one hand under the elbow, then flexing, extending, 
pronating, and supinating the forearm with the examiner’s 

A

B

▲▲ Figure 1-19. Test for positional vertigo and nystagmus. The patient is seated on a table with the head and eyes 
directed forward (A) and is then quickly lowered to a supine position with the head over the table edge, 45 degrees 
below horizontal. The patient’s eyes are then observed for nystagmus, and the patient is asked to report any vertigo. 
The test is repeated with the patient’s head and eyes turned 45 degrees to the right (B), and again with the head and 
eyes turned 45 degrees to the left.
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other hand. The arm should move smoothly in all direc-
tions. Tone at the wrist is tested by grasping the forearm 
with one hand and flopping the wrist back and forth with 
the other. With normal tone, the hand should rest at a 
90-degree angle at the wrist; with increased tone the angle 
is greater than 90 degrees. Tone in the legs is measured 
with the patient lying supine and relaxed. The examiner 
places one hand under the knee, and then pulls abruptly 
upward. With normal or reduced tone, the patient’s heel is 
lifted only momentarily off the bed or remains in contact 
with the surface of the bed as it slides upward. With 
increased tone, the leg lifts completely off the bed. Axial 
tone can be measured by passively rotating the patient’s 
head and observing whether the shoulders also move, 
which indicates increased tone, or by gently but firmly 
flexing and extending the neck and noting whether resis-
tance is encountered.

C. Strength

Muscle strength, or power, is graded on a scale according 
to the force a muscle can overcome: 5, normal strength; 
4, decreased strength but still able to move against grav-
ity plus added resistance; 3, able to move against gravity 
but not added resistance; 2, able to move only with the 
force of gravity eliminated (ie, horizontally); 1, flicker of 
movement; 0, no visible muscle contraction. What is 
normal strength for a young person cannot be expected 
of a frail, elderly individual, and this must be taken  
into account in grading muscle strength. Strength is 
tested by having the patient execute a movement  
that involves a single muscle or muscle group and then 
applying a gradually increasing opposing force to deter-
mine whether the patient’s movement can be overcome 
(Figure 1-20). Where possible, the opposing force should 
be applied using muscles of similar size (eg, the arm for 
proximal and the fingers for distal limb muscles). The 
emphasis should be on identifying differences from side 
to side, between proximal and distal muscles, or between 
muscle groups innervated by different nerves or nerve 
roots. In pyramidal weakness (due to lesions affecting 
the corticospinal tract), there is preferential weakness of 
extensor and abductor muscles in the upper and flexor 
muscles in the lower extremity. Fine finger movements, 
such as rapidly tapping the thumb and index finger 
together, are slowed. With the arms extended, palms up, 
and eyes closed, the affected arm falls slowly downward 
and the hand pronates (pronator drift). Bilaterally sym-
metrical distal weakness is characteristic of polyneuropathy, 
whereas bilaterally symmetrical proximal weakness is 
observed in myopathy. Tests of strength for selected indi-
vidual muscles are illustrated in the Appendix.

`` Sensory Function
Somatic sensation is mediated through large sensory 
fibers that travel from the periphery to the thalamus in 

the posterior columns of the spinal cord and brainstem 
medial lemniscus, and small sensory fibers that ascend to 
the thalamus in the spinothalamic tracts. Light touch 
sensation is conveyed by both pathways, vibration and 
position sense by the large-fiber pathway, and pain and 
temperature sense by the small-fiber pathway. Because 
most sensory disorders affect distal more than proximal 
sites, screening should begin distally (ie, at the toes and 
fingers) and proceed proximally, until the border of any 
deficit is reached. If the patient complains of sensory loss 
in a specific area, sensory testing should begin in the 
center of that area and proceed outward until sensation is 
reported as normal. Comparing the intensity of or thresh-
old for sensation on the two sides of the body is useful for 
detecting lateralized sensory deficits. When sensory defi-
cits are more limited, such as when they affect a single 
limb or truncal segment, their distribution should be 
compared with that of the spinal roots and peripheral 
nerves (see Chapter 10, Sensory Disorders) to determine 
whether involvement of a specific root or nerve can 
explain the deficit observed. Some tests of somatosensory 
function are illustrated in Figure 1-21.

A. Light touch

Touch perception is tested by applying a light stimulus—
such as a wisp of cotton, the teased-out tip of a cotton swab, 
or a brushing motion of the fingertips—to the skin of a 
patient whose eyes are closed and who is asked to indicate 
where the stimulus is perceived. If a unilateral deficit is 
suspected, the patient can be asked to compare how 
intensely a touch stimulus is felt when applied at the same 
site on the two sides.

▲▲ Figure 1-20. Technique for testing muscle strength. 
In the example shown (biceps), the patient flexes the 
arm and the examiner tries to overcome this move-
ment. (Used with permission from LeBlond RF, Brown DD, 
DeGowin RL. DeGowin’s Diagnostic Examination. 9th ed. 
New York, NY: McGraw-Hill; 2009.)
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B. Vibration

Vibration sense is tested by striking a low-pitched (128-Hz) 
tuning fork and placing its base on a bony prominence, 
such as a joint; the fingers of the examiner holding the tun-
ing fork serve as a normal control. The patient is asked to 
indicate whether the vibration is felt and, if so, when the 
feeling goes away. Testing begins distally, at the toes and 
fingers, and proceeds proximally from joint to joint until 
sensation is normal.

C. Position

To test joint position sense, the examiner grasps the sides of 
the distal phalanx of a finger or toe and slightly displaces the 
joint up or down. The patient, with eyes closed, is asked to 
report any perceived change in position. Normal joint posi-
tion sense is exquisitely sensitive, and the patient should 
detect the slightest movement. If joint position sense is 
diminished distally, more proximal limb joints are tested 
until normal position sense is encountered. Another test of 
position sense is to have the patient close the eyes, extend the 
arms, and then touch the tips of the index fingers together.

D. Pain

A disposable pin should be used to prick (but not puncture) 
the skin with enough force for the resulting sensation to be 

mildly unpleasant. The patient is asked whether the stimulus 
feels sharp. If a safety pin is used, the rounded end can be 
used to demonstrate to the patient the intended distinction 
between a sharp and dull stimulus. Depending on the cir-
cumstance, the examiner should compare pain sensation 
from side to side, distal to proximal, or dermatome to der-
matome, and from the area of deficit toward normal regions.

E. temperature

This can be tested using the flat side of a cold tuning fork 
or another cold object. The examiner should first establish 
the patient’s ability to detect the cold sensation in a pre-
sumably normal area. Cold sensation is then compared on 
the two sides, moving from distal to proximal, across der-
matomes, and from abnormal toward normal areas.

`` Coordination
Impaired coordination (ataxia), which usually results from 
lesions affecting the cerebellum or its connections, can 
affect the eye movements, speech, limbs, or trunk. Some 
tests of coordination are illustrated in Figure 1-22.

A. Limb Ataxia

Distal limb ataxia can be detected by asking the patient to 
perform rapid alternating movements (eg, alternately 

C Testing
vibratory sense

B Testing sense
of position

A Testing pain
discrimination

“Sharp” “Dull”

▲▲ Figure 1-21. Tests of somatosensory function. (A) Touch (using finger or dull end of safety pin) and pain (sharp 
end of safety pin). (B) Joint position sense. (C) Vibration sense (using 128-Hz tuning fork). (Modified from LeBlond RF, 
Brown DD, DeGowin RL. DeGowin’s Diagnostic Examination. 9th ed. New York, NY: McGraw-Hill; 2009.)

▲▲ Figure 1-22. Tests of cerebellar function: finger-to-nose test (left), test for rebound (center), and heel-knee-shin 
test (right). (Used with permission from LeBlond RF, Brown DD, DeGowin RL. DeGowin’s Diagnostic Examination. 9th ed. 
New York, NY: McGraw-Hill; 2009.)
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tapping the palm and dorsum of the hand on the patient’s 
other hand, or tapping the sole of the foot on the examiner’s 
hand) and noting any irregularity in the rate, rhythm, 
amplitude, or force of successive movements. In the finger-
to-nose test, the patient moves an index finger back and 
forth between his or her nose and the examiner’s finger; 
ataxia may be associated with intention tremor, which is 
most prominent at the beginning and end of each move-
ment. Impaired ability to check the force of muscular con-
traction can also often be demonstrated. When the patient 
is asked to raise the arms rapidly to a given height—or 
when the arms, extended and outstretched in front of the 
patient, are displaced by a sudden force—there may be 
overshooting (rebound). This can be demonstrated by hav-
ing the patient forcefully flex the arm at the elbow against 
resistance—and then suddenly removing the resistance. If 
the limb is ataxic, continued contraction without resistance 
may cause the hand to strike the patient. Ataxia of the lower 
limbs can be demonstrated by the heel-knee-shin test. The 
supine patient is asked to run the heel of the foot smoothly 
up and down the opposite shin from ankle to knee. Ataxia 
produces jerky and inaccurate movement, making it impos-
sible for the patient to keep the heel in contact with the shin.

B. truncal Ataxia

To detect truncal ataxia, the patient is asked to sit on the 
side of the bed or in a chair without lateral support, and 
any tendency to list to one side is noted.

`` Reflexes
A. tendon Reflexes

A tendon reflex is the reaction of a muscle to being pas-
sively stretched by percussion on a tendon and depends on 
the integrity of both afferent and efferent peripheral nerves 
and their inhibition by descending central pathways. 
Tendon reflexes are decreased or absent in disorders that 
affect any part of the reflex arc, most often by polyneuropa-
thies, and increased by lesions of the corticospinal tract. 
Tendon reflexes are graded on a scale according to the 
force of the contraction or the minimum force needed to 
elicit the response: 4, very brisk, often with rhythmic reflex 
contractions (clonus); 3, brisk but normal; 2, normal; 1, 
minimal; 0, absent. In some cases, tendon reflexes are dif-
ficult to elicit, but may be brought out by having the patient 
clench the fist on the side not being tested or interlock the 
fingers and attempt to pull them apart. The main goal of 
reflex testing is to detect absence or asymmetry. 
Symmetrically absent reflexes suggest a polyneuropathy; 
symmetrically increased reflexes may indicate bilateral 
cerebral or spinal cord disease. The commonly tested ten-
don reflexes and the nerve roots they involve are: biceps 
and brachioradialis (C5-6), triceps (C7-8), quadriceps (L3-
4), and Achilles (S1-2). Methods for eliciting these tendon 
reflexes are shown in Figure 1-23.

B. Superficial Reflexes

The superficial reflexes are elicited by stimulating the 
skin, rather than tendons, and are altered or absent in dis-
orders affecting the corticospinal tract. They include the 
plantar reflex, in which stroking the sole of the foot from 
its lateral border near the heel toward the great toe nor-
mally results in plantar flexion of the toes. With corticospi-
nal lesions, the great toe dorsiflexes (Babinski sign), which 
may be accompanied by fanning of the toes, dorsiflexion at 
the ankle, and flexion at the thigh (Figure 1-24). Several 
superficial reflexes that are normally present in infancy, 
and subsequently disappear, may reappear with aging or 
frontal lobe dysfunction. The palmar grasp reflex, elicited 
by stroking the skin of the patient’s palm with the exam-
iner’s fingers, causes the patient’s fingers to close around 
those of the examiner. The plantar grasp reflex consists of 
flexion and adduction of the toes in response to stimula-
tion of the sole of the foot. The palmomental reflex is 
elicited by scratching the palm of the hand and results in 
contraction of ipsilateral chin (mentalis) and perioral 
(orbicularis oris) muscles. The suck reflex consists of 
involuntary sucking movements following stimulation of 
the lips. The snout reflex is elicited by gently tapping the 
lips and results in their protrusion. In the rooting reflex, 
stimulation of the lips causes them to deviate toward the 
stimulus. The glabellar reflex is elicited by repetitive tap-
ping on the forehead just above the nose; normal subjects 
blink only in response to the first several taps, whereas persis-
tent blinking is an abnormal response (Myerson sign).

`` Stance & Gait
The patient should be asked to stand with feet together and 
eyes open to detect instability from cerebellar ataxia. Next, 
the patient should close the eyes; instability occurring with 
eyes closed but not open (Romberg sign) is a sign of sen-
sory ataxia. The patient should then be observed walking 
normally, on the heels, on the toes, and in tandem (one 
foot placed directly in front of the other), to identify any of 
the following classic gait abnormalities (Figure 1-25).

1.  Hemiplegic gait—The affected leg is held extended 
and internally rotated, the foot is inverted and plantar 
flexed, and the leg moves in a circular direction at the 
hip (circumduction).

2.  Paraplegic gait—The gait is slow and stiff, with the 
legs crossing in front of each other (scissoring).

3.  Cerebellar ataxic gait—The gait is wide-based and 
may be associated with staggering or reeling, as if one 
were drunk.

4.  Sensory ataxic gait—The gait is wide based, the feet 
are slapped down onto the floor, and the patient may 
watch the feet.

5.  Steppage gait—Inability to dorsiflex the foot, often 
due to a fibular (peroneal) nerve lesion, results in 
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exaggerated elevation of the hip and knee to allow the 
foot to clear the floor while walking.

6.  Dystrophic gait—Pelvic muscle weakness produces a 
lordotic, waddling gait.

7.  Parkinsonian gait—Posture is flexed, starts are slow, 
steps are small and shuffling, there is reduced arm swing, 
and involuntary acceleration (festination) may occur.

8.  Choreic gait—The gait is jerky and lurching, but falls 
are surprisingly rare.

9.  Apraxic gait—Frontal lobe disease may result in 
loss of the ability to perform a previously learned act 
(apraxia), in this case the ability to walk. The patient 
has difficulty initiating walking and may appear to be 
glued to the floor. Once started, the gait is slow and 
shuffling. However, there is no difficulty perform-
ing the same leg movements when the patient is lying 
down and the legs are not bearing weight.

10.  Antalgic gait—One leg is favored over the other in an 
effort to avoid putting weight on the injured leg and 
causing pain.

NEURoLoGIC ExAMINAtIoN  
IN SPECIAL SEttINGS
Although the neurologic examination is always tailored to 
a patient’s specific situation, it is sufficiently distinctive to 
deserve mention in two special settings: examination of the 
comatose patient and “screening” examination of a patient 
without neurologic complaints.

`` Coma
The comatose patient cannot cooperate for a full neuro-
logic examination. Fortunately, however, a great deal of 
information can be derived from much more limited 

Biceps reflex
C5,6

Brachioradialis reflex
C5,6

Triceps reflex
C7,8

Quadriceps reflex
L3,4

Achilles reflex
S1,2

▲▲ Figure 1-23. Methods to elicit the tendon reflexes. Techniques for eliciting the quadriceps reflex in both seated 
and supine patients are shown. (Modified from LeBlond RF, Brown DD, DeGowin RL. DeGowin’s Diagnostic Examination. 
9th ed. New York, NY: McGraw-Hill; 2009.)

Dorsiflexion 

Dorsiflexion 

Fanning 

▲▲ Figure 1-24. Extensor plantar reflex (Babinski sign). 
It is elicited by firmly stroking the lateral border of the 
sole of the foot. (Modified from LeBlond RF, Brown DD, 
DeGowin RL. DeGowin’s Diagnostic Examination. 9th ed. 
New York, NY: McGraw-Hill; 2009.)
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examination, focused on three elements: the pupillary 
reaction to light, eye movements induced by oculoce-
phalic (head turning) or oculovestibular (cold water 
caloric) stimulation, and the motor response to pain. 
Examination of the comatose patient is discussed at length 
in Chapter 3, Coma.

`` “Screening” Neurologic Examination

1. Mental status—Observe whether the patient is awake 
and alert, confused, or unarousable. Test for orientation 
to person, place, and time. Screen for aphasia by asking 
the patient to repeat “no ifs, ands, or buts.”

2. Cranial nerves—Examine the optic disks for papill-
edema. Test the visual fields by confrontation. Confirm 
the patient’s ability to move the eyes conjugately in the 
six cardinal directions of gaze. Have the patient close 
the eyes tightly and show the teeth to assess facial 
strength.

3. Motor function—Compare the two sides with respect 
to speed of fine finger movements, strength of extensor 
muscles in the upper limb, and strength of flexor mus-
cles in the lower limb, to detect corticospinal tract 
lesions.

4. Sensory function—Ask the patient to sketch out any 
area of perceived sensory deficit. Test light touch and 
vibration sense in the feet and, if impaired, determine 
the upper limit of impairment in both the lower and 
upper limbs.

5. Reflexes—Compare the two sides for activity of the 
biceps, triceps, quadriceps, and Achilles tendon 
reflexes, as well as the plantar responses.

6. Coordination, stance, and gait—Watch the patient 
stand and walk and note any asymmetry or instability 
of stance or gait.

DIAGNoStIC FoRMULAtIoN

`` Principles of Diagnosis
Once the history and examination are completed, evalua-
tion of a neurologic problem proceeds with the formula-
tion of a provisional diagnosis. This is divided into two 
stages: anatomic diagnosis and etiologic diagnosis. The 
diagnostic process should always be guided by the law of 
parsimony, or Occam’s razor: the simplest explanation is 
most likely to be correct. This means that a single, unifying 
diagnosis should be sought in preference to multiple diag-
noses, each accounting for a different feature of the 
patient’s problem.

`` Anatomic Diagnosis: Where  
Is the Lesion?

Anatomic diagnosis takes advantage of neuroanatomic 
principles to localize a lesion in space. The precision with 
which localization can be achieved varies, but it should 
always be possible at least to state the highest and lowest 
levels of the nervous system at which a lesion could pro-
duce the clinical picture under consideration.

A. Central versus Peripheral Nervous System

Making this distinction is typically the first step in ana-
tomic diagnosis. Many symptoms and signs can be pro-
duced by both central and peripheral processes, but some 
symptoms and signs are more definitive. For example, 
cognitive abnormalities, visual field deficits, hyperreflexia, 
or extensor plantar responses (Babinski signs) point to the 
central nervous system, whereas muscle atrophy, fascicula-
tion, or areflexia usually results from peripheral nervous 
system disorders.

▲▲ Figure 1-25. Gait abnormalities. Left to right: hemiplegic gait, paraplegic gait, parkinsonian gait, steppage gait,  
dystrophic gait. (Modified from Handbook of Signs & Symptoms. 4th ed. Ambler, PA: Lippincott Williams & Wilkins; 2009.)

Aminoff_ch01_p001-026.indd   23 05/03/15   12:01 pm



Chapter 124

B. Valsalva Doctrine

Unilateral brain lesions typically produce symptoms and 
signs on the opposite (contralateral) side of the body. This 
doctrine helps localize most focal cerebral lesions. 
However, exceptions occur. For example, hemispheric 
mass lesions that cause transtentorial herniation may com-
press the contralateral cerebral peduncle in the midbrain, 
producing hemiparesis on the same side as the mass. 
Brainstem lesions can produce crossed deficits, with weak-
ness or sensory loss over the ipsilateral face and contralat-
eral limbs. Thus a unilateral lesion in the pons can cause 
ipsilateral facial weakness due to involvement of the facial 
(VII) nerve nucleus, with contralateral weakness of the 
arm and leg from involvement of descending motor path-
ways above their crossing (decussation) in the medulla. 
Wallenberg syndrome, usually due to a stroke in the lateral 
medulla, is associated with ipsilateral impairment of pain 
and temperature sensation over the face due to involve-
ment of the descending tract and nucleus of the trigeminal 
(V) nerve, with contralateral pain and temperature deficits 
in the limbs from interruption of the lateral spinothalamic 
tract. Lesions of a cerebellar hemisphere produce ipsilat-
eral symptoms and signs (eg, limb ataxia), due partly to 
connections with the contralateral cerebral cortex. Finally, 
the spinal accessory (XI) nerve receives bilateral input 
from motor cortex, with ipsilateral input predominating, 
so a cortical lesion can produce ipsilateral sternocleido-
mastoid muscle weakness.

C. Anatomic Patterns of Involvement

Anatomic diagnosis of neurologic lesions can be facilitated 
by recognizing patterns of involvement characteristic of 
disease at different sites (Figure 1-26). Hemispheric 
lesions are suggested by contralateral motor and sensory 

deficits affecting face, arm, and leg, as well as by cognitive 
or visual field abnormalities. Brainstem lesions should be 
suspected with crossed deficits (motor or sensory involve-
ment of the face on one side of the body and the arm and 
leg on the other) or cranial nerve (eg, ocular) palsies. 
Spinal cord lesions produce deficits below the level of the 
lesion and, except for high cervical cord lesions affecting 
the spinal tract and nucleus of the trigeminal (V) nerve, 
spare the face. The relative involvement of upper motor 
neurons, lower motor neurons, and various sensory path-
ways depends on the site and extent of the spinal lesion in 
the horizontal plane. Polyneuropathies produce distal, 
symmetric sensory deficits and weakness, which usually 
affect the lower more than the upper limbs, and are associ-
ated with areflexia. Myopathies (disorders of muscle) 
produce proximal weakness, which may affect the face and 
trunk as well as the limbs, without sensory loss.

`` Etiologic Diagnosis: What Is the Lesion?
A. Revisit the History

Once an anatomic diagnosis is reached, the next step is to 
identify the cause. Often the patient’s prior history contains 
clues. Preexisting diseases such as hypertension, diabetes, 
heart disease, cancer, and AIDS are each associated with a 
spectrum of neurologic complications. Numerous medica-
tions and drugs of abuse (eg, alcohol and tobacco) have 
neurologic side effects. The family history may point to a 
genetic disease.

B. Consider General Categories of Disease

Neurologic disease can be produced by the same kinds of 
pathologic processes that cause disease in other organ sys-
tems (Table 1-3). Once a neurologic problem has been 

Hemispheric
lesion

Brainstem
lesion

Spinal cord
lesion

Polyneuro-
pathy

Myopathy

▲▲ Figure 1-26. Anatomic patterns of involvement resulting from disorders affecting different sites in the nervous 
system. Filled areas are affected.
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localized, these categories can be used to generate a list of 
possible etiologies.

C. time Course Is a Clue to Etiology

The time course of a disorder is an important clue to its 
etiology (see Figure 1-1). For example, only a few 

processes produce neurologic symptoms that evolve 
within minutes—typically ischemia, seizure, or syncope. 
Neoplastic and degenerative processes, by contrast, give 
rise to progressive, unremitting symptoms and signs, 
whereas inflammatory and metabolic disorders may wax 
and wane.

table 1-3. Etiologic Categories of Neurologic Disease.

etiologic Category examples

Degenerative Alzheimer disease, Huntington disease, Parkinson disease, amyotrophic lateral sclerosis

Developmental or genetic Muscular dystrophies, Arnold-Chiari malformation, syringomyelia

Immune Multiple sclerosis, Guillain-Barré syndrome, myasthenia gravis

Infectious Bacterial meningitis, brain abscess, viral encephalitis, HIV-associated dementia, neurosyphilis

Metabolic Hypo/hyperglycemic coma, diabetic neuropathies, hepatic encephalopathy

Neoplastic Glioma, metastatic carcinoma, lymphoma, paraneoplastic syndromes

Nutritional Wernicke encephalopathy (vitamin B1), combined systems disease (vitamin B12)

Toxic Alcohol-related syndromes, intoxication with recreational drugs, side effects of prescription drugs

Traumatic Sub/epidural hematoma, entrapment neuropathies

Vascular Ischemic stroke, intracerebral hemorrhage, subarachnoid hemorrhage

0 10 20 30 40 50

Parkinson disease

Epilepsy

Head injury

Spinal cord injury

Amyotrophic lateral sclerosis

Huntington disease

Stroke

Alzheimer disease

Headache

Peripheral neuropathy

Back pain

Prevalence (millions)

▲▲ Figure 1-27. Prevalence of selected neurologic diseases (US). (Data from Ropper A, Samuels M. Adams and Victor’s 
Neurology. 9th ed. New York, NY: McGraw-Hill; 2009.)

Aminoff_ch01_p001-026.indd   25 05/03/15   12:01 pm



Chapter 126

D. Common Diseases Are Common

Sometimes the anatomic syndrome is sufficiently distinc-
tive that the cause is obvious. More often, however, an 
anatomic syndrome can have multiple etiologies. When this 
is the case, it is important to remember that common dis-
eases are common and that even unusual presentations of 
common diseases occur more frequently than classic pre-
sentations of rare diseases. Figure 1-27 illustrates the rela-
tive prevalence of several neurologic diseases. It is helpful to 
appreciate how common different diseases are and whether 
they affect particular populations (ie, ages, sexes, or ethnic 
groups) disproportionately. For example, multiple sclerosis 
usually has its onset between the ages of 20 and 40 years, 
affects women more often than men, and preferentially 
affects individuals of north European descent.

LABoRAtoRy INVEStIGAtIoNS
After the history is taken, the general physical and neuro-
logic examinations are completed, and a preliminary diag-
nosis is formulated, laboratory investigations are often 

undertaken to obtain additional diagnostic information. 
These investigations are addressed in Chapter 2, Investigative 
Studies.
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▼▼ Lumbar punCture

IndIcatIons

1. Diagnosis of meningitis, other infective or inflammatory 
disorders, subarachnoid hemorrhage, hepatic encepha-
lopathy, meningeal malignancies, paraneoplastic disor-
ders, or suspected intracranial pressure abnormalities.

2. Assessment of therapeutic response in meningitis, 
infective or inflammatory disorders.

3. Administration of intrathecal medications or radiologic 
contrast media.

4. Rarely, to reduce cerebrospinal fluid (CSF) pressure.

contraIndIcatIons

1. Suspected intracranial mass lesion—Lumbar punc-
ture can hasten incipient transtentorial herniation.

2. Local infection over site of puncture. Use cervical or 
cisternal puncture instead.

3. Coagulopathy—Correct clotting-factor deficiencies 
and thrombocytopenia (platelet count below 50,000/
μL or rapidly falling) before lumbar puncture to reduce 
risk of hemorrhage.

4. Suspected spinal cord mass lesion—In this case, remove 
only a small quantity of CSF to avoid creating a pressure 
differential above and below the block, which can increase 
spinal cord compression.

PreParatIon

a. Personnel

With a cooperative patient, one person can perform lum-
bar puncture. An assistant may be helpful in patient posi-
tioning and sample handling especially if the patient is 
uncooperative or frightened.

▲▲ Figure 2-1. Lateral decubitus position for lumbar puncture.

Level of the iliac crests

L3–L4 interspace

B. equipment and supplies

The following are usually included in preassembled trays 
and must be sterile.

1. Gloves
2. Iodine-containing solution for sterilizing the skin
3. Sponges
4. Drapes
5. Lidocaine (1%)
6. Syringe (5 mL)
7. Needles (22- and 25-gauge)
8. Spinal needles (preferably 22-gauge) with stylets
9. Three-way stopcock

10. Manometer
11. Collection tubes
12. Adhesive bandage

c. Positioning

The lateral decubitus position is usually used (Figure 2-1) 
with the patient lying at the edge of the bed facing away 
from the clinician. Have the patients maximally flex the 
lumbar spine to open the intervertebral spaces with the 
spine parallel to the bed surface and hips and shoulders 
aligned in the vertical plane.

When a seated position is necessary, have the patient sit 
on the side of the bed, bent over a pillow on a bedside table, 
and reach over the bed from the opposite side to perform 
the procedure.

d. site of Puncture

Most often, puncture is at L3-L4 (level of posterior iliac 
crests) or L4-L5 vertebral interspace because the spinal 
cord (conus medullaris) terminates just above, approxi-
mately at L1-L2, in adults. Thus, with puncture below that 
level, there is no danger of puncturing the cord.
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Procedure

1. For blood and CSF glucose level comparison, draw 
venous blood for glucose determination. Ideally, 
obtain simultaneous blood and CSF samples after the 
patient has fasted for at least 4 hours.

2. Place necessary equipment and supplies in easy reach.
3. Wear sterile gloves.
4. Apply iodine-containing solution to sponges and wipe 

a wide area surrounding the interspace. Next, wipe the 
solution off with clean sponges.

5. Drape the area surrounding the sterile field.
6. Anesthetize the skin overlying the puncture site with 

lidocaine using a 5-mL syringe and a 25-gauge needle. 
Next, anesthetize the underlying tissues with lidocaine 
using a 22-gauge needle.

7. With the stylet in place, insert the spinal needle at 
the midpoint of the interspace. Keep the needle par-
allel to the bed surface and angled slightly cephalad, 
or toward the umbilicus. Keep the needle bevel facing 
upward toward the face of the person performing the 
procedure.

8. Advance the needle slowly until feeling a pop from 
penetration of the ligamentum flavum. Withdraw the 
stylet to check for flow of CSF through the needle, 
which indicates entry into the CSF space. If no CSF 
appears, replace the stylet and advance the needle a 
short distance, continuing until CSF is present. If the 
needle cannot be advanced, it is likely that bone is in 
the way. Withdraw the needle partway, keeping it par-
allel to the surface of the bed, and advance it again at a 
slightly different angle.

9. After CSF is obtained, reinsert the stylet. Ask the 
patient to straighten the legs, and attach the stopcock 
and manometer to the needle. Turn the stopcock to 
allow CSF to flow into the manometer, and measure 
opening pressure. Pressure should fluctuate with the 
phases of respiration.

10. Turn the stopcock to allow CSF collection and note the 
appearance (clarity and color) of the fluid. Obtain as 
much fluid in as many tubes are needed for the tests 
that have been ordered. Typically, collect 1 to 2 mL in 
each of five tubes for cell count, glucose and protein 
determination, Venereal Disease Research Laboratory 
(VDRL) test for syphilis, Gram stain, and cultures. 
Additional specimens may be collected for other 
tests, such as cryptococcal antigen, other fungal and 
bacterial antibody studies, polymerase chain reaction 
for herpes simplex virus and other viruses, oligoclo-
nal bands, glutamine, and cytologic study. If the CSF 
appears bloody, obtain additional fluid so that the cell 
count can be repeated on the specimen in the last tube 
collected. Cytologic studies require at least 10 mL of 
CSF.

11. Replace the stopcock and manometer and record clos-
ing pressure.

12. Withdraw the needle and apply an adhesive bandage 
over the puncture site.

13. Previously, patients were instructed to lie prone or 
supine for 1 or 2 hours after the procedure to reduce 
the risk of post-lumbar puncture headache. Current 
evidence suggests this is unnecessary.

comPlIcatIons

a. unsuccessful tap

Several conditions such as marked obesity, degenerative 
disease of the spine, previous spinal surgery, recent lumbar 
puncture, and dehydration can make lumbar puncture dif-
ficult to perform. When puncture in the lateral decubitus 
position is impossible, attempt the procedure with the 
patient in a sitting position. If the tap is again unsuccessful, 
have an experienced neurologist, neurosurgeon, or neuro-
radiologist use an oblique approach, fluoroscopic-guided 
puncture, lateral cervical puncture, or cisternal puncture.

B. arterial or Venous Puncture

If the needle enters a blood vessel rather than the spinal 
subarachnoid space, withdraw the needle and use a new 
needle to attempt the tap at a different level. In patients 
with coagulopathy or taking aspirin or anticoagulants, 
observe carefully for signs of spinal cord compression (see 
Chapter 9, Motor Disorders) from spinal subdural or epi-
dural hematoma.

c. Post-lumbar Puncture Headache

After lumbar puncture, patients may have a mild headache 
that is worse in the upright position but relieved by recum-
bency. This will usually resolve spontaneously over hours 
to days. Frequency of this complication is directly related 
to the size of the spinal needle, but not to the volume of 
fluid removed. Vigorous hydration or keeping the patient 
in bed for 1 or 2 hours after the procedure does not reduce 
the likelihood of headache. The headache usually responds 
to nonsteroidal anti-inflammatory drugs (NSAIDs) or caf-
feine (see Chapter 6, Headache & Facial Pain). Severe and 
protracted headache can be treated by an autologous blood 
clot patch, applied by experienced personnel. The use of 
an atraumatic spinal needle reduces the incidence of post-
lumbar puncture headache.

analysIs of results

a. appearance

Note the clarity and color of the CSF as it leaves the spinal 
needle, and any changes in its appearance during the 
course of the procedure. CSF is normally clear and 
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colorless. It may appear cloudy or turbid with white blood 
cell counts that exceed approximately 200/μL, but counts 
as low as about 50/μL may cause light scattering by the 
suspended cells (Tyndall effect) when the tube is held up to 
direct sunlight. Color can be imparted to the CSF by 
hemoglobin (pink), bilirubin (yellow), or rarely, melanin 
(black).

B. Pressure

With adults in the lateral decubitus position, lumbar CSF 
pressure does not normally exceed 180 to 200 mm water. 
In children, the 90th percentile for opening pressure is 
280 mm water. When lumbar puncture is performed with 
patients seated, they should assume a lateral decubitus 
posture before CSF pressure is measured. Increased CSF 
pressure may result from obesity, agitation, or increased 
intra-abdominal pressure related to position (which may 
be eliminated by having the patient extend the legs and 
straighten the back before the opening pressure is 
recorded). Pathologic conditions associated with the 
increased CSF pressure include intracranial mass lesions, 
meningoencephalitis, subarachnoid hemorrhage, and 
pseudotumor cerebri.

c. microscopic examination

This may be undertaken by the person who performed the 
lumbar puncture or in the clinical laboratory; it always 
includes a total and differential cell count. Gram stain for 
bacteria, acid-fast stain for mycobacteria, and cytologic 
examination for tumor cells may also be indicated. The 
CSF normally contains up to five mononuclear leukocytes 
(lymphocytes or monocytes) per microliter, no polymor-
phonuclear cells and no erythrocytes unless the lumbar 
puncture is traumatic. Normal CSF is sterile, so that in the 
absence of central nervous system (CNS) infection, no 
organisms are observed with the above stains.

d. Bloody csf

It is crucial to distinguish between CNS hemorrhage and a 
traumatic tap. If the blood clears as more fluid is with-
drawn, a traumatic tap is likely. This can be confirmed by 
comparing red cell counts in the first and last tubes of CSF 
obtained; a marked decrease supports a traumatic cause.

The specimen should also be centrifuged promptly and 
the supernatant examined. With a traumatic lumbar punc-
ture, the supernatant is colorless. In contrast, after CNS 
hemorrhage, enzymatic degradation of hemoglobin to bili-
rubin renders the supernatant yellow (xanthochromic). 
Xanthochromia may be subtle. Visual inspection requires 
comparison with a colorless standard (a tube of water) and 
is best assessed by spectrophotometric quantitation of 
bilirubin.

Table 2-1 outlines the time course of changes in CSF 
color after subarachnoid hemorrhage. Blood in the CSF 

after a traumatic lumbar puncture usually clears within  
24 hours and does not clot, whereas after subarachnoid 
hemorrhage it usually persists for at least 6 days and clot-
ting may occur. Crenation (shriveling) of red blood cells is 
of no diagnostic value. In addition to breakdown of hemo-
globin from red blood cells, other causes of CSF xantho-
chromia include jaundice with serum bilirubin levels above 
4 to 6 mg/dL, CSF protein concentrations exceeding  
150 mg/dL, and, rarely, the presence of carotene pigments.

White blood cells seen in the CSF early after subarach-
noid hemorrhage or with traumatic lumbar puncture result 
from leakage of circulating whole blood. If the hematocrit 
and peripheral white blood cell count are within normal 
limits, there is approximately one white blood cell for each 
1,000 red blood cells. If the peripheral white cell count is 
elevated, a proportionate increase in this ratio occurs. In 
addition, every 1,000 red blood cells present in the CSF will 
increase the CSF protein concentration by approximately  
1 mg/dL.

Procedure notes

A note describing the lumbar puncture should be recorded 
in the patient’s chart and include:

1. Date and time performed.
2. Name of person or persons performing the procedure.
3. Indication.
4. Position of patient.
5. Anesthetic used.
6. Interspace entered.
7. Opening pressure.
8. Appearance of CSF, including changes in appearance 

during the procedure.
9. Amount of fluid removed.

10. Closing pressure.
11. Tests ordered; for example: Tube 1 (1 mL), cell count; 

tube 2 (1 mL), glucose and protein levels; tube 3 (1 mL),  
microbiologic stains; tube 4 (1 mL), bacterial, fungal, 
and mycobacterial cultures.

12. Results of any studies, such as microbiologic stains, 
performed by the operator.

13. Complications, if any.

table 2-1. Pigmentation of the CSF After 
Subarachnoid Hemorrhage.

appearance maximum disappearance

Oxyhemoglobin 
(pink)

0.5-4 hours 24-35 
hours

7-10 days

Bilirubin 
 (yellow)

8-12 hours 2-4 days 2-3 weeks
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▼▼ eLeCtrophySIoLoGIC StuDIeS

eLeCtroenCephaLoGraphy

Electrodes placed on the scalp record the electrical activity 
of the brain. Electroencephalography (EEG) is easy to per-
form, relatively inexpensive, and helpful in several differ-
ent clinical contexts (Figure 2-2).

eValuatIon of susPected ePIlePsy

EEG is useful in evaluating patients with suspected epi-
lepsy. The presence of electrographic seizure activity 
(abnormal, rhythmic electrocerebral activity of abrupt 
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▲▲ Figure 2-2. (A) Normal EEG with a posteriorly situated 9-Hz alpha rhythm that attenuates with eye opening. 
(B) Abnormal EEG showing irregular diffuse slow activity in an obtunded patient with encephalitis. (C) Irregular slow 
activity in the right central region, on a diffusely slowed background, in a patient with a right parietal glioma. (D) 
Periodic complexes occurring once every second in a patient with Creutzfeldt-Jakob disease. Horizontal calibration:  
1 s; vertical calibration: 200 μV in A, 300 μV in other panels. (Used with permission from Aminoff MJ, ed. Aminoff’s 
Electrodiagnosis in Clinical Neurology. 6th ed. Oxford, Elsevier; 2012.) Eectrode placements are indicated at the left 
of each panel and are as follows. A, earlobe; C, central; F, frontal; Fp, frontal polar; P, parietal; T, temporal; O, occipital. 
Right-sided placements are indicated by even numbers, left-sided placements by odd numbers, and midline  
placements by Z.

onset and termination and showing an evolving pattern) 
during a behavioral disturbance of uncertain nature, estab-
lishes the diagnosis beyond doubt. It is often not possible 
to obtain an EEG during a seizure, because these occur 
unpredictably. However, the EEG may be abnormal inter-
ictally (at times when the patient is not experiencing clini-
cal attacks) and is therefore still useful diagnostically. The 
interictal presence of epileptiform activity (abnormal par-
oxysmal activity containing some spike discharges) is help-
ful. Such activity occurs occasionally in patients who have 
never had a seizure, but its prevalence is greater in patients 
with epilepsy than normal subjects. Epileptiform activity in 
the EEG of a patient with episodic behavioral disturbances 
that could represent seizures on clinical grounds markedly 
increases the likelihood that attacks are indeed epileptic, 
thus supporting the clinical diagnosis.

classIfIcatIon of seIzure dIsorders

The EEG findings may help in classifying a seizure disor-
der and thus in selecting appropriate anticonvulsant medi-
cation. For example, in patients with the typical absence of 
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petit mal epilepsy (see Chapter 12, Seizures & Syncope), 
the EEG is characterized both ictally and interictally by 
episodic generalized spike-wave activity (see Figure 12-3). 
By contrast, with episodes of impaired external awareness 
caused by complex partial seizures, it may be normal or 
show focal epileptiform discharges interictally. During 
seizures, abnormal rhythmic activity of variable frequency 
may occur with a localized or generalized distribution, but 
sometimes there are no electrographic correlates. A focal 
or lateralized epileptogenic source is of particular impor-
tance if surgical treatment is under consideration.

assessment & PrognosIs of seIzures

The EEG may guide prognosis and has been used to follow 
the course of seizure disorders. A normal EEG implies a 
more favorable prognosis for seizure control, whereas an 
abnormal background or profuse epileptiform activity 
implies a poor prognosis. The EEG findings do not, how-
ever, provide a reliable guide to the subsequent develop-
ment of seizures in patients with head injuries, stroke, or 
brain tumors. EEG findings are sometimes used to deter-
mine whether anticonvulsant medication can be discontin-
ued in patients after a seizure-free interval of several years. 
Although patients with a normal EEG are more likely to be 
weaned successfully, such findings provide only a general 
guide, and patients with a normal EEG can have further 
seizures after withdrawal of antiepileptic medication. 
Conversely, no further seizures may occur despite a con-
tinuing EEG disturbance.

management of status ePIlePtIcus

The EEG is of little help in managing tonic–clonic status 
epilepticus unless patients have received neuromuscular 
blocking agents and are in a coma induced by medication. 
The EEG is then useful in indicating the level of anesthesia 
and determining whether seizures are continuing. Status is 
characterized by repeated electrographic seizures or con-
tinuous epileptiform (spike-wave) activity. Nonconvulsive 
status may follow control of convulsive status. In noncon-
vulsive status epilepticus, the EEG findings provide the 
only means of making the diagnosis with confidence and 
in distinguishing the two main types. In absence status 
epilepticus, continuous spike-wave activity is seen, whereas 
in complex partial status, repetitive electrographic seizures 
are found.

dIagnosIs of neurologIc dIsorders

Certain neurologic disorders produce characteristic but 
nonspecific EEG abnormalities that help in suggesting, 
establishing, or supporting the diagnosis. In patients with 
an acute disturbance of cerebral function, for example, 
repetitive slow-wave complexes over one or both temporal 
lobes suggests a diagnosis of herpes simplex encephalitis. 
Similarly, the presence of periodic complexes in a patient 

with an acute dementing disorder suggests Creutzfeldt-
Jakob disease, subacute sclerosing panencephalitis, or tox-
icity from lithium baclofen, or bismuth.

eValuatIon of altered conscIousness

The EEG slows as consciousness is depressed, depending 
in part on the underlying etiology. The presence of electro-
graphic seizure activity suggests diagnostic possibilities 
(eg, nonconvulsive status epilepticus) that might otherwise 
be overlooked. Serial records permit the prognosis and 
course to be followed. The EEG response to external stim-
ulation is an important diagnostic and prognostic guide: 
Electrocerebral responsiveness implies a lighter level of 
coma. Electrocerebral silence in a technically adequate 
record implies neocortical death in the absence of hypo-
thermia or drug overdose. In some seemingly comatose 
patients, consciousness is, in fact, preserved. Although 
there is quadriplegia and a supranuclear paralysis of the 
facial and bulbar muscles, the EEG is usually normal and 
helps in indicating the diagnosis of locked-in syndrome. 

eVokeD potentIaLS

Noninvasive stimulation of certain afferent pathways elicits 
spinal or cerebral potentials, which can be used to monitor 
the functional integrity of these pathways but do not indi-
cate the cause of any lesion involving them. The responses 
are very small compared with the background EEG activity 
(noise), which has no relationship to the time of stimulation. 
The responses to a number of stimuli are therefore recorded 
and averaged with a computer to eliminate the random 
noise.

tyPes of eVoked PotentIals

a. Visual

Monocular visual stimulation with a checkerboard pattern 
elicits visual evoked potentials, which are recorded from 
the midoccipital region of the scalp. The most clinically 
relevant component is the P100 response, a positive peak 
with a latency of approximately 100 ms. The presence and 
latency of the response are noted. Although its amplitude 
can also be measured, alterations in amplitude are far less 
helpful in recognizing pathology.

B. auditory

Monaural stimulation with repetitive clicks elicits brain-
stem auditory evoked potentials, which are recorded at the 
vertex of the scalp. A series of potentials are evoked in  
the first 10 ms after the auditory stimulus; these represent 
the sequential activation of various structures in the sub-
cortical auditory pathway. For clinical purposes, attention 
is directed at the presence, latency, and interpeak intervals 
of the first five positive potentials.

Aminoff_ch02_p027-045.indd   32 05/03/15   12:03 pm



InVeStIGatIVe StuDIeS 33

c. somatosensory

Electrical stimulation of a peripheral nerve is used to elicit 
somatosensory evoked potentials, which are recorded over 
the scalp and spine. Their configuration and latency 
depend on the nerve that is stimulated.

IndIcatIons for use

a. detection of lesions in multiple sclerosis

Evoked potentials can detect and localize lesions in the 
CNS. This is particularly important in multiple sclerosis, 
where the diagnosis depends on detecting multifocal CNS 
lesions. When patients have clinical evidence of only a 
single lesion, electrophysiologic recognition of abnormali-
ties in other sites helps to establish the diagnosis. When 
patients with suspected multiple sclerosis present with ill-
defined complaints, electrophysiologic abnormalities in 
the appropriate afferent pathways indicate the organic 
basis of the symptoms. Although magnetic resonance 
imaging (MRI) is more useful for detecting lesions, it 
complements evoked potential studies rather than substi-
tuting for them. Evoked potential studies monitor function 
rather than anatomic integrity of the afferent pathways and 
can sometimes reveal abnormalities not detected by MRI 
(and the reverse also holds true). Their cost is also less than 
MRI. In patients with established multiple sclerosis, the 
evoked potential findings are sometimes used to follow the 
course of the disorder or its response to treatment, but 
their value in this regard is unclear.

B. detection of lesions in other cns disorders

Evoked potential abnormalities occur in disorders other 
than multiple sclerosis; multimodal evoked potential 
abnormalities may be encountered in certain spinocerebel-
lar degenerations, familial spastic paraplegia, Lyme disease, 
acquired immunodeficiency syndrome (AIDS), neuro-
syphilis, and vitamin E or B12 deficiency. Their diagnostic 
value therefore depends on the context in which they are 
found. Although the findings may permit lesions to be 
localized within broad areas of the CNS, precise localiza-
tion may not be possible because the generators of many 
components are unknown.

c. assessment and Prognosis after  
cns trauma or Hypoxia

In posttraumatic or postanoxic coma, bilateral absence of 
cortically generated components of the somatosensory 
evoked potential implies that cognition will not recover; 
the prognosis is more optimistic when cortical responses 
are present on one or both sides. Such studies may be par-
ticularly useful in patients with suspected brain death. 
Somatosensory evoked potentials have also been used to 
determine the completeness of a traumatic spinal cord 
lesion; the presence or early return of a response after 

stimulation of a nerve below the level of the cord injury 
indicates that the lesion is incomplete and thus suggests a 
better prognosis than otherwise.

d. Intraoperative monitoring

The functional integrity of certain neural structures may be 
monitored by evoked potentials during operative procedures 
to permit the early recognition of any dysfunction and 
thereby minimize damage. When the dysfunction relates to a 
surgical maneuver, it may be possible to prevent or diminish 
any permanent neurologic deficit by reversing the maneuver.

e. evaluation of Visual or auditory acuity

Visual and auditory acuity may be evaluated by evoked 
potential studies in patients unable to cooperate with 
behavioral testing because of age or abnormal mental state.

eLeCtromyoGraphy & nerVe 
ConDuCtIon StuDIeS

electromyograPHy

The electrical activity within a discrete region of an acces-
sible muscle can be recorded by inserting a needle elec-
trode into it. The pattern of electrical activity in muscle 
(electromyogram or EMG) both at rest and during activity 
has been characterized, and abnormalities have been cor-
related with disorders at different levels of the motor unit.

a. activity at rest

Spontaneous electrical activity is not present in relaxed 
normal muscle except in the end-plate region where neu-
romuscular junctions are located, but various types of 
abnormal activity occur spontaneously in diseased muscle. 
Fibrillation potentials and positive sharp waves (which 
reflect muscle fiber irritability) are typically—but not 
always—found in denervated muscle. They are sometimes 
also found in myopathic disorders, especially inflamma-
tory disorders such as polymyositis. Although fascicula-
tion potentials, which reflect the spontaneous activation 
of individual motor units, are occasionally encountered in 
normal muscle, they are characteristic of neuropathic dis-
orders, especially those with primary involvement of ante-
rior horn cells (eg, amyotrophic lateral sclerosis). Myotonic 
discharges (high-frequency discharges of potentials from 
muscle fibers that wax and wane in amplitude and fre-
quency) are found most commonly in disorders such as 
myotonic dystrophy or myotonia congenita and occasion-
ally in polymyositis or other, rarer disorders. Other types 
of abnormal spontaneous activity also occur.

B. activity during Voluntary muscle contraction

A slight voluntary contraction of a muscle activates a small 
number of motor units. The potentials generated by the 
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muscle fibers of individual units within the detection range 
of the needle electrode can be recorded. Normal motor-
unit potentials have clearly defined limits of duration, 
amplitude, configuration, and firing rates. These limits 
depend on the muscle under study. In many myopathic 
disorders, there is an increased incidence of small, short-
duration, polyphasic motor units in affected muscles, and 
an excessive number of units may be activated for a speci-
fied degree of voluntary activity. In neuropathic disorders, 
motor units are lost; the number of units activated during 
a maximal contraction is therefore reduced, and units fire 
faster than normal. In addition, the configuration and 
dimensions of the potentials may be abnormal, depending 
on the acuteness of the neuropathic process and on 
whether reinnervation is occurring (Figure 2-3). Variations 
in the configuration and size of individual motor-unit 
potentials are characteristic of disorders of neuromuscu-
lar transmission.

c. clinical utility

Lesions can involve the neural or muscle component of the 
motor unit, or the neuromuscular junction. When the neu-
ral component is affected, the pathologic process can be at 
the level of the anterior horn cells or at some point along the 
length of the axon as it traverses a nerve root, limb plexus, 
and peripheral nerve before branching into its terminal 

arborizations. Electromyography can detect disorders of the 
motor units and can indicate the site of the underlying 
lesion. Neuromuscular disorders can be recognized when 
clinical examination is unrewarding because the disease is 
mild or because poor cooperation by the patient or the 
presence of other symptoms such as pain makes clinical 
evaluation difficult. The electromyographic findings do 
not, of themselves, permit an etiologic diagnosis to be 
reached, and they must be correlated with the clinical find-
ings and the results of other laboratory studies.

The electromyographic findings may provide a guide to 
prognosis. For example, in an acute disorder of a peripheral 
or cranial nerve, electromyographic evidence of denervation 
implies a poorer prognosis for recovery than otherwise.

In contrast to needle electromyography, the clinical utility 
of surface-recorded electromyography is not established.

nerVe conductIon studIes

a. motor nerve conduction studies

The electrical response of a muscle is recorded to stimula-
tion of its motor nerve at two or more points along its 
course (Figure 2-4). This permits conduction velocity to 
be determined in the fastest-conducting motor fibers 
between the points of stimulation.

B. sensory nerve conduction studies

The conduction velocity and amplitude of action potentials 
in sensory fibers can be determined when these fibers are 
stimulated at one point and their responses are recorded at 
another point along the course of the nerve.

c. Indications for use

Nerve conduction studies can confirm the presence and 
extent of peripheral nerve damage. They are particularly 
helpful when clinical examination is difficult (eg, in chil-
dren). Nerve conduction studies are useful in the following 
contexts.

1. Determining whether sensory symptoms are caused by a 
lesion proximal or distal to the dorsal root ganglia (in the 
latter case, sensory conduction studies of the involved 
fibers will be abnormal) and whether neuromuscular 
dysfunction is due to peripheral nerve disease.

2. Detecting subclinical involvement of other peripheral 
nerves in patients with a mononeuropathy.

3. Determining the site of a focal lesion and providing a 
guide to prognosis in patients with a mononeuropathy.

4. Distinguishing between a polyneuropathy and a mono-
neuropathy multiplex. This is important because the 
causes of these conditions differ.

5. Clarifying the extent to which disabilities in patients with 
polyneuropathy relate to superimposed compressive 
focal neuropathies, which are common complications.

10 msec

10 msecA

B

C

200 µV

100 µV

1 mV

10 msec

▲▲ Figure 2-3. Motor unit action potentials recorded 
with a concentric needle electrode. (A) Normal potential.  
(B) Long-duration polyphasic potential (shown twice). 
(C) Short-duration, low-amplitude polyphasic potential. 
(Used with permission from Aminoff MJ. Electromyography 
in Clinical Practice. 3rd ed. New York, NY: Churchill 
Livingstone; 1998.)
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6. Following the progression of peripheral nerve disorders 
and their response to treatment.

7. Indicating the predominant pathologic change in 
peripheral nerve disorders. In demyelinating neuropa-
thies, conduction velocity is often markedly slowed and 
conduction block may occur; in axonal neuropathies, 
conduction velocity is usually normal or slowed only 
mildly, sensory nerve action potentials are small or 
absent, and electromyography shows evidence of dener-
vation in affected muscles.

8. Detecting subclinical hereditary disorders of the periph-
eral nerves in genetic and epidemiologic studies.

F-reSponSe StuDIeS

Stimulation of a motor nerve causes impulses to travel 
antidromically (toward the spinal cord) as well as ortho-
dromically (toward the nerve terminals) and leads a few 

anterior horn cells to discharge. This produces a small 
motor response (the F wave) considerably later than the 
direct muscle response elicited by nerve stimulation. The F 
wave is sometimes abnormal with lesions of the proximal 
portions of the peripheral nervous system, such as the 
nerve roots. F-wave studies may be helpful in detecting 
abnormalities when conventional nerve conduction stud-
ies are normal.

repetItIVe nerVe StImuLatIon

descrIPtIon

The size of the electrical response of a muscle to supra-
maximal electrical stimulation of its motor nerve correlates 
with the number of activated muscle fibers. Neuromuscular 
transmission is tested by recording (with surface elec-
trodes) the response of a muscle to supramaximal stimula-
tion of its motor nerve either repetitively or by single 
shocks or trains of shocks at selected intervals after a maxi-
mal voluntary contraction.

normal resPonse

In normal subjects, little or no change occurs in the size of 
the compound muscle action potential after repetitive 
stimulation of a motor nerve at 10 Hz or less or with a 
single stimulus or a train of stimuli delivered at intervals 
after a 10-second voluntary muscle contraction. Preceding 
activity in the junctional region influences the amount of 
acetylcholine released and thus the size of the end-plate 
potentials elicited by the stimuli. Although the amount of 
acetylcholine released is increased briefly after maximal 
voluntary activity and is then reduced, more acetylcholine 
is normally released than necessary to bring the motor 
end-plate potentials to the threshold for generating mus-
cle-fiber action potentials.

resPonse In dIsorders of 
neuromuscular transmIssIon

a. myasthenia gravis

In myasthenia gravis, the reduced release of acetylcholine 
that follows repetitive firing of the motor neuron prevents 
compensation for the depleted postsynaptic acetylcholine 
receptors at the neuromuscular junction. Accordingly, 
repetitive stimulation, particularly between 2 and 5 Hz, 
may lead to depressed neuromuscular transmission, with a 
decrement in the compound muscle action potential 
recorded from an affected muscle. Similarly, an electrical 
stimulus of the motor nerve immediately after a 10-second 
period of maximal voluntary activity may elicit a muscle 
response that is slightly larger than before, indicating that 
more muscle fibers are responding. This postactivation 
facilitation of neuromuscular transmission is followed by a 
longer depression that is maximal from 2 to 4 minutes after 
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electrodes

Reference
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Anode

Stimulating
electrodes

Stimulating
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Above
elbow

Axilla 5 mV

10 msec

▲▲ Figure 2-4. Arrangement for motor conduction 
studies of the ulnar nerve. Responses of the abductor 
digiti minimi to supramaximal stimulation of the nerve 
at different sites are recorded with a surface electrode. 
(Used with permission from Aminoff MJ. Electromyography 
in Clinical Practice. 3rd ed. New York, NY: Churchill 
Livingstone; 1998.)
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the conditioning period and lasts up to 10 minutes or so. 
During this period, the compound muscle action potential 
is reduced in size.

Decrementing responses to repetitive stimulation at 2 to 
5 Hz can also occur in congenital myasthenic syndromes.

B. myasthenic syndrome and Botulism

In Lambert-Eaton myasthenic syndrome, defective release 
of acetylcholine at the neuromuscular junction leads to a 
very small compound muscle action potential elicited by a 
single stimulus. With repetitive stimulation at rates of up to 
10 Hz, the first few responses may decline in size, but sub-
sequent responses increase, and their amplitude is eventu-
ally several times larger than the initial response. Patients 
with botulism exhibit a similar response to repetitive 
stimulation but the findings are somewhat more variable, 
and not all muscles are affected. Incremental responses in 
Lambert-Eaton syndrome and botulism are more con-
spicuous with high rates of stimulation and may result 
from the facilitation of acetylcholine release by the pro-
gressive accumulation of calcium in the motor nerve 
terminal.

Aminoff MJ, ed. Aminoff ’s Electrodiagnosis in Clinical Neurology. 
6th ed. Oxford: Elsevier; 2012.

Leocani L, Rovaris M, Boneschi FM, et al. Multimodal evoked 
potentials to assess the evolution of multiple sclerosis: a lon-
gitudinal study. J Neurol Neurosurg Psychiatry. 2006;77: 
1030-1035.

Novak K, Oberndorfer S. Electrophysiology and intraoperative 
neurophysiological monitoring. Handb Clin Neurol. 2012;104: 
149-161.

▼▼ teStS oF autonomIC FunCtIon

Autonomic and small-fiber function tests evaluate the con-
trol of heart rate, blood pressure, and sweating. Both sym-
pathetic and parasympathetic pathways are assessed. Five 
simple noninvasive tests of cardiovascular reflexes may be 
adequate for assessing diabetic (and presumably other) 
autonomic neuropathies: the heart rate responses to (1) the 
Valsalva maneuver, (2) standing, and (3) deep breathing; 
and the blood pressure responses to (4) standing and  
(5) sustained handgrip. Definite autonomic neuropathy is 
indicated by an abnormality in two or more tests. Sweating 
is tested separately. In the thermoregulatory sweat test, the 
patient is warmed with a radiant heat cradle to increase 
body temperature by 1°C while the skin is covered with a 
powder that changes color when moist. This permits the 
presence and distribution of sweating to be characterized. 
The sympathetic skin response, that is, the change in 
 voltage at the skin surface following a single electrical 
stimulus, also can be recorded. This depends on the 
 electrical activity arising from sweat glands and on the 
reduced electrical resistance of the skin following a  noxious 
stimulus. Quantitative sudomotor axon reflex testing 

(QSART) assesses postganglionic sympathetic function 
quantitatively but requires sophisticated and expensive 
equipment.

Aminoff MJ. Evaluation of the autonomic nervous system.  In: 
Aminoff MJ, ed. Aminoff ’s Electrodiagnosis in Clinical 
Neurology. 6th ed. Oxford: Elsevier; 2012.

▼▼ CranIaL ImaGInG StuDIeS

ComputeD tomoGraphy

descrIPtIon

Computed tomographic (CT) scanning is a noninvasive 
computer-assisted radiologic means of examining ana-
tomic structures (Figure 2-5). It permits the detection of 
structural intracranial abnormalities with precision, speed, 
and facility. It is thus of particular use in evaluating 
patients with progressive neurologic disorders or focal 
neurologic deficits in whom a structural lesion is sus-
pected, patients with dementia or increased intracranial 
pressure, and patients with suspected stroke or with head 
injuries. Intravenous administration of an iodinated con-
trast agent improves the detection and definition of vascu-
lar lesions and those associated with a disturbance of the 
blood–brain barrier. Contrast-enhanced scans may pro-
vide more information than unenhanced scans in patients 
with known or suspected primary or secondary brain 
tumors, arteriovenous malformations (AVMs), aneurysms, 
cerebral abscesses, chronic isodense subdural hematomas, 
or infarctions. Because the contrast agents may affect the 
kidneys adversely, they should be used with discrimina-
tion. Other adverse effects of the contrast agents in com-
mon use are pain, nausea, thermal sensations, and 
anaphylactoid reactions that include bronchospasm and 
death.

IndIcatIons for use

a. stroke

CT scan can distinguish infarction from intracranial hem-
orrhage; it is particularly sensitive in detecting intracere-
bral hematomas (see Figure 13-18), the location of which 
may provide a guide to their cause. CT scan occasionally 
demonstrates a nonvascular cause of the patient’s clinical 
deficit, such as a tumor or abscess.

B. tumor

CT scans can indicate the site of a brain tumor, the extent 
of any surrounding edema, whether the lesion is cystic or 
solid, and whether it has displaced midline or other normal 
anatomic structures. It also demonstrates any acute hemor-
rhagic component.
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c. trauma

The CT scan is important for detecting traumatic intracra-
nial (epidural, subdural, subarachnoid, or intracerebral) 
hemorrhage and bony injuries. It also provides a more 
precise delineation of associated fractures than do plain 
x-rays.

d. dementia

CT scanning may indicate the presence of a tumor or 
hydrocephalus (enlarged ventricles), with or without 
accompanying cerebral atrophy. The occurrence of hydro-
cephalus without cerebral atrophy in demented patients 
suggests normal pressure or communicating hydrocepha-
lus. Cerebral atrophy can occur in demented or normal 
elderly subjects.

e. subarachnoid Hemorrhage

In patients with subarachnoid hemorrhage, the CT scan 
generally indicates the presence of blood in the subarach-
noid space and may even suggest the source of the bleeding 
(see Figure 6-5). If the CT scan findings are normal despite 
clinical findings suggestive of subarachnoid hemorrhage, 
the CSF should be examined to exclude hemorrhage or 
meningitis. CT angiography (see later) may demonstrate 
an underlying vascular malformation or aneurysm.

maGnetIC reSonanCe ImaGInG

descrIPtIon

Magnetic resonance imaging (MRI) involves no ionizing 
radiation. The patient lies within a large magnet that aligns 
some of the protons in the body along the magnet’s axis. 
The protons resonate when stimulated with radiofre-
quency energy, producing a tiny echo that is strong enough 
to be detected. The position and intensity of these radiofre-
quency emissions are recorded and mapped by a computer. 
The signal intensity depends on the concentration of 
mobile hydrogen nuclei (or nuclear-spin density) of the 
tissues. Spin–lattice (T1) and spin–spin (T2) relaxation 
times are mainly responsible for the relative differences in 
signal intensity of the various soft tissues; these parameters 
are sensitive to the state of water in biologic tissues. Pulse 
sequences with varying dependence on T1 and T2 selec-
tively alter the contrast between soft tissues (Figure 2-6).

The soft-tissue contrast available with MRI makes it 
more sensitive than CT scanning in detecting certain 
structural lesions. MRI provides better contrast than CT 
scans between the gray and white matter of the brain. It is 
superior for visualizing abnormalities in the posterior fossa 
and spinal cord, for subacute and chronic hemorrhage, and 
for detecting lesions associated with multiple sclerosis or 
those that cause seizures. In addition to its greater sensitivity, 

▲▲ Figure 2-5. Contrast-enhanced CT brain scans from a 62-year-old man, showing the normal anatomy. Images are 
at the level of the lateral ventricles (left) and midbrain (right) (same patient as in Figure 2-6).
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A B

C D

▲▲ Figure 2-6. Brain MR images from a 62-year-old man, showing the normal anatomy. (A and B) Gadolinium-
enhanced T1-weighted (CSF dark) images; (C and D) T2-weighted (CSF white) images. Images are at the level of the 
lateral ventricles (A and C) and midbrain (B and D).
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barrier (several hours after onset of cerebral ischemia) 
permits the intravascular content to be extravasated into 
the extracellular space. This can be detected by T2-weighted 
imaging and fluid-attenuated inversion-recovery 
(FLAIR) sequences. Diffusion-weighted MRI also has an 
important role in the early assessment of stroke, as is dis-
cussed later. CT scans may be unrevealing for up to 48 
hours, after which there is less advantage to MRI over CT 
scanning except that MRI detect smaller lesions and has 
superior imaging of the posterior fossa.

Nevertheless, CT scanning without contrast is usually 
the preferred initial study in acute stroke to determine 
quickly whether hemorrhage has occurred. Hematomas of 
more than 2 to 3 days’ duration, however, are better visual-
ized by MRI. Although MRI can detect and localize vascu-
lar malformations, angiography is necessary to define their 
anatomic features and plan effective treatment. In cases of 
unexplained hematoma, a follow-up MRI obtained 3 
months later may reveal the underlying cause, which is 
sometimes unmasked as the hematoma resolves.

B. tumor

Both CT scans and MRI are useful in detecting brain 
tumors. MRI is the preferred technique because of its 
greater soft tissue sensitivity, absence of bone artifacts at 
the vertex or in the posterior fossa, and the ability to 
acquire advanced imaging techniques such as MR spec-
troscopy and diffusion and perfusion imaging that better 
characterize a lesion. MRI or CT scan may detect second-
ary effects of tumors, such as cerebral herniation, but MRI 
provides more detailed and sensitive anatomic informa-
tion. Neither technique, however, permits the type of a 
tumor to be determined with certainty.

c. trauma

In the acute phase after head injury, CT scan is preferable 
to MRI because it requires less time, is superior for detect-
ing intracranial hemorrhage, and may reveal bony injuries. 
Similarly, spinal MRI should not be used in the initial 
evaluation of patients with spinal injuries because nondis-
placed fractures are often not visualized. For follow-up 
purposes, however, MRI is helpful for detecting parenchy-
mal pathology of the brain or spinal cord.

d. dementia

In patients with dementia, either CT scan or MRI can help 
in demonstrating treatable structural causes, but MRI is 
more sensitive in demonstrating abnormal white matter 
signal and associated atrophy.

e. multiple sclerosis

Lesions in the cerebral white matter or the cervical cord are 
best detected by MRI, as lesions may not be visualized  
on CT scans. The lesions on MRI may have signal  

E

▲▲ Figure 2-6. (Continued) A midsagittal T1-weighted 
image is shown in (E). Brain images are from the same 
patient as in Figure 2-5.

it is also free of bony artifact and permits multiplanar 
(axial, sagittal, and coronal) imaging with no need to 
manipulate the position of the patient. Because there are 
no known hazardous effects, MRI studies can be repeated 
in a serial manner if necessary. Occasional patients cannot 
tolerate the procedure without sedation because of 
claustrophobia.

Gadopentetate dimeglumine (gadolinium-DPTA) is 
stable, well-tolerated intravenously, and an effective 
enhancing MRI contrast agent that is useful in identifying 
small tumors that, because of their similar relaxation times 
to normal cerebral tissue, may be missed on unenhanced 
MRI. It also helps to separate tumor from surrounding 
edema, identify leptomeningeal disease, and provide infor-
mation about the blood–brain barrier. Gadolinium has 
been associated with nephrogenic systemic fibrosis in 
patients with renal insufficiency, so it should be used judi-
ciously in this setting.

IndIcatIons for use &  
comParIson wItH ct scan

a. stroke

Within a few hours of vascular occlusion, cerebral infarcts 
may be detected by MRI. Breakdown in the blood–brain 
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characteristics resembling those of ischemic changes, how-
ever, and clinical correlation is therefore always necessary. 
Gadolinium-enhanced MRI permits lesions of different 
ages to be distinguished. This ability facilitates the diagnosis 
of multiple sclerosis: The presence of lesions of different 
ages suggests a multiphasic disease, whereas lesions of simi-
lar age suggest a monophasic disorder, such as acute dis-
seminated encephalomyelitis.

f. Infections

MRI is sensitive in detecting white matter edema and 
probably permits earlier recognition of focal areas of cere-
britis and abscess formation than CT scan. Diffusion MR 
imaging is particularly helpful in detecting areas of reduced 
diffusion, typical of purulent abscess and encephalitis.

contraIndIcatIons

MRI is contraindicated by the presence of intracranial 
ferromagnetic aneurysm clips, metallic foreign bodies in 
the eye, demand-mode pacemakers, and cochlear 
implants. Many implanted devices are also contraindica-
tions for MRI. Patients requiring close monitoring are 
probably best studied by CT if possible. Furthermore, 
MRI is difficult in patients with claustrophobia, extreme 
obesity, uncontrolled movement disorders, or respiratory 
disorders that require assisted ventilation or carry any 
risk of apnea. Advances in MRI-compatible mechanical 
ventilators, pacemakers, and monitoring equipment, 
however, now allow many critically ill patients to be 
scanned safely.

DIFFuSIon-WeIGhteD maGnetIC 
reSonanCe ImaGInG

This technique, in which contrast within the image is 
based on the microscopic motion of water protons in tis-
sue, provides information that is not available on standard 
MRI or CT. It is particularly important in the assessment 
of stroke because it can discriminate cytotoxic edema 
(which occurs in strokes) from vasogenic edema (found 
with other types of cerebral lesion) and thus reveals cere-
bral ischemia early and with high specificity. Diffusion-
weighted MRI permits reliable identification of acute 
cerebral ischemia during the first few hours after onset, 
before it is detectable on standard MRI. This is important 
because it reveals the true volume of infarcts prior to treat-
ment with thrombolytic agents. However, because diffu-
sion-weighted imaging will be positive in the setting of 
cytotoxic edema of any cause (eg, brain abscess, highly 
cellular tumors), clinical correlation is always required. 
When more than one infarct is found on routine MRI, 
diffusion-weighted imaging permits the discrimination of 
acute from older infarcts by the relative increase in signal 
intensity of the former.

DIFFuSIon tenSor maGnetIC 
reSonanCe ImaGInG

This technique allows determination of the diffusion of 
water in tissue in order to produce neural tract images. 
Tractography is important in distinguishing different 
types of dementia, determining the severity and extent of 
cerebral involvement after head injury, localizing brain 
tumors, and planning surgical procedures. White matter 
changes may be detected that are not seen on conventional 
MRI.

perFuSIon-WeIGhteD maGnetIC 
reSonanCe ImaGInG

Blood flow through the brain may be measured using 
either an injected contrast medium (eg, gadolinium) or an 
endogenous technique (in which the patient’s own blood 
provides the contrast). Cerebral blood-flow abnormalities 
can be recognized and the early reperfusion of tissues after 
treatment can be confirmed. Cerebral ischemia may be 
detected very soon after clinical onset. Comparison of the 
findings from diffusion-weighted and perfusion-weighted 
MRI may have a prognostic role and is currently under 
study. The distinction of reversible from irreversible isch-
emic damage is important in this regard. Perfusion-
weighted imaging also contributes in distinguishing 
between various types of brain tumors such as gliomas and 
metastases.

poSItron emISSIon tomoGraphy

Positron emission tomography (PET) is an imaging tech-
nique that uses positron-emitting radiopharmaceuticals, 
such as 18F-fluoro-2-deoxy-D-glucose or 18F-L-dopa, to 
map brain biochemistry and physiology. PET thus comple-
ments other imaging methods that provide primarily ana-
tomic information, such as CT scan and MRI, and may 
demonstrate functional brain abnormalities before struc-
tural abnormalities are detectable. PET has proved useful 
in several clinical settings and is now combined with CT or 
MR scanners in hybrid machines. When patients with 
medically refractory epilepsy are being considered for sur-
gical treatment, PET CT scan can identify focal areas of 
hypometabolism in the temporal lobe as likely sites of the 
origin of seizures. PET can also be useful in the differential 
diagnosis of dementia, because common dementing disor-
ders such as Alzheimer disease and frontotemporal demen-
tia exhibit different patterns of abnormal cerebral 
metabolism. In vivo imaging of amyloid-β (Aβ) with PET 
facilitates the early diagnosis of Alzheimer disease and 
provides prognostic information for patients with mild 
cognitive impairment. PET can help distinguish between 
clinically similar movement disorders, such as Parkinson 
disease and progressive supranuclear palsy, and can pro-
vide confirmatory evidence of early Huntington disease. 
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It may also be of value in grading gliomas, selecting tumor 
biopsy sites, and distinguishing recurrent tumors from 
radiation-induced brain necrosis. It has been an important 
tool with which to investigate the functional involvement 
of different cerebral areas in behavioral and cognitive tasks 
and is used frequently in patients with suspected meta-
static disease. However, PET is more expensive than MR or 
CT alone, requires administration of radioactive isotopes, 
and thus exposes subjects to radiation.

SInGLe-photon emISSIon ComputeD 
tomoGraphy

Single-photon emission computed tomography (SPECT) 
involves the administration intravenously or by inhala-
tion of chemicals containing isotopes that emit single 
photons in order to image the brain. It has been used, in 
particular, for perfusion studies, the investigation of 
receptor distribution, and the detection of areas of 
increased metabolism such as occurs with seizures. At 
present the technique is more of academic interest than of 
clinical relevance, but it is considerably cheaper than PET, 
and the isotopes in use do not have to be produced near 
the site of imaging.

FunCtIonaL maGnetIC 
reSonanCe ImaGInG

Functional MRI (fMRI) involves pulse sequences that 
show changes in signal intensity from alterations in the 
oxygen concentration of venous blood (blood oxygen 
level–dependent [BOLD]-fMRI), which correlate with 
focal cerebral activity. Studies are performed with the sub-
ject at rest and then after an activation procedure so that 
the change in signal intensity reflects the effect of the acti-
vation procedure on local cerebral blood flow (Figure 2-7). 
fMRI studies are indicated for the preoperative evaluation 
of brain tumors, as well as in some cases of epilepsy or 
vascular malformations.

maGnetIC reSonanCe SpeCtroSCopy

Magnetic resonance spectroscopy provides information 
about the chemical composition of tissue. Proton magnetic 
resonance spectroscopy (1H-MRS) can determine levels of 
N-acetylaspartate (exclusive to neurons) or choline, creati-
nine, and lactate (glia and neurons). Measurements of 
brain concentrations of these metabolites may be useful in 
detecting specific tissue loss in diseases such as Alzheimer 
disease or hypoxic–ischemic encephalopathy, or to classify 
brain tumors or lateralize temporal lobe epilepsy. 
Phosphorus magnetic resonance spectroscopy (31P-MRS) 
may be useful in the evaluation of metabolic muscle 
diseases.

arterIoGraphy

descrIPtIon

The intracranial circulation is visualized most satisfacto-
rily by arteriography. The major vessels to the head are 
opacified during an injection of contrast material through 
an arterial or venous catheter and radiographed. A catheter   
is introduced into the femoral or brachial artery and 
passed into one of the major cervical vessels. A radi-
opaque contrast material is then injected through the 
catheter, allowing the vessel (or its origin) to be visualized. 
Access to the cranial vessels with a catheter also allows for 
the delivery of certain therapies. The technique, generally 
performed after noninvasive imaging by CT scanning or 
MRI, has a definite (approximately 1%) morbidity and 
mortality associated with it and involves considerable 
exposure to radiation. It is contraindicated in patients who 
are allergic to the contrast medium. Stroke may result as a 
complication of arteriography. Moreover, after the proce-
dure, bleeding may occur at the puncture site, and the 
catheterized artery (usually the femoral artery) may 
become occluded, leading to distal ischemic complications. 
The puncture site and the distal circulation must therefore 
be monitored.

▲▲ Figure 2-7. A functional MR brain image obtained 
from a patient during rapid finger tapping of the left 
hand. An increase in relative blood flow in the region of 
the right motor strip is imaged (arrow) and superim-
posed on a T1-weighted MR scan. (Used with permission 
from Waxman SG. Correlative Neuroanatomy. 23rd ed. 
Norwalk, CT: Appleton & Lange; 1996.)
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IndIcatIons for use

The major indications for cerebral arteriography are:

1. Diagnosis of intracranial aneurysms, arteriovenous 
malformations (AVMs), or fistulas. Although these 
lesions can be visualized by CT scan or MRI, their 
detailed anatomy and the vessels that feed, drain, or are 
otherwise implicated in them cannot reliably be defined 
by these other means. Moreover, arteriography is 
required for interventional procedures such as emboli-
zation, the injection of occlusive polymers, or the place-
ment of detachable balloons or coils to treat certain 
vascular anomalies.

2. Detection and definition of the underlying lesion in 
patients with subarachnoid hemorrhage who are 
considered good operative candidates (see Chapter 6, 
Headache & Facial Pain).

3. Detection and management of vasospasm after sub-
arachnoid hemorrhage.

4. Emergency embolectomy in the setting of ischemic stroke 
due to large-vessel occlusion. In addition, arteriography 
can define vascular lesions in patients with transient cere-
bral ischemic attacks or strokes if surgical treatment such 
as carotid endarterectomy is being considered.

5. Evaluation of small vessels, when vasculitis is under 
consideration.

6. Diagnosis of cerebral venous sinus thrombosis.
7. Evaluation of space-occupying intracranial lesions, 

particularly when CT scanning or MRI is unavailable. 
There may be displacement of the normal vasculature, 
and in some tumors neovasculature may produce a 
blush or stain on the angiogram. Meningiomas are sup-
plied from the external carotid circulation. Presurgical 
embolization of certain tumors reduces their blood 
supply and decreases the risk of major bleeding during 
resection.

maGnetIC reSonanCe anGIoGraphy

Several imaging techniques to visualize blood vessels by 
MRI depend on certain physical properties of flowing 
blood, thereby allowing visualization of vasculature with-
out the use of intravenous contrast. These properties 
include the rate at which blood is supplied to the imaged 
area, its velocity and relaxation time, and the absence of 
turbulent flow. Magnetic resonance (MR) angiography is a 
noninvasive technique that is cheaper and less risky than 
conventional angiography. It has been most useful in visu-
alizing the carotid arteries and proximal portions of the 
intracranial circulation, where flow is relatively fast. The 
images are used to screen for stenosis or occlusion of ves-
sels and for large atheromatous lesions. It has particular 
utility in screening for venous sinus occlusion. Resolution 
is inferior to that of conventional angiography, and 

occlusive disease may not be recognized in vessels with 
slow flow. Moreover, intracranial MR angiograms may be 
marred by saturation or susceptibility artifacts that result 
in irregular or discontinuous signal intensity in vessels 
close to bone. Although current techniques allow visual-
ization of AVMs and aneurysms greater than 3 mm in 
diameter, conventional angiography remains the “gold 
standard.” Finally, MR angiography may reveal dissection 
of major vessels: Narrowing is produced by the dissection, 
and cross-sectional images reveal the false lumen as a 
crescent of abnormal signal intensity next to the vascular 
flow void.

Ct anGIoGraphy

CT angiography is a minimally invasive procedure that 
requires the CT scanner to be capable of acquiring numerous 
thin, overlapping sections quickly after intravenous injection 
of a bolus of contrast material. As the images are acquired 
within a matter of 5 to 10 seconds, CTA is less likely to be 
affected by patient movement than MR angiography. A wide 
range of vessels can be imaged with the technique.

CT angiography of the carotid bifurcation is being 
used increasingly in patients with suspected disease of the 
carotid arteries. It can also be used for intracranial imag-
ing and can detect stenotic or aneurysmal lesions. 
However, sensitivity is reduced for aneurysms less than 3 
mm, and the method cannot adequately define aneurys-
mal morphology in the preoperative evaluation of 
patients. It is sensitive in visualizing the anatomy in the 
circle of Willis, the vasculature of the anterior and poste-
rior circulations, and intracranial vasoocclusive lesions, 
but it may not reveal plaque ulceration or disease of small 
vessels. It is a reliable alternative to MR angiography, but 
both techniques are less sensitive than conventional 
angiography.

In patients with acute stroke, CT angiography pro-
vides important information complementary to conven-
tional CT scan studies, revealing the site and length of 
vascular occlusion and the contrast-enhanced arteries 
distal to the occlusion as a reflection of collateral blood 
flow. CT perfusion, in which the relative blood flow to an 
area of the brain is measured as iodinated contrast passes 
through over time, can provide additional information 
regarding the proportion of ischemic to infarcted tissue 
in this setting. 

González RG. Current state of acute stroke imaging. Stroke. 
2013;44:3260-3264.

Naidich TP, Castillo M, Cha S, Smirniotopoulos JG. Imaging of 
the Brain. Philadelphia: Saunders; 2013.

Osborn AG, Salzman KL, Barkovich AJ. Diagnostic Imaging:  
Brain. Salt Lake City: Amirsys Publishing; 2009.

Rowe CC, Villemagne VL. Amyloid imaging with PET in early 
Alzheimer disease diagnosis. Med Clin North Am. 2013;97: 
377-398.
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▼▼ SpInaL ImaGInG StuDIeS

pLaIn X-rayS

Plain x-rays of the spine can reveal congenital, traumatic, 
degenerative, or neoplastic bony abnormalities, or narrow-
ing (stenosis) of the spinal canal. Degenerative changes 
become increasingly common with advancing age, and 
their clinical relevance depends on the context in which 
they are found.

myeLoGraphy

Injecting iodinated contrast medium into the subarachnoid 
space permits visualization of part or all of the spinal sub-
arachnoid system. The cord and nerve roots, which are sil-
houetted by the contrast material, are visualized indirectly. 
CSF leaks can be documented and localized. The procedure 
is relatively safe but carries the risk of headache, vasovagal 
reactions, persistent CSF leak, nausea and  vomiting. Rarely, 
confusion and seizures occur. Other rare complications 
include traumatically induced herniated intervertebral disks 
due to poor technique and damage to nerve roots.

The contrast agent is absorbed from the CSF and is 
excreted by the kidneys, with approximately 75% elimi-
nated over the first 24 hours. While current water soluble 
agents do not cause arachnoiditis, tonic–clonic seizures 
have sometimes occurred when large amounts of contrast 
enter the intracranial cavity. Contrast myelography may be 
followed by a CT scan of the spine while the medium is still 
in place. This shows the soft tissue structures in or about 
the spinal cord and provides information complementary 
to that obtained by the myelogram (see later).

Myelography has largely been replaced by MRI and CT 
scanning but it is still sometimes performed, particularly 
in patients with spinal hardware precluding useful MRI 
studies and in those with suspected CSF fistula.

ComputeD tomoGraphy

CT scanning after myelography has become a routine pro-
cedure and is particularly helpful when the myelogram 
either fails to reveal any abnormality or provides poor 
visualization of the area of interest. The myelogram may be 
normal, for example, when there is a laterally placed disk 
protrusion; in such circumstances, a contrast-enhanced 
CT scan may reveal the lesion. It is also useful in visualiz-
ing more fully the area above or below an almost complete 
block in the subarachnoid space and in providing further 
information in patients with cord tumors.

CT scan is most helpful in defining the bony anatomy 
of the spine. It is performed routinely after trauma to 
exclude cervical spine fractures when spinal injury cannot 
be excluded on clinical grounds. CT scanning may show 
osteophytic narrowing of neural foramina or the spinal 

canal in patients with cervical spondylosis and may show 
spinal stenosis or disk protrusions in patients with neuro-
genic claudication. In patients with neurologic deficits, 
however, MRI is generally preferred because it provides 
more useful information about the spinal canal, neural 
foramina, and spinal cord.

maGnetIC reSonanCe ImaGInG

Spinal MRI is the best method for visualizing the spinal 
canal and its contents, and—in most cases—provides the 
information obtained previously by myelography. Imaging 
of the spinal canal by MRI is direct and noninvasive.

Spinal MRI is indicated in the urgent evaluation of 
patients with suspected spinal cord compression. It permits 
differentiation of solid from cystic intramedullary lesions. 
MRI is the preferred imaging method for visualizing cord 
cavitation and detecting any associated abnormalities at 
the craniocervical junction. Congenital abnormalities 
associated with spinal dysraphism are also easily visualized 
by MRI. In patients with degenerative disk disease, MRI is 
an important means of detecting cord or root compression 
(Figure 2-8). However, abnormal MRI findings in the 
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▲▲ Figure 2-8. Spinal MRI showing disk herniation at 
the L3-L4 level (arrows).
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lumbar and cervical spine are common in asymptomatic 
subjects, especially in middle or later life, and care must 
therefore be exercised in attributing symptoms such as 
back pain to anatomic abnormalities that may be coinci-
dental. When a spinal AVM (dural fistula) is suspected but 
MRI is unrevealing, a myelogram is sometimes helpful, 
but spinal angiography is often undertaken without pro-
ceeding to myelography.

Ross JS, Moore KR, Borg B, Shah LM, Crim J. Diagnostic 
Imaging: Spine, 2nd ed. Salt Lake City: Amirsys Publishing; 
2010.

▼▼ uLtraSonoGraphy

In B-mode ultrasonography, echoes reflected from 
anatomic structures are plotted on an oscilloscope 
screen in two dimensions. The resulting brightness at 
each point reflects the density of the imaged structure. 
The technique has been used to image the carotid artery 
and its bifurcation in the neck, permitting evaluation of 
the extent of extracranial vascular disease. Blood flow-
ing within an artery does not reflect sound, and the 
lumen of the vessels therefore appears black. The arte-
rial wall can be seen, however, and atherosclerotic 
lesions can be detected. Note that with severe stenosis or 
complete occlusion of the internal carotid artery, it may 
not be possible to visualize the carotid artery 
bifurcation.

The velocity of blood flow through an artery can be 
measured by Doppler ultrasonography. Sound waves 
within a certain frequency range are reflected off red blood 
cells, and the frequency of the echo provides a guide to the 
velocity of the flow. Any shift in frequency is proportional 
to the velocity of the red cells and the angle of the beam of 
sound waves. When the arterial lumen is narrowed, the 
velocity of flow increases; increased frequencies are there-
fore recorded by Doppler ultrasonography. Spectral analy-
sis of Doppler frequencies is also used to evaluate the 
anatomic status of the carotid artery.

Transcranial Doppler studies can be used to detect 
intracranial arterial lesions or vasospasm (eg, after sub-
arachnoid hemorrhage) and to assess the hemodynamic 
consequences of extracranial disease of the carotid 
arteries.

Duplex instruments perform a combination of both 
B-mode imaging and Doppler ultrasonography, thereby 
providing information simultaneously about both struc-
ture and the hemodynamics of the circulation in a color-
coded format. The technique is commonly used to evaluate 
patients with suspected atheromatous lesions of the carotid 
artery in the neck to determine whether carotid endarter-
ectomy is indicated. Depending on the quality of the study, 
a CT angiogram may be necessary to confirm the extent 
and severity of disease.

Harmon L, Boccalandro F. Comparison of carotid artery dimen-
sions and lesion length measured by B-mode ultrasonogra-
phy and quantitative angiography in patients with severe 
stenosis undergoing percutaneous revascularization. J Clin 
Ultrasound. 2014;42:270-276.

Quirk K, Bandyk DF. Interpretation of carotid duplex testing. 
Semin Vasc Surg. 2013;26:72-85.

▼▼ bIopSIeS

braIn bIopSy

Biopsy of brain tissue is sometimes useful when less inva-
sive methods, such as imaging studies, fail to provide a 
diagnosis. Brain lesions most amenable to biopsy are those 
that can be localized by imaging studies; are situated in 
superficial, surgically accessible sites; and do not involve 
critical brain regions, such as the brainstem or the areas of 
cerebral cortex involved in language or motor function. 
Cerebral disorders that can be diagnosed by biopsy 
include primary and metastatic brain tumors, inflamma-
tory conditions such as vasculitis or sarcoidosis, infectious 
disorders such as brain abscess, and certain degenerative 
diseases such as Creutzfeldt-Jakob disease, although MRI 
has largely supplanted biopsy in the diagnosis of this 
disorder.

muSCLe bIopSy

Histopathologic examination of a biopsy specimen of a 
weak muscle can indicate whether the weakness is neuro-
genic or myopathic. In neurogenic disorders, atrophied 
fibers occur in groups, with adjacent groups of larger unin-
volved fibers. In myopathies, atrophy occurs in a random 
pattern; the nuclei of muscle cells may be centrally situated, 
rather than in their normal peripheral location; and fibro-
sis or fatty infiltration may also be found. Examination of 
a muscle biopsy specimen may also permit certain inflam-
matory diseases of muscle, such as polymyositis, to be 
recognized and treated.

In some patients with a suspected myopathy, although 
the electromyographic findings are normal, examination of 
a muscle biopsy specimen reveals the nature of the under-
lying disorder. Conversely, electromyographic abnormali-
ties suggestive of a myopathy are sometimes found in 
patients in whom the histologic or histochemical studies 
fail to establish a diagnosis of myopathy. The two 
approaches are therefore complementary.

nerVe bIopSy

Nerve biopsy is not required to establish a diagnosis of 
peripheral neuropathy. The nature of any neuropatho-
logic abnormalities; however, can sometimes suggest the 
underlying cause, such as a metabolic storage disease 
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(eg, Fabry disease, Tangier disease), infection (eg, lep-
rosy), inflammatory change, vasculitis, or neoplastic 
involvement. The findings are not always of diagnostic 
relevance, and nerve biopsy itself can be performed only 
on accessible nerves. It is rarely undertaken on more than 
a single occasion.

artery bIopSy

In patients with suspected giant cell arteritis, temporal 
artery biopsy may help to confirm the diagnosis, but the 
pathologic abnormalities are usually patchy in distribution. 
Therefore, a normal study should not exclude the diagnosis 
or lead to withdrawal of treatment.

SkIn bIopSy

In patients with suspected small-fiber neuropathy, punch 
skin biopsy may be performed to determine the number, 
density and length of small nerve fibers in the epidermis. 
The most common biopsy site is the lateral calf, for which 
normative values have been established.

Kaptanis S, Perera JK, Halkias C, et al. Temporal artery biopsy 
size does not matter. Vascular.  In press.

King R, Ginsberg L. The nerve biopsy: indications, technical 
aspects, and contribution. Handb Clin Neurol. 2013;115: 
155-170.

Mellgren SI, Nolano M, Sommer C. The cutaneous nerve biopsy: 
technical aspects, indications, and contribution. Handb Clin 
Neurol. 2013;115:171-188.
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Coma

Coma is a sleep-like state with no purposeful response to 
the environment and from which the patient cannot be 
aroused. The eyes are closed and do not open spontane-
ously. The patient does not speak, and there is no purpose-
ful movement of the face or limbs. Verbal stimulation 
produces no response. Painful stimulation may produce no 
response or nonpurposeful reflex movements mediated 
through spinal cord or brainstem pathways. Coma results 
from a disturbance in the function of either the brainstem 

reticular activating system above the mid pons or of both 
cerebral hemispheres (Figure 3-1).

▼▼ APPROACH TO DIAGNOSIS

The approach to diagnosis of the comatose patient consists 
first of emergency measures to stabilize the patient and 
treat presumptively certain life-threatening disorders, fol-
lowed by efforts to establish an etiologic diagnosis.
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Posner JB, Saper CB, Schiff N, Plum F. Plum and Posner’s 
Diagnosis of Stupor and Coma. 4th ed. Oxford, UK: Oxford 
University Press; 2007.

EMERGENCY MANAGEMENT

1. Ensure patency of the airway and adequacy of ventila-
tion and circulation (Table 3-1). Adequacy of ventila-
tion can be established by the absence of cyanosis, a 
respiratory rate greater than 8/min, the presence of 
breath sounds on auscultation of the chest, and the 
results of arterial blood gas studies. If any of these sug-
gest inadequate ventilation, the patient should be venti-
lated mechanically. Measurement of the pulse and 
blood pressure provides a rapid assessment of the status 
of the circulation. Circulatory embarrassment should 
be treated with intravenous fluid replacement, pressors, 
and antiarrhythmic drugs, as indicated.

2. Insert an intravenous catheter and withdraw blood 
for determination of serum glucose and electrolytes, 
hepatic and renal function tests, prothrombin time, 
partial thromboplastin time, complete blood count, and 
drug screen.

Cerebral
hemisphere

Thalamus

Brainstem reticular
activating system

▲▲ Figure 3-1. Anatomic basis of coma. Consciousness 
is maintained by the normal functioning of the brain-
stem reticular activating system above the mid pons 
and its bilateral projections to the thalamus and cere-
bral hemispheres. Coma results from lesions that affect 
either the reticular activating system or both 
hemispheres.

3. Begin an intravenous infusion and administer dex-
trose, thiamine, and naloxone. Every comatose 
patient should be given 25 g of dextrose intrave-
nously, typically as 50 mL of a 50% dextrose solu-
tion, to treat possible hypoglycemic coma. Because 
administration of dextrose alone may precipitate or 
worsen Wernicke encephalopathy (see Chapter 4, 
Confusional States) in thiamine-deficient patients, 
all comatose patients should also receive 100 mg of 
thiamine by the intravenous route. To treat possible 
opiate overdose, the opiate antagonist naloxone,  
0.4 to 1.2 mg intravenously, should also be 
 administered routinely to comatose patients. The 
benzodiazepine antagonist flumazenil, 1 to 10 mg 
intravenously, may be useful when benzodiazepine 
overdose contributes to coma. However, it should not 
be used in patients with a history of seizures, chronic 
benzodiazepine abuse, or suspected co-ingestion of 
tri- or tetracyclic antidepressants. The latter should 
be suspected if the electrocardiogram (ECG) shows 
sinus tachycardia at a rate of 130/min or more, QTc 
interval greater than 0.5 seconds, and QRS duration 
greater than 0.1 seconds.

4. Withdraw arterial blood for blood gas and pH deter-
minations. In addition to assisting in the assessment 
of ventilatory status, these studies can provide clues to 
metabolic causes of coma (Table 3-2).

5. Institute treatment for seizures, if present. Persistent or 
recurrent seizures in a comatose patient should be con-
sidered to represent status epilepticus and treated 
accordingly, as described in Chapter 12, Seizures & 
Syncope (see particularly Table 12-6).

HISTORY & EXAMINATION

History

The most crucial aspect of the history is the time over 
which coma develops.

1. A sudden onset of coma suggests a vascular origin, 
especially a brainstem stroke or subarachnoid 
hemorrhage.

2. Rapid progression from hemispheric signs, such as 
hemiparesis, hemisensory deficit, or aphasia, to coma 
within minutes to hours is characteristic of intracere-
bral hemorrhage.

3. A more protracted course leading to coma (days to a 
week or more) is seen with tumor, abscess, or chronic 
subdural hematoma.

4. Coma preceded by a confusional state or agitated 
delirium, without lateralizing signs or symptoms, is 
probably due to a metabolic derangement or infection 
(meningitis or encephalitis).
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table 3-1. Emergency Management of the Comatose Patient.

immediately Next Later

Ensure adequacy of airway, ventilation, and 
 circulation

If signs of meningeal irritation are present  
(see Figure 1-5), perform LP to rule out 
 meningitis. Obtain a history if possible

ECG

Draw blood for serum glucose, electrolytes, liver 
and renal function tests, PT, PTT, and CBC

Perform detailed general physical and neurologic 
examination

Correct hyper- or hypothermia

Start IV and administer 25 g of dextrose, 100 mg 
of thiamine, and 0.4-1.2 mg of naloxone IV

Order CT scan of head if history or findings suggest 
structural lesion or subarachnoid hemorrhage

Correct severe acid–base and 
electrolyte abnormalities

Draw blood for arterial blood gas determinations Chest x-ray

Treat seizures (see Chapter 12, Seizures & 
Syncope)

Blood and urine toxicology 
 studies; EEG

Abbreviations: CBC, complete blood count; IV, intravenous; LP, lumbar puncture; PT, prothrombin time; PTT, partial thromboplastin time.

table 3-2. Metabolic Coma: Differential Diagnosis by 
Acid–Base Abnormalities.

Respiratory acidosis
 Sedative drug intoxication
 Pulmonary encephalopathy

Respiratory alkalosis
 Hepatic encephalopathy
 Salicylate intoxication
 Sepsis

Metabolic acidosis
 Diabetic ketoacidosis
 Uremic encephalopathy
 Lactic acidosis
 Methanol intoxication
 Ethylene glycol intoxication
 Isoniazid intoxication
 Salicylate intoxication
 Sepsis (terminal)

Metabolic alkalosis
 Coma unusual

Data from Plum F, Posner JB. The Diagnosis of Stupor and Coma. 3rd ed. 
Vol 19: Contemporary Neurology Series. Philadelphia, PA: Davis; 1980.

GENErAL PHysiCAL EXAMiNAtioN

▼` Signs of Trauma

1. Inspection of the head may reveal signs of basilar skull 
fracture, including the following:
A.  Raccoon eyes—Periorbital ecchymoses (see Figure 1-4).
B.  Battle sign—Swelling and discoloration overlying 

the mastoid bone behind the ear (see Figure 1-4).
C.  Hemotympanum—Blood behind the tympanic 

membrane.

D.  Cerebrospinal fluid (CSF) rhinorrhea or otor-
rhea—Leakage of CSF from the nose or ear. CSF rhi-
norrhea must be distinguished from other causes of 
rhinorrhea, such as allergic rhinitis. Glucose concen-
tration does not reliably distinguish CSF from nasal 
mucus, but beta-2 transferrin is unique to CSF, and its 
presence documents a CSF source of rhinorrhea.

2. Palpation of the head may demonstrate a depressed skull 
fracture or swelling of soft tissues at the site of trauma.

▼` Blood Pressure
Elevated blood pressure in a comatose patient may reflect 
long-standing hypertension, which predisposes to intrace-
rebral hemorrhage or stroke. In the rare condition of 
hypertensive encephalopathy, the blood pressure exceeds 
250/150 mm Hg in chronically hypertensive patients; it 
may be lower in children or after acute elevation of blood 
pressure in previously normotensive patients (eg, in acute 
renal failure). Elevated blood pressure may also be a conse-
quence of the process causing the coma, as in intracerebral 
or subarachnoid hemorrhage or, rarely, brainstem stroke.

▼` Temperature
Hypothermia occurs in coma caused by ethanol or sedative 
drug intoxication, hypoglycemia, Wernicke encephalopa-
thy, hepatic encephalopathy, and myxedema. Coma with 
hyperthermia is seen in heat stroke, status epilepticus, 
malignant hyperthermia related to inhalational anesthetics, 
anticholinergic drug intoxication, pontine hemorrhage, 
and certain hypothalamic lesions.

▼` Signs of Meningeal Irritation
Signs of meningeal irritation (eg, nuchal rigidity or the 
Brudzinski sign [see Figure 1-5]) can be invaluable in  
the prompt diagnosis of meningitis or subarachnoid 
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hemorrhage, but these signs are lost in deep coma, so their 
absence does not exclude these conditions.

▼` Optic Fundi
Examination of the optic fundi may reveal papilledema or 
retinal hemorrhages compatible with chronic or acute 
hypertension, or an elevation in intracranial pressure  
(see Figure 1-11). Subhyaloid (superficial retinal) hemor-
rhages in an adult strongly suggest subarachnoid hemor-
rhage (see Figure 6-3).

NEUroLoGiC EXAMiNAtioN

The neurologic examination is the key to etiologic diagno-
sis in the comatose patient. Pupillary size and reactivity, 
reflex eye movements (oculocephalic and oculovestibular 
reflexes), and the motor response to pain should be  
evaluated in detail (Figure 3-2).

▼` Pupils
1. Normal pupils—Normal pupils are typically 3 to 4 mm 

in diameter (but larger in children and smaller in the 
elderly) and equal in size bilaterally; they constrict 
briskly and symmetrically in response to light. Normally 
reactive pupils in a comatose patient are characteristic 
of a metabolic cause.

2. Thalamic pupils—Slightly smaller (~2 mm) reactive 
pupils are present in the early stages of thalamic com-
pression from mass lesions, perhaps because of inter-
ruption of the descending sympathetic pathways.

3. Fixed, dilated pupils—Pupils greater than 7 mm in diam-
eter and fixed (unreactive to light) usually result from 
compression of the oculomotor (III) cranial nerve (and 
associated sympathetic, pupillodilator nerve fibers) any-
where along its course, from the midbrain to the orbit, but 
may also be seen in anticholinergic or sympathomimetic 
drug intoxication. The most common cause of a fixed, 

Early
diencephalic

Pupillary
light response

Reflex
eye movement Motor response to pain

Late
diencephalic

Midbrain

Pons or
upper 
medulla

▲▲ Figure 3-2. Neurologic signs in coma with downward transtentorial herniation. In the early diencephalic phase, 
the pupils are small (approximately 2 mm in diameter) and reactive, reflex eye movements are intact, and the motor 
response to pain is purposeful or semipurposeful (localizing) and often asymmetric. The late diencephalic phase is 
associated with similar findings, except that painful stimulation results in decorticate (flexor) posturing, which may 
also be asymmetric. With midbrain involvement, the pupils are fixed and midsized (approximately 5 mm in diame-
ter), reflex adduction of the eyes is impaired, and pain elicits decerebrate (extensor) posturing. Progression to involve 
the pons or medulla also produces fixed, midsized pupils, but these are accompanied by loss of reflex abduction as 
well as adduction of the eyes and by no motor response or only leg flexion upon painful stimulation. Note that 
although a lesion restricted to the pons produces pinpoint pupils as a result of the destruction of descending sym-
pathetic (pupillodilator) pathways, downward herniation to the pontine level is associated with midsized pupils. This 
happens because herniation also interrupts parasympathetic (pupilloconstrictor) fibers in the oculomotor (III) nerve.
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dilated pupil in a comatose patient is transtentorial her-
niation of the medial temporal lobe from a supratentorial 
mass.

4. Fixed, midsized pupils—Pupils fixed at approximately 
5 mm in diameter are the result of brainstem damage at 
the midbrain level, which interrupts both sympathetic, 
pupillodilator and parasympathetic, pupilloconstrictor 
nerve fibers.

5. Pinpoint pupils—Pinpoint pupils (1-1.5 mm in diam-
eter) in a comatose patient usually indicate opioid 
overdose or, less commonly, a focal structural lesion 
in the pons. These causes can be distinguished by 
the administration of naloxone (see earlier) or by the 
associated defects in horizontal eye movements that  
usually accompany pontine lesions. Pinpoint pupils 
may appear unreactive to light except when viewed with 
a magnifying glass. Pinpoint pupils can also be caused 
by organophosphate poisoning, miotic eye drops, or  
neurosyphilis (Argyll Robertson pupils).

6. Asymmetric pupils—Asymmetry of pupillary size 
(anisocoria) with a difference of 1 mm or less in diam-
eter is a normal finding that occurs in 20% of the popu-
lation. In such physiologic anisocoria, pupils constrict 
to a similar extent in response to light, and extraocular 
movements are unimpaired. In contrast, a pupil that 
constricts less rapidly or to a lesser extent than its  
contralateral fellow usually implies a structural lesion 
affecting the midbrain, oculomotor nerve, or eye.

▼` Eye Movements
1. Pathways tested—The neuronal pathways examined by 

testing eye movements begin at the pontomedullary 
junction (vestibular [VIII] nerve and nucleus), synapse 
in the caudal pons (horizontal gaze center and abdu-
cens [VI] nerve nucleus), ascend through the central 
core of the brainstem reticular activating system 
(medial longitudinal fasciculus), and arrive at the  
contralateral midbrain (oculomotor [III] nucleus and 
nerve; Figure 3-3).

2. Methods of testing—In the comatose patient, eye 
movements are tested by stimulating the vestibular sys-
tem (semicircular canals of the middle ear) by passive 
head rotation (the oculocephalic reflex, or doll’s-head 
maneuver) or using the stronger stimulus of ice-water 
irrigation against the tympanic membrane (oculo-
vestibular reflex, or cold-water caloric testing) (see 
Figure 3-3).

  The doll’s-head (oculocephalic) maneuver is per-
formed by rotating the head horizontally to elicit hori-
zontal eye movements and vertically to elicit vertical 
movements. The eyes should move in the direction 
opposite to that of head rotation. This may be an inad-
equate stimulus for inducing eye movements, however, 
and the reflex may be overridden in conscious patients.

  Cold-water caloric (oculovestibular) stimulation 
is a more potent stimulus and is performed by irrigat-
ing the tympanic membrane with ice water. Otoscopic 
examination should always be undertaken before this 
maneuver is attempted, because it is contraindicated 
if the tympanic membrane is perforated. In conscious 
patients, unilateral cold water irrigation produces nys-
tagmus with the fast phase directed away from the 
irrigated side. In comatose patients with intact brain-
stem function, unilateral ice water irrigation results in 
tonic deviation of the eyes toward the irrigated side. An 
absent or impaired response to caloric stimulation with 
large volumes (eg, 50 mL) of ice water is indicative of 
peripheral vestibular disease, a structural lesion involv-
ing the posterior fossa (cerebellum or brainstem), or 
intoxication with sedative drugs.

3. Normal movements—A comatose patient with intact 
brainstem function has full conjugate horizontal eye 
movements, which occur either spontaneously (as  
“roving eye movements”) or during the doll’s-head 
maneuver, as well as tonic conjugate deviation of both 
eyes toward the side of the ice-water irrigation during 
cold-water caloric testing. Full horizontal eye move-
ments in a comatose patient exclude a structural lesion 
in the brainstem as the cause of coma and suggest either 
a nonstructural (eg, metabolic) cause or, less commonly, 
bilateral hemispheric lesions.

4. Abnormal movements
 a.  With lesions affecting the oculomotor (III) nerve 

or nucleus, such as hemispheric mass lesions caus-
ing downward transtentorial herniation at the 
midbrain level (see Figure 3-2), cold-water caloric 
testing fails to produce adduction of the contralat-
eral eye, whereas the ipsilateral eye abducts 
normally.

 b.  Complete unresponsiveness to cold-water caloric 
testing in a comatose patient implies either a struc-
tural lesion of the brainstem affecting the pons or a 
metabolic disorder that affects the brainstem prefer-
entially, such as sedative drug intoxication.

 c  Downward deviation of one or both eyes in response 
to unilateral cold-water caloric testing also suggests 
sedative drug intoxication.

▼` Motor Response to Pain
The motor response to pain is assessed by applying strong 
pressure on the supraorbital ridge, sternum, or nail beds. 
The response to such stimuli can indicate whether the 
condition causing coma affects the brain symmetrically (as 
is typical of metabolic and other diffuse disorders) or 
asymmetrically (as in unilateral structural lesions). The 
motor response to pain may also help to localize the ana-
tomic level of cerebral dysfunction or provide a guide to 
the depth of coma.
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1. With cerebral dysfunction of only moderate severity, 
patients may localize an offending stimulus by reaching 
toward the site of stimulation. Although such “semipur-
poseful” localizing responses can be difficult to distin-
guish from the reflex responses described later, 
movements that involve limb abduction almost never 
represent reflex movements.

2. A decorticate response to pain (flexion of the arm at the 
elbow, adduction at the shoulder, and extension and internal 
rotation of the leg and ankle) is classically associated with 
lesions that involve the thalamus directly or large hemi-
spheric masses that compress the thalamus from above.

3. A decerebrate response (extension at the elbow, internal 
rotation at the shoulder and forearm, and leg extension) 

tends to occur when brain dysfunction has descended 
to the level of the midbrain. Thus decerebrate posturing 
generally implies more severe brain dysfunction than 
decorticate posturing, although neither response local-
izes the site of dysfunction precisely.

4. Bilateral symmetric posturing may be seen in both 
structural and metabolic disorders.

5. Unilateral or asymmetric posturing suggests structural 
disease in the contralateral cerebral hemisphere or 
brainstem.

6. In patients with pontine and medullary lesions, there is 
usually no response to pain, but occasionally some flex-
ion at the knee (a spinal reflex) is noted.

50

Ice water
irrigation

Inhibitory

Vestibular (VIII) nerve

Medial longitudinal 
fasciculus

Vestibular (VIII) nucleus

Abducens (VI) 
nucleus

Oculomotor (III) nerve

Abducens 
(VI) nerve

Medial rectus

Oculomotor (III) nucleus

Head
rotation

Tonic eye deviation

Lateral rectus

RL

Semicircular canals

▲▲ Figure 3-3. Brainstem pathways mediating reflex conjugate horizontal eye movements. In a comatose patient 
with intact brainstem function, irrigation of the tympanic membrane with ice water inhibits the vestibuloocular 
pathways shown, resulting in tonic deviation of both eyes toward the irrigated side; head rotation causes eye devia-
tion away from the direction of rotation.
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▼` Glasgow Coma Scale
The pupillary, eye movement, and motor responses 
described earlier are sometimes translated to a numerical 
scale so that changes in the examination (and thus the 
numerical score) may be more easily noticed over time and 
compared between different examiners (Table 3-3).

PAtHoPHysioLoGiC AssEssMENt

The most important step in evaluating a comatose patient 
is to decide whether the cause is a structural brain lesion 
(for which emergency neurosurgical intervention may be 
required) or a diffuse disorder caused by a metabolic dis-
turbance, meningitis, or seizures (for which immediate 
medical treatment may be needed).

▼` Supratentorial Structural Lesions
When coma results from a supratentorial mass lesion, the 
history and physical findings early in the course usually 
point to dysfunction of one cerebral hemisphere. Symptoms 
and signs include contralateral hemiparesis, contralateral 
hemisensory loss, aphasia (with dominant, usually left, 
hemisphere lesions), and agnosia (indifference to or denial 
of the deficit, with injury to the nondominant hemisphere).

As the mass expands (commonly from associated 
edema), the patient becomes increasingly lethargic due to 
compression of the contralateral hemisphere or thalamus. 
Stupor progresses to coma, but findings on examination 
often remain asymmetric. With rostral–caudal (down-
ward) progression of brain injury, the thalamus, midbrain, 
pons, and medulla become sequentially involved, and the 
neurologic examination reveals dysfunction at successively 
lower anatomic levels (see Figure 3-2). This segmental pat-
tern of rostral-caudal involvement strongly supports the 

table 3-3. Glasgow Coma Scale.

score Eye opening Verbal response
Motor 

response

1 None None None

2 To pain Vocal but not verbal Extension

3 To voice Verbal but not 
 conversational

Flexion

4 Spontaneous Conversational but 
disoriented

Withdraws 
from pain

5 — Oriented Localizes pain

6 — — Obeys 
 commands

Adapted from Teasdale G, Jennett B. Assessment of coma and 
impaired consciousness. A practical scale. Lancet. 1974;2:81-84.

diagnosis of a supratentorial mass with downward trans-
tentorial herniation (Figure 3-4) and dictates the need for 
neurosurgical intervention. At the fully developed  
midbrain level (midsized, unreactive pupils), chances of  
survival without severe neurologic impairment decrease 
rapidly, especially in adults. Once the pontine level of  
dysfunction is reached (unreactive pupils, and absent hori-
zontal eye movements), a fatal outcome is inevitable.

Supratentorial mass lesions may cause herniation of the 
medial portion of the temporal lobe (the uncus) over the 
edge of the cerebellar tentorium (see Figure 3-4). This 
exerts direct pressure on the upper brainstem and  
produces signs of oculomotor (III) nerve and midbrain 
compression, such as ipsilateral pupillary dilatation and 
impaired adduction of the eye (uncal syndrome), which 
may precede loss of consciousness. Neurosurgical decom-
pression must occur early in the course of oculomotor (III) 
nerve involvement if functional recovery is to occur.

▼` Subtentorial Structural Lesions
Coma of sudden onset with focal signs of brainstem dys-
function strongly suggests a subtentorial structural lesion. 
Abnormal pupillary function and impaired eye movement 
are the findings most suggestive of a subtentorial structural 
lesion, especially if these abnormalities are asymmetric. 
Midbrain lesions cause loss of pupillary function: the 
pupils are midsized (approximately 5 mm in diameter) and 
unreactive to light. Pontine hemorrhage, pontine infarc-
tion, or compression of the pons by adjacent cerebellar 
 hemorrhage or infarction produces pinpoint pupils. 

Uncus

Cerebellar tonsil

Brainstem

Lateral
ventricles Supratentorial

mass

Tentorium 
cerebelli

1

2
3

4

▲▲ Figure 3-4. Anatomic basis of herniation syndromes. 
An expanding supratentorial mass lesion may cause 
brain tissue to be displaced into an adjacent intracranial 
compartment, resulting in (1) cingulate herniation 
under the falx, (2) downward transtentorial (central) 
herniation, (3) uncal herniation over the edge of the 
tentorium, or (4) cerebellar tonsillar herniation into the 
foramen magnum. Coma and ultimately death result 
when (2), (3), or (4) produces brainstem compression.
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Brainstem lesions may also be associated with conjugate 
gaze deviation away from the side of the lesion (and toward 
a hemiparesis) (see Figure 7-17), or disconjugate eye move-
ments such as internuclear ophthalmoplegia (selective 
impairment of eye adduction). Motor responses are gener-
ally not helpful in separating subtentorial from supratento-
rial lesions. Ventilatory patterns associated with subtentorial 
lesions are abnormal but variable and may be ataxic or gasp-
ing (Figure 3-5). Because the fully developed syndrome of 
transtentorial herniation from a supratentorial mass is 
characterized by extensive brainstem dysfunction, its  
differentiation from a primary subtentorial process may be 
impossible except by history.

▼` Diffuse Encephalopathies
Diffuse encephalopathies that result in coma (sometimes 
termed metabolic coma) include not only metabolic disor-
ders such as hypoglycemia and drug intoxication, but other 
processes that affect the brain diffusely, such as meningitis, 
subarachnoid hemorrhage, and seizures.

The clinical presentation of diffuse encephalopathy  
is distinct from that of a mass lesion. There are usually no 
focal signs, such as hemiparesis, hemisensory loss, or aphasia, 

Normal

Cheyne-Stokes

Central
hyperventilation

Ataxic

Gasping

▲▲ Figure 3-5. Ventilatory patterns in coma. Cheyne-
Stokes respiration and central hyperventilation are seen 
with metabolic disturbances and with structural lesions 
at a variety of sites in the brain. They are therefore not 
useful for anatomic localization of disorders producing 
coma. Ataxic and gasping ventilatory patterns are most 
commonly seen with pontomedullary lesions.

and—except in some cases of subarachnoid hemorrhage—
consciousness is lost only gradually, typically after a period 
of progressive somnolence or agitated delirium.

A symmetric neurologic examination is the rule, 
although hypoglycemia, hyperosmolar nonketotic hyper-
glycemia, and hepatic encephalopathy may sometimes be 
accompanied by focal signs, such as hemiparesis, which 
may alternate from side to side. Asterixis, myoclonus, and 
tremor preceding coma are important clues that suggest 
metabolic disease. Symmetric decorticate or decerebrate 
posturing can be seen with hepatic, uremic, anoxic, hypo-
glycemic, or sedative drug–induced coma.

Reactive pupils in the presence of otherwise impaired 
brainstem function is the hallmark of metabolic encepha-
lopathy. Although coma with intact pupillary reaction can 
also be seen early in transtentorial herniation (see  
Figure 3-2), the latter is associated with asymmetric neuro-
logic findings, such as hemiparesis. A few metabolic causes 
of coma can also impair pupillary light reflexes, including 
massive barbiturate overdose with apnea and hypotension, 
acute anoxia, marked hypothermia, anticholinergic poi-
soning (large pupils), and opioid overdose (pinpoint 
pupils), but even in these settings, completely unreactive 
pupils are uncommon.

Ventilatory patterns in metabolic coma vary widely (see 
Figure 3-5), but measuring arterial blood gases and pH 
may help to establish an etiologic diagnosis. Arterial blood 
gas abnormalities in coma are outlined in Table 3-2.

▼` Summary
The relationship between neurologic signs and the patho-
physiology of coma is summarized in Table 3-4. Examining 
pupil size and reactivity and testing reflex eye movements 
and the motor response to pain help determine whether 
brain function is disrupted at a discrete anatomic level 
(structural lesion) or in a diffuse manner (metabolic coma).

Supratentorial structural lesions compromise the brain 
in an orderly way, producing dysfunction at progressively 
lower anatomic levels. In patients with metabolic coma, 
such localization is not possible, and scattered, anatomi-
cally inconsistent findings may be seen. An impressive 
example of the anatomically discordant findings character-
istic of metabolic coma is the retention of pupillary reactivity 
in the face of otherwise depressed brainstem functions—
including paralysis of eye movements, respiratory depres-
sion, flaccid muscle tone, and unresponsiveness to painful 
stimuli—after sedative drug overdose. The same degree of 
low brainstem dysfunction produced by a supratentorial 
mass lesion would first compromise the more rostrally 
situated midbrain structures that mediate pupillary reac-
tivity before affecting the lower brainstem centers.

Edlow JA, Rabinstein A, Traub SJ, Wijdicks EF. Diagnosis of 
reversible causes of coma. Lancet. 2014;in press.

Aminoff_ch03_p046-064.indd   53 05/03/15   12:04 pm



CHAPTER 354

▼▼ CAUSES OF COMA

SUPRATENTORIAL STRUCTURAL LESIONS

sUBDUrAL HEMAtoMA

Subdural hematoma is a collection of blood in the subdural 
space between the dura mater and the arachnoid. Because 
subdural hematoma is resectable, it must always be consid-
ered early in any comatose patient with a suspected supraten-
torial mass lesion. Subdural hematoma is more common in 
older patients, because cerebral atrophy stretches bridging 
cortical veins and renders them more susceptible to laceration 
from shearing injury or apparently spontaneous rupture.

Trauma is the most common cause, and in the acute 
stage after head injury, focal neurologic deficits are often 
conspicuous. The severity of injury needed to produce a 
subdural hematoma becomes less with advancing age; in 
perhaps 25% of cases a history of trauma is not present.

The most common clinical findings are headache and 
altered consciousness, but symptoms and signs may be 
absent, nonspecific, or nonlocalizing, especially with 
chronic subdural hematomas that appear months or years 
after injury (Table 3-5). The classic history of waxing and 
waning signs and symptoms is too infrequent to be relied 
on for diagnosis. Hemiparesis, when present, is contralat-
eral to the lesion in approximately 70% of cases. Pupillary 
dilation, when present, is ipsilateral in approximately 90% 
of cases. The frequency of bilateral hematomas may make 
localization difficult, as may coexisting cerebral contusion.

Diagnosis is by computed tomography (CT) scan or 
magnetic resonance imaging (MRI) (Figure 3-6).

Treatment of subdural hematoma causing coma is by 
surgical evacuation.

Busl KM, Prabhakaran S. Predictors of mortality in nontraumatic 
subdural hematoma. J Neurosurg. 2013;119:1296-1301.

table 3-4. Pathophysiologic Assessment of the Comatose Patient.

supratentorial structural 
Lesion subtentorial structural Lesion Diffuse Encephalopathy/Meningitis

Pupil size and light 
reaction

Usually normal size (3-4 mm) 
and reactive; large (>7 mm) 
and unreactive with 
 transtentorial herniation

Midsized (about 5 mm) and unreac-
tive with midbrain lesion; pin-
point (1-1.5 mm) and unreactive 
with pontine lesion

Usually normal size (3-4 mm) and reactive; 
pinpoint (1-1.5 mm) and sometimes 
unreactive with opiates; large (>7 mm) 
and unreactive with anticholinergics

Reflex eye 
 movements

Normal (gaze preference toward 
side of lesion may occur)

Impaired adduction with midbrain 
lesion; impaired adduction and 
abduction with pontine lesion

Usually normal; impaired by sedative drugs 
or Wernicke encephalopathy

Motor responses Usually asymmetric; may be 
symmetric after transtentorial 
herniation

Asymmetric (unilateral lesion) or 
symmetric (bilateral lesion)

Usually symmetric; may rarely be 
 asymmetric with hypoglycemia, hyperos-
molar nonketotic hyperglycemia, or 
hepatic encephalopathy

table 3-5. Clinical Features of Subdural Hematoma.1

Acute2  
(82 Cases) 

(%)

subacute3 
(91 Cases) 

(%)

Chronic4 
(216 Cases) 

(%)

Symptoms

Depressed  
consciousness

100 88 47

Vomiting 24 31 30

Weakness 20 19 22

Confusion 12 41 37

Headache 11 44 81

Speech disturbance 6 8 6

Seizures 6 3 9

Vertigo 0 4 5

Visual disturbance 0 0 12

Signs

Depressed 
 consciousness

100 88 59

Pupillary inequality 57 27 20

Motor asymmetry 44 37 41

Confusion and 
 memory loss

17 21 27

Aphasia 6 12 11

Papilledema 1 15 22

Hemianopia 0 4 3

Facial weakness 0 3 3

1Data from McKissock W, Richardson A, Bloom WH. Subdural 
hematoma, a review of 389 cases. Lancet. 1960;1:1365-1370.
2Within 3 days of trauma.
34-20 days after trauma.
4More than 20 days after trauma.
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EPiDUrAL HEMAtoMA

Epidural hematoma typically results from head trauma 
associated with a lateral skull fracture and tearing of the 
middle meningeal artery and vein. Patients may or may not 
lose consciousness initially. There is often a lucid interval 
of several hours before the onset of coma, during which 
time headache, vomiting, obtundation, seizures, and focal 
neurologic signs may occur. The diagnosis is made by CT 
scan or MRI (see Figure 3-6), which classically shows a 
radiodense biconvex lens-shaped mass compressing the 
cerebral hemisphere. Prompt surgical evacuation of the 
hematoma is essential to prevent a fatal outcome.

CErEBrAL CoNtUsioN

Cerebral contusion is bruising of the brain caused by head 
trauma. It may be associated with initial unconsciousness 
from which the patient recovers. Edema surrounding the 
contusion may cause the level of consciousness to fluctuate, 
and seizures and focal neurologic signs may develop. 
Patients must be carefully monitored for neurologic deterio-
ration related to progressive edema and herniation.

Lumbar puncture is unnecessary and potentially dan-
gerous. CT scan or MRI are the diagnostic procedures of 
choice. In contrast to subdural and epidural hematomas, 
cerebral contusions rarely require surgery.

iNtrACErEBrAL HEMorrHAGE

▼` Etiology
The most common cause of nontraumatic intracerebral 
hemorrhage is chronic hypertension. This and other causes 
are discussed in more detail in Chapter 13, Stroke.

▼` Clinical Findings
Intracerebral hemorrhage usually occurs while the patient 
is awake. Hemorrhage is not preceded by transient prodro-
mal symptoms, such as the transient ischemic attacks 
(TIAs) often associated with cerebral infarction (see 
Chapter 13, Stroke).

Headache occurs in many cases and can be moderate to 
severe. If present, headache may be localized to the site of 
hemorrhage or generalized. Nausea and vomiting are com-
mon. Altered consciousness may progress steadily to stu-
por or coma over minutes to hours.

On examination, patients are nearly always hyperten-
sive (blood pressure 170/90 mm Hg or higher), even in the 
late stages of transtentorial herniation. The funduscopic 
examination usually shows vascular changes associated 
with chronic hypertension. Nuchal rigidity is common. 
Gaze deviation—toward the side of a putaminal or lobar 
hemorrhage or downward and medially in thalamic 

A B

Right Left Right Left

▲▲ Figure 3-6. (A) Subdural hematoma. Unenhanced CT scan showing a large, high-density crescentic mass over the 
right cerebral hemisphere, with shift of the lateral ventricles across the midline. (B) Epidural hematoma. Unenhanced 
CT scan showing a large, high-density lens-shaped mass in the right parietooccipital region. Fracture of the occipital 
bone was seen on bone windows.

Aminoff_ch03_p046-064.indd   55 05/03/15   12:04 pm



CHAPTER 356

hemorrhage—may occur. Hemiparesis is frequent because 
of the proximity of common hemorrhage sites, such as the 
basal ganglia and thalamus, to the internal capsule, which 
conveys descending motor fibers from the cerebral cortex.

Seizures occur in approximately 10% of cases and are 
often focal. Neurologic deficits do not fluctuate 
spontaneously.

▼` Investigative Studies
CT brain scan without contrast or MRI shows intraparenchy-
mal blood and confirms the diagnosis (see Figure 13-18).

▼` Treatment

1. Blood pressure—Systolic blood pressure should be 
reduced to 140 mm Hg or less to limit hematoma 
expansion, but excessive blood pressure reduction 
should be avoided, as it may compromise blood flow in 
brain tissue adjacent to the hemorrhage.

2. Cerebral edema—The mass effect of intracerebral hem-
orrhage is typically compounded by progressive cere-
bral edema, which becomes evident at approximately  
24 hours and maximal within 5 to 6 days. Cerebral 
edema may be treated with mannitol or intravenous 
hypertonic saline (Table 3-6), but this is usually only 
useful as a temporizing measure prior to surgery, when 
indicated, and alone rarely alters the eventual outcome.

3. Surgical treatment—Evacuation of the clot may be appro-
priate in cases (approximately 10%) in which hemorrhage 

is located superficially in the cerebral hemisphere and 
produces a mass effect. However, most hemorrhages are 
deep within the brain and less accessible to surgery.

▼` Prognosis
Early mortality from intracerebral hemorrhage is high, 
with approximately 25% of patients dying within 72 hours. 
However, those who survive may be left with surprisingly 
mild deficits as the clot resolves over a period of weeks to 
months.

Qureshi AI, Mendelow AD, Hanley DF. Intracerebral haemor-
rhage. Lancet. 2009;373:1632-1644.

BrAiN ABsCEss

Brain abscess is an uncommon disorder, accounting for 
only 2% of intracranial masses.

▼` Etiology
The common conditions predisposing to brain abscess, in 
approximate order of frequency, are blood-borne metasta-
sis from distant systemic (especially pulmonary) infection, 
direct extension from parameningeal sites (otitis, cranial 
osteomyelitis, sinusitis), an unknown source, infection 
associated with recent or remote head trauma or craniot-
omy, and infection associated with cyanotic congenital 
heart disease.

table 3-6. Drug Therapy for Cerebral Edema.

Drug Dose route indications and Comments

Glucocorticoids

Dexamethasone 10-100 mg, then 4 mg 
4 times daily

Intravenous or orally

Dexamethasone preferred for lowest mineralocorticoid 
effect.

Antacid treatment indicated.
Effective for edema associated with brain tumor or 

abscess; not indicated for intracerebral hemorrhage 
or infarction.

Prednisone 60 mg, then 25 mg  
4 times daily

Orally

Methylprednisolone 60 mg, then 25 mg  
4 times daily

Intravenous or orally

Hydrocortisone 300 mg, then 130 mg
4 times daily

Intravenous or orally

Osmotic diuretic agents

Mannitol 1.5-2 g/kg over  
30 min–1 h

20% intravenous solution Effective acutely. Major dehydrating effect on normal 
tissue; osmotic effect short-lived, and more than 
two intravenous doses rarely effective. Hypertonic 
saline has both osmotic and vasoregulatory effects.

Hypertonic saline 3% continuous infu-
sion or 23.4% or 
29.2% by 20 mL 
bolus

Intravenously Continuous infusion of 3% hypertonic saline to target 
a serum sodium of 145-155 mEq/L; boluses of 
hypertonic saline may be more effective than other 
osmotic agents.
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The most common pathogenic agents are aerobic, 
anaerobic, and microaerophilic streptococci, and gram-
negative anaerobes such as bacteroides, Fusobacterium, 
and Prevotella. Staphylococcus aureus, Proteus, and other 
gram-negative bacilli are less common. Actinomyces, 
Nocardia, and Candida are also found. Multiple organisms 
are present in the majority of abscesses.

▼` Clinical Findings
The course is that of an expanding mass lesion, usually 
presenting with headache and focal neurologic deficits in a 
conscious patient. Coma may develop over days but rarely 
over hours. Common presenting signs and symptoms are 
shown in Table 3-7. It is important to note that common 
correlates of infection may be absent: Temperature is nor-
mal in 40% of patients, and the peripheral white blood cell 
count is below 10,000/μL in 20%.

▼` Investigative Studies
The diagnosis is strongly supported by finding a mass 
lesion with a contrast-enhanced rim on CT scan or MRI 
or an avascular mass on angiography. Examination of the 
CSF reveals an opening pressure greater than 200 mm 
water in 75% of patients, pleocytosis of 25 to 500 or more 
white cells/μL (depending on the proximity of the abscess 
to the ventricular surface and its degree of encapsula-
tion), and elevated protein level (45-500 mg/dL) in 
approximately 60% of patients. CSF cultures are usually 
negative. Marked clinical deterioration may follow lum-
bar puncture in patients with brain abscess; therefore, 
lumbar puncture should not be performed if brain 
abscess is suspected.

table 3-7. Brain Abscesses: Presenting Features in  
123 Cases.

Fever 58%

Headache 55%

Disturbed consciousness 48%

Hemiparesis 48%

Nausea, vomiting 32%

Nuchal rigidity 29%

Dysarthria 20%

Seizures 19%

Sepsis 17%

Visual disturbances 15%

Modified from Lu CH, Chang WN, Lin YC, et al. Bacterial brain 
abscess: microbiological features, epidemiological trends and out-
comes. Q J Med. 2002;95:501-509.

▼` Treatment
Treatment of pyogenic brain abscess can be with antibiotics 
alone or combined with surgical drainage. Surgical therapy 
should be strongly considered when there is a significant mass 
effect or the abscess is near the ventricular surface, because 
catastrophic rupture into the ventricular system may occur.

Medical treatment alone is indicated for surgically inac-
cessible, multiple, or early abscesses. If the causal organism is 
unknown, broad-spectrum antibiotic coverage is indicated. 
The first-line recommendation in North America is ceftriax-
one 2 g every 12 hours plus metronidazole. Penicillin G 3 to 
4 million units intravenously every 4 hours and metronida-
zole 7.5 mg/kg intravenously or orally every 6 hours is still 
used in some countries. If staphylococcal infection is sus-
pected, oxacillin or nafcillin 3 g intravenously every 6 hours 
should be added. Because methicillin-resistant staphylococ-
cal infection is now common, many centers begin treatment 
with vancomycin 1 g every 12 hours adjusted to serum levels. 
Nafcillin plus cefotaxime or ceftriaxone is recommended to 
cover staphylococci and aerobic gram-negative bacilli in 
trauma patients. Glucocorticoids (see Table 3-6) may reduce 
edema surrounding the abscess. The response to medical 
treatment should be assessed by clinical examination and 
serial CT or MRI scans. When medically treated patients do 
not improve, needle aspiration of the abscess is indicated to 
identify the organisms present.

Honda H, Warren DK. Central nervous system infections: men-
ingitis and brain abscess. Infect Dis Clin North Am. 
2009;23:609-623.

stroKE (CErEBrAL iNFArCtioN)

Embolic or thrombotic occlusion of one carotid artery 
does not cause coma directly, because bilateral hemi-
spheric lesions are required for consciousness to be lost. 
However, cerebral edema after massive hemispheric infarc-
tion can compress the contralateral hemisphere or cause 
transtentorial herniation, either of which can produce 
coma. Edema becomes maximal within 48 to 72 hours after 
infarction, and may cause progression of the original neu-
rologic deficit and ultimately stupor and coma. Cerebral 
hemorrhage is excluded by CT scan or MRI.

The use of corticosteroids and dehydrating agents to 
treat cerebral edema associated with stroke has produced 
no clear benefit. Stroke is discussed in more detail in 
Chapter 13, Stroke.

BrAiN tUMor

▼` Clinical Findings
Primary or metastatic brain tumors (see Chapter 6, 
Headache & Facial Pain) rarely present with coma, although 
they can do so when hemorrhage into the tumor or 
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tumor-induced seizures occur. More often, coma occurs 
late in the clinical course of brain tumor, and there is a his-
tory of headache, focal neurologic deficits, and altered 
consciousness. Papilledema is a presenting sign in 25% of 
cases.

▼` Investigative Studies
If brain tumor is suspected, a head CT scan or MRI should 
be obtained. It may or may not be possible to determine the 
nature of the tumor by its imaging appearance alone; 
biopsy may be required. Chest x-ray or CT scan is useful, 
because lung carcinoma is the most common source of 
intracranial metastasis and because other tumors that 
metastasize to the brain commonly involve the lungs first.

▼` Treatment
In contrast to their lack of therapeutic effect on edema result-
ing from cerebral ischemia, corticosteroids (see Table 3-6) 
are often remarkably effective in reducing tumor-associ-
ated vasogenic brain edema from leaking capillaries and 
improving related neurologic deficits. Specific approaches 
to the treatment of tumors include excision, radiotherapy, 
and chemotherapy, depending on the site and nature of the 
lesion.

Ricard D, Idbaih A, Ducray F, et al. Primary brain tumours in 
adults. Lancet. 2012;379:1984-1996.

SUBTENTORIAL STRUCTURAL LESIONS

BAsiLAr ArtEry tHroMBosis or  
EMBoLiC oCCLUsioN

▼` Clinical Findings
These relatively common vascular syndromes (discussed 
in more detail in Chapter 13, Stroke) produce coma by 
impairing blood flow to the brainstem reticular activating 
system. Patients are typically middle-aged to elderly and 
often have a history of hypertension, atherosclerotic vascu-
lar disease, or TIAs. Thrombosis usually affects the middle 
portion, and embolic occlusion the top, of the basilar 
artery. Virtually all patients present with some alteration of 
consciousness, and 50% are comatose at presentation. 
Focal neurologic signs are present from the outset.

Pupillary abnormalities vary with the site of the lesion 
and include midsized fixed pupils with midbrain involve-
ment and pinpoint pupils with pontine lesions. Vertically 
skewed deviation of the eyes is common, and horizontal 
eye movements may be absent or asymmetric during doll’s-
head or cold-water caloric testing. Conjugate eye devia-
tion, if present, is directed away from the side of the lesion 
and toward the hemiparesis (see Figure 7-17). Vertical eye 

movements may be impaired or intact. Symmetric or 
asymmetric signs, such as hemiparesis, hyperreflexia, and 
Babinski responses, may be present. There is no blood in 
the CSF.

▼` Treatment & Prognosis
Conventional treatment involves anticoagulation for pro-
gressive subtotal basilar artery thrombosis, despite the 
absence of clear evidence of efficacy. Anticoagulation 
reduces the frequency of recurrent cardiac emboli if these 
are the underlying problem. Intravascular clot retrieval 
(endovascular therapy) is now used in specialized centers. 
The prognosis depends directly on the degree of brainstem 
injury.

Baird TA, Muir KW, Bone I. Basilar artery occlusion. Neurocrit 
Care. 2004;1:319-329.

Mattle HP, Arnold M, Lindsberg PJ, Schonewille WJ, Schroth G. 
Basilar artery occlusion. Lancet Neurol. 2011;10:1002-1014.

PoNtiNE HEMorrHAGE

Pontine hemorrhage occurs almost exclusively in hyper-
tensive patients, but only approximately 6% of hyperten-
sive intracerebral hemorrhages are at this site. The sudden, 
“apoplectic” onset of coma is the hallmark of this syn-
drome. Physical examination reveals many of the findings 
noted in basilar artery infarction, but preceding transient 
ischemic episodes do not occur. Features especially sugges-
tive of pontine involvement include pinpoint pupils, loss of 
horizontal eye movements, and ocular bobbing (spontane-
ous, brisk, periodic, mainly conjugate, downward move-
ments of the eyes, with slower return to the primary 
position). Hyperthermia, with temperature elevations to 
39.5°C (103°F) or more, occurs in most patients who sur-
vive for more than a few hours. The diagnosis is made by 
CT scan or MRI. CSF is grossly bloody and under increased 
pressure, but lumbar puncture is not indicated. There is no 
effective treatment. Pontine hemorrhage is considered in 
greater detail in Chapter 13, Stroke.

Huang KB, Ji Z, Wu YM, et al. The prediction of 30-day mortal-
ity in patients with primary pontine hemorrhage: a scoring 
system comparison. Eur J Neurol. 2012;19:1245-1250.

CErEBELLAr HEMorrHAGE or iNFArCtioN

The clinical presentation of cerebellar hemorrhage or 
infarction ranges from sudden onset of coma with rapid 
evolution to death to a syndrome in which headache, diz-
ziness, vomiting, and inability to stand progress to coma 
over hours or even several days. Acute deterioration may 
occur without warning; this emphasizes the need for 
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careful observation and early treatment of all patients. CT 
scan or MRI confirms the diagnosis.

Surgical decompression may produce dramatic reduc-
tion of symptoms, and with proper surgical treatment, 
lethargic or even stuporous patients may survive with 
minimal or no residual deficits and intact intellect. If the 
patient is deeply comatose, however, the likelihood of use-
ful survival is small. Additional discussion of these disor-
ders can be found in Chapter 13, Stroke.

Caplan LR. Cerebellar infarcts: key features. Rev Neurol Dis. 
2005;2:51-60.

PostErior FossA sUBDUrAL AND  
EPiDUrAL HEMAtoMAs

These very uncommon lesions have similar clinical pictures 
and are important to recognize because they are treatable. 
Occipital trauma typically precedes the onset of brainstem 
involvement by hours to many weeks. Physical findings 
result from extra-axial (extrinsic) compression of the brain-
stem and include ataxia, nystagmus, vertigo, vomiting, and 
progressive obtundation. Nuchal rigidity may be present, as 
may papilledema in more chronic cases. CT scans of the 
skull often reveal a fracture line crossing the transverse or 
sigmoid sinus. The source of the hematoma is the traumatic 
tearing of these vessels. Examination of the CSF is not help-
ful. Treatment is by surgical decompression.

DIFFUSE ENCEPHALOPATHIES

MENiNGitis & ENCEPHALitis

Meningitis and encephalitis may be manifested by an 
acute confusional state or coma and are characteristically 
associated with fever and headache. In meningitis, signs 
of meningeal irritation are also typically present and 
should be sought meticulously so that lumbar puncture, 
diagnosis, and treatment can be undertaken promptly. 
These signs include resistance of the neck to full forward 
flexion, knee flexion during passive neck flexion, and 
flexion of the neck or contralateral knee during passive 
elevation of the extended straight leg (see Figure 1-5). 
Meningeal signs may be absent in encephalitis without 
meningeal involvement and in meningitis occurring at 
the extremes of age, or in patients who are deeply coma-
tose or immunosuppressed. Findings on neurologic 
examination are usually symmetric, but focal features 
may be seen in certain infections, such as herpes simplex 
encephalitis or bacterial meningitis complicated by vas-
culitis. CSF findings and treatment are considered in 
Chapter 4, Confusional States. If signs of meningeal irri-
tation are present, CSF examination should not be 
delayed in order to obtain a CT scan.

sUBArACHNoiD HEMorrHAGE

In subarachnoid hemorrhage, discussed in detail in 
Chapter 6, Headache & Facial Pain, symptoms begin sud-
denly and almost always include headache, which is typi-
cally, but not invariably, severe. Consciousness is frequently 
lost, either transiently or permanently, at onset. Decerebrate 
posturing or, rarely, seizures may occur at this time. Other 
than oculomotor (III) or abducens (VI) nerve palsies, 
prominent focal neurologic signs are uncommon, although 
bilateral extensor plantar responses occur frequently. 
Subarachnoid blood causes meningeal irritation and men-
ingeal signs. Examination of the optic fundi may show 
acute hemorrhages from suddenly increased intracranial 
pressure or the more classic superficial subhyaloid hemor-
rhages (see Figure 6-3). The CSF is bloody and the CT 
brain scan shows blood in the subarachnoid space (see 
Figure 6-5).

HyPoGLyCEMiA

▼` Etiology
Hypoglycemic encephalopathy and coma usually result 
from insulin overdose. Other causes include alcoholism, 
severe liver disease, oral hypoglycemic agents, insulin-
secreting neoplasms (insulinoma), and large retroperito-
neal tumors.

▼` Clinical Findings
As the blood glucose level declines, signs of sympathetic 
nervous system hyperactivity (tachycardia, sweating, and 
anxiety) appear and may warn patients of hypoglycemia. 
These prodromal symptoms may be absent, however, in 
patients with diabetic autonomic neuropathy. Neurologic 
findings in hypoglycemia include seizures, focal neuro-
logic signs that may alternate sides, delirium, stupor, and 
coma. Progressive hypothermia is common.

▼` Investigative Studies
There is no precise correlation between blood glucose lev-
els and symptoms; thus a level of 30 mg/dL can be associ-
ated with coma in one patient, delirium in a second, and 
hemiparesis with preserved consciousness in a third. 
Coma, stupor, and confusion have been reported with 
blood glucose concentrations of 2 to 28, 8 to 59, and 9 to 
60 mg/dL, respectively.

▼` Treatment
Permanent brain damage from hypoglycemia can be 
avoided if glucose is rapidly administered intravenously, 
orally, or by nasogastric tube. Because hypoglycemia is so 
easily treated and because a delay in treatment can have 
tragic consequences, every patient presenting with altered 
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consciousness (acute confusional state, coma, or psycho-
sis) should have blood drawn for subsequent glucose deter-
mination and immediately receive 50 mL of 50% dextrose 
intravenously. This allows blood to be analyzed without 
delaying therapy.

▼` Prognosis
The duration of hypoglycemia that will result in permanent 
damage to the brain is variable. Hypoglycemic coma may be 
tolerated for 60 to 90 minutes, but once the stage of flaccid-
ity with hyporeflexia has been reached, glucose must be 
administered within 15 minutes if recovery is to be 
expected. If the brain has not been irreparably damaged, 
full recovery should occur within seconds after intravenous 
administration of glucose and within 10 to 30 minutes after 
nasogastric administration. Rapid and complete recovery is 
the rule, but improvement to full normality may sometimes 
take hours to several days. Any lingering signs or symptoms 
suggest irreversible brain damage from hypoglycemia or an 
additional neuropathologic process.

Suh SW, Hamby AM, Swanson RA. Hypoglycemia, brain energetics, 
and hypoglycemic neuronal death. Glia. 2007;55:1280-1286.

GLoBAL CErEBrAL isCHEMiA

Global cerebral ischemia produces encephalopathy and 
coma, which occur most often after cardiac arrest. The 
pupils dilate rapidly, and there may be tonic, often opistho-
tonic, posturing with a few seizure-like tonic–clonic move-
ments. Fecal incontinence is common.

If cerebral perfusion is promptly reestablished, recovery 
can occur and begins at the brainstem level with the return 
of reflex eye movements and pupillary function. Reflex 
motor activity (extensor or flexor posturing) then gives way 
to purposive movements, and consciousness is regained.

Prognosis is related to the rapidity with which brain 
function returns. Patients without pupillary reactivity 
within 1 day—or those who fail to regain consciousness 
within 4 days—have a poor prognosis.

Persistent impairment of brainstem function (unreac-
tive pupils) in adults after the return of cardiac function 
essentially precludes meaningful recovery. Incomplete 
recovery may occur, leading to the return of brainstem 
function and wakefulness (ie, eye opening with sleep–wake 
cycles) without higher-level intellectual functions. The 
condition of such patients—awake but not aware—has 
been termed persistent vegetative state (see later). 
Although such an outcome is possible after other major 
brain insults such as trauma, bihemispheric stroke, or sub-
arachnoid hemorrhage, global ischemia is the most com-
mon cause.

The advent of therapeutic hypothermia to treat patients 
in coma after resuscitation from cardiac arrest, has 

improved prognosis but has required a reassessment of 
prognostic indicators. Clinical assessment of prognosis is 
now made at 72 hours after rewarming (therefore 96 hours 
post-arrest). Loss of pupillary light reflex remains a grave 
prognostic sign, while motor responsiveness, prognostic in 
normothermic anoxia, is of uncertain significance in 
hypothermia-treated patients. A combination of brainstem 
signs, EEG findings, and the results of somatosensory-
evoked potential studies, is used for prognostication in 
some centers.

Oddo M, Rossetti AO, Early multimodal outcome prediction 
after cardiac arrest in patients treated with hypothermia. Crit 
Care Med. 2014;42:1340-1347.

DrUG iNtoXiCAtioN

▼` Sedative Drugs
Sedative drug overdose is the most common cause of coma 
in many series; barbiturates and benzodiazepines are the 
prototypical drugs.

Coma is preceded by a period of intoxication marked 
by prominent nystagmus in all directions of gaze, dysar-
thria, and ataxia. Shortly after consciousness is lost, the 
neurologic examination may briefly suggest a structural 
lesion affecting motor pathways, with hyperreflexia, ankle 
clonus, extensor plantar responses, and (rarely) decere-
brate or decorticate posturing. However, the characteristic 
feature of sedative-hypnotic overdose is the absence of eye 
movements on doll’s-head or cold-water caloric testing, 
with preserved pupillary reactivity. Rarely, concentrations 
of barbiturates or other sedative drugs sufficient to pro-
duce severe hypotension and respiratory depression 
requiring pressors and ventilatory support can also com-
promise pupillary reactivity, resulting in pupils 2 to 3 mm 
in diameter that are nonreactive to light. Bullous skin erup-
tions and hypothermia are also characteristic of barbitu-
rate-induced coma.

The electroencephalogram (EEG) may be flat—and in 
overdose with long-acting barbiturates may remain iso-
electric for 24 hours or more—yet full recovery will occur 
with support of cardiopulmonary function.

Treatment should be supportive, centered on maintain-
ing adequate ventilation and circulation. Barbiturates are 
dialyzable, but with shorter-acting barbiturates, morbidity 
and mortality rates are lower in more conservatively man-
aged patients. The benzodiazepine-receptor antagonist 
flumazenil (0.2-0.3 mg intravenously, repeated once, then 
0.1-mg intravenous dosing to maximum of 1 mg) can be 
used to reverse sedative drug intoxication in some cases, 
but can precipitate status epilepticus by unmasking tricy-
clic antidepressant–induced seizures in patients with 
mixed overdose.
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▼` Ethanol
Ethanol overdose produces a syndrome similar to that seen 
with sedative drug overdose, although nystagmus during 
wakefulness, early impairment of lateral eye movements, 
and progression to coma are not as common. Peripheral 
vasodilation is prominent, as are tachycardia, hypotension, 
and hypothermia. Stupor is typically associated with blood 
ethanol levels of 250 to 300 mg/dL and coma with levels of 
300 to 400 mg/dL, but alcoholic patients who have devel-
oped tolerance to the drug may remain awake and even 
apparently sober with considerably higher levels.

▼` Opioids
Opioid overdose is characterized by pupillary constriction, 
which can also be produced by miotic eye drops, pontine 
hemorrhage, Argyll Robertson pupils, and organophos-
phate poisoning. The diagnosis of opioid intoxication is 
confirmed by rapid pupillary dilation and awakening after 
intravenous administration of 0.4 to 1.2 mg of the opioid 
antagonist naloxone. The duration of action of naloxone is 
typically 1 to 4 hours. Repeated doses may therefore be 
necessary, especially after intoxication with long-acting 
opioids such as methadone.

De Paepe P, Calle PA, Buylaert WA. Coma induced by intoxica-
tion. Handb Clin Neurol. 2008;90:175-191.

HEPAtiC ENCEPHALoPAtHy

▼` Clinical Findings
Hepatic encephalopathy leading to coma can occur in 
patients with severe liver disease, especially those with 
portacaval shunting. Jaundice need not be present. Coma 
may be precipitated by an acute insult, especially gastroin-
testinal hemorrhage. The production of ammonia by 
colonic bacteria may contribute to pathogenesis. Neuronal 
depression may result from an increase in inhibitory 
γ-aminobutyric acid–mediated neurotransmission, per-
haps from elevated levels of endogenous benzodiazepine-
receptor agonists in the brain. As in other metabolic 
encephalopathies, the patient presents with somnolence or 
delirium. Asterixis may be especially prominent. Muscle 
tone is often increased, hyperreflexia is common, and 
alternating hemiparesis and decorticate or decerebrate 
posturing have been described. Generalized and focal sei-
zures occur but are infrequent. More details are provided 
in Chapter 4, Confusional States.

▼` Investigative Studies
A helpful diagnostic clue is the nearly invariable presence 
of hyperventilation with resultant respiratory alkalosis; 

however, serum bicarbonate levels are rarely depressed 
below 16 mEq/L. The CSF is usually normal but may 
appear yellow (xanthochromic) in patients with serum bili-
rubin levels greater than 4 to 6 mg/dL. The diagnosis is 
confirmed by an elevated CSF glutamine concentration. 
Coma is usually associated with concentrations above 50 
mg/dL but may occur with values as low as 35 mg/dL. 
Hepatic encephalopathy is treated by controlling gastroin-
testinal bleeding or systemic infection, decreasing protein 
intake to less than 20 g/d, and decreasing intracolonic pH 
with lactulose (30 mg orally 2-3 times per day or titrated to 
produce 2-4 bowel movements daily). Abdominal cramp-
ing may occur during the first 48 hours of lactulose treat-
ment. Production of ammonia by colonic bacteria may be 
reduced with neomycin 6 g/d orally in three or four 
divided doses.

HyPErosMoLAr stAtEs

Coma with focal seizures is a common presentation of the 
hyperosmolar state, which is most often associated with 
nonketotic hyperglycemia. Hyperosmolar nonketotic 
hyperglycemia is discussed in Chapter 4, Confusional 
States.

HyPoNAtrEMiA

Hyponatremia can cause neurologic symptoms if serum 
sodium levels fall below 120 mEq/L, especially when the 
serum sodium level falls rapidly. Delirium and seizures are 
common presenting features. Hyponatremia is considered 
in detail in Chapter 4, Confusional States.

HyPotHErMiA

All patients with temperatures below 26°C (79°F) are coma-
tose, whereas mild hypothermia (>32.2°C [90°F]) does not 
cause coma. Causes of coma associated with hypothermia 
include hypoglycemia, sedative drug intoxication, Wernicke 
encephalopathy, and hypothyroidism (myxedema). Exposure 
can also produce hypothermia, such as may occur when a 
structural brain lesion causes acute coma out of doors or in 
another unheated area; therefore, such a lesion should not be 
excluded from consideration in the differential diagnosis of 
coma with hypothermia.

On physical examination, the patient is obviously cold 
to the touch but may not be shivering (which ceases at 
temperatures <32.5°C [90.5°F]). Neurologic examination 
shows the patient to be unresponsive to pain, with diffusely 
increased muscle tone. Pupillary reactions may be sluggish 
or even absent.

The ECG may show prolonged PR, QRS, and QT inter-
vals; bradycardia; and characteristic J-point elevation 
(Osborn waves). Serum creatine kinase may be elevated in 
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the absence of myocardial infarction, and high levels of 
serum amylase are common. Arterial blood gas values and 
pH must be corrected for temperature, otherwise, falsely 
high PO2 and PCO2 and falsely low pH values will be 
reported.

Treatment is aimed at the underlying disease responsi-
ble for hypothermia and at restoration of normal body 
temperature. The optimal method and speed of rewarming 
are controversial, but passive rewarming with blankets in a 
warm room is an effective and simple treatment. Ventricular 
fibrillation may occur during rewarming. Because warm-
ing produces vasodilation and can lead to hypotension, 
intravenous fluids may be required.

Most patients who recover from hypothermia do so 
without neurologic sequelae. Except in myxedema, there is 
no direct correlation between recorded temperature and 
survival. Death, when it occurs, is caused by the underlying 
disease process responsible for hypothermia or by ventric-
ular fibrillation, to which the human myocardium becomes 
especially susceptible at temperatures less than 30°C (86°F); 
myocardial sensitivity is maximal below 21 to 24°C 
(70-75°F).

Brown DJA, Brugger H, Boyd J, Paal P. Accidental hypothermia. 
N Engl J Med. 2012;367:1930-1938

HyPErtHErMiA

At body temperatures exceeding 42 to 43°C (107.6-109.4°F), 
the brain’s metabolic activity cannot meet the increased 
energy demands, and coma ensues. The most common 
cause of hyperthermia is exposure to elevated environmen-
tal temperatures (heat stroke). Additional causes include 
status epilepticus, idiosyncratic reactions to halogenated 
inhalational anesthetics (malignant hyperthermia) or 
antipsychotic drugs (neuroleptic malignant syndrome), 
anticholinergic drugs, hypothalamic damage, and delirium 
tremens. Patients surviving pontine hemorrhage for more 
than a few hours have centrally mediated temperature ele-
vations ranging from 38.5 to 42.8°C (101.3-109°F).

The neurologic examination in hyperthermia reveals 
reactive pupils and a diffuse increase in muscle tone, as 
well as coma.

Treatment is immediate reduction of body temperature 
to 39°C (102.2°F) by sponging the patient with ice water 
and alcohol and using an electric fan or cooling blanket. 
Care must be taken to prevent overhydration, because 
cooling results in vasoconstriction that may produce pul-
monary edema in volume-expanded patients.

Adams T, Stacey E, Stacey S, Martin D. Exertional heat stroke.  
Br J Hosp Med (Lond). 2012;73:72-78.

sEiZUrE or ProLoNGED PostiCtAL stAtE

Status epilepticus should always be considered in the dif-
ferential diagnosis of coma. Motor activity may be 
restricted to repetitive movements of part of a single limb 
or one side of the face. Although these signs of seizure 
activity can be subtle, they must not escape notice: Status 
epilepticus requires urgent treatment (see Chapter 12, 
Seizures & Syncope).

Coma may also be due to a prolonged postictal state, 
which is also discussed in Chapter 12.

otHEr DiFFUsE ENCEPHALoPAtHiEs

Rare causes of coma include multifocal disorders that present 
as metabolic coma: disseminated intravascular coagulopathy, 
sepsis, pancreatitis, vasculitis, thrombotic thrombocytopenic 
purpura, fat emboli, hypertensive encephalopathy, and dif-
fuse micrometastases.

Stevens RD, Pronovost PJ. The spectrum of encephalopathy in 
critical illness. Semin Neurol. 2006;26:440-451.

▼▼ DIFFERENTIAL DIAGNOSIS

Coma can be confused with a variety of psychiatric and 
neurologic disorders.

PSYCHOGENIC UNRESPONSIVENESS

Psychogenic unresponsiveness is a diagnosis of exclusion 
that should be made only on the basis of compelling  
evidence. It may be a manifestation of schizophrenia (cata-
tonic type), somatoform disorders (conversion disorder or 
somatization disorder), or malingering.

The general physical examination reveals no abnor-
malities; neurologic examination generally reveals sym-
metrically decreased muscle tone, normal reflexes, and a 
normal (flexor) response to plantar stimulation. The pupils 
are 2 to 3 mm in diameter or occasionally larger and 
respond briskly to light. Lateral eye movements on doll’s-
head testing may or may not be present because visual fixa-
tion can suppress this reflex. The slow conjugate roving eye 
movements of metabolic coma cannot be imitated,  
however, and, if present, are incompatible with a diagnosis 
of psychogenic unresponsiveness. Likewise, the slow, often 
asymmetric and incomplete eye closure commonly seen 
after the eyes of a comatose patient are passively opened 
cannot be voluntarily reproduced. The patient with psy-
chogenic unresponsiveness usually exhibits some volun-
tary muscle tone in the eyelids during passive eye opening. 
A helpful confirmatory test is irrigation of the tympanic 
membrane with cold water. Brisk nystagmus is the charac-
teristic response in conscious patients, whereas no 
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nystagmus occurs in coma. The EEG in psychogenic unre-
sponsiveness is that of a normal awake person.

PERSISTENT VEGETATIVE STATE

Some patients who are comatose because of cerebral 
hypoxia, global cerebral ischemia, head trauma, or bilateral 
hemispheric strokes (Figure 3-7) regain wakefulness but 
not awareness. If this persists for at least 1 month, it is 
termed persistent vegetative state. Such patients exhibit 
spontaneous eye opening and sleep–wake cycles, which 
distinguish them from patients in coma, and have intact 
brainstem and autonomic function. However, they neither 
comprehend nor produce language, and they make no 
purposeful motor responses. This condition may persist 
for years. Recovery of consciousness from nontraumatic 
causes is rare after 3 months, and recovery from traumatic 
causes is rare after 12 months. A subset of these patients 
may have minimal but definite evidence of environmental 
awareness, which has been referred to as a minimally con-
scious state. Late recovery of responsiveness with severe 
residual disability has been reported.

Luauté J, Maucort-Boulch D, Tell L, et al. Long-term outcomes 
of chronic minimally conscious and vegetative states. 
Neurology. 2010;75:246-252.

▲▲ Figure 3-7. CT brain scan (contrast-enhanced) of a 
patient with bilateral middle cerebral artery infarcts 
who is in a persistent vegetative state. The reticular acti-
vating system in the intact midbrain (arrows) allows 
wakefulness, but the bihemispheric lesions preclude 
awareness.

▲▲ Figure 3-8. CT brain scan (contrast-enhanced) of a 
man with basilar artery occlusion who exhibits the 
“locked-in” syndrome. The pontine infarction (arrows) is 
below the level of the reticular activating system, allow-
ing wakefulness, but the bilateral descending motor 
tracts have been transected.

LOCKED-IN SYNDROME

Because the portion of the reticular formation responsible 
for consciousness lies above the level of the midpons, func-
tional transection of the brainstem below this level—by 
pontine infarction (Figure 3-8), hemorrhage, central pon-
tine myelinolysis, tumor, or encephalitis—can interrupt 
descending neural pathways to produce an akinetic and 
mute state, with preserved consciousness. Such patients 
appear comatose but are awake and alert although mute and 
quadriplegic. Decerebrate posturing or flexor spasms may 
be seen. The diagnosis is made by noting that voluntary eye 
opening, vertical eye movements, ocular convergence, or 
some combination of these volitional midbrain-mediated 
movements is preserved. During the examination of any 
apparently comatose patient, the patient should be told to 
“open your eyes,” “look up,” “look down,” and “look at the 
tip of your nose” to elicit such movements. The EEG is 
normal. Outcome is variable and related to the underlying 
cause and the extent of the brainstem lesion. Mortality, usu-
ally from pneumonia, is approximately 70% when the cause 
is a vascular disturbance and approximately 40% in nonvas-
cular cases. Survivors may recover partially or completely 
over a period of weeks to months.

Smith E, Delargy M. Locked-in syndrome. BMJ. 2005;330: 
406-409.
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BRAIN DEATH

Current standards for the determination of brain death, 
developed by the President’s Commission for the Study of 
Ethical Problems in Medicine and Biomedical and 
Behavioral Research (1981), are summarized here. 
Irreversible cessation of all brain function is required for a 
diagnosis of brain death. The diagnosis of brain death in 
children younger than 5 years must be made with caution.

CEssAtioN oF BrAiN FUNCtioN

▼` Unresponsiveness
The patient must be unresponsive to sensory input, includ-
ing speech and pain.

The presence of seizures or decorticate/decerebrate 
posturing is incompatible with brain death.

▼` Absent Brainstem Reflexes
Pupillary, corneal, and oropharyngeal responses are absent, 
and attempts to elicit eye movements with doll’s-head and 
cold-water caloric testing are unsuccessful. Respiratory 
responses are also absent, with no ventilatory effort after 
the patient’s PCO2 is permitted to rise to 60 mm Hg for 
maximal ventilatory stimulation, while oxygenation is 
maintained by giving 100% oxygen by a cannula inserted 
into the endotracheal tube (apnea test).

irrEVErsiBiLity oF BrAiN DysFUNCtioN

The cause of coma must be known, it must be adequate to 
explain the clinical picture, and it must be irreversible. 
Sedative drug intoxication, hypothermia (<32.2°C [90°F]), 
neuromuscular blockade, and shock must be ruled out, 
because these conditions can produce a clinical picture that 
resembles brain death, but in which neurologic recovery 
may still be possible.

PErsistENCE oF BrAiN DysFUNCtioN

The criteria for brain death described in the preceding sec-
tion must persist for an appropriate length of time, as 
follows:

1. Six hours with a confirmatory isoelectric (flat) EEG, 
performed according to the technical standards of the 
American Electroencephalographic Society.

2. Twelve hours without a confirmatory isoelectric EEG.
3. Twenty-four hours for anoxic brain injury without a 

confirmatory isoelectric EEG.

ADDitioNAL CoNFirMAtory tEsts

Demonstrating the absence of cerebral blood flow con-
firms brain death without a waiting period. Cerebral angi-
ography provides the most unequivocal assessment, 
although Doppler techniques and technetium imaging are 
used in some centers.

Wijdicks EF, Varelas PN, Gronseth GS, Greer DM; American 
Academy of Neurology. Evidence-based guideline update: 
determining brain death in adults: report of the Quality 
Standards Subcommittee of the American Academy of 
Neurology. Neurology. 2010;74:1911-1918.
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Chapter 466

A confusional state, sometimes referred to as encephalopa-
thy or delirium, is a state in which the level of consciousness 
is depressed, but to a lesser extent than in coma (unarous-
able unresponsiveness; see Chapter 3, Coma). In confusional 
states, responses to stimulation are at least semi-purposeful, 
whereas in coma, patients fail to respond to even painful 
stimulation or do so only in reflex fashion. Thus the differ-
ence between a confusional state and coma is largely one of 
degree, and the causes overlap extensively.

▼▼ apprOaCh tO DIaGNOSIS

Evaluation of a patient with altered consciousness is aimed 
first at characterizing the nature of the disorder (confu-
sional state, coma, or a more chronic condition, such as 
dementia) and second at determining the cause.

A confusional state is most readily distinguished from 
dementia by the time course of impairment: confusional 
states are acute or subacute in onset, typically developing 
over hours to days, whereas dementia is a chronic disorder 
that evolves over months or years.

Certain causes of confusional state must be identified 
urgently because they may lead rapidly to severe structural 
brain damage or death, which prompt treatment can pre-
vent: examples include hypoglycemia, bacterial meningitis, 
subarachnoid hemorrhage, traumatic intracranial hemor-
rhage, and Wernicke encephalopathy (Table 4-1).

HISTORY

`` History of Present Illness
The history should establish the time course of the disor-
der and provide clues to its nature and cause. Confusional 

Table 4-1. Most Urgent Causes of Confusional States.

Cause Clinical Evidence Laboratory Confirmation Treatment

Hypoglycemia Tachycardia, sweating, and dilated 
pupils, sometimes progressing to 
mimic herniation, with or without  
lateralized signs

Low plasma glucose IV glucose

Bacterial meningitis Headache, fever, Brudzinski or Kernig 
sign

Positive CSF Gram stain, low CSF 
glucose, and increased CSF  
protein

IV antibiotics

Subarachnoid  
hemorrhage

Headache, hypertension, retinal hemor-
rhages, Brudzinski or Kernig sign

Non-clearing red blood cells in CSF; 
subarachnoid blood and  
aneurysm or other vascular  
malformation on CT scan

Surgical ablation of aneurysm or 
other vascular malformation

Traumatic intracranial 
hemorrhage

Headache, hypertension,  
lateralized neurologic signs

Epidural, subdural, or intracerebral 
hemorrhage on CT scan

Surgical evacuation of epidural 
or subdural (or in some cases 
intracerebral) hematoma

Wernicke  
encephalopathy

Ophthalmoplegia, ataxia Macrocytic anemia may coexist IV thiamine and dextrose

states are acute to subacute in onset, whereas dementias are 
chronic disorders. In either case, a relative or friend may be 
the best source of information about the patient’s previous 
level of functioning, the time when dysfunction became 
evident, and the nature of observed changes.

`` Past History
Preexisting conditions that predispose to confusional states 
should be noted, such as alcoholism (intoxication or with-
drawal, or Wernicke encephalopathy), other drug abuse 
(intoxication or infection), diabetes (hypo- or hyperglyce-
mia), heart disease (stroke), epilepsy (seizures or postictal 
state), and head trauma (concussion, intracranial hemor-
rhage). A thorough medication history is also important, 
because many therapeutic drugs can impair consciousness 
as a side effect.

GENERAL PHYSICAL EXAMINATION
Findings on general physical examination of a confused 
patient that suggest specific causes are listed in Table 4-2.

NEUROLOGIC EXAMINATION

`` Mental Status Examination
The mental status examination of a patient with a possible 
confusional state should focus on confirming that the level 
of consciousness is depressed by evaluating the following 
functions.

A.  Wakefulness—In confusional states, the patient 
often appears sleepy; this may alternate with apparent 
hyperalertness.
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B.  Arousability—In mild confusional states, the patient 
may be arousable when spoken to or lightly shaken. 
As consciousness is further impaired, the intensity of 
stimulation required for arousal increases, the duration 
of arousal declines, and the responses elicited become 
less purposeful.

C.  Orientation—With a confusional state, the patient 
loses orientation to time and later to place.

D.  Attention—Confused patients are inattentive, as dem-
onstrated by the inability to immediately repeat a list of 
numbers or words.

Table 4-2. General Physical Examination in 
Confusional States.

Finding Most Suggestive of

Vital signs

Fever Infectious meningitis, anticholinergic or 
sympathomimetic intoxication, ethanol or 
sedative drug withdrawal, sepsis

Hypothermia Ethanol or sedative drug intoxication, 
hepatic encephalopathy, hypoglycemia, 
hypothyroidism, sepsis

Hypertension Anticholinergic or sympathomimetic intoxi-
cation, ethanol or sedative drug with-
drawal, hypertensive encephalopathy, 
subarachnoid hemorrhage

Tachycardia Anticholinergic or sympathomimetic intoxi-
cation, ethanol or sedative drug with-
drawal, thyrotoxicosis, sepsis

Bradycardia Hypothyroidism

Hyperventilation Hepatic encephalopathy, hyperglycemia, 
sepsis

Head and neck

Neck stiffness Meningitis, subarachnoid hemorrhage

Battle sign or  
raccoon eyes

Head trauma

Hemotympanum Head trauma

CSF oto- or  
rhinorrhea

Head trauma

Skin and mucous membranes

Jaundice Hepatic encephalopathy

Petechial rash Meningococcal meningitis

Chest and abdomen

Heart murmur Infection, stroke

Abdominal mass Infection, tumor, hepatic encephalopathy

Rectal bleeding Hepatic encephalopathy

E.  Memory—Confusion impairs short-term memory so that 
the patient cannot remember a short list of items when 
asked to repeat them after a delay of several minutes.

One pitfall to avoid is to mistake receptive or fluent 
(Wernicke) aphasia for confusion. Although patients with 
receptive aphasia cannot comprehend written or spoken 
language and may speak incomprehensibly, they appear 
normally awake and alert, can respond appropriately to 
nonverbal commands (such as gestures), and usually have 
associated right-sided neurologic abnormalities such as 
hemiparesis, hemisensory deficit, and visual field deficits.

`` Signs of Diffuse Versus Focal Disorders 
Causing Confusional States

Certain neurologic findings help distinguish diffuse 
(including metabolic) from focal (including mass) lesions 
as the likely cause of a confusional state.

A.  Diffuse disorders—Suggestive findings include fever 
or hypothermia, nystagmus, tremor, asterixis, and 
myoclonus.

Table 4-3. Neurologic Examination in Confusional States.

Finding Most Suggestive of

Cranial nerves

Papilledema Hypertensive encephalopathy, intracra-
nial mass

Dilated pupils Head trauma, anticholinergic intoxication, 
withdrawal from ethanol or sedative 
drugs, sympathomimetic intoxication

Constricted pupils Opioid intoxication

Nystagmus or oph-
thalmoplegia

Intoxication with ethanol, sedative drugs, 
or phencyclidine; vertebrobasilar isch-
emia; Wernicke encephalopathy

Motor function

Tremor Withdrawal from ethanol or sedative 
drugs, sympathomimetic intoxication, 
thyrotoxicosis

Asterixis Metabolic encephalopathy

Hemiparesis Cerebral infarction, head trauma, hyper-
glycemia, hypoglycemia

Coordination

Ataxia (especially 
gait)

Ethanol or sedative drug intoxication, 
Wernicke encephalopathy, vertebro-
basilar ischemia

Other

Seizures Ethanol or sedative drug withdrawal, 
hypoglycemia, hyperglycemia, head 
trauma
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Table 4-4. Laboratory Studies in Confusional States.

Test Finding Most Suggestive of

Blood

WBC Increased Meningitis, encephalitis, sepsis

PT and PTT Increased Hepatic encephalopathy

Arterial blood gases Metabolic acidosis Diabetic ketoacidosis, lactic acidosis (postictal, shock, sepsis), toxins (metha-
nol, ethylene glycol, salicylates, paraldehyde), uremia

Respiratory acidosis Pulmonary insufficiency, sedative drug overdose

Respiratory alkalosis Hepatic encephalopathy, pulmonary insufficiency, salicylates, sepsis

Sodium Decreased Hyponatremia

Urea nitrogen and creatinine Increased Uremia

Glucose Increased or decreased Hyperglycemia, hypoglycemia

Osmolality Increased Alcohol intoxication, hyperglycemia

Liver enzymes, ammonia Increased Hepatic encephalopathy

Thyroid hormones Increased or decreased Hyperthyroidism, hypothyroidism

Calcium Increased or decreased Hypercalcemia, hypocalcemia

Drug screen Positive Drug intoxication

Cultures Positive Meningitis, sepsis

FTA or MHA-TP Positive Syphilitic meningitis

HIV antibody titer Positive HIV infection

Urine, gastric aspirate

Drug screen Positive Drug intoxication

Stool

Occult blood Positive Hepatic encephalopathy

ECG

Tachyarrhythmia Anticholinergic or sympathomimetic intoxication

Cerebrospinal fluid (see also Table 4-5)

Glucose Decreased Bacterial or tuberculous meningitis, leptomeningeal metastases

WBC Increased Meningitis, encephalitis

RBC Present Subarachnoid hemorrhage

Gram stain Positive Bacterial meningitis

AFB stain Positive Tuberculous meningitis

India ink stain Positive Cryptococcal meningitis

Cultures Positive Infectious meningitis

Cytology Positive Leptomeningeal metastases

Glutamine Increased Hepatic encephalopathy

VDRL Positive Syphilitic meningitis

Cryptococcal antigen Positive Cryptococcal meningitis

Polymerase chain reaction Positive Meningitis, encephalitis (various etiologic agents)

(continued )
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Table 4-4. Laboratory Studies in Confusional States.

Test Finding Most Suggestive of

CT brain scan or MRI

Various Cerebral infarction, intracranial hemorrhage, head trauma, toxoplasmosis, 
herpes simplex encephalitis, subarachnoid hemorrhage

EEG

Epileptiform activity Complex partial seizures, postictal state

Periodic complexes Herpes simplex encephalitis

AFB, acid-fast bacillus; CT, computed tomography; EEG, electroencephalogram; FTA, fluorescent treponemal antibody; MHA-TP, micro-
hemagglutination-Treponema pallidum; MRI, magnetic resonance imaging; PT, prothrombin time; PTT, partial thromboplastin time; RBC, 
red blood cells; VDRL, Venereal Disease Research Laboratory; WBC, white blood cells.

B.  Focal disorders—Suggestive findings include signs of 
head trauma, papilledema, hemiparesis, focal seizures, 
asymmetric hyperreflexia, and unilateral Babinski signs.

`` Signs of Specific Disorders Causing 
Confusional States

Neurologic findings that suggest specific causes of a confu-
sional state are listed in Table 4-3.

LABORATORY INVESTIGATIONS
Laboratory tests that suggest specific causes of a confu-
sional state are listed in Table 4-4. Cerebrospinal fluid 
(CSF) profiles in disorders associated with confusional 
states are described in more detail in Table 4-5.

▼▼ CaUSeS OF CONFUSIONaL StateS

DrUGS

Many drugs can cause confusional states, especially when 
taken in greater than customary doses, in combination 
with other drugs, by patients with altered drug metabolism 
from hepatic or renal failure, by the elderly, or in the set-
ting of preexisting cognitive impairment. Evaluation of any 
patient with a confusional state should always include a 
thorough review of prescribed and over-the-counter medi-
cations. Recreational and psychotherapeutic drugs are the 
most likely to produce altered consciousness.

ALCOHOL INTOXICATION
Ethyl alcohol (ethanol) intoxication produces a confu-
sional state with nystagmus, dysarthria, and limb and gait 
ataxia. In nonalcoholics, signs correlate roughly with blood 
alcohol levels, but chronic alcoholics, who have developed 
tolerance, may have very high levels without appearing 
intoxicated. Laboratory studies useful in confirming the 

diagnosis include blood alcohol levels and serum osmolal-
ity, which exceeds the calculated osmolality (2 × serum 
sodium + 1/20 serum glucose + 1/3 serum urea nitrogen) 
by 22 mOsm/L for every 100 mg/dL of alcohol. Intoxicated 
patients are at high risk for head trauma and may experi-
ence life-threatening hypoglycemia. Chronic alcoholism 
also increases the risk of bacterial meningitis. Alcohol 
intoxication requires no treatment unless a withdrawal 
syndrome ensues, but thiamine (typically 100-250 mg/d, 
by the intravenous or intramuscular route, until a normal 
diet is restored) should be given to prevent malnutrition-
related Wernicke encephalopathy.

ALCOHOL WITHDRAWAL
Three common withdrawal syndromes are recognized 
(Figure 4-1). Patients with these syndromes are also at risk for 
Wernicke encephalopathy and should be given thiamine.

`` Tremulousness & Hallucinations
This self-limited condition occurs within 2 days after ces-
sation of drinking and is characterized by tremulousness, 
agitation, anorexia, nausea, insomnia, tachycardia, and 
hypertension. Confusion, if present, is mild. Illusions and 
hallucinations, usually visual, occur in approximately 25% 
of patients. Lorazepam (1-4 mg) or diazepam (5-20 mg), 
given intravenously every 5 to 15 minutes until calm and 
hourly thereafter to maintain light sedation, will terminate 
the syndrome and prevent more serious consequences of 
withdrawal.

`` Seizures
Alcohol withdrawal seizures occur within 48 hours of 
abstinence and within 7 to 24 hours in approximately two-
thirds of cases. Roughly 40% of patients who experience 
seizures have a single seizure; more than 90% have between 
one and six seizures. In approximately 85% of cases, the 
interval between the first and last seizures is 6 hours or less. 

(Continued )
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Table 4-5. Cerebrospinal Fluid (CSF) Profiles in Confusional States.

Appearance OP RBC WBC Glucose Proteina Glutamine Smears Cultures

Normal Clear, colorless 70-200 mm H2O 0/μL ≤5 mononu-
clear/μL

≥45 mg/dL ≤45 mg/dL <25 μg/dL − −

Bacterial meningitis Cloudy ↑ Normal ↑↑ (PMN) ↓↓ ↑↑ Normal Gram stain + +

Tuberculous meningitis Normal or cloudy ↑ Normal ↑ (MN) ↓ ↑ Normal AFB stain + ±

Fungal meningitis Normal or cloudy Normal or ↑ Normal ↑ (MN) ↓ ↑ Normal India ink prep + 
(Cryptococcus)

±

Viral meningitis/encephalitis Normal Normal or ↑ Normalb ↑ (MN)c Normald Normal or 
↑

Normal − ±

Parasitic meningitis/encephalitis Normal or cloudy Normal or ↑ Normal ↑ (MN, E) Normal Normal or 
↑

Normal Amebas may be seen 
on wet mount

±

Leptomeningeal metastases Normal or cloudy Normal or ↑ Normal Normal or ↑ 
(MN)

↓↓ Normal or 
↑

Normal Cytology + −

Subarachnoid hemorrhage Pink or red 
(supernatant 
yellow)

↑ ↑ Normal or ↑ 
(PMN)e

Normal or 
↓e

↑ Normal − −

Hepatic encephalopathy Normal Normal Normal Normal Normal Normal ↑ − −

Abbreviations: E, eosinophils often present; MN, mononuclear (lymphocytic or monocytic) predominance; OP, opening pressure; PMN, polymorphonuclear predominance; RBC, red 
blood cells; WBC, white blood cells; +, positive; −, negative; ±, can be positive or negative.
aLumbar cerebrospinal fluid.
bRed blood cell count may be elevated in herpes simplex encephalitis.
cPMN predominance may be seen early in course.
dGlucose may be decreased in herpes or mumps infections.
ePleocytosis and low glucose, sometimes seen several days after hemorrhage, reflect chemical meningitis caused by subarachnoid blood.
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▲▲ Figure 4-1. Alcohol withdrawal syndromes in rela-
tion to the time since cessation of drinking. (Data from 
Victor M, Adams RD. The effect of alcohol on the nervous 
system. Res Publ Assoc Res Nerv Ment Dis. 1952;32: 526-573.)

Treatment is not usually required, as seizures cease sponta-
neously in most cases, but lorazepam 2 mg intravenously 
may reduce the number of seizures that occur. Unusual 
features such as focal seizures, prolonged duration of sei-
zures (>6-12 hours), more than six seizures, status epilep-
ticus, or a prolonged postictal state should prompt a search 
for other causes or complicating factors, such as head 
trauma or infection. The patient should be observed for 6 
to 12 hours after the onset of seizures to make certain that 
atypical features suggesting another cause do not develop.

`` Delirium Tremens
This most serious ethanol withdrawal syndrome typically 
begins 3 to 5 days after cessation of drinking and lasts for 
up to 72 hours. It is characterized by confusion, agitation, 
fever, sweating, tachycardia, hypertension, and hallucina-
tions. Death may result from concomitant infection, pan-
creatitis, cardiovascular collapse, or trauma. Treatment 
consists of lorazepam or diazepam as described previously 
for tremulousness and hallucinations and correction of 
fluid and electrolyte abnormalities and hypoglycemia, if 
present. Concomitant β-adrenergic receptor blockade with 
atenolol (50-100 mg/d) may be useful for patients with 
persistent hypertension or tachycardia.

SEDATIVE DRUG INTOXICATION
Sedative drugs include barbiturates, benzodiazepines, 
gamma hydroxybutyrate, propofol, methaqualone, glu-
tethimide, and chloral hydrate. The classic signs of sedative 
drug intoxication are confusional state or coma, respira-
tory depression, hypotension, hypothermia, reactive 
pupils, nystagmus or absent ocular movements, ataxia, 
dysarthria, and hyporeflexia. Glutethimide or very high 

doses of barbiturates may produce large, fixed pupils, and 
decerebrate or decorticate posturing can occur in sedative 
drug-induced coma. Sedative drug ingestion can be con-
firmed by toxicologic analysis of blood, urine, or gastric 
aspirate, but blood levels of short-acting sedatives do not 
correlate with clinical severity.

Management is directed at supporting respiratory and 
circulatory function while the drug is being cleared, pri-
marily by hepatic metabolism. Patients with benzodiaze-
pine intoxication can also be treated with flumazenil, 1 to 
5 mg intravenously over 2 to 10 minutes, repeated every 20 
to 30 minutes as needed.

Complications of sedative drug intoxication include 
aspiration pneumonia, hypotension, and renal failure. 
However, barring such complications, patients who arrive 
at the hospital with adequate cardiopulmonary function 
should survive without sequelae.

SEDATIVE DRUG WITHDRAWAL
Sedative drug withdrawal can produce confusional states, 
seizures, or a syndrome resembling delirium tremens. The 
likelihood and severity of these complications depend on 
the duration of drug intake and the dose and half-life of the 
drug, and are greatest in patients taking large doses of 
intermediate- or short-acting drugs for at least several 
weeks. Withdrawal syndromes typically develop 1 to 3 days 
after cessation of short-acting sedatives but may not appear 
until 1 week or more with longer-acting drugs. Sedative 
drug withdrawal can be confirmed by the failure of a nor-
mally sedating or hypnotic dose to produce signs of seda-
tive drug intoxication (sedation, nystagmus, dysarthria, or 
ataxia). Symptoms and signs of withdrawal are usually 
self-limited, but myoclonus and seizures—most common 
in patients taking several times a drug’s sedative dose 
daily—may require treatment.

OPIATES
Opiates (narcotics) include morphine, heroin, codeine, 
hydromorphone (Dilaudid), oxycodone (OxyContin), 
hydrocodone (Vicodin), meperidine (Demerol), fentanyl, 
and methadone. These drugs can produce analgesia, mood 
changes, confusional states, coma, respiratory depression, 
pulmonary edema, nausea and vomiting, pupillary con-
striction, hypotension, urinary retention, and reduced 
gastrointestinal motility. Chronic use is associated with 
tolerance and physical dependence.

The cardinal features of opiate overdose are pinpoint 
pupils, which usually constrict in bright light, and respira-
tory depression. These findings may also result from pon-
tine hemorrhage, but opiate overdose can be distinguished 
by the patient’s response to the opiate antagonist naloxone 
and the ability to induce horizontal eye movements. After 
administration of naloxone, pupillary dilation and full 
recovery of consciousness usually occur promptly. When 
large doses of opiates or multiple drug ingestions are 

Aminoff_ch04_p065-104.indd   71 09/03/15   3:27 pm



Chapter 472

involved, however, slight dilation of the pupils may be the 
only observable effect.

Treatment consists of intravenous administration of 
naloxone 0.4 to 0.8 mg and sometimes ventilatory support. 
Because the action of naloxone may be as short as 1 hour—
and many opiates are longer-acting—naloxone should be 
readministered as the patient’s condition dictates. With 
appropriate treatment, patients should recover 
uneventfully.

ANTICHOLINERGICS
Muscarinic anticholinergic drugs are used to treat parkin-
sonism (eg, trihexyphenidyl, or Artane), motion sickness 
(eg, dimenhydrinate, or Dramamine), allergies (eg, diphen-
hydramine, or Benadryl), and gastrointestinal disturbances 
(eg, dicyclomine, or Bentyl). Antipsychotic drugs, tricyclic 
antidepressants, and many antihistamines also have promi-
nent anticholinergic activity. Overdose with any of these 
agents can produce a confusional state with agitation, hal-
lucinations, fixed and dilated pupils, blurred vision, dry 
skin and mucous membranes, flushing, fever, urinary 
retention, and tachycardia. In some cases, the diagnosis 
can be confirmed by toxicologic analysis of blood or urine. 
Symptoms usually resolve spontaneously, but treatment 
with the cholinesterase inhibitor physostigmine may be 
required if life-threatening cardiac arrhythmias occur. 
Because physostigmine may produce bradycardia and sei-
zures, it is rarely used.

SYMPATHOMIMETICS
Sympathomimetics include cocaine, amphetamine, meth-
amphetamine, 3,4-methylenedioxymethamphetmaine 
(ecstasy), dextroamphetamine (Dexedrine), methylpheni-
date (Ritalin), phentermine, fenfluramine, ephedrine, and 
antidepressants. Sympathomimetic intoxication can pro-
duce a confusional state with hallucinations, motor hyper-
activity, stereotypic behavior, and paranoid psychosis. 
Examination shows tachycardia, hypertension, and dilated 
pupils. Hyperthermia, tremor, seizures, and cardiac 
arrhythmias may also occur, and cocaine or amphetamine 
use can be associated with stroke.

Agitation is treated with benzodiazepines, psychosis 
with haloperidol, and hypertension with sodium nitro-
prusside or phentolamine.

HALLUCINOGENS
Hallucinogens include lysergide acid diethylamide (LSD), 
psilocybin, mescaline, phencyclidine (PCP), ketamine, 
ibogaine, and bufotenin. Most do not produce confusional 
states that come to medical attention, but PCP can be an 
exception. Features of PCP intoxication include drowsi-
ness, agitation, disorientation, amnesia, hallucinations, 
paranoia, and violent behavior. Neurologic examination 
may show large or small pupils, horizontal and vertical 

nystagmus, ataxia, increased muscle tone, analgesia, hyper-
reflexia, and myoclonus. In severe cases, complications 
include hypertension, malignant hyperthermia, status epi-
lepticus, coma, and death. Benzodiazepines may be useful 
for sedation and for treating muscle spasms, and antihy-
pertensives, anticonvulsants, and dantrolene (for malig-
nant hyperthermia) may be required. Symptoms and signs 
usually resolve within 24 hours.

INHALANTS
These include volatile solvents (eg, glue), volatile nitrites (eg, 
amyl nitrite), anesthetics (eg, ether, chloroform, nitrous 
oxide), and propellants. Their pharmacologic actions are 
diverse, but most can produce euphoria followed by depres-
sion, and sometimes respiratory compromise. Withdrawal 
may be associated with irritability, anxiety, tremor, and sei-
zures. There is no specific treatment.

eNDOCrINe DISOrDerS

HYPOTHYROIDISM
The most common cause of hypothyroidism is Hashimoto 
thyroiditis, an autoimmune disorder. Symptoms and signs 
include fatigue, depression, weight gain, constipation, bra-
dycardia, dry skin, and hair loss (Figure 4-2). Profound 
hypothyroidism may produce a confusional state, coma, or 
dementia. Cognitive disturbances include flat affect, psy-
chomotor retardation, agitation, and psychosis (myx-
edema madness). Examination may show hypothermia, 
dysarthria, deafness, or ataxia, but the most characteristic 
neurologic abnormality is delayed relaxation of the tendon 
reflexes. Untreated, the condition can progress to seizures, 
coma, and death.

Laboratory abnormalities include low serum thyroid 
hormone—triiodothyronine (T3) and tetraiodothyronine 
(T4)—levels and elevated thyroid-stimulating hormone 
(TSH). Hypoglycemia, hyponatremia, and respiratory aci-
dosis may occur. CSF protein is typically elevated, and CSF 
pressure is occasionally increased. Treatment is of the pre-
cipitating cause and the underlying thyroid disorder. In 
severe myxedema madness or coma, this involves intrave-
nous administration of levothyroxine (400 μg, then 50-100 
μg daily), with hydrocortisone (100 mg, then 25-50 mg 
every 8 hours) for associated adrenal insufficiency.

Boelaert K. Thyroid dysfunction in the elderly. Nat Rev 
Endocrinol. 2013;9:194-204.

HYPERTHYROIDISM
Hyperthyroidism is most often due to Graves disease, an 
autoimmune disorder, and produces anxiety, palpitations, 
sweating, and weight loss. Acute exacerbation of hyperthy-
roidism (Figure 4-3) may cause a confusional state, coma, 
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or death. In younger patients, agitation, hallucinations, and 
psychosis are common (activated thyrotoxic crisis), 
whereas those older than age 50 tend to be apathetic and 
depressed (apathetic thyrotoxic crisis). Seizures may 
occur. Neurologic examination shows an exaggerated 
physiologic action tremor and hyperreflexia, but ankle 
clonus and extensor plantar responses are rare. The diag-
nosis is confirmed by elevated serum T4, free T4, T3 and 
free T3, and low serum TSH. Treatment includes correction 
of hyperthermia, fluid and electrolyte disorders, cardiac 
arrhythmias, and congestive heart failure, and administra-
tion of antithyroid drugs (propylthiouracil or methima-
zole) and iodide to inhibit thyroid hormone synthesis and 
secretion, cholestyramine to promote T4 elimination, pro-
pranolol for tachycardia, and hydrocortisone for associated 
adrenal insufficiency. The underlying disorder that pre-
cipitated thyrotoxic crisis should be sought and corrected.

Boelaert K. Thyroid dysfunction in the elderly. Nat Rev 
Endocrinol. 2013;9:194-204.

HYPOGLYCEMIA
Hypoglycemia is an especially important cause of a confu-
sional state, because its prompt recognition and treatment 

▲▲ Figure 4-2. Clinical features of hypothyroidism. The 
patient shows a lack of facial expression, together with 
pallor, dry skin, loss of hair in the lateral eyebrows, facial 
puffiness, broadening of the nose, and drooping eyelids. 
(Used with permission from Wolff K, Goldsmith LA, Katz,  
et al. Fitzpatrick’s Dermatology in General Medicine. 7th ed. 
New York: McGraw-Hill, 2007.)

A

B

▲▲ Figure 4-3. Clinical features of hyperthyroidism. The 
patient shows (A) ophthalmopathy with exophthalmos 
(proptosis), and (B) pretibial myxedema. (Used with per-
mission from Brunicardi CF, Andersen DK, Billiar TR, et al. 
Schwartz’s Principles of Surgery. 9th ed. New York: McGraw 
Hill, 2009.)
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can prevent rapid progression from a reversible to an irre-
versible stage.

The most common cause of hypoglycemia is insulin 
overdose in diabetic patients, but oral hypoglycemic 
drugs, alcoholism, malnutrition, hepatic failure, insulin-
oma, and non–insulin-secreting fibromas, sarcomas, or 
fibrosarcomas may also be responsible. Neurologic symp-
toms develop over minutes to hours. Although no strict 
correlation between blood glucose levels and the severity 
of neurologic dysfunction can be demonstrated, prolonged 
hypoglycemia at levels of 30 mg/dL or lower invariably 
leads to irreversible brain damage.

`` Clinical Findings
Early signs of hypoglycemia include tachycardia, sweating, 
and pupillary dilation, which may be followed by a confu-
sional state with somnolence or agitation (Figure 4-4). 
Neurologic dysfunction progresses in a rostral-caudal 
fashion (see Chapter 3, Coma) and may mimic a mass 
lesion causing transtentorial herniation. Coma ensues with 
spasticity, extensor plantar responses, and decorticate or 
decerebrate posturing. Signs of brainstem dysfunction 
then appear, including abnormal eye movements and loss 
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▲▲ Figure 4-4. Relationship between blood glucose 
concentrations and impaired consciousness. Note that 
once hypoglycemia becomes symptomatic, even slight 
further decreases in plasma glucose lead to increasingly 
severe neurologic complications. (Modified from Barrett 
KE, Barman SM, Boitano S, Brooks H. Ganong’s Review of 
Medical Physiology. 23rd ed. New York: McGraw-Hill, 2009.)

of pupillary reflexes. Respiratory depression, bradycardia, 
hypotonia, and hyporeflexia signal that irreversible brain 
damage is imminent. Hypoglycemic coma may be associ-
ated with focal neurologic signs and focal or generalized 
seizures.

`` Treatment
The diagnosis is confirmed by measuring blood glucose 
levels, but intravenous glucose (50 mL of 50% dextrose) 
should be given immediately, without waiting for the blood 
glucose level to be measured. Improvement in the level of 
consciousness occurs within minutes after glucose admin-
istration in patients with reversible hypoglycemic encepha-
lopathy. The consequences of inadvertently worsening 
what later proves to be hyperglycemic encephalopathy are 
never as serious as those of failure to treat hypoglycemia.

Languren G, Montiel T, Julio-Amilpas A, Massieu L. Neuronal 
damage and cognitive impairment associated with hypoglyce-
mia: an integrated view. Neurochem Int. 2013;63:331-343.

HYPERGLYCEMIA
Two hyperglycemic syndromes, diabetic ketoacidosis and 
hyperosmolar nonketotic hyperglycemia (Table 4-6), can 
produce encephalopathy or coma, and may be the present-
ing manifestation of diabetes. Impaired cerebral metabo-
lism, intravascular coagulation, and brain edema contribute 
to pathogenesis. Whereas the severity of hyperosmolarity 
correlates well with depression of consciousness, the degree 
of systemic acidosis does not.

Table 4-6. Features of Hyperglycemic Encephalopathies.

Diabetic 
Ketoacidosis

Hyperosmolar 
Nonketotic State

Patient age Young Middle-aged to 
elderly

Type of diabetes Juvenile-onset or 
insulin-dependent

Adult-onset

Blood glucose 
(mg/dL)

300-600 >800

Serum osmolality 
(mOsm/L)

<350 >350

Ketosis + −

Metabolic  
acidosis

+ −

Coma Uncommon Common

Focal neurologic 
signs

− +

Seizures − +

+, present; −, absent
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`` Clinical Findings
Symptoms include blurred vision, dry skin, anorexia, poly-
uria, and polydipsia. Physical examination may show hypo-
tension and other signs of dehydration, especially in 
hyperosmolar nonketotic hyperglycemia. Deep, rapid 
(Kussmaul) respiration characterizes diabetic ketoacidosis. 
Impairment of consciousness varies from mild confusion to 
coma. Focal neurologic signs and generalized or focal sei-
zures are common in hyperosmolar nonketotic hyperglyce-
mia. Laboratory findings are summarized in Table 4-6.

`` Treatment
Treatment of diabetic ketoacidosis is with intravenous iso-
tonic saline, regular insulin, and potassium; antibiotics are 
added for concomitant infections. Treatment is adjusted as 
needed, based on monitoring of urine glucose and ketones, 
arterial pH, and blood glucose, acetone, bicarbonate, elec-
trolytes, and urea nitrogen. Deaths are usually related to 
sepsis, cardiovascular or cerebrovascular complications, or 
renal failure. In hyperosmolar nonketotic hyperglycemia, 
fluid replacement is with 0.45% saline, except for patients 
with circulatory collapse, who should receive normal 
saline. Potassium and, if indicated, phosphate should be 
replaced. Less insulin is required than for diabetic ketoaci-
dosis. When death occurs, it is usually caused by coexisting 
disease or delayed treatment due to misdiagnosis.

Steenkamp DW, Alexanian SM, McDonnell ME. Adult hypergly-
cemic crisis: a review and perspective. Curr Diab Rep. 
2013;13:130-137.

HYPOADRENALISM
Adrenocortical insufficiency (Addison disease) produces 
fatigue, weakness, weight loss, anorexia, hyperpigmenta-
tion of the skin, hypotension, nausea and vomiting, 
abdominal pain, and diarrhea or constipation. Neurologic 
manifestations include confusional states, seizures, or 
coma. Treatment is administration of hydrocortisone and 
correction of hypovolemia, hypoglycemia, electrolyte dis-
turbances, and precipitating illnesses.

HYPERADRENALISM
Hyperadrenalism (Cushing syndrome) usually results 
from administration of exogenous glucocorticoids. Clinical 
features include moon facies with facial flushing (Figure 4-5), 
truncal obesity, hirsutism, menstrual irregularities, hyper-
tension, weakness, cutaneous striae, acne, and ecchymoses. 
Neuropsychiatric disturbances are common and include 
depression or euphoria, anxiety, irritability, memory 
impairment, psychosis, delusions, and hallucinations. The 
diagnosis can be confirmed by a dexamethasone suppres-
sion test, 24-hour urine-free cortisol level, or late night 
salivary cortisol assay. Measurement of serum adrenocor-
ticotropic hormone (ACTH) distinguishes adrenal from 

▲▲ Figure 4-5. Moon (round, full, puffy) facies and facial 
flushing in Cushing syndrome. (Used with permission 
from Wolff K, Johnson RA. Fitzpatrick’s Color Atlas and 
Synopsis of Clinical Dermatology. 6th ed. New York, NY: 
McGraw-Hill; 2009.)

pituitary causes of hyperadrenalism, and magnetic reso-
nance imaging (MRI) is used to localize pituitary or other 
ACTH-secreting tumors. Treatment depends on the cause 
and includes transphenoidal resection or stereotactic 
radiotherapy of pituitary adenomas and laparoscopic 
resection of cortisol-secreting adrenal neoplasms or ecto-
pic ACTH-secreting tumors.

Prague JK, May S, Whitelaw BC. Cushing’s syndrome. BMJ. 
2013;346:f945.

eLeCtrOLYte DISOrDerS

HYPONATREMIA

`` Clinical Findings
Hyponatremia, particularly when acute, produces brain 
swelling because of hypoosmolality of the extracellular 
fluid. Causes include hypothyroidism, adrenal insuffi-
ciency, drugs (eg, thiazide diuretics), and the syndrome of 
inappropriate antidiuretic hormone (ADH) secretion 
(SIADH). Hyponatremia produces headache, lethargy, 
confusion, weakness, muscle cramps, nausea, and vomit-
ing. Neurologic signs include confusional state or coma, 
papilledema, tremor, asterixis, rigidity, extensor plantar 
responses, focal or generalized seizures, and occasionally 
focal neurologic deficits. Neurologic complications are 
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usually associated with serum sodium levels less than 120 
mEq/L (Figure 4-6), but may be seen after a rapid fall to 
130 mEq/L; conversely, chronic hyponatremia with levels 
as low as 110 mEq/L may be asymptomatic.

`` Treatment
Treatment is most effective when the underlying cause of 
hyponatremia is corrected. Immediate management 
includes water restriction or, for severe symptoms, infusion 
of hypertonic saline with or without intravenous furose-
mide. Excessively rapid correction of hyponatremia may 
lead to osmotic demyelination syndrome (formerly desig-
nated central pontine myelinolysis), a disorder of white 
matter characterized by a confusional state, paraparesis or 
quadriparesis, dysarthria, dysphagia, hyper- or hypore-
flexia, and extensor plantar responses. Severe cases can 
result in the locked-in syndrome (see Chapter 3, Coma), 
coma, or death. MRI may show pontine and extrapontine 
white matter lesions. There is no treatment for osmotic 
demyelination syndrome, so prevention is essential and 
may best be achieved by restricting water intake and using 
small amounts of hypertonic saline to raise the serum 
sodium concentration to between 125 and 130 mmol/L, at 
a rate not exceeding 4 to 6 mmol/L/d.

Sterns RH, Hix JK, Silver SM. Management of hyponatremia in 
the ICU. Chest. 2013;144:672-679.

HYPERCALCEMIA
Hypercalcemia may result from primary hyperparathy-
roidism, multiple myeloma, or tumors that secrete parathy-
roid hormone-related protein. Symptoms include thirst, 
polyuria, constipation, nausea and vomiting, abdominal 
pain, anorexia, and flank pain from nephrolithiasis. 
Neurologic symptoms are always present with serum cal-
cium levels higher than 17 mg/dL (8.5 mEq/L) and include 
headache, weakness, and lethargy.
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▲▲ Figure 4-6. Relationship between serum sodium concentration and neurologic manifestations of hyponatremia. 
(Adapted from Arieff AI, Llach F, Massry SG. Neurologic manifestations and morbidity of hyponatremia: correlation with 
brain water and electrolytes. Medicine. 1976;55:121-129.)

Physical examination may show dehydration, abdomi-
nal distention, focal neurologic signs, myopathic weakness, 
and a confusional state that can progress to coma. Seizures 
are rare. The myopathy spares bulbar muscles, and tendon 
reflexes are usually normal. The diagnosis is confirmed by 
an elevated serum calcium level, and sometimes increased 
parathyroid hormone levels and a shortened QT interval 
on the electrocardiogram (ECG). Severe hypercalcemia in 
patients with normal cardiac and renal function is treated 
by vigorous intravenous hydration with 0.45% or 0.9% 
saline and usually requires central venous pressure moni-
toring. Bisphosphonates are added to treat hypercalcemia 
associated with malignancy.

Endres DB. Investigation of hypercalcemia. Clin Biochem. 
2012;45:954-963.

HYPOCALCEMIA
Symptoms include irritability, delirium, psychosis with 
hallucinations, depression, nausea and vomiting, abdomi-
nal pain, and paresthesias of the circumoral region and 
distal extremities. The most characteristic physical signs 
are those of overt or latent tetany. These include contrac-
tion of facial muscles in response to percussion of the facial 
(VII) nerve anterior to the ear (Chvostek sign) and carpo-
pedal spasm (Figure 4-7), which may occur spontane-
ously or after tourniquet-induced limb ischemia 
(Trousseau sign). Cataracts and papilledema are some-
times present, and chorea is reported. Seizures or laryngo-
spasm can be life threatening. Serum calcium levels are 
below 9 mg/dL (4.5 mEq/L), but total serum calcium is also 
decreased in the setting of hypoalbuminemia without 
affecting ionized calcium, and hypocalcemia in this case is 
asymptomatic. The ECG may show a prolonged QT inter-
val. Treatment is with intravenous calcium gluconate, 100 
to 200 mg of elemental calcium over 20 minutes followed 
by 0.5 to 1.5 mg of elemental calcium/kg/h. Concomitant 
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magnesium deficiency should also be corrected. Seizures, 
if present, are treated with phenytoin or phenobarbital.

Kelly A, Levine MA. Hypocalcemia in the critically ill patient. 
J Intensive Care Med. 2013;28:166-177.

NUtrItIONaL DISOrDerS

WERNICKE ENCEPHALOPATHY
Wernicke encephalopathy is usually a complication of 
chronic alcoholism, but it also occurs in other disorders 
associated with malnutrition, such as cancer, and after 
bariatric surgery. It is caused by deficiency of thiamine 
(vitamin B1). Pathologic features include neuronal loss, 
demyelination, and gliosis in periventricular gray matter. 
Proliferation of small blood vessels and petechial hemor-
rhages may be seen. The areas most commonly involved 
are the medial thalamus, mammillary bodies, periaque-
ductal gray matter, cerebellar vermis, and oculomotor, 
abducens, and vestibular nuclei.

`` Clinical Findings
The classic syndrome comprises the triad of ophthalmo-
plegia, ataxia, and confusional state. The most common 
ocular abnormalities are nystagmus, abducens (VI) nerve 
palsy, and horizontal or combined horizontal–vertical gaze 
palsy. Ataxia affects gait primarily; ataxia of the arms is 
uncommon, as is dysarthria. The mental status examina-
tion reveals global confusion with a prominent disorder of 
immediate recall and recent memory. The confusional state 

▲▲ Figure 4-7. Carpal spasm, a sign of tetany (neuronal 
hyperexcitability) in hypocalcemia. (Used with permis-
sion from Gardner DG, Shoback D. Greenspan’s Basic & 
Clinical Endocrinology, 8th ed. New York, NY: McGraw-Hill, 
2007.)

progresses to coma in a small percentage of patients. Most 
patients have associated neuropathy with absent ankle 
jerks. Hypothermia and hypotension may occur. Pupillary 
abnormalities, including mild anisocoria, or a sluggish 
reaction to light, are occasionally seen. The peripheral 
blood smear may show macrocytic anemia, and MRI may 
show atrophy of the mammillary bodies (Figure 4-8).

`` Treatment
Treatment is prompt administration of thiamine. An initial 
dose of 500 mg is given intravenously, before or with dex-
trose (which might otherwise precipitate or exacerbate the 
disorder). Parenteral thiamine is continued for several 
days. The maintenance requirement for thiamine, approxi-
mately 1 mg/d, is usually available in the diet, although 
enteric absorption of thiamine is impaired in alcoholics.

After treatment, ocular abnormalities usually begin to 
improve within 1 day and ataxia and confusion within 1 
week. Ophthalmoplegia, vertical nystagmus, and acute 
confusion are entirely reversible, usually within 1 month. 
Horizontal nystagmus and ataxia, however, resolve com-
pletely in only approximately 40% of cases. The major 
long-term complication of Wernicke encephalopathy is 
Korsakoff syndrome (see Chapter 5, Dementia & Amnestic 
Disorders).

Isenberg-Grzeda E, Kutner HE, Nicolson SE. Wernicke-
Korsakoff-syndrome: under-recognized and under-treated. 
Psychosomatics. 2012;53:507-516.

▲▲ Figure 4-8. Coronal T1-weighted MRI with contrast 
showing abnormal enhancement of the mammillary 
bodies (arrows) in a patient with Wernicke encephalop-
athy. (Used with permission from Fauci A, Braunwald E, 
Kasper D, et al. Harrison’s Principles of Internal Medicine. 
17th ed. New York, NY: McGraw-Hill, 2008.)
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VITAMIN B12 DEFICIENCY
Vitamin B12 (cyanocobalamin) deficiency produces poly-
neuropathy, subacute combined degeneration of the spinal 
cord (combined systems disease) affecting the corticospi-
nal tracts and dorsal columns, nutritional amblyopia 
(visual loss), and cognitive dysfunction that ranges from a 
mild confusional state to dementia or psychosis (megalo-
blastic madness). Neurologic abnormalities may precede 
the development of macrocytic anemia. The most frequent 
cause of vitamin B12 deficiency is pernicious anemia, a 
defect in the production of intrinsic factor associated with 
atrophic gastritis, anti-parietal cell antibodies, and achlor-
hydria, which is most common in those of northern 
European ancestry. Other causes include gastric resection 
and vegan diet.

`` Clinical Findings
The presentation is usually with anemia or orthostatic 
lightheadedness but may also be neurologic. Distal pares-
thesias, gait ataxia, a bandlike sensation of tightness 
around the trunk or limbs, and Lhermitte sign (an electric 
shock–like sensation along the spine precipitated by neck 
flexion) may be present. Physical examination may show 
low-grade fever, glossitis, lemon-yellow discoloration of 
the skin, and cutaneous hyperpigmentation. Cerebral 
involvement produces confusion, depression, agitation, or 
psychosis with hallucinations. Spinal cord involvement 
causes impaired vibratory and joint position sense, sensory 
gait ataxia, and spastic paraparesis with extensor plantar 
responses. Associated peripheral nerve involvement may 
lead to loss of tendon reflexes in the legs and urinary 
retention.

`` Laboratory Findings
Hematologic abnormalities (Figure 4-9) include macro-
cytic anemia, leukopenia with hypersegmented neutrophils, 
and thrombocytopenia with giant platelets. Because folate 
deficiency can produce identical changes, the diagnosis 
must be confirmed by measuring the serum vitamin B12 
level. When this is low (<100 pg/mL), a Schilling test can 
determine whether defective intestinal absorption of vita-
min B12 (as in pernicious anemia) is the cause, but the test 
is now rarely used. In pernicious anemia, gastric achlorhy-
dria is usual and anti–intrinsic factor and gastric parietal 
cell antibodies confirm the diagnosis. In addition, the uri-
nary excretion of orally administered vitamin B12 is abnor-
mally low, and this abnormality can be corrected by 
coadministration of intrinsic factor. Diagnosis may be dif-
ficult when cerebral symptoms occur without anemia or 
spinal cord disease, so the serum vitamin B12 level should be 
determined routinely in patients with cognitive disorders, 
myelopathy, or peripheral neuropathy, regardless of whether 
anemia is present. T1-weighted MRI may show gadolinium 
enhancement of the posterior cord in B12 myelopathy (see 

A

B

▲▲ Figure 4-9. Peripheral blood smear from a patient 
with vitamin B12 deficiency showing oval macrocytes 
(A) and hypersegmented neutrophil (B). (Used with per-
mission from Kaushansky K, Lichtman M, Beutler E, Kipps 
T. Williams Hematology. 8th ed. New York, NY: McGraw-Hill, 
2010.)

Figure 10–9) and deep T2-signal abnormalities in B12 
encephalopathy, which resolve with treatment.

`` Treatment
Treatment of neurologic manifestations is by prompt intra-
muscular administration of cyanocobalamin (1,000 μg), as 
soon as blood is drawn to determine the serum vitamin B12 
level. Daily injections are continued for 1 week, and further 
testing is performed to determine the cause of deficiency. If, 
as in pernicious anemia, deficiency is not correctable by 
dietary supplementation or treatment of an underlying 
cause (eg, intestinal malabsorption), intramuscular vitamin 
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B12 (typically 1,000 μg) is given at weekly intervals for sev-
eral months and monthly thereafter. The reversibility of 
neurologic complications depends on their duration, and 
abnormalities present for more than 1 year are less likely to 
resolve with treatment. Encephalopathy may begin to clear 
within 24 hours after the first vitamin B12 dose, but full 
neurologic recovery, when it occurs, may take several 
months.

Stabler SP. Vitamin B12 deficiency. N Engl J Med. 2013;368: 
149-160.

OrGaN SYSteM FaILUre

HEPATIC ENCEPHALOPATHY
Hepatic encephalopathy occurs as a complication of alco-
holic cirrhosis, portosystemic shunting, chronic active 
hepatitis, or fulminant hepatic necrosis after viral hepatitis. 
The syndrome may be chronic and progressive or acute in 
onset; in the latter case, gastrointestinal hemorrhage, sys-
temic infection, dehydration, and sedative drugs are fre-
quent precipitating factors. Liver disease impairs 
hepatocellular detoxifying mechanisms and causes porto-
systemic shunting of venous blood, leading to hyperam-
monemia. Cerebral symptoms are thought to result from 
ammonia toxicity, cytotoxic edema, altered GABAergic 
neurotransmission, and inflammation, among other 
factors.

`` Clinical Findings
Symptoms of encephalopathy may precede systemic symp-
toms such as nausea, anorexia, and weight loss. Recent 
gastrointestinal bleeding, consumption of high-protein 
foods, use of sedatives or diuretics, or systemic infection 
may cause clinical decompensation.

Physical examination shows systemic signs of liver dis-
ease. Cognitive disturbances include somnolence, agita-
tion, and coma. Ocular reflexes are usually brisk. 
Nystagmus, tonic downward ocular deviation, or disconju-
gate eye movements may be seen. A helpful indicator of 
metabolic disturbance (including, but not limited to, liver 
disease) is asterixis (Figure 4-10)—a flapping tremor of 
the outstretched, dorsiflexed hands or feet that results from 
impaired postural control. Other motor abnormalities in 
hepatic encephalopathy include tremor, myoclonus, para-
tonic rigidity, spasticity, decorticate or decerebrate posturing, 
and extensor plantar responses. Focal neurologic signs and 
focal or generalized seizures may occur.

`` Laboratory Findings
Laboratory studies may show elevated serum bilirubin, 
transaminases, ammonia, prothrombin time (PT) and par-
tial thromboplastin time (PTT), and respiratory alkalosis. 
The most specific CSF abnormality is elevated glutamine 

(Figure 4-11). The electroencephalogram (EEG) may be 
diffusely slow with triphasic waves.

`` Treatment
Underlying factors that may have precipitated acute 
decompensation should be corrected, and, when indicated, 
coagulopathy should be reversed with fresh-frozen plasma 
or vitamin K. Encephalopathy is treated with lactulose, a 
nonabsorbable disaccharide that decreases colonic pH and 
ammonia absorption (30-60 g orally or per rectum, 3 times 
daily) and rifaximin, a poorly absorbed antibiotic that 
reduces ammonia-forming bacteria in the colon (400 mg 
orally, 3 times daily). Severe restriction of dietary protein is 

▲▲ Figure 4-10. Asterixis, a flapping tremor of the out-
stretched hands or feet, is often associated with hepatic 
encephalopathy, but can be seen in a variety of meta-
bolic disorders.
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▲▲ Figure 4-11. Range of CSF glutamine concentra-
tions in hepatic encephalopathy. (Adapted from Plum F. 
The CSF in hepatic encephalopathy. Exp Biol Med. 
1971;4:34-41.)
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not recommended. Liver transplantation is required in 
some cases. Prognosis in hepatic encephalopathy correlates 
best with the severity of hepatocellular rather than neuro-
logic dysfunction.

Leise MD, Poterucha JJ, Kamath PS, Kim WR. Management of 
hepatic encephalopathy in the hospital. Mayo Clin Proc. 
2014;89:241-253.

Sharma BC, Sharma P, Lunia MK, et al. A randomized, double-
blind, controlled trial comparing rifaximin plus lactulose 
with lactulose alone in treatment of overt hepatic encepha-
lopathy. Am J Gastroenterol. 2013;108:1458-1463.

UREMIA
Renal failure, particularly when acute or rapidly progres-
sive, may produce encephalopathy or coma with hyperven-
tilation and prominent motor manifestations, including 
tremor, asterixis, myoclonus, and tetany. Focal or general-
ized seizures and focal neurologic signs are common, and 
decorticate or decerebrate posturing may occur. Laboratory 
abnormalities include elevated serum urea nitrogen, creati-
nine, and potassium, and metabolic acidosis, but their 
severity correlates poorly with symptoms. The EEG is dif-
fusely slow and may show triphasic waves or paroxysmal 
spikes or sharp waves.

Acute management includes relief of urinary tract 
obstruction if present, hydration, protein and salt restric-
tion, and treatment of complications such as seizures. Long-
term management includes dialysis or kidney transplantation. 
Although dialysis reverses the encephalopathy, clinical 
improvement often lags behind normalization of serum urea 
nitrogen and creatinine. Dialysis itself can produce an 
encephalopathy (dialysis disequilibrium syndrome) that is 
thought to result from hypo-osmolality. This is most com-
mon with a patient’s first hemodialysis and can be prevented 
by correcting uremia more gradually or using briefer peri-
ods of dialysis at reduced rates of blood flow.

PULMONARY ENCEPHALOPATHY
Patients with lung disease or brainstem or neurologic disor-
ders that affect respiratory function may develop encepha-
lopathy related to hypoventilation. Symptoms include 
headache, confusion, and somnolence. Examination shows 
papilledema, asterixis or myoclonus, and a confusional state 
or coma. Tendon reflexes are often decreased, but pyramidal 
signs may be present, and seizures occur occasionally. 
Arterial blood gases show respiratory acidosis. Treatment 
involves ventilatory support to decrease hypercapnia and 
maintain adequate oxygenation.

ORGAN TRANSPLANTATION
Bone-marrow or solid-organ transplantation may be asso-
ciated with an acute confusional state related to surgical 
complications, immunosuppressive drug treatment, stroke, 

opportunistic infection, reconstitution of the immune sys-
tem, lymphoproliferative disorders, or transplant rejection. 
The problems encountered depend on the time in relation 
to transplantation and on the organ transplanted.

Surgical complications that may produce encepha-
lopathy include hypotension, hypoxia, thromboembolism, 
and air embolism, which are most common with heart and 
liver transplants.

Drugs used for pretransplantation conditioning or pre-
venting transplant rejection can cause acute confusional 
states by direct effects on the nervous system or as a conse-
quence of immunologic impairment. Fludarabine is associ-
ated with increased risk for progressive multifocal 
leukoencephalopathy (see Chapter 5, Dementia & 
Amnestic Disorders). Busulfan often produces seizures. 
Calcineurin inhibitors (cyclosporine and tacrolimus) pro-
duce encephalopathy that may be associated with seizures, 
tremor, visual disturbances, weakness, sensory symptoms, 
or ataxia. MRI may show abnormalities in the occipital and 
posterior parietal white matter (posterior reversible 
encephalopathy syndrome). Symptoms are often associ-
ated with excessively high drug levels in the blood and may 
improve with reduction of drug dosage or replacing a cal-
cineurin inhibitor with mycophenolate mofetil, sirolimus, 
or everolimus. Corticosteroids can produce psychosis and 
corticosteroid withdrawal is sometimes associated with 
lethargy, headache, myalgia, and arthralgia. The monoclo-
nal antibody OKT3 causes encephalopathy, aseptic menin-
gitis, and seizures. Gabapentin, valproate, and leviracetam 
are recommended to treat seizures in transplant recipients 
because of their relative lack of pharmacokinetic interac-
tion with other drugs typically given to these patients.

Infections causing confusional states are most promi-
nent after bone marrow transplantation but are also com-
mon after transplantation of other organs. They are 
comparatively rare in the first month after transplantation 
and, when they occur, usually reflect preexisting infection 
in the recipient or in the donor organ, or a perioperative 
complication. Within this period, the most frequent organ-
isms are gram-negative bacteria, herpes simplex virus, and 
fungi. Opportunistic infections are more common between 
1 and 6 months after transplant and include acute Listeria 
meningitis or encephalitis, chronic meningitis from 
Cryptococcus or Mycobacterium tuberculosis, and brain 
abscesses related to infection with Aspergillus, Nocardia, or 
Toxoplasma. Past 6 months, cytomegalovirus, Toxoplasma, 
Cryptococcus, Listeria, or Nocardia infection may be seen.

Immune reconstitution inflammatory syndrome 
(IRIS) related to transplantation is typically seen following 
reduction of immunosuppressive therapy and institution 
of antibiotics for an opportunistic infection. Neurologic 
involvement may produce headache, increased intracranial 
pressure, and CSF pleocytosis. Treatment is with cortico-
steroids. A similar syndrome occurs in patients with 
human immunodeficiency virus infection receiving com-
bination antiretroviral therapy.
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Posttransplant lymphoproliferative disorder is 
related to immunosuppression and may be associated with 
primary central nervous system (CNS) lymphoma.

Transplant rejection may also produce encephalopa-
thy, especially in recipients of kidney transplants.

Pruitt AA, Graus F, Rosenfeld MR. Neurological complications of 
solid organ transplantation. Neurohospitalist. 2013;3:152-166.

Pruitt AA, Graus F, Rosenfeld MR. Neurological complications 
of transplantation: part I: hematopoietic cell transplantation. 
Neurohospitalist. 2013;3:24-38.

MeNINGItIS, eNCephaLItIS, & SepSIS

BACTERIAL MENINGITIS
Bacterial meningitis is a leading cause of acute confusional 
states and one in which early diagnosis is crucial to a good 
outcome. Predisposing conditions include systemic (espe-
cially respiratory) or parameningeal infection, head 
trauma, anatomic meningeal defects, prior neurosurgery, 
cancer, alcoholism, and immunodeficiency states. The eti-
ologic organism varies with age and with the presence of 
predisposing conditions (Table 4-7).

`` Pathogenesis & Pathology
Bacteria typically gain access to the CNS by colonizing the 
mucous membranes of the nasopharynx, leading to local 
tissue invasion, bacteremia, and hematogenous seeding of 
the subarachnoid space. Listeria is an exception in that it is 
ingested. Bacteria can also spread to the meninges directly, 
through anatomic defects in the skull or from paramenin-
geal sites such as the paranasal sinuses or middle ear. 
Polysaccharide bacterial capsules, lipopolysaccharides, and 
outer membrane proteins may contribute to bacterial inva-
sion and virulence. The low levels of antibody and comple-
ment present in the cerebrospinal fluid are inadequate to 
contain the infection. The resulting inflammatory response 
is associated with the release of inflammatory cytokines 
that promote blood–brain barrier permeability, vasogenic 
cerebral edema, changes in cerebral blood flow, and per-
haps direct cytotoxicity.

Bacterial meningitis is characterized by leptomeningeal 
and perivascular infiltration with polymorphonuclear leu-
kocytes and an inflammatory exudate. These tend to be 
most prominent over the cerebral convexities in 
Streptococcus pneumoniae and Haemophilus infection and 
over the base of the brain with Neisseria meningitidis. Brain 
edema, hydrocephalus, and cerebral infarction may occur, 
although bacterial invasion of the brain parenchyma is rare.

`` Clinical Findings
At presentation, most patients have had symptoms for 1 to 
7 days. These include fever, confusion, vomiting, headache, 
and neck stiffness, but the full syndrome is not usually 
present (Table 4-8).

Table 4-7. Etiologic Agents and Empirical Antibiotic 
Treatment in Bacterial Meningitis.

Age or Condition Etiologic Agents
Antibiotics of 

Choice

Neonate S. agalactiae
E. coli
L. monocytogenes

Ampicillina

+
Ceftriaxoneb or 

cefotaximec

Child S. pneumoniae
N. meningitidis
H. influenzae

Ceftriaxoneb or 
cefotaximec

+
Vancomycind

Adult <50 y S. pneumoniae
N. meningitidis

Ceftriaxonee or 
cefotaximef

+
Vancomycind

Adult >50 y S. pneumoniae
N. meningitidis
L. monocytogenes

Ceftriaxonee or 
cefotaximef

+
Vancomycine

+
Ampicilling

Immunosuppression S. pneumoniae
L. monocytogenes
Gram-negative 

bacilli

Ceftriaxonee or 
cefotaximef

+
Vancomycind

+
Ampicilling

Head trauma, neuro-
surgery, or CSF 
shunt

Staphylococci
Gram-negative 

bacilli
S. pneumoniae

Vancomycind

+
Ceftazidimeh

aAmpicillin dose for neonates is 50 mg/kg IV every 6-8 hours.
bCeftriaxone dose for neonates and children is 50-100 mg/kg IV 
every 12 hours.
cCefotaxime dose for neonates and children is 50 mg/kg IV every 
6-12 hours.
dVancomycin dose is 15 mg/kg IV every 6 hours to maximum of  
4 g per day.
eCeftriaxone dose for adults is 2 g IV every 12 hours.
fCefotaxime dose for adults is 2 g IV every 4-6 hours.
gAmpicillin dose for adults is 2 g IV every 4 hours.
hCeftazidime dose is 50-100 mg/kg (to maximum of 2 g) IV every 
8 hours.

Physical examination may show fever and signs of sys-
temic or parameningeal infection, such as skin abscess or 
otitis. A petechial rash is seen in 50% to 60% of patients 
with N. meningitidis meningitis. Signs of meningeal irrita-
tion (meningismus) are seen in approximately 80% of 
cases, but are often absent in the very young and very old, 
or with immunosuppression or profoundly impaired con-
sciousness. These signs include neck stiffness on passive 
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Table 4-8. Clinical Findings in Patients With Bacterial 
Meningitis.

Feature
Percentage of 

Patients

Clinical findings

Headachea 87

Neck stiffnessa 83

Fever (≥38°C)a 77

Altered mental statusa 69

Focal neurologic deficit 33

Skin rash 26

Papilledema 3

At least 2 of classic tetrad (aabove) 95

Neck stiffness + fever + altered mental status 44

Laboratory findings

CSF pressure >200 mm water 82

CSF WBC ≥100/μL 92

CSF WBC ≥1,000/μL 78

Positive blood culture 66

Abnormal head CT scanb 34

aClassic tetrad.
bMost commonly brain edema, sinusitis or otitis, recent infarct, or 
hydrocephalus.
Data from van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma 
JB, Vermeulen M. Clinical features and prognostic factors in adults 
with bacterial meningitis. N Engl J Med. 2004;351:1849-1859.

flexion, thigh flexion on flexion of the neck (Brudzinski 
sign), and resistance to passive extension of the knee with 
the hip flexed (Kernig sign) (see Figure 1-5). The level of 
consciousness, when altered, ranges from mild confusion 
to coma. Focal neurologic signs, seizures, and cranial nerve 
palsies may occur. Papilledema is rare.

`` Laboratory Findings
Peripheral blood may show polymorphonuclear leukocy-
tosis from systemic infection or leukopenia caused by 
immunosuppression. The causative organism can be cul-
tured from the blood in approximately two-thirds of cases. 
Images of the chest, sinuses, or mastoid bones may indicate 
a primary site of infection. A brain CT or MRI scan may 
show contrast enhancement of the cerebral convexities, the 
base of the brain, or the ventricular ependyma. The EEG is 
usually diffusely slow.

Prompt lumbar puncture and CSF examination are 
critical in all cases of suspected meningitis. CSF pressure is 

elevated in approximately 90% of cases, and the appearance 
of the fluid ranges from slightly turbid to grossly purulent. 
CSF white cell counts of 1,000 to 10,000/μL are usual, con-
sisting chiefly of polymorphonuclear leukocytes, although 
mononuclear cells may predominate in Listeria monocyto-
genes meningitis. Protein concentrations of 100 to 500 mg/
dL are most common. The CSF glucose level is lower than 
40 mg/dL in approximately 80% of cases and may be too 
low to measure. Gram-stained smears of CSF identify the 
causative organism in 70% to 80% of cases. CSF culture, 
which is positive in approximately 80% of cases, provides a 
definitive diagnosis and allows determination of antibiotic 
sensitivity. The polymerase chain reaction may be useful in 
culture-negative bacterial meningitis and for identifying 
meningococcal strains.

`` Differential Diagnosis
Signs of meningeal irritation may also be seen with non-
bacterial meningitis and subarachnoid hemorrhage. 
However, the combination of an acute to subacute course 
(days rather than weeks), polymorphonuclear pleocytosis, 
and low CSF glucose point to a bacterial cause. Early viral 
meningitis can produce polymorphonuclear pleocytosis 
and symptoms identical to those of bacterial meningitis, 
but a repeat lumbar puncture after 6 to 12 hours should 
demonstrate a shift to lymphocytic predominance in viral 
meningitis, and the CSF glucose level is normal. 
Subarachnoid hemorrhage is distinctive in that lumbar 
puncture yields bloody CSF, which does not clear as 
increasing amounts of CSF are removed.

`` Prevention
Vaccines are available for three bacteria that can cause 
meningitis: H. influenzae type b, N. meningitidis, and S. pneu-
moniae. Children aged 2 to 15 months should be routinely 
immunized against H. influenzae and S. pneumoniae, chil-
dren aged 11 to 12 years against N. meningitidis (with a 
booster dose at age 16), and adults 65 years of age and older 
against S. pneumoniae. Additional indications for vaccina-
tion are listed in Table 4-9. The risk of contracting H. influen-
zae or N. meningitidis meningitis can be reduced in 
household and other close contacts of affected patients by 
the prophylactic administration of rifampin 20 mg/kg/d 
orally given as a single daily dose for 4 days (H. influenzae) 
or as two divided doses for 2 days (N. meningitidis).

`` Treatment
Unless the physical examination shows focal neurologic 
abnormalities or papilledema, suggesting a mass lesion, 
lumbar puncture should be performed immediately; if the 
CSF is not clear and colorless, antibiotic treatment (see next 
paragraph) is started without delay. When focal signs or 
papilledema are present, blood and urine should be taken 
for culture, antibiotics begun, and a brain CT scan obtained. 
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If the scan shows no focal lesion that would contraindicate 
lumbar puncture, the puncture is then performed.

The initial choice of antibiotics is empirical, based on 
the patient’s age and predisposing factors (see Table 4-7). 
Therapy is adjusted as indicated when the Gram stain or 
culture and sensitivity results become available (Table 4-10). 
Lumbar puncture can be repeated to assess the response to 
therapy. CSF should be sterile after 24 hours, and a decrease 
in pleocytosis and in the proportion of polymorphonuclear 
leukocytes should occur within 3 days.

Dexamethasone, given immediately before the onset of 
antibiotic treatment and continued for 4 days, may improve 
outcome and decrease mortality in immunocompetent 
patients with confirmed bacterial meningitis.

`` Prognosis
Complications of bacterial meningitis include headache, 
seizures, hydrocephalus, syndrome of inappropriate secre-
tion of antidiuretic hormone (SIADH), residual neurologic 
deficits (including cognitive disturbances and cranial—
especially VIII—nerve abnormalities), and death. A CT or 
MRI scan will confirm suspected hydrocephalus, and fluid 
and electrolyte status should be carefully monitored to 
detect SIADH. N. meningitidis infections may be compli-
cated by adrenal hemorrhage related to meningococcemia 
(Waterhouse–Friderichsen syndrome), resulting in hypo-
tension and often death.

Morbidity and mortality from bacterial meningitis are 
high. Fatalities occur in approximately 20% of affected 
adults, and more often in low-income countries and with 
some pathogens (eg, S. pneumoniae, gram-negative bacilli) 
compared to others (eg, H. influenzae, N. meningitidis). 
Factors that worsen prognosis include extremes of age, 
delay in diagnosis and treatment, complicating illness, 
stupor or coma, seizures, and focal neurologic signs.

Table 4-9. Vaccinations Against Bacterial Meningitis.

Agent Routine Indications Special Indications

H. influenzae type b Children ages 2, 4, 6, and 12-15 months Bone marrow transplant, cancer chemotherapy, HIV infection, sickle 
cell disease, splenectomy

N. meningitidis Children and adolescents ages 11-18
College freshmen living in dormitories
Individuals exposed to meningitis outbreaks
Military recruits
Travelers to endemic regions

Complement component C5, 6, 7, 8, or 9 deficiency; splenectomy

S. pneumoniae Children ages 2, 4, 6, and 12-15 months
Adults age ≥ 65 years

Alcoholism, asthma, cirrhosis, cochlear implant, CSF leak, diabetes, 
heart disease, hematologic malignancy, HIV infection, kidney fail-
ure or nephritic syndrome, lung disease, organ transplant, sickle 
cell disease, smoking, splenectomy

Abbreviations: CSF, cerebrospinal fluid; HIV, human immunodeficiency virus.
Data from US Centers for Disease Control and Prevention (www.cdc.gov/vaccines).

Bhimraj A. Acute community-acquired bacterial meningitis in 
adults: an evidence-based review. Cleve Clin J Med. 
2012;79:393-400.

TUBERCULOUS MENINGITIS
Tuberculous meningitis must be considered in patients 
who present with a confusional state, especially if there is a 
history of pulmonary tuberculosis, alcoholism, corticoste-
roid treatment, HIV infection, or other conditions associ-
ated with impaired immune responses. It should also be 
considered in patients from areas (eg, Asia, Africa) or 
groups (eg, the homeless and inner-city drug users) with a 
high incidence of tuberculosis.

`` Pathogenesis & Pathology
Tuberculous meningitis usually results from reactivation of 
latent infection with Mycobacterium tuberculosis. Primary 
infection, typically acquired by inhaling bacillus-containing 
droplets, may be associated with metastatic dissemination of 
blood-borne bacilli from the lungs to the meninges and the 
surface of the brain. Here the organisms remain in a dormant 
state in tubercles that can rupture into the subarachnoid 
space at a later time, resulting in tuberculous meningitis.

The main pathologic finding is a basal meningeal exu-
date containing primarily mononuclear cells. Tubercles may 
be seen on the meninges and surface of the brain. The ven-
tricles may be enlarged as a result of hydrocephalus, and 
their surfaces may show ependymal exudate or granular 
ependymitis. Arteritis can result in cerebral infarction, and 
basal inflammation and fibrosis can compress cranial nerves.

`` Clinical Findings
Symptoms usually have been present for less than 4 weeks 
at the time of presentation and include headache, fever, 
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Table 4-10. Treatment of Bacterial Meningitis of 
Known Cause.

Etiologic Agents Antibiotics of Choice

Treatment 
Duration 

(days)

Gram stain

Gram-positive cocci Vancomycina 
and

Ceftriaxoneb or cefotaximec

d

Gram-negative 
cocci

Penicillin Ge d

Gram-positive 
bacilli

Ampicillinf or penicillin Ge 
and

Gentamicing

d

Gram-negative 
bacilli

Ceftriaxone,b cefotaxime,c 
or ceftazidime,h  
and

Gentamicing

d

CSF culture

S. pneumoniae Vancomycina  
and

Ceftriaxoneb or cefotaximec

10-14

H. influenzae Ceftriaxoneb 7

N. meningitidis Penicillin Ge 7

L. monocytogenes Ampicillinf 
and

Gentamicing

21

S. agalactiae Penicillin Ge 14-21

Gram-negative 
enteric bacilli

Ceftriaxoneb or cefotaximec 
and

Gentamicing

21-28

Pseudomonas  
aeruginosa, 
Acinetobacter

Ceftazidimeh 
and

Gentamicing

21-28

aVancomycin dose is 15 mg/kg IV every 6 hours to maximum of  
4 g per day; rifampin 600 mg PO or IV per day should be substi-
tuted for vancomycin in patients receiving dexamethasone.
bCeftriaxone dose for children is 50-100 mg/kg IV every 12 hours; 
dose for adults is 2 g IV every 12 hours.
cCefotaxime dose for neonates is 50 mg/kg IV every 6 hours; dose 
for adults is 2 g IV every 12 hours.
dTreat until CSF culture results are known, then modify treatment 
based on organism and antibiotic sensitivity.
ePenicillin G dose is 300,000 units/kg/d IV to maximum 24 million 
units/d.
fAmpicillin dose for children is 100 mg/kg IV every 8 hours; dose 
for adults is 2 g IV every 4 hours.
gGentamicin dose is 1.5 mg/kg IV loading followed by 1-2 mg/kg 
IV every 8 hours.
hCeftazidime dose is 50-100 mg/kg (to maximum of 2 g) IV every 
8 hours.

neck stiffness, vomiting, and lethargy or confusion. Weight 
loss, visual impairment, diplopia, focal weakness, and sei-
zures may also occur. A history of contact with known 
cases of tuberculosis is usually absent.

Fever, signs of meningeal irritation, and a confusional 
state are the most common findings on physical examina-
tion, but all may be absent. Papilledema, ocular palsies, and 
hemiparesis or paraparesis are sometimes seen. 
Complications include hyponatremia, hydrocephalus, 
brain edema, visual loss, cranial nerve (especially VI) pal-
sies, spinal subarachnoid block, and stroke, which usually 
affects the internal capsule, basal ganglia, or thalamus.

Only one-half to two-thirds of patients show a positive 
skin test for tuberculosis or evidence of active or healed 
tubercular infection on chest x-ray; chest CT is more sensi-
tive. The diagnosis is established by CSF analysis. CSF pres-
sure is usually increased, and the fluid is typically clear and 
colorless. Lymphocytic and mononuclear cell pleocytosis of 
50 to 500 cells/mL is most often seen, but polymorphonu-
clear pleocytosis can occur early and may give an erroneous 
impression of bacterial meningitis. CSF protein is usually 
more than 100 mg/dL and may exceed 500 mg/dL, particu-
larly in patients with spinal subarachnoid block. The glucose 
level is usually decreased and may be less than 20 mg/dL. 
Acid-fast bacillus (AFB) smears of CSF (Figure 4-12) should 
be performed in all cases of suspected tuberculous 

▲▲ Figure 4-12. Acid-fast bacillus (AFB) stain showing 
Mycobacterium tuberculosis bacilli (red rods).
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meningitis, but they are positive in only a minority of cases. 
Definitive diagnosis is most often made by culturing M. tuber-
culosis from the CSF, a process that usually takes several 
weeks and requires large quantities of spinal fluid for maxi-
mum yield. A CT or MRI scan may show enhancement of 
the basal cisterns and cortical meninges or hydrocephalus.

`` Differential Diagnosis
Many other conditions can cause a subacute to chronic 
confusional state with mononuclear cell pleocytosis 
(Table 4-11). These can usually be distinguished based on 
the history, associated physical findings, and appropriate 
laboratory studies.

`` Treatment
Treatment should be started as early as possible; it should 
not be withheld while awaiting culture results. The deci-
sion to treat is based on the CSF findings described previ-
ously; lymphocytic pleocytosis and decreased glucose are 
particularly suggestive, even if AFB smears are negative.

Four antituberculous drugs are used for the 2-month ini-
tiation phase of therapy: isoniazid 300 mg, rifampin 600 mg, 
pyrazinamide 1,600 mg, and ethambutol 1,200 mg, each given 
orally once daily. During the subsequent, 7- to 12-month 
continuation phase, only isoniazid and rifampin are used, at 
the same doses. Adverse drug effects, drug resistance, concur-
rent HIV infection, and pregnancy may necessitate modifying 
the treatment regimen. Pyridoxine 50 mg/d can decrease the 
likelihood of isoniazid-induced polyneuropathy or seizures.

Corticosteroids (eg, prednisone, 60 mg/d orally, tapered 
gradually over 3-4 weeks) are indicated in HIV-negative 
patients. Aspirin 75-150 mg/d may confer an additional 
anti-inflammatory effect. Antifungal therapy (see later) 
should be added unless fungal meningitis has been excluded. 
Ventriculoperitoneal shunting or endoscopic third ventricu-
lostomy can be useful to relieve hydrocephalus.

`` Prognosis
Even with appropriate treatment, approximately one-third 
of patients with tuberculous meningitis succumb. Adverse 
prognostic factors include age less than 5 or more than 50 
years, coma, seizures, and concomitant HIV infection. 
Neurologic sequelae include cognitive disturbances, visual 
loss, motor deficits, and cranial nerve palsies.

Thwaites GE. Advances in the diagnosis and treatment of tuber-
culous meningitis. Curr Opin Neurol. 2013;26:295-300.

SYPHILITIC MENINGITIS
Acute or subacute syphilitic meningitis usually occurs within 
2 years after primary syphilitic infection (Figure 4-13). It is 
most common in young adults, affects men more often than 
women, and requires prompt treatment to prevent the irre-
versible manifestations of tertiary neurosyphilis.

In approximately one-fourth of patients with Treponema 
pallidum infection, treponemes gain access to the CNS, 
where they produce a meningitis that is usually asymptom-
atic. Asymptomatic neurosyphilis is associated with CSF 
pleocytosis, elevated protein, and positive serologic tests 
for syphilis.

`` Clinical Findings
In a few patients, syphilitic meningitis is a clinically appar-
ent acute or subacute disorder. At presentation, symptoms 
such as headache, nausea and vomiting, stiff neck, mental 
disturbances, focal weakness, seizures, deafness, and visual 
impairment usually have been present for up to 2 months.

Physical examination may show signs of meningeal 
irritation, confusion or delirium, papilledema, hemipare-
sis, and aphasia. The cranial nerves most frequently 
affected are (in order) the facial (VII), acoustic (VIII), 
oculomotor (III), trigeminal (V), abducens (VI), and optic 
(II) nerves, but other nerves may be involved as well. Fever 
is typically absent.

The diagnosis is established by CSF findings. Opening 
pressure is normal or slightly elevated. Pleocytosis is lym-
phocytic or mononuclear in character, with white blood cell 
counts usually in the range of 100 to 1,000/mL. Protein level 
may be mildly or moderately elevated (<200 mg/dL) and 
glucose mildly decreased. CSF Venereal Disease Research 
Laboratory (VDRL) and serum fluorescent treponemal anti-
body (FTA) or microhemagglutination-Treponema pallidum 
(MHA-TP) tests are usually positive. Protein electropho-
retograms of CSF may show discrete γ-globulin bands 
 (oligoclonal bands) not visible in normal CSF.

`` Treatment
Acute syphilitic meningitis is usually a self-limited disor-
der, but treatment is required to avoid more advanced 
vascular and parenchymatous neurosyphilis (tabes dorsa-
lis, general paresis, optic neuritis, myelitis). Treatment is 
with aqueous penicillin G 2 to 4 × 106 units intravenously 
every 4 hours for 10 to 14 days. For penicillin-allergic 
patients, ceftriaxone 2 g intravenously daily for 14 days or 
doxycycline 200 mg orally twice daily for 21 to 28 days can 
be substituted. The CSF should be examined every 6 months 
until all findings are normal. Another course of therapy 
must be given if the CSF cell count or protein remains 
elevated.

Chahine LM, Khoriaty RN, Tomford WJ, Hussain MS. The 
changing face of neurosyphilis. Int J Stroke. 2011;6:136-143.

LYME DISEASE

`` Clinical Findings
Lyme disease is a tick-borne disorder due to infection with 
the spirochete Borrelia burgdorferi. Most cases occur during 

Aminoff_ch04_p065-104.indd   85 09/03/15   3:27 pm



Chapter 486

Table 4-11. Causes of Chronic Meningitis.

Cause Distinguishing Features

Infectious

Bacteria

 Partially treated bacterial meningitis History of antibiotic treatment

 Tuberculosis Positive CSF acid-fast stain and AFB culture

 Syphilis Positive CSF VDRL

 Lyme disease History of tick bite, erythema migrans, facial (VII) nerve palsy, painful 
polyradiculopathy, positive serology

 Leptospirosis Myalgia, conjunctival reddening, positive serology

 Brucellosis Exposure to livestock, enzootic areas

 Mycoplasma Cough, abnormal chest x-ray

Viruses (HIV, EBV, HSV2) Positive HIV or EBV serology, Mollaret cells in CSF (HSV2)

Fungi Positive CSF India ink stain or cryptococcal antigen (Cryptococcus);  
positive CSF culture

Parasites Blood smear (malaria), peripheral or CSF eosinophilia, CT or MRI scan 
(toxoplasmosis, cysticercosis), positive serology

Parameningeal infection Sinusitis, otitis, dental infection, CSF leak

Noninfectious

Neoplastic meningitis Low CSF glucose, positive cytology

Chemical meningitis

 Subarachnoid hemorrhage CSF xanthochromia

 Drugs (NSAIDs, antimicrobials, IVIG, immunosuppressants,  
allopurinol, lamotrigine, intrathecal agents, vaccination)

History of treatment

Uveomeningitisa

 Sarcoidosis Erythema nodosum, dyspnea, facial (VII) nerve palsy, hilar adenopathy 
on chest x-ray, positive biopsy

 Behçet syndrome Painful orogenital ulcers, erythema nodosum-like skin lesions,  
abducens (VI) nerve palsy, ataxia, corticospinal signs

 Wegener granulomatosis Upper and lower respiratory tract disease, glomerulonephritis, cranial 
neuropathy, mononeuritis multiplex

 Vogt-Koyanagi-Harada syndrome Deafness, tinnitus, alopecia, poliosis, vitiligo

 Sjögren syndrome Xerostomia, xerophthalmia, trigeminal (V) neuropathy, positive 
Schirmer test, positive ANA (SSB/La), lip biopsy

Fabry disease Exercise-induced neuropathic pain, periumbilical angiokeratomas, 
stroke

Hypertrophic pachymeningitis Cranial neuropathies

Abbreviations: AFB, acid-fast bacilli; ANA, antinuclear antibody; CSF, cerebrospinal fluid; CT, computed tomography; EBV, Epstein-Barr virus; 
HIV, human immunodeficiency virus; IVIG, intravenous immunoglobulin; MRI, magnetic resonance imaging; NSAIDs, nonsteroidal anti-
inflammatory drugs; VDRL, Venereal Disease Research Laboratory.
aUveitis includes inflammatory disorders of the iris (iritis), ciliary body (cyclitis), or choroid (choroiditis).
Adapted from Ginsberg L, Kidd D. Chronic and recurrent meningitis. Pract Neurol. 2008;8:348-361.
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▲▲ Figure 4-13. Interval between primary syphilitic infection and symptomatic neurosyphilis by presentation. (GPI, 
general paresis of the insane)

the summer. Primary infection may be manifested by an 
expanding erythematous annular skin lesion (erythema 
migrans) (Figure 4-14) that usually appears over the 
thigh, groin, or axilla. Less distinctive symptoms include 
fatigue, headache, fever, neck stiffness, joint or muscle 
pain, anorexia, sore throat, and nausea. Neurologic involve-
ment may be delayed for up to 10 weeks and is character-
ized by meningitis or meningoencephalitis and disorders 
of the cranial or peripheral nerves or nerve roots; bilateral 
facial weakness from involvement of cranial nerve VII is 
particularly common. Cardiac abnormalities (conduction 
defects, myocarditis, pericarditis, cardiomegaly, or heart 
failure) can also occur at this stage. Lyme meningitis pro-
duces prominent headache accompanied by signs of men-
ingeal irritation, photophobia, pain when moving the eyes, 
nausea, and vomiting. When encephalitis is present, it is 

usually mild and characterized by insomnia, emotional 
lability, or impaired concentration and memory. European 
Lyme disease differs clinically from that seen in the United 
States in that the infective organism is Borrelia garinii or 
Borrelia afzelii, erythema migrans is not a feature, and 
painful radiculopathy (Bannwarth syndrome) is common.

`` Laboratory Findings
The CSF usually shows a lymphocytic pleocytosis with 100 
to 200 cells/mL, slightly elevated protein, and normal glu-
cose. Oligoclonal immunoglobulin G (IgG) bands may be 
detected. Definitive diagnosis is usually made by serologic 
testing for B. burgdorferi, using enzyme-linked immuno-
sorbent assay (ELISA) for screening followed by western 
blot to confirm positive ELISA results.
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`` Treatment
Preventive measures include avoiding tick-infested areas 
and using insect repellents and protective clothing when 
avoidance is impossible.

Treatment of Lyme disease with neurologic involve-
ment is with intravenously administered ceftriaxone (2 g/d), 
cefotaxime (2 g three times daily), or penicillin (20-24 × 
106 units/d) for 2 to 4 weeks.

Symptoms of acute Lyme disease typically resolve 
within 10 days in treated cases. Untreated or inadequately 
treated infections may lead to recurrent oligoarthritis; 
memory, language, and other cognitive disturbances; focal 
weakness; and ataxia. In such cases, a CT scan or MRI may 
show hydrocephalus, lesions in white matter resembling 
those seen in multiple sclerosis, or abnormalities sugges-
tive of cerebral infarction. Subtle chronic cognitive or 
behavioral symptoms should not be attributed to Lyme 
encephalitis in the absence of serologic evidence of B. burg-
dorferi exposure, CSF abnormalities, or focal neurologic 
signs. The peripheral neurologic manifestations of Lyme 
disease are discussed in Chapter 10, Sensory Disorders.

Gerstenblith TA, Stern TA. Lyme disease: a review of its epidemiol-
ogy, evaluation, and treatment. Psychosomatics. 2014;55: 
421-429.

VIRAL MENINGITIS & ENCEPHALITIS
Viral infections of the meninges (meningitis) or brain 
parenchyma (encephalitis) often present as acute confu-
sional states. The most common causative agents are listed 

▲▲ Figure 4-14. Erythema migrans due to Borrelia burg-
dorferi (Lyme disease). (Used with permission from James 
Gathany, Public Health Image Library, US Centers for 
Disease Control and Prevention.)

in Table 4-12. Clues in the history that may suggest a spe-
cific virus or virus family include the time of year, recent 
travel, contact with insects or other animals, sexual con-
tacts, and immunosuppression. Some viruses (eg, herpes-
viruses) can cause either meningitis or encephalitis, but 
others preferentially affect the meninges (eg, enterovi-
ruses) or brain parenchyma (eg, arthropod-borne—or 
arbo—viruses).

`` Pathology
Viral infections can affect the CNS in three ways—
hematogenous dissemination of a systemic viral infection 
(eg, arthropod-borne viruses), neuronal spread of the virus 
by axonal transport (eg, herpes simplex, rabies), and autoim-
mune postinfectious demyelination (eg, varicella, influ-
enza). Pathologic changes in viral meningitis consist of an 
inflammatory meningeal reaction mediated by lympho-
cytes. Encephalitis is characterized by perivascular cuffing, 
lymphocytic infiltration, and microglial proliferation mainly 
involving subcortical gray matter regions. Intranuclear or 
intracytoplasmic inclusions are often seen.

`` Clinical Findings
Clinical manifestations of viral meningitis include fever, 
headache, neck stiffness, photophobia, pain with eye 
movement, and mild impairment of consciousness. 
Patients usually do not appear as ill as those with bacterial 
meningitis. Systemic manifestations of viral infection, 
including skin rash, pharyngitis, lymphadenopathy, pleuri-
tis, carditis, jaundice, organomegaly, diarrhea, or orchitis, 
may suggest a particular etiologic agent. Viral encephalitis, 
which involves the brain directly, causes more marked 
alteration of consciousness than viral meningitis, and may 
also produce seizures and focal neurologic signs. When 
signs of meningeal irritation and brain dysfunction coex-
ist, the condition is termed meningoencephalitis.

`` Laboratory Findings
CSF analysis is the most important laboratory test. CSF 
pressure is normal or increased, and a lymphocytic or 
monocytic pleocytosis is present, with cell counts usually 
less than 1,000/mL. Higher counts can be seen in lympho-
cytic choriomeningitis or herpes simplex encephalitis. A 
polymorphonuclear pleocytosis can occur early in viral 
meningitis, whereas red blood cells may be seen with her-
pes simplex encephalitis. Protein level is normal or slightly 
increased (usually 80-200 mg/dL). Glucose is usually nor-
mal, but may be decreased in mumps, herpes zoster, or 
herpes simplex encephalitis. Gram stains and bacterial, 
fungal, and AFB cultures are negative. Oligoclonal bands 
and CSF protein electrophoresis abnormalities may be 
present. An etiologic diagnosis often can be made from 
CSF by virus isolation, polymerase chain reaction, or 
detection of antiviral antibodies.
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Table 4-12. Etiologic Agents in Viral Meningitis and Encephalitis.

Virus Season or Geography Vector Features

Meningitis

Enterovirus Echo, coxsackie, enterovirus 71 Summer, fall Human Rash, gastroenteritis, carditis

Herpesvirus Herpes simplex type 2 (HSV2) — Human Neonates

Varicella-zoster virus (VZV) — Human Immunosuppression; rash

Epstein-Barr virus (EBV) — Human Teenagers; infectious mononucleosis syndrome

Other Human immunodeficiency 
virus (HIV)

— Human Immunosuppression

Mumps Winter, spring Human Especially boys; parotitis, orchitis, oophoritis,  
pancreatitis

Lymphocytic choriomeningitis Fall, winter Mouse Pharyngitis, pneumonia; marked CSF pleocytosis, 
low CSF glucose; transmissible by organ  
transplantation

Encephalitis

Herpesvirus Herpes simplex type 1 (HSV1) — Human Focal (especially temporal lobe); treatable with 
acyclovir

Varicella-zoster virus (VZV) — Human Immunosuppression; rash

Epstein-Barr virus (EBV) — Human Teenagers; infectious mononucleosis syndrome

Arbovirus Japanese Asia Mosquito Common; vaccine available; high mortality

Tick-borne Europe, Siberia Tick Vaccine available in Europe

St. Louis Western hemisphere Mosquito Common in US

California North America Mosquito Common in US; includes La Crosse encephalitis

Western equine Western hemisphere Mosquito Children

Eastern equine Western hemisphere Mosquito Children

Venezuelan equine Western hemisphere Mosquito Children

Powassan Northeast US Tick Seizures (in children), focal neurologic signs

West Nile Summer Mosquito Elderly; high mortality

Rhabdovirus Rabies — Dog, bat, 
raccoon, 
skunk, 
fox

Postexposure prophylaxis available; fatal once 
symptoms (hyperexcitability, autonomic  
dysfunction, hydrophobia) appear

Blood counts may show a normal white cell count, leu-
kopenia, or mild leukocytosis. Atypical lymphocytes in 
blood smears and a positive heterophile (Monospot) test 
suggest infectious mononucleosis. Serum amylase is fre-
quently elevated in mumps; abnormal liver function tests 
are associated with both hepatitis viruses and infectious 
mononucleosis. The EEG is diffusely slow, especially if 
there is direct cerebral involvement.

`` Differential Diagnosis
The differential diagnosis of meningitis with mononuclear 
cell pleocytosis includes partially treated bacterial 

meningitis; syphilitic, tuberculous, fungal, parasitic, and 
neoplastic meningitis; and postinfectious encephalomyelitis 
after infections or vaccinations (see later). Evidence of sys-
temic viral infection and CSF wet mounts, stained smears, 
cultures, and cytology can distinguish among these possi-
bilities. When suspected early viral meningitis is associated 
with a polymorphonuclear pleocytosis of less than 1,000 
white blood cells/mL and normal CSF glucose, one of two 
strategies can be used. The patient can be treated for bacte-
rial meningitis until the results of CSF cultures are known, 
or treatment can be withheld and lumbar puncture repeated 
in 6 to 12 hours. If the meningitis is viral in origin, the sec-
ond sample should show a mononuclear cell pleocytosis.
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`` Prevention & Treatment
Vaccines are available against varicella-zoster virus and 
Japanese encephalitis, and postexposure prophylaxis 
against rabies can be achieved through active immuniza-
tion by vaccine combined with passive immunization 
using human rabies-immune globulin. No specific treat-
ment is available for most causes of viral meningitis or 
encephalitis. Exceptions include herpes simplex (discussed 
in the next section); varicella zoster, which responds to 
acyclovir (10-15 mg/kg intravenously every 8 hours for 
14 days); and cytomegalovirus, which is treated with a 
21-day course of ganciclovir (5 mg/kg intravenously twice 
daily) and foscarnet (60 mg/kg intravenously every 8 hours), 
followed by maintenance therapy for 3 to 6 weeks with 
either drug. Corticosteroids are of no proven benefit except 
in immune-mediated postinfectious syndromes. Headache 
and fever can be treated with acetaminophen or nonsteroi-
dal anti-inflammatory drugs. Seizures usually respond to 
phenytoin or phenobarbital. Supportive measures in coma-
tose patients include mechanical ventilation and intrave-
nous or nasogastric feeding.

`` Prognosis
Symptoms of viral meningitis usually resolve spontane-
ously within 2 weeks regardless of the causative agent, 
although residual deficits may be seen. The outcome of 
viral encephalitis varies with the specific virus—for exam-
ple, eastern equine and HSV infections are associated with 
severe morbidity and high mortality rates. Mortality rates 
as high as 20% have also been reported in immune-medi-
ated encephalomyelitis after measles infections.

Studahl M, Lindquist L, Eriksson BM, et al. Acute viral infec-
tions of the central nervous system in immunocompetent 
adults: diagnosis and management. Drugs. 2013;73:131-158.

HERPES SIMPLEX VIRUS (HSV) 
ENCEPHALITIS
HSV type 1 (oral herpes) is the most common cause of 
sporadic fatal encephalitis in the United States. 
Approximately one-half of cases involve patients older 
than 50 years of age. The virus migrates along nerve axons 
to sensory ganglia, where it persists in a latent form and 
may be subsequently reactivated. HSV type 1 encephalitis 
can result from either primary infection or reactivation of 
latent infection. Neonatal HSV encephalitis usually results 
from acquisition of HSV type 2 (genital herpes) during 
passage through the birth canal of a mother with active 
genital lesions. CNS involvement by HSV type 2 in adults 
usually causes meningitis, rather than encephalitis.

`` Pathology
HSV type 1 encephalitis is an acute, necrotizing, asymmet-
ric hemorrhagic process with lymphocytic and plasma cell 

reaction and usually involves the medial temporal and 
inferior frontal lobes. Intranuclear inclusions may be seen 
in neurons and glia. Patients who recover may show cystic 
necrosis of the involved regions.

`` Clinical Findings
The clinical syndrome may include headache, stiff neck, 
vomiting, behavioral disorders, memory loss, anosmia, 
aphasia, hemiparesis, and focal or generalized seizures. 
Active herpes labialis is seen occasionally, but does not reli-
ably implicate HSV as the cause of encephalitis. HSV 
encephalitis is usually rapidly progressive over several days 
and may result in coma or death. The most common 
sequelae in patients who survive are memory and behavior 
disturbances, reflecting the predilection of HSV for limbic 
structures.

`` Laboratory Findings
The CSF in HSV type 1 encephalitis most often shows 
increased pressure, lymphocytic or mixed lymphocytic and 
polymorphonuclear pleocytosis (50-100 white blood cells/
mL), mild protein elevation, and normal glucose. Red 
blood cells, xanthochromia, and decreased glucose are 
seen in some cases. The virus generally cannot be isolated 
from the CSF, but can be detected by the polymerase chain 
reaction and serologic testing. The EEG may show periodic 
slow-wave complexes arising from one or both temporal 
lobes. MRI is more sensitive than CT for early detection of 
edema and mass effect in one or both temporal lobes and 
cingulate gyrus (Figure 4-15). However, imaging studies 
may also be normal.

`` Differential Diagnosis
The symptoms and signs are not specific for herpes virus 
infection. The greatest diagnostic difficulty is distinguish-
ing between HSV encephalitis and brain abscess, and the 
two disorders often cannot be differentiated on clinical 
grounds alone. Other CNS infections and vasculitis can 
also mimic HSV encephalitis. Definitive diagnosis can be 
made by biopsy of affected brain areas, with the choice of 
biopsy site guided by the EEG, CT scan, or MRI findings. 
However, because treatment is most effective when begun 
early and is comparatively safe, the most common approach 
is to treat patients with possible HSV encephalitis as 
described next and to reserve biopsy for those who fail to 
improve.

`` Treatment
The most effective drug is acyclovir, given intravenously at 
a dosage of 10 to 15 mg/kg every 8 hours, with each dose 
given over 1 hour. Treatment is continued for 14 to 21 days. 
Complications include erythema at the infusion site, gas-
trointestinal disturbances, headache, skin rash, tremor, 
seizures, and encephalopathy or coma. Treatment is started 
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as early as possible, because outcome is greatly influenced 
by the severity of dysfunction at the time treatment is 
initiated.

`` Prognosis
Patients younger than age 30 and those who are only 
lethargic at the onset of treatment are more likely to sur-
vive than are older or comatose patients. The mortality rate 
is approximately 10% at 1 year in patients given acyclovir.

Steiner I, Benninger F. Update on herpes virus infections of the 
nervous system. Curr Neurol Neurosci Rep. 2013;13:414-418.

HUMAN IMMUNODEFICIENCY VIRUS 
INFECTION
Acquired immune deficiency syndrome (AIDS) is caused 
by human immunodeficiency virus type 1 (HIV-1) and is 
characterized by opportunistic infections, malignant neo-
plasms (typically non-Hodgkin lymphoma or Kaposi sar-
coma), and a variety of neurologic disturbances. 
Transmission occurs through sexual activity or transfer of 
virus-contaminated blood or blood products, such as by 
intravenous drug users who share needles.

Neurologic complications of HIV infection include 
dementia (see Chapter 5, Dementia & Amnestic Disorders), 
myelopathy (see Chapter 10, Sensory Disorders), neuropa-
thy (see Chapter 10), myopathy (see Chapter 9, Motor 

A B

▲▲ Figure 4-15. MRI in herpes simplex encephalitis. FLAIR I (A) and T2 (B) sequences show mild mass effect, loss of 
gray-white differentiation caused by edema, and characteristic involvement of the temporal lobe (arrow). T2 image 
shows involvement on the other side as well. (Used with permission from J. Handwerke.)

Disorders), and stroke (see Chapter 13, Stroke). HIV may 
enter the CNS through penetration of the blood–brain bar-
rier by HIV-infected circulating monocytes or direct infec-
tion of the choroid plexus or capillary endothelial cells. In 
addition to monocytes, choroid plexus, and capillary endo-
thelium, the virus ultimately infects brain microglia and 
astrocytes. Patients with systemic HIV infection are at 
increased risk of neurologic involvement not only from 
direct HIV infection of the nervous system, but also from 
opportunistic infections and tumors.

A. HIV-1 Meningitis

Patients infected with HIV-1 can develop a syndrome char-
acterized by headache, fever, signs of meningeal irritation, 
cranial nerve (especially VII) palsies, other focal neuro-
logic abnormalities, or seizures. This usually occurs at 
about the time of HIV-1 seroconversion. An acute confu-
sional state is occasionally present. HIV-1 meningitis is 
associated with mononuclear CSF pleocytosis of up to 
approximately 200 cells/μL with normal or slightly ele-
vated protein and normal glucose levels. HIV may be 
detectable in CSF by polymerase chain reaction. Symptoms 
usually resolve spontaneously within about 1 month. Other 
causes of pleocytosis associated with HIV infection, 
including cryptococcal meningitis and cerebral toxoplas-
mosis, must be excluded. Treatment of newly diagnosed 
HIV disease should include a combination of two 
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nucleoside reverse transcriptase inhibitors (eg, tenofovir 
and emtricitabine) and a third drug from one of the follow-
ing categories: nonnucleoside reverse transcriptase inhibi-
tor, ritonavir-boosted protease inhibitor, integrase strand 
transfer inhibitor, or chemokine receptor 5 antagonist.

B. Cryptococcal Meningitis or Meningoencephalitis

Cryptococcus neoformans meningitis or meningoencepha-
litis occurs in patients with HIV infection and CD4 cell 
counts of <100/μL. Clinical features include headache, 
confusion, stiff neck, fever, nausea and vomiting, seizures, 
and cranial nerve palsies. CSF cell counts, protein, and 
glucose may be normal, so CSF India ink staining and 
cryptococcal antigen titers should always be obtained. CT 
or MRI scans may show meningeal enhancement, intra-
ventricular or intraparenchymal cryptococcomas, gelati-
nous pseudocysts, abscesses, or hydrocephalus. Treatment 
consists of induction for at least 2 weeks with liposomal 
amphotericin B (3-5 mg/kg intravenously daily) and flucy-
tosine (25 mg/kg orally 4 times daily), followed upon clini-
cal improvement and negative CSF culture by consolidation 
with fluconazole (400 mg orally daily for 8 weeks), and 
then maintenance with fluconazole (200 mg orally daily) 
until the patient is asymptomatic and has CD4 cell counts 
exceeding 400/μL for 6 months. Increased intracranial 
pressure should be managed by daily lumbar puncture or 
surgical drainage of CSF.

C. Cerebral Toxoplasmosis

Cerebral toxoplasmosis produces intracerebral mass 
lesions in patients with HIV infection and CD4 cell counts 
of <200/μL. Presenting symptoms include fever, headache, 
altered mental status, and seizures. Focal neurologic abnor-
malities such as cranial nerve palsies or hemiparesis may 
also occur. MRI is more sensitive than CT scanning and 
typically reveals one or more supratentorial lesions with a 
predilection for gray-white matter junctions or the basal 
ganglia; with contrast, the lesions may show rim enhance-
ment. Lumbar puncture may be inadvisable in the presence 
of mass lesions. Intracerebral mass lesions in HIV-infected 
patients are typically due to either toxoplasmosis or primary 
central nervous system lymphoma (see later), but the two 
disorders may not be clinically distinguishable. Therefore, 
because toxoplasmosis is readily treatable, patients with HIV 
infection and intracerebral mass lesions that are not obvi-
ously caused by stroke should be treated for presumed toxo-
plasmosis. Treatment is with pyrimethamine (25-50 mg 
orally daily) and sulfadiazine (2-4 g orally daily in 2-4 
divided doses), continued for 6 to 8 weeks. Folinic acid 
(10-25 mg orally daily) should be given to prevent pyri-
methamine-induced hematotoxicity. Up to 90% of patients 
respond favorably within the first few weeks, and the major-
ity survive longer than 6 months. Absence of a response to 
treatment for toxoplasmosis should prompt brain biopsy for 
diagnosis of possible lymphoma.

D. Cytomegalovirus Encephalitis

Cytomegalovirus produces encephalitis in patients with 
HIV infection and CD4 cell counts <50/μL. Clinical fea-
tures include fever, confusion or coma, seizures, and focal 
neurologic signs. Myelopathy and radiculopathy may also 
occur. CSF cell count, protein, and glucose are variable, but 
the diagnosis can be made from CSF by polymerase chain 
reaction. Treatment is with ganciclovir (5 mg/kg) and fos-
carnet (90 mg/kg), both given intravenously twice daily 
until improvement occurs, followed by maintenance ther-
apy with valganciclovir (900 mg orally twice daily) and 
foscarnet (90 mg/kg intravenously daily).

E. Progressive Multifocal Leukoencephalopathy

This demyelinating disorder is caused by infection with JC 
virus and occurs in HIV-infected patients with CD4 counts 
<100/μL. Altered mental status is accompanied by focal 
neurologic signs, including hemianopsia, ataxia, or hemi-
paresis, and seizures. Headache and fever are usually 
absent. CT or MRI scan shows one or more white matter 
lesions. The CSF typically shows mild lymphocytic pleocy-
tosis, elevated protein, and normal glucose, and poly-
merase chain reaction may provide evidence for JC virus 
infection. There is no proven effective treatment.

F. Primary CNS Lymphoma

Primary CNS lymphoma is the most common brain tumor 
associated with HIV infection. Clinical features include 
confusion, hemiparesis, aphasia, seizures, cranial nerve 
palsies, and headache; signs of meningeal irritation are 
uncommon. CSF commonly shows elevated protein and 
mild mononuclear pleocytosis, and glucose may be low; 
cytology is rarely positive. MRI is more sensitive than CT 
scanning and shows single or multiple contrast-enhancing 
lesions, which may not be distinguishable from those seen 
in toxoplasmosis. Patients with HIV infection and one or 
more intracerebral mass lesions that fail to respond to 
treatment for toxoplasmosis within 3 weeks should 
undergo brain biopsy for diagnosis of lymphoma. 
Therapeutic approaches include chemotherapy with meth-
otrexate and cytarabine, radiation, and corticosteroids.

G. Other Disorders

Pneumocystis carinii pneumonia in patients with HIV infec-
tion may lead to hypoxia and a resulting confusional state.

Patients with HIV infection, especially those with CNS 
involvement, may be especially sensitive to adverse cogni-
tive effects of drugs (eg, antidepressants) and metabolic 
disorders.

Stroke can occur in patients with HIV infection, espe-
cially when it is complicated by cryptococcal meningitis, 
and may produce an acute confusional state.

Seizures are common in HIV infection, especially in 
HIV-associated dementia, cerebral toxoplasmosis, or 
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cryptococcal meningitis; complex partial seizures and the 
postictal state that follows generalized tonic-clonic seizures 
are both associated with confusional states.

Ho EL, Marra CM. Central nervous system diseases due to oppor-
tunistic and coinfections. Semin Neurol. 2014;34:61-69.

FUNGAL MENINGITIS
In a small fraction of patients with systemic fungal infec-
tions (mycoses), fungi invade the CNS to produce menin-
gitis or focal intraparenchymal lesions (Table 4-13). 
Several fungi are opportunistic organisms that cause infec-
tion in patients with cancer, those receiving corticosteroids 
or other immunosuppressive drugs, and other debilitated 
hosts. Intravenous drug abuse is a potential route for infec-
tion with Candida and Aspergillus. Diabetic acidosis is 
strongly correlated with rhinocerebral mucormycosis. In 
contrast, meningeal infections with Coccidioides, 
Blastomyces, and Actinomyces usually occur in previously 
healthy individuals. Cryptococcus (the most common cause 
of fungal meningitis in the United States) and Histoplasma 
infection can occur in either healthy or immunosup-
pressed patients. Cryptococcal meningitis is the most com-
mon fungal infection of the nervous system in patients 
with HIV infection, but Coccidioides and Histoplasma 
infections can also occur in this setting. Geographic factors 
are also important in the epidemiology of certain mycoses: 
Blastomyces is seen especially in the Mississippi River 
Valley, Coccidioides in the southwestern United States, and 
Histoplasma in the eastern and midwestern United States.

`` Pathogenesis & Pathology
Fungi reach the CNS by hematogenous spread from the 
lungs, heart, gastrointestinal or genitourinary tract, or 
skin, or by direct extension from parameningeal sites such 
as the orbits or paranasal sinuses. Invasion of the meninges 
from a contiguous focus of infection is particularly com-
mon in mucormycosis but may also occur in aspergillosis 
and actinomycosis.

Pathologic findings in fungal infections of the nervous 
system include a primarily mononuclear meningeal exuda-
tive reaction, focal abscesses or granulomas in the brain or 
spinal epidural space, cerebral infarction related to vascu-
litis, and ventricular enlargement caused by communicat-
ing hydrocephalus.

`` Clinical Findings
Fungal meningitis is usually a subacute illness and clini-
cally resembles tuberculous meningitis. Common symp-
toms include headache and lethargy or confusion. Nausea 
and vomiting, visual loss, seizures, or focal weakness may 
be noted, whereas fever may be absent. In a diabetic patient 
with acidosis, complaints of facial or eye pain, nasal 

discharge, proptosis, or visual loss should urgently alert the 
physician to the likelihood of Mucor infection.

Careful examination of the skin, orbits, sinuses, and 
chest may reveal evidence of systemic fungal infection. 
Neurologic examination may show signs of meningeal 
irritation, a confusional state, papilledema, visual loss, 
ptosis, exophthalmos, ocular or other cranial nerve palsies, 
and focal neurologic abnormalities such as hemiparesis. 
Because some fungi (eg, Cryptococcus) can cause spinal 
cord compression, there may be evidence of spine tender-
ness, paraparesis, pyramidal signs in the legs, and loss of 
sensation over the legs and trunk.

`` Laboratory Findings
Blood cultures should be obtained. Serum glucose and 
arterial blood gas levels should be determined in diabetic 
patients. The urine should be examined for Candida. Chest 
x-ray may show hilar lymphadenopathy, patchy or miliary 
infiltrates, cavitation, or pleural effusion. The CT scan or 
MRI may demonstrate intracerebral mass lesions associ-
ated with Cryptococcus (Figure 4-16) or other organisms, a 
contiguous infectious source in the orbit or paranasal 
sinuses, or hydrocephalus.

CSF pressure may be normal or elevated. The fluid is 
usually clear, but may be viscous in the presence of numer-
ous cryptococci. Lymphocytic pleocytosis of up to 1,000 
cells/mL is common, but a normal cell count or polymor-
phonuclear pleocytosis can be seen in early fungal menin-
gitis and in immunosuppressed patients. Aspergillus 
infection typically produces a polymorphonuclear pleocy-
tosis. CSF protein, which may be normal initially, subse-
quently rises, usually not exceeding 200 mg/dL. Higher 
levels (up to 1 g/dL) suggest subarachnoid block. Glucose is 
normal or decreased but rarely below 10 mg/dL. Microscopic 
examination of Gram-stained and acid-fast smears and 
India ink preparations may reveal the infecting organism. 
Fungal cultures of CSF and other body fluids and tissues 
should be obtained, but are often negative. In suspected 
mucormycosis, biopsy of the affected tissue (usually nasal 
mucosa) is essential. Useful CSF serologic studies include 
cryptococcal antigen and Coccidioides complement-fixing 
antibody. Cryptococcal antigen is more sensitive than India 
ink for detecting Cryptococcus and should always be looked 
for in both CSF and serum when that organism is sus-
pected, as in patients with HIV infection.

`` Differential Diagnosis
Fungal meningitis may mimic brain abscess and other 
subacute or chronic meningitides, such as those caused by 
tuberculosis or syphilis. CSF findings and CT or MRI scans 
are useful in differential diagnosis.

`` Treatment & Prognosis
Treatment of fungal meningitis is summarized in Table 4-13. 
In patients with Coccidioides meningitis or those not 
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Table 4-13. Etiologic Agents in Fungal Meningitis.

Name Opportunistic Systemic Involvement
Distinctive CSF 

Findings Treatment

Aspergillus  
species

+ Lungs, nasal sinuses Polymorphonuclear 
pleocytosis, galac-
tomannan, 
(1-3)-β-d-glucan

Voriconazole 6 mg/kg intravenously every  
12 hours for 2 doses, then 4 mg/kg intrave-
nously or 200 mg orally twice daily

Blastomyces  
dermatitidis

− Lungs, skin, bones, joints, 
viscera

− Amphotericin B (liposomal) 3-5 mg/kg intrave-
nously daily for 1-2 weeks, then

Itraconazole 200 mg orally three times daily for 
3 days, then 200 mg orally twice daily for  
6-12 months

Candida species + Mucous membranes, skin, 
esophagus, genitouri-
nary tract, heart

Gram stain Fluconazole 400 mg intravenously daily for  
∼2 weeks

Coccidioides 
immitis

− Lungs, skin, bones CSF complement  
fixation

Fluconazole 400-800 mg intravenously or orally 
daily for 1 year

-or-
Itraconazole 200 mg orally two or three times 

daily for 1 year

Cryptococcus 
neoformans

± (HIV) Lungs, skin, bones, joints Viscous fluid, India 
ink prep, crypto-
coccal antigen

Amphotericin B (liposomal) 3-5 mg/kg  
intravenously daily

-and-
Flucytosine 25 mg/kg orally four times daily, 

then 400 mg orally daily for 8 weeks, then 
maintenance with

Fluconazole 200 mg orally daily

Histoplasma  
capsulatum

± Lungs, skin, mucous 
membranes, heart,  
viscera

− Amphotericin B (liposomal) 3-5 mg/kg/d  
intravenously for 1-2 weeks, then

Itraconazole 200 mg orally three times daily for 
3 days, then 200 mg orally twice daily for  
12 weeks

Mucor species + (diabetes) Orbits, paranasal sinuses − Amphotericin B (liposomal) 3-5 mg/kg daily 
intravenously for 10-12 weeks, correction of 
hyperglycemia and acidosis, and wound 
debridement

Actinomyces 
israeliia

− Jaw, lungs, abdomen, 
orbits, sinuses, skin

Sulfur granules, 
Gram stain, AFB 
smear

Penicillin G 18-24 × 106 units intravenously daily 
for 2-6 weeks, then orally for 6-12 months

Nocardia speciesa + Lungs, skin Gram stain, AFB 
smear

Trimethoprim/sulfamethoxazole in dose of 
15 mg of trimethoprim/kg daily intravenously, 

then 160/800 mg PO twice daily
-and-
Ceftriaxone 2,000 mg daily, given intravenously 

for several weeks then orally
-and-
Amikacin 15 mg/kg daily, given I intravenously 

for several weeks then orally

AFB, acid-fact bacilli; CSF, cerebrospinal fluid; HIV, human immunodeficiency virus.
aActinomyces and Nocardia are bacteria, but are often considered together with fungi because their filamentous appearance resembles 
that of fungi.
Adapted with special permission from Treatment Guidelines from The Medical Letter, August 2012; Vol. 10 (120):61. www.medicalletter.org.
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responding to intravenous therapy, intrathecal amphoteri-
cin B (usually administered via an Ommaya reservoir) is 
sometimes used. Mortality in fungal meningitis is high, 
complications of treatment are common, and neurologic 
sequelae are frequent.

McCarthy M, Rosengart A, Schuetz AN, Kontoyiannis DP, 
Walsh TJ. Mold infections of the central nervous system. N Engl 
J Med. 2014;371:150-160.

PARASITIC INFECTIONS
Protozoal, helminthic, and rickettsial infections may cause 
CNS disease, particularly in immunosuppressed patients 
(including those with HIV infection), and in certain 
regions of the world (Table 4-14).

A. Malaria

Malaria, the most common parasitic infection of humans 
worldwide, is caused by the protozoan Plasmodium falci-
parum or other Plasmodium species and is transferred to 
humans by the female Anopheles mosquito. Clinical fea-
tures include fever, chills, myalgia, nausea and vomiting, 

TTTT

▲▲ Figure 4-16. T2-weighted MRI in cryptococcal 
meningitis. Note the bilateral increase in signal in the 
basal ganglia (arrows) with relative sparing of the  
thalami (T). This is caused by gelatinous fungal pseudo-
cysts in the territory of the lenticulostriate arteries. 
(Used with permission from A. Gean.)

anemia, renal failure, hypoglycemia, and pulmonary 
edema. Cerebral involvement occurs when plasmodia 
reach the CNS in infected red blood cells and occlude cere-
bral capillaries. Neurologic involvement becomes apparent 
weeks after infection. In addition to acute confusional 
states, cerebral malaria can produce seizures and focal 
neurologic abnormalities. The diagnosis is made by find-
ing plasmodia in red blood cells on thick and thin periph-
eral blood smears (Figure 4-17). The CSF may show 
increased pressure, xanthochromia, mononuclear pleocy-
tosis, or mildly elevated protein. Treatment is described in 
Table 4-14. Intravenous administration of quinidine should 
be accompanied by ECG monitoring to detect QTc seg-
ment prolongation. Hypoglycemia may occur in treated 
patients and requires IV administration of dextrose. 
Mannitol and corticosteroids are not helpful and may be 
deleterious. The mortality rate in cerebral malaria is 
about 20%.

B. Toxoplasmosis

Toxoplasmosis results from ingestion of Toxoplasma gondii 
cysts in raw meat or cat excrement and is usually asymp-
tomatic. Symptomatic disease is associated with reactiva-
tion of latent infection in the setting of HIV infection, 
underlying malignancy, or immunosuppressive therapy. 
Systemic manifestations include skin rash, lymphadenopa-
thy, myalgias, arthralgias, carditis, pneumonitis, and sple-
nomegaly. CNS involvement leads to mass lesions or 
encephalitis, and symptoms and signs include headache, 
altered mental status, seizures, and focal deficits. The CSF 
may show mild mononuclear cell pleocytosis or slight pro-
tein elevation, and the organism may be seen on wet 
mounts of centrifuged CSF. MRI is superior to CT scan-
ning for demonstrating the characteristic ring-enhancing 
lesions (Figure 4-18). Diagnosis can be made by detection 
of anti-Toxoplasma IgG antibodies. Treatment is indicated 
in Table 4-14. Folinic acid 10 mg orally daily is added to 
prevent pyrimethamine-induced leukopenia and 
thrombocytopenia.

C. Primary Amebic Meningoencephalitis

The free-living ameba Naegleria fowleri causes primary 
amebic meningoencephalitis in previously healthy young 
persons exposed to warm, polluted fresh water. It is 
reported most often in the southeastern United States. 
Amebas gain entry to the CNS through the cribriform 
plate, producing a diffuse meningoencephalitis that affects 
the base of the frontal lobes and posterior fossa. It is char-
acterized by headache, fever, nausea and vomiting, signs of 
meningeal irritation, and disordered mental status. The 
CSF shows a polymorphonuclear pleocytosis with elevated 
protein and low glucose; highly motile, refractile trophozo-
ites can sometimes be seen on CSF wet mounts. Treatment 
is indicated in Table 4-14. The disease is usually fatal 
within 1 week.
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D. Granulomatous Amebic Encephalitis

Granulomatous amebic encephalitis results from infection 
with Acanthamoeba/Hartmanella species and commonly 
occurs with chronic illness or immunosuppression. The 

disorder typically lasts 1 week to 3 months and is charac-
terized by subacute or chronic meningitis and granuloma-
tous encephalitis. The cerebellum, brainstem, basal ganglia, 
and cerebral hemispheres are affected. An acute confu-
sional state is the most common clinical finding. Fever, 

Table 4-14. Parasitic Infections of the Central Nervous System.

Parasite Opportunistic Treatment

Protozoa

Plasmodium falciparum (malaria) − Quinidine/artesunate/quininea then
Doxycyclineb or
Tetracyclinec or
Clindamycind

Toxoplasma gondii ± Pyrimethaminee

and Sulfadiazinef

Naegleria fowleri (primary amebic meningoencephalitis) − Amphotericin Bg +
Rifamping +
Fluconazoleg +
Azithromycing

Acanthamoeba or Hartmanella species (granulomatous amebic encephalitis) + Pentamidineh ±
Sulfadiazineh ±
Flucytosineh ±
Fluconazoleh ±
Miltefosineh

Helminths

Taenia solium (cysticercosis) − Albendazolei ±
Dexamethasonej ±
Surgeryk

Angiostrongylus cantonensis (eosinophilic meningitis) − Dexamethasonej ±
CSF removal ±
Albendazolei

Rickettsia

Rickettsia rickettsii (Rocky Mountain spotted fever) − Chloramphenicoll or
Doxycyclineb

aQuinidine dose is 10 mg/kg IV, then 0.02 mg /kg/min IV. Quinine dose is 20 mg/kg IV in 5% dextrose over 4 hours, then 10 mg/kg over  
2-4 hrs every 8 hours. Where available, artesunate (2.4 mg/kg IV at 0, 12, 24, 48 and 72 hours) may be preferred. When oral treatment 
becomes tolerated, can switch to quinine sulfate (650 mg PO three times daily) for the remainder of a 7-day course.
bDoxycycline dose is 100 mg PO twice daily for 7 days.
cTetracycline dose is 250 mg PO four times daily for 7 days.
dClindamycin dose is 20 mg/kg/d in 3 divided doses for 7 days.
ePyrimethamine dose is 200 mg PO once, then 50-75 mg/d PO for 3-6 weeks.
fSulfadiazine dose is 1-1.5 g PO four times daily for 3-6 weeks.
gAmphotericin B dose is 0.25 mg/kg IV over 4-6 hours, then 0.5-1.5 mg/kg/d IV. An alternative is 1 mg/kg once daily IV plus up to 0.5 mg/d 
by the intraventricular route. Rifampin dose is 10 mg/kg IV once daily. Fluconazole dose is 12 mg/kg IV once daily. Azithromycin dose is  
500 mg IV once daily. However, treatment is rarely effective.
hPentamidine dose is 4 mg/kg IV once daily. Sulfadiazine dose is 1.5 g PO every 6 hours. Flucytosine dose is 37.5 mg/kg PO every 6 hours. 
Fluconazole dose is 12 mg/kg IV once daily. Miltefosine dose is 50 mg PO 2-3 times daily. Used in various combinations but rarely effective.
iAlbendazole dose is 400 mg PO twice daily for 10-15 days.
jDexamethasoneone dose is 6 mg PO daily for 10-15 days.
kHydrocephalus or intraventricular, subarachnoid, spinal, or ocular cysts.
lChloramphenicol dose is 12.5 mg/kg PO four times daily for 1 week.
Adapted with special permission from Treatment Guidelines from The Medical Letter, August 2013; Vol. 11 (suppl):e1. www.medicalletter.org
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▲▲ Figure 4-18. T1-weighted, gadolinium-enhanced 
MRI in cerebral toxoplasmosis complicating HIV infec-
tion. Note the multiple calcifications (arrow, right) and 
ring-enhanced lesions (arrow, left) in the basal ganglia 
and cerebral cortex.

headache, and meningeal signs each occur in approxi-
mately one-half of patients. Seizures, hemiparesis cranial 
nerve palsies, cerebellar ataxia, and aphasia may also be 
seen. CSF pleocytosis can be lymphocytic or polymorpho-
nuclear, protein is elevated, and glucose is low or normal. 
Sluggishly motile trophozoites may be seen on CSF wet 
mounts. Treatment is indicated in Table 4-14.

E. Cysticercosis

Cysticercosis is the most common helminthic infection of 
the CNS and is observed most often in Mexico, Central and 
South America, Africa, and Asia. Infection follows ingestion 
of larvae of the pork tapeworm Taenia solium. Larvae form 
single or multiple cysts in the brain, ventricles, and sub-
arachnoid space, and neurologic manifestations result from 
mass effect, obstruction of CSF flow, or inflammation. 
Seizures are common, but other complications include 
headache, focal neurologic deficits, hydrocephalus, myelop-
athy, and subacute meningitis. The ophthalmoscopic exami-
nation may show ocular cysts, and there may be peripheral 
blood eosinophilia, soft tissue calcifications, or parasites in 
the stool. The CSF shows a lymphocytic pleocytosis; eosino-
phils may be present (Table 4-15). Opening pressure is often 
increased, but if it is decreased, myelography should be 
performed to detect possible spinal subarachnoid block. CSF 
protein is 50 to 100 mg/dL and glucose is 20 to 50 mg/dL 

Table 4-15. Causes of CSF Eosinophilia.

Parasitic CNS infections

Angiostrongylus cantonensis (eosinophilic meningitis)

Gnathostoma spinigerum

Bayliascaris procyonis

Taenia solium (cysticercosis)

Other helminthic infections

Other CNS infections

Coccidioides immitis meningitis

Neurosyphilis

Tuberculous meningitis

Noninfectious causes

Hematologic malignancies (Hodgkin disease, non-Hodgkin  
lymphoma, eosinophilic leukemia)

Medications (ciprofloxacin, ibuprofen)

Foreign matter in subarachnoid space (antibiotics, myelography 
dye, ventriculoperitoneal shunts)

Idiopathic hypereosinophilic syndrome

Data from Lo Re V III, Gluckman SJ. Eosinophilic meningitis. Am J 
Med. 2003;114:217-223.

▲▲ Figure 4-17. Peripheral blood smear from a patient 
with Plasmodium falciparum malaria, showing parasites 
(dark spots) within red blood cells. (Used with permis-
sion from Kaushansky K, Lichtman M, Beutler E, Kipps T. 
Williams Hematology. 8th ed. New York, NY: McGraw-Hill, 
2010.)
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in most cases. The CT scan or MRI is the most useful diag-
nostic test and may show contrast-enhanced mass lesions 
(sometimes containing live parasites) with surrounding 
edema, intracerebral calcifications, or ventricular enlarge-
ment (Figure 4-19).

The indications for treatment of cerebral cysticercosis 
are controversial, partly because the parasites usually die 
spontaneously and because antihelminthic drugs can 
worsen inflammation. Patients with seizures and calcified 
cysts should be treated with anticonvulsants. Cysts con-
taining viable parasites or persistent or multiple enhancing 
lesions are usually treated with anticonvulsants, antihel-
minthic drugs, and corticosteroids (see Table 4-14). 
Intraventricular, ocular, and spinal cysts may be amenable 
to surgical removal, and hydrocephalus is treated by ven-
triculoperitoneal shunting. Patients with ocular cysts 
should not be given antihelminthics.

F. Angiostrongylus cantonensis Meningitis

Angiostrongylus cantonensis is endemic to Southeast Asia, 
Hawaii, and other Pacific islands. Infection is transmitted 
by ingestion of infected raw mollusks and produces men-
ingitis with peripheral blood and CSF eosinophilia (see 
Table 4-15). Most patients complain of headache, and 
approximately half report stiff neck, vomiting, fever, and 
paresthesias. Lymphocytic CSF pleocytosis, mild elevation 
of protein, and normal glucose are typical. The acute illness 

▲▲ Figure 4-19. Neurocysticercosis. Noncontrast head 
CT showing new (cystic, black) and old (calcified, white) 
lesions of neurocysticercosis. (Photo contributors: Seth 
W. Wright, MD, and Universidad Peruana Cayetano 
Heredia, Lima, Peru.)

usually resolves spontaneously in 1 to 2 weeks, although 
corticosteroids, analgesics, reduction of CSF pressure by 
repeated lumbar punctures, and antihelminthic drugs may 
be helpful (see Table 4-14).

G. Rickettsiae

Rickettsiae are intracellular parasitic gram-negative bacte-
ria transmitted to humans by tick, flea, or louse bites. They 
cause a variety of diseases that can affect the nervous sys-
tem and produce meningitis or encephalitis, including 
Rocky Mountain spotted fever, typhus, tsutsugamushi 
fever, and Q fever. Neurologic manifestations include 
headache, encephalopathy, coma, and death. Treatment is 
listed in Table 4-14.

Finsterer J, Auer H. Parasitoses of the human central nervous 
system. J Helminthol. 2013;87:257-270.

POSTINFECTIOUS ENCEPHALOMYELITIS
Postinfectious encephalitis is an immune-mediated demy-
elinating disorder that typically occurs within 1 month 
after a bacterial or viral (usually upper respiratory) infec-
tion or vaccination. Clinical features include confusion or 
coma and focal neurologic deficits. Three forms of postin-
fectious encephalomyelitis are recognized. In the most 
common of these, acute disseminated encephalomyelitis, 
MRI shows multifocal demyelinating lesions affecting pri-
marily the supratentorial white matter, although gray mat-
ter and spinal cord can also be involved. The CSF may 
show lymphocytic or, less commonly, polymorphonuclear 
pleocytosis. Bickerstaff brainstem encephalitis is similar 
except that it affects the brainstem and cerebellum pre-
dominantly. In acute hemorrhagic leukoencephalitis, 
MRI shows bihemispheric demyelinating lesions associ-
ated with hemorrhage and edema, and the CSF may contain 
red blood cells. Treatment of postinfectious encephalomy-
elitis is with methylprednisolone up to 1 g/d intravenously 
for 3 to 5 days, followed by prednisone 1 mg/kg/d orally 
tapered over 4 to 6 weeks. Outcome in acute disseminated 
encephalomyelitis and Bickerstaff brainstem encephalitis is 
usually good, whereas acute hemorrhagic leukoencephali-
tis is associated with high mortality.

Alper G. Acute disseminated encephalomyelitis. J Child Neurol. 
2012;27:1408-1425.

SARCOIDOSIS
Sarcoidosis is an idiopathic inflammatory disorder that pro-
duces noncaseating granulomas and prominently affects the 
lungs. Neurologic involvement occurs in the form of basal 
meningitis or intraparenchymal mass lesions. Clinical find-
ings include cranial (especially facial) neuropathy, confu-
sion, seizures, and myelopathy. Laboratory abnormalities 
include elevated serum levels of angiotensin-converting 
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enzyme, increased CSF protein and mononuclear pleocyto-
sis, and positive Kveim test. Chest x-ray may show hilar 
adenopathy or interstitial lung disease. Brain MRI may show 
meningeal enhancement, intraparenchymal lesions, or 
hydrocephalus. Treatment is with prednisone 20 to 60 mg 
orally daily, tapered over 1 to 6 months. In severe cases, this 
may be preceded by methylprednisolone 1 g intravenously 
daily for 3 to 5 days. Addition of methotrexate 7.5 mg orally 
weekly may improve the response to treatment.

Segal BM. Neurosarcoidosis: diagnostic approaches and thera-
peutic strategies. Curr Opin Neurol. 2013;26:307-313.

LEPTOMENINGEAL METASTASES
Diffuse metastatic seeding of the leptomeninges may com-
plicate systemic cancer (especially carcinoma of the breast, 
carcinoma of the lung, lymphoma, leukemia, carcinoma of 
the gastrointestinal tract, and melanoma), producing neu-
rologic syndromes with prominent cognitive dysfunction. 
Primary brain tumors may be associated with meningeal 
gliomatosis, and medulloblastomas and pineal tumors 
have a propensity for meningeal dissemination. Neoplastic 
meningitis usually occurs 3 months to 5 years after the 
diagnosis of cancer, but may precede it. Abnormal neuro-
logic signs are often more striking than the symptoms and 
usually suggest involvement at multiple levels of the neur-
axis; diagnosis is by MRI (Figure 4-20), CSF cytology, or 
both (Table 4-16). Untreated, leptomeningeal metastases 

▲▲ Figure 4-20. Gadolinium-enhanced T1 coronal MRI 
showing meningeal spread of breast cancer. There are 
contrast-enhancing (white) focal lesions in the menin-
ges on the left, diffuse meningeal enhancement, and 
mass effect from a hemispheric lesion on the left.

Table 4-16. Presenting Features of Leptomeningeal 
Metastases.

Feature Percentage of Patients

Symptoms

Gait disturbance 46

Headache 38

Altered mentation 25

Weakness 22

Back pain 18

Nausea or vomiting 12

Radicular pain 12

Paresthesia 10

Signs

Lower motor neuron weakness 78

Absent tendon reflex 60

Cognitive disturbance 50

Extensor plantar response 50

Dermatomal sensory deficit 50

Ophthalmoplegia 30

Facial weakness 25

Hearing loss 20

Neck meningeal signs 16

Seizures 14

Papilledema 12

Facial sensory deficit 12

Leg meningeal signs 12

Laboratory findings

MRI positive 77

CSF pleocytosis 64

CSF protein >50 mg/dL 59

CSF opening pressure >160 mm CSF 50

CSF cytology positive 47

CSF glucose <40 mg/dL 31

Both MRI and CSF cytology positive 24

CSF normal 3

CSF, cerebrospinal fluid; MRI, magnetic resonance imaging.
Data from DeAngelis LM, Posner JB. Neurologic Complications of 
Cancer. 2nd ed. Oxford, UK: Oxford; 2008, and Clarke JL, Perez HR, 
Jacks LM, Panageas KS, Deangelis LM. Leptomeningeal metastases 
in the MRI era. Neurology. 2010;74:1449-1454.
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are typically associated with death within about 2 months, 
and treatment in most cases is palliative. However, radia-
tion and intrathecal chemotherapy are beneficial in some 
cases and can increase survival by several months, depend-
ing on the tumor type.

Fields MM. How to recognize and treat neoplastic meningitis. 
J Adv Pract Oncol. 2013;4:155-160.

SEPSIS-ASSOCIATED ENCEPHALOPATHY
Systemic sepsis can produce an encephalopathy that may 
be related to impaired cerebral blood flow, disruption of 
the blood–brain barrier, or cerebral edema. Gram-negative 
infections are the most common cause. Bacteremia, liver 
failure, or kidney failure may be present. Neurologic mani-
festations include confusional states or coma, seizures, 
focal neurologic deficits, rigidity, myoclonus, and asterixis. 
CSF examination is essential to exclude meningitis. The 
EEG is often abnormal. Therapy involves supportive mea-
sures, such as assisted ventilation, and treatment of the 
underlying infection. Mortality is high, but can be reduced 
by prompt diagnosis and treatment.

Ziaja M. Septic encephalopathy. Curr Neurol Neurosci Rep. 
2013;13:383-389.

VaSCULar DISOrDerS

Vascular causes of acute confusional states can be classified as 
disorders of the blood vessels, heart, or blood (Table 4-17).

HYPERTENSIVE ENCEPHALOPATHY  
AND POSTERIOR REVERSIBLE 
ENCEPHALOPATHY SYNDROME
A sudden increase in blood pressure, with or without pre-
existing chronic hypertension, may result in encephalopa-
thy and headache, which develop over a period of hours to 
days. Patients at risk include those with acute glomerulo-
nephritis or eclampsia. Impaired autoregulation of cerebral 
blood flow, vasospasm, and intravascular coagulation have 
all been proposed as causes. Vomiting, visual disturbances, 
focal neurologic deficits, and focal or generalized seizures 
can occur. Blood pressure in excess of 250/150 mm Hg is 
usually required to precipitate the syndrome in patients 
with chronic hypertension, but previously normotensive 
patients may be affected at lower pressures. Retinal arterio-
lar spasm is almost invariable, and papilledema, retinal 
hemorrhages, and exudates are usually present. Lumbar 
puncture may show normal or elevated CSF pressure and 
protein. Areas of edema, located especially in parieto-
occipital white matter, are seen on CT scan and MRI 
(Figure 4-21) and are reversible with treatment. Stroke and 
subarachnoid hemorrhage also produce encephalopathy 
with acutely elevated blood pressure; when focal neuro-
logic abnormalities are also present, stroke is most likely. 

Table 4-17. Vascular Causes of Acute Confusional 
States.

Vessel disorders

Hypertensive encephalopathy

Subarachnoid hemorrhage

Vertebrobasilar ischemia

Nondominant hemisphere infarction

Systemic lupus erythematosus

Vasculitis

Heart disorders

Complications of cardiac surgery

Blood disorders

Disseminated intravascular coagulation

Thrombotic thrombocytopenic purpura

▲▲ Figure 4-21. Axial FLAIR MRI in hypertensive 
encephalopathy showing increased signal (white) in the 
subcortical occipital white matter and occipital cortex 
bilaterally. These findings may represent reversible 
vasogenic edema.
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A similar syndrome (posterior reversible encephalopa-
thy) can occur in normotensive individuals and may be 
related to autoimmune-induced endothelial dysfunction or 
immunosuppressive drug treatment.

The diagnosis of hypertensive encephalopathy is estab-
lished when lowering the blood pressure results in rapid 
resolution of symptoms. This is accomplished with sodium 
nitroprusside, given by continuous intravenous infusion at 
an initial rate of 0.25 μg/kg/min and increased to as much as 
10 μg/kg/min as required. The patient must be carefully 
monitored and the infusion rate adjusted to maintain a 
therapeutic effect without producing hypotension. Mean 
arterial blood pressure should be reduced by no more than 
25% in the first 2 hours of treatment, and a target of 160/100 
mm Hg should be aimed for in the following 4 hours. 
Treatment should be terminated immediately if neurologic 
function worsens. Untreated hypertensive encephalopathy 
can result in renal failure, stroke, coma, or death, but prompt 
treatment usually produces full clinical recovery.

Schusse CM, Peterson AL, Caplan JP. Posterior reversible 
encephalopathy syndrome. Psychosomatics. 2013;54:205-211.

SUBARACHNOID HEMORRHAGE
Subarachnoid hemorrhage, usually due to rupture of a cere-
bral aneurysm, must receive early consideration in the dif-
ferential diagnosis of an acute confusional state. 
Subarachnoid hemorrhage may produce an acute confu-
sional state, coma, meningeal signs, and focal neurologic 
deficits, but the most prominent symptom is usually head-
ache. For this reason, the disorder is discussed in Chapter 6, 
Headache & Facial Pain.

VERTEBROBASILAR ISCHEMIA
An embolus to the top of the basilar artery that subse-
quently breaks up and sends fragments distally can pro-
duce ischemia affecting both posterior cerebral arteries. 
This condition (top of the basilar syndrome) may pro-
duce an acute confusional state accompanied by pupillary 
(sluggish responses to light and accommodation), visual 
(homonymous hemianopia, cortical blindness), visuomo-
tor (impaired convergence, paralysis of upward or down-
ward gaze, diplopia), and behavioral (hypersomnolence, 
peduncular hallucinosis) abnormalities. Vertebrobasilar 
ischemia is discussed in more detail in Chapter 13, Stroke.

NONDOMINANT HEMISPHERIC 
INFARCTION
Agitated confusion of sudden onset can result from infarc-
tion (usually embolic) in the territory of the inferior divi-
sion of the nondominant (usually right) middle cerebral 
artery. If the superior division is spared, there is no associ-
ated hemiparesis. Agitation may be so pronounced as to 
suggest drug intoxication or withdrawal, but autonomic 

hyperactivity is absent. The diagnosis is confirmed by 
brain CT scan or MRI. Rarely, isolated anterior cerebral 
artery infarcts or posterior cerebral artery infarcts cause 
acute confusion.

SYSTEMIC LUPUS ERYTHEMATOSUS
Systemic lupus erythematosus (SLE) is an autoimmune 
disorder that affects primarily young women and causes 
skin rash, arthritis, serositis, nephritis, anemia, leukopenia, 
and thrombocytopenia. SLE produces neurologic involve-
ment in 37% to 75% of patients and is the most common 
autoimmune cause of encephalopathy. Clinically active 
systemic disease need not be present for neurologic symp-
toms to occur. Neuropathologic findings include fibrinoid 
degeneration of arterioles and capillaries, microinfarcts, 
and intracerebral hemorrhages, but true vasculitis of cere-
bral blood vessels is rare. Clinical features include head-
ache, seizures, visual defects, hemiparesis, acute confusional 
states, schizophreniform psychosis, depression, and mania. 
Seizures are usually generalized but may be focal. Laboratory 
abnormalities include antinuclear antibodies, anti-native 
DNA antibodies, anti-Sm antibodies, and false-positive 
serologic test for syphilis. CSF shows mild elevation of pro-
tein or a modest, usually mononuclear, pleocytosis in some 
cases, and MRI may show white matter lesions.

Even in patients with known SLE, encephalopathy can be 
caused by a variety of factors, including coagulopathy, infec-
tion, uremia, emboli from endocarditis, and corticosteroid 
therapy. Cerebral lupus is treated with corticosteroids, begin-
ning at 60 mg/d of prednisone or the equivalent. In patients 
already receiving steroids, the dose should be increased by 
the equivalent of 5 to 10 mg/d of prednisone. After symp-
toms resolve, steroids should be tapered to a maintenance 
dose of 5 to 10 mg/d. Seizures are treated with anticonvul-
sants. Neurologic symptoms of SLE improve in more than 
80% of patients treated with corticosteroids, but may also 
resolve without treatment. Cerebral involvement in SLE has 
not been shown to adversely affect the overall prognosis.

Hanly JG. Diagnosis and management of neuropsychiatric SLE. 
Nat Rev Rheumatol. 2014;10:338-347.

VASCULITIS
Acute confusional states can occur in primary central ner-
vous system vasculitis, primary systemic vasculitis, and 
vasculitis secondary to systemic infection or neoplasm.

Primary angiitis of the central nervous system, some-
times referred to as granulomatous angiitis, is a rare disor-
der. Headache and encephalopathy are the most common 
clinical features, but stroke and seizures may also occur. 
There is no involvement of other organs, and laboratory 
studies reveal no evidence of systemic vasculitis. The CSF 
usually shows mild lymphocytic pleocytosis and elevated 
protein. MRI may demonstrate bilateral, multifocal infarcts 
or diffuse changes consistent with ischemic demyelination. 
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Angiography shows beading of small to medium-sized 
arteries due to multifocal narrowing. This finding also 
occurs in reversible cerebral vasoconstriction syndrome 
which, however, is not due to vasculitis; it is characterized 
by thunderclap headache, does not produce a confusional 
state, and resolves spontaneously. Amphetamines and 
other drugs can also produce a nonvasculitic syndrome 
that mimics primary angiitis of the nervous system. 
Definitive diagnosis is by brain biopsy. Treatment is with 
methylprednisolone 1 g/d intravenously for 3 days, fol-
lowed by prednisone 1/mg/kg/d orally for 1 month and 
then tapered over 1 year and cyclophosphamide 2 mg/kg/d 
orally for 3 to 6 months, then switched to azathioprine, 
which is continued for 2 to 3 years.

Large vessel systemic vasculitis (eg, giant cell or 
Takayasu arteritis) produces ischemic optic neuropathy 
and stroke, rather than confusional states. Medium-size 
vessel systemic vasculitis due to polyarteritis nodosa can 
cause encephalopathy, focal neurologic deficits, and sei-
zures, but these occur late in the course, when the diagno-
sis is likely already known. Small vessel systemic vasculitis 
due to cryoglobulinemia, Henoch-Schönlein purpura, or 
granulomatosis with polyangiitis (formerly known as 
Wegener granulomatosis) can also produce encephalopa-
thy. These diseases are diagnosed based on the pattern of 
systemic involvement and by laboratory tests.

Hajj-Ali RA, Calabrese LH. Diagnosis and classification of central 
nervous system vasculitis. J Autoimmun. 2014;48-49:149-152.

COMPLICATIONS OF CARDIAC SURGERY
Cardiac surgery, including coronary artery bypass grafting 
and valve repair or replacement, is associated with neuro-
logic complications, especially stroke and encephalopathy. 
Several factors—embolization, hypoperfusion, arrhythmia, 
metabolic disturbances, and pharmacologic agents—may 
contribute. Evaluation should include a review of medica-
tions, search for metabolic derangements, and CT scan or 
MRI to detect perioperative stroke. Sedatives and other 
psychoactive medications should be avoided. Postoperative 
encephalopathy is typically transient, but some patients 
show more persistent cognitive dysfunction, which affects 
memory disproportionately and lasts for weeks to months. 
Cognitive decline that continues for years after cardiac 
surgery is likely due to another cause.

Trabold B, Metterlein T. Postoperative delirium: risk factors, pre-
vention, and treatment. J Cardiothorac Vasc Anesth. 2014;28: 
1352-1360.

DISSEMINATED INTRAVASCULAR 
COAGULATION
Disseminated intravascular coagulation (DIC) results from 
pathologic activation of the coagulation and fibrinolytic 
systems in the setting of an underlying disorder such as 

sepsis, malignancy, or trauma. The principal manifestation 
is hemorrhage. Common findings in the brain include 
small multifocal infarctions and petechial hemorrhages 
involving gray and white matter. Subdural hematoma, sub-
arachnoid hemorrhage, and hemorrhagic infarction in the 
distribution of large vessels may also occur.

Neurologic manifestations are common and include 
confusional states, coma, focal signs, and seizures. They may 
precede hematologic abnormalities, which include hypofi-
brinogenemia, thrombocytopenia, fibrin degradation prod-
ucts, and prolonged prothrombin time. Microangiopathic 
hemolytic anemia may also occur. The differential diagnosis 
includes thrombotic thrombocytopenic purpura (see later), 
which is distinguished by its tendency to occur in previously 
healthy individuals and its association with normal plasma 
fibrinogen and normal or only slightly elevated fibrin degra-
dation products. Treatment is directed at the underlying 
disease and correction of anemia, thrombocytopenia, and 
coagulopathy. Prognosis is related to the severity of the 
underlying disease.

Hunt BJ. Bleeding and coagulopathies in critical care. N Engl J 
Med. 2014;370:847-859.

THROMBOTIC THROMBOCYTOPENIC 
PURPURA
TTP (Moschcowitz disease) is a rare multisystem disorder 
defined by the pentad of thrombocytopenic purpura, 
microangiopathic hemolytic anemia, neurologic dysfunc-
tion, fever, and renal disease. In most cases, the cause is an 
autoimmune reaction against the metalloprotease 
ADAMTS13, which allows multimers of von Willebrand 
factor to accumulate in the plasma, where they stimulate 
platelet aggregation. The result is platelet-fibrin thrombus 
formation with occlusion of small blood vessels, especially 
at arteriolar-capillary junctions. Pathologic findings in the 
brain include disseminated microinfarcts and, less fre-
quently, petechial hemorrhages that are present mainly in 
gray matter.

Patients usually present with altered consciousness, 
headache, focal neurologic signs, or seizures, or with cutane-
ous purpura, ecchymoses, or petechiae. Neurologic symp-
toms may be fleeting and recurrent. Hematologic studies 
show Coombs-negative hemolytic anemia, thrombocytope-
nia, and normal or only slightly abnormal PT, PTT, fibrino-
gen, and fibrin degradation products. Compared with DIC 
(see preceding section), TTP is suggested by a platelet count 
of <20,000/μL and PT within 5 seconds of the upper limit of 
the normal range. There may be hematuria, proteinuria, or 
azotemia. CSF is usually normal. The diagnosis can be made 
by gingival biopsy or splenectomy.

Treatment is by plasma or cryosupernatant (cryoprecipi-
tate-poor plasma) infusion, which provides ADAMTS13. 
Plasma exchange can help by removing anti-ADAMTS13 
antibodies. Corticosteroids and rituximab, a B-cell–depleting 
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monoclonal antibody, may also be useful. With treatment, 
mortality is 10% to 20%.

George JN, Nester CM. Syndromes of thrombotic microangi-
opathy. N Engl J Med. 2014;371:654-666.

heaD traUMa

Blunt head trauma can produce a confusional state or 
coma. Acceleration or deceleration forces and physical 
deformation of the skull can cause shearing of white mat-
ter, contusion from contact between the inner surface of 
the skull and the polar regions of the cerebral hemispheres, 
torn blood vessels, vasomotor changes, brain edema, and 
increased intracranial pressure.

CONCUSSION
Concussion is a syndrome that follows head trauma and is 
characterized by transient confusion, memory impair-
ment, or incoordination. Other symptoms, which include 
headache, fatigue, irritability, dizziness, nausea, vomiting, 
blurred vision, and imbalance, tend to resolve after 1 to 2 days 
but may persist for weeks to months (postconcussion syn-
drome). Because a concussion may increase the risk of 
subsequent concussion, athletes who sustain a concussion 
while playing sports should delay their return to play until 
postconcussive symptoms have resolved and they have 
gradually resumed normal activity over about 1 week.

Nelson LD, Janecek JK, McCrea MA. Acute clinical recovery from 
sport-related concussion. Neuropsychol Rev. 2013;23:285-299.

INTRACRANIAL HEMORRHAGE
Traumatic intracranial hemorrhage can be epidural, sub-
dural, or intracerebral. Epidural hematoma (Figure 4-22) 

Dura

Subdural
hematoma

Dura

Epidural
hematoma

most often results from a lateral skull fracture that lacerates 
the middle meningeal artery or vein. Patients may or may 
not lose consciousness initially, but in either event a lucid 
interval lasting several hours to 1 to 2 days is followed by 
the rapid evolution, over hours, of headache, progressive 
obtundation, hemiparesis, and finally ipsilateral pupillary 
dilatation from uncal herniation. Death may follow if treat-
ment is delayed.

Subdural hematoma (see Figure 4-22) after head 
injury can be acute, subacute, or chronic. In each case, 
headache and altered consciousness are the principal 
manifestations. Delay in diagnosis and treatment may lead 
to a fatal outcome. In contrast to epidural hematoma, the 
time between trauma and the onset of symptoms is typi-
cally longer, the hemorrhage tends to be located over the 
cerebral convexities, and associated skull fractures are 
uncommon.

Intracerebral contusion (bruising) or intracerebral 
hemorrhage related to head injury is usually located at the 
frontal or temporal poles. Blood typically enters the CSF, 
resulting in signs of meningeal irritation and sometimes 
hydrocephalus. Focal neurologic signs are usually absent 
or subtle.

The diagnosis of posttraumatic intracranial hemor-
rhage is made by CT scan or MRI. Epidural hematoma 
tends to appear as a biconvex, lens-shaped, extra-axial 
mass that may cross the midline or the tentorium but not 
the cranial sutures. Subdural hematoma is typically cres-
cent-shaped and may cross the cranial sutures but not the 
midline or tentorium. Midline structures may be displaced 
contralaterally.

Epidural and subdural hematomas are treated by surgi-
cal evacuation. The decision to operate for intracerebral 
hematoma depends on the clinical course and location. 
Evacuation, decompression, or shunting for hydrocephalus 
may be indicated.

▲▲ Figure 4-22. Epidural (left) and subdural (right) hematomas. (Used with permission from Waxman SG. Clinical 
Neuroanatomy. 26th ed. New York, NY: McGraw-Hill, 2009.)

Aminoff_ch04_p065-104.indd   103 09/03/15   3:28 pm



Chapter 4104

SeIZUreS

POSTICTAL STATE
Generalized tonic-clonic (grand mal) seizures are typically 
followed by a transient confusional state (postictal state) 
that resolves within 1 to 2 hours. Sleepiness and confusion 
are usually prominent, but coma, agitation, amnesia, apha-
sia, or psychosis may occur. When postictal confusion does 
not clear rapidly, an explanation for the prolonged postictal 
state must be sought. This occurs in three settings: status 
epilepticus, an underlying structural brain abnormality 
(eg, stroke, intracranial hemorrhage), or an underlying dif-
fuse cerebral disorder (eg, dementia, meningitis or enceph-
alitis, metabolic encephalopathy). Patients with an 
unexplained prolonged postictal state should be evaluated 
with blood chemistry studies, lumbar puncture, EEG, and 
CT scan or MRI.

COMPLEX PARTIAL SEIZURES
Complex partial (temporal lobe or psychomotor) seizures, 
now often called focal seizures with dyscognitive features, 
produce alterations in consciousness characterized by con-
fusion or other cognitive, affective, psychomotor, or psy-
chosensory symptoms. Such symptoms include withdrawal, 
agitation, and automatisms such as staring, repetitive 
chewing, swallowing, lip-smacking, or picking at clothing. 
Spells are typically brief and stereotypical, and psychomo-
tor manifestations may be obvious to the observer (see 
Chapter 12, Seizures & Syncope). The diagnosis is made or 
confirmed by EEG.

Mula M. Epilepsy-induced behavioral changes during the ictal 
phase. Epilepsy Behav. 2014;30:14-16.

NONCONVULSIVE STATUS EPILEPTICUS
Nonconvulsive (complex partial, other focal, and typical or 
atypical absence) status epilepticus can produce confusion 
or coma, personality change, aphasia, subtle motor activity, 
or nystagmus. The diagnosis is established by a favorable 
clinical or EEG response to the administration of anticon-
vulsants (eg, lorazepam 4 mg or diazepam 10 mg given 
intravenously).

pSYChIatrIC DISOrDerS

Symptoms similar to those associated with acute confu-
sional states—including incoherence, agitation, distracti-
bility, hypervigilance, delusions, and hallucinations—can 

also be seen in a variety of psychiatric disorders. These 
include psychotic disorders (schizophrenia, schizophreni-
form disorder, schizoaffective disorder, delusional disor-
der, and brief psychotic disorder), mood (depressive and 
bipolar) disorders, anxiety disorders (posttraumatic stress 
disorder), and factitious disorders. Such diagnoses may be 
mistakenly assigned to patients with acute confusional 
states; conversely, patients with psychiatric disturbances 
may be thought, incorrectly, to have “organic” disease.

Unlike acute confusional states, psychiatric disorders 
are rarely acute in onset but typically develop over a period 
of at least several weeks. The history may reveal previous 
psychiatric disease or hospitalization or a precipitating 
psychologic stress. Physical examination may show abnor-
malities related to autonomic overactivity, including tachy-
cardia, tachypnea, and hyperreflexia, but no definitive 
signs of neurologic dysfunction. Routine laboratory stud-
ies are normal in the psychiatric disorders listed previously, 
but are useful for excluding organic disorders.

Although the mental status examination in acute con-
fusional states is often characterized by disorientation and 
fluctuating consciousness, patients with psychiatric disor-
ders tend to maintain a consistent degree of cognitive 
impairment, appear awake and alert, have intact memory, 
and are oriented to person, place, and time. Disturbances 
in the content and form of thought (eg, persecutory delu-
sions, delusions of reference, loosening of associations), 
perceptual abnormalities (eg, auditory hallucinations), and 
flat or inappropriate affect are common, however. 
Psychiatric consultation should be sought regarding diag-
nosis and management.

▼▼ GeNeraL reFereNCeS
Downing LJ, Caprio TV, Lyness JM. Geriatric psychiatry review: 

differential diagnosis and treatment of the 3 D’s - delirium, 
dementia, and depression. Curr Psychiatry Rep. 2013;15: 
365-374.

LeGrand SB. Delirium in palliative medicine: a review. J Pain 
Symptom Manage. 2012;44:583-594.

Neufeld KJ, Thomas C. Delirium: definition, epidemiology, and 
diagnosis. J Clin Neurophysiol. 2013;30:438-442.

Reade MC, Finfer S. Sedation and delirium in the intensive care 
unit. N Engl J Med. 2014;370:444-454.
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Dementia & Amnestic 
Disorders

Dementia is an acquired, generalized, and usually progres-
sive impairment of cognitive function. Dementia differs 
from other disorders of cognitive function, such as coma 
(see Chapter 3, Coma) or confusional states (see Chapter 4, 
Confusional States), in that the level of consciousness 
(wakefulness or arousal) is preserved in dementia. Although 
the prevalence of dementia increases with advancing age 
(Figure 5-1), dementia is not an invariable consequence of 
aging and results instead from diseases involving the cere-
bral cortex, its subcortical connections, or both. Normal 
aging may be associated with minor alterations in 

neurologic function (Table 5-1) and with neuroanatomic 
changes, such as enlargement of cerebral ventricles and 
cortical sulci seen on computed tomography (CT) or mag-
netic resonance imaging (MRI) scans (Figure 5-2). 
However, these are not indicative of dementia. The term 
mild  cognitive impairment (MCI) is sometimes used to 
describe deficits that are more severe than are customarily 
seen with normal aging but are insufficiently  pronounced 
to warrant a diagnosis of dementia. Nevertheless, patients 
with MCI have an increased risk (approximately 10% per 
year) of developing dementia.
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Table 5-1. Neurologic Changes in Normal Aging.

Cognitive

Slowed information processing

Impaired learning and recall of new information

Reduced spontaneous word finding and verbal fluency

Increased reaction time

Neuro-ophthalmologic

Small, sluggishly reactive pupils

Impaired upgaze

Impaired convergence

Motor

Atrophy of intrinsic hand and foot muscles

Increased muscle tone

Flexion (stooped) posture

Small-stepped or broad-based gait

Sensory

Reduced visual acuity

Reduced auditory acuity

Reduced gustatory acuity

Reduced olfactory acuity

Reduced vibration sense

Reflexes

Primitive reflexes

Absent abdominal reflexes

Absent ankle reflexes

▲▲ Figure 5-1. Relationship between advancing age 
and incidence and prevalence of dementia. (Used with 
permission from Halter JB, Ouslander JG, Tinetti ME. 
Hazzard’s Geriatric Medicine and Gerontology. 6th ed. New 
York, NY: McGraw-Hill; 2009.)
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In contrast to dementia, which affects multiple spheres of 
cognitive function, more limited disorders of cognition may 
also occur. These include deficits in language function (apha-
sia) or motor (apraxia) or sensory integration, which are 
considered in Chapter 1, Neurologic History & Examination. 
Memory disturbance (amnestic disorder or amnesia), 
another example of a circumscribed cognitive defect, is dis-
cussed in this chapter. Memory may also be impaired in 
normal aging and in dementia, but in the former impairment 
is mild, and in the latter it is accompanied by defects in, for 
example, reasoning, judgment, behavior, or language. Some 
causes of dementia, notably Alzheimer disease, produce early 
and disproportionate impairment of memory and, at least in 
the early stages of disease, may be difficult to distinguish 
from a pure amnestic disorder.

cc APPROACH TO DIAGNOSIS
The first step in evaluating a patient with cognitive impairment 
of any kind is to determine the nature of the problem, which 
should be classified as affecting the level of consciousness 
(confusional state or coma) or the content of consciousness. 
Table 5-2 lists key differences that may be useful in making 
this distinction. If the content of consciousness is impaired, 
a global cognitive disorder (dementia) should then be dis-
tinguished from a more circumscribed deficit, such as 
amnesia or aphasia. This distinction is important because 
classification of the disorder determines the diagnostic 
approach.

In some cases, it may be difficult to distinguish demen-
tia from a psychiatric disturbance (pseudodementia). 
Pseudodementia due to psychiatric disease is discussed 
later in this chapter.

The final step in the diagnosis of dementia or an 
amnestic syndrome is to identify the specific cause. 

Although the greatest emphasis should be on finding a 
treatable cause, even untreatable causes can be important 
to identify. At present, only approximately 10% of demen-
tias are reversible, but the extent to which the quality and 
duration of life can be improved in these cases justifies the 
effort and expense required to detect them. Diagnosis may 
be important in untreatable disorders as well, to provide 
the patient and family with prognostic information or 
genetic counseling, or to alert family members and medical 
personnel to the risk of a transmissible disease.

HISTORY
The general approach to obtaining a neurologic history is 
considered in Chapter 1, Neurologic History & Examination. 
Because dementia implies deterioration in cognitive ability, 
it is important to establish that the patient’s level of function-
ing has declined. Data that can help to establish the cause of 
dementia include the time course of deterioration; associ-
ated symptoms such as headache, gait disturbance, or incon-
tinence; family history of a similar condition; concurrent 

Aminoff_ch05_p105-133.indd   106 09/03/15   3:29 pm



DeMeNtIa & aMNeStIC DISOrDerS 107

Table 5-2. Differences Between Acute Confusional 
States and Dementia.

Feature
acute Confusional 

State Dementia

Level of 
 consciousness

Impaired Not impaired, except 
occasionally late in 
course

Course Acute to subacute; 
fluctuating

Chronic; steadily 
 progressive

Autonomic 
hyperactivity

Often present Absent

Prognosis Usually reversible Usually irreversible1

1This is not an inherent feature of dementia but is currently the 
case.

▲▲ Figure 5-2. CT scan in cerebrocortical atrophy, showing ventricular dilation (A) and prominent cortical sulci (B).

A B

medical illnesses; and the use of alcohol and therapeutic or 
recreational drugs (Table 5-3).

GENERAL PHYSICAL EXAMINATION
The general physical examination can contribute to etio-
logic diagnosis when it reveals signs of a systemic disease 
responsible for dementia. Particularly helpful signs are 
listed in Table 5-3.

MENTAL STATUS EXAMINATION
The mental status examination (Table 5-4) helps to deter-
mine whether the level or the content of consciousness is 
impaired and whether cognitive dysfunction is global or 
circumscribed. A disorder of the level of consciousness is 
suggested by sleepiness, inattention, impairment of imme-
diate recall, or disorientation regarding place or time. 
Abnormalities in these areas are unusual in dementia until 
the disorder is far advanced.

To determine the scope of the cognitive dysfunction 
(global or circumscribed), different spheres of cognition 
are tested in turn. These include memory, language, pari-
etal lobe functions (pictorial construction, right–left dis-
crimination, localization of objects in space), and frontal 
lobe or diffuse cerebral cortical functions (judgment, 
abstraction, thought content, the ability to perform previ-
ously learned acts). Multiple areas of cognitive function are 
impaired in dementia. The Montreal Cognitive Assessment 
(available at www.mocatest.org) and Minimental Status 
Examination (Table 5-5) provide useful bedside screening 
tests when dementia is suspected, but may not detect mild 
cognitive impairment.

Dementia from different causes may preferentially 
impair different spheres of cognition, and this can provide 
diagnostic clues. For example, Alzheimer disease affects 
memory disproportionately, whereas language function is 
often most impaired in frontotemporal dementia.
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Table 5-3. Clinical Features Helpful in the Differential 
Diagnosis of Dementia.

Feature Most Suggestive of

History
Unprotected sexual inter-

course, intravenous 
drug abuse, hemo-
philia, or blood trans-
fusions

HIV-associated dementia

Family history Huntington disease, Wilson disease
Headache Brain tumor, chronic subdural 

 hematoma
Vital signs
Hypothermia Hypothyroidism
Hypertension Vascular dementia
Hypotension Hypothyroidism
Bradycardia Hypothyroidism
General examination
Meningismus Chronic meningitis
Jaundice Acquired hepatocerebral 

 degeneration
Kayser–Fleischer rings Wilson disease
Mental status examination
Prominent memory loss Alzheimer disease
Aphasia Frontotemporal dementia (semantic 

dementia, progressive nonfluent 
aphasia)

Hallucinations Lewy body disease
Cranial nerves
Papilledema Brain tumor, chronic subdural 

 hematoma
Argyll Robertson pupils Neurosyphilis
Ophthalmoplegia Progressive supranuclear palsy
Pseudobulbar palsy Vascular dementia, progressive 

supranuclear palsy
Motor
Limb apraxia Corticobasal degeneration
Tremor Lewy body disease, corticobasal 

degeneration, acquired hepatocer-
ebral degeneration, Wilson dis-
ease, HIV-associated dementia

Asterixis Acquired hepatocerebral 
 degeneration

Myoclonus Creutzfeldt-Jakob disease, HIV-
associated dementia

Rigidity Lewy body disease, corticobasal 
degeneration, acquired hepatocer-
ebral degeneration, Creutzfeldt-
Jakob disease, progressive 
supranuclear palsy, Wilson disease

Chorea Huntington disease, Wilson disease
Other
Gait apraxia Normal-pressure hydrocephalus
Hyporeflexia (from asso-

ciated polyneuropathy)
Neurosyphilis, vitamin B12 deficiency, 

HIV-associated dementia

Table 5-4. Comprehensive Mental Status 
Examination.

Level of consciousness

Arousability
Orientation
Attention
Concentration

Language and speech

Comprehension
Repetition
Fluency
Naming
Reading
Writing
Calculation
Speech

Mood and behavior

Mood
Content of thought
Hallucinations
Delusions
Abstraction
Judgment

Memory

Immediate recall
Recent memory
Remote memory

Integrative sensory function

Astereognosis
Agraphesthesia
Two-point discrimination
Allesthesia
Extinction
Unilateral neglect and anosognosia
Disorders of spatial thought

Integrative motor function

Apraxia

NEUROLOGIC EXAMINATION
Certain disorders that produce dementia also affect vision, 
coordination, or motor or sensory function. Detecting 
such associated neurologic abnormalities can help to estab-
lish an etiologic diagnosis. Neurologic signs suggesting 
causes of dementia are listed in Table 5-3.

LABORATORY INVESTIGATIONS
Laboratory studies that can help to identify the cause of 
dementia are listed in Table 5-6.
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cc DeMeNtIa

DIFFereNtIaL DIaGNOSIS

c` Common Causes of Dementia
A wide variety of diseases can produce dementia, but only 
a few do so commonly. In its most typical presentation—
with gradual cognitive decline in an elderly (≥65 years) 
patient—the most common causes of dementia are 
Alzheimer disease, vascular (formerly “multi-infarct”) 
dementia, frontotemporal dementia, Lewy body disease, 
and Parkinson disease (Figure 5-3). In many patients, neu-
rodegeneration and vascular disease coexist as causes of 
dementia in the same patient. In addition, vascular factors 
may influence the risk or progression of neurodegenerative 
disease. Patients who present with dementia before age 45 
years are much less likely to have Alzheimer disease or 
vascular dementia; in these patients, a wider range of 

neurodegenerative (Huntington disease, corticobasal 
degeneration), inflammatory (multiple sclerosis, systemic 
lupus erythematosus, vasculitis), and infective (prion dis-
ease) causes must be entertained. Dementia that progresses 
rapidly over weeks to months results most often from 
prion (Creutzfeldt–Jakob) disease.

c` Other Causes of Dementia
Reversible causes of dementia, such as normal-pressure 
hydrocephalus, intracranial mass lesions, vitamin B12 defi-
ciency, hypothyroidism, and neurosyphilis, are rare. 
However, they are important to diagnose because treat-
ment can arrest or reverse intellectual decline.

Diagnosing dementia caused by Huntington disease or 
other heritable disorders allows patients and their families to 
benefit from genetic counseling. If Creutzfeldt-Jakob disease 
or HIV-associated dementia is diagnosed, precautions can 
be instituted against transmission, and HIV disease can be 
treated with antiretroviral drugs. Progressive multifocal 
leukoencephalopathy may indicate underlying immunosup-
pression from HIV infection, lymphoma, or leukemia and 
may thereby bring these disorders to attention.

Table 5-6. Laboratory Studies in Dementia.

test Most Useful in Diagnosis of

Blood

Hematocrit, mean corpuscular 
volume (MCV), peripheral 
blood smear, vitamin B12 
level

Vitamin B12 deficiency

Thyroid function tests Hypothyroidism

Liver function tests Acquired hepatocerebral 
degeneration, Wilson 
 disease

Ceruloplasmin, copper Wilson disease

FTA or MHA-TP Neurosyphilis

Cerebrospinal fluid

VDRL Neurosyphilis

Cytology Leptomeningeal metastases

14-3-3 protein Creutzfeldt-Jakob disease

Aβ42, tau, phospho-tau Alzheimer disease

HIV mRNA HIV-associated dementia

CT scan or MRI Brain tumor, chronic subdural 
hematoma, vascular demen-
tia, normal-pressure hydro-
cephalus, Alzheimer disease, 
frontotemporal dementia

PET Scan Alzheimer disease

EEG Creutzfeldt-Jakob disease

Table 5-5. Minimental Status Examination.

Item points1

Orientation

Time (1 point each for year, season, month, date, and 
day of the week)

5

Place (1 point each for state, county, city, building, and 
floor or room)

5

Registration

Repeat names of three objects (1 point per object) 3

Attention and calculation

Serial 7s or spell “world” backward (1 point per 
 subtraction or letter)

5

Recall

Recall names of three objects repeated previously  
(1 point per object)

3

Language

Name pencil and watch (1 point each) 2

Repeat “no ifs, ands, or buts” 1

Follow three-step command (1 point per step) 3

Read and follow: “close your eyes” 1

Write a complete sentence 1

Construction

Copy two intersecting pentagons 1

Total 30

1A total score of < 24 should generally lead to more detailed inves-
tigation of the possibility of dementia, although norms vary to 
some extent with age and education.
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▲▲ Figure 5-3. Common causes of dementia based on age at presentation and rate of progression. “Mixed” refers to 
combined Alzheimer disease and vascular dementia. Totals of <100% reflect absence of an etiologic diagnosis in some 
cases. (Data from: Kelley BJ, Boeve BF, Josephs KA. Young-onset dementia: demographic and etiologic characteristics of 235 
patients. Arch Neurol. 2008;65:1502-1508. Garre-Olmo J, Genís Batlle D, del Mar Fernández M, et al. Incidence and subtypes 
of early-onset dementia in a geographically defined general population. Neurology. 2010;75:1249-1255. Geschwind MD, Shu 
H, Haman A, Sejvar JJ, Miller BL. Rapidly progressive dementia. Ann Neurol. 2008;64:97-108.)

Approximately 15% of patients referred for evaluation 
of possible dementia instead have other disorders (pseu-
dodementias), such as depression. Depression in this set-
ting is important to identify because it is readily treatable. 
Drug intoxication, often cited as a cause of dementia in the 
elderly, actually produces an acute confusional state, rather 
than dementia.

Kuruppu DK, Matthews BR. Young-onset dementia. Semin Neurol. 
2013;33:365-385.

NeUrODeGeNeratIVe prOteINOpathIeS

In several neurodegenerative diseases, the production of 
misfolded proteins and their association to form insoluble 
aggregates appears to play an important role in pathogene-
sis (Table 5-7). These abnormal proteins can arise from 
either genetic or acquired modifications, and their patho-
logic effects may result from loss of normal protein function, 
gain of a toxic function, or a combination of these factors. 
Protein aggregation may be a mechanism for sequestering 

proteins that the cell’s proteolytic machinery cannot process, 
but protein aggregates may also exert adverse effects on the 
cell, such as by interfering with axonal transport.

Except in rare inherited or infectious cases, the underly-
ing cause of neurodegenerative proteinopathies is unknown. 
However, these diseases share several features. In addition to 
protein misfolding and aggregation, which sometimes pro-
duces characteristic histopathologic findings (see Table 5-7), 
these diseases may be associated with cell-to-cell prionic 
transmission (Figure 5-4), which allows them to spread 
through the nervous system to produce characteristic ana-
tomic patterns of involvement. Evidence for this mechanism 
includes the finding that fetal tissue grafted into the brains of 
patients with Parkinson disease develops the same abnormal 
protein aggregates found in the recipient’s brain.

ALZHEIMER DISEASE

c` Epidemiology
Alzheimer disease is the most common cause of dementia, 
accounting in whole or part for an estimated 60% to 70%  
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of cases. Alzheimer disease affects approximately 15% of 
individuals of age 65 years or older and approximately 45% 
of those age 85 years or over. Its prevalence is >5 million 
cases in the United States and approximately 30 million 

cases worldwide. Men and women are affected with equal 
frequency, when adjusted for age. However, because women 
live longer, they account for approximately two-thirds of 
Alzheimer patients.

Table 5-7. Neurodegenerative Proteinopathies.

protein Dementing Disease(s) transmission histopathologic Features

β-Amyloid (Aβ) Alzheimer disease Sporadic or inherited Amyloid plaques, neurofibrillary 
tangles

Tau Alzheimer disease
Frontotemporal dementia
Progressive supranuclear palsy
Corticobasal degeneration

Sporadic or inherited Neurofibrillary tangles or amor-
phous deposits (pretangles)

TDP-43 Frontotemporal dementia
Frontotemporal dementia with motor 

neuron disease

Sporadic or inherited TDP-43/ubiquitin-positive 
 inclusions

Fused-in-sarcoma (FUS) Frontotemporal dementia Sporadic or inherited FUS-positive inclusions

α-Synuclein Parkinson disease
Lewy body disease (Parkinson disease 

with dementia, dementia with Lewy 
bodies)

Sporadic or inherited Lewy bodies

Huntingtin (Htt) Huntington disease Inherited Polyglutamine inclusions

Prion protein (PrP) Creutzfeldt-Jakob disease (CJD), 
Gerstmann-Sträussler-Scheinker syn-
drome (GSS), fatal familial insomnia, 
kuru

Sporadic, infectious, or inherited PrP-positive plaques  
(variant CJD, GSS)

Passive release
or exocytosis

Unstable
aggregate

Misfolded
protein

Native
protein
states

Passive uptake
or endocytosis

Stable
aggregate

Extracellular
aggregate

Direct 
transfer

via nanotube

Neuron 1 Neuron 2

▲▲ Figure 5-4. Cell-to-cell (prionic) transmission of neurodegenerative proteinopathies. Abnormal proteins associ-
ated with neurodegenerative disease may misfold, leading to the formation of protein aggregates; misfolded pro-
teins, protein aggregates, or both may be toxic and contribute to neuronal dysfunction. In addition, toxic protein 
aggregates may be transferred between cells to propagate the disease.
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Table 5-8. Principal Genes Implicated in Alzheimer Disease.

Gene Gene Locus protein Genotype phenotype

APP 21q21.3–q22.05 Amyloid β A4 precursor 
protein

Various missense mutations Familial Alzheimer disease (autosomal 
dominant)

PS1 14q24.3 Presenilin 1 (PS1) Various missense mutations Familial Alzheimer disease (autosomal 
dominant) with early onset (age 35-55)

PS2 1q31–q42 Presenilin 2 (PS2) Various missense mutations Familial Alzheimer disease (autosomal 
dominant) in Volga Germans

APOE 19q13.2 Apolipoprotein E APOE4 polymorphism Increased susceptibility to Alzheimer 
 disease

Multiple 21 Unknown Trisomy 21 or chromosome 21–14 
or 21–21 translocation

Down syndrome (early-onset Alzheimer 
disease)

c` Pathology
Alzheimer disease is defined by characteristic histopatho-
logic features, especially neuritic (senile) plaques and neu-
rofibrillary tangles. Neuritic plaques are extracellular 
deposits that contain β-amyloid (Aβ) and other proteins, 
including presenilin 1, presenilin 2, α1-antichymotrypsin, 
apolipoprotein E, α2-macroglobulin, and ubiquitin. Plaques 
may also be found in cerebral and meningeal blood-vessel 
walls, producing cerebral amyloid angiopathy. Neurofi-
brillary tangles are intracellular deposits containing hyper-
phosphorylated tau (a microtubule-associated protein) and 
ubiquitin.

c` Etiology
Alzheimer disease is a progressive, degenerative disorder 
that is caused by a genetic defect in rare cases (see later), 
but is usually sporadic and of unknown cause. Abnormal 
metabolism, deposition, or clearance of two proteins—Aβ 
and tau—appears to be closely linked to pathogenesis.

c` Pathogenesis

1. Genetics—In approximately 1% of patients, Alzheimer 
disease is a familial disorder that results from a mutation 
in one of three functionally related membrane proteins 
(Table 5-8): β-amyloid precursor protein (APP), pre-
senilin 1 (PS1), or presenilin 2 (PS2). Onset of the 
disease in these patients is typically between the ages of 
30 and 60 years. Patients with Down syndrome (trisomy 
21) also develop early Alzheimer disease (mean onset at 
age 50 years), which is thought to be related to an extra 
copy of the APP gene, located on chromosome 21. 
Although the cause of sporadic Alzheimer disease is 
unknown, the gene defects in familial Alzheimer disease 
provide clues, implicating both APP, a protein with neu-
rotrophic properties, and the presenilins, which are 
involved in APP metabolism.

  The risk of Alzheimer disease is also influenced by 
the inheritance pattern of apolipoprotein E (APOE) 
gene isoforms ε2, ε3, and ε4. Risk increases about three-
fold with a single apolipoprotein Eε4 (APOE4) allele 
and about 12-fold with two copies of APOE4; each copy 
of APOE4 also lowers the age at onset by about 5 years. 
In contrast to APOE4, APOE2 appears to confer relative 
protection from Alzheimer disease. The mechanism 
through which APOE genotype modifies susceptibility 
to Alzheimer disease is unknown, but may involve 
binding of the APOE protein to Aβ.

2. Aβ and neuritic plaques—Aβ is the principal constitu-
ent of neuritic plaques and is also deposited in cerebral 
and meningeal blood vessels in Alzheimer disease. Aβ 
is a 38- to 43-amino acid peptide produced by proteo-
lytic cleavage of the transmembrane protein, APP 
(Figure 5-5). Normal processing of APP involves its 
cleavage by the enzyme α-secretase, which does not 
produce Aβ, and by β-secretase (BACE; β-site APP 
cleaving enzyme) and γ-secretase, yielding primarily a 
40-amino acid fragment (Aβ40), which is secreted and 
cleared from the brain. In Alzheimer disease, a dispro-
portionate amount of Aβ42, a longer form of the mol-
ecule with an increased tendency to aggregate, is 
produced. Presenilins 1 and 2 contribute to γ-secretase 
activity.

  Evidence for a causal role of Aβ in Alzheimer disease 
includes the involvement of APP mutations in some 
familial cases and the neurotoxicity of Aβ under some 
circumstances. However, there is a poor correlation 
between the extent of amyloid plaque deposition in the 
brain and the severity of dementia in Alzheimer dis-
ease. One explanation for this disparity is that soluble 
Aβ oligomers, rather than insoluble plaques, may be the 
toxic agent. Another possibility is that Aβ aggregation 
produces Alzheimer disease indirectly, such as by pro-
moting the formation of tau-containing neurofibrillary 
tangles.
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3. Tau and neurofibrillary tangles—Tau is a cytoplasmic 
protein that binds to tubulin and stabilizes microtu-
bules, cytoskeletal structures that help maintain cell 
structure and facilitate intracellular transport. In 
Alzheimer disease and other tauopathies, tau becomes 
hyperphosphorylated and dissociates from microtu-
bules; the microtubules disassemble and hyperphos-
phorylated tau aggregates to form neurofibrillary 

tangles (Figure 5-6). How this leads to impaired neuro-
nal function is unknown, but may involve a defect in 
axonal transport. A causal role for tau pathology in 
Alzheimer disease is supported by the observations that 
the abundance of neurofibrillary tangles correlates well 
with disease severity and that other tauopathies (eg, 
frontotemporal dementia), in which Aβ processing is 
normal, can also produce dementia.

sAPPα

C83 C99 AICD

sAPPβ
Aβ

Aβ breakdown
products

Nontoxic Aβ 
oligomers

Toxic Aβ 
oligomers

NEP
IDE

ECE-1

APP

γ

β
α

▲▲ Figure 5-5. Normal and pathologic (amyloidogenic) processing of APP and Aβ. APP, a membrane-spanning pro-
tein, is normally cleaved by α-secretase (α), or by β-secretase (β) and then γ-secretase (γ, a protein complex that 
includes presenilin 1 or 2, nicastrin, anterior pharynx defective 1 homolog [APH1], and presenilin enhancer 2 [PEN2]) 
to generate β-amyloid (Aβ), a secreted protein. APP mutations associated with familial Alzheimer disease shift Aβ 
production from a nontoxic 40-amino acid to a toxic (amyloidogenic) 42-amino acid form, which has a greater ten-
dency to form amyloid deposits. Aβ normally undergoes enzymatic breakdown (by neprilysin [NEP], insulin-degrad-
ing enzyme [IDE], or endothelin-converging enzyme [ECE-1]) and clearance from the brain. However, it can also 
aggregate to form oligomers of increasing size, which are thought to be neurotoxic. sAPP, soluble APP; C83 and C99, 
C-terminal fragments of APP; AICD, APP intracellular domain.

Tau Phospo-tau Hyperphospo-tau

Stable
microtubule

Unstable
microtubule

Dissociated
microtubule

Paired
helical

filaments

Neurofibrillary
tangles

▲▲ Figure 5-6. Tau hyperphosphorylation and neurofibrillary tangle formation.

Aminoff_ch05_p105-133.indd   113 09/03/15   3:29 pm



Chapter 5114

4. Synaptic dysfunction—Alzheimer disease is accompa-
nied by early dysfunction and later loss of synapses, 
prominently affecting excitatory transmission in hip-
pocampus and cerebral cortex. These changes may 
contribute to memory loss.

5. Neuronal loss and brain atrophy—Certain neuronal 
populations are preferentially lost in Alzheimer disease, 
including glutamatergic neurons in the entorhinal cor-
tex and the CA1 sector of hippocampus, as well as 
cholinergic neurons in the basal forebrain. Focal brain 
atrophy is seen in the affected areas.

6. Vascular involvement—The extent to which vascular 
pathology may contribute to Alzheimer disease is 
controversial. Evidence for such a connection includes 
the overlap between risk factors for vascular disease 
and Alzheimer disease (including APOE genotype) 
and the involvement of blood vessels in amyloid 
pathology.

c` Risk Factors
The factors most conclusively associated with increased 
risk for Alzheimer disease are increasing age, female sex, 
and APOE4 genotype. Other factors that have been impli-
cated in some studies include family history of Alzheimer 
disease, depression, low educational level, smoking, diabe-
tes, hypertension, and fatty diet. Besides APOE4, several 
other genes that modify risk have been identified, but the 
magnitude of their effects is small.

Definitive evidence that the risk of Alzheimer disease 
can be reduced by diet, drugs, or lifestyle changes is lack-
ing. However, cognitive engagement, physical activity, a 
low-fat and vegetable-rich diet, and light to moderate alco-
hol intake are all supported by some data.

c` Clinical Findings
The clinical progression of Alzheimer disease is thought to 
comprise a presymptomatic phase of up to about 10 years 
characterized by the deposition of amyloid plaques, fol-
lowed by a symptomatic phase of up to about 10 years, 
during which tangle formation occurs (Figure 5-7).

1. Early manifestations—The term mild cognitive 
impairment (MCI) is sometimes used to describe the 
early phase of cognitive decline observed in patients 
who later receive a diagnosis of Alzheimer disease. 
Impairment of recent memory is typically the first sign 
of Alzheimer disease and may be noticed only by family 
members. As the memory disorder progresses over 
months to several years, the patient becomes disori-
ented to time and then to place. Aphasia, anomia, and 
acalculia may develop, forcing the patient to leave work 
or give up the management of family finances. The 
depression apparent in the earlier stages of the disorder 
may give way to an agitated, restless state. Apraxias and 
visuospatial disorientation ensue, causing the patient to 
become lost easily. Primitive reflexes are commonly 
found. A frontal lobe gait disorder may become appar-
ent, with short, slow, shuffling steps, flexed posture, 
wide base, and difficulty in initiating walking.

2. Late manifestations—In the late stages, previously 
preserved social graces are lost, and psychiatric symp-
toms, including psychosis with paranoia, hallucinations, 
or delusions, may be prominent. Seizures occur in some 
cases. Examination at this stage may show rigidity and 
bradykinesia. Rare and usually late features of the disease 
include myoclonus, incontinence, spasticity, extensor 
plantar responses, and hemiparesis. Mutism, inconti-
nence, and a bedridden state are terminal manifestations. 
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▲▲ Figure 5-7. Relationship between plaques, tangles, and clinical progression of Alzheimer disease (AD). MCI, mild 
cognitive impairment.
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Eating problems, febrile episodes, dyspnea, pneumo-
nia, and pain are frequent complications in the final 
months of life, and death typically occurs from 5 to 10 
years after the onset of symptoms.

c` Investigative Studies
Laboratory investigations can exclude other disorders, 
including reversible or otherwise treatable conditions. 
Cognitive testing may also be useful in helping to distin-
guish between Alzheimer disease and other causes of 
dementia. In patients with Alzheimer disease, the CT scan 
or MRI often shows cortical (especially medial temporal 
lobe) atrophy and enlarged ventricles, but such changes 
are nonspecific. Positron emission tomography (PET) 
scanning may reveal hypometabolism and hypoperfusion 
in the temporal and parietal lobes. More specific PET trac-
ers include [18F]FDDNP, which labels amyloid plaques 
and neurofibrillary tangles, and [11C] Pittsburgh com-
pound B (PIB), which binds to amyloid plaques. 
Cerebrospinal fluid (CSF) levels of Aβ42, tau, and phos-
pho-tau have also been found useful as biomarkers of 
Alzheimer disease.

c` Differential Diagnosis
Early Alzheimer disease may resemble depression or pure 
memory disorders such as the Korsakoff amnestic syn-
drome (see later discussion). More advanced Alzheimer 
disease must be distinguished from Lewy body dementia, 
vascular dementia, Creutzfeldt-Jakob disease, and other 
dementing disorders (see later discussion).

c` Treatment
No currently available treatment has been shown to reverse 
existing deficits or to arrest disease progression. However, 
memantine (Table 5-9), an NMDA-type glutamate receptor 

antagonist drug, may produce modest improvement in 
patients with moderate or severe Alzheimer disease.

Because cholinergic neuronal pathways degenerate and 
choline acetyltransferase is depleted in the brains of 
patients with Alzheimer disease, cholinergic replacement 
therapy has also been used for symptomatic treatment of 
cognitive dysfunction (see Table 5-9). Acetylcholinesterase 
inhibitors, including tacrine, donepezil, rivastigmine, and 
galantamine, have all been shown to produce small 
improvements in tests of cognitive function. Side effects 
include nausea and vomiting, diarrhea, and dizziness; 
tacrine also elevates serum transaminase levels. The better 
side-effect profile of donepezil and its once-daily dosage 
schedule are advantageous.

Experimental treatments under investigation include 
vaccines directed against β-amyloid, secretase inhibitors, 
and metal chelators. Antipsychotic drugs, antidepressants, 
and anxiolytics may be useful in controlling behavioral 
disturbances associated with Alzheimer disease. However, 
evidence for their effectiveness is sparse, and in some cases 
(risperidone, olanzapine) their use is associated with an 
increased incidence of stroke in elderly patients.

c` Prognosis
Early in the course of the disease, patients can usually remain 
at home and continue social, recreational, and limited profes-
sional activities. Early diagnosis can allow patients time to 
plan orderly retirement from work, to arrange for manage-
ment of their finances, and to discuss with physicians and 
family members the management of future medical prob-
lems. Patients in advanced stages of the disease may require 
care in a nursing facility and the use of psychoactive medica-
tions. These patients must be protected and prevented from 
injuring themselves and their families by injudicious actions 
or decisions. Death from inanition or infection generally 
occurs 5 to 10 years after the first symptoms.

Table 5-9. Drugs Used in the Treatment of Alzheimer Disease.

Drug Class Drug Dose toxicity

Glutamate antagonist Memantine 5 mg orally daily, increased by 5 mg each 
week to 10 mg orally twice daily

Dizziness, headache, constipation, confusion

Acetylcholinesterase 
inhibitor

Tacrine 10 mg orally 4 times daily may be increased 
to 20 mg orally 4 times daily after 6 weeks

Abdominal cramps, nausea and vomiting, 
 diarrhea, hepatocellular toxicity (liver 
enzymes should be monitored twice 
monthly for 4 months)

Donepezil 5 mg orally at bedtime; may be increased to 
10 mg orally at bedtime after 4-6 weeks

Nausea, diarrhea, vomiting, insomnia, fatigue, 
muscle cramps, anorexia

Rivastigmine 1.5-6 mg orally twice daily Nausea and vomiting, diarrhea, anorexia

Galantamine 4-12 mg orally twice daily Nausea and vomiting, dizziness, diarrhea, 
anorexia, weight loss

Adapted from Mayeux R, Sano M. Treatment of Alzheimer’s disease. N Engl J Med. 1999;341:1670-1679.

Aminoff_ch05_p105-133.indd   115 09/03/15   3:29 pm



Chapter 5116

Alzheimer’s Association. 2013 Alzheimer’s disease facts and fig-
ures. Alzheimers Dement. 2013;9:208-245.

Budson AE, Solomon PR. New criteria for Alzheimer disease 
and mild cognitive impairment: implications for the practic-
ing clinician. Neurologist. 2012;18:356-363.

Castellani RJ, Perry G. The complexities of the pathology–
pathogenesis relationship in Alzheimer disease. Biochem 
Pharmacol. 2014;88:671-676.

Peng D, Yuan X, Zhu R. Memantine hydrochloride in the  
treatment of dementia subtypes. J Clin Neurosci. 2013;20: 
1482-1485.

Reitz C, Mayeux R. Alzheimer disease: epidemiology, diagnostic 
criteria, risk factors and biomarkers. Biochem Pharmacol. 
2014;88:640-651.

FRONTOTEMPORAL DEMENTIA
Frontotemporal dementia (FTD) comprises a genetically 
and clinically heterogeneous group of dementing disorders 
that produce frontal and temporal lobe degeneration and 
affect behavior and language preferentially. FTD differs in 
these respects from Alzheimer disease, which involves pri-
marily the temporal and parietal lobes and causes promi-
nent memory disturbance. Both FTD and Alzheimer 
disease exhibit tau-containing inclusions, but abnormal 
amyloid processing and plaques are seen only in Alzheimer 
disease.

c` Epidemiology
FTD is thought to be the third most common cause of 
dementia, after Alzheimer disease and vascular dementia. 
The average age at onset is 50 to 60 years.

c` Pathology
FTD is characterized by atrophy of the frontal and tempo-
ral lobes. Histopathologic findings include neuronal loss, 
gliosis, and characteristic intracellular protein inclusions. 
Tau inclusions in FTD differ from those found in 
Alzheimer disease: The former are twisted, ribbon-like 
structures rather than paired helical filaments and include 
neurofibrillary tangles, amorphous deposits (pretangles), 
and, in some cases, Pick bodies. Inclusions are also some-
times found in hippocampus, subcortical nuclei, brain-
stem, cerebellum, or spinal cord.

c` Etiology
In most cases, FTD is a sporadic neurodegenerative disease 
of unknown cause. However, 20% to 40% of patients report 
a family history of a neurodegenerative disorder, and 
approximately 10% appear to inherit frontotemporal 
dementia in an autosomal dominant fashion.

c` Pathogenesis
1. Genetics—Mutations in three genes—the microtubule-

associated protein tau (MAPT), progranulin (GRN), 

and chromosome 9 open reading frame 72 
(C9ORF72)—appear to be responsible for the majority 
of inherited cases. MAPT mutations are thought to pro-
duce disease largely by toxic gain of function, whereas 
GRN mutations cause loss of function through haploin-
sufficiency. C9ORF72  mutations, which are the most 
common cause of FTD, take the form of expanded 
noncoding GGGCCC hexanucleotide repeats; process-
ing of the corresponding RNA is impaired, leading to 
the accumulation of abortive transcripts and sequestra-
tion of RNA-binding proteins such as nucleolin. Less 
common mutations producing FTD affect genes for 
valosin-containing protein (VCP), charged multivesicu-
lar body protein 2B (CHMP2B), TAR-DNA binding 
protein (TARDP), or fused in sarcoma (FUS).

2. Intracellular inclusions—These include tau-contain-
ing inclusions (neurofibrillary tangles or amorphous 
deposits) in patients with MAPT mutations; progranu-
lin-, TDP-43-, and ubiquitin-positive inclusions in 
patients with GRN mutations; p62-, ubiquitin-, and 
unconventionally translated dipeptide repeat-positive 
inclusions in patients with C9ORF72 mutations; and 
ubiquitin- and FUS-positive inclusions in patients with 
FUS mutations. In each case, the role of the inclusions 
in disease pathogenesis is uncertain.

3. Neuronal dysfunction, neuronal loss, and brain atro-
phy—It is unclear how much of the clinical picture in 
FTD results from abnormal neuronal function as 
opposed to neuronal loss. Eventually, however, there is 
marked brain atrophy affecting the frontal and anterior 
temporal lobes most prominently, together with neuro-
nal loss and gliosis.

c` Clinical Findings
1. Behavioral variant frontotemporal dementiais char-

acterized by prominent behavioral changes, including 
altered interpersonal interactions and personal conduct 
(eg, apathy and disinhibition), blunted emotions, and 
lack of insight. These behavioral abnormalities over-
shadow more modest cognitive defects, such as impaired 
judgment, inattention, or disorganization. This syn-
drome can be seen in patients with tau, TDP-43, C9ORF72, 
or FUS pathology.

2. Semantic dementia produces fluent (receptive) aphasia 
(see Chapter 1, Neurologic History & Examination) 
with impaired comprehension and anomia and occurs 
with disease affecting the dominant temporal lobe. It is 
most common in patients with TDP-43 pathology.

3. Progressive nonfluent aphasia produces expressive 
aphasia (see Chapter 1) with preserved comprehension 
and results from predominant involvement of the 
dominant frontal lobe. It is most common in patients 
with tau pathology.
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4. Overlap syndromes occur in cases in which FTD is 
combined with features of parkinsonism (corticobasal 
degeneration [discussed later] or progressive supranu-
clear palsy [discussed later and in Chapter 11, 
Movement Disorders]) or motor neuron disease (amy-
otrophic lateral sclerosis [see Chapter 9, Motor 
Disorders]). Parkinsonian syndromes are seen most 
often in patients with tau pathology, whereas motor 
neuron involvement is associated with TDP-43 or 
C9ORF72 pathology.

c` Investigative Studies
MRI shows frontal and temporal lobe atrophy (Figure 5-8), 
and PET may show hypometabolism in these regions. In 
both cases, the abnormalities are often asymmetric, with 
right-sided atrophy predominating in behavioral and left-
sided atrophy predominating in language variants. Genetic 
screening can demonstrate mutations in some patients 
with a positive family history.

c` Differential Diagnosis
In contrast to Alzheimer disease, memory disturbance 
does not dominate the clinical picture in FTD, and onset 

typically occurs at an earlier age. The diagnosis is sug-
gested by the onset of dementia before age 60 years, with 
behavioral disturbance or aphasia as the primary abnor-
mality. FTD with altered behavior may be mistaken for a 
primary psychiatric disorder, and language variants can 
raise suspicion regarding stroke. FTD associated with 
parkinsonism or motor neuron disease must be distin-
guished from Parkinson disease or amyotrophic lateral 
sclerosis.

c` Treatment
Memantine and anticholinesterase drugs used to treat 
Alzheimer disease have not been shown to be effective in 
FTD. Antidepressants, especially selective serotonin reup-
take inhibitors and trazodone, may be useful for managing 
behavioral symptoms. Patients with parkinsonian features 
(corticobasal degeneration or progressive supranuclear 
palsy) may benefit from carbidopa/levodopa or dopamine 
receptor agonists.

c` Prognosis
The duration of illness in FTD is highly variable (2-20 
years), consistent with the clinical heterogeneity of the 
disorder.

A B

▲▲ Figure 5-8. Axial (A) and coronal (B) FLAIR MRI in frontotemporal dementia showing regional atrophy of the fron-
tal (arrow) and temporal (arrowheads) lobes. (Used with permission from J. Handwerke.)
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CORTICOBASAL DEGENERATION
Corticobasal degeneration is a tauopathy related to FTD 
with tau pathology. It produces asymmetric frontoparietal 
cortical atrophy and depigmentation of the substantia 
nigra, with tau-positive neuronal and glial inclusions, bal-
looned neurons, and neuronal and glia cell loss. The classic 
corticobasal syndrome reflects involvement of both cere-
bral cortex and basal ganglia and consists of unilateral limb 
(usually arm) clumsiness and functional impairment due to 
some combination of apraxia, sensory loss, and myoclonus, 
together with extrapyramidal rigidity, bradykinesia, and 
postural tremor. Limb apraxia and sensory loss may pro-
duce the alien-hand sign, in which the limb moves seem-
ingly of its own accord. Depression, apathy, irritability and 
agitation are common psychiatric features. In addition to 
corticobasal degeneration, the corticobasal syndrome can 
also be seen in progressive supranuclear palsy (see next sec-
tion) and FTD. Rigidity and bradykinesia are typically 
unresponsive to antiparkinsonian medications.

Bruns MB, Josephs KA. Neuropsychiatry of corticobasal degen-
eration and progressive supranuclear palsy. Int Rev Psychiatry. 
2013;25:197-209.

PROGRESSIVE SUPRANUCLEAR PALSY
Progressive supranuclear palsy (PSP, or Steele-
Richardson-Olszewski syndrome) is an idiopathic degen-
erative disorder that primarily affects the brainstem, 
subcortical gray matter, and cerebral cortex. Like tau- 
positive FTD and corticobasal degeneration, it is charac-
terized pathologically by tau-positive intracellular inclusions. 
The classic clinical features are supranuclear ophthalmoplegia 
(especially affecting downgaze), pseudobulbar palsy, axial 
dystonia with or without extrapyramidal rigidity of the 
limbs, and dementia. Because PSP usually presents as a 
movement disorder with parkinsonian features, it is dis-
cussed further in Chapter 11, Movement Disorders.

Bruns MB, Josephs KA. Neuropsychiatry of corticobasal degen-
eration and progressive supranuclear palsy. Int Rev Psychiatry. 
2013;25:197-209.

LEWY BODY DISEASE
Parkinson disease (see Chapter 11), a sporadic or inherited 
neurodegenerative disorder characterized by tremor, rigid-
ity, bradykinesia, and postural instability, is accompanied 
by dementia in approximately one-third of cases. Patients 
who develop dementia at least 1 year after the onset of 
motor symptoms are classified as having Parkinson disease 
with dementia, whereas those in whom dementia has its 
onset prior to or within 1 year of the first motor symptoms 
are given the diagnosis of dementia with Lewy bodies. 
However, these two diagnoses cannot be distinguished 
pathologically, and the term Lewy body disease is some-
times used to encompass both.

Lewy body disease is characterized histopathologically 
by round, eosinophilic, intracytoplasmic neuronal inclu-
sions (Lewy bodies) in the brainstem and cerebral cortex. 
These inclusions contain α-synuclein, a protein that is also 
found in Lewy bodies in Parkinson disease without demen-
tia, and both Lewy body disease and Parkinson disease are, 
therefore, classified as synucleinopathies.

Lewy body disease causes cognitive decline without prom-
inent early memory impairment. Features include fluctuating 
cognitive ability, well-formed visual hallucinations, and signs 
of parkinsonism, especially rigidity and bradykinesia.

Motor manifestations of Lewy body disease are treated 
with antiparkinsonian medications (see Chapter 11); some 
studies suggest that memantine or anticholinesterase drugs 
used to treat Alzheimer disease (see Table 5-9) may also be 
beneficial in dementia associated with Lewy body disease.

McCann H, Stevens CH, Cartwright H, Halliday GM. 
α-Synucleinopathy phenotypes. Parkinsonism Relat Disord. 
2014;20 (Suppl 1):S62-S67.

HUNTINGTON DISEASE
Huntington disease is an autosomal dominant neurode-
generative disorder characterized by chorea, psychiatric 
symptoms, and dementia. The cause is an expanded CAG 
trinucleotide repeat coding for a polyglutamine tract in the 
huntingtin (Htt) gene. The brain shows atrophy affecting 
the caudate nucleus, putamen, and cerebral cortex, with 
Htt aggregation in cytoplasmic and nuclear inclusions. 
Dementia usually becomes apparent after chorea and psy-
chiatric symptoms have been present for a few years but 
precedes chorea in approximately one-fourth of cases. 
Impaired executive function (eg, judgment) and memory 
are prominent features, whereas language tends to be 
spared until late in the course. Huntington disease is dis-
cussed further in Chapter 11, Movement Disorders.

Singer CS. Comprehensive treatment of Huntington disease and 
other choreic disorders. Cleve Clin J Med. 2012;79(suppl 2): 
S30-S34.
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CREUTZFELDT-JAKOB (PRION) DISEASE
Creutzfeldt-Jakob disease (CJD) produces rapidly progres-
sive dementia with variable focal degeneration of cerebral 
cortex, basal ganglia, cerebellum, brainstem, and spinal 
cord. It is caused by a proteinaceous infectious particle 
(prion) and may be sporadic (approximately 85% of cases), 
genetic, or infectious. In the latter case, CJD can be trans-
mitted via prion-contaminated tissue or surgical instru-
ments (iatrogenic CJD) or by consumption of contaminated 
beef (variant CJD). Documented human-to-human trans-
mission (by corneal transplantation, cortical electrode 
implantation, or administration of human growth hor-
mone) is rare. The infectious agent is present in the brain, 
spinal cord, eyes, lungs, lymph nodes, kidneys, spleen, 
liver, and CSF, but not other body fluids.

The annual incidence is approximately 1 case per 1 mil-
lion population. The sporadic disease usually occurs in 
patients older than 40 years and has a mean age at onset of 
approximately 60 years; in contrast, the genetically acquired 
disease usually has its onset before age 55 years. More than 
one member of a family is affected in only 5% to 10% of 
cases, and conjugal cases are rare.

c` Pathogenesis
Familial CJD is an autosomal dominant disorder caused by a 
mutation in the PRNP gene, which codes for the prion protein 
cellular isoform (PrPC), a protein of unknown function. In 
sporadic CJD, PrPC undergoes a conformational change to 
produce an abnormal prion protein (scrapie isoform, or 
PrPSc). PrPSc then serves as a template on which PrPC is con-
verted to additional PrPSc. In infectious CJD, PrPSc is intro-
duced into the brain from an external source. In each case, the 
result is accumulation of abnormal PrPSc prions in brain tis-
sue. The ability of PrPSc to induce the PrPSc conformation in 
PrPC prions enables it to replicate without nucleic acids.

Prions have also been implicated in diseases of animals 
and in three other rare human disorders (Table 5-10)—
kuru, a dementing disease of Fore-speaking tribes of New 
Guinea (apparently spread by cannibalism); Gerstmann-
Straüssler syndrome, a familial disorder characterized by 
dementia and ataxia; and fatal familial insomnia, which 
produces disturbances of sleep and of autonomic, motor, 
and endocrine function.

c` Clinical Findings
The clinical picture may be that of a diffuse central nervous 
system (CNS) disorder or of more localized dysfunction 
(Table 5-11). Dementia is present in virtually all cases and 
may begin as mild global cognitive impairment or a focal 
cortical disorder such as aphasia, apraxia, or agnosia. 
Progression to akinetic mutism or coma typically ensues 
over a period of months. Psychiatric symptoms including 
anxiety, euphoria, depression, labile affect, delusions, hal-
lucinations, and changes in personality or behavior may be 
prominent. Fever is absent.

Aside from cognitive abnormalities, the most frequent 
clinical manifestations are myoclonus (often induced by a 
startle), extrapyramidal signs (rigidity, bradykinesia, 
tremor, dystonia, chorea, or athetosis), cerebellar signs, 
and pyramidal signs. Visual field defects, cranial nerve 
palsies, and seizures occur less often.

A distinct variant of CJD results from the transmission 
of bovine spongiform encephalopathy (“mad cow dis-
ease”) to humans. This variant is characterized by earlier 
onset (typically in the teens or young adulthood), invari-
able cerebellar involvement, prominent early psychiatric 
abnormalities, and diffuse amyloid plaques.

Table 5-10. Prion Diseases.

Human diseases

Creutzfeldt–Jakob disease (familial, sporadic, iatrogenic, new variant)
Fatal familial insomnia
Gerstmann-Straüssler-Scheinker disease
Kuru

Animal diseases

Bovine spongiform encephalopathy
Feline spongiform encephalopathy
Scrapie (sheep and goats)
Transmissible mink encephalopathy
Wasting disease of deer and elk
Transmissible spongiform encephalopathy of captive wild ruminants

Adapted from Johnson RT, Gibbs CJ. Creutzfeldt-Jakob disease and 
related transmissible spongiform encephalopathies. N Engl J Med. 
1998;339:1994-2004.

Table 5-11. Clinical Features of Sporadic   
Creutzfeldt–Jakob Disease.

Feature percentage

Cognitive
 Memory loss 100

 Behavioral abnormalities 57

 Other 73

Motor
 Myoclonus 78

 Cerebellar ataxia 71

 Pyramidal signs 62

 Extrapyramidal signs 56

 Lower motor neuron signs 12

Visual disturbances 42

Periodic EEG complexes 60

Data from Brown P, Gibbs CJ Jr, Rodgers-Johnson P, et al. Human 
spongiform encephalopathy: the National Institutes of Health 
series of 300 cases of experimentally transmitted disease. Ann 
Neurol. 1994;35:513.
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c` Investigative Studies
The electroencephalogram (EEG) may show periodic 
sharp waves or spikes (Figure 5-9), which are absent in the 
variant form described previously. CSF protein may  
be elevated (≤100 mg/dL), and levels of 14–3–3 protein are 
increased. MRI scans may show hyperintense signals in the 
basal ganglia on T2-weighted images (see Figure 5-9). 
Definitive diagnosis is by immunodetection of PrPSc in cere-
brospinal fluid, brain tissue obtained at biopsy or, in 
familial cases, by detection of mutant forms of PrPC in 
DNA from lymphocytes.

c` Differential Diagnosis
A variety of other disorders must be distinguished from 
CJD. Alzheimer disease is often a consideration, especially 
in patients with a less fulminant course and a paucity of 
cerebellar and extrapyramidal signs. Where subcortical 
involvement is prominent, Parkinson disease, cerebellar 
degeneration, or progressive supranuclear palsy may be 
suspected. Striking focal signs raise the possibility of an 
intracerebral mass lesion. Acute metabolic disorders that 
produce altered mentation and myoclonus (eg, sedative 
drug withdrawal) can mimic CJD.

c` Prognosis
No treatment is currently available. The disease is usually 
relentlessly progressive and invariably fatal. In most sporadic 
cases, death occurs within 1 year after the onset of symp-
toms. Depending on the specific mutation present, familial 
forms of the disease may have a longer course (1-5 years).

Prusiner SB. Biology and genetics of prions causing neurodegen-
eration. Annu Rev Genet. 2013;47:601-623.

CereBrOVaSCULar DISeaSe

VASCULAR DEMENTIA
Vascular disease is generally considered the second most 
common cause of dementia, after Alzheimer disease, and 
many patients have features of both diseases. Patients with 
this diagnosis may have multiple large (>1 cm in diameter) 
cortical infarcts; strategic infarcts involving hippocampus 
or thalamus; multiple small (eg, lacunar) infarcts affecting 
subcortical white matter, basal ganglia, or thalamus; dif-
fuse ischemic lesions of subcortical white matter 
(Binswanger disease); intracerebral hemorrhages (eg, 
cerebral amyloid angiopathy); or combinations of these.

Although vascular dementia is usually sporadic, genetic 
causes are also recognized. These include autosomal domi-
nant cerebral amyloid angiopathy (usually due to 

mutations in the gene for amyloid precursor protein) and 
cerebral arteriopathy with subcortical infarcts and leuko-
encephalopathy (CADASIL, due to mutations in NOTCH3).

c` Clinical Findings
The most classic presentation of patients with vascular 
dementia includes a history of hypertension, a stepwise pro-
gression of deficits, a more or less abrupt onset of dementia, 
and focal neurologic symptoms or signs. The neurologic 
examination may show pseudobulbar palsy with dysarthria, 
dysphagia, and pathologic emotionality (pseudobulbar 
affect); focal motor and sensory deficits; ataxia; gait apraxia; 
hyperreflexia; and extensor plantar responses. Memory dis-
turbance is typically less prominent than in Alzheimer dis-
ease. However, this picture varies depending on the 
underlying pathologic process. Thus, patients with strategic 
infarcts may present more acutely, and those with hemor-
rhage may experience prominent headache.

c` Investigative Studies
The MRI (Figure 5-10) may show multiple large infarcts, 
multiple small (lacunar) infarcts, areas of low density in 
subcortical white matter, or combinations of these findings 
and is more sensitive than CT scan for detecting these 
abnormalities.

Additional laboratory studies should be performed to 
exclude cardiac emboli, polycythemia, thrombocytosis, 
cerebral vasculitis, and meningovascular syphilis as causes 
of multiple infarctions, particularly in younger patients or 
those without a history of hypertension.

c` Treatment
Hypertension, when present, should be treated to reduce 
the incidence of subsequent infarction and to prevent other 
end-organ diseases. Neither antiplatelet agents nor statins 
have been shown to reduce the incidence or progression of 
vascular dementia.

Baskys A, Cheng J-X. Pharmacological prevention and treat-
ment of vascular dementia: approaches and perspectives. Exp 
Gerontol. 2012;47:887-891.

Iadecola C. The pathobiology of vascular dementia. Neuron. 
2013;80:844-866.

Thal DR, Grinberg LT, Attems J. Vascular dementia: different 
forms of vessel disorders contribute to the development of 
dementia in the elderly brain. Exp Gerontol. 2012;47:816-824.

CHRONIC SUBDURAL HEMATOMA
Chronic subdural hematoma usually affects patients aged 
50 to 70 years, often after minor head trauma. Other risk 
factors include alcoholism, cerebral atrophy, epilepsy, anti-
coagulation, ventricular shunts, and long-term hemodialy-
sis. The onset of symptoms may be delayed for months 
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B

▲▲ Figure 5-9. Diffusion-weighted image of the brain in Creutzfeldt-Jakob disease, showing characteristic hyperin-
tensities (white) in the basal ganglia and cortical ribbon (A), and EEG with typical triphasic waves in all leads (B), 
which occur repetitively about once every second.
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after trauma. Hematomas are bilateral in approximately 
one-sixth of cases.

c` Clinical Findings
Headache is the initial symptom in most patients. 
Confusion, dementia, hemiparesis, and vomiting may 
ensue. The most frequent signs are cognitive disturbance, 
hemiparesis, papilledema, and extensor plantar responses. 
Aphasia, visual field defects, and seizures are uncommon, 
but can occur.

The hematoma can usually be seen on CT scan (Figure 5-11)  
as an extra-axial crescent-shaped area of decreased den-
sity, with ipsilateral obliteration of cortical sulci and often 
ventricular compression. The scan should be carefully 
reviewed for evidence of bilateral subdural collections. 
Isodense collections may become more apparent after 
contrast infusion. 

c` Treatment
Unless contraindicated by medical problems or spontane-
ous improvement, symptomatic hematomas should be 
surgically evacuated. Approaches include craniotomy and 
burr-hole or twist-drill craniostomy. Neither corticosteroid 

nor prophylactic anticonvulsant treatment has been shown 
to be beneficial.

Kolias AG, Chari A, Santarius T, Hutchinson PJ. Chronic subdu-
ral haematoma: modern management and emerging thera-
pies. Nat Rev Neurol. 2014;10:570-578.

Other CereBraL DISOrDerS

NORMAL-PRESSURE HYDROCEPHALUS
Normal-pressure hydrocephalus, a potentially reversible 
cause of dementia, is characterized by the clinical triad of 
dementia, gait apraxia, and incontinence. It may be idio-
pathic or secondary to conditions that interfere with CSF 
absorption, such as meningitis or subarachnoid hemor-
rhage. The dementia is often mild and insidious in onset and 
is typically preceded by gait disorder and incontinence. It is 
characterized initially by mental slowness and apathy and 
later by global cognitive dysfunction. Deterioration of mem-
ory is common, but aphasia and agnosia are rare.

c` Pathophysiology
Normal-pressure hydrocephalus is sometimes called com-
municating hydrocephalus (because the lateral, third, and 

▲▲ Figure 5-11. CT scan in chronic subdural hema-
toma, showing bilateral low-density collections 
between the inner table of the skull and the cerebral 
hemispheres (arrows).

▲▲ Figure 5-10. T2-weighted MRI in vascular dementia, 
showing foci of abnormal high signal intensity adjacent 
to the lateral ventricles (arrows) and within the basal 
ganglia (arrowheads).
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fourth ventricles remain in communication) or nonob-
structive hydrocephalus (because the flow of CSF between 
the ventricles is not impaired). It is presumed to be caused 
by impaired CSF absorption from arachnoid granulations 
in the subarachnoid space over the cerebral hemispheres 
(Figure 5-12). In contrast, noncommunicating or 
obstructive hydrocephalus is caused by a blockade of CSF 
circulation within the ventricular system (eg, by an intra-
ventricular cyst or tumor) and is associated with increased 
CSF pressure and often with headache and papilledema.

c` Clinical Findings
Normal-pressure hydrocephalus usually develops over 
months and gait disorder is often the initial manifestation. 
This typically takes the form of gait apraxia, characterized 

by unsteadiness on standing and difficulty in initiating 
walking (magnetic gait), even though there is no weakness 
or ataxia. The patient can perform the leg movements asso-
ciated with walking, bicycling, or kicking a ball and can 
trace figures with the feet while lying or sitting but is 
unable to do so with the legs bearing weight. The patient 
typically appears to be glued to the floor; walking, once 
underway, is slow and shuffling. Pyramidal signs, includ-
ing spasticity, hyperreflexia, and extensor plantar responses, 
are sometimes present. Motor perseveration (the inappro-
priate repetition of motor activity) and grasp reflexes in the 
hands and feet may occur. Dementia is manifested by psy-
chomotor slowing, inattention, and impaired decision 
making and spatial recognition. Urinary incontinence is a 
later development, and patients may be unaware of it; fecal 
incontinence is uncommon.

Interventricular
foramen of Monro

Cerebral vein

Superior
sagittal sinus

Arachnoid 
granulationChoroid plexus

of lateral ventricle

Subarachnoid
space

Foramen of Luschka

Choroid plexus
of fourth ventricle

Cerebral aqueduct

Choroid plexus 
of third ventricle

Dura mater
Arachnoid

Pia mater

Foramen of Magendie

▲▲ Figure 5-12. Circulation of cerebrospinal fluid (CSF). CSF is produced by the choroid plexus (red), which consists 
of specialized secretory tissue located within the cerebral ventricles. It flows from the lateral and third ventricles 
through the cerebral aqueduct and fourth ventricle and exits the ventricular system through two laterally situated 
foramina of Luschka and a single, medially located foramen of Magendie. CSF then enters and circulates through the 
subarachnoid space surrounding the brain and spinal cord. It is ultimately absorbed through arachnoid granulations 
into the venous circulation.
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c` Investigative Studies
Lumbar puncture reveals normal or low opening pres-
sure. The CT scan or MRI typically shows enlarged lat-
eral ventricles without increased prominence of cortical 
sulci (Figure 5-13). Radionuclide cisternography classi-
cally shows isotope accumulation in the ventricles, 
delayed clearance, and failure of ascent over the cerebral 
convexities. This pattern is not necessarily present in 
patients who respond to shunting, however. Transient 
improvement in gait, cognitive testing, or sphincteric 
function after the removal of 30 to 50 mL of CSF by 
lumbar puncture (tap test) or external lumbar drainage 
of 750 to 1,000 mL of CSF over 72 hours is probably the 
best predictor of a favorable clinical response to shunt-
ing (see Treatment).

c` Differential Diagnosis
Alzheimer disease tends to follow a longer course, often 
with prominent focal cortical dysfunction and enlarged 
cortical sulci shown in a CT scan or MRI. Parkinsonism 
may be simulated by the gait disorder but can be distin-
guished by extrapyramidal rigidity, tremor, and response to 
antiparkinsonian medications. Vascular dementia should 
be suspected if the disorder follows a stepwise course, or 
pseudobulbar palsy, focal sensorimotor signs, or a history 
of stroke is encountered. In such cases, CT scan or MRI 
should demonstrate vascular lesions.

c` Treatment
Some patients, especially those with hydrocephalus from 
meningitis or subarachnoid hemorrhage, recover or 
improve after ventriculoatrial, ventriculoperitoneal, or 
lumboperitoneal shunting. In idiopathic normal-pressure 
hydrocephalus, approximately 70% of patients respond to 
shunting. About 15% require shunt revision and about 10% 
experience complications such as subdural or intracerebral 
hemorrhage, seizures, or infection.

Toma AK, Papadopoulos MC, Stapleton S, Kitchen ND, Watkins 
LD. Systematic review of the outcome of shunt surgery in 
idiopathic normal-pressure hydrocephalus. Acta Neurochir. 
2013;155:1977-1980.

BRAIN TUMOR
Brain tumors (see Chapter 6, Headache & Facial Pain) 
produce dementia and related syndromes by a combina-
tion of local and diffuse effects, including edema, compres-
sion of adjacent brain structures, increased intracranial 
pressure, impairment of cerebral blood flow, and disrup-
tion of brain connectivity. Cognitive function in patients 
with brain tumor can also be impaired by radiotherapy or 
chemotherapy. The tumors most likely to produce general-
ized cerebral syndromes are gliomas arising in the frontal 
or temporal lobes or the corpus callosum. Although such 
lesions tend to infiltrate subcortical white matter exten-
sively, they initially give rise to few focal neurologic signs.

▲▲ Figure 5-13. CT scan at two transverse levels in normal-pressure hydrocephalus, showing enlarged lateral ventri-
cles without enlargement of the cortical sulci.
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The dementia associated with brain tumor is character-
ized by prominent mental slowness, apathy, impaired con-
centration, and subtle alterations in personality. Depending 
on the areas of involvement, memory disorder, aphasia, or 
agnosia may be seen early. Brain tumors ultimately produce 
headache, seizures, or focal sensorimotor disturbances. 

Meningeal neoplasia, discussed in Chapter 4 as a cause 
of confusional states, may also produce dementia that is com-
monly associated with headache, as well as symptoms and 
signs of dysfunction at multiple sites in the nervous system. 
The diagnosis is established by cytologic studies of the CSF.

Giovagnoli AR. Investigation of cognitive impairments in people 
with brain tumors. J Neurooncol. 2012;108:277-283.

CHRONIC TRAUMATIC ENCEPHALOPATHY
Severe or repetitive head injury may cause progressive 
cognitive dysfunction, sometimes leading to dementia. 
Histopathologic features include neurofibrillary tangles 
containing hyperphosphorylated tau, β-amyloid deposits 
in diffuse or neuritic plaques or in blood vessels, and 
α-synuclein-positive Lewy bodies. Although classically 
described in boxers (dementia pugilistica), this condition 
is recognized increasingly in other athletes and military 
veterans subject to head trauma. Early features include 
headache and impaired attention and concentration, fol-
lowed by depression, explosive behavior and short-term 
memory deficits. Executive dysfunction and other cogni-
tive impairments ensue, leading to dementia with word-
finding difficulty and aggressive behavior. Suicidality is 
common. Neuroimaging studies may show cortical or 
hippocampal atrophy, enlarged ventricles, and signs of dif-
fuse axonal injury. Evidence of another neurodegenerative 
disease, such as motor neuron disease, Alzheimer disease, 
Lewy body disease, or frontotemporal dementia, is present 
at autopsy in about one-third of cases.

McKee AC, Stein TD, Nowinski CJ, et al. The spectrum of disease 
in chronic traumatic encephalopathy. Brain. 2013;136:43-64.

SYSteMIC DISOrDerS

INFECTION

c` HIV-ASSOCIATED NEUROCOGNITIVE 
DISORDERS

Human immunodeficiency virus (HIV-1) infection of the 
brain can produce a range of HIV-associated neurocogni-
tive disorders. These include asymptomatic neurocogni-
tive impairment (demonstrable only by cognitive testing), 
minor neurocognitive disorder (mild to moderate cogni-
tive and functional impairment), and HIV-associated 

dementia (moderate to severe cognitive and functional 
impairment). The incidence of HIV-associated dementia 
has declined since the introduction of combination antiret-
roviral therapy, but its prevalence has increased as patients 
live longer. Risk factors include intravenous drug use, 
female gender, and increased age.

A. Pathogenesis

HIV-associated dementia results from invasion of the 
brain by blood-borne macrophage-tropic retrovirus, which 
infects macrophages, microglia, and astrocytes, but not 
neurons. The virus appears to reach the CNS early in the 
course of systemic HIV-1 infection, but may remain latent 
and asymptomatic for years. Alternatively it can produce 
transient symptomatic HIV-1 meningitis (see Chapter 4, 
Confusional States). Proposed mechanisms of pathogene-
sis include neurotoxic effects of viral proteins, and cyto-
kines, chemokines and other soluble factors released by 
inflammatory cells.

B. Pathology

The brain in HIV-associated dementia shows perivascular 
infiltration by macrophages, multinucleated giant cells, 
and astrogliosis, which affect the basal ganglia, subcortical 
white matter, thalamus, and brainstem. Neuronal loss may 
be noted in basal ganglia and frontal and temporal cortex. 
The spinal cord may also be affected by a vacuolar 
myelopathy.

C. Clinical Findings

The onset of HIV-associated dementia is usually insidious 
and is associated with cognitive, behavioral, and motor 
deficits. These include memory loss, apathy, difficulty with 
reading and writing, gait disorder, and tremor. Cortical 
deficits such as impaired executive function and learning 
and parkinsonian features have also become common with 
antiretroviral treatment. Examination may show primitive 
reflexes, hyperreflexia, extensor plantar responses, and 
cerebellar ataxia.

D. Investigative Studies

There is no definitive laboratory test for HIV-associated 
dementia. CSF may show mild to moderate elevation of 
protein (≤200 mg/dL), modest, usually mononuclear pleo-
cytosis (≤50 cells/μL), and oligoclonal bands. MRI shows 
cortical and subcortical atrophy with diffuse signal abnor-
malities in subcortical white matter (Figure 5-14) and is 
useful for excluding other HIV-related neuropathologic 
processes, such as opportunistic infection.

E. Treatment

Patients with HIV-associated cognitive disorders should 
receive combination antiretroviral therapy as described for 
HIV-1 meningitis in Chapter 4, Confusional States.
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▲▲ Figure 5-14. T2-weighted MRI in HIV-associated 
dementia, showing increased signal intensity (arrows) 
in subcortical white matter.

F. Prognosis

The course may be relatively static, steadily progressive, or 
acutely exacerbated by concurrent disease. With combina-
tion antiretroviral treatment, median survival has been 
extended from a few months to several years.

Zhou L, Saksena NK. HIV associated neurocognitive disorders. 
Infect Dis Rep. 2013;5(suppl 1):38-50.

c` Neurosyphilis
Syphilis is caused by Treponema pallidum transmitted by 
sexual contact, which results in infection in approximately 
one-third of encounters with infected individuals. 
Dementia from neurosyphilis (general paresis) was com-
mon in the prepenicillin era but is now rare.

A. Clinical Findings

1. Primary syphilis is characterized by local skin lesions 
(chancres) that usually appear within 1 month of expo-
sure. Hematogenous spread of T. pallidum produces 
symptoms and signs of secondary syphilis, including 
fever, skin rash, alopecia, anogenital skin lesions, and 
ulceration of mucous membranes, within 1 to 6 months. 
Neurologic symptoms are uncommon. Meningeal syphi-
lis, the earliest form of symptomatic neurosyphilis, occurs 

2 to 12 months after primary infection, and is associated 
with headache, stiff neck, nausea and vomiting, and cra-
nial nerve (especially II, VII, or VIII) involvement. 
Meningovascular syphilis is seen 4 to 7 years into the 
course of the disease and usually presents with transient 
ischemic attacks or stroke (see Chapter 13, Stroke).

2. Late (parenchymatous) neurosyphilis produces the 
syndromes of general paresis and tabes dorsalis, which 
can occur separately or together (taboparesis); either 
one can occur in combination with optic atrophy. 
General paresis is a chronic meningoencephalitis 
caused by active spirochetal infection. Onset is with 
gradual memory loss or altered affect, personality, or 
behavior. This is followed by global intellectual deterio-
ration with grandiosity, depression, psychosis, and focal 
weakness. Terminal features include incontinence, sei-
zures, or strokes. Neurologic examination may show 
tremor of the face and tongue, paucity of facial expres-
sion, dysarthria, and pyramidal signs. Taboparesis is 
the coexistence of tabes dorsalis (see Chapter 10, 
Sensory Disorders) with general paresis. Signs and 
symptoms of tabes dorsalis include Argyll Robertson 
pupils (see Chapter 7, Neuro-Ophthalmic Disorders), 
lancinating (stabbing) pains, areflexia, posterior col-
umn sensory deficits with sensory ataxia and Romberg 
sign, incontinence, impotence, Charcot (hypertrophic) 
joints, and genu recurvatum (hyperextended knees). 
Optic atrophy may also be present.

B. Investigative Studies

Treponemal serologic blood tests (fluorescent treponemal 
antibody absorbed [FTA-ABS] or microhemagglutination- 
Treponema pallidum [MHATP]) are reactive in almost all 
patients with active neurosyphilis, but non-treponemal 
blood tests (Venereal Disease Research Laboratory [VDRL] 
or rapid plasma reagin [RPR]) can be negative; therefore, a 
treponemal blood test should be obtained in all suspected 
cases. If this is nonreactive, neurosyphilis is effectively 
excluded; if it is reactive, lumbar puncture should be per-
formed to confirm the diagnosis of neurosyphilis and 
provide a baseline CSF profile against which to gauge the 
efficacy of subsequent treatment. The CSF in active neuro-
syphilis shows a lymphocytic pleocytosis and reactive non-
treponemal CSF serology (eg, VDRL), except in early 
meningeal and meningovascular syphilis and end-stage 
tabes dorsalis. Other CSF abnormalities include protein 
elevation, increased γ-globulin, and the presence of oligo-
clonal bands. The MRI in general paresis may show unilat-
eral or bilateral medial temporal lobe T2 high-intensity 
abnormalities with or without associated atrophy.

C. Treatment

General paresis is treated as described for syphilitic men-
ingitis earlier (see Chapter 4, Confusional States). Transient 
fever and leukocytosis may occur shortly after therapy is 
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started (Herxheimer reaction). Failure of the CSF to 
return to normal within 6 months requires retreatment.

D. Prognosis

General paresis may improve or stabilize after treatment, 
but in some cases it continues to worsen. Patients with 
persistently reactive CSF serologic tests but no pleocytosis 
are unlikely to respond to penicillin therapy but are usually 
treated nevertheless.

Zhang HL, Lin LR, Liu GL, et al. Clinical spectrum of neuro-
syphilis among HIV-negative patients in the modern era. 
Dermatology. 2013;226:148-156.

c` Progressive Multifocal 
Leukoencephalopathy

Progressive multifocal leukoencephalopathy (PML) results 
from reactivation of JC virus infection, which is usually 
asymptomatic, in immunosuppressed patients. These 
include individuals with lymphoma, leukemia, or HIV 
infection, and those treated for multiple sclerosis or Crohn 
disease with natalizumab or for psoriasis with efalizumab. 
The disease targets oligodendrocytes, leading to diffuse 
and patchy demyelination of the cerebral hemispheres, 
brainstem, and cerebellum.

The course is typically subacute and progressive, leading to 
death in approximately 50% of patients within 3 to 6 months, 
although mortality is lower (approximately 20%) in patients on 
natalizumab. PML associated with natalizumab or efalizumab 
does not occur until years after treatment. Fever and systemic 
symptoms are absent. Dementia and focal cortical dysfunction 
are prominent. Signs include hemiparesis, visual deficits, apha-
sia, dysarthria, and sensory impairment. Ataxia and headache 
are uncommon, and seizures do not occur.

The CSF is usually normal but may show a mild 
increase in pressure, white cell count, or protein. The CT 
scan or MRI shows multifocal white matter abnormalities 
(Figure 5-15). When the diagnosis is in doubt, it can be 
established by brain biopsy.

Treatment of PML is with combination antiretroviral 
therapy for patients with HIV infection and discontinua-
tion of the drug and plasma exchange for patients receiving 
natalizumab.

Calabrese LH, Molloy E, Berger J. Sorting out the risks in pro-
gressive multifocal leukoencephalopathy. Nat Rev Rheumatol. 
2014;  in press.

METABOLIC DISORDERS

c` Alcoholism
Certain complications of alcoholism can cause dementia. 
These include acquired hepatocerebral degeneration from 

▲▲ Figure 5-15. Axial FLAIR MRI in progressive multifo-
cal leukoencephalopathy, showing abnormally high sig-
nal intensity (arrows) in white matter of the right 
parietal and occipital lobes.

alcoholic liver disease, chronic subdural hematoma from 
head trauma, and nutritional deficiency states.

1. Pellagra, caused by deficiency of nicotinic acid (nia-
cin), affects neurons in the cerebral cortex, basal gan-
glia, brainstem, cerebellum, and anterior horns of the 
spinal cord. Systemic involvement is manifested by 
diarrhea, glossitis, anemia, and erythematous skin 
lesions. Neurologic involvement may produce demen-
tia; psychosis; confusional states; pyramidal, extrapyra-
midal, and cerebellar signs; polyneuropathy; and optic 
neuropathy. Treatment is with nicotinamide, but the 
neurologic deficits may persist despite treatment.

2. Marchiafava-Bignami syndrome is characterized by 
necrosis of the corpus callosum and subcortical white 
matter and occurs most often in malnourished alcohol-
ics. The course can be acute, subacute, or chronic. 
Clinical features include dementia, spasticity, dysarthria, 
gait disorder, and coma. The diagnosis can sometimes be 
made by CT scan or MRI. No specific treatment is avail-
able, but cessation of drinking and improvement of 
nutrition are advised. The outcome is variable: patients 
may die, survive with dementia, or recover.

3. Alcoholic dementia caused by direct toxic effects of 
ethanol on the brain has been proposed to occur, but no 
distinctive abnormalities have been identified in the 
brains of demented alcoholics. Dementia in alcoholics 
is more likely the result of one of the metabolic and 
traumatic disorders mentioned previously, or misdiag-
nosis of Korsakoff syndrome (see later).
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Ridley NJ, Draper B, Withall A. Alcohol-related dementia: an 
update of the evidence. Alzheimers Res Ther. 2013;5:3.

c` HYPOTHYROIDISM
Hypothyroidism (myxedema), which is discussed in 
Chapter 4 as a cause of acute confusional states, can also 
produce a reversible dementia or chronic organic psycho-
sis. The dementia is a global disorder characterized by 
mental slowness, memory loss, and irritability. Focal corti-
cal deficits do not occur. Psychiatric manifestations are 
typically prominent and include depression, paranoia, 
visual and auditory hallucinations, mania, and suicidal 
behavior.

Patients with myxedema may complain of headache, 
hearing loss, tinnitus, vertigo, weakness, or paresthesia. 
Examination may show deafness, dysarthria, or cerebellar 
ataxia. The most suggestive finding is delayed relaxation of 
the tendon reflexes. Diagnosis and treatment are discussed 
in Chapter 4, Confusional States. Cognitive dysfunction is 
usually reversible with treatment.

Resta F, Triggiani V, Barile G, et al. Subclinical hypothyroidism 
and cognitive dysfunction in the elderly. Endocr Metab 
Immune Disord Drug Targets. 2012;12:260-267.

c` VITAMIN B12 DEFICIENCY
Vitamin B12 deficiency is a rare cause of reversible demen-
tia and organic psychosis. Like the acute confusional state 
associated with vitamin B12 deficiency (see Chapter 4), 
dementia can occur with or without hematologic and other 
neurologic manifestations (although diminished vibratory 
sensation and proprioception in the lower extremities are 
common). The dementia consists of global cognitive dys-
function with mental slowness, impaired concentration, 
and memory disturbance; aphasia and other focal cortical 
disorders do not occur. Psychiatric manifestations are 
often prominent and include depression, mania, and para-
noid psychosis with visual and auditory hallucinations. 
Laboratory findings, CNS imaging, and treatment are dis-
cussed in Chapter 4.

Moore E, Mander A, Ames D, et al. Cognitive impairment and 
vitamin B12: a review. Int Psychogeriatr. 2012;24:541-556.

ORGAN FAILURE

c` DIALYSIS DEMENTIA
This is a rare disorder in patients receiving chronic hemo-
dialysis. Clinical features include dysarthria, myoclonus, 
and seizures. These are initially intermittent, but later 
become permanent, and dementia supervenes. The EEG 

shows paroxysmal high-voltage slowing with intermixed 
spikes and slow waves, which can be reversed by diazepam. 
Removing trace metals from the dialysate has decreased 
the syndrome’s incidence. Cognitive dysfunction and asso-
ciated subcortical white matter lesions on MRI may also be 
associated with recurrent episodes of cerebral hypoperfu-
sion during hemodialysis.

Naganuma T, Takemoto Y, Shoji T, et al. Factors associated with 
cerebral white matter hyperintensities in haemodialysis 
patients. Nephrology (Carlton). 2012;17:561-568.

c` Non-Wilsonian Hepatocerebral 
Degeneration 

Acquired (non-Wilsonian) hepatocerebral degeneration is 
an uncommon complication of chronic hepatic cirrhosis 
with spontaneous or surgical portosystemic shunting. 
Symptoms may be related to failure of the liver to detoxify 
ammonia. Neurologic symptoms precede hepatic symp-
toms in approximately one-sixth of patients.

A. Clinical Findings

Systemic manifestations of chronic liver disease are usually 
present. The neurologic syndrome is fluctuating but pro-
gressive over 1 to 9 years and may be punctuated by epi-
sodes of acute hepatic encephalopathy. Dementia, 
dysarthria, and cerebellar, extrapyramidal, and pyramidal 
signs are the most common features. Dementia is marked 
by mental slowness, apathy, impaired attention and con-
centration, and memory disturbance. Cerebellar signs 
include gait and limb ataxia and dysarthria; nystagmus is 
rare. Extrapyramidal involvement may produce rigidity, 
resting tremor, dystonia, chorea, or athetosis. Asterixis, 
myoclonus, hyperreflexia, and extensor plantar responses 
are common; paraparesis is rare.

Laboratory studies show abnormal hepatic blood 
chemistries and elevated blood ammonia, but the degree of 
abnormality bears no direct relationship to the severity of 
neurologic symptoms. MRI may show lesions in the basal 
ganglia and subcortical white matter. The CSF is normal, 
except for increased glutamine and occasional mild eleva-
tion of protein.

B. Differential Diagnosis

Wilson disease can be distinguished by its earlier onset, 
Kayser-Fleischer rings and abnormal copper metabolism. 
Alcoholic cerebellar degeneration primarily affects gait 
and is not accompanied by extrapyramidal or pyramidal 
signs.

C. Treatment & Prognosis

Patients may benefit from a low-protein diet, lactulose, 
neomycin, liver transplantation, or portosystemic shunting, 
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and improvement after levodopa or bromocriptine therapy 
has been described. Death results from progressive liver 
failure or variceal bleeding.

Ishii K, Shioya A, Fukuda K, Mori K, Tamaoka A. Acquired 
hepatocerebral degeneration with middle cerebellar pedun-
cles lesions: case report and review of the literature. Clin 
Neurol Neurosurg. 2012;114:1361-1364.

c` Wilson Disease
Wilson disease (hepatolenticular degeneration) is a rare 
but treatable autosomal recessive hereditary disorder of 
copper metabolism that produces dementia and extrapyra-
midal symptoms (see Chapter 11, Movement Disorders). 
The disease results from mutations in the ATP7B gene, 
which codes for the β polypeptide of a copper-transporting 
ATPase.

Weiss KH, Stremmel W. Evolving perspectives in Wilson dis-
ease: diagnosis, treatment and monitoring. Curr Gastroenterol 
Rep. 2012;14:1-7.

pSeUDODeMeNtIa

Depression is the disorder most commonly mistaken for 
dementia. Because depression is common and treatable, 
distinguishing between the two conditions is important. 
Both dementia and depression can be characterized by 
mental slowness, apathy, self-neglect, withdrawal, irritabil-
ity, difficulty with memory and concentration, and changes 
in behavior and personality. Moreover, depression can be a 
feature of dementing illnesses, depression and dementia 
may coexist as independent disorders, and late-life depres-
sion may be a harbinger of subsequent dementia. Clinical 
features that help in the differentiation are listed in  
Table 5-12. When depression is being considered, psychi-
atric consultation should be obtained. If not correctable by 
treatment of an underlying disease or by a change in medi-
cation, depression should be treated directly. Treatments 
include psychotherapy, antidepressant drugs, and electro-
convulsive therapy.

Taylor WD. Depression in the elderly. N Engl J Med. 2014;371: 
1228-1236.

cc aMNeStIC SYNDrOMeS

A disorder of memory (amnestic syndrome) may occur as 
one feature of an acute confusional state or dementia, or as 
an isolated abnormality. The latter condition is discussed 
in this section.

Memory is a complex function that can be viewed as 
having different components. Declarative (conscious) 
memory includes working memory, which permits acute 
manipulation of newly presented information, as well as 
longer-term semantic (factual) and episodic (personal) 
memory. Nondeclarative (unconscious) memory 
includes procedural memory required to carry out well-
learned and seemingly automatic tasks, and emotional 
memory that attaches affective significance to objects or 
events.

Memory can also be seen as comprising the phases of 
registration, storage, and retrieval of information. 
Autopsy and imaging studies suggest that the hippocam-
pus, parahippocampal region of the medial temporal 
lobe, and neocortical association areas are important in 
memory processing. Bilateral damage to these regions 
results in impairment of short-term memory, which is 
manifested clinically by the inability to form new memo-
ries. Long-term memory, which involves retrieval of 
previously learned information, is relatively preserved, 
perhaps because well-established memories are stored 
more diffusely. Some patients with amnestic syndromes 
may attempt to fill in gaps in memory with false recollec-
tions (confabulation), which can take the form of elabo-
rate contrivances or of genuine memories misplaced in 
time. The longest-standing and most deeply ingrained 
memories, however, such as one’s own name, are almost 

Table 5-12. Dementia versus Pseudodementia of 
Depression: Distinguishing Features.

Dementia Depression

Insidious onset Abrupt onset

Progressive deterioration Plateau of dysfunction

No history of depression History of depression may  
exist

Patient typically unaware of 
extent of deficits and does 
not complain of memory 
loss

Patient aware of and may 
 exaggerate deficits and 
 frequently complains of 
memory loss

Somatic complaints 
 uncommon

Somatic complaints or 
 hypochondriasis common

Variable affect Depressed affect

Few vegetative symptoms Prominent vegetative 
 symptoms

Impairment often worse at 
night

Impairment usually not worse 
at night

Neurologic examination and 
laboratory studies may be 
abnormal

Neurologic examination and 
laboratory studies normal
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always spared in organic memory disturbances. In con-
trast, such personal memories may be prominently or 
exclusively impaired in dissociative (psychogenic) 
amnesia.

aCUte aMNeSIa

HEAD TRAUMA
Head injuries resulting in loss of consciousness are invari-
ably associated with an amnestic syndrome. Patients seen 
shortly after such an injury exhibit a confusional state in 
which they are unable to incorporate new memories 
(anterograde, or posttraumatic amnesia; Figure 5-16), 
although they may behave in an apparently normal auto-
matic fashion. In addition, retrograde amnesia is present, 
covering a variable period prior to the trauma.

As full consciousness returns, the ability to form new 
memories is restored. Events occurring in the confu-
sional interval tend to be permanently lost to memory, 
however. Exceptions are islands of memory for a lucid 
interval between trauma and unconsciousness, or for 
periods of lesser impairment in the course of a fluctuat-
ing posttraumatic confusional state. The period of retro-
grade amnesia begins to shrink, with the most remote 
memories being the first to return. The severity of the 
injury tends to correlate with the duration of confusion 
and with the extent of permanent retrograde and post-
traumatic amnesia.

Marshman LA, Jakabek D, Hennessy M, Quirk F, Guazzo EP. 
Post-traumatic amnesia. J Clin Neurosci. 2013;20:1475-1481.

HYPOXIA OR ISCHEMIA
Conditions resulting in cerebral hypoxia or ischemia, 
such as cardiac arrest or carbon monoxide poisoning, can 
produce amnestic syndromes because hippocampal neu-
rons involved in memory formation are selectively vul-
nerable to these insults. Amnesia tends to occur in 
patients who have been coma for at least 12 hours. There 
is severe impairment of the ability to incorporate new 
memories, with relative preservation of registration and 
remote memory, producing an isolated disorder of short-
term memory. A period of retrograde amnesia preceding 
the insult may occur. Patients exhibit a lack of concern 
about their impairment and sometimes confabulate. 
Amnesia after cardiac arrest may be the sole manifesta-
tion of neurologic dysfunction, or it may coexist with 
cerebral watershed syndromes, such as bibrachial paresis, 
cortical blindness, or visual agnosia (see Chapter 13, 
Stroke). Recovery often occurs within several days, 
although deficits may persist.

Amnestic syndromes from carbon monoxide poison-
ing are frequently associated with affective disturbances. 
Other abnormalities include focal cortical and extrapyra-
midal dysfunction. Acute carbon monoxide poisoning is 
suggested by cherry-red coloration of the skin and mucous 
membranes, elevated carboxyhemoglobin levels, or cardiac 
arrhythmia. The CT brain scan may show lucencies in the 
basal ganglia and dentate nuclei. Treatment consists of the 
administration of normo- or hyperbaric oxygen.

Fugate JE, Moore SA, Knopman DS, et al. Cognitive outcomes of 
patients undergoing therapeutic hypothermia after cardiac 
arrest. Neurology. 2013;81:40-45.
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▲▲ Figure 5-16. Retrograde and anterograde amnesia in posttraumatic memory disorders. Head trauma may pro-
duce transient coma, followed by a confusional state during which the patient is unable to form new memories. With 
recovery, this ability is restored, but there is persistent amnesia for the period of coma and confusion (anterograde 
amnesia) and for a variable period preceding the trauma (retrograde amnesia); the latter deficit may improve with 
time. 
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BILATERAL POSTERIOR CEREBRAL 
ARTERY OCCLUSION
The posterior cerebral artery supplies the medial temporal 
lobe, thalamus, posterior internal capsule, and occipital cortex 
(Figure 5-17). Ischemia or infarction in this territory, typi-
cally when bilateral, may produce a transient or permanent 
amnestic syndrome. Emboli in the vertebrobasilar system (see 
Chapter 13, Stroke) are frequent causes of such disorders.

The amnestic syndrome is usually associated with uni-
lateral or bilateral hemianopia and sometimes with visual 
agnosia, alexia without agraphia, anomia, sensory distur-
bances, or signs of upper midbrain dysfunction (especially 
impaired pupillary light reflex). Recent memory tends to 
be selectively impaired, with relative preservation of 
remote memory and registration.

The CT scan shows lucencies, which may or may not be 
enhanced by use of contrast material, in any combination 
of the previously mentioned regions. Evaluation and treat-
ment are described in Chapter 13.

Amici S. Memory dysfunction. Front Neurol Neurosci. 2012; 
30:54-56.

TRANSIENT GLOBAL AMNESIA
Transient global amnesia is a syndrome of acute memory 
loss that tends to occur in middle-aged or elderly patients. 
Transient cerebral ischemia, spreading depression (waves of 

reduced electrical activity in the cerebral cortex), and physi-
cal or emotional stress have all been suggested as the cause. 
The disorder is recurrent in fewer than 10% of patients.

Transient global amnesia affects short-term memory 
and lasts for up to 24 (typically 6-10) hours. Patients 
appear agitated and perplexed and may repeatedly inquire 
about their whereabouts, the time, and the nature of what 
they are experiencing. Knowledge of personal identity is 
preserved, as are remote memories and registration. New 
memories cannot be formed, however, which accounts for 
the patient’s repetitive questions. Retrograde amnesia for a 
variable period preceding the episode may be present, but 
this period shrinks as the episode resolves. Associated 
symptoms may include headache, nausea, and dizziness.

The patient’s obvious concern about the condition dis-
tinguishes transient global amnesia from most other 
amnestic syndromes. High-resolution MRI may show sig-
nal abnormalities affecting the CA1 field of hippocampus.

Kirshner HS. Transient global amnesia: a brief review and update. 
Curr Neurol Neurosci Rep. 2011;11:578-582.

ALCOHOLIC BLACKOUTS
Short-term consumption of large amounts of ethanol by 
alcoholic or nonalcoholic individuals may lead to “black-
outs”—transient amnestic episodes that are not caused by 
global confusion, seizures, head trauma, or the Wernicke-
Korsakoff syndrome. These spells are characterized by an 
inability to form new memories, without impairment of 
long-term memory or immediate recall. The disorder is 
self-limited, and no specific treatment is required, but 
reduction of the ethanol intake should be counseled, and 
thiamine should be given to treat possible Wernicke 
encephalopathy (see Chapter 4, Confusional States).

WERNICKE ENCEPHALOPATHY
Wernicke encephalopathy is caused by thiamine deficiency 
and classically produces an acute confusional state, ataxia, 
and ophthalmoplegia. Amnesia may be the major or sole 
cognitive disturbance, however, especially after thiamine 
treatment is begun and other cognitive abnormalities 
improve. Because patients with Wernicke encephalopathy 
usually present with global confusion rather than isolated 
amnesia, the disorder is discussed more fully in Chapter 4, 
Confusional States.

DISSOCIATIVE (PSYCHOGENIC) AMNESIA
Amnesia may be a manifestation of a dissociative disorder 
or of malingering. In such patients a prior psychiatric his-
tory, additional psychiatric symptoms, or a precipitating 
emotional stress can often be identified. Dissociative 
amnesia is characterized by an isolated or a disproportion-
ate loss of traumatic or stressful personal memories. 

▲▲ Figure 5-17. T1-weighted MRI in a patient with an 
old left posterior cerebral artery occlusion, showing tis-
sue loss in the medial temporal (small arrows) and 
occipital (large arrows) lobes and associated dilation of 
the temporal and occipital horns of the lateral ventricle. 
(Used with permission from A. Gean.)
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Dissociative amnesia is usually localized in time to the 
immediate aftermath of a traumatic experience or selective 
for some but not other events during such a period. Less 
frequent patterns include amnesia restricted to certain 
categories of information, continuous amnesia for events 
from some time in the past up to and including the present, 
and generalized amnesia. In some cases, patients may be 
unable to remember even their own name, an exceedingly 
rare finding in organic amnesia. Despite such disorienta-
tion to person, orientation to place and time may be pre-
served. In addition, recent memories may be less affected 
than remote memories; the reverse of the pattern custom-
arily seen in amnesia is caused by organic disease. 
Examination under hypnosis or after administration of 
amobarbital sodium may be helpful in establishing that 
amnesia is of psychogenic origin.

ChrONIC aMNeSIa

ALCOHOLIC KORSAKOFF AMNESTIC 
SYNDROME
The Korsakoff amnestic syndrome, which occurs in 
chronic alcoholism and other malnutrition states, is 
thought to be caused by thiamine deficiency. It is usually 
preceded by one or more episodes of Wernicke encepha-
lopathy, but such a history may be lacking. The memory 
disorder may be related to bilateral degeneration of the 
dorsomedial thalamic nuclei.

An amnestic syndrome of variable severity follows 
recovery from Wernicke encephalopathy in approximately 
three-fourths of cases and is often associated with polyneu-
ropathy and other residua such as nystagmus or gait ataxia. 
The essential defect is an inability to form new memories, 
resulting in significant impairment of short-term memory. 
Long-term memory is also frequently affected, although to 
a lesser extent. Registration is intact. Patients are typically 
apathetic and lack insight into their disorder. They may 
attempt to reassure the physician that no impairment exists 
and try to explain away their obvious inability to remem-
ber. Confabulation is often, but not invariably, a feature.

Korsakoff syndrome can be prevented by prompt admin-
istration of thiamine to patients with Wernicke encepha-
lopathy. Patients with established Korsakoff syndrome 
should also receive thiamine to prevent the progression of 
deficits, although existing deficits are unlikely to be reversed.

Fama R, Pitel A-L, Sullivan EV. Anterograde episodic memory in 
Korsakoff syndrome. Neuropsychol Rev. 2012;22:93-104.

POSTENCEPHALITIC AMNESIA
Patients who recover from acute viral encephalitis (see 
Chapter 4, Confusional States), particularly that caused by 
herpes simplex virus, may be left with a permanent and 

static amnestic syndrome. The syndrome is similar to that 
produced by chronic alcoholism in that an inability to form 
new memories is its outstanding feature. Remote memo-
ries are affected to a lesser extent than are recent ones, and 
registration is intact. Confabulation may occur. Often 
there is total amnesia for the period of the acute 
encephalitis.

Patients may also exhibit other symptoms of limbic sys-
tem disease. These include docility, indifference, flatness of 
mood and affect, inappropriate jocularity and sexual allu-
sions, hyperphagia, impotence, repetitive stereotyped 
motor activity, and the absence of goal-oriented activity. 
Complex partial seizures, with or without secondary gener-
alization, may occur.

BRAIN TUMOR
Brain tumor is a rare cause of amnestic syndrome. Tumors 
that can present in this manner include those that are 
located in or compress the third ventricle. The amnestic 
syndrome closely resembles Korsakoff syndrome and may 
be accompanied by lethargy, headache, endocrine distur-
bances, visual field deficits, or papilledema. Surgery, cra-
nial irradiation, or chemotherapy for brain tumor may also 
impair memory. The diagnosis of brain tumor is made by 
CT scan or MRI. Treatment consists of surgery or irradia-
tion or both, depending on the type of tumor and its 
location.

Carlesimo GA. Memory disorders in patients with cerebral 
tumors. J Neurooncol. 2012;108:253-256.

PARANEOPLASTIC AND CELL-SURFACE-
DIRECTED ANTIBODY-MEDIATED LIMBIC 
ENCEPHALITIS
Inflammation and degeneration of gray matter regions of 
the CNS can occur in the presence or absence of systemic 
cancer. When limbic structures are predominantly affected, 
an amnestic syndrome is a prominent feature (limbic 
encephalitis). In many patients, limbic encephalitis is asso-
ciated with the production of autoantibodies directed 
against either intracellular or cell-surface neuronal anti-
gens. Because circulating antibodies cannot access intracel-
lular antigens of intact cells, antibodies directed against 
these antigens are unlikely to cause disease, although they 
still have value as diagnostic markers. In contrast, cell- 
surface antigens are accessible to circulating antibodies, and 
may therefore serve as primary targets of autoimmunity.

Paraneoplastic limbic encephalitis is most often associ-
ated with small-cell cancer of the lung, and symptoms typi-
cally precede diagnosis of the underlying cancer. 
Histopathologic findings include neuronal loss, reactive 
gliosis, microglial proliferation, and perivascular lympho-
cytic cuffing affecting gray matter of the hippocampus, 
cingulum, piriform cortex, inferior frontal lobes, insula, 
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and amygdala. Symptoms develop over several weeks. 
There is profound impairment of recent memory, with less 
involvement of remote memory and sparing of registration; 
confabulation occurs in some cases. Mood disorders, delu-
sions, hallucinations, sleep disturbance, complex partial or 
generalized seizures, and dementia may develop. Depending 
on the extent to which gray matter regions outside the lim-
bic system are involved, cerebellar, pyramidal, bulbar, and 
peripheral nerve disturbances may also occur.

The CSF may also show a modest mononuclear pleocy-
tosis and mildly elevated protein. Diffuse slowing or bitem-
poral slow waves and spikes are sometimes seen on EEG. 
MRI may reveal abnormal signal intensity in the medial 
temporal lobes (Figure 5-18). A majority of patients have 
increased CSF protein and mononuclear cell pleocytosis, as 
well as antineuronal antibodies, which are useful as diag-
nostic markers, in serum or CSF. The most common of 
these is anti-Hu, which is directed against an intracellular 
antigen and is usually associated with small-cell lung can-
cer. Antibodies against cell-surface AMPA and GABAB 
receptors can also be observed in paraneoplastic limbic 
encephalitis, usually associated with lung cancer, as well as 
in limbic encephalitis without cancer. Antibodies against 
another cell-surface antigen, LGI1, which forms part of a 
voltage-gated potassium channel complex, are seen in 
some patients with limbic encephalitis without cancer, who 
often also exhibit seizures and hyponatremia.

The paraneoplastic amnestic syndrome can be static, 
progressive, or remitting. Excluding other treatable disorders 

(eg, herpes simplex virus encephalitis) is of primary impor-
tance. Korsakoff syndrome should be considered because 
patients with cancer are susceptible to nutritional deficiency, 
and thiamine administration may prevent worsening.

Therapy includes corticosteroids, intravenous immu-
noglobulin, plasma exchange, and treatment of underlying 
malignancy.
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▲▲ Figure 5-18. FLAIR MRI with axial (A) and coronal (B) views in limbic encephalitis, showing increased signal 
(arrows) in the medial temporal lobes.
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Headache occurs in all age groups and accounts for 1% to 
2% of emergency department evaluations and up to 4% of 
medical office visits; the causes are myriad (Table 6-1). 
Although most often a benign condition (especially when 
chronic and recurrent), headache of new onset may be the 
earliest or the principal manifestation of serious systemic 
or intracranial disease and therefore requires thorough and 
systematic evaluation.

An etiologic diagnosis of headache is based on under-
standing the pathophysiology of head pain; obtaining a 
history, with characterization of the pain as acute, sub-
acute, or chronic; performing a careful physical examina-
tion; and formulating a differential diagnosis.

cc APProACH to DIAgNosIs

PAtHoPHysIoLogy oF HEADACHE &
FACIAL PAIN

PAin-SenSitive StRuCtuReS
Headache is caused by traction, displacement, inflammation, 
or distention of the pain-sensitive structures in the head or 

table 6-1. Causes of Headache and Facial Pain.

Acute onset

 Common causes
  Subarachnoid hemorrhage
  Other cerebrovascular diseases
  Meningitis or encephalitis
  Ophthalmic disorders (glaucoma, acute iritis)

 Less common causes
  Seizures
  Lumbar puncture
  Hypertensive encephalopathy
  Coitus

Subacute onset

  Giant cell (temporal) arteritis
  Intracranial mass (tumor, subdural hematoma, abscess)
  Pseudotumor cerebri (idiopathic intracranial hypertension)
  Trigeminal neuralgia (tic douloureux)
  Glossopharyngeal neuralgia
  Postherpetic neuralgia
  Persistent idiopathic facial pain

Chronic

  Migraine
  Medication overuse headache
  Cluster headache
  Tension-type headache
  Icepick-like pain
  Cervical spine disease
  Sinusitis
  Dental disease

neck. Isolated involvement of the bony skull, most of the dura, 
or most regions of brain parenchyma does not produce pain.

A. Pain-Sensitive Structures Within  
the Cranial vault

These include the venous sinuses (eg, sagittal sinus); ante-
rior and middle meningeal arteries; dura at the base of the 
skull; trigeminal (V), glossopharyngeal (IX), and vagus (X) 
nerves; proximal portions of the internal carotid artery and 
its branches near the circle of Willis; brainstem periaque-
ductal gray matter; and sensory nuclei of the thalamus.

B. extracranial Pain-Sensitive Structures

These include periosteum of the skull; skin; subcutaneous 
tissues, muscles, and arteries; neck muscles; second (C2) and 
third (C3) cervical nerves; eyes, ears, teeth, sinuses, and 
oropharynx; and mucous membranes of the nasal cavity.

RADiAtion oR PRojeCtion of PAin
A.  The trigeminal (V) nerve carries sensation from intracra-

nial structures in the anterior and middle fossae of the 
skull (above the cerebellar tentorium). Discrete intracra-
nial lesions in these locations can produce pain that radi-
ates in the trigeminal nerve distribution (Figure 6-1).

B.  The glossopharyngeal (IX) and vagus (X) nerves con-
vey sensation from part of the posterior fossa; pain 
originating in this area may also be referred to the ear 
or throat, as in glossopharyngeal neuralgia.

C.  The upper cervical (C2-C3) nerves transmit stimuli 
from infratentorial and cervical structures; therefore, 
pain from posterior fossa lesions often projects to the 
second and third cervical dermatomes (see Figure 6-1).

HIstory

ClASSifiCAtion & APPRoACH to tHe 
DiffeRentiAl DiAGnoSiS

Acute Headache & facial Pain

Headaches that are new in onset or clearly different from 
any the patient has experienced previously are commonly 
a symptom of serious illness and demand prompt evalua-
tion. The sudden onset of “the worst headache I’ve ever 
had in my life” (classically due to subarachnoid hemor-
rhage), diffuse headache with neck stiffness and fever 
(meningitis), and head pain centered about one eye (acute 
glaucoma) are striking examples. Acute headaches may 
also accompany more benign processes such as systemic 
viral infections or other febrile illnesses.

Subacute Headache & facial Pain

Subacute headaches are those that persist or recur over 
weeks to months. Such headaches may also signify serious 
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medical disorders, especially when the pain is progressive 
or when it occurs in elderly patients. Patients with subacute 
headache should be asked about recent head trauma (sub-
dural hematoma or postconcussive syndrome); malaise, 
fever, or neck stiffness (subacute meningitis); focal neuro-
logic abnormalities or weight loss (primary or metastatic 
brain tumor); visual changes (giant cell arteritis, idiopathic 
intracranial hypertension); or medications predisposing to 
headache (nitrates).

Chronic Headache & facial Pain

Headaches that have recurred over years (eg, migraine or 
tension-type headaches) usually have a benign cause, although 
each acute attack may be profoundly disabling. When treating 
these patients, it is important to determine whether the pres-
ent headache is similar to those suffered previously or is 
new—and thus represents a different process.

PReCiPitAtinG fACtoRS
Precipitating factors can provide a guide to the cause of 
headache. Such factors include: dental surgery; acute exac-
erbation of chronic sinusitis or hay fever; systemic viral 
infection; psychologic tension, emotional stress, or fatigue; 
menses; hunger; consumption of ice cream or foods con-
taining nitrite (hot dogs, salami, ham, and most sausage), 
phenylethylamine (chocolate), or tyramine (cheddar 

cheese); and exposure to bright lights. Precipitation of 
headache by alcohol is especially typical of cluster head-
ache. Chewing and eating commonly trigger pain associ-
ated with glossopharyngeal neuralgia and tic douloureux; 
jaw claudication is associated with giant cell arteritis or 
temporomandibular joint dysfunction. Oral contraceptive 
agents and nitrates may precipitate or exacerbate migraine. 
Headache may also be provoked by coughing or sneezing, 
especially in patients with structural lesions in the  posterior 
fossa.

PRoDRoMAl SyMPtoMS (AuRAS)
Prodromal symptoms or auras, such as scintillating scoto-
mas or other visual changes, often occur with migraine; 
they may also occur in patients with seizure disorders and 
postictal headaches.

CHARACteRiStiCS of PAin
Headache or facial pain may be described in a variety of 
ways. Pulsating or throbbing pain is frequently ascribed 
to migraine, but may also occur in patients with tension-
type headache. A steady sensation of tightness or pressure 
is commonly seen with tension-type headache. The pain 
produced by intracranial mass lesions is typically dull and 
steady. Sharp, lancinating (stabbing) pain suggests a neu-
ritic cause such as trigeminal neuralgia. Icepick-like pain 

▲▲ figure 6-1. Innervation of pain-sensitive intracranial compartments (A) and corresponding extracranial sites of 
pain radiation (B). The trigeminal (V) nerve, especially its ophthalmic (V1) division, innervates the anterior and mid-
dle cranial fossae; lesions in these areas can produce frontal headache. The upper cervical nerve roots (especially C2) 
innervate the posterior fossa; lesions here can cause occipital headache.
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may be described also by patients with migraine, cluster 
headache, or giant cell arteritis.

Headache of virtually any description can occur in 
patients with migraine or brain tumors; therefore, the 
character of the pain alone does not provide a reliable etio-
logic guide.

loCAtion of PAin
A.  Unilateral headache is an invariable feature of cluster 

headache and occurs in the majority of migraine 
attacks; most patients with tension-type headache 
report bilateral pain.

B.  Ocular or retroorbital pain suggests a primary oph-
thalmic disorder such as acute iritis or glaucoma, optic 
(II) nerve disease (eg, optic neuritis), or retroorbital 
inflammation (eg, Tolosa–Hunt syndrome). It is also 
common in migraine or cluster headache.

C.  Paranasal pain localized to one or several sinuses, 
often associated with tenderness of the overlying peri-
osteum and skin, occurs with acute sinus infection or 
outlet obstruction.

D.  Focal headache may result from intracranial mass 
lesions, but even in such cases it is replaced by bioccipi-
tal and bifrontal pain when the intracranial pressure 
becomes elevated.

E.  Bandlike or occipital discomfort is commonly associ-
ated with tension-type headache. Occipital localization 
can also occur with meningeal irritation from infection 
or hemorrhage and with disorders of the joints, mus-
cles, or ligaments of the upper cervical spine.

F.   Pain within the first (V1) division of the trigeminal 
nerve, characteristically described as burning in qual-
ity, is a common feature of postherpetic neuralgia.

G.  Lancinating pain localized to the second (V2) or third 
(V3) division of the trigeminal (V) nerve suggests 
trigeminal neuralgia (tic douloureux).

H.  The pharynx and external auditory meatus are the 
most frequent sites of pain caused by glossopharyngeal 
neuralgia.

ASSoCiAteD SyMPtoMS
Manifestations of underlying systemic disease can aid in 
the etiologic diagnosis of headache and should always be 
sought.
A. Recent weight loss may accompany cancer, giant cell 

arteritis, or depression.
B. Fever or chills may indicate systemic infection or 

meningitis.
C. Dyspnea or other symptoms of heart disease raise the 

possibility of subacute infective endocarditis and resul-
tant brain abscess.

D. Visual disturbances suggest an ocular disorder (eg, glau-
coma), migraine, or an intracranial process involving the 

optic nerve (optic neuritis) or tract or central visual 
pathways.

E. Nausea and vomiting are common in migraine and 
post-traumatic headache and can also be seen with 
intracranial mass lesions. Some patients with migraine 
report that diarrhea or other gastrointestinal symptoms 
accompany attacks.

F. Photophobia may be prominent in migraine, acute 
meningitis, or subarachnoid hemorrhage.

G. Myalgias often accompany tension-type headache, 
 systemic viral infections, and giant cell arteritis.

H. Ipsilateral rhinorrhea and lacrimation during attacks 
typify cluster headache.

I. Transient loss of consciousness may be seen in both 
migraine (basilar migraine) and glossopharyngeal neu-
ralgia (due to cardiac syncope; Chapter 12, Seizures & 
Syncope).

otHeR feAtuReS of HeADACHe

temporal Pattern of Headache

Headaches from mass lesions are commonly maximal on 
awakening, as are sinus headaches. Headaches from mass 
lesions, however, increase in severity over time. Cluster 
headaches frequently awaken patients from sleep; they 
often recur at the same time each day or night. Tension-
type headaches can develop whenever stressful situations 
occur and are often maximal at the end of a workday. 
Migraine headaches are episodic and may be worse during 
menses (Figure 6-2).

120 3 6

Time (months)

9

Migraine

Tension-type headache

Cluster headache

Brain tumor

▲▲ figure 6-2. Temporal patterns of headache. 
Migraine headache is episodic and may occur at vary-
ing intervals. Tension-type headache may be present 
every day. Cluster headache occurs in bouts separated 
by symptom-free periods. Headache caused by brain 
tumor often increases in severity with time.
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Conditions Relieving Headache

Migraine headaches are frequently relieved by darkness, 
sleep, vomiting, or pressing on the ipsilateral temporal 
artery, and their frequency may diminish during preg-
nancy. Post–lumbar-puncture and low-pressure headaches 
are typically relieved by recumbency, whereas headaches 
caused by intracranial mass lesions may be less severe with 
the patient standing.

Conditions exacerbating Headache

Discomfort exacerbated by rapid changes in head position 
or by events that transiently raise intracranial pressure, 
such as coughing and sneezing, is often associated with an 
intracranial mass but can also occur in migraine. Anger, 
excitement, or irritation can precipitate or worsen both 
migraine and tension-type headaches. Stooping, bending 
forward, sneezing, or blowing the nose characteristically 
worsens the pain of sinusitis. Postural headache (maximal 
when upright, nearly absent when lying down) occurs with 
low cerebrospinal fluid (CSF) pressure caused by lumbar 
puncture, head injury, or spontaneous spinal fluid leak. 
Fluctuations in intensity and duration of the headache with 
no obvious cause, especially when associated with similar 
fluctuations in mental status, are seen with subdural 
hematoma.

History of Headache

The characteristics of the present headache should be com-
pared with those of previous occurrences, because head-
ache with features different from those previously 
experienced calls for especially careful investigation.

PHysICAL ExAmINAtIoN

A general physical examination is mandatory, because 
headache is a nonspecific accompaniment of many sys-
temic disorders. If possible, the patient should be observed 
during an episode of headache or facial pain.

vitAl SiGnS

temperature

Although fever suggests a viral syndrome, meningitis, 
encephalitis, or brain abscess, headache from these causes 
can also occur without fever. Moreover, headache can 
accompany many systemic infections.

Pulse

Tachycardia can occur in a tense, anxious patient with a 
tension-type headache or accompany any severe pain. 
Paroxysmal headache associated with tachycardia and per-
spiration is characteristic of pheochromocytoma.

Blood Pressure

Hypertension per se rarely causes headache unless the 
blood pressure elevation is acute, as with pheochromocy-
toma, or very high, as with early hypertensive encepha-
lopathy. Chronic hypertension, however, is the major risk 
factor for hemorrhagic or ischemic stroke, which can be 
associated with acute headache. Subarachnoid hemorrhage 
is commonly followed by marked acute elevation of blood 
pressure.

Respiration

Hypercapnia from respiratory insufficiency from any cause 
can elevate intracranial pressure and produce headache.

GeneRAl PHySiCAl exAMinAtion

Weight loss

Weight loss or cachexia in a patient with headache suggests 
cancer or chronic infection. Polymyalgia rheumatica and 
giant cell arteritis can also be accompanied by weight loss.

Skin

Focal inflammation (cellulitis) of the face or overlying the 
skull indicates local infection, which may be the source of 
intracranial abscess or cause venous sinus thrombosis. 
Cutaneous abnormalities elsewhere may suggest vasculitis 
(including that from meningococcemia), endocarditis, or 
cancer. The neurofibromas or café-au-lait spots of von 
Recklinghausen disease (neurofibromatosis) may be asso-
ciated with benign or malignant intracranial tumors that 
can produce headache. Cutaneous angiomas sometimes 
accompany arteriovenous malformations (AVMs) of the 
central nervous system, which may be associated with 
chronic headache—or acute headache if they bleed. Herpes 
zoster that affects the face and head most often involves the 
eye and the skin around the periorbital tissue, causing 
facial pain.

Scalp, face, & Head

Scalp tenderness is characteristic of migraine headache, 
subdural hematoma, giant cell arteritis, and postherpetic 
neuralgia. Nodularity, erythema, or tenderness over the 
temporal artery suggests giant cell arteritis. Localized ten-
derness of the superficial temporal artery also accompa-
nies acute migraine. Recent head trauma or a mass lesion 
can cause a localized area of tenderness. Trauma causes 
characteristic ecchymosis (see Figure 1-4).

Paget disease, myeloma, or metastatic cancer of the 
skull may produce head pain that is boring in quality and 
associated with skull tenderness. In Paget disease, arterio-
venous shunting within bone may make the scalp feel 
warm.
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Disorders of the eyes, ears, or teeth may cause head-
ache. Tooth percussion may reveal periodontal abscess. 
Sinus tenderness may indicate sinusitis. A bruit over the 
orbit or skull suggests an intracranial AVM, carotid artery–
cavernous sinus fistula, aneurysm, or meningioma. 
Lacerations of the tongue raise the possibility of postictal 
headache. Ipsilateral conjunctival injection, lacrimation, 
Horner syndrome (see Chapter 7, Neuro-Ophthalmic 
Disorders), and rhinorrhea occur with cluster headache. 
Temporomandibular joint disease is accompanied by local 
tenderness and crepitus over the joint.

neck

Cervical muscle spasm occurs with tension-type and 
migraine headaches, cervical spine injuries, cervical arthri-
tis, or meningitis. Carotid bruits may be associated with 
cerebrovascular disease.

Meningeal signs must be sought carefully, especially if 
headache is of recent onset. Meningeal irritation causes 
nuchal (neck) rigidity mainly in the anteroposterior 
direction, whereas cervical spine disorders restrict move-
ment in all directions. Discomfort or hip and knee flexion 
during neck flexion (Brudzinski sign) indicates menin-
geal irritation (see Figure 1-5). Meningeal signs may be 
absent or difficult to demonstrate in the early stages of 
subacute (eg, tuberculous) meningitis, in the first few 
hours after subarachnoid hemorrhage, and in comatose 
patients.

Heart & lungs

Brain abscess may be associated with congenital heart dis-
ease, which is evidenced by heart murmur or cyanosis. 
Lung abscess may also be a source of brain abscess.

NEuroLogIC ExAmINAtIoN

Mental Status examination

During the mental status examination, patients with acute 
headache may be confused, as is commonly seen with sub-
arachnoid hemorrhage and meningitis. Headache with 
dementia may be indicative of intracranial tumor, particu-
larly one in the frontal lobe or infiltrating across the corpus 
callosum.

Cranial nerve examination

Cranial nerve abnormalities can suggest and localize an 
intracranial tumor or other mass lesion. Papilledema, the 
hallmark of increased intracranial pressure, may be seen 
with space-occupying intracranial lesions, carotid 
artery–cavernous sinus fistula, pseudotumor cerebri, or 
hypertensive encephalopathy. Superficial retinal hemor-
rhages (subhyaloid hemorrhages) are characteristic of 

subarachnoid hemorrhage in adults (Figure 6-3). Ischemic 
retinopathy may be found in patients with vasculitis.

Progressive oculomotor (III) nerve palsy, especially 
when it causes pupillary dilatation, may be the presenting 
sign of an expanding posterior communicating artery 
aneurysm; alternatively, it may reflect increasing intracra-
nial pressure and incipient brain herniation. Decreased 
pupillary reactivity to light occurs in optic neuritis. 
Extraocular muscle palsies occur in Tolosa-Hunt syn-
drome (see Chapter 7, Neuro-Ophthalmic Disorders). 
Proptosis suggests an orbital mass lesion or carotid artery–
cavernous sinus fistula.

Decreased sensation over the site of facial pain—most 
commonly the first (V1) division of the trigeminal (V) 
nerve—is found in postherpetic neuralgia. Trigger areas on 
the face and pharynx suggest trigeminal and glossopharyn-
geal neuralgia, respectively.

Motor examination

Asymmetric motor function or gait ataxia in a patient with 
a history of subacute headache demands complete evalua-
tion to exclude intracranial mass lesions.

Sensory examination

Focal or segmental sensory impairment or diminished 
corneal sensation (corneal reflex) is strong evidence against 
a benign cause of pain.

▲▲ figure 6-3. Disc edema and a large peripapillary 
subhyaloid hemorrhage in the right eye of a patient 
with aneurysmal rupture and subarachnoid 
 hemorrhage. (Used with permission from Biousse V, 
Newman NJ. Neuro-Ophthalmology Illustrated. Thieme, 
NY. 2009.)
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cc ACutE HEADACHE

Sudden onset of a new headache may be a symptom of seri-
ous intracranial or systemic disease; it must be investigated 
promptly and thoroughly.

subArACHNoID HEmorrHAgE

Spontaneous (nontraumatic) subarachnoid hemorrhage 
(bleeding into the subarachnoid space) is usually the result 
of a ruptured cerebral arterial aneurysm or an AVM.

Rupture of a saccular (berry) aneurysm accounts for 
approximately 75% of cases of subarachnoid hemorrhage, 
with an annual incidence of 6 per 100,000. Most arise spo-
radically, but some are familial. Families with two or more 
affected persons should have all members screened. Both 
autosomal and recessive patterns of inheritance occur.

Rupture occurs most often during the fifth and sixth 
decades, with an approximately equal sex distribution. The 
risk of rupture of an intracranial aneurysm varies with the 
patient’s age and the site and size of the aneurysm; approxi-
mately 5% of autopsied individuals have cerebral aneu-
rysms, and most have never experienced symptoms. 
Hypertension has not been conclusively demonstrated to 
predispose to the formation of aneurysms, but acute eleva-
tion of blood pressure (eg, at orgasm) may be responsible 
for rupture.

Fusiform aneurysms result from circumferential dila-
tion of a cerebral arterial trunk. In contrast to saccular 
aneurysms, they are thought to be caused by atherosclero-
sis or dissection, affect the vertebrobasilar system preferen-
tially, and can present with symptoms from ischemia or 
mass effect, in addition to rupture.

Intracranial AVMs, a less frequent cause of subarach-
noid hemorrhage (10%), occur twice as often in men as in 
women, and usually bleed in the second to fourth decades, 
although a significant incidence extends into the sixties. 
Blood in the subarachnoid space can also result from intra-
cerebral hemorrhage, embolic stroke, and trauma.

PAtHoloGy
Cerebral arterial aneurysms are usually congenital and result 
from developmental weakness of the vessel wall, especially at 
sites of branching. They typically arise from intracranial 
arteries about the circle of Willis at the base of the brain 
(Figure 6-4), occur in 2% of patients, and are multiple in 
approximately 20% of cases. Other congenital abnormalities, 
such as polycystic kidney disease or coarctation of the aorta, 
may be associated with berry aneurysms.

Occasionally, systemic infections such as infective 
endocarditis disseminate to a cerebral artery and cause 
aneurysm formation; such mycotic aneurysms account for 
2% to 3% of aneurysmal ruptures. Mycotic aneurysms are 
usually more distal along the course of cerebral arteries 
than are berry aneurysms.

AVMs consist of abnormal vascular communications 
that permit arterial blood to enter the venous system with-
out passing through a capillary bed. They are most com-
mon in the middle cerebral artery distribution.

PAtHoPHySioloGy
Rupture of an intracranial artery elevates intracranial pres-
sure and distorts pain-sensitive structures, producing 
headache. Intracranial pressure may reach systemic perfu-
sion pressure and acutely decrease cerebral blood flow; 
together with the concussive effect of the rupture, this is 
thought to cause the loss of consciousness that occurs at 
the onset in approximately 50% of patients. Rapid elevation 
of intracranial pressure can also produce subhyaloid retinal 
hemorrhages (see Figure 6-3).

CliniCAl finDinGS

Symptoms & Signs

The classic (but not invariable) presentation of subarach-
noid hemorrhage is with the sudden onset of an unusually 
severe generalized headache, classically described as the 
worst headache the patient has ever experienced. However, 
among patients presenting with the abrupt onset of an 
unusually severe headache, only 8% to 10% will have sub-
arachnoid hemorrhage. The absence of headache essen-
tially precludes the diagnosis. One-third of patients present 

Anterior communicating 
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Internal 
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Vertebral
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▲▲ figure 6-4. Frequency distribution of intracranial 
aneurysms.
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with headache alone. In the remainder, loss of conscious-
ness is frequent at onset, as are vomiting and neck stiffness. 
Symptoms may begin at any time of day and during either 
rest or exertion.

The most significant feature of the headache is that it is 
new. Milder but otherwise similar headache (sentinel 
headache) may have occurred in the weeks prior to the 
acute event and probably represent small prodromal hem-
orrhages or aneurysmal stretch.

The headache is not always severe, especially if hemor-
rhage is from a ruptured AVM rather than an aneurysm. 
Although the duration of the hemorrhage is brief, the inten-
sity of the headache may remain unchanged for several days 
and may subside slowly over approximately 2 weeks. 
Recurrence of the headache usually signifies rebleeding.

Blood pressure frequently rises precipitously as a result 
of the hemorrhage. Meningeal irritation may induce tem-
perature elevations up to 39°C (102.2°F) during the first  
2 weeks. There is frequently associated confusion, stupor, 
or coma. Nuchal rigidity and other evidence of meningeal 
irritation (see Figure 1-5) are common, but may not occur 
for several hours after the onset of headache. Preretinal 
globular subhyaloid hemorrhages (found in 20%-40% of 
cases; see Figure 6-3) are most suggestive of the diagnosis.

With aneurysmal rupture, bleeding occurs mainly in 
the subarachnoid space rather than brain parenchyma. 
Therefore, prominent focal neurologic signs are 

uncommon, and even when present, they may bear no 
relationship to the site of the aneurysm. An exception is 
oculomotor (III) nerve palsy from compression of the 
nerve ipsilateral to a posterior communicating artery 
aneurysm. Bilateral extensor plantar responses and abdu-
cens (VI) nerve palsy are frequent nonlocalizing signs that 
result from increased intracranial pressure.

Ruptured AVMs tend to occur within brain tissue and 
accordingly produce focal neurologic signs, such as hemi-
paresis, aphasia, or visual field defects.

laboratory findings

Patients presenting with subarachnoid hemorrhage are 
investigated first by computed tomography (CT) scan 
(Figure 6-5), which confirms the hemorrhage in more 
than 90% of patients with aneurysmal rupture and can help 
identify a focal source. The test is most sensitive on the day 
bleeding occurs and in patients with altered consciousness. 
Complications, including intracerebral or intraventricular 
extension of blood, hydrocephalus, and infarction, can also 
be identified. Aneurysms themselves may not be evident 
on CT, but most AVMs can be seen after administration of 
contrast material. Magnetic resonance imaging (MRI) is 
especially useful for detecting small AVMs in the brain-
stem, which are poorly seen on CT scan.

In patients with a normal neurologic examination, a 
normal CT scan within 6 hours of symptom onset is held by 

A B

▲▲ figure 6-5. (A) Nonenhanced brain CT scan from a patient with an acute aneurysmal subarachnoid hemorrhage. 
Areas of high density (arrows) represent blood in the subarachnoid space at the base of the brain (most aneurysms 
occur in this region about the circle of Willis; see Figure 6-4). (B) A normal nonenhanced brain CT scan of the same 
region. Interpeduncular cistern, large arrow; suprasellar cistern, small arrow. (Used with permission from C. Jungreis.)
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some authorities to exclude subarachnoid hemorrhage. CT 
scans that are technically inadequate or delayed, or that 
 otherwise fail to confirm the diagnosis of subarachnoid 
hemorrhage, necessitate lumbar puncture (see Chapter 2, 
Investigative Studies). The CSF in subarachnoid hemor-
rhage usually has a markedly elevated opening pressure and 
is grossly bloody, containing 100,000 to >1 million/μL red 
blood cells. As heme from these cells is degraded, first (by 
heme oxygenase) to the green pigment, biliverdin, and then 
(by biliverdin reductase) to the yellow pigment, bilirubin, 
the supernatant of the centrifuged CSF becomes yellow-
tinged (xanthochromic) within 12 hours after hemorrhage. 
The pigment can be detected spectrophotometrically. White 
blood cells are initially present in the CSF in the same pro-
portion to red cells as in the peripheral blood. However, 
chemical meningitis caused by blood in the subarachnoid 
space may produce a pleocytosis of several thousand white 
blood cells during the first 48 hours and a reduction in CSF 
glucose 4 to 8 days after hemorrhage. In the absence of pleo-
cytosis, CSF glucose after subarachnoid hemorrhage is nor-
mal. The peripheral white blood cell count is often modestly 
elevated but rarely exceeds 15,000/μL.

The electrocardiogram (ECG) may reveal a host of 
abnormalities, including peaked or deeply inverted  
T waves, short PR interval, or tall U waves.

Once the diagnosis of subarachnoid hemorrhage is 
confirmed by CT or lumbar puncture, four-vessel cerebral 
arteriography is undertaken. Both the carotid and vertebral 
arteries should be studied to visualize the entire cerebral 
vascular anatomy, as multiple aneurysms occur in 20% of 
patients and AVMs are frequently supplied from multiple 
vessels. Angiography should be performed at the earliest 
time convenient for radiology department personnel; 
emergency studies in the middle of the night are rarely 
indicated. Angiography is a prerequisite to the rational 
planning of surgical treatment and is therefore not neces-
sary for patients who are not surgical candidates, such as 
those who are deeply comatose. CT and magnetic reso-
nance angiography are approaching the sensitivity of con-
ventional catheter angiography.

Backes D, Rinkel GJ, Kemperman H, Linn FH, Vergouwen MD. 
Time-dependent test characteristics of head computed 
tomography in patients suspected of nontraumatic subarach-
noid hemorrhage. Stroke. 2012;43:2115-2119.

Brown SC, Brew S, Madigan J. Investigating suspected subarach-
noid haemorrhage in adults. BMJ. 2011;342:d2644.

Edlow JA, Caplan LR. Avoiding pitfalls in the diagnosis of sub-
arachnoid hemorrhage. N Engl J Med. 2000;342:29-36.

DiffeRentiAl DiAGnoSiS
The sudden onset of severe headache, with confusion or 
obtundation, nuchal rigidity, absence of focal neurologic 
deficits, and bloody spinal fluid, is highly specific for sub-
arachnoid hemorrhage.

Other disorders can also produce obtundation and 
bloody spinal fluid, but are distinguished by additional 
findings, such as prominent focal neurologic deficits 
(hypertensive intracerebral hemorrhage) or signs of endo-
carditis (ruptured mycotic aneurysm).

Traumatic lumbar puncture can be excluded as the 
cause of bloody CSF by comparing red blood cell counts in 
the first and last tubes of CSF obtained and examination of 
the centrifuged CSF specimen. Blood clears as fluid is 
removed after a traumatic tap, but not after subarachnoid 
hemorrhage. As blood introduced by traumatic lumbar 
puncture does not have time to undergo enzymatic break-
down to bilirubin, centrifugation of the specimen reveals a 
colorless supernatant.

Bacterial meningitis is excluded by the presence of 
blood in the CSF or on CT scan.

CoMPliCAtionS & SequelAe

Recurrence of Hemorrhage

Recurrence of aneurysmal hemorrhage occurs in approxi-
mately 20% of patients over 10 to 14 days. It is the major acute 
complication and roughly doubles the mortality rate. Acute 
recurrence of hemorrhage from AVM is less common.

intraparenchymal extension of Hemorrhage

Although hemorrhages from an AVM commonly involve 
the brain parenchyma, this is far less common with aneu-
rysmal hemorrhage. However, rupture of an aneurysm of 
the anterior cerebral or middle cerebral artery may direct a 
jet of blood into the brain with resultant intracerebral 
hematoma producing hemiparesis, aphasia, and sometimes 
transtentorial herniation.

Arterial vasospasm

Delayed arterial narrowing (vasospasm) occurs in vessels 
surrounded by subarachnoid blood and is associated with 
ischemic neurologic deficits in more than one-third of cases. 
Clinical ischemia typically does not appear before day 4 after 
the hemorrhage, peaks at day 7 to 8, and then resolves spon-
taneously. The diagnosis can be confirmed by transcranial 
Doppler or cerebral angiography (see Chapter 2, Investigative 
Studies). The severity of vasospasm is related to the amount 
of subarachnoid blood and vasospasm is less common when 
less blood is present, such as after traumatic subarachnoid 
hemorrhage or rupture of an AVM. Vasospasm appears to 
be only one element in the genesis of delayed ischemic neu-
rologic deficits following subarachnoid hemorrhage, as one-
third of patients with delayed ischemia clinically do not have 
demonstrable vasospasm.

Acute or Subacute Hydrocephalus

Acute or subacute hydrocephalus may develop during the 
first three days—or after several weeks—as a result of 
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impaired CSF absorption in the subarachnoid space. 
Progressive somnolence, nonfocal findings, and impaired 
upgaze due to downward pressure on the midbrain should 
suggest the diagnosis.

Seizures

Seizures occur in fewer than 10% of cases and only after 
damage to the cerebral cortex. Decorticate or decerebrate 
posturing is common acutely and may be mistaken for 
seizures.

other Complications

Although inappropriate secretion of antidiuretic hormone 
and resultant diabetes insipidus can occur, they are 
uncommon.

tReAtMent

Medical treatment

Medical treatment is directed toward preventing elevation 
of arterial or intracranial pressure that might re-rupture the 
aneurysm or AVM. Typical measures include absolute bed 
rest with the head of the bed elevated 15 to 20 degrees, mild 
sedation, and analgesics for headache (antiplatelet drugs 
should be avoided). Because patients who are hypertensive 
on admission have increased mortality, reducing blood 
pressure (to approximately 160/100 mm Hg) is prudent, but 
bed rest and mild sedation are often adequate in this regard.

Hypotension should be prevented to ensure adequate 
cerebral perfusion, but intravenous fluids should be isos-
motic (normal saline) and should be administered with 
care, as overhydration can exacerbate cerebral swelling. 
Hyponatremia is frequently seen and should be managed 
by oral administration of NaCl, or intravenous 3% normal 
saline, rather than by fluid restriction.

Following definitive surgical treatment of the ruptured 
aneurysm and in the absence of other aneurysms, vaso-
spasm can be treated by induced hypertension with phen-
ylephrine or dopamine. The calcium channel antagonist 
nimodipine, 60 mg orally (or by nasogastric tube) every  
4 hours for 21 days, reduces delayed ischemic neurologic 
deficits in patients with a ruptured aneurysm through neu-
roprotective mechanisms rather than by a direct effect on 
vasospasm. Seizures are uncommon after aneurysmal 
rupture but the hypertension accompanying an acute sei-
zure increases the risk of re-rupture. Accordingly, prophy-
lactic administration of an anticonvulsant (eg, phenytoin, 
300 mg/d) is recommended in the perioperative period 
and then is discontinued.

Surgical treatment

1. Aneurysm—Definitive surgical therapy of a ruptured 
aneurysm consists of clipping the neck of the aneurysm or 
endovascular placement of a coil to induce clotting.

The neurologic examination is used to grade the 
patient’s surgical candidacy (Table 6-2). In patients who 
are fully alert (Hunt and Hess grades I and II) or only 
mildly confused (grade III), surgery has been shown to 
improve the clinical outcome. In contrast, stuporous  
(grade IV) or comatose (grade V) patients do not appear to 
benefit.

As rebleeding is maximal within the first 24 hours fol-
lowing aneurysmal rupture, early surgical intervention, is 
indicated. This approach reduces the period at risk for 
rebleeding and permits aggressive treatment of vasospasm 
with volume expansion and pharmacologic elevation of 
blood pressure.

Treatment of associated unruptured aneurysms is 
individualized. Surgery is favored by young age, previous 
rupture, family history of aneurysmal rupture, observed 
aneurysm growth, and low operative risk. Decreased life 
expectancy and asymptomatic small (<7-mm diameter) 
aneurysms favor conservative management.

2. AVM—Surgically accessible AVMs may be removed by 
en-bloc resection or obliterated by ligation of feeding ves-
sels or by embolization with a local intra-arterial catheter. 
Because the risk of an early second hemorrhage is much 
less with AVMs than with aneurysms, surgical treatment 
can be undertaken electively at a convenient time after the 
bleeding episode.

PRoGnoSiS
The mortality rate from aneurysmal subarachnoid hemor-
rhage is high. Approximately 20% of patients die before 
reaching a hospital, 25% die subsequently from the initial 
hemorrhage or its complications, and 20% die from 
rebleeding prior to surgical correction. Most deaths occur 
in the first few days after the hemorrhage.

table 6-2. Clinical Grading of Patients With 
Aneurysmal Subarachnoid Hemorrhage.

grade
Level of 

Consciousness
Associated Clinical 

Features
surgical 

Candidate

I Normal None or mild headache 
and stiff neck

Yes

II Normal Moderate headache and 
stiff neck;  minimal 
neurologic deficit (eg, 
cranial nerve palsy) in 
some cases

Yes

III Confusional 
state

Focal neurologic  deficits 
in some cases

Yes

IV Stupor Focal neurologic  deficits 
in some cases

No

V Coma Decerebrate  posturing 
in some cases

No
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The probability of survival after aneurysmal rupture is 
related to the patient’s state of consciousness and the time 
elapsed since rupture. On day 1, the probability of survival 
is 60% for symptom-free and 30% for somnolent patients; 
at 1 month, these groups have survival probabilities of 90% 
and 60%, respectively. Among survivors of aneurysmal 
subarachnoid hemorrhage, approximately one-half have 
permanent brain injury.

Nearly 90% of patients recover after subarachnoid hem-
orrhage from ruptured AVM. Although recurrent hemor-
rhage remains a danger, conservative management 
compares favorably with surgery.

Diringer MN. Management of aneurysmal subarachnoid hem-
orrhage. Crit Care Med. 2009; 37:432-440.

otHEr CErEbrovAsCuLAr DIsorDErs

intRACeReBRAl HeMoRRHAGe
Intracerebral hemorrhage commonly presents with head-
ache, vomiting, altered consciousness, and focal neurologic 
deficits. Headache in this setting results from compression 
of pain-sensitive structures by the hematoma. The most 
common cause of nontraumatic intracerebral hemorrhage 
is hypertension, but AVMs and bleeding into tumors can 
present in a similar manner. The CT scan shows a hema-
toma, which is usually located in the basal ganglia, thala-
mus, cerebellum, pons, or subcortical white matter. 
Intracerebral hemorrhage is discussed in more detail in 
Chapter 13, Stroke.

CeReBRAl iSCHeMiA
Headache occurs at onset of stroke or TIA in one-third of 
patients and may persist for hours to several days. The 
association of headache is independent of stroke etiology 
(thrombotic, embolic, lacunar), stroke severity, or hyper-
tension. Headache is more common with younger age, 
female gender, cerebellar location, and a history of 
migraine.

Headaches associated with ischemic stroke are typi-
cally mild to moderate in intensity, and nonthrobbing in 
character. Their location is determined by the pain projec-
tion sites of the involved arteries and is most often, but not 
invariably, ipsilateral to the ischemic hemisphere. Carotid 
lesions usually produce frontal (trigeminal distribution) 
pain, whereas posterior fossa strokes usually present with 
occipital headache. Headache accompanying retinal artery 
embolism or posterior cerebral artery spasm or occlu-
sion may be erroneously diagnosed as migraine because of 
the associated visual impairment.

Headache also occurs as part of the cerebral hyperper-
fusion syndrome after carotid endarterectomy and may 

be associated with hypertension, focal sensory or motor 
signs, seizures, and altered consciousness. This syndrome 
occurs on the second or third postoperative day and typi-
cally produces intense throbbing anterior headache on the 
operated side, often associated with nausea. The cause is 
thought to be impaired autoregulation of cerebral blood 
flow.

Headache associated with cerebral infarction may 
require analgesics for symptomatic relief.

Cerebral ischemia is discussed in more detail in Chapter 13, 
Stroke.

Tentschert S, Wimmer R, Greisenegger S, Lang W, Lalouschek 
W. Headache at stroke onset in 2196 patients with ischemic 
stroke or transient ischemic attack. Stroke. 2005; 36: e1-e3.

mENINgItIs or ENCEPHALItIs

Patients with infection of the meningeal covering of the 
brain (meningitis) present with a combination of new 
headache (87%), neck stiffness (83%), fever (77%), and 
altered mental state (69%). Infection involving brain 
parenchyma (encephalitis) presents similarly with head-
ache (81%), fever (90%), and altered consciousness (97%), 
but seizures are frequent (67% in encephalitis while only 
5% in meningitis).

Headache is a prominent feature of inflammation of the 
brain (encephalitis) or its meningeal coverings (meningi-
tis) caused by bacterial, viral, or other infections, as well as 
granulomatous processes, neoplasms, or chemical irritants. 
The pain is caused by inflammation of intracranial pain-
sensitive structures, including blood vessels at the base of 
the brain.

The headache is commonly throbbing in character, 
bilateral, and occipital or nuchal in location. Its severity is 
increased by sitting upright, moving the head, compressing 
the jugular vein, or performing other maneuvers (eg, 
sneezing, coughing) that transiently increase intracranial 
pressure. Photophobia may be prominent. The headache 
rarely presents suddenly, developing instead over hours to 
days.

Neck stiffness and other signs of meningeal irritation 
(see Figure 1-5) must be sought with care, as they may not 
be obvious early in the course or in encephalitis. Fever and 
lethargy or confusion are often, but not always, prominent 
features.

Mental status abnormalities accompany most cases of 
bacterial but few cases of aseptic meningitis. Changes may 
evolve rapidly and vary in severity from mild confusion to 
coma. Their duration at presentation is less than 24 hours 
in about 50% cases of bacterial meningitis. The clinical and 
laboratory findings in bacterial meningitis are summarized 
in Table 4-8.

The diagnosis of bacterial meningitis is suggested by a 
CSF examination that shows an increased white blood cell 
count (pleocytosis) and low glucose concentration 
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Ekstein D, Schachter SC. Postictal headache. Epilepsy Behav. 
2010;19:151-155.

luMBAR PunCtuRe
Post–lumbar-puncture headache is diagnosed by a history 
of a dural puncture (eg, spinal tap, spinal anesthesia) and is 
characteristically a postural headache, with marked 
increase in pain in the upright position and relief with 
recumbency. The pain is typically occipital, comes on 
within 48 to 72 hours after the procedure, and lasts 1 to  
2 days. Nausea and vomiting may occur. Headache is 
caused by persistent leak of CSF from the spinal subarach-
noid space, with resultant traction on pain-sensitive struc-
tures at the base of the brain.

The risk of this complication can be reduced by using a 
small-gauge needle (22 gauge or smaller) for the puncture. 
Lying flat afterward, for any length of time, does not lessen 
the risk.

Low-pressure headache syndromes are usually self-
limited. When this is not the case, they may respond to the 
administration of caffeine sodium benzoate, 500 mg intra-
venously, which can be repeated after 45 minutes if head-
ache persists or recurs upon standing. In persistent cases, 
the subarachnoid rent can be sealed by injection of autolo-
gous blood into the epidural space at the site of the punc-
ture; this requires an experienced anesthesiologist.

Spontaneous intracranial hypotension can produce 
headache similar in character to that caused by lumbar 
puncture. T1-weighted, gadolinium-enhanced MRI may 
show smooth enhancement of the pachymeninges and a 
“sagging brain” (Figure 6-6); the enhancement may be 
confused with that associated with meningitis. Low CSF 
pressure can produce the same MRI picture in the absence 
of headache. Autologous blood patch injection may pro-
duce immediate relief.

Bezov D, Lipton RB, Ashina S. Post-dural puncture headache: 
Part I. Diagnosis, epidemiology, etiology, and pathophysiol-
ogy. Headache. 2010;50:1144-1152.

Bezov D, Ashina S, Lipton R. Post-dural puncture headache: 
Part II. Prevention, management, and prognosis. Headache. 
2010;50:1482-1498.

HyPeRtenSive enCePHAloPAtHy
Headache may be due to a sudden elevation in blood pres-
sure caused by pheochromocytoma, sexual intercourse, the 
combination of monoamine oxidase inhibitors and tyramine- 
containing foods such as cheddar cheese, or—the most 
important cause—malignant hypertension. Blood pressures 
of 250/150 mm Hg or higher—characteristic of malignant 
hypertension—produce cerebral edema and displace pain-
sensitive structures. The induced pain is described as severe 

(hypoglycorrhachia) (see Table 4-8). Bacterial, syphilitic, 
tuberculous, viral, fungal, and parasitic infections may be 
distinguished by CSF glucose, Gram stain, acid-fast stain, 
India ink preparation, cryptococcal antibody assays, 
Venereal Disease Research Laboratory (VDRL), and cul-
tures (see Table 4-5). Treatment of meningitis and enceph-
alitis is discussed in detail in Chapter 4, Confusional 
States.

Gladstone J, Bigal ME. Headaches attributable to infectious dis-
eases. Curr Pain Headache Rep. 2010;14:299-308.

Van de Beek D, de Gans J, Spanjaard L, et al. Clinical features 
and prognostic factors in adults with bacterial meningitis.  
N Engl J Med. 2004;351:1849-1859.

Van de Beek D, de Gans J, Tunkel AR, Wijdicks EF. Community-
acquired bacterial meningitis in adults. N Engl J Med. 
2006;354:44-53.

brAIN AbsCEss

Encapsulated pus from contiguous or hematogenous 
sources produces an expanding mass resulting in head-
ache, change in mental status, focal neurologic defects, and 
fever. Seizures are the presenting event in 20% to 25%. 
Headache is the most frequent presentation (see Table 3-7) 
but the classic triad of headache with fever and focal neu-
rologic signs occurs in less than 20%. Progression is rapid 
with a mean interval of 8.3 days between symptom onset 
and hospital admission. MRI and CT scanning differenti-
ate abscess from primary or metastatic cancers. Etiology, 
clinical findings, evaluation, and treatment are discussed 
in Chapter 3, Coma.

Brouwer MC, Tunkel AR, McKhann GM, van de Beek D. Brain 
abscess. N Engl J Med. 2014; 371: 447-456.

otHEr CAusEs oF ACutE HEADACHE

SeizuReS
Preictal, ictal, and postictal headaches occur but only the 
latter are common; they are associated most often with 
generalized tonic-clonic seizures but also occur following 
seizures of simple and complex partial phenomenology. 
Migrainous features (throbbing, nausea and vomiting, 
photophobia, phonophobia) are common and similar to 
patients’ non-ictal headaches. It may be important to dif-
ferentiate these headaches from those of subarachnoid 
hemorrhage or meningitis. If doubt exists about the 
cause, lumbar puncture should be undertaken: seizures 
may produce a mild CSF pleocytosis (up to approximately 
10 cells/μL after single seizures or up to approximately 
100 cells/μL after status epilepticus), but CSF glucose 
content is normal.
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and throbbing. Other signs of diffuse or focal central nervous 
system dysfunction are also present, such as lethargy, hemi-
paresis, or focal seizures; on CT or MRI, posterior white 
matter changes may be seen (see Figure 4-21). Treatment is 
with antihypertensive drugs (see Chapter 4, Confusional 
States), but care must be taken to avoid hypotension, which 
can produce cerebral ischemia and cause stroke.

Rodriguez MA, Kumar SK, De Caro M. Hypertensive crisis. 
Cardiol Rev. 2010;18:102-107.

CoituS
Most coital headaches are benign. Men are more often 
affected than women. The pain may be either a dull, bilat-
eral pain occurring during sexual excitement or a severe, 
sudden headache occurring at the time of orgasm, presum-
ably caused by a marked increase in systemic blood pres-
sure. Persistent headache after orgasm—worse in the 
upright posture—has also been described, is reminiscent of 
post–lumbar-puncture headache, and is associated with 
low opening pressures at lumbar puncture. Each of these 
headaches is benign and subsides over minutes to days.

Patients reporting severe headache in association with 
orgasm should be evaluated for possible subarachnoid 
hemorrhage (see earlier discussion). If no hemorrhage is 

found, prophylactic treatment with indomethacin, 50 to 
100 mg orally 30 to 60 minutes prior to intercourse, may be 
effective.

Yeh YC, Fuh JL, Chen SP, Wang SJ. Clinical features, imaging 
findings and outcomes of headache associated with sexual 
activity. Cephalalgia. 2010;30:1329-1335.

oPHtHAlMiC DiSoRDeRS
Pain about the eye may occur in migraine and cluster 
headache and is also the presenting feature of iritis and 
glaucoma. Acute iritis produces extreme eye pain with 
photophobia. The diagnosis is confirmed by slit lamp 
examination; acute management involves pharmacologic 
dilatation of the pupil. Angle-closure glaucoma produces 
pain within the globe that radiates to the forehead. When 
it occurs after middle age, such a pain syndrome should 
prompt diagnostic tonometry.

cc subACutE HEADACHE

gIANt CELL ArtErItIs

Giant cell arteritis, also known as temporal arteritis, is a 
systemic vasculitis that affects medium-sized and large 

▲▲ figure 6-6. Spontaneous intracranial hypotension in a 27-year-old woman presenting with severe postural head-
aches. Sagittal and axial T1-weighted images obtained after gadolinium injections show features of “sagging brain”: 
downward displacement of the cerebellar tonsils into the foramen magnum (arrows, left image), effacement of the 
brainstem cisterns (left image; compare with normal sagittal MRI in Figure 2-3), and diffuse dural enhancement 
(arrows, right image). MRI abnormalities and symptoms reversed following an epidural blood patch. (Used with 
 permission from H.A. Rowley.)
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arteries, especially branches of the external carotid artery. 
It is characterized pathologically by subacute granuloma-
tous inflammation (consisting of lymphocytes, neutro-
phils, and giant cells). Inflammation of the pain-sensitive 
arterial wall produces headache, and arterial stenosis leads 
to ischemia.

Giant cell arteritis affects Caucasians most often, women 
twice as frequently as men, and is uncommon before  
60 years of age. It is frequently associated with malaise, 
myalgia, weight loss, arthralgia, and fever (polymyalgia 
rheumatica complex) due to peri-articular inflammation. 
The most common symptom is a new, nonspecific head-
ache, which can be unilateral or bilateral and is often fairly 
severe and boring in quality. It is characteristically local-
ized to the scalp, especially over the temporal arteries. 
Scalp tenderness may be especially apparent when lying 
with the head on a pillow or brushing the hair. Pain or stiff-
ness in the jaw during chewing (jaw claudication) is highly 
suggestive of giant cell arteritis and is due to arterial isch-
emia in the muscles of mastication. Ocular involvement 
can manifest as transient visual obscurations in one or 
both eyes lasting minutes to a few hours. Diplopia from 
ischemia to cranial nerves or muscles may be a presenting 
feature. Anterior ischemic optic neuropathy, characterized 
by pallid disk edema in one or both eyes, results in perma-
nent visual loss. Involvement of the ophthalmic artery 
may lead to sudden visual loss, as is discussed in Chapter 
7, Neuro-Ophthalmic Disorders.

The erythrocyte sedimentation rate (ESR) is elevated, 
but not invariably. The mean Westergren ESR is approxi-
mately 100 mm/h in giant cell arteritis (range, 29-144 
mm/h) and polymyalgia rheumatica (range, 58-160 
mm/h); the normal upper limit of the Westergren ESR in 
elderly patients is reported to be as high as 40 mm/h. 
Elevated ESR, C-reactive protein level >2.45 mg/dL, and 
thrombocytosis (>400,000 platelets/μL) each make the 
diagnosis more likely.

The diagnosis is made by biopsy of an affected temporal 
artery, which is characteristically thickened, nonpulsatile, 
dilated, and tender. The arteries may be affected in a patchy 
manner, and serial sections may be necessary to demon-
strate histologic vasculitis.

Possible giant cell arteritis requires prompt evaluation 
to avoid visual loss, but therapy should not be withheld 
pending biopsy diagnosis and should be continued despite 
negative biopsy findings if the diagnosis can be made with 
confidence on clinical grounds. Initial therapy is with 
prednisone 60 to 100 mg/d orally. The dose is decreased, 
usually after 1 to 2 months, depending on the clinical 
response. Alternatively, treatment can be started with 
intravenous methylprednisolone (500-1,000 mg every  
12 hours for 2 days), with prednisone substituted thereaf-
ter. The sedimentation rate returns rapidly toward normal 
with prednisone therapy and must be maintained within 
normal limits as the drug dose is tapered over 1 to 2 years. 
Although dramatic improvement in headache may occur 

within 2 to 3 days after institution of therapy, associated 
blindness is usually irreversible.

Danesh-Meyer HV, Savino PJ. Giant cell arteritis. Curr Opin 
Ophthalmol. 2007;18:443-449.

Ezeonyeji AN, Borg FA, Dasgupta B. Delays in recognition and 
management of giant cell arteritis: results from a retrospective 
audit. Clin Rheumatol. 2011;30:259-262.

INtrACrANIAL mAss

The new onset of headache in middle or late life should 
always raise concern about a mass lesion, such as a brain 
tumor (Table 6-3), subdural hematoma, or brain abscess 
(see Chapter 3, Coma), although these may or may not 
produce headache, depending on proximity to pain-sensitive 
intracranial structures. Only about one-half of patients 
with brain tumor complain of headache (Table 6-4), 
although symptoms vary to some extent with tumor type.

Headaches associated with brain tumors are most often 
nonspecific in character, mild to moderate in severity, dull 
and steady in nature, and intermittent. The pain is charac-
teristically bifrontal, worse ipsilaterally, and aggravated by 
a change in position or by maneuvers that increase intra-
cranial pressure, such as coughing, sneezing, and straining 
at stool. The headache is classically maximal on awakening 
in the morning and is associated with nausea and vomiting. 

table 6-3. Relative Incidence of Primary Central 
Nervous System Tumors.

tumor type Incidence (%)

Meningioma 34.4

Glioblastoma 16.7

Pituitary 13.1

Nerve sheath1 8.6

Astrocytoma 7.0

Other neuroepithelial 5.1

Lymphoma 2.4

Oligodendroglioma 2.0

Ependymoma 1.8

Embryonal2 1.0

Craniopharyngioma 0.7

Germ cell tumor 0.5

Other 6.6

1Includes acoustic neuroma.
2Includes medulloblastoma.
Data for 2004-2007 from Central Brain Tumor Registry of the 
United States (www.cbtrus.org).
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Subdural hematoma frequently presents with conspicuous 
headache, because its large size increases the likelihood of 
impinging upon pain-sensitive structures.

An uncommon type of headache that suggests brain 
tumor is characterized by a sudden onset of severe pain 
that reaches maximal intensity within seconds, persists for 
minutes to hours, and subsides rapidly. This may be associ-
ated with altered consciousness or “drop attacks.” Although 
classically associated with third ventricular colloid cysts, 
these paroxysmal headaches can be produced by tumors at 
many different intracranial sites.

Suspicion of an intracranial mass lesion demands 
prompt evaluation by CT scan or MRI. Brain tumor is 
excluded by a normal contrast-enhanced brain MRI scan. 
Tumor treatment depends on the histologic type (benign 
or malignant, primary or metastatic, pathologic grade), but 
may include surgical excision, radiation, and chemother-
apy. Prognosis also varies with tumor characteristics, as 
well as age, biomarkers, and gene polymorphisms.

IDIoPAtHIC INtrACrANIAL HyPErtENsIoN

Idiopathic intracranial hypertension (pseudotumor cere-
bri) is the result of a diffuse increase in intracranial pres-
sure that can cause headache of variable character, 
papilledema, pulsatile tinnitus, visual loss, and diplopia 
(from abducens [VI] nerve palsy). Impaired CSF absorp-
tion may be involved in pathogenesis. Intracranial hyper-
tension can also be symptomatic of a variety of disorders 
(Table 6-5), but these are less common than the idiopathic 
form.

Women are affected much more commonly than men, 
with a peak incidence in the third decade. Most patients 
are obese. Diffuse headache is almost always a presenting 
symptom. Transient (seconds-long) visual obscurations 
and visual blurring also occur in most cases. Visual acuity 
is normal in most patients at presentation, but moderate to 
severe papilledema is seen in almost all. Visual loss can 

develop from increased intracranial pressure, which leads 
to optic (II) nerve atrophy. Like visual loss from glaucoma, 
that due to idiopathic intracranial hypertension is charac-
terized by gradually constricting visual fields with late loss 
of central acuity.

Symptoms of idiopathic intracranial hypertension are 
generally self-limited over several months and papilledema 
may disappear, but CSF pressure remains elevated for 
years, and recurrent symptomatic episodes occur in 10%. 
Using MRI or CT brain scanning, lumbar puncture and 
laboratory studies, idiopathic intracranial hypertension 
must be differentiated from intracerebral mass lesions and 
from the disorders listed in Table 6-5. Imaging studies may 
show small (“slit like”) ventricles and demonstrate an 
empty sella turcica in 70% of instances. The optic nerve 
sheath is characteristically dilated, and the back of the 
globe is flattened. Elevated intracranial pressure (CSF 
opening pressure >250 mm H2O) is documented by lum-
bar puncture, and removal of 20 to 40 mL of CSF may 
transiently relieve headache. However, it should be noted 
that obese individuals without idiopathic intracranial 
hypertension may have opening pressures as high as  
250 mm H2O. Cells, glucose, and protein content of the 
CSF are normal.

If a cause (see Table 6-5) is identified, specific treatment 
should be given. Treatment of idiopathic cases is with acet-
azolamide (1-2 g/d); topiramate may also be effective. 
Corticosteroids are effective, but have untoward side effects, 
and papilledema tends to rebound when they are discontin-
ued. Obese patients should be encouraged to lose weight. In 
cases refractory to medical treatment, optic nerve sheath 
fenestration or lumboperitoneal or ventriculoperitoneal 
shunting may be needed to preserve vision and decrease 
headache.

Friedman DI. The pseudotumor cerebri syndrome. Neurol Clin. 
2014;32:363-396.

table 6-4. Symptoms of Brain Tumors.

Percent With symptom

symptom
Low-grade 

glioma
malignant 

glioma
meningioma 

(benign)

Headache 40 50 36

Seizure 65-95 15-25 40

Hemiparesis 5-15 30-50 22

Altered mental 
status

10 40–60 21

Data from De Angelis LM. Brain tumors. N Engl J Med. 2001; 
344:114.

table 6-5. Disorders Associated With Intracranial 
Hypertension.

Intracranial venous drainage obstruction (eg, venous sinus 
thrombosis, head trauma, polycythemia, thrombocytosis)

Endocrine dysfunction (eg, obesity, withdrawal from steroid 
 therapy, Addison disease, hypoparathyroidism)

Vitamin and drug therapy (eg, hypervitaminosis A and 13  
cis-retinoic acid in children and adolescents, tetracycline, 
minocycline, nalidixic acid)

Other (eg, chronic hypercapnia, severe right heart failure, chronic 
meningitis, hypertensive encephalopathy, severe iron 
 deficiency anemia)

Idiopathic
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trIgEmINAL NEurALgIA

Trigeminal neuralgia (tic douloureux) is a facial pain syn-
drome that develops in middle to late life and is more com-
mon in women than men. In many instances, the trigeminal 
(V) nerve roots are close to a vascular structure, and 
microvascular compression followed by demyelination of 
the nerve is believed to cause the disorder.

Pain is unilateral and typically confined to the area sup-
plied by the second (V2) and third (V3) divisions of the 
trigeminal (V) nerve (Figure 6-7). Involvement of the first 
division or bilateral disease occurs in less than 5% of cases. 
Pain occurs as lightning-like momentary (>1 second to 
approximately 2 minutes) jabs of excruciating pain that 
spontaneously abate, and attacks are stereotypic in a given 
patient. Occurrence during sleep is rare. Pain-free intervals 
may last for minutes to weeks, but long-term spontaneous 
remission is rare. Stimulation of trigger zones about the 
cheek, nose, or mouth by touch, cold, wind, talking, or 
chewing can precipitate the pain. Physical examination 
discloses no abnormalities; trigeminal sensory deficits or 
abnormal trigeminal (eg, corneal or jaw jerk) reflexes 
exclude the diagnosis. Rarely, similar pain may occur in 
multiple sclerosis or with brainstem tumors, which should 
be considered in young patients and in all patients who 
show neurologic abnormalities on examination or who 
experience bilateral symptoms.

CT scan, conventional MRI, and arteriography are nor-
mal, although high-resolution MRI techniques may show 
microvascular nerve compression.

Treatment with carbamazepine 400 to 1200 mg/d orally 
in three divided doses produces remission of pain within 
24 hours in a high percentage of cases. Rarely, blood dys-
crasia occurs as an adverse reaction to carbamazepine. 
Oxcarbazepine (600-1,800 mg/d in two divided doses) 
appears equally effective, without risk of blood dyscrasia. 
Intravenous administration of phenytoin 250 mg will abort 
an acute attack, and phenytoin 200 to 400 mg/d orally may 
be effective alone or in combination with carbamazepine if 
a second drug is necessary. Lamotrigine (400 mg/d) or 
baclofen (10 mg three times daily to 20 mg four times 
daily) can be used in refractory cases. Posterior fossa 
microvascular decompression surgery is used in patients 
who fail or cease to respond to drugs.

Bennetto L, Patel NK, Fuller G. Trigeminal neuralgia and its 
management. BMJ. 2007;334:201-205.

gLossoPHAryNgEAL NEurALgIA

Glossopharyngeal neuralgia is a rare syndrome character-
ized by unilateral pain localized to the oropharynx, tonsil-
lar pillars, base of the tongue, or auditory meatus. Pain 
may be paroxysmal, resembling that described in the pre-
ceding section for trigeminal neuralgia, or more continu-
ous and burning or aching in quality. Rarely, cardiac 
syncope due to bradyarrhythmia (Chapter 12, Seizures & 
Syncope) accompanies the pain. Trigger areas are usually 
around the tonsillar pillars, so symptoms are initiated by 
swallowing or talking. Paroxysms of pain can occur many 
times daily.

Men and women are affected about equally often, and 
symptoms begin at a somewhat younger age than in tri-
geminal neuralgia. The diagnosis is established by the his-
tory and by reproducing pain through stimulation of 
peritonsillar trigger zones. There are no abnormal neuro-
logic signs. Bilateral symptoms, abnormal signs, or other 
atypical features should prompt a search for disorders that 
can mimic glossopharyngeal neuralgia, such as multiple 
sclerosis, cerebellopontine angle tumor, and nasopharyn-
geal carcinoma.

As in trigeminal neuralgia, conventional imaging tech-
niques show no abnormalities, but high-resolution MRI 
techniques may reveal microvascular compression of the 
glossopharyngeal (IX) nerve.

Application of local anesthetics (eg, 10% lidocaine) to 
the trigger area may block the pain response. Carbamazepine 
or phenytoin (as described earlier for trigeminal neuralgia) 
usually produces dramatic relief; microvascular decom-
pression has been used in drug-resistant cases.

Blumenfeld A, Nikolskaya G. Glossopharyngeal neuralgia. Curr 
Pain Headache Rep. 2013;17:343-350.

Pain

▲▲ figure 6-7. Distribution of symptoms in trigeminal 
neuralgia.
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PostHErPEtIC NEurALgIA

Reactivation of varicella-zoster virus in the trigeminal, or 
Gasserian, ganglion causes herpes zoster (shingles), a 
vesicular skin eruption in the distribution of the trigeminal 
(V) nerve accompanied by pain and tenderness. In most 
patients, symptoms resolve within 1 to 2 months, but in 
some the pain persists for months to years as postherpetic 
neuralgia. The syndrome does not occur before age  
50 years and becomes increasingly common with advanc-
ing age. It is also observed in immunocompromised 
patients and those with leukemia or lymphoma.

Postherpetic neuralgia is characterized by constant, 
severe, stabbing or burning, dysesthetic pain. In the head, 
the first division (V1) of the trigeminal (V) nerve is most 
commonly affected, so pain is usually localized to the fore-
head on one side (Figure 6-8). Scarring may be present. 
Careful testing of the painful area reveals decreased cuta-
neous sensitivity to pinprick. The other major complica-
tion of herpes zoster in the trigeminal distribution is 
decreased corneal sensation with impaired blink reflex, 
which can lead to corneal abrasion, scarring, and ulti-
mately loss of vision.

The intensity and duration of the cutaneous eruption 
and the acute pain of herpes zoster can be reduced by treat-
ment for 7 to 10 days with acyclovir (800 mg five times 
daily), famciclovir, or valacyclovir, but this treatment has 
not been shown to lessen the likelihood of postherpetic 
neuralgia. Corticosteroids (60 mg/d prednisone, orally for 

▲▲ figure 6-8. Distribution of symptoms and signs in 
postherpetic neuralgia.

Pain and
hypesthesia

Scars

2 weeks, with rapid tapering) taken during the acute her-
petic eruption also reduce the incidence of acute herpetic 
pain, but have an uncertain effect on postherpetic pain.

Once the postherpetic pain syndrome is established, 
the most useful treatment has been tricyclic antidepres-
sants such as amitriptyline, 25 to 150 mg/d orally, which 
are thought to act directly on central nervous system pain-
integration pathways, rather than via an antidepressant 
effect; nortriptyline or desipramine may be better toler-
ated. Tricyclic antidepressant drugs may be more effective 
when combined with a phenothiazine. Of anticonvulsants, 
gabapentin (1,800-3,600 mg/d) and pregabalin (600 mg/d) 
have shown some benefit.

Lidocaine-prilocaine (2.5% cream) or lidocaine (5% gel 
or cutaneous patch) is an effective topical therapy. Topical 
capsaicin (0.075% cream or 8% patch) can also be helpful, 
but may cause local skin irritation. Capsaicin acts as a tran-
sient receptor potential cation channel (TRPV1) antagonist 
to deplete pain-mediating peptides (substance P, calcitonin 
gene-related peptide) from peripheral sensory neurons. In 
otherwise intractable cases, weekly intrathecal administra-
tion of methylprednisolone may reduce pain.

Johnson RW, Rice ASC. Postherpetic neuralgia. N Engl J Med. 
2014;371:1526-1533.

PErsIstENt IDIoPAtHIC FACIAL PAIN

Constant, boring, mainly unilateral, lower facial pain for 
which no cause can be found is referred to as persistent 
idiopathic or atypical facial pain. Unlike trigeminal neu-
ralgia, it is not confined to the trigeminal nerve distribu-
tion and is not paroxysmal. Neurologic examination in 
normal. This idiopathic disorder must be distinguished 
from similar pain syndromes related to nasopharyngeal 
carcinoma, intracranial extension of squamous cell carci-
noma of the face, or infection at the site of a tooth extrac-
tion. Treatment is with amitriptyline 20 to 250 mg/d orally, 
alone or in combination with phenelzine 30 to 75 mg/d 
orally. Phenytoin can be an effective alternative, especially 
if a tricyclic antidepressant is poorly tolerated.

cc CHroNIC HEADACHE

mIgrAINE

Migraine is common (prevalence 12%) and is manifested 
by recurrent headache, which is usually unilateral and 
frequently pulsatile in quality and often associated with 
nausea, vomiting, photophobia, phonophobia, and lassi-
tude. Prodromal symptoms affecting mood, appetite, or 
cognition occur in many patients. The migraine attack 
begins with visual or other neurologic (usually sensory) 
symptoms in approximately 15% to 20% of patients 
(migraine with aura, or classic migraine), followed by 
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the headache phase. In most cases, however, no aura 
occurs (migraine without aura, or common migraine). 
Before puberty, males and females are equally affected. 
After puberty, two-thirds to three-quarters of migraine 
cases occur in women. Onset is early in life— approximately 
25% begin during the first decade, 55% by age 20, and 
more than 90% before age 40.

GenetiCS
Susceptibility to migraine is strongly influenced by genet-
ics. A family history of migraine in at least one first-degree 
relative is present in most cases, and twin studies demon-
strate the involvement of both genetic and environmental 
factors. Autosomal dominant inheritance of migraine 
occurs in several well-recognized syndromes, including 
familial hemiplegic migraine and cerebral autosomal 
dominant arteriopathy with subcortical infarcts 
(CADASIL) (Table 6-6).

StRuCtuRAl feAtuReS
Migraine is associated with an increase in MRI-detected 
white matter lesions, infarct-like lesions, and volumetric 
changes in cerebral gray and white matter. Patients with 
and without aura are affected equally. No clear association 
with headache frequency is established. The clinical sig-
nificance of these finding is uncertain; cognitive conse-
quences have not been found.

Bashir A, Lipton RB, Ashina S, Ashina M. Migraine and struc-
tural changes in the brain: a systematic review and meta-
analysis. Neurology. 2013;81:1260-1268.

table 6-6. Autosomal Dominant and Hereditary Disorders Associated With Migraine.

gene Protein Disease Features

CACNA1A α1 subunit of neuronal Cav2.1 
(P/Q-type) voltage-gated cal-
cium channel

Familial hemiplegic migraine (FHM1);  
(50% of identified families have CACNA1A 
mutations)

Hemiplegic migraine, cerebellar 
ataxia, seizures

ATP1A2 α2 subunit of sodium-potassium 
pump

Familial hemiplegic migraine (FHM2); (20% of 
identified families have ATP1A2 mutations)

Hemiplegic migraine, seizures

SCN1A α subunit of Nav1.1 voltage-gated 
sodium channel

Familial hemiplegic migraine (FHM3) Hemiplegic migraine, seizures

MTTL1 mtDNA A-to-G transition at 
 nucleotide 3243

Mitochondrial encephalopathy with lactic 
 acidosis and stroke-like episodes (MELAS)

Migraine, seizures, hemiparesis, 
hemianopsia, cortical blindness, 
and episodic vomiting

NOTCH3 Notch3 (transmembrane receptor) Cerebral autosomal dominant arteriopathy with 
subcortical infarcts (CADASIL)

Migraine with aura, stroke, dementia

TREX1 3’ repair exonuclease 1 (DNA 
repair enzyme)

Retinal vasculopathy with cerebral 
 leukodystrophy (RVCL)

Migraine, blindness, stroke, 
 dementia, Raynaud phenomenon, 
nephropathy, cirrhosis

Kruit MC, van Buchem MA, Launer LJ, Terwindt GM, Ferrari 
MD. Migraine is associated with an increased risk of deep 
white matter lesions, subclinical posterior circulation infarcts 
and brain iron accumulation: the population-based MRI 
CAMERA study. Cephalalgia. 2010;30:129-136.

PAtHoGeneSiS
Intracranial vasoconstriction and extracranial vasodilation 
were long held to be the respective causes of the aura and 
headache phases of migraine. This theory received support 
from the efficacy of vasoconstrictive ergot alkaloids (eg, 
ergotamine) in aborting the acute migraine attack and of 
vasodilators such as amyl nitrite in abolishing the migraine 
aura. Recent studies show a more complicated picture and 
suggest that a primary disturbance of central neuronal 
activity may be responsible for both the aura and headache 
phases.

In many patients, migraine attacks are heralded by pro-
dromal fatigue or cognitive, affective, or gastrointestinal 
symptoms, which can last for up to 1 day. The basis for this 
premonitory phase is poorly understood, but it may 
reflect altered hypothalamic or brainstem functions.

At the onset of the aura phase, a decrease in cerebral 
blood flow is observed in the occipital cortex and spreads 
anteriorly across the cortex according to cytoarchitectural 
rather than vascular boundaries (Figure 6-9). In this 
respect, and in its rate of propagation (2-5 mm/min), it 
resembles the phenomenon of spreading depression, in 
which a slow wave of neuronal and glial depolarization 
decreases blood flow and inhibits neuronal activity in its 
wake. However, the areas of decreased blood flow do not cor-
respond to the cortical regions responsible for a particular 
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▲▲ figure 6-9. Central and peripheral nervous system sites proposed to be involved in migraine pathogenesis. 
During the aura phase, a reduction in cortical blood flow spreads anteriorly from the occipital cortex (large arrow), 
which is thought to be due to spreading depression. During the headache phase, sterile inflammation in the menin-
ges may activate trigeminal (V) nerve sensory fibers that project to the nucleus caudalis, periaqueductal gray, sen-
sory thalamic nuclei, and primary somatosensory cortex (small arrows). Alternatively, this central sensory pathway 
may convey normal afferent signals that are interpreted as noxious.

aura, the extent of decrease is insufficient to cause ischemic 
symptoms, and blood flow may remain depressed after 
aura symptoms have resolved and headache has begun. In 
addition, inhibiting spreading depression can prevent the 
migraine aura (but not the subsequent headache). These 
findings suggest that changes in neuronal activity, rather 
than ischemia, produce the aura. However, what initiates 
spreading depression and its relationship, if any, to the 
premonitory phase are poorly understood.

Two principal mechanisms have been proposed to 
explain the headache phase. According to one theory, pain 
is triggered peripherally in primary sensory trigeminal 
neurons innervating the meninges and blood vessels, per-
haps as a result of sterile inflammation. These neurons 
project to the nucleus caudalis in the brainstem, and from 
there to the periaqueductal gray, sensory thalamic nuclei, 
and somatosensory cortex. Another theory holds that there 
is a primary disturbance of central pain pathways, so that 

normally innocuous sensory input is misinterpreted as 
signaling pain, a phenomenon called allodynia.

CliniCAl finDinGS

Migraine With Aura (Classic Migraine)

In 30% of migraine patients, headache is preceded by tran-
sient neurologic symptoms (aura). The most common auras 
are visual alterations, particularly hemianopic field defects 
and scotomas (blind spots) and scintillations (flickerings) 
that enlarge and spread peripherally (Figure 6-10). A throb-
bing unilateral headache ensues (Figure 6-11). The fre-
quency of headache varies, but more than 50% of patients 
experience no more than one attack per week. The duration 
of episodes is greater than 2 hours and less than 1 day in most 
patients. Remissions are common during the second and 
third trimesters of pregnancy and after menopause.
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Although hemicranial pain is a hallmark of classic 
migraine, headaches can also be bilateral. They can also be 
occipital in location—a characteristic commonly attrib-
uted to tension-type headaches.

During the headache, prominent associated symptoms 
include nausea, vomiting, photophobia, phonophobia, irrita-
bility, osmophobia, and lassitude. Vasomotor and autonomic 

symptoms are also common. Light-headedness, vertigo, 
ataxia, or altered consciousness may occur in basilar 
migraine, which can be distinguished from stroke by both the 
gradual onset (“migrainous march”) and spontaneous resolu-
tion of symptoms. Migraine occasionally produces neurologic 
deficits that persist into or beyond the pain phase (eg, hemi-
plegic migraine) and may rarely cause stroke.

Especially after 50 years of age, the aura may occur 
without headache (late-life migraine equivalents). 
Symptoms include visual disturbance, hemiparesis, hemi-
sensory loss, dysarthria, or aphasia and usually last for  
15 to 60 minutes.

Migraine Without Aura (Common Migraine)

Migraine without aura is much more common than 
migraine with aura and produces headache that is most 
often bilateral and periorbital in location. The pain may be 
described as throbbing, particularly when severe. Nausea, 
vomiting, and photophobia are common. As the pain per-
sists, associated cervical muscle contraction can com-
pound the symptoms. Scalp tenderness is often present 
during the episode. If untreated, headache usually persists 
for 4 to 72 hours and is occasionally terminated by vomit-
ing. In both common and classic migraine, compressing 
the ipsilateral carotid or superficial temporal artery during 
headache may reduce its severity.

Chronic (transformed) Migraine and 
Medication overuse Headache

Episodic migraine can change its clinical features over 
months to years, evolving into a chronic headache syn-
drome with nearly daily pain. The headache often loses its 
classic migrainous features. Obesity, prior headache fre-
quency, and caffeine use are associated risk factors. A com-
mon subgroup of chronic migraine is that of headache 
from medication overuse.

▲▲ figure 6-10. Successive maps of scintillating scotoma (blind spot) to show the evolution of fortification figures 
(jagged edges) and associated scotoma in a patient with classic migraine. As the fortification moves laterally, a 
region of transient blindness remains.

▲▲ figure 6-11. Distribution of pain in migraine. 
Hemicranial pain (the pattern shown) is most common, 
but the pain can also be holocephalic, bifrontal, or uni-
lateral frontal in distribution or, less commonly, local-
ized to the occiput or the vertex of the skull.

Time (min)

15 300

Pain 
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table 6-7. Acute (Abortive) Treatment of Migraine Headache.

Drug route1 strength recommended Dose Comments

Simple analgesics

Aspirin PO 325 mg 650 mg q4h May cause gastric pain or bleeding and rebound 
headache if used frequently.Naproxen sodium PO 250, 375, 500 mg 500–1,000 mg at onset, 

then 250–500 prn 
after 1 hour

Ibuprofen PO 200, 400, 600,  
800 mg

800-1,200 mg at onset, 
then 600-800 mg 
q4–8h

Ketoprofen PO 25, 50, 75, 100,  
150, 200 mg

75-150 mg q6h

Acetaminophen PO

PR

325, 500 mg 650-1,000 mg at onset, 
then q4h

Acetaminophen/isometheptene/dichloralphena-
zone is marketed as Midrin.

(If analgesics ineffective, switch to triptans for next headache.)
Triptans

Sumatriptan∗∗

Rizatriptan∗

Zolmitriptan∗∗

Almotriptan∗∗

Eletriptan∗

Frovatriptan∗∗∗

Naratriptan∗∗∗

NS

PO

SC

PO

PO

NS

PO

PO

PO

PO

20 mg/spray

25, 50, 100 mg

6 mg

5, 10 mg

2.5, 5 mg

5 mg/spray

6.25, 12.5 mg

20, 40 mg

2.5 mg

1, 2.5 mg

20 mg

50-100 mg

6 mg

10 mg

2.5-5 mg

5 mg

6.25-12.5 mg

40 mg

2.5 mg

2.5 mg

May repeat once after 2 hours for partial 
response. May cause nausea and vomiting; 
contraindicated by pregnancy, coronary or 
peripheral vascular disease, concurrent treat-
ment with monoamine oxidase inhibitors, and 
possibly hemiplegic or basilar migraine. 
Common side effects: chest tightness, 
 extremity parasthesias

 
∗Onset of effect 30 minutes
∗∗Onset of effect 45-60 minutes
∗∗∗ Require 4 hrs for effect but are long acting

Triptan response rate 60-80%. Faster-acting 
 triptans have more frequent headache recur-
rence which can be attenuated by NSAID 
 co-administration.

Ergot alkaloids (not to be combined with triptans)

Ergotamine/ 
caffeine 
(Cafergot)

PR 2 mg/100 mg 1/4-2 suppositories, up 
to 5 per week

May cause nausea and vomiting; contraindicated 
in pregnancy and coronary or peripheral vas-
cular disease.

Dihydroergotamine 
(DHE)

NS 0.5 mg/spray 1 spray to each nostril, 
up to 5 times per 
week

Repeat after 15 minutes. May cause nausea and 
vomiting; contraindicated in pregnancy and 
coronary or peripheral vascular disease.

SC 1 mg/mL 1-2 mg Repeat 1 mg q12h, up to 6 mg

IV 0.75-1.25 mg IV

Narcotic analgesics

Codeine/aspirin PO 15, 30, 60/325 mg 30-120 mg codeine

Meperidine PO
IM

50, 100 mg 50-200 mg

Butorphanol NS 10 mg/mL (1 mg/spray) 1 spray every 3-4 hours 
as needed

(continued )
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(Continued )table 6-7. Acute (Abortive) Treatment of Migraine Headache.

Drug route1 strength recommended Dose Comments

Antiemetics

Prochlorperazine PO 5, 10, 15 mg 25 mg q6h

Adjunctive treatment to reduce nausea and 
improve enteric absorption of antimigraine 
drugs. Extrapyramidal side effects may occur.

PR 2.5, 5, 25 mg 25 mg q12h

IM, IV 5 mg/mL 10 mg (with 10 mg 
diphenhydramine)

Chlorpromazine IM 25 mg/mL 50 mg

IV 25 mg/mL 0.1 mg/kg drip over  
20 minutes

Promethazine PO, PR 12.5, 25, 50 mg 25-50 mg q6h

Metoclopramide PO 5, 10 mg 5-20 mg tid

1bid, twice daily; hs, at bedtime; IM, intramuscular; IV, intravenous; NS, nasal spray; PO, oral; PR, rectal; prn, as needed; q, every; qd, every 
day; qod, every other day; SC, subcutaneous; tid, three times daily.

Overuse of medications used to treat migraine or other 
forms of headache can lead to a chronic daily headache 
syndrome. Most patients have migraine as their underlying 
problem and have overused simple analgesics or triptans, 
but patients with other types of headache and those using 
other classes of drugs are also susceptible. Most patients 
are women. Headache is characteristically present at least 
15 days per month for at least 3 months. Treatment 
involves tapering or withdrawal of the offending medica-
tions, and beginning prophylactic therapy (Table 6-8). 
Corticosteroids may be useful for “bridge therapy” attenu-
ating drug withdrawal exacerbation of headache.

Dodick DW. Chronic daily headache. N Engl J Med. 2006; 
354:158-165.

PReCiPitAtinG fACtoRS
Migraine attacks can be precipitated by certain foods 
(tyramine-containing cheeses; meat, such as hot dogs or 
bacon, with nitrite preservatives; chocolate containing 
phenylethylamine but not chocolate alone) and by food 
additives such as monosodium glutamate, a commonly 
used flavor enhancer. Fasting, emotion, menses, drugs 
(especially oral contraceptive agents and vasodilators such 
as nitroglycerin), and bright lights may also trigger attacks.

tReAtMent
Tables 6-7 and 6-8 summarize treatment options in 
migraine, which can be divided into measures used to 
abort attacks in progress (abortive) and to prevent future 
episodes (prophylactic).

Acute migraine attacks often respond to simple analge-
sics or, if these are ineffective, serotonin 5-HT1B/D receptor 
agonists (triptans) or ergot alkaloids (eg, dihydroergota-
mine). A new class of antimigraine drugs—calcitonin 
gene-related peptide receptor antagonists (eg, telcagepant, 
olcegepant)—may also prove to be useful for this purpose. 
Drugs for acute (abortive) treatment (Table 6-7) must be 
taken at the onset of symptoms to be maximally effective. 
Rapidly absorbed parenteral formulations are superior to 
oral preparations. Nausea, a prominent feature of migraine, 
is also a common side effect of some antimigraine drugs, 
so that administration by other than the oral route or con-
comitant administration of an antiemetic (Table 6-8) may 
be necessary. Ergot alkaloids and triptans are contraindi-
cated in patients with hypertension or other cardiovascular 
disease and should not be used together.

Prophylactic treatment should be used in patients with 
two or more headaches per week or those in whom abor-
tive treatment is inadequate. Tricyclic antidepressants, 
β-blockers, anticonvulsants, and calcium channel blockers 
can be tried in that order, unless concurrent illnesses or 
medications dictate differently (see Table 6-8).

Migraine during pregnancy should be treated only with 
narcotic analgesics, although sumatriptan is safe in the first 
trimester. Acetaminophen is sometimes helpful but other 
antimigraine drugs may be teratogenic or cause complica-
tions in pregnancy. Precipitating factors should be avoided.

Goadsby PJ, Goldberg J, Silberstein SD. Migraine in pregnancy. 
BMJ. 2008;336:1502-1504.

Goadsby PJ, Sprenger T. Current practice and future directions 
in the prevention and acute management of migraine. Lancet 
Neurol. 2010;9:285-298.
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table 6-8. Prophylactic Treatment of Migraine Headache

Drug route1 strength
recommended 

Dose Comments

Anti-inflammatory agents

Aspirin PO 325 mg 325 mg qod May cause gastric pain or bleeding

Naproxen sodium PO 275, 550 mg 550-825 mg bid

Tricyclic antidepressants

Amitriptyline PO 10, 25, 50, 75, 100, 
150 mg

10-300 mg hs May cause dry mouth or urinary retention. Begin with 
lowest dose and increase slowly. Adding an anticon-
vulsant  may increase efficacy.

Nortriptyline PO 10, 25, 50, 75 mg 10-150 mg hs

Desipramine PO 10, 25, 50, 75, 100 mh 25-300 mg qhs

Protriptyline PO 5, 10 mg 15-40 md/d in 3-4 
doses

Protriptyline is less sedating than other tricyclics but 
dry mouth and constipation may be problematic

β-Receptor antagonists

Propranolol* PO

PO (long 
acting)

10, 20, 40, 60, 80, 90 
mg

60, 80, 120, 160 mg

20-120 mg bid

60-320 mg qd Listed in descending order of efficacy. Symptomatic 
bradycardia may occur at high doses. 
Contraindicated in asthma and congestive heart fail-
ure and in patients on calcium channel blockers. To 
discontinue, taper over 1-2 weeks.∗ most effective

Timolol* PO 10, 20 mg 10-30 mg qd

Metoprolol* PO 50, 100 mg 100-200 mg qd

Nadolol PO 40, 80, 120, 160 mg 40-240 mg qd

Atenolol PO 50, 100 mg 50-200 mg qd

Anticonvulsants

Valproic acid PO 125, 250, 500 mg;  
500 mg extended 
release

250-500 mg bid or 
1,000 mg qhs as 
single dose with 
extended release

Begin with lowest dose. Contraindicated in women of 
childbearing age.

Topiramate PO 25, 50, 100, 200 mg 25-200 mg qd Start 25 mg hs and increase by 25 mg/d every 7 days as 
tolerated. Optimal dose 100 mg/d. Paresthesias in 
50%. Altered mental state may require lowering 
dose. Rare: nephrolithiasis, angle-closure glaucoma.

Gabapentin PO 100, 300, 400,  
600, 800 mg

1800-2,400 mg qd Less effective than other anticonvulsants. Sedating.

Calcium channel antagonists

Verapamil PO 40, 80, 120 mg 80-160 mg tid Contraindicated by severe left ventricular dysfunction, 
hypotension, sick sinus syndrome without artificial
pacemaker, second- or third-degree AV nodal block, 
and in patients on β-blockers. Constipation is most 
common side effect. Verapamil ineffective in 
migraine without aura.

Flunarizine PO  
(long 
acting)

240 mg 240 mg qd-bid

PO 5, 10 mg 5-15 mg/day

Other agents2

Riboflavin  
(vitamin B2)

PO Various 400 mg/d May require 4-8 weeks for onset and increased effect 
over 3-6 months. Urine turns dark.

Onabotulinum  
toxin A

IM 100 units/vial 100-250 units Not effective in episodic but very effective in chronic 
migraine. Injected into head and neck muscles.

1bid, twice daily; hs, at bedtime; IM, intramuscular; IV, intravenous; NS, nasal spray; PO, oral; PR, rectal; prn, as needed; q, every; qd, every 
day; qod, every other day; SC, subcutaneous; tid, three times daily.
2Other agents reported as effective include magnesium 200-1200 mg/d, coenzyme Q10 150 mg tid, feverfew 6.25 mg tid, butterbur  
75 mg bid, and memantine 5-20 mg tid.
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agents. Melatonin (10 mg/d) can also be helpful. Drugs used 
for maintenance prophylaxis are discontinued at the end of 
the cluster.

C. transitional Prophylaxis

Administration of prednisone at the beginning of a cluster 
cycle can be abortive, when given as 40 to 80 mg/d orally 
for 1 week, and then discontinued by tapering the dose 
over the following week. Intravenous methylprednisolone 
or dihydroergotamine may be useful as well.

▲▲ figure 6-13. Ptosis of the right eye during acute 
cluster headache. Other components of Horner syn-
drome (pupillary miosis, and regional anhydrosis) may 
also occur.

▲▲ figure 6-12. Distribution of symptoms and signs in 
cluster headache.
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CLustEr HEADACHE & trIgEmINAL
AutoNomIC CEPHALALgIAs

CliniCAl finDinGS
Cluster headache presents as clusters of brief, very severe, 
unilateral, constant, nonthrobbing headaches that last 
from 15 minutes to 3 hours. Unlike migraine headaches, 
cluster headaches are always unilateral and usually recur 
on the same side in any given patient. They occur most 
often at night, awakening the patient from sleep, and recur 
daily, often at nearly the same time of day (circadian peri-
odicity), for a cluster period of weeks to a few months. 
Patients may pace restlessly during attacks. Between clus-
ters, the patient may be free from headaches for months or 
years. The cause is unknown, but functional MRI during 
attacks has shown hypothalamic activation.

Cluster headache occurs much more frequently in men 
than in women and typically begins at a somewhat later age 
than migraine (mean onset at 25 years). There is rarely a 
family history.

The headache may begin as a burning sensation over 
the lateral aspect of the nose or as pressure behind the eye 
(Figure 6-12). The pain is throbbing, sharp, or stabbing. 
Ipsilateral conjunctival injection, lacrimation, nasal stuffi-
ness, and Horner syndrome (Figure 6-13) are commonly 
associated with the attack. Episodes may be precipitated by 
the use of alcohol or vasodilating drugs, especially if used 
during a cluster siege.

tReAtMent
At the onset of a headache cluster, treatment involves mea-
sures both to abort the acute attack and to prevent subse-
quent ones.

A. Acute treatment

Prompt relief of pain is achieved by inhalation of 100% 
oxygen (7-12 L/min for 15-20 minutes) or subcutaneous 
administration of sumatriptan (6 mg, repeated once per 
attack if necessary) (see Table 6-7). Alternative abortive 
treatments include intranasal sumatriptan, zolmitriptan, or 
lidocaine; subcutaneous octreotide; intravenous, intramus-
cular, subcutaneous, or intranasal dihydroergotamine; and 
oral zolmitriptan.

B. Maintenance Prophylaxis

Several drugs used in the treatment of migraine (see  
Table 6-8), are also useful for preventing recurrent symp-
toms during an active bout of cluster headache (mainte-
nance prophylaxis). The most widely used drug is verapamil 
(80 mg three times daily or sustained-release 240 mg/d; 
doses of 720 mg/d may be required). Anticonvulsants such 
as valproic acid (500-2,000 mg/d), gabapentin (300-3,600 
mg/d), and topiramate (50-200 mg/d) are second-line 
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D. Cluster Headache variants

Chronic rather than episodic cluster headaches may occur. 
A bilateral variant is hypnic headache, which lacks the 
autonomic components of cluster headache and occurs in 
the elderly. Multiple, brief 10 to 20 minutes episodes of 
recurrent pain for approximately five days are called parox-
ysmal hemicrania. These are more common in women. 
Each of these syndromes responds dramatically to indo-
methacin 25 to 50 mg three times daily.

e. invasive treatment

Invasive treatments are reserved for patients who fail to 
respond to medications and include greater occipital nerve 
block and radiofrequency trigeminal ganglion ablation or 
trigeminal rhizotomy.

Francis GJ, Becker WJ, Pringsheim TM. Acute and preventive 
pharmacologic treatment of cluster headache. Neurology. 
2010;75:463-473.

tENsIoN-tyPE HEADACHE

Tension-type headache is the term used to describe chronic 
or recurrent headache of inapparent cause that lack fea-
tures of migraine or other headache syndromes. The 
underlying pathophysiologic mechanism is unknown, and 
“tension” is unlikely to be primarily responsible. 
Contraction of neck and scalp muscles has not been dem-
onstrated by electromyography and, if present, is probably 
a secondary phenomenon.

In its classic form (Figure 6-14), tension-type headache 
is a chronic disorder that begins after age 20 years. It is 
characterized by attacks of nonthrobbing, bilateral occipi-
tal head pain that is not associated with nausea, vomiting, 
or prodromal visual disturbance. Headache duration is 
from hours to days. The pain is sometimes likened to a 
tight band around the head.

Women are more commonly affected than men. 
Although tension-type headache and migraine have been 
traditionally considered distinct disorders, many patients 
have headaches that exhibit features of both. Thus some 
patients who are classified as having tension-type headaches 
experience throbbing headaches, unilateral head pain, or 
nausea with attacks. In consequence, it may be more accu-
rate to view tension-type headache and migraine as repre-
senting opposite poles of a single clinical spectrum.

Drugs used in the treatment of tension-type headache 
include many of the same agents used for migraine (see 
Tables 6-7 and 6-8). Acute attacks may respond to aspirin, 
other nonsteroidal anti-inflammatory drugs, or acetamin-
ophen. Tension-type headache in migraineurs may respond 
to triptans. For prophylactic treatment, amitriptyline, nor-
triptyline, or imipramine is often effective, and proprano-
lol is useful in some cases. Selective serotonin reuptake 

inhibitors are less effective. Trials of botulinum toxin 
mostly show that it is unhelpful. Massage, physical therapy, 
and relaxation techniques can provide additional benefit in 
selected cases.

Fumal A, Schoenen J. Tension-type headache: current research 
and clinical management. Lancet Neurol. 2008;7:70-83.

Loder E, Rizzoli P. Tension-type headache. BMJ. 2008;336: 
88-92.

ICEPICk-LIkE PAIN

Very brief, sharp, severe pain located in the scalp outside of 
the trigeminal distribution is called “icepick-like pain.” 
Paroxysms of pain are single or repetitive or occur in clus-
ters, either at a single point or scattered over the scalp. Pain 
is experienced as an electric-like jab that reaches maximal 
intensity in less than 1 second, resolves rapidly, and is 
severe enough to cause involuntary flinching. Icepick-like 
pain is more common in those with migraine or cluster 
headache, but may occur in individuals who are otherwise 
headache-free. Patients frequently seek medical attention 
because of the intensity of the pain. If the bouts of pain are 
recurrent, treatment may be indicated. The syndrome 
responds to indomethacin (25-50 mg three times daily); 
gabapentin (400 mg twice daily) and melatonin (3-12 mg 
at bedtime) have also been reported as effective.

Dodick DW. Indomethacin-responsive headache syndromes. 
Curr Pain Headache Rep. 2004;8:19-26.

▲▲ figure 6-14. Distribution of symptoms and signs in 
tension-type headache.
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CErvICAL sPINE DIsEAsE

Injury or degenerative disease processes involving the 
upper neck can produce pain in the occiput or orbital 
regions. The most important source of discomfort is irrita-
tion of the second cervical (C2) nerve root. Disk disease or 
abnormalities of the articular processes affecting the lower 
cervical spine refer pain to the ipsilateral arm or shoulder, 
not to the head, although cervical muscle spasm may 
occur. Acute pain of cervical origin is treated with immo-
bilization of the neck (eg, with a soft collar) and analgesic 
or anti-inflammatory drugs.

Bogduk N, Govind J. Cervicogenic headache: an assessment of 
the evidence on clinical diagnosis, invasive tests, and treat-
ment. Lancet Neurol. 2009;8:959-968.

sINusItIs

Acute sinusitis can produce pain and tenderness localized 
to the affected frontal or maxillary sinuses. Inflammation 
in the ethmoidal or sphenoidal sinuses produces a deep 
midline pain behind the nose. Sinusitis pain is increased by 
bending forward and by coughing or sneezing. Percussion 
over the frontal or maxillary area produces tenderness and 
accentuation of pain.

Sinusitis is treated with vasoconstrictor nose drops (eg, 
phenylephrine, 0.25%, instilled every 2-3 hours), antihista-
mines, and antibiotics. In refractory cases, surgical sinus 
drainage may be necessary.

Patients who complain of chronic “sinus” headache 
rarely have recurrent inflammation of the sinuses; they are 
much more likely to have a primary headache syndrome.

Cady RK, Dodick DW, Levine HL, et al. Sinus headache: a neurol-
ogy, otolaryngology, allergy, and primary care consensus on 
diagnosis and treatment. Mayo Clin Proc. 2005;80:908-916.

DENtAL DIsEAsE

Temporomandibular joint dysfunction is a poorly 
defined syndrome characterized by preauricular facial 
pain, limitation of jaw movement, tenderness of the 
muscles of mastication, and “clicking” of the jaw with 
movement. Symptoms are often associated with maloc-
clusion, bruxism, or clenching of the teeth and may result 
from spasm of the masticatory muscles. Some patients 
benefit from local application of heat, jaw exercises, noc-
turnal use of a bite guard, or nonsteroidal anti-inflamma-
tory drugs.

Scrivani SJ, Keith DA, Kaban LB. Temporomandibular disor-
ders. N Engl J Med. 2008;359:2693-2705.

Infected tooth extraction sites can also give rise to 
pain, which is characteristically constant, unilateral, and 
aching or burning in character. Although radiologic stud-
ies may be normal, injection of a local anesthetic at the 
extraction site relieves the symptoms. Treatment is with 
jawbone curettage and antibiotics.

cc gENErAL rEFErENCEs

Bo SH, Davidsen EM, Gulbrandsen P, Dietrichs E. Acute head-
ache: a prospective diagnostic work-up of patients admitted 
to a general hospital. Eur J Neurol. 2008;15:1293-1299.

Nappi G, Moskowitz MA, eds. Headache. Handbook of Clinical 
Neurology, Vol 97. Amsterdam: Elsevier; 2011.

Robbins MS, Grosberg BM, Lipton RB, eds. Headache. 
Chichester, UK: Wiley Blackwell; 2013.

Worthington I, Pringsheim T, Gawel MJ, et al. Canadian 
Headache Society Guideline: acute drug therapy for migraine 
headache. Can J Neurol Sci. 2013;40(suppl 3):S1-S80.
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cc APPROACH TO DIAgNOSIS

Disorders that affect the ocular muscles, ocular motor (III, IV, 
and VI) cranial nerves, or visual or ocular motor pathways in 
the brain produce a wide variety of neuro-ophthalmic distur-
bances. Because the anatomic pathways of the visual and 
ocular motor systems traverse major portions of the brain-
stem and cerebral hemispheres, neuro-ophthalmic symptoms 
and signs are often valuable in the anatomic localization and 
diagnosis of neurologic disease.

FUNCTIONAL ANATOMy OF THE 
VISUAL SySTEM

ViSuAl input
Visual information enters the nervous system when light, 
refracted and focused by the lens, creates a visual image on 
the retina at the back of the eye (Figure 7-1). The action of 
the lens causes this image to be reversed in the horizontal 
and vertical planes. Thus the superior portion of the visual 
image falls on the inferior retina and vice versa, and the 
temporal (lateral) and nasal (medial) fields are likewise 
reversed (Figure 7-2). The center of the visual field is 
focused at the fovea, where the retina’s perceptual sensitiv-
ity is greatest. Within the retina, photoreceptor cells (rods 
and cones) transduce incident light into neuronal impulses, 
which are transmitted by retinal neurons to the optic (II) 
nerve. At this and all other levels of the visual system, the 
topographic relations of the visual field are preserved.

pERiphERAl ViSuAl pAthwAyS
Each optic nerve contains fibers from one eye, but the 
nasal (medial) fibers, conveying information from the tem-
poral (lateral) visual fields, cross in the optic chiasm (see 
Figures 1-13 and 7-2). As a result, each optic tract contains 
fibers not from one eye, but from one-half of the visual 
fields. Because of this arrangement, prechiasmal lesions 
affect vision in the ipsilateral eye and retrochiasmal 
lesions produce defects in the contralateral half of the 
visual field of both eyes (see Figure 1-13).

CEntRAl ViSuAl pAthwAyS
The optic tracts terminate in the lateral geniculate nuclei, 
synapsing on neurons that project through the optic radia-
tions to the primary visual or calcarine cortex (area 17), 
located near the posterior poles of the occipital lobes, and 
visual association areas (areas 18 and 19). Here, too, the 
visual image is represented in such a way that its topo-
graphic organization is preserved (Figure 7-3). The central 
region of the visual field (macula) is represented in the 
most posterior portion of the visual cortex, whereas the 
inferior and superior parts of the field (superior and 

inferior retina) are represented above and below the calca-
rine fissure, respectively.

VASCulAR Supply of ViSuAl pAthwAyS
The vascular supply of the visual system is derived from 
the ophthalmic, middle cerebral, and posterior cerebral 
arteries (Figure 7-4); ischemia or infarction in the territory 
of any of these vessels can produce visual field defects.

1. Retina—The retina is supplied by the central retinal 
artery, a branch of the ophthalmic artery, which is itself 
a branch of the internal carotid artery. Because the cen-
tral retinal artery subsequently divides into superior 
and inferior retinal branches, vascular disease of the 
retina tends to produce altitudinal (ie, superior or infe-
rior) visual field deficits.

2. Optic nerve—The optic nerve receives arterial blood 
primarily from the ophthalmic artery and its branches.

Temporal
retina

Fovea

Optic nerve

Optic disk

Nasal
visual
field

Nasal
retina

18°

13°

Point of fixationPhysiologic
blind spot

Temporal
visual
field

▲▲ figure 7-1.  Representation of the visual field at the 
level of the retina. The point of fixation is focused on 
the fovea, the physiologic blind spot on the optic disk, 
the temporal half of the visual field on the nasal side of the 
retina, and the nasal half of the visual field on the temporal 
side of the retina.
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of gaze. Equal and opposed actions of these six muscles in 
the resting state place the eye in mid- or primary position, 
that is, looking directly forward. When the function of one 
extraocular muscle is disrupted, the eye is unable to move 
in the direction of action of the affected muscle (ophthal-
moplegia) and may deviate in the opposite direction 
because of the unopposed action of other extraocular 
muscles. When the eyes are thus misaligned, visual images 
of perceived objects fall on a different region of each retina, 
creating the illusion of double vision, or diplopia.

CRAniAl nERVES
The extraocular muscles are innervated by the oculomotor 
(III), trochlear (IV), and abducens (VI) nerves. Because of 
this differential innervation of the ocular muscles, the pat-
tern of their involvement in pathologic conditions can help 
to distinguish a disorder of the ocular muscles from a dis-
order that affects a cranial nerve. Cranial nerves that con-
trol eye movement traverse long distances to pass from the 
brainstem to the eye; they are thereby rendered vulnerable 
to injury by a variety of pathologic processes.

1. Oculomotor (III) nerve—The oculomotor nerve sup-
plies the medial rectus, superior and inferior rectus, 
and inferior oblique muscles and carries fibers to the 
levator palpebrae (which raises the eyelid). It also sup-
plies the parasympathetic fibers responsible for 

Upper peripheral quadrant of retina 

Lower peripheral quadrant of retina 

Upper quadrant of macula

Lower quadrant of macula

▲▲ figure 7-3. Representation of the visual field at the 
level of the primary visual cortex, midsagittal view, 
shows the medial surface of the right occipital lobe, 
which receives visual input from the left side of the 
visual field of both eyes.
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▲▲ figure 7-2. Representation of the visual field at the 
level of the optic nerve, chiasm, and tract. Quadrants of 
the visual field are designated ST (superior temporal), IT 
(inferior temporal), SN (superior nasal), and IN (inferior 
nasal).

3. Optic radiations—As the optic radiations course back-
ward toward the visual cortex, they are supplied by 
branches of the middle cerebral artery. Ischemia or 
infarction in the distribution of the middle cerebral 
artery may thus cause loss of vision in the contralateral 
visual field (see Figure 1-13).

4. Primary visual cortex—The primary visual cortex is 
supplied principally by the posterior cerebral artery. 
Occlusion of one posterior cerebral artery produces 
blindness in the contralateral visual field, although the 
dual (middle and posterior cerebral) arterial supply to 
the macular region of the visual cortex may spare cen-
tral (macular) vision. Because the posterior cerebral 
arteries arise together from the basilar artery, occlusion 
at the tip of the basilar artery can cause bilateral occipi-
tal infarction and complete cortical blindness—
although, in some cases, macular vision is spared.

FUNCTIONAL ANATOMy OF THE 
OCULAR MOTOR SySTEM

ExtRAoCulAR MuSClES
Movement of the eyes is accomplished by the action of six 
muscles attached to each globe (Figure 7-5). These mus-
cles act to move the eye into each of six cardinal positions 
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pupillary constriction. With a complete nerve III lesion, 
the eye is partially abducted, and cannot be adducted 
elevated, and depressed; the eyelid droops (ptosis), and 
the pupil is nonreactive.

2. Trochlear (IV) nerve—The trochlear nerve innervates 
the superior oblique muscle. Lesions of this nerve result 
in defective depression of the adducted eye.

3. Abducens (VI) nerve—Lesions of the abducens nerve 
cause lateral rectus palsy, with impaired abduction of 
the affected eye.

CRAniAl nERVE nuClEi
The nuclei of the oculomotor (III) and trochlear (IV) 
nerves are located in the dorsal midbrain, ventral to the 
cerebral aqueduct (of Sylvius), whereas the abducens (VI) 
nerve nucleus occupies a similarly dorsal and periventricu-
lar position in the pons. Lesions involving these nuclei give 

rise to clinical abnormalities similar to those produced by 
involvement of their respective cranial nerves; in some 
cases, nuclear and nerve lesions can be distinguished.

1. Oculomotor (III) nerve nucleus—Although each ocu-
lomotor nerve supplies muscles of the ipsilateral eye 
only, fibers to the superior rectus originate in the con-
tralateral oculomotor nerve nucleus, and the levator 
palpebrae receives bilateral nuclear innervation. Thus 
ophthalmoplegia affecting only one eye with ipsilateral 
ptosis or superior rectus palsy suggests oculomotor 
nerve disease, whereas ophthalmoplegia with by bilat-
eral ptosis or a contralateral superior rectus palsy is 
probably due to a nuclear lesion.

2. Trochlear (IV) nerve nucleus—It is not possible to 
distinguish clinically between lesions of the trochlear 
nerve (see earlier) and those of its nucleus.

3. Abducens (VI) nerve nucleus—In disorders affecting 
the abducens nerve nucleus (rather than the nerve itself), 
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▲▲ figure 7-4. Arterial supply of the visual system, viewed from below.
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▲▲ figure 7-5. Anatomy and function of extraocular muscles. (A) Extraocular muscles in the left orbit (lateral view). 
(B) An illustration of the right eye viewed from above in the primary position (center figure) showing the angle of 
attachment of the superior and inferior rectus muscles and the superior and inferior oblique muscles. With the eye 
directed to the right, the superior and inferior rectus muscles can now be examined as pure elevators and depres-
sors of the globe (right image), and with the eye deviated to the left, the oblique muscles can now be examined as 
pure elevators and depressors of the globe as illustrated in C. (C) The six cardinal positions of gaze for testing eye 
movement. The eye is adducted by the medial rectus and abducted by the lateral rectus. The adducted eye is ele-
vated by the inferior oblique and depressed by the superior oblique; the abducted eye is elevated by the superior 
rectus and depressed by the inferior rectus.
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lateral rectus paresis is often associated with facial 
weakness, paresis of ipsilateral conjugate gaze, or a 
depressed level of consciousness. This is because of the 
proximity of the abducens nerve nucleus to the facial 
(VII) nerve fasciculus, pontine lateral gaze center, and 
ascending reticular activating system, respectively. 
When a Horner syndrome (miosis of the pupil, ptosis, 
and sometimes segmental anhidrosis) accompanies an 
abducens nerve palsy, the lesion is in the cavernous 
sinus.

SupRAnuClEAR ContRol of EyE 
MoVEMEntS
Supranuclear control of eye movements enables the two 
eyes to act in concert to produce version (conjugate gaze) 
or vergence (convergence and divergence) movements.

1. Brainstem gaze centers—Centers that control horizon-
tal (lateral) and vertical gaze are located in the pons and 
pretectal region of the midbrain, respectively, and 
receive descending inputs from the cerebral cortex that 
allow voluntary control of gaze (Figure 7-6). Each lat-
eral gaze center, located in the paramedian pontine 
reticular formation (PPRF) adjacent to the abducens 
nerve nucleus, mediates ipsilateral, conjugate, horizon-
tal gaze via its connections to the ipsilateral abducens 
(VI) and contralateral oculomotor (III) nerve nucleus. 
A lesion in the pons affecting the PPRF therefore pro-
duces a gaze preference away from the side of the lesion 
and toward the side of an associated hemiparesis, if 
present. Disorders of vertical gaze, typically impaired 
upgaze, may result from mass lesions that exert down-
ward pressure on the dorsal midbrain, such as pineal 
tumors (Parinaud syndrome).
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2. Cortical input—The PPRF receives cortical input from 
the contralateral frontal lobe, which regulates rapid eye 
movements (saccades), and from the ipsilateral parieto-
occipital lobe, which regulates slow eye movements 
(pursuits). Therefore, a destructive lesion affecting the 
frontal cortex interferes with the mechanism for con-
tralateral horizontal gaze and may result in a gaze pref-
erence toward the side of the lesion (and away from the 
side of associated hemiparesis). By contrast, an irrita-
tive (seizure) focus in the frontal lobe may cause gaze 
away from the side of the focus.

HISTORy

nAtuRE of CoMplAint
The first step is to obtain a clear description of the com-
plaint. Patients may only complain of vague symptoms, 
such as blurred vision, which provide little diagnostic 
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Abducens (VI) 
nerve
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▲▲ figure 7-6. Neuronal pathways involved in horizontal gaze.

information. Therefore, it is important to determine 
whether the patient means to describe decreased visual 
acuity in one or both eyes, loss of vision in part of the 
visual field, diplopia, an unstable visual image, pain in or 
about the eye, or some other problem.

tEMpoRAl pAttERn of SyMptoMS
Once the nature of the complaint has been established, 
inquiries regarding its temporal pattern can provide clues 
to the underlying pathologic process.

1. Sudden onset—Vascular disorders that affect the eye or 
its connections in the brain tend to produce symptoms 
of sudden onset.

2. Slow onset—With inflammatory or neoplastic disease, 
symptoms usually evolve over a longer period.

3. Transient, recurrent symptoms—Transient and recur-
rent symptoms suggest a select group of pathologic 
processes, including intermittent ischemia, multiple 
sclerosis, and myasthenia gravis.
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ASSoCiAtED nEuRoloGiC 
ABnoRMAlitiES
The nature of any associated neurologic abnormalities, 
such as impaired facial sensation, weakness, ataxia, or 
aphasia, can help in localizing the site of involvement.

MEDiCAl hiStoRy
The history should be scrutinized for conditions that pre-
dispose the patient to neuro-ophthalmic problems.

1. Multiple sclerosis often involves the optic nerve or 
brainstem, leading to a variety of neuro-ophthalmic 
disorders. A history of disturbances that also involve 
other parts of the central nervous system should sug-
gest this diagnosis.

2. Atherosclerosis, hypertension, and diabetes can be 
complicated by vascular disorders of the eye, cranial 
nerves, or visual or ocular motor pathways in the brain.

3. Endocrine disorders (eg, hyperthyroidism) can cause 
ocular myopathy.

4. Connective tissue disease and systemic cancer can 
affect the visual and ocular motor systems at a variety 
of sites in the brain or subarachnoid space.

5. Nutritional deficiencies may present with neuro-oph-
thalmic symptoms, as in the amblyopia (decreased 
visual acuity) associated with malnutrition and the 
ophthalmoplegia of Wernicke encephalopathy (thia-
mine deficiency).

6. Drugs (eg, ethambutol, isoniazid, digitalis, clioquinol) 
may be toxic to the visual system, and others (sedative 
drugs, anticonvulsants) commonly produce ocular 
motor disorders.

NEURO-OPHTHALMIC ExAMINATION

ViSuAl ACuity

c` Assessment
To identify neuro-ophthalmic problems, vision should be 
tested under conditions that eliminate refractive errors. 
Therefore, patients should be examined wearing their 
spectacles (a pinhole can be substituted if the corrective 
lenses usually worn are not available at the time of testing). 
Visual acuity must be assessed for each eye separately. 
Distant vision is tested using a Snellen eye chart, with the 
patient 6 m (20 ft) away. Near vision is tested with  
a Rosenbaum pocket eye chart held approximately 36 cm 
(14 in) from the patient. In each case, the smallest line of 
print that can be read is noted.

c` Recording
Visual acuity is expressed as a fraction (eg 20/20, 20/40, 
20/200). The numerator is the distance (in feet) from the 

test figures at which the examination is performed, and the 
denominator is the distance (in feet) at which figures of a 
given size can be correctly identified by persons with nor-
mal vision. For example, if a patient standing 20 ft away 
from the eye chart is unable to identify figures that can 
normally be seen from that distance but can identify the 
larger figures that would be visible 40 ft away with normal 
acuity, the visual acuity is recorded as 20/40. If the patient 
can read most of a given line but makes some errors, acuity 
may be recorded as 20/40–1, for example, indicating that 
all but one letter on the 20/40 line were correctly identified. 
When visual acuity is markedly reduced, it can still be 
quantified, though less precisely, by the distance at which 
the patient can count fingers (CF), discern hand move-
ment (HM), or perceive light. If an eye is totally blind, the 
examination will reveal no light perception (NLP).

c` Red–Green Color Vision
Red–green color vision is often disproportionately 
impaired in optic nerve lesions and can be tested with col-
ored objects such as pens or hatpins or with color vision 
plates.

ViSuAl fiElDS
Evaluating the visual fields can be a lengthy and tedious 
procedure if conducted in an undirected fashion. 
Familiarity with the common types of visual field defects is 
important if testing is to be reasonably rapid and yield use-
ful information. The most common visual field abnormali-
ties are illustrated in Figure 7-7.

c` Extent of Visual fields
The normal monocular visual field subtends an angle of 
approximately 160 degrees in the horizontal plane  
and approximately 135 degrees in the vertical plane. With 
binocular vision, the horizontal range of vision exceeds  
180 degrees.

c` physiologic Blind Spot
Within the normal field of each eye is a 5-degree blind 
spot, corresponding to the optic disk, which lacks receptor 
cells. The blind spot is located 15 degrees temporal to fixa-
tion in each eye.

c` Measurement techniques
Like visual acuity, the visual field must be examined sepa-
rately for each eye.

1. Confrontation (Figure 7-8) is the simplest method for 
visual field testing. The examiner stands at about arm’s 
length from the patient, with the eyes of both patient 
and examiner aligned in the horizontal plane. The eye 
not being tested is covered by the patient’s hand or an 
eye patch. The examiner closes the eye opposite the 
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patient’s covered eye, and the patient is instructed to fix 
on the examiner’s open eye. Now the monocular fields 
of patient and examiner are superimposed, which 
allows comparison of the patient’s field with the exam-
iner’s presumably normal field. The examiner uses the 
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▲▲ figure 7-7. Common visual field defects and their anatomic bases. 1. Central scotoma caused by inflammation 
of the optic disk (optic neuritis) or optic nerve (retrobulbar neuritis). 2. total blindness of the right eye from a com-
plete lesion of the right optic nerve. 3. Bitemporal hemianopia caused by pressure exerted on the optic chiasm by 
a pituitary tumor. 4. Right nasal hemianopia caused by a perichiasmal lesion (eg, calcified internal carotid artery). 5. 
Right homonymous hemianopia from a lesion of the left optic tract. 6. Right homonymous superior quadran-
tanopia caused by partial involvement of the optic radiation by a lesion in the left temporal lobe (Meyer loop). 7. 
Right homonymous inferior quadrantanopia caused by partial involvement of the optic radiation by a lesion in 
the left parietal lobe. 8. Right homonymous hemianopia from a complete lesion of the left optic  radiation. (A simi-
lar defect may also result from lesion 9.) 9. Right homonymous hemianopia (with macular sparing) resulting from 
posterior cerebral artery occlusion.

index fingers of either hand to locate the boundaries of 
the patient’s field, moving them slowly inward from the 
periphery in all directions until the patient detects 
them. The boundaries are then defined more carefully 
by determining the farthest peripheral sites at which 
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the patient can detect slight movements of the finger-
tips or the white head of a pin. The patient’s blind spot 
can be located in the region of the examiner’s own blind 
spot, and the sizes of these spots can be compared using 
a pin with a white head as the target. The procedure is 
then repeated for the other eye.

2. Subtle field defects may be detected by asking the 
patient to compare the brightness of colored objects 
presented at different sites in the field or by measuring 
the fields using a pin with a red head as the target.

3. In young children, the fields may be assessed by stand-
ing behind the child and bringing an attention-getting 
object, such as a toy, forward around the child’s head in 
various directions until it is first noticed.

4. A gross indication of visual field abnormalities may be 
obtained in obtunded patients by determining whether 
they blink in response to a visual threat—typically the 
examiner’s finger—brought toward the patient’s eye in 
various regions of the field.

5. Although many visual field deficits are detectable by 
these screening procedures, more precise mapping of 
the fields requires the use of standard tangent screen 
testing or automated perimetry techniques.

ophthAlMoSCopy
Ophthalmoscopy of the optic fundus is particularly impor-
tant for evaluating disorders that affect the retina or optic 
disk and examining patients with a suspected increase in 
intracranial pressure.

c` preparation of the patient
The examination should be conducted in a dark room so 
that the pupils are dilated; in some patients, the use of 
mydriatic (sympathomimetic or anticholinergic) eye drops 
is necessary. In the latter case, visual acuity and pupillary 
reflexes should be assessed before instilling the drops. 
Mydriatic agents should be avoided in patients with 
untreated closed angle glaucoma, and in situations—such 
as impending or ongoing transtentorial herniation—in 
which the state of pupillary reactivity is an important guide 
to management.

c` Examination of the fundus
Familiarity with the normal appearance of the optic fundus 
(see Figure 1-10) is necessary if abnormalities are to be 
appreciated.

A. optic Disk

1. Normal appearance—The optic disk is usually easily 
recognizable as a yellowish, slightly oval structure 
 situated nasally at the posterior pole of the eye.  
The temporal side of the disk is often paler than the 

A

B

C

E

D

▲▲ figure7-8. Confrontation testing of the visual field. 
(A) The left eye of the patient and the right eye of the 
examiner are aligned. (B) Testing the superior nasal 
quadrant. (C) Testing the superior temporal quadrant. 
(D) Testing the inferior nasal quadrant. (E) Testing the 
inferior temporal quadrant. The procedure is then 
repeated for the patient’s other eye.
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nasal side. The disk margins should be sharply demar-
cated, though the nasal edge is commonly less distinct 
than the temporal edge. The disk is normally in the 
same plane as the surrounding retina. Blood vessels 
crossing the border of the optic disk are distinct, pulsa-
tile, and become obscured when the disk swells.

2. Optic disk swelling—Optic nerve swelling due to pap-
illedema implies increased intracranial pressure and 
must be differentiated from swelling due to other 
causes, such as local inflammation (papillitis) and isch-
emic optic neuropathy. Papilledema is almost always 
bilateral, does not typically impair vision (except for 
enlargement of the blind spot), and is not associated 
with eye pain. Papilledema can be simulated by disk 
abnormalities such as drusen (colloid or hyaline 
bodies).

  Increased intracranial pressure is thought to cause 
papilledema by blocking axonal transport in the optic 
nerve. Because the optic nerve sheath communicates 
with the subarachnoid space, disorders associated with 
increased intracranial pressure that also obstruct the 
subarachnoid space, such as meningitis, are less likely 
to cause papilledema. The ophthalmoscopic changes in 
papilledema typically develop over days or weeks but 
may become apparent within hours after a sudden 
increase in intracranial pressure—as, for example, after 
intracranial hemorrhage. In early papilledema (see 
Figure 1-11), the retinal veins appear engorged and 
spontaneous venous pulsations are absent. The disk 
may be hyperemic, and linear hemorrhages may be 
seen at its borders. The disk margins become blurred, 
with the temporal edge last to be affected. In fully 
developed papilledema, the optic disk is elevated above 
the plane of the retina, and blood vessels crossing the 
border of the disk become obscured.

3. Optic disk pallor—Optic disk pallor with impaired 
visual acuity, visual field defects, or loss of pupillary 
reactivity is associated with a wide variety of disorders 
that affect the optic nerve, including inflammatory 
conditions, nutritional deficiencies, and degenerative 
diseases. A pale optic disk with normal visual function 
can also occur as a congenital variant, and an optic disk 
may appear artificially pale if a cataract has been 
removed.

B. Arteries & Veins

The caliber of the retinal arteries and veins should be 
observed where they arise from the disk and pass over its 
edges onto the retina. Features to note include whether 
these vessels are easily visible throughout their course, 
whether they appear engorged, and whether spontaneous 
venous pulsations (which indicate normal intracranial 
pressure) are present. The remainder of the visible retina is 
inspected, noting the presence of hemorrhages, exudates, 
or other abnormalities.

C. Macula

The macula, a somewhat paler area than the rest of the 
retina, is located approximately two disk diameters tempo-
ral to the temporal margin of the optic disk. It can be 
visualized quickly by having the patient look at the light 
from the ophthalmoscope. Ophthalmoscopic examination 
of the macula can reveal abnormalities related to visual loss 
from age-related macular degeneration, macular holes, or 
hereditary cerebromacular degenerations.

pupilS

c` Size
The size and reactivity of the pupils reflect the integrity of 
neuronal pathways from the optic nerve to the midbrain 
(Figure 7-9). The normal pupil is round, regular, and cen-
tered within the iris; its size varies with age and with the 
intensity of ambient light. In a brightly illuminated room, 
the diameter of normal pupils is approximately 3 mm in 
adults, smaller in the elderly, and greater than or equal to  
5 mm in children. Pupil size may be asymmetric in up to 
20% of people (physiologic anisocoria), but the difference 
is less than or equal to 1 mm. Symmetrically rapid con-
striction of the pupils in bright light indicates that pupil-
lary function is normal and excludes oculomotor (III) 
nerve compression.

c` Reaction to light
Direct (ipsilateral) and consensual (contralateral) pupil-
lary constriction in response to a bright light shone in one 
eye demonstrates the integrity of the pathways shown in 
Figure 7-9. Normally, the direct response to light is slightly 
brisker and more pronounced than the consensual 
response.

c` Reaction to Accommodation
When the eyes converge to focus on a nearer object 
(accommodation), the pupils normally constrict. This 
reaction is tested by having the patient focus alternately on 
a distant object and a finger held just in front of the nose.

c` pupillary Abnormalities

A. nonreactive pupils

Unilateral disorders of pupillary constriction are seen with 
local disease of the iris (trauma, iritis, glaucoma), oculo-
motor (III) nerve compression (tumor, aneurysm), admin-
istration of a mydriatic agent, and optic nerve disorders 
(optic neuritis, multiple sclerosis).

B. light-near Dissociation

Impaired pupillary reactivity to light with preserved con-
striction during accommodation (light-near dissociation) 
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is usually bilateral and may result from neurosyphilis, dia-
betes, optic nerve disorders, and tumors compressing the 
midbrain tectum.

C. Argyll Robertson pupils

These pupils are small, poorly reactive to light, often 
irregular in shape, and frequently unequal in size; they 
show light-near dissociation. Neurosyphilis is the classic 
cause, but other lesions in the region of the Edinger-
Westphal nucleus (eg, multiple sclerosis) are now more 
common (Table 7-1).

D. tonic pupil

The tonic (Adie) pupil (Table 7-1) is larger than the con-
tralateral unaffected pupil and reacts sluggishly to changes 
in both illumination and accommodation. Because the 
tonic pupil does eventually react, anisocoria becomes less 
marked during the examination. This abnormality is most 
commonly a manifestation of a benign, often familial dis-
order that frequently affects young women (Holmes-Adie 
syndrome) and may be associated with depressed deep 
tendon reflexes (especially in the legs), segmental anhidro-
sis (localized lack of sweating), orthostatic hypotension, or 
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muscle

Ciliary ganglion

Optic tract

Lateral geniculate 
nucleus

Edinger-Westphal
nucleus

Oculomotor nerve
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▲▲ figure 7-9. Anatomic basis of the pupillary light reflex. The afferent visual pathways from the retina to the 
 pretectal nuclei of the midbrain are represented by dashed lines and the efferent pupilloconstrictor pathways from 
the midbrain to the pupillary constrictor muscles by solid lines. Note that illumination of one eye results in bilateral 
pupillary constriction.
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cardiovascular autonomic instability. Adie pupils may be 
bilateral. The pupillary abnormality may be caused by 
degeneration of the ciliary ganglion, followed by aberrant 
reinnervation of the pupilloconstrictor muscles.

E. horner Syndrome

Horner syndrome (Tables 7-1 and 7-2) results from a 
lesion of the central or peripheral sympathetic nervous 
system and consists of a small (miotic) pupil associated 

with mild ptosis (Figure 7-10) and sometimes loss of 
sweating (anhidrosis).

1. Oculosympathetic pathways—The sympathetic path-
way controlling pupillary dilation consists of an 
uncrossed three-neuron arc: hypothalamic neurons, 
which descend through the brainstem to the interme-
diolateral column of the spinal cord at the T1 level, 
preganglionic sympathetic neurons projecting from 
the spinal cord to the superior cervical ganglion, and 
postganglionic sympathetic neurons that originate in 
the superior cervical ganglion, ascend in the neck along 
the internal carotid artery, and enter the orbit with the 
first (ophthalmic) division of the trigeminal (V) nerve. 
Horner syndrome is caused by interruption of these 
pathways at any site.

2. Clinical features—The lesions and resulting pupillary 
abnormality are usually unilateral. The pupil diameter on 
the involved side is typically reduced by 0.5 to 1 mm 
compared with the normal side. This inequality is most 
marked in dim illumination. The pupillary abnormality is 
accompanied by mild to moderate ptosis (see later) of the 
upper lid (as opposed to the pronounced ptosis seen with 
oculomotor nerve lesions), often associated with eleva-
tion of the lower lid (lower lid ptosis). When Horner 
syndrome has been present since infancy, the ipsilateral 
iris is lighter and blue (heterochromia iridis).

Deficits in the pattern of sweating, which are most 
prominent in acute-onset Horner syndrome, can help 
localize the lesion. If sweating is decreased on an entire 
half of the body and face, the lesion is in the central ner-
vous system. Cervical lesions produce anhidrosis of the 
face, neck, and arm only. Sweating is unimpaired if the 
lesion is above the bifurcation of the carotid artery.  
The differential diagnosis of Horner syndrome is pre-
sented in Table 7-2.

table 7-1. Common Pupillary Abnormalities.

Appearance Response Differential Diagnosis

Tonic (Adie) pupil Unilateral (rarely bilateral) 
dilated pupil

Reacts sluggishly and only to 
 persistent bright light or 
0.125% pilocarpine eye 
drops; accommodation less 
affected

Holmes-Adie syndrome, ocular trauma, 
 autonomic neuropathy

Horner syndrome Unilateral small pupil and 
slight ptosis

Normal response to light and 
accommodation

Lateral medullary infarcts, cervical cord 
lesions, pulmonary apical or mediastinal 
tumors, neck trauma or masses, carotid 
artery  dissection or thrombosis, intrapar-
tum  brachial plexus injury, cluster 
 headache

Argyll Robertson pupil Unequal irregular pupils <3 
mm in diameter (usually 
bilateral)

Poorly reactive to light; more 
responsive to accommoda-
tion

Neurosyphilis; mimicked by diabetes, 
pineal region tumors, multiple sclerosis

table 7-2. Causes of Horner Syndrome.

Central (first) neuron
Brainstem infarction∗

Hypothalamic region tumor, hemorrhage or infarction
Multiple sclerosis
Syrinx
Transverse myelopathy

28%

preganglionic (second) neuron
Thoracic or neck tumor (Pancoast tumor, schwan-

noma, neuroblastoma, thyroid)
Trauma or surgery (neck, thorax)
Vascular (jugular ectasia, subclavian artery aneurysm)

44%

postganglionic (third) neuron
Base of skull, parasellar, orbital, or cavernous sinus∗ 

mass
Vascular (fibromuscular dysplasia, carotid dissection∗)
Cluster headache

28%

unknown cause 15%

Percentages from from Almog Y, Gepstein R, Kesler A. Diagnostic 
value of imaging in Horner syndrome in adults. J Neuro-Ophthalmol. 
2010;30:7-11. Etiologies from Reede D, Garcon E, Smoker WRK, 
Kardon R. Horner’s syndrome: clinical and radiographic evaluation. 
Neuroimag Clin N Am, 2008;18:369-385. (∗)Most common.

Aminoff_ch07_p160-183.indd   171 05/03/15   12:07 pm



CHAPTER 7172

▲▲ figure 7-10. (A) Right Horner syndrome after direct carotid puncture for arterial injection. (B) Oculosympathetic 
pathway involved in Horner syndrome. This three-neuron pathway projects from the hypothalamus to the interme-
diolateral column of the spinal cord, then to the superior cervical (sympathetic) ganglion, and finally to the pupil, 
smooth muscle of the eyelid, and sweat glands of the forehead and face.
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▲▲ figure 7-11. Graves ophthalmopathy in a 41-year-
old woman. Note the protrusion of the right globe.

f. Relative Afferent pupillary Defect  
(Marcus Gunn pupil)

The involved pupil constricts less markedly in response to 
direct illumination than to illumination of the contralateral 
pupil, whereas normally the direct response is greater than 
the consensual response. The abnormality is detected by 
rapidly moving a bright flashlight back and forth between 
the eyes while continuously observing the suspect pupil 
(Gunn pupillary test). Relative afferent pupillary defect is 
commonly associated with disorders of the ipsilateral optic 
nerve, which interrupt the afferent limb and affect the 
pupillary light reflex (see Figure 7-9). Such disorders also 
commonly impair vision (especially color vision) in the 
involved eye.

optokinEtiC RESponSE
Optokinetic nystagmus consists of eye movements elicited 
by sequential fixation on a series of targets passing in front 
of a patient’s eyes, such as telephone poles seen from a 
moving train. For clinical testing, a revolving drum with 
vertical stripes or a vertically striped strip of cloth is moved 
across the visual field to generate these movements. Testing 
produces a slow following phase in the direction of the 
target’s movement, followed by a rapid return jerk in the 
opposite direction. The slow (pursuit) phase tests parieto-
occipital and the rapid (saccadic) movement tests frontal 
lobe function in the hemisphere toward which the stimulus 
is moved. The presence of an optokinetic response reflects 
the ability to perceive movement or contour and is some-
times useful for documenting visual perception in new-
borns or in psychogenic blindness. Visual acuity required 
to produce the optokinetic response is minimal, however 
(20/400, or finger counting at 3 to 5 ft). Unilateral impair-
ment of the optokinetic response may be found when tar-
gets are moved toward the side of a parietal lobe lesion.

EyEliDS
The eyelids (palpebrae) should be examined with the 
patient’s eyes open. The distance between the upper and 
lower lids (interpalpebral fissure) is usually approximately 
10 mm and equal in both eyes, though physiologic asym-
metries do occur. The position of the inferior margin of the 
upper lid relative to the superior border of the iris should 
be noted in order to detect drooping (ptosis) or abnormal 
elevation of the eyelid (lid retraction). The upper lid nor-
mally covers 1 to 2 mm of the iris.

Unilateral ptosis is seen with paralysis of the levator 
palpebrae muscle itself, lesions of the oculomotor (III) 
nerve or its superior branch, and Horner syndrome. In the 
last condition, ptosis is customarily associated with miosis 
and may be momentarily overcome by effortful eye 
opening.

Bilateral ptosis suggests a disorder affecting the oculo-
motor (III) nerve nucleus, neuromuscular junction  

(eg, myasthenia gravis), or muscle (eg, myotonic, ocular, or 
oculopharyngeal dystrophy).

Lid retraction (abnormal elevation of the upper lid) is 
seen in hyperthyroidism and in Parinaud syndrome 
caused by tumors in the pineal region (see later).

ExophthAlMoS
Abnormal protrusion of the eye from the orbit (exoph-
thalmos or proptosis) is best detected by standing 
behind the seated patient and looking down at the eyes 
from above. Causes include hyperthyroidism (Graves 
disease, Figure 7-11), orbital tumor or pseudotumor, and 
carotid artery–cavernous sinus fistula. A bruit may be 
audible on auscultation over the proptotic eye in patients 
with carotid artery–cavernous sinus fistula or other vas-
cular anomalies.

EyE MoVEMEntS

c` ocular Excursion & Gaze
Ocular palsies and gaze palsies are detected by having  
the patient gaze in each of the six cardinal positions (see 
Figure 7-5). If voluntary eye movement is impaired or the 
patient is unable to cooperate with the examination (eg, is 
stuporous or comatose), reflex eye movements can be 
induced by doll’s head (oculocephalic) or cold-water 
caloric (oculovestibular) testing (see Chapter 3, Coma). If 
limitations in movement are observed, the muscles 
involved are noted, and the nature of the abnormality is 
determined according to the following scheme.

A. ocular palsy

Weakness of one or more eye muscles results from nuclear 
or infranuclear (nerve, neuromuscular junction, or mus-
cle) lesions. An ocular palsy cannot be overcome by caloric 
stimulation of reflex eye movement. Nerve lesions produce 
distinctive patterns of ocular muscle involvement.

1. Oculomotor (III) nerve palsy—A complete lesion  
of the oculomotor nerve produces closure of the 
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affected eye because of impaired levator function. 
Passively elevating the paralyzed lid (Figure 7-12) 
shows the involved eye to be laterally deviated because 
of the unopposed action of the lateral rectus muscle, 
which is not innervated by the oculomotor nerve. 
Diplopia is present in all directions of gaze except for 
lateral gaze toward the side of involvement. Pupil func-
tion may be normal (pupillary sparing) or impaired.

2. Trochlear (IV) nerve palsy—With trochlear nerve 
lesions, which paralyze the superior oblique muscle, the 

involved eye is elevated during primary (forward) gaze; 
the extent of elevation increases during adduction and 
decreases during abduction. Elevation is greatest when 
the head is tilted toward the side of the involved eye and 
abolished by tilt in the opposite direction (Bielschowsky 
head-tilt test; Figure 7-13). Diplopia is most pro-
nounced when the patient looks downward with the 
affected eye adducted (as in looking at the end of one’s 
nose). Spontaneous head tilting, intended to decrease 
or correct the diplopia, is present in approximately one-
half of patients with unilateral palsies and in a greater 
number with bilateral palsies.

3. Abducens (VI) nerve palsy—An abducens nerve lesion 
causes paralysis of the lateral rectus muscle, resulting in 
adduction of the involved eye at rest and failure of 
attempted abduction (Figure 7-14). Diplopia occurs on 
lateral gaze to the side of the affected eye.

B. Gaze palsy

Gaze palsy is the diminished ability of a pair of yoked 
muscles (muscles that operate in concert to move the two 
eyes in a given direction) to move the eyes in voluntary 
gaze; it is caused by supranuclear lesions in the brainstem 
or cerebral hemisphere. Gaze palsy, unlike ocular palsies, 
affects both eyes and usually can be overcome by caloric 
stimulation. Its pathophysiology and causes are discussed 

▲▲ figure 7-12. Clinical findings with oculomotor (III) 
nerve lesion. With the ptotic lid passively elevated, the 
affected (right) eye is abducted; it cannot adduct. On 
attempted downgaze, the unaffected superior oblique 
muscle, which is innervated by the trochlear (IV) nerve, 
causes the eye to turn inward.

A

D

E

B

C

▲▲ figure 7-13. Clinical findings with trochlear (IV) nerve lesion. The affected (right) eye is elevated on forward gaze 
(A). The extent of elevation is increased with adduction (B) and decreased with abduction (C). Elevation increases 
with head tilting to the affected side (D) and decreases with head tilting in the opposite direction (E).
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more fully in the section that follows on binocular disor-
ders of eye movement. Mild impairment of upgaze is not 
uncommon in normal elderly subjects.

C. internuclear ophthalmoplegia

Internuclear ophthalmoplegia (INO) results from a lesion 
of the medial longitudinal fasciculus, an ascending path-
way in the brainstem that projects from the abducens (VI) 
to the contralateral oculomotor (III) nerve nucleus (see 
Figure 7-6). As a consequence of INO, the actions of the 
abducens (VI) and oculomotor (III) nerves during volun-
tary gaze or caloric-induced movement are uncoupled. 
Excursion of the abducting eye is full, but adduction of the 
contralateral eye is impaired (Figure 7-15). INO cannot be 
overcome by caloric stimulation, but can be distinguished 
from oculomotor (III) nerve palsy by noting preserved 

adduction with convergence. It is usually caused by multi-
ple sclerosis or brainstem stroke.

D. one-and-a-half Syndrome

A pontine lesion affecting both the medial longitudinal 
fasciculus and the ipsilateral paramedian pontine reticular 
formation (lateral gaze center) produces a syndrome that 
combines internuclear ophthalmoplegia with an inability 
to gaze toward the side of the lesion (Figure 7-16). The 
ipsilateral eye is immobile in the horizontal plane, and 
movement of the contralateral eye is restricted to abduc-
tion, which may be associated with nystagmus. The causes 
include pontine infarct, multiple sclerosis, and pontine 
hemorrhage.

c` Diplopia testing
When the patient complains of double vision (diplopia), 
testing of eye movements should be used to determine its 
anatomic basis. The patient is asked to fix vision on an 
object, such as a flashlight, in each of the six cardinal posi-
tions of gaze (see Figure 7-5). With normal conjugate gaze, 
light from the flashlight falls at the same spot on both 
corneas; a lack of such congruency confirms that gaze is 
disconjugate. When the patient notes diplopia in a given 
direction of gaze, each eye should be covered in turn and 
the patient asked to report which of the two images disap-
pears. The image displaced farther in the direction of gaze 
is always referable to the weak eye, because that image will 
not fall on the fovea. A variation of this procedure is the 
red glass test, in which one eye is covered with translucent 
red glass, plastic, or cellophane; this allows the eye respon-
sible for each image to be identified.

c` nystagmus
Nystagmus is rhythmic oscillation of the eyes. Pendular 
nystagmus, which usually has its onset in infancy, occurs 
with equal velocity in both directions. Jerk nystagmus is 
characterized by a slow phase of movement in one direc-
tion, followed by a fast phase in the opposite direction; the 
direction of jerk nystagmus is specified by stating the 
direction of the fast phase (eg, leftward-beating nystag-
mus). Jerk nystagmus usually increases in amplitude with 
gaze in the direction of the fast phase (Alexander law).

Nystagmus can occur at the extremes of voluntary gaze 
in normal subjects and is also a normal component of both 
the optokinetic response and the response to caloric stimu-
lation of reflex eye movements. In other settings, however, 
it may be due to anticonvulsant or sedative drugs or disease 
in the peripheral vestibular apparatus, central vestibular 
pathways, or cerebellum.

To detect nystagmus, the eyes should be observed in the 
primary position and in each of the cardinal positions of 
gaze (see Figure 7-5). Nystagmus is described in terms of 
the position of gaze in which it occurs, its direction and 

Gaze

Gaze Right
INO

Left
INO

Nystagmus Impaired adduction

NystagmusImpaired adduction

▲▲ figure 7-15. Eye movements in internuclear oph-
thalmoplegia (INO) resulting from a bilateral lesion of 
the medial longitudinal fasciculus.

Gaze

B

A

▲▲ figure 7-14. Clinical findings with abducens (VI) 
nerve lesion. The affected (right) eye is adducted at rest 
(A) and cannot be abducted (B).
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amplitude, precipitating factors such as changes in head 
position, and associated symptoms, such as vertigo.

Many forms of nystagmus and related ocular oscilla-
tions have been described, but two syndromes of acquired 
pathologic jerk nystagmus are by far the most common.

A. Gaze-Evoked nystagmus

Gaze-evoked nystagmus occurs when the patient attempts 
to gaze in one or more directions away from the primary 
position. The fast phase of nystagmus is in the direction of 
gaze. Nystagmus evoked by gaze in a single direction is a 
common sign of early or mild residual ocular palsy. 
Multidirectional gaze-evoked nystagmus is most often an 
effect of anticonvulsant or sedative drugs, but can also 
result from cerebellar or central vestibular dysfunction.

B. Vestibular nystagmus

Nystagmus caused by a lesion of the peripheral vestibular 
apparatus is characteristically unidirectional, horizontal or 

both horizontal and rotatory, and associated with severe 
vertigo. Its amplitude increases with gaze toward the fast 
phase. In contrast, central vestibular nystagmus may be 
bidirectional and purely horizontal, vertical, or rotatory, 
and the accompanying vertigo is typically mild. Positional 
nystagmus, elicited by changes in head position, can occur 
with either peripheral or central vestibular lesions. The 
most helpful distinguishing features are the presence of 
hearing loss or tinnitus with peripheral lesions and of cor-
ticospinal tract or additional cranial nerve abnormalities 
with central lesions.

cc DISORDERS OF THE VISUAL SySTEM

MONOCULAR DISORDERS

Common syndromes of monocular visual loss include two 
reversible and two irreversible disorders. Transient mon-
ocular blindness caused by optic nerve or retinal ischemia 

R L

To right
lateral rectus

To left medial rectus

R L

Pons

R L

Abducens (VI)
nucleus

Medial
longitudinal
fasciculus

To right
medial rectus

To left
lateral
rectus
muscle

Gaze

LR

Gaze

Oculomotor (III)
nucleus

BA

Paramedian
pontine
reticular
formation

R L

Pons

▲▲ figure 7-16. One-and-a-half syndrome. This results from a pontine lesion (shaded area) involving the parame-
dian pontine reticular formation (lateral gaze center) and medial longitudinal fasciculus, and sometimes also the 
abducens (VI) nucleus, and affecting the neuronal pathways indicated by dotted lines. Attempted gaze away from 
the lesion (A) activates the uninvolved right lateral gaze center and abducens (VI) nucleus; the right lateral rectus 
muscle contracts, and the right eye abducts normally. Involvement of the medial longitudinal fasciculus interrupts 
the pathway to the left oculomotor (III) nucleus, and the left eye fails to adduct. On attempted gaze toward the 
lesion (B), the left lateral gaze center cannot be activated, and the eyes do not move. There is a complete (bilateral) 
gaze palsy in one direction (toward the lesion) and one-half (unilateral) gaze palsy in the other direction (away from 
the lesion), accounting for the name of the syndrome.
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is sudden in onset and resolves rapidly. Optic neuritis 
produces subacute, painful, unilateral visual loss with par-
tial resolution. Less reversible visual loss of sudden onset 
occurs in idiopathic ischemic optic neuropathy and in 
giant cell (temporal) arteritis.

tRAnSiEnt MonoCulAR BlinDnESS
Transient monocular blindness (amaurosis fugax) is charac-
terized by typically painless, unilateral transient diminution 
or loss of vision that develops over seconds, remains maximal 
for 1 to 5 minutes, and resolves over 10 to 20 minutes. The 
cause of these episodes often remains uncertain; both embolic 
and non-embolic etiologies are known. Most cases result from 
transient ischemia of the optic nerve or retina. The presence 
of what appears to be embolic material in retinal arteries dur-
ing episodes suggests that emboli are a frequent cause. The 
risk of subsequent hemispheric stroke is increased but is 
unrelated to the frequency or duration of these episodes. In 
medically treated patients, the risk for subsequent hemi-
spheric infarction following transient monocular blindness is 
only one-half of that in patients with hemispheric transient 
ischemic attacks (TIAs).

Diagnostic evaluation and treatment of patients with 
transient monocular blindness resemble that for patients 
with hemispheric TIAs (see Chapter 13, Stroke.)

Petzold A, Islam N, Hu HH, Plant GT. Embolic and nonembolic 
transient monocular visual field loss: a clinicopathologic 
review. Surv Ophthalmol. 2013;58:42-62.

AutoiMMunE optiC nEuRitiS
Inflammation of the optic nerve produces the syndrome of 
optic neuritis. The most common cause is demyelination 
(acute demyelinating optic neuritis). Less common causes 
include parameningeal, meningeal, or intraocular inflam-
mation associated with viral infections or postviral syn-
dromes. Rare causes include toxins (eg, methanol, 
ethambutol), neurosyphilis, and vitamin B12 deficiency. 
Unilateral impairment of visual acuity occurs over hours to 
days, becoming maximal within 2 weeks. Visual loss is 
associated with headache, globe tenderness, or eye pain in 
more than 90% of patients; the pain is typically exacerbated 
by eye movement.

Visual field testing demonstrates a central scotoma 
(blind spot) associated with decreased visual acuity. 
Examination of the fundus shows unilateral disk swelling 
when the nerve head is involved, but is normal when the 
inflammatory process is posterior to the optic disk (retro-
bulbar neuritis), as is most common in demyelinating dis-
ease. The pupils are equal in size but show less pronounced 
constriction in response to illumination of the affected eye 
(relative afferent pupillary defect; Marcus Gunn pupil). 
Recovery of vision begins in a few weeks and may pro-
gresses for a year. Normal vision returns in the majority.

Optic neuritis is the first manifestation of multiple scle-
rosis in 25% of cases and occurs in 70% of multiple sclero-
sis patients at some point. Diffuse gadolinium enhancement 
of the optic nerve on MRI is typical of acute demyelinating 
optic neuritis, and T2-hyperintense lesions are also seen in 
the brain in 50% to 70% of these patients. In North 
America, with 15-year follow-up, 72% of optic neuritis 
patients with one or more T2 lesions in brain, but only 
approximately 25% without T2 lesions, develop multiple 
sclerosis.

Intravenous methylprednisolone, 1 g/d for 3 to 5 days, 
with or without an oral prednisone taper, from 1 mg/kg/d 
over 11 days, can hasten recovery but does not alter the 
final visual outcome or the likelihood of developing mul-
tiple sclerosis. Evolving data support immunomodulatory 
treatment for optic neuritis as presumed multiple sclerosis 
if demyelinating lesions are seen on brain MRI (see  
Figure 9-4).

Bilateral spontaneous optic neuritis and transverse 
myelitis occur in neuromyelitis optica (NMO) spectrum 
disorder, formerly called Devic disease. The presence of 
aquaporin-4 antibodies is diagnostic. Further details are 
provided in Chapter 9, Motor Disorders.

Toosy AT, Mason DF, Miller DH. Optic neuritis. Lancet Neurol. 
2014; 13:83-99.

nonARtERitiC AntERioR iSChEMiC 
optiC nEuRopAthy
Ischemic infarction of the anterior portion of the optic 
nerve is a major casue of visual loss beginning in middle 
age. Visual loss is sudden in onset, usually painless, always 
monocular, and without premonitory ocular symptoms. 
The visual deficit is usually maximal at onset and frequently 
subtotal; the pattern of visual loss varies between patients. 
In some cases the course is stuttering or progressive.

Examination reveals ipsilateral disk swelling, often with 
peripapillary hemorrhages. Although ischemic optic neu-
ropathy is often assumed to be atherosclerotic in origin, 
presentation of symptoms on awaking is a common feature 
suggesting nocturnal arterial hypotension often from anti-
hypertensive medications. Patients with anterior ischemic 
optic neuropathy have a structurally smaller than normal 
disk; 15% to 25% will go on to have the other eye affected 
within 3 to 5 years.

Spontaneous improvement occurs over 6 months. As 
disk swelling resolves, ophthalmoscopic evaluation shows 
optic atrophy. Treatment with corticosteroids during the 
first 2 weeks may enhance recovery (predisone 80 mg daily 
for 14 days then tapered over a month). Aspirin is 
ineffective.

Hayreh SS. Ischemic optic neuropathies. Graefes Arch Clin Exp 
Ophthalmol. 2013;251:1873-1884.
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GiAnt CEll (tEMpoRAl) ARtERitiS
Arteritic infarction of the anterior portion of the optic 
nerve is the most devastating complication of giant cell, 
or temporal, arteritis. This disorder is usually accompa-
nied by systemic symptoms such as fever, malaise, night 
sweats, weight loss, and headache (see Chapter 6, 
Headache & Facial Pain) and often by polymyalgia rheu-
matica (see Chapter 9, Motor Disorders). Scalp tender-
ness and jaw claudication may occur. The visual loss is 
usually sudden and often total, but transient visual obscu-
rations may precede optic nerve infarction. On examina-
tion, the optic disk appears swollen and pale. The 
erythrocyte sedimentation rate and C-reactive protein are 
typically increased. Definitive diagnosis is by temporal 
artery biopsy.

Patients should be treated immediately with corticoste-
roids (methylprednisolone 1,000 mg/d intravenously for at 
least 3 days, followed by prednisone 60-80 mg/d orally) to 
protect what vision remains. Prednisone may be gradually 
reduced over many months while monitoring the erythro-
cyte sedimentation rate.

Because giant cell arteritis is treatable, it is most impor-
tant to distinguish it from idiopathic or nonarteritic ante-
rior ischemic optic neuropathy as the cause of monocular 
visual loss. Patients with giant cell arteritis tend to be older 
(aged 70-80 years) and may have premonitory symptoms. 
The most helpful differential features are the erythrocyte 
sedimentation rate, exceeding 50 mm/h (Westergren) in 
most (but not all) patients with giant cell arteritis, and an 
elevated C-reactive protein.

BINOCULAR DISORDERS

pApillEDEMA
Papilledema is painless, passive, typically bilateral disk 
swelling associated with increased intracranial pressure. 
Transient visual obscurations may precede frank disk 
swelling. Associated nonspecific symptoms of raised intra-
cranial pressure include headache, nausea, vomiting, and 
diplopia occurring mainly from abducens (VI) nerve palsy.

The speed with which papilledema develops depends 
on the underlying cause. When intracranial pressure 
increases suddenly, as in subarachnoid or intracerebral 
hemorrhage, disk swelling may be seen within hours, but it 
most often evolves over days. Papilledema may require 2 to 
3 months to resolve after restoration of normal intracranial 
pressure.

Funduscopic examination (see Figure 1-11) reveals (in 
order of onset) blurring of the nerve fiber layer, absence of 
venous pulsations (signifying intracranial pressure greater 
than approximately 200 mm Hg), hemorrhages in the 
nerve fiber layer, elevation of the disk surface with blurring 
of the margins, and disk hyperemia. Papilledema requires 
urgent evaluation to search for an intracranial mass and to 

exclude papillitis from meningeal carcinoma, sarcoidosis, 
or syphilis, which may produce a similar ophthalmoscopic 
appearance. A diagnosis of idiopathic intracranial hyper-
tension (pseudotumor cerebri) is established by exclusion 
when cerebrospinal fluid (CSF) pressure is elevated but an 
intracranial mass lesion and other disorders associated 
with intracranial hypertension (see Table 6-5) are excluded 
by the history, computed tomography (CT) scanning or 
MRI with contrast enhancement, and meningeal inflam-
mation is excluded by CSF examination. This idiopathic 
form, which is the most common, occurs most often in 
obese women during the childbearing years. Although it is 
usually self-limited, prolonged elevation of intracranial 
pressure with papilledema can lead to permanent visual 
loss (discussed further in Chapter 6, Headache & Facial 
Pain).

Less common causes of papilledema include congenital 
cyanotic heart disease and disorders associated with 
increased CSF protein content, such as spinal cord tumor 
and idiopathic inflammatory polyneuropathy (Guillain-
Barré syndrome).

ChiASMAl lESionS
Visual impairment is the most frequent symptom of a chi-
asmal lesion. The major lesions are tumors, especially 
those of pituitary origin (which can be associated with 
headache, acromegaly, amenorrhea, galactorrhea, and 
Cushing syndrome). Other causes include trauma, multi-
ple sclerosis, and berry aneurysms. The classic pattern of 
chiasmal visual deficits is bitemporal hemianopia (see 
Figure 7-7). Except with pituitary apoplexy due to acute 
intrapituitary hemorrhage, chiasmal visual loss is gradual 
in onset with impairment in depth perception preceding 
lateral visual field loss. Associated involvement of the ocu-
lomotor (III), trochlear (IV), trigeminal (V), or abducens 
(VI) nerve suggests tumor expansion laterally into the 
cavernous sinus (discussed later).

Headache, endocrine abnormalities, and occasionally 
blurred or double vision may occur in patients with an 
enlarged sella turcica, in whom neither tumor nor 
increased intracranial pressure is found. This empty sella 
syndrome is most common in women and occurs mainly 
between the fourth and seventh decades of life. Treatment 
is symptomatic.

REtRoChiASMAl lESionS

c` optic tract & lateral Geniculate Body
Lesions of the optic tract and lateral geniculate body are 
usually due to infarction. The resulting visual field abnor-
mality is typically a noncongruous homonymous hemi-
anopia; that is, the field defect is not the same in the two 
eyes. Associated hemisensory loss may occur with tha-
lamic lesions.
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c` optic Radiations
Lesions of the optic radiations produce a congruous (bilat-
erally symmetric) homonymous hemianopia. Visual acu-
ity is normal in the unaffected portion of the field. With 
lesions in the temporal lobe, where tumors are the most 
common cause, the field deficit is denser superiorly than 
inferiorly, resulting in a superior quadrantanopia (“pie in 
the sky” deficit; see Figure 7-7).

Lesions affecting the optic radiations in the parietal 
lobe may be due to tumor or vascular disease and are usu-
ally associated with contralateral weakness and sensory 
loss. A gaze preference is common in the acute phase, with 
the eyes conjugately deviated to the side of the parietal 
lesion. The visual field abnormality is either complete hom-
onymous hemianopia or inferior quadrantanopia (see 
Figure 7-7). The optokinetic response to a visual stimulus 
moved toward the side of the lesion is impaired, which is 
not the case with pure temporal or occipital lobe lesions.

c` occipital Cortex
Lesions in the occipital cortex usually produce homony-
mous hemianopia affecting the contralateral visual field. 
The patient may be unaware of the visual deficit. Because 
the region of the occipital cortex in which the macula is 
represented is often supplied by branches of both the pos-
terior and middle cerebral arteries (see Figure 7-4), visual 
field abnormalities caused by vascular lesions in the  
occipital lobe may show sparing of macular vision (see 
Figure 7-7). Macular sparing may also result from bilateral 
cortical representation of the macular region of the visual 
field.

The most common cause of visual impairment in the 
occipital lobe is infarction in the posterior cerebral artery 
territory. Occipital lobe arteriovenous malformations 
(AVMs), vertebral angiography, and watershed infarction 
after cardiac arrest are less common causes. Additional 
symptoms and signs of basilar artery ischemia may occur. 
Tumors and occipital lobe AVMs are often associated with 
unformed visual hallucinations that are typically unilateral, 
stationary or moving, and brief or flickering; they can be 
colored or not colored.

Bilateral occipital lobe involvement produces cortical 
blindness. Pupillary reactions are normal, and bilateral 
macular sparing may preserve central (tunnel) vision. 
With more extensive lesions, denial of blindness may occur 
(Anton syndrome).

cc DISORDERS OF EyE MOVEMENT

gAzE PALSIES

Lesions in the cortex or brainstem may impair conjugate 
(yoked) movement of the eyes, producing gaze disor-
ders. In milder gaze palsies, the eyes may move fully, but 

the speed or the amplitude of the fast eye movements is 
reduced.

hEMiSphERiC lESionS
Acute hemispheric lesions produce tonic deviation of both 
eyes toward the side of the lesion and away from the side of 
the hemiparesis (Figure 7-17A). This gaze deviation may 
last for several days in alert patients (somewhat longer in 
comatose patients). Seizure discharges involving the fron-
tal gaze centers can also produce gaze deviation by driving 
the eyes away from the discharging focus. When the ipsi-
lateral motor cortex is also involved, producing focal 
motor seizures, the patient gazes toward the side of the 
seizure-induced motor activity (Figure 7-17B).

MiDBRAin lESionS
Lesions of the dorsal midbrain affect the center responsible 
for voluntary upward gaze and may therefore produce 
upgaze paralysis. In addition, all or some of the features of 
Parinaud syndrome may occur: preserved reflex vertical 
eye movements with the doll’s head maneuver or Bell phe-
nomenon (elevation of the eye upon eyelid closure), nys-
tagmus (especially on downward gaze and typically 
associated with retraction of the eyes), paralysis of accom-
modation, midsized pupils, and light-near dissociation.

pontinE lESionS
The pontine gaze center is in the region of the paramedian 
pontine reticular formation (see Figure 7-6). Brainstem 
lesions at the level of the pontine gaze centers produce 
disorders of conjugate horizontal gaze but, unlike hemi-
spheric lesions, cause eye deviation toward, rather than 
away from, the side of the hemiparesis (Figure 7-17C). 
This occurs because the corticobulbar pathways that regu-
late gaze have crossed at this level, but the descending 
motor (pyramidal) pathways have not. Brainstem gaze 
palsies are characteristically far more resistant to attempts 
to move the eyes (via the doll’s head maneuver or caloric 
stimulation) than are hemispheric gaze pareses. In addi-
tion, gaze palsies from brainstem lesions are commonly 
associated with abducens (VI) nerve palsies because the 
nucleus of this nerve is involved.

INTERNUCLEAR OPHTHALMOPLEgIA

Internuclear ophthalmoplegia (INO) results from lesions 
of the medial longitudinal fasciculus between the mid-
pons and the oculomotor nerve nucleus that disconnect 
the abducens (VI) nucleus from the contralateral oculomo-
tor (III) nucleus (see Figure 7-6). The site of the INO is 
named according to the side on which oculomotor (III) 
nerve function is impaired. INO results in a characteristic 
disconjugate gaze with impaired adduction and nystagmus 
of the abducting eye (see Figure 7-15).
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An INO usually implies intrinsic brainstem disease. 
The most common cause, especially in young adults and 
patients with bilateral involvement, is multiple sclerosis. In 
older patients and those with unilateral involvement, 
stroke is most likely. These two causes encompass at least 
80% of all cases. Rarer causes include brainstem encepha-
litis, intrinsic brainstem tumors, syringobulbia, sedative 
drug intoxication, and Wernicke encephalopathy. Because 
myasthenia gravis can mimic a lesion of the medial longi-
tudinal fasciculus, it must be ruled out in patients with 
isolated INO.

OCULAR NERVE PALSIES

oCuloMotoR (iii) nERVE lESionS
Lesions of the oculomotor (III) nerve can occur at any of 
several levels. The most common causes are listed in  
Table 7-3; oculomotor disorders resulting from diabetes 
are discussed separately later.

c` Brainstem
Within the brainstem, other neurologic signs permit local-
ization of the lesion; associated contralateral hemiplegia 
(Weber syndrome) and contralateral ataxia (Benedikt 
syndrome) are the most common vascular syndromes.

c` Subarachnoid Space
As the oculomotor (III) nerve exits the brainstem in the 
interpeduncular space, it is susceptible to injury from 
trauma and from aneurysms of the posterior communicat-
ing artery. Such compressive lesions typically impair the 
pupillary light reflex, which tends to be spared with isch-
emic (eg, diabetic) lesions.

c` Cavernous Sinus
In the cavernous sinus (Figure 7-18), the oculomotor (III) 
nerve is usually involved together with the trochlear (IV) 
and abducens (VI) nerves and the first (V1) and some-
times the second (V2) division of the trigeminal nerve. 
Horner syndrome may occur. Oculomotor (III) nerve 
lesions in the cavernous sinus tend to produce partial defi-
cits that may or may not spare the pupil.

c` orbit
Unlike cavernous sinus lesions, orbital lesions that affect 
the oculomotor (III) nerve are often associated with 
optic (II) nerve involvement and exophthalmos; how-
ever, disorders of the orbit and cavernous sinus may be 
clinically indistinguishable except by CT scanning or 
MRI.

CBA

▲▲ figure 7-17. Disorders of gaze associated with hemispheric and brainstem lesions. (A) Destructive lesion in the 
frontal lobe of the right cerebral hemisphere. (B) Seizure arising from the frontal lobe of the right cerebral hemi-
sphere. (C) Destructive lesion in the right pons. Arrows indicate the direction of gaze preference (away from the 
hemiparetic side in (A) and toward the convulsing or hemiparetic side in [B] and [C]).
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tRoChlEAR (iV) nERVE lESionS
Head trauma, often minor, is a common cause of an iso-
lated trochlear (IV) nerve palsy (Table 7-3). Although 
trochlear palsies in middle-aged and elderly patients are 
frequently attributed to vascular disease or diabetes, they 
often occur without obvious cause. For patients with iso-
lated nontraumatic trochlear (IV) nerve palsies in whom 
diabetes, myasthenia, thyroid disease, and orbital mass 
lesions have been excluded, observation is the appropriate 
clinical approach.

ABDuCEnS (Vi) nERVE lESionS
Patients with abducens (VI) nerve lesions complain of 
horizontal diplopia due to weakness of the lateral rectus 
muscle. Lateral rectus palsies can occur as a result of disor-
ders of either the muscle itself or the abducens (VI) nerve, 
and each of these possibilities should be investigated. The 
causes of abducens (VI) nerve lesions are summarized in 
Table 7-3. In elderly patients, abducens (VI) nerve involve-
ment is most often idiopathic or caused by vascular disease 
or diabetes, but the erythrocyte sedimentation rate should 
be determined to exclude a rare presentation of giant cell 
arteritis. Imaging of the base of the skull is indicated to 
exclude nasopharyngeal carcinoma or other tumors. In 
painless abducens palsy, when the above studies are nor-
mal, other systemic and neurologic symptoms are absent, 

table 7-3. Causes of Oculomotor (III), Trochlear (IV), 
and Abducens (VI) Nerve Lesions.1,2

Cause Nerve III Nerve IV Nerve VI Multiple

percent of cases

Unknown 24 32 26 12

Vasculopathy3 20 18 12 4

Aneurysm 16 1 4 8

Trauma 15 29 5 18

Neoplasm 13 5 22 36

Other4 12 15 21 22

1Data from Richards BW, Jones FR Jr, Younge BR. Causes and prog-
nosis in 4,278 cases of paralysis of the oculomotor, trochlear, and 
abducens cranial nerves. Am J Ophthalmol. 1992;113:489-496.
2Percent of all cases by nerve: III, 25%; IV, 12%; VI, 43%; multiple, 
13%.
3Includes diabetes.
4Includes (in order of frequency) congenital, neurosurgical, multi-
ple sclerosis, stroke, meningitis or encephalitis, carotid cavernous 
fistula, myasthenia, ophthalmoplegic migraine, hydrocephalus, 
subarachnoid hemorrhage, arteriovenous malformation, spino-
cerebellar atrophy, sinus disease, radiation, chemotherapy, and 
herpes zoster.

and intracranial pressure is not elevated, patients can be 
followed conservatively. A trial of prednisone (60 mg/d 
orally for 5 days) may produce dramatic relief in painful 
abducens (VI) nerve palsy, giving support to a tentative 
diagnosis of idiopathic inflammation of the superior 
orbital fissure (superior orbital fissure syndrome) or cav-
ernous sinus (Tolosa-Hunt syndrome). Persistent pain 
despite treatment with corticosteroids should prompt 
investigation of the cavernous sinus by CT scanning or 
MRI, followed, in some cases, by angiography. The pres-
ence of a concurrent Horner syndrome localizes the under-
lying lesion to the cavernous sinus.

DiABEtiC ophthAlMoplEGiAS
An isolated oculomotor (III), trochlear (IV), or abducens 
(VI) nerve lesion may occur in patients with diabetes mel-
litus; noninvasive imaging procedures (CT scanning or 
MRI) reveal no abnormality. Diabetic oculomotor (III) 
nerve lesions are characterized by pupillary sparing, 
which is commonly attributed to infarction of the central 
portion of the nerve with sparing of the more peripherally 
situated fibers that mediate pupillary constriction. Pupil-
sparing oculomotor palsies also can be seen with compres-
sive, infiltrative, or inflammatory lesions of the oculomotor 
(III) nerve or with infarcts, hemorrhages, or tumors that 
affect the oculomotor (III) nucleus or fascicle within the 
midbrain. Pain, when present, may be severe enough to 
suggest aneurysmal expansion as a likely diagnosis.

In known diabetics, painful ophthalmoplegia with 
exophthalmos and metabolic acidosis requires urgent 
attention to determine the possibility of fungal infection 
in the paranasal sinus, orbit, or cavernous sinus by 
mucormycosis. The diagnosis is usually made by biopsy 
of the nasal mucosa. Urgent treatment with amphoteri-
cin B and surgical debridement of necrotic tissue is 
required.

pAinful ophthAlMoplEGiAS
Dysfunction of one or more of the ocular motor nerves 
with accompanying pain may be produced by lesions 
located anywhere from the posterior fossa to the orbit 
(Table 7-4). An evaluation should consist of careful docu-
mentation of the clinical course, inspection and palpation 
of the globe for proptosis (localizing the process to the 
orbit or anterior cavernous sinus), auscultation over the 
globe to detect a bruit (supporting a diagnosis of carotid 
artery–cavernous sinus fistula or another vascular anom-
aly), and evaluation for diabetes. Useful laboratory studies 
include blood glucose, orbital CT scan or MRI, carotid 
arteriography, and orbital venography.

Therapy for these disorders is dictated by the specific 
diagnosis. Idiopathic inflammation of the orbit (orbital 
pseudotumor) or cavernous sinus (Tolosa-Hunt syndrome) 
responds dramatically to corticosteroids (prednisone 
60-100 mg/d orally). However, the pain and ocular signs 

Aminoff_ch07_p160-183.indd   181 05/03/15   12:07 pm



CHAPTER 7182

associated with some neoplasms may also improve 
 transiently during corticosteroid therapy so that a specific 
etiologic diagnosis may depend on biopsy. 

Prasad S, Volpe NJ, Paralytic strabismus: Third, fourth and sixth 
nerve palsy. Neurol Clin. 2010;28:803-833.

MyASTHENIA gRAVIS

Myasthenia eventually involves the ocular muscles in 
approximately 90% of patients; more than 60% present 
with ocular muscle involvement. The syndrome is painless, 
pupillary responses are always normal, and there are no 
sensory abnormalities. The diagnosis is confirmed by a 
positive response to intravenous edrophonium (Tensilon). 

Internal carotid artery

Sphenoidal sinus

Optic (II) tract

Cavernous sinus

Trochlear (IV) nerve

Pituitary

Maxillary (V2) nerve
Abducens (VI) nerve
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Mandibular (V3) nerve

Ophthalmic (V1) nerve

Middle cerebral artery
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▲▲ figure 7-18. Position of cranial nerves in the cavernous sinus and adjacent structures. (A) Coronal view through 
the cavernous sinus, with the midline at left and the temporal lobe at right. (B) Location of cranial nerves as they 
course anteriorly (left to right) in relation to the cavernous sinus, superior orbital fissure, and orbital apex. Note that a 
lesion in the cavernous sinus spares the optic (II) and mandibular (V3) nerves, a lesion in the superior orbital fissure 
additionally spares the maxillary (V2) nerve, and a lesion in the orbital apex spares both V2 and V3 but may involve II.

Aminoff_ch07_p160-183.indd   182 05/03/15   12:07 pm



NEURO-OPHTHALMIC DISORDERS 183

Details of this disorder are discussed in Chapter 9, Motor 
Disorders. The classic disorder is associated with observ-
able fatigue of eyelid elevation during sustained upgaze.

OCULAR MyOPATHIES

Ocular myopathies are painless syndromes that spare 
pupillary function and are usually bilateral. The most com-
mon is the myopathy of hyperthyroidism, a cause of 
double vision beginning in midlife or later. Many patients 
are otherwise clinically euthyroid at the time of diagnosis. 
Double vision on attempted elevation of the globe is the 
most common symptom, but in mild cases there is lid 
retraction during staring or lid lag during rapid up-and-
down movements of the eye. Exophthalmos is a 

characteristic finding, especially in advanced cases (see 
Figure 7-11). The diagnosis can be confirmed by the forced 
duction test, which detects mechanical resistance to forced 
movement of the anesthetized globe in the orbit. This 
restrictive ocular myopathy is usually self-limited. The 
patient should be referred for testing of thyroid function 
and treated for hyperthyroidism as appropriate.

The progressive external ophthalmoplegias are a 
group of syndromes characterized by slowly progressive, 
symmetric impairment of ocular movement that cannot be 
overcome by caloric stimulation. Pupillary function is 
spared, and there is no pain; ptosis may be prominent. This 
clinical picture can be produced by ocular or oculopha-
ryngeal muscular dystrophy. Progressive external oph-
thalmoplegia associated with myotonic contraction on 
percussion of muscle groups (classically, the thenar group 
in the palm) suggests the diagnosis of myotonic  dystrophy. 
In Kearns-Sayre-Daroff syndrome, which has been asso-
ciated with deletions in muscle mitochondrial DNA, pro-
gressive external ophthalmoplegia is accompanied by 
pigmentary degeneration of the retina, cardiac conduction 
defects, cerebellar ataxia, and elevated CSF protein levels. 
The muscle biopsy shows ragged red fibers that reflect the 
presence of abnormal mitochondria. Disorders that simu-
late progressive external ophthalmoplegia include progres-
sive supranuclear palsy and Parkinson disease, but in these 
conditions the impairment of (usually vertical) eye move-
ments can be overcome by oculocephalic or caloric 
stimulation. 
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table 7-4. Causes of Painful Ophthalmoplegia.

orbit

Orbital pseudotumor
Sinusitis
Tumor (primary or metastatic)
Infection (bacterial or fungal)

Cavernous sinus

Tolosa-Hunt syndrome (idiopathic granulomatous inflamma-
tion)

Tumor (primary or metastatic)
Carotid artery–cavernous sinus fistula or thrombosis
Aneurysm

Sella and posterior fossa

Pituitary tumor or apoplexy
Aneurysm
Metastatic tumor

other

Diabetes
Migraine
Giant cell arteritis
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cc APPROACH TO DIAGNOSIS

Equilibrium is the ability to maintain orientation of the 
body and its parts in relation to external space. It depends 
on continuous visual, labyrinthine, and proprioceptive 
somatosensory input and its integration in the brainstem 
and cerebellum. Disorders of equilibrium result from dis-
eases that affect central or peripheral vestibular pathways, 
the cerebellum, or sensory pathways involved in proprio-
ception. Such disorders usually present with one of two 
clinical problems: vertigo or ataxia.

VERTIGO

Vertigo is the illusion of movement of the body or the 
environment. It may be associated with other symptoms, 
such as impulsion (a sensation that the body is being 
hurled or pulled in space), oscillopsia (a visual illusion of 
moving back and forth), nausea, vomiting, or gait ataxia.

Vertigo must be distinguished from nonvertiginous 
dizziness, which includes sensations of light-headedness, 
faintness, or giddiness not associated with an illusion of 
movement. In contrast to vertigo, these sensations are pro-
duced by conditions that deprive the brain of blood, oxy-
gen, or glucose (eg, excessive vagal stimulation, orthostatic 
hypotension, cardiac arrhythmia, myocardial ischemia, 
hypoxia, or hypoglycemia) and may culminate in loss of 
consciousness (syncope; see Chapter 12, Seizures & 
Syncope).

The first step in the differential diagnosis of vertigo is 
to localize the pathologic process to the peripheral or cen-
tral vestibular pathways (Figure 8-1). Certain characteris-
tics of vertigo, including the presence of any associated 
abnormalities, can help differentiate between peripheral 
and central causes (Table 8-1).

PERIPHERAL VERTIGO
Peripheral vestibular lesions affect the labyrinth of the 
inner ear or the vestibular division of the vestibulocochlear 
(VIII) nerve. Vertigo from peripheral lesions tends to be 
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intermittent, lasts for briefer periods, and produces more 
distress than vertigo of central origin (see next section). 
Nystagmus (rhythmic oscillation of the eyes) is always pres-
ent with peripheral vertigo; in this setting it is usually unidi-
rectional and never vertical. Peripheral lesions commonly 
produce additional symptoms of inner ear or vestibuloco-
chlear (VIII) nerve dysfunction, such as hearing loss and 
tinnitus (the illusion of hearing a nonexistent sound, such as 
ringing in the ears).

CENTRAL VERTIGO
Vertigo of central nervous system origin usually results 
from lesions that affect the brainstem vestibular nuclei or 
their connections; rarely, vertigo can be produced by a 
cerebral cortical lesion, such as when it occurs as a symp-
tom of complex partial seizures (see Chapter 12, Seizures & 
Syncope).

Central vertigo may occur with or without nystagmus; 
if nystagmus is present, it can be vertical, unidirectional, or 
multidirectional and may differ in character in the two 
eyes. (Vertical nystagmus is oscillation in a vertical plane; 
nystagmus produced by upgaze or downgaze is not neces-
sarily in the vertical plane.) Vertigo from central lesions 
may be accompanied by intrinsic brainstem or cerebellar 
signs, such as motor or sensory deficits, hyperreflexia, 
extensor plantar responses, dysarthria, or limb ataxia.

ATAXIA

Ataxia is incoordination or clumsiness of movement that 
is not the result of muscle weakness. It can be caused by 
vestibular, cerebellar, or sensory (proprioceptive) disor-
ders. Ataxia can affect eye movement, speech (producing 
dysarthria), individual limbs, the trunk, stance, or gait 
(Table 8-2).

VESTIBULAR ATAXIA
The same central and peripheral lesions that cause periph-
eral or central vertigo (see preceding section) can also 
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▲▲ Figure 8-1. Peripheral and central vestibular pathways. The vestibular nerve terminates in the vestibular nucleus 
in the brainstem and midline cerebellar structures that project to the vestibular nucleus. From here, bilateral path-
ways in the medial longitudinal fasciculus ascend to the abducens (VI) and oculomotor (III) nuclei and descend to 
the spinal cord (vestibulospinal tracts).
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produce vestibular ataxia. Nystagmus is frequently present 
and is typically unilateral and most pronounced on gaze 
away from the side of vestibular involvement. Dysarthria is 
not a component of vestibular ataxia. Vestibular ataxia is 
gravity-dependent: Incoordination of the limbs becomes 
apparent only when the patient attempts to stand or walk.

CEREBELLAR ATAXIA
Cerebellar ataxia is produced by lesions of the cerebellum 
or its afferent or efferent connections in the cerebellar 
peduncles, red nucleus, pons, or spinal cord (Figure 8-2). 

Because of the crossed connection between the frontal 
cerebral cortex and the cerebellum, unilateral frontal dis-
ease can also occasionally mimic a disorder of the contra-
lateral cerebellar hemisphere. The clinical manifestations 
of cerebellar ataxia consist of irregularities in the rate, 
rhythm, amplitude, and force of voluntary movements.

c` Hypotonia
Cerebellar ataxia is commonly associated with reduced 
muscle tone (hypotonia), which results in defective posture 
maintenance. Limbs are easily displaced by a relatively 
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small force and, when shaken by the examiner, exhibit an 
increased range of excursion. The range of arm swing dur-
ing walking may be similarly increased. Tendon reflexes 
take on a pendular quality, so that several oscillations of 
the limb may occur after the reflex is elicited. When mus-
cles are contracted against resistance that is then removed, 
the antagonist muscle fails to check the movement and 
compensatory muscular relaxation does not occur 
promptly. This results in rebound movement of the limb.

c` Incoordination
In addition to hypotonia, cerebellar ataxia is associated with 
incoordination of voluntary movements. Simple movements 
are delayed in onset, and their rates of acceleration and 
deceleration are decreased. The rate, rhythm, amplitude, and 
force of movements fluctuate, producing a jerky appearance. 
Clinical manifestations include terminal dysmetria, or 

Table 8-2. Characteristics of Vestibular, Cerebellar, and Sensory Ataxia.

Vestibular Cerebellar Sensory

Vertigo Present May be present Absent

Nystagmus Present Often present Absent

Dysarthria Absent May be present Absent

Limb ataxia Absent Usually present (one limb, unilat-
eral, legs only, or all limbs)

Present (typically legs)

Stance May be able to stand with feet 
together; typically worse with 
eyes closed

Unable to stand with feet 
together and eyes either open 
or closed

Often able to stand with feet together 
and eyes open but not with eyes 
closed (Romberg sign)

Vibration and position 
sense

Normal Normal Impaired

Ankle reflexes Normal Normal Depressed or absent

Table 8-1. Characteristics of Peripheral and Central 
Vertigo.

Peripheral Central

Vertigo Often intermit-
tent; severe

Often constant; usu-
ally less severe

Nystagmus Always present; 
unidirectional, 
never vertical

May be absent; uni- 
or bidirectional, 
may be vertical

Hearing loss or  
tinnitus

Often present Rarely present

Intrinsic brainstem 
or cerebellar 
signs1

Absent Typically present

1Motor or sensory deficits, hyperreflexia, extensor plantar responses, 
dysarthria, or limb ataxia.

“overshoot” when the limb is directed at a target, and termi-
nal intention tremor as the limb approaches the target. 
More complex movements may be decomposed into a suc-
cession of individual movements rather than a single smooth 
motor act (asynergia). Movements that involve rapid 
changes in direction or greater physiologic complexity, such 
as walking, are most severely affected.

c` Eye Movement Abnormalities
Because of the cerebellum’s prominent role in the control 
of eye movements, ocular abnormalities are a frequent 
consequence of cerebellar disease. These include nystag-
mus and related ocular oscillations, gaze paresis, and 
defective saccadic and pursuit movements.

c` Anatomic Basis of Clinical Signs
Various anatomic regions of the cerebellum (Figure 8-3) 
are functionally distinct, corresponding to the somatotopic 
organization of their motor, sensory, visual, and auditory 
connections (Figure 8-4).

1. Midline lesions—The middle zone of the cerebellum—
the vermis and flocculonodular lobe and their associ-
ated subcortical (fastigial) nuclei—is involved in the 
control of axial functions, including eye movements, 
head and trunk posture, stance, and gait. Midline cere-
bellar disease results in a clinical syndrome characterized 
by nystagmus and other disorders of ocular motility, 
dysarthria, oscillation of the head and trunk (tituba-
tion), instability of stance, and gait ataxia (Table 8-3). 
Selective involvement of the superior cerebellar vermis, 
as in alcoholic cerebellar degeneration, produces exclu-
sively or primarily gait ataxia, as predicted by the 
somatotopic map of the cerebellum (see Figure 8-4).

2. Hemispheric lesions—The lateral cerebellum (cer-
ebellar hemispheres) helps coordinate movements and 
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▲▲ Figure 8-2. Cerebellar connections in the superior, middle, and inferior cerebellar peduncles. 
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maintain tone in the ipsilateral limbs. The hemispheres 
also regulate ipsilateral gaze. Disorders affecting one 
cerebellar hemisphere cause ipsilateral hemiataxia 
and limb hypotonia as well as nystagmus and transient 
ipsilateral gaze paresis (inability to look voluntarily 
toward the affected side). Involvement of the medial 
(paravermian) portion of either cerebellar hemisphere 
can also produce dysarthria.

3. Diffuse disease—Many cerebellar disorders—typically 
toxic, metabolic, and degenerative conditions—affect 
the cerebellum diffusely. The clinical picture in such 
states combines the features of midline and bilateral 
hemisphere disease.

SENSORY ATAXIA
Sensory ataxia results from disorders that affect the pro-
prioceptive pathways in peripheral sensory nerves, sensory 

roots, posterior columns of the spinal cord, or medial 
lemnisci. Thalamic and parietal lobe lesions are rare causes 
of contralateral sensory hemiataxia.

Sensations of joint position and movement (kinesthe-
sis) originate in pacinian corpuscles and unencapsulated 
nerve endings in joint capsules, ligaments, muscle, and 
periosteum. These sensations are transmitted via heavily 
myelinated A fibers of primary afferent neurons, which 
enter the dorsal horn of the spinal cord and ascend 
uncrossed in the posterior columns (Figure 8-5). 
Proprioceptive information from the legs is conveyed in 
the medially located fasciculus gracilis, and information 
from the arms is conveyed in the more laterally situated 
fasciculus cuneatus. These tracts synapse on second-order 
sensory neurons in the nucleus gracilis and nucleus cunea-
tus in the lower medulla. The second-order neurons decus-
sate as internal arcuate fibers and ascend in the contralateral 
medial lemniscus. They terminate in the ventral posterior 
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▲▲ Figure 8-3. Anatomic divisions of the cerebellum in midsagittal view (A), or unfolded (arrows) and viewed from 
behind (B).
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nucleus of the thalamus, from which third-order sensory 
neurons project to the parietal cortex.

Sensory ataxia from polyneuropathy or posterior col-
umn lesions typically affects the gait and legs in symmetric 
fashion; the arms are involved to a lesser extent or are 
spared entirely. Examination reveals impaired sensation of 
joint position in the affected limbs, and vibration sense is 
also commonly disturbed. Vertigo, nystagmus, and dysar-
thria are characteristically absent.

HISTORY

SYMPTOMS & SIGNS

c` Vertigo
True vertigo must be distinguished from a light-headed or 
presyncopal sensation. Vertigo is typically described as 
spinning, rotating, or moving, but when the description is 
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▲▲ Figure 8-4. Functional organization of the cerebellum. The view is similar to that in Figure 8-3B but is of a mon-
key rather than a human cerebellum. The three cerebellar homunculi represent areas to which proprioceptive and 
tactile stimuli project, and the stripes represent areas to which auditory and visual stimuli project.
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Hemisphere Vermis

Table 8-3. Clinical Patterns of Cerebellar Ataxia.

Pattern of 
Involvement Signs Causes

Midline Nystagmus, dysarthria, head and trunk titubation, 
gait ataxia

Tumor, multiple sclerosis

Superior vermis Gait ataxia Wernicke encephalopathy, alcoholic cerebellar degeneration, 
tumor, multiple sclerosis

Cerebellar 
 hemisphere

Nystagmus, ipsilateral gaze paresis, dysarthria, ipsi-
lateral hypotonia, ipsilateral limb ataxia, gait 
ataxia, falling to side of lesion

Infarction, hemorrhage, tumor, multiple sclerosis

Pancerebellar Nystagmus, bilateral gaze paresis, dysarthria, bilat-
eral hypotonia, bilateral limb ataxia, gait ataxia

Sedative drug intoxication, hypothyroidism, autosomal domi-
nant spinocerebellar ataxias, paraneoplastic cerebellar 
degeneration, Wilson disease, infectious and parainfectious 
encephalomyelitis, Creutzfeldt-Jakob disease, multiple 
sclerosis

vague, the patient should be asked specifically if the symp-
tom is associated with a sense of movement.

The circumstances under which symptoms occur may 
also be diagnostically helpful. Vertigo is often brought on 
by changes in head position. In contrast, symptoms that 
occur upon arising after prolonged recumbency suggest 
orthostatic hypotension, and may be relieved immediately 
by sitting or lying down. Orthostatic hypotension and 
other cerebral hypoperfusion states can also lead to loss of 
consciousness, which is rarely associated with true 
vertigo.

Symptoms associated with vertigo may help to localize 
the site of the causal lesion. Hearing loss or tinnitus 

strongly suggests a disorder of the peripheral vestibular 
apparatus (labyrinth or vestibulocochlear [VIII] nerve). 
Dysarthria, dysphagia, diplopia, or focal weakness or sen-
sory loss affecting the face or limbs points to a likely cen-
tral (brainstem) lesion.

c` Ataxia
Ataxia associated with vertigo suggests a vestibular disor-
der, whereas ataxia with numbness or tingling in the legs is 
common in patients with sensory ataxia. Because proprio-
ceptive deficits may be partly compensated for by other 
sensory cues, patients with sensory ataxia may report that 
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their balance is improved by watching their feet when they 
walk or by using a cane or the arm of a companion for sup-
port. Thus they may be less steady in the dark and have 
more difficulty in descending than ascending stairs.

ONSET & TIME COURSE
The mode of onset and time course may help to identify 
the cause of a disorder of equilibrium.

c` Sudden
Sudden onset of disequilibrium occurs with infarcts and 
hemorrhages in the brainstem or cerebellum (eg, lateral 
medullary syndrome, cerebellar hemorrhage or infarction).

c` Episodic
Episodic disequilibrium of acute onset suggests transient 
ischemic attacks in the basilar artery distribution, benign 
positional vertigo, Ménière disease, or vestibular migraine. 
Disequilibrium from transient ischemic attacks is usually 
accompanied by cranial nerve deficits, neurologic signs in 
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▲▲ Figure 8-5. Pathways mediating proprioception (left, light blue) and other somatic sensory modalities (left and 
right). (Used with permission from Fox SI. Human Physiology. 10th ed. Boston, MA: McGraw-Hill; 2008.)

the limbs, or both. Ménière disease is usually associated with 
progressive hearing loss and tinnitus as well as vertigo.

c` Chronic & Progressive
Chronic, progressive disequilibrium evolving over weeks 
to months is most suggestive of a toxic or nutritional disor-
der (eg, vitamin B12 or vitamin E deficiency, nitrous oxide 
exposure). Evolution over months to years is characteristic 
of an inherited spinocerebellar degeneration.

MEDICAL HISTORY
The medical history should be scrutinized for diseases that 
affect the sensory pathways (vitamin B12 deficiency, syphi-
lis) or cerebellum (hypothyroidism, paraneoplastic syn-
dromes, tumors) and drugs that impair vestibular or 
cerebellar function (ethanol, sedative drugs, phenytoin, 
aminoglycoside antibiotics, quinine, salicylates).

FAMILY HISTORY
A hereditary degenerative disorder may be the cause of 
chronic, progressive cerebellar ataxia. Such disorders 
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include spinocerebellar degenerations, Friedreich ataxia, 
ataxia-telangiectasia, and Wilson disease.

GENERAL PHYSICAL EXAMINATION

Several features of the general physical examination may 
provide clues to the underlying disorder.

1. Orthostatic hypotension is associated with tabes dorsalis, 
polyneuropathies, and spinocerebellar degenerations.

2. Skin may show oculocutaneous telangiectasia (ataxia-
telangiectasia), or it may be dry, with brittle hair (hypo-
thyroidism) or have a lemon-yellow coloration (vitamin 
B12 deficiency).

3. Pigmented corneal (Kayser-Fleischer) rings are 
seen in Wilson disease (see Chapter 11, Movement 
Disorders).

4. Skeletal abnormalities include kyphoscoliosis in 
Friedreich ataxia, hypertrophic or hyperextensible 
joints in tabes dorsalis, and pes cavus in certain heredi-
tary neuropathies. Abnormalities at the craniocervical 
junction may be associated with Arnold-Chiari malfor-
mation or other congenital anomalies involving the 
posterior fossa.

NEUROLOGIC EXAMINATION

MENTAL STATUS EXAMINATION
Acute confusional state with ataxia suggests ethanol or 
sedative drug intoxication or Wernicke encephalopathy. 
Dementia with cerebellar ataxia is seen in Wilson disease, 
Creutzfeldt-Jakob disease, hypothyroidism, paraneoplastic 
syndromes, and some spinocerebellar degenerations. 
Dementia with sensory ataxia suggests syphilitic tabopare-
sis or vitamin B12 deficiency. Amnesia and cerebellar 
ataxia are associated with chronic alcoholism (Korsakoff 
amnestic syndrome, see Chapter 5, Dementia & Amnesia).

STANCE & GAIT
Observation of stance and gait is helpful in distinguishing 
among vestibular, cerebellar, and sensory ataxia. In any ataxic 
patient, the stance and gait are wide-based and unsteady, 
often associated with reeling or lurching movements.

c` Stance
The ataxic patient asked to stand with the feet together 
may be reluctant or unable to do so. With urging, the 
patient may gradually move the feet closer together but will 
leave some space between them.

1. Patients with sensory ataxia and some with vestibular 
ataxia may be able to stand with the feet together, using 
vision to compensate for the loss of proprioceptive or 
labyrinthine input. This is demonstrated when the 

patient closes the eyes, eliminating visual cues, leading 
to markedly increased unsteadiness or falling (Romberg 
sign). With a vestibular lesion, the tendency is to fall 
toward the side of the lesion.

2. Patients with cerebellar ataxia cannot compensate for 
their deficit using visual input and are unstable on their 
feet whether the eyes are open or closed.

c` Gait

1. The gait in cerebellar ataxia is wide-based, often with a 
staggering quality that can suggest drunkenness. 
Oscillation of the head or trunk (titubation) may be pres-
ent. With a unilateral cerebellar hemisphere lesion, there 
is a tendency to deviate toward the side of the lesion when 
the patient tries to walk in a straight line or circle, or 
marches in place with eyes closed. Tandem (heel-to-toe) 
gait, which requires walking with an exaggerated narrow 
base, is always impaired in cerebellar ataxia.

2. In sensory ataxia, the gait is also wide-based and tan-
dem gait is poor. In addition, the feet are typically lifted 
high off the ground and slapped down heavily (step-
page gait) to enhance proprioceptive input. Stability 
may be dramatically improved by letting the patient use 
a cane or lightly rest a hand on the examiner’s arm for 
support. If the patient attempts to walk in the dark or 
with eyes closed, gait is much more impaired.

3. Gait ataxia may also be a manifestation of conversion 
disorder or malingering. The most helpful observation 
in identifying factitious gait ataxia is that such patients 
may exhibit wildly reeling or lurching movements from 
which they are able to recover without falling, whereas 
recovery from such awkward positions actually requires 
excellent equilibrium.

CRANIAL NERVES
Abnormalities of extraocular (III, IV, and VI) and vestibu-
locochlear (VIII) nerve function are typically present with 
vestibular disease and often present with lesions of the 
cerebellum.

c` Eye Movements

1. The eyes are examined in the primary position of gaze 
(looking directly forward) to detect misalignment in 
the horizontal or vertical plane.

2. The patient is asked to turn the eyes in each of the 
cardinal directions of gaze (see Chapter 1, Neurologic 
History & Examination) to detect ocular nerve palsy 
or gaze paresis (inability to move the two eyes coordi-
nately in any of the cardinal directions of gaze).

3. Nystagmus—an involuntary oscillation of the eyes—is 
characterized in terms of the positions of gaze in which 
it occurs (gaze-evoked nystagmus), its amplitude, and 
the direction of its fast phase. Pendular nystagmus, 
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usually due to visual impairment beginning in infancy, 
has the same velocity in both directions, whereas jerk 
nystagmus has fast (vestibular-induced) and slow (cor-
tical) phases. The direction of jerk nystagmus is defined 
by the direction of the fast component.

4. Fast voluntary eye movements (saccades) are elicited 
by having the patient rapidly shift gaze between targets 
in different regions of the visual field. Slow voluntary 
eye movements (pursuits) are assessed by having the 
patient track a slowly moving target such as the exam-
iner’s finger.

5. Peripheral vestibular disorders produce unidirectional 
horizontal jerk nystagmus that is maximal on gaze away 
from the involved side.

6. Central vestibular disorders can cause unidirectional or 
bidirectional horizontal nystagmus, vertical nystagmus, 
or gaze paresis.

7. Cerebellar lesions are associated with a wide range of 
ocular abnormalities, including gaze paresis, defective 
saccades or pursuits, nystagmus in any or all directions, 
and ocular dysmetria (overshoot of visual targets dur-
ing saccadic eye movement).

c` Hearing
Preliminary examination of the vestibulocochlear (VIII) 
nerve should include otoscopic inspection of the auditory 
canals and tympanic membranes, assessment of auditory 
acuity in each ear, and Weber and Rinne tests (Table 8-4) 
performed with a 256-Hz tuning fork.

1. In the Weber test, unilateral sensorineural hearing loss 
(from lesions of the cochlea or vestibulocochlear nerve) 
causes the patient to perceive the sound produced by a 
vibrating tuning fork placed at the vertex of the skull as 
coming from the normal ear. With a conductive (exter-
nal or middle ear) disorder, sound is localized to the 
abnormal ear.

2. The Rinne test may also distinguish between sensori-
neural and conductive defects in the affected ear. Air 
conduction (tested by holding the vibrating tuning fork 

Table 8-4. Assessment of Hearing Loss.

Weber Test Rinne Test

Normal Sound perceived as 
coming from 
midline

Air conduction > 
bone conduction

Sensorineural  
hearing loss

Sound perceived as 
coming from 
normal ear

Air conduction > 
bone conduction

Conductive hearing 
loss

Sound perceived as 
coming from 
affected ear

Bone conduction > 
air conduction 
on affected side

next to the external auditory canal) normally produces 
a louder sound than does bone conduction (tested by 
placing the base of the tuning fork over the mastoid 
bone). This also occurs with sensorineural hearing loss 
due to vestibulocochlear nerve lesions but is reversed in 
conductive hearing loss.

c` Positional Vertigo Testing
When a patient indicates that vertigo occurs with a change 
in position, the Nylen-Bárány or Dix-Hallpike maneuver 
(Figure 8-6) is used to try to reproduce the precipitating 
circumstance. The head is rapidly lowered 30 degrees 
below horizontal. This process is repeated with the head 
and eyes turned first to the right and then to the left. The 
eyes are observed for nystagmus, and the patient is asked 
to note the onset, severity, and cessation of vertigo.

Positional nystagmus and vertigo are usually associ-
ated with peripheral vestibular lesions and are most often a 
feature of benign positional vertigo. This is typically char-
acterized by severe distress, a latency of several seconds 
between assumption of the position and the onset of ver-
tigo and nystagmus, a tendency for the response to remit 
spontaneously (fatigue) as the position is maintained, and 
attenuation of the response (habituation) as the offending 
position is repeatedly assumed (Table 8-5). Positional ver-
tigo can also occur with central vestibular disease.

c` Caloric Testing
Disorders of the vestibuloocular pathways can be detected 
by caloric testing. Caloric testing should be preceded by 
careful otoscopic examination and should not be under-
taken if the tympanic membrane is perforated. The patient 
is placed supine with the head elevated 30 degrees to bring 
the superficially situated lateral semicircular canal into the 
upright position. Each ear canal is irrigated in turn with 
cold (~33°C) or warm (~44°C) water for 40 seconds, with 
at least 5 minutes between tests. Warm water tends to pro-
duce less discomfort than cold.

1. In the normal, awake patient, cold-water caloric stim-
ulation produces nystagmus with the slow phase toward 
and the fast phase away from the irrigated ear. Warm 
water irrigation produces the opposite response.

2. In patients with unilateral labyrinthine, vestibuloco-
chlear (VIII) nerve, or vestibular nuclear dysfunc-
tion, irrigation of the affected side fails to cause 
nystagmus or elicits nystagmus that is later in onset or 
briefer in duration than on the normal side.

c` Other Cranial Nerves
Papilledema associated with disequilibrium suggests an 
intracranial mass lesion, usually in the posterior fossa, 
causing increased intracranial pressure. Optic atrophy may 
be present in multiple sclerosis, neurosyphilis, or vitamin 
B12 deficiency. A depressed corneal reflex or facial palsy 
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Table 8-5. Characteristics of Positional Nystagmus.

Feature Peripheral Lesion Central Lesion

Vertigo Severe Mild

Latency 2-40 s No

Fatigability Yes No

Habituation Yes No

A

B

▲▲ Figure 8-6. Test for positional vertigo and nystagmus. The patient is seated on a table with the head and eyes 
directed forward (A) and is then quickly lowered to a supine position with the head over the table edge, 45 degrees 
below horizontal. The patient’s eyes are then observed for nystagmus, and the patient is asked to report any vertigo. 
The test is repeated with the patient’s head and eyes turned 45 degrees to the right (B), and again with the head and 
eyes turned 45 degrees to the left (not shown).

ipsilateral to the lesion (and the ataxia) can accompany 
cerebellopontine angle tumor. Weakness of the tongue or 
palate, hoarseness, or dysphagia results from lower brain-
stem disease.

MOTOR SYSTEM
Examination of motor function in a patient with a disorder 
of equilibrium should disclose the pattern and severity of 
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ataxia and any associated pyramidal, extrapyramidal, or 
lower motor neuron involvement that might suggest a 
cause. The clinical features that help distinguish cerebellar 
disease from disease involving these other motor systems 
are summarized in Table 8-6.

c` Muscle Tone
1. Hypotonia is characteristic of cerebellar disorders; with 

unilateral cerebellar hemispheric lesions, the ipsilateral 
limbs are hypotonic.

2. Extrapyramidal hypertonia (rigidity) may occur in dis-
orders that affect both the cerebellum and basal ganglia 
(eg, Wilson disease, acquired hepatocerebral degenera-
tion, Creutzfeldt-Jakob disease, and some spinocerebel-
lar ataxias).

3. Ataxia with spasticity may be seen in conditions that 
affect both the cerebellum and upper motor neuron 
pathways (eg, multiple sclerosis, posterior fossa tumors 
or congenital anomalies, vertebrobasilar infarction, 
some spinocerebellar ataxias, Friedreich ataxia, neuro-
syphilis, Creutzfeldt-Jakob disease, and vitamin B12 
deficiency).

c` Coordination
1. Truncal stability is assessed by examining gait (discussed 

earlier) and by observing the seated, unsupported 
patient. In addition to gait ataxia, patients with midline 
or pancerebellar disease may show oscillation of the head 
or trunk (titubation) and truncal ataxia while seated, 
causing a tendency to fall over when they sit.

2. Movement of the patient’s arm is observed as his or her 
finger tracks back and forth between his or her own 

Table 8-6. Clinical Features Distinguishing Cerebellar from Other Motor Systems Disorders.

Cerebellar Upper Motor Neuron
Lower Motor 

Neuron Extrapyramidal

Strength Normal Decreased Decreased Normal

Tone Decreased Increased (spastic)1 Normal Increased (rigid)1 or decreased

Tendon reflexes Normal Increased1 Decreased1 Normal

Plantar responses Flexor Extensor1 Flexor Flexor

Atrophy Absent Absent Present1 or absent Absent

Fasciculations Absent Absent Present1 or absent Absent

Tremor Intention tremor1 or absent Absent Absent Resting tremor1 or absent

Chorea or athetosis Absent Absent Absent Present1 or absent

Akinesia Absent Absent Absent Present1 or absent

Ataxia Present1 Absent Absent Absent

1Most helpful diagnostic features.

nose or chin and the examiner’s finger. With mild cer-
ebellar ataxia, an intention tremor characteristically 
appears near the beginning and end of each such move-
ment, and the patient may overshoot the target.

3. When the patient is asked to raise the arms rapidly to a 
given height—or when the extended and outstretched 
arms are displaced by a sudden force—there may be 
overshoot (rebound). Impaired ability to check the 
force of muscle contractions can also be demonstrated 
by having the patient flex the arm at the elbow against 
resistance, and then suddenly removing the resistance. 
If the limb is ataxic, continued contraction without 
resistance may cause the hand to strike the patient, 
whose head should be turned to the side to avoid being 
hit in the face.

4. Ataxia of the legs is demonstrated by the supine 
patient’s inability to run the heel of the foot smoothly 
up and down the opposite shin.

5. Ataxia of any limb is reflected by irregularity in the 
rate, rhythm, amplitude, and force of rapid successive 
tapping movements.

c` Weakness
1. Pure vestibular, cerebellar, or sensory disorders do not 

cause weakness, but weakness may occur in disorders 
that also affect motor pathways.

2. Distal weakness can be caused by disorders that also 
produce sensory ataxia, such as polyneuropathies and 
Friedreich ataxia.

3. Paraparesis may be superimposed on ataxia in vitamin 
B12 deficiency, multiple sclerosis, foramen magnum 
lesions, or spinal cord tumors.
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4. Ataxic quadriparesis, hemiataxia with contralateral 
hemiparesis, or ataxic hemiparesis suggests a brain-
stem lesion.

c` Abnormal Involuntary Movements
1. Titubation and intention tremor are common in cer-

ebellar disorders. Other abnormal movements can 
occur with diseases that affect both the cerebellum and 
other brain structures.

2. Asterixis may occur in hepatic encephalopathy, other 
acute metabolic encephalopathies, or acquired hepato-
cerebral degeneration.

3. Myoclonus occurs in the same conditions as asterixis and 
is a prominent manifestation of Creutzfeldt-Jakob disease.

4. Chorea may accompany cerebellar signs in Wilson 
disease, acquired hepatocerebral degeneration, or 
ataxia-telangiectasia.

SENSORY SYSTEM

c` Joint Position Sense
In sensory ataxia, joint position sense is always impaired in 
the legs and may be defective in the arms. Joint position 
sense is tested by asking the patient to detect passive move-
ment of the joints, beginning distally and moving proxi-
mally, to establish the upper level of any deficit in each 
limb. With normal joint position sense, it should be pos-
sible to detect almost any displacement. Abnormal posi-
tion sense also can be demonstrated by positioning one 
limb and having the patient, with eyes closed, place the 
opposite limb in the same position.

c` Vibration Sense
Vibration sense is also frequently impaired in sensory 
ataxia. The patient is asked to detect vibration of a 128-Hz 
tuning fork placed on a bony prominence. Successively 
more proximal sites are tested to determine the upper level 
of the deficit in each limb. The patient’s threshold for 
detecting vibration is compared with the examiner’s ability 
to detect it in the hand that holds the tuning fork.

REFLEXES

1. Tendon reflexes are typically hypoactive, with a pendu-
lar quality, in cerebellar disorders; unilateral cerebellar 
lesions produce ipsilateral hyporeflexia.

2. Hyporeflexia of the legs is a prominent manifestation 
of Friedreich ataxia, tabes dorsalis, and polyneuropa-
thies that cause sensory ataxia.

3. Hyperactive reflexes and extensor plantar responses 
may accompany ataxia caused by multiple sclerosis, 
vitamin B12 deficiency, focal brainstem lesions, and 
certain autosomal dominant spinocerebellar ataxias.

INVESTIGATIVE STUDIES

BLOOD TESTS
Blood studies may disclose low vitamin B12 levels and 
hematologic abnormalities (macrocytic anemia, leukope-
nia with hypersegmented neutrophils, thrombocytopenia 
with giant platelets) in vitamin B12 deficiency, decreased 
levels of thyroid hormones in hypothyroidism, elevated 
hepatic enzymes and low ceruloplasmin and copper con-
centrations in Wilson disease, immunoglobulin deficiency 
and elevated α-fetoprotein in ataxia-telangiectasia, anti-
bodies to Purkinje cell antigens in paraneoplastic cerebel-
lar degeneration, or mutations associated with certain 
autosomal dominant spinocerebellar ataxias and Friedreich 
ataxia.

CEREBROSPINAL FLUID
The cerebrospinal fluid (CSF) shows elevated protein with 
cerebellopontine angle, brainstem, or spinal cord tumors, 
hypothyroidism, and some polyneuropathies. Increased 
protein concentration with pleocytosis is found in infec-
tious or parainfectious encephalitis, paraneoplastic cere-
bellar degeneration, and neurosyphilis. CSF levels of 
14–3–3 protein are increased in Creutzfeldt-Jakob disease. 
Elevated pressure and bloody CSF characterize cerebellar 
hemorrhage, but lumbar puncture is contraindicated if 
cerebellar hemorrhage is suspected. CSF VDRL is reactive 
in tabes dorsalis, and oligoclonal immunoglobulin G (IgG) 
bands may be present in multiple sclerosis or other inflam-
matory disorders.

BRAIN IMAGING
Computed tomography (CT) can demonstrate posterior 
fossa tumors or malformations, cerebellar infarction or 
hemorrhage, and cerebellar atrophy associated with degen-
erative disorders. Magnetic resonance imaging (MRI) 
provides better visualization of posterior fossa lesions, 
including cerebellopontine angle tumors, and is superior to 
CT for detecting lesions of multiple sclerosis.

EVOKED POTENTIALS
Evoked potential testing, especially of optic pathways 
(visual evoked potentials), may be helpful in evaluating 
patients with suspected multiple sclerosis. Brainstem audi-
tory evoked potentials can localize vestibular disease to the 
peripheral vestibular pathways and may help identify cer-
ebellopontine angle tumors.

CHEST X-RAY & ECHOCARDIOGRAPHY
The chest x-ray or echocardiogram may provide evidence 
of cardiomyopathy associated with Friedreich ataxia. The 
chest x-ray may also show a lung tumor in paraneoplastic 
cerebellar degeneration.
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AUDIOMETRY
This is useful in vestibular disorders associated with auditory 
impairment and can distinguish conductive, labyrinthine, 
vestibulocochlear (VIII) nerve, and brainstem disease.

Tests of pure tone hearing are abnormal when sounds 
are transmitted through air with conductive hearing loss 
and when transmitted through either air or bone with laby-
rinthine or vestibulocochlear (VIII) nerve disorders.

Speech discrimination is markedly impaired with ves-
tibulocochlear (VIII) nerve lesions, less impaired in laby-
rinthine disorders, and normal with conductive hearing 
loss or brainstem disease.

ELECTRONYSTAGMOGRAPHY
This can detect and characterize nystagmus, including that 
elicited by caloric stimulation.

cc PERIPHERAL VESTIBULAR DISORDERS

Table 8-7 provides a list of peripheral vestibular disorders 
and features helpful in their differential diagnosis.

Strupp M, Brandt T. Peripheral vestibular disorders. Curr Opin 
Neurol. 2013;26:81-89.

BENIGN POSITIONAL VERTIGO

Positional vertigo occurs upon assuming a particular head 
position. It is usually associated with peripheral vestibular 
lesions, but also may be due to central (brainstem or cere-
bellar) disease.

PATHOGENESIS
Benign positional vertigo is the most common cause of 
vertigo of peripheral origin, accounting for approximately 
30% of cases. The most frequently identified cause is head 
trauma, but in most instances, no cause can be determined. 
The pathophysiologic basis of benign positional vertigo is 
thought to be canalolithiasis—stimulation of the semicir-
cular canal by debris floating in the endolymph.

CLINICAL FINDINGS
The syndrome is characterized by brief (seconds to min-
utes) episodes of severe vertigo that may be accompanied 
by nausea and vomiting. Symptoms may occur with any 
change in head position but are usually most severe in the 
lateral decubitus position with the affected ear down. 
Episodic vertigo typically continues for several weeks and 
then resolves spontaneously; in some cases, it is recurrent. 
Hearing loss is not a feature.

Table 8-7. Differential Diagnosis of Peripheral 
 Vestibular Disorders.

Hearing Loss Other 
Cranial 
Nerve 
PalsiesConductive Sensorineural

Benign positional ver-
tigo1

− − −

Ménière disease1 − + −

Acute peripheral  
vestibulopathy1

− − −

Otosclerosis + + −

Head trauma ± ± ±

Cerebellopontine angle 
tumor

− + ±

Toxic vestibulopathy

 Alcohol − − −

 Aminoglycosides − + −

 Salicylates − + −

 Quinine − + −

Vestibulocochlear 
  (VIII) neuropathy

 Basilar meningitis − + ±

 Hypothyroidism − + −

 Diabetes − + ±

 Paget disease of the 
   skull (osteitis  

deformans)

− + ±

1Most common causes.

Peripheral and central causes of positional vertigo usu-
ally can be distinguished on physical examination by 
means of the Nylen-Bárány or Dix-Hallpike maneuver (see 
Figure 8-6). Positional nystagmus always accompanies 
vertigo in the benign disorder and is typically unidirec-
tional, rotatory, and delayed in onset by several seconds 
after assumption of the precipitating head position. If the 
position is maintained, nystagmus and vertigo resolve 
within seconds to minutes. If the maneuver is repeated, the 
response is attenuated. In contrast, positional vertigo of 
central origin tends to be less severe, and positional nystag-
mus may be absent. There is no latency, fatigue, or habitu-
ation in central positional vertigo.

TREATMENT
The mainstay of treatment is repositioning (Epley) 
maneuvers that use the force of gravity to move endolym-
phatic debris out of the semicircular canal and into the 
vestibule, where it can be reabsorbed. In one such 
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maneuver (Figure 8-7), the head is turned 45 degrees in 
the direction of the affected ear (determined clinically, as 
described earlier), and the patient reclines to a supine posi-
tion, with the head (still turned 45 degrees) hanging down 
over the end of the examining table. The head, still hanging 
down, is then turned 90 degrees in the opposite direction, 
to 45 degrees toward the opposite ear. Next, the patient 
rolls to a lateral decubitus position with the affected ear up, 
and the head still turned 45 degrees toward the unaffected 
ear and hanging down. Finally, the patient turns to a prone 
position and sits up.

Vestibulo-suppressant drugs (Table 8-8) may also be 
useful in the acute period. Vestibular rehabilitation, which 
promotes compensation for vestibular dysfunction through 
the recruitment of other sensory modalities, may also be 
helpful.

Kim JS, Zee DS. Benign paroxysmal positional vertigo. N Engl J 
Med. 2014;370:1138-1147.

5

6

4

2, 3

1

UT
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1
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5 3

4

▲▲ Figure 8-7. Repositioning treatment for benign positional vertigo resulting from canalolithiasis. In the example 
shown, repositioning maneuvers are used to move endolymphatic debris out of the posterior semicircular canal 
(PSC) of the right ear and into the utricle (UT), the larger of two membranous sacs in the vestibule of the labyrinth, 
where this debris can be reabsorbed. The numbers (1-6) refer to both the position of the patient and the correspond-
ing location of debris within the labyrinth. The patient is seated, and the head is turned 45 degrees to the right (1). 
The head is lowered rapidly to below the horizontal (2); the examiner shifts position (3); and the head is rotated rap-
idly 90 degrees in the opposite direction, so it now points 45 degrees to the left, where it remains for 30 seconds  
(4). The patient then rolls onto the left side without turning the head in relation to the body and maintains this posi-
tion for another 30 seconds (5) before sitting up (6). This maneuver may need to be repeated until nystagmus is 
abolished. The patient must then avoid the supine position for at least 2 days. (Used with permission from Baloh RW 
and from Samuels MA, Feske SK, eds. Office Practice of Neurology. New York, NY: Churchill Livingstone; 1995.)

Soto-Varela A, Rossi-Izquierdo M, Sánchez-Sellero I, Santos-
Pérez S. Revised criteria for suspicion of non-benign posi-
tional vertigo. QJM. 2013;106:317-321.

MÉNIÈRE DISEASE

Ménière disease is characterized by repeated episodes of 
vertigo lasting from minutes to days, accompanied by tin-
nitus and progressive sensorineural hearing loss.

PATHOGENESIS
Most cases are sporadic, but familial occurrence has been 
described, and may show anticipation (earlier onset in suc-
cessive generations). Rare cases appear to be related to 
mutations in the COCH (coagulation factor C homology) 
gene, which codes for cochlin, a component of inner ear 
extracellular matrix. Onset of sporadic Ménière disease is 
usually between ages 20 and 50 years, and men are affected 
more often than women. The cause is thought to be an 
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increase in the volume of labyrinthine endolymph (endo-
lymphatic hydrops), but the pathogenetic mechanism is 
unknown.

CLINICAL FINDINGS
At the time of the first acute attack, patients already may 
have noted the insidious onset of tinnitus, hearing loss, and 
a sensation of fullness in the ear. Acute attacks are charac-
terized by vertigo, nausea, and vomiting and recur at inter-
vals ranging from weeks to years. Hearing deteriorates in a 
stepwise fashion, with bilateral involvement in 10% to 70% 
of patients. As hearing loss increases, vertigo tends to 
become less severe.

Physical examination during an acute episode shows 
spontaneous horizontal or rotatory nystagmus (or both) 
that may change direction. Although spontaneous nystag-
mus is characteristically absent between attacks, caloric 
testing usually reveals impaired vestibular function. The 
hearing deficit is not always sufficiently advanced to be 
detectable at the bedside. Audiometry shows low-fre-
quency pure-tone hearing loss that fluctuates in severity, 
impaired speech discrimination, and increased sensitivity 
to loud sounds.

TREATMENT
Symptomatic management of acute attacks is with antihista-
mines, benzodiazepines, or other drugs listed in Table 8-8. 
Between episodes, patients may be treated with a low-salt 
diet and diuretics, such as hydrochlorothiazide (50 mg orally 
daily) plus triamterene (25 mg orally daily), or with the 

Table 8-8. Drugs Used in the Treatment of Vertigo.

Drug Dosage1

Antihistamines

Meclizine 25 mg PO q4-6h

Promethazine 25-50 mg PO, IM, or PR q4-6h

Dimenhydrinate 50 mg PO or IM q4-6h or  
100 mg PR q8h

Anticholinergics

Scopolamine 0.5 mg transdermally q3d

Benzodiazepines

Diazepam 5-10 mg IM q4-6h

Sympathomimetics

Amphetamine 5-10 mg PO q4-6h

Ephedrine 25 mg PO q4-6h

1 IM, intramuscularly; PO, orally; PR, rectally.
Adapted from Baloh RW, Honrubia V, Kerber KA. Baloh and 
Honrubia’s Clinical Neurophysiology of the Vestibular System. 4th ed. 
New York, NY: Oxford; 2010.

histamine H3 receptor antagonist betahistine (8-24 mg 
orally three times daily). In persistent, disabling cases, ves-
tibular ablation by intratympanic gentamicin, vestibular 
(VIII) nerve section, orlabyrinthectomy may be beneficial.

Syed I, Aldren C. Meniere’s disease: an evidence based approach to 
assessment and management. Int J Clin Pract. 2012;66:166-170.

ACUTE PERIPHERAL VESTIBULOPATHY

This term is used to describe a spontaneous attack of ver-
tigo of inapparent cause that resolves spontaneously and is 
not accompanied by hearing loss or central nervous system 
dysfunction. It includes disorders diagnosed as acute laby-
rinthitis or vestibular neuronitis and may follow a febrile 
illness.

The disorder is characterized by the acute onset vertigo, 
nausea, and vomiting, typically lasting up to 2 weeks. 
Symptoms may recur, and some degree of vestibular dys-
function may be permanent. During an attack, the patient 
appears acutely ill, typically lies on one side with the 
affected ear upward, and is reluctant to move the head. 
Nystagmus with the fast phase away from the affected ear 
is always present. The vestibular response to caloric testing 
is defective in one or both ears but auditory acuity is 
normal.

Acute peripheral vestibulopathy must be distinguished 
from central causes of acute vertigo, such as stroke in the 
posterior cerebral circulation. Central disease is suggested 
by vertical nystagmus, altered consciousness, motor or 
sensory deficit, or dysarthria.

Treatment of acute peripheral vestibulopathy is with a 
10- to 14-day course of prednisone, 20 mg orally twice 
daily, the drugs listed in Table 8-8, or both.

Jeong SH, Kim HJ, Kim JS. Vestibular neuritis. Semin Neurol. 
2013;33:185-194.

OTOSCLEROSIS

Otosclerosis is caused by immobility of the stapes, the ear 
ossicle that transmits vibration of the tympanic membrane 
to the inner ear. Its most distinctive feature is conductive 
hearing loss, but sensorineural hearing loss and vertigo 
may also occur, whereas tinnitus is infrequent. Auditory 
symptoms usually begin before 30 years of age, and familial 
occurrence is common.

When vestibular dysfunction occurs, it is most often 
characterized by recurrent episodic vertigo—with or with-
out positional vertigo—and a sense of positional imbal-
ance. More continuous symptoms may also occur, and the 
frequency and severity of attacks may increase with time. 
Vestibular abnormalities on examination include sponta-
neous or positional nystagmus of the peripheral type and 
attenuated caloric responses, which are usually unilateral. 

Aminoff_ch08_p184-216.indd   199 09/03/15   2:33 pm



CHAPTER 8200

Hearing loss is always demonstrable by audiometry. It is 
usually of mixed conductive-sensorineural character and is 
bilateral in approximately two-thirds of patients.

In patients with episodic vertigo, progressive hearing 
loss, and tinnitus, otosclerosis must be distinguished from 
Ménière disease. Otosclerosis is suggested by a positive 
family history, a tendency toward onset at an earlier age, 
the presence of conductive hearing loss, or bilateral sym-
metric auditory impairment. Imaging studies also may be 
diagnostically useful.

Treatment with sodium fluoride, vitamin D, or intra-
tympanic dexamethasone may be effective. If not, surgical 
stapedectomy should be considered.

Liktor B, Szekanecz Z, Batta TJ, Sziklai I, Karosi T. Perspectives 
of pharmacological treatment in otosclerosis. Eur Arch 
Otorhinolaryngol. 2013;270:793-804.

HEAD TRAUMA

Head trauma is the most common identified cause of 
benign positional vertigo. Injury to the labyrinth is usually 
responsible for posttraumatic vertigo; however, fractures of 

the petrosal bone may lacerate the vestibulocochlear (VIII) 
nerve, producing vertigo and hearing loss. Hemotympanum 
or CSF otorrhea suggests such a fracture.

Fife TD, Giza C. Posttraumatic vertigo and dizziness. Semin 
Neurol. 2013;33:238-243.

CEREBELLOPONTINE ANGLE TUMOR

PATHOGENESIS
The most common tumor in the cerebellopontine angle—a 
triangular region in the posterior fossa bordered by the cer-
ebellum, lateral pons, and petrous ridge (Figure 8-8)—is the 
histologically benign acoustic neuroma. Also termed neu-
rilemoma, neurinoma, or schwannoma, it typically arises 
from the neurilemmal sheath of the vestibular portion of the 
vestibulocochlear (VIII) nerve in the internal auditory canal. 
Less common tumors at this site include meningiomas and 
primary cholesteatomas (epidermoid cysts).

Acoustic neuromas usually occur as isolated lesions in 
patients 30 to 60 years old, but may also be a manifestation of 

Acoustic neuroma

Internal auditory canal

IX, X, XI

Transverse sinus

Internal jugular vein

Dorsum sellae

VI

VIII
VII
XII

Foramen
magnum

(brainstem
removed)

Posterior
fossa

(cerebellum
removed)

V

▲▲ Figure 8-8. Cerebellopontine angle tumor, viewed from above, with the brain removed to permit the cranial nerves 
and base of the skull to be seen. The tumor, a neuroma arising from the vestibulocochlear (VIII) nerve, may compress 
adjacent structures, including the trigeminal (V) and facial (VII) nerves, the brainstem, and the cerebellum.
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neurofibromatosis. Neurofibromatosis 1 (von Reckling-
hausen disease) is a common autosomal dominant disorder 
related to mutations in neurofibromin 1 (NF1), a tumor 
suppressor gene. In addition to unilateral acoustic neuro-
mas, neurofibromatosis 1 is associated with café-au-lait 
spots on the skin, cutaneous neurofibromas, axillary or 
inguinal freckles, optic gliomas, iris hamartomas, and dys-
plastic bony lesions. Neurofibromatosis 2 is a rare autoso-
mal dominant disorder caused by mutations in 
neurofibromin 2 (NF2), an inhibitor of contact-dependent 
cell proliferation. Its hallmark is bilateral acoustic neuromas, 
which may be accompanied by other central or peripheral 
nervous system tumors, including neurofibromas, menin-
giomas, gliomas, and schwannomas.

PATHOPHYSIOLOGY
Symptoms are produced by compression or displacement 
of the cranial nerves, brainstem, and cerebellum and by 
obstruction of CSF flow. Because of their anatomic rela-
tionship to the vestibulocochlear (VIII) nerve, the trigemi-
nal (V) and facial (VII) nerves are often affected.

CLINICAL FINDINGS

c` Symptoms & Signs
Insidious hearing loss is usually the initial symptom. Less 
often, patients present with headache, vertigo, gait ataxia, 
facial pain, tinnitus, a sensation of fullness in the ear, or 
facial weakness. Vertigo ultimately develops in 20% to 30% 
of patients, but nonspecific unsteadiness is more common. 
Symptoms may be stable or progress over months or years.

Unilateral sensorineural hearing loss is the most com-
mon finding on examination. Other frequent findings are 
ipsilateral facial palsy, depressed or absent corneal reflex, 
and sensory loss over the face. Ataxia, spontaneous nystag-
mus, other lower cranial nerve palsies, and signs of 
increased intracranial pressure are less common. Unilateral 
vestibular dysfunction can usually be demonstrated with 
caloric testing.

c` Laboratory Findings
Audiometry shows a sensorineural deficit with high-fre-
quency pure-tone hearing loss, poor speech discrimina-
tion, and marked tone decay. CSF protein is elevated in 
approximately 70% of patients, usually in the range of 50 to 
200 mg/dL. The most useful imaging study is MRI of the 
cerebellopontine angle. Acoustic neuromas may cause 
abnormal brainstem auditory evoked potentials.

DIFFERENTIAL DIAGNOSIS
Acoustic neuroma must be distinguished from other cerebel-
lopontine angle tumors. Meningioma should be considered 
in patients whose initial symptoms indicate more than iso-
lated vestibulocochlear (VIII) nerve disease. Cholesteatoma 

is suggested by conductive hearing loss, early facial weakness, 
or facial twitching, with normal CSF protein. Metastatic car-
cinoma may also present as a lesion in the cerebellopontine 
angle.

TREATMENT
Treatment is complete surgical excision. Patients with 
acoustic neuroma and neurofibromatosis 2 may benefit 
from bevacizumab, a monoclonal antibody against vascu-
lar endothelial growth factor (VEGFA). In untreated cases, 
severe complications can result from brainstem compres-
sion or hydrocephalus.

Lin AL, Gutmann DH. Advances in the treatment of neurofibro-
matosis-associated tumours. Nat Rev Clin Oncol. 2013;10: 
616-624.

TOXIC VESTIBULOPATHIES

ALCOHOL
Alcohol causes acute positional vertigo because of its dif-
ferential distribution between the cupula and endolymph 
of the inner ear. Alcohol-induced positional vertigo typi-
cally occurs within 2 hours after ingesting ethanol in 
amounts sufficient to produce blood levels greater than 40 
mg/dL. Alcohol initially diffuses into the cupula, later also 
diffuses into the endolymph, and then leaves the cupula 
before it leaves the endolymph. This produces two symp-
tomatic phases of vertigo, which together last up to about 
12 hours, separated by an asymptomatic interval of 1 to  
2 hours. The clinical syndrome is characterized by vertigo 
and nystagmus in the lateral recumbent position and is 
accentuated when the eyes are closed.

AMINOGLYCOSIDES
Aminoglycoside antibiotics are widely recognized ototox-
ins that can produce both vestibular and auditory 
 symptoms. Streptomycin, gentamicin, and tobramycin are 
the agents most likely to cause vestibular toxicity, and 
amikacin, kanamycin, and tobramycin are associated with 
hearing loss. Aminoglycosides concentrate in the peri-
lymph and endolymph and exert their ototoxic effects by 
destroying sensory hair cells. The risk of toxicity is related 
to drug dosage, plasma concentration, duration of therapy, 
conditions—such as renal failure—that impair drug clear-
ance, preexisting vestibular or cochlear dysfunction, and 
concomitant administration of other ototoxic agents.

Symptoms of vertigo, nausea, vomiting, and gait ataxia 
may begin acutely; physical findings include spontaneous 
nystagmus and the Romberg sign. The acute phase typi-
cally lasts 1 to 2 weeks and is followed by gradual improve-
ment. Prolonged or repeated aminoglycoside therapy may 
be associated with chronic, progressive vestibular 
dysfunction.
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Table 8-9. Differential Diagnosis of Cerebellar Ataxia.

Acute

Drug intoxications: ethanol, sedative-hypnotics, anticonvulsants, 
hallucinogens1

Wernicke encephalopathy1

Vertebrobasilar ischemia or infarction1

Cerebellar hemorrhage1

Inflammatory disorders

Chronic

Multiple sclerosis1,2

Alcoholic cerebellar degeneration
Phenytoin-induced cerebellar degeneration
Hypothyroidism
Paraneoplastic cerebellar degeneration
Autosomal dominant spinocerebellar ataxias
Ataxia-telangiectasia
Wilson disease
Acquired hepatolenticular degeneration
Creutzfeldt-Jakob disease
Posterior fossa tumor1

Posterior fossa malformations1

1 May also be associated with central vestibular dysfunction.
2 May also produce sensory ataxia.

SALICYLATES
Salicylates, when used chronically and in high doses, can 
cause vertigo, tinnitus, and sensorineural hearing loss—all 
usually reversible when the drug is discontinued. Symptoms 
result from cochlear and vestibular end-organ damage. 
Salicylism is characterized by headache, tinnitus, hearing 
loss, vertigo, nausea, vomiting, thirst, hyperventilation, 
and sometimes a confusional state. Severe intoxication 
may be associated with fever, skin rash, hemorrhage, dehy-
dration, seizures, psychosis, or coma. Laboratory findings 
include a high plasma salicylate level (≥0.35 mg/mL) and 
combined metabolic acidosis and respiratory alkalosis. 
Treatments include gastric lavage, activated charcoal, 
forced diuresis, peritoneal dialysis or hemodialysis, and 
hemoperfusion.

QUININE & QUINIDINE
Quinine and quinidine can produce cinchonism, which 
resembles salicylate intoxication in many respects. 
Manifestations include tinnitus, impaired hearing, vertigo, 
visual deficits (including disordered color vision), nausea, 
vomiting, abdominal pain, hot flushed skin, and sweating. 
Fever, encephalopathy, coma, and death can occur. 
Symptoms usually result from overdosage, but can also be 
due to idiosyncratic reactions to therapeutic doses.

CISPLATIN
Cisplatin is an antineoplastic drug used to treat solid 
tumors of the ovary, testis, uterine cervix, lung, head and 
neck, bladder, and other tissues. It causes ototoxicity, 
which is commonly bilateral and irreversible, in a high 
percentage of patients. Tinnitus, hearing loss, and vestibu-
lar dysfunction may all occur.

VESTIBULOCOCHLEAR NEUROPATHY

Involvement of the vestibulocochlear (VIII) nerve by sys-
temic disease is an uncommon cause of vertigo. Basilar 
meningitis from bacterial, syphilitic, or tuberculous infec-
tion or sarcoidosis can lead to compression of the vestibu-
locochlear and other cranial nerves, but hearing loss is a 
more common consequence than vertigo. Metabolic disor-
ders associated with vestibulocochlear neuropathy include 
hypothyroidism, diabetes, and Paget disease.

cc CEREBELLAR & CENTRAL VESTIBULAR
cc DISORDERS

Many disorders can produce acute or chronic cerebellar 
dysfunction (Table 8-9). These conditions may also involve 
central vestibular pathways, particularly Wernicke enceph-
alopathy, vertebrobasilar ischemia or infarction, multiple 
sclerosis, and posterior fossa tumors. For this reason, 

cerebellar and central vestibular disorders are considered 
together here.

ACUTE DISORDERS

DRUG INTOXICATION
Pancerebellar dysfunction—manifested by nystagmus, 
dysarthria, and limb and gait ataxia—is a prominent fea-
ture of intoxication with ethanol, sedative-hypnotics, anti-
convulsants, and hallucinogens. The severity of symptoms 
is dose-related; therapeutic doses of sedatives or anticon-
vulsants commonly produce nystagmus, but other cerebel-
lar signs imply toxicity.

Drug-induced cerebellar ataxia often is associated with 
confusion; ethanol and sedative drugs tend to cause som-
nolence, whereas hallucinogens may produce agitated 
delirium. In most cases, only general supportive care is 
necessary. Drug intoxication is discussed in more detail in 
Chapter 4, Confusional States.

WERNICKE ENCEPHALOPATHY

c` Pathogenesis
Wernicke encephalopathy (see also Chapter 4, Confusional 
States) is an acute disorder comprising the clinical triad of 
ataxia, ophthalmoplegia, and confusion. It is caused by 
thiamine (vitamin B1) deficiency and is most common in 
chronic alcoholics, but may occur as a consequence of 
malnutrition from any cause.
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c` Clinical Findings
Cerebellar and vestibular involvement both contribute to 
ataxia, which affects gait primarily or exclusively; the legs are 
ataxic in only about 20% of patients, and the arms in 10%. 
Dysarthria is rare. Other findings include an amnestic syn-
drome or global confusional state, horizontal or combined 
horizontal and vertical nystagmus, bilateral lateral rectus 
palsy, and absent ankle reflexes. Caloric testing shows bilateral 
or unilateral vestibular dysfunction. Conjugate gaze palsy, 
pupillary abnormalities, and hypothermia can also occur.

c` Diagnosis & Treatment
The diagnosis should be suspected in alcoholic and other 
malnourished patients and is confirmed by the clinical 
response to thiamine (100 mg intravenously). Ocular pal-
sies tend to improve within hours and ataxia, nystagmus, 
and confusion within a few days. Horizontal nystagmus 
may persist. Ataxia is fully reversible in only approximately 
40% of patients, in whom full recovery typically takes 
weeks to months.

Isenberg-Grzeda E, Kutner HE, Nicolson SE. Wernicke-
Korsakoff-syndrome: under-recognized and under-treated. 
Psychosomatics. 2012;53:507-516.

VERTEBROBASILAR ISCHEMIA & 
INFARCTION
Transient ischemic attacks and strokes in the vertebrobasi-
lar system (see also Chapter 13, Stroke) are often associated 
with ataxia or vertigo.

Anterior spinal
artery

Posterior cerebral artery

Superior cerebellar artery

Anterior inferior
cerebellar artery

Posterior inferior
cerebellar artery

Left vertebral artery

Basilar artery
with pontine
branches

▲▲ Figure 8-9. Principal arteries of the posterior fossa. (Used with permission from Waxman SG. Clinical Neuroanatomy. 
26th ed. New York, NY: Mc-Graw-Hill; 2010.)

c` Internal Auditory Artery Occlusion
Occlusion of the internal auditory artery, which may 
originate from the basilar or anterior inferior cerebellar 
artery  (Figure 8-9) and supplies the vestibulocochlear 
(VIII) nerve, causes vertigo of central vestibular origin 
and unilateral hearing loss. Vertigo is accompanied by 
nystagmus, with the fast phase directed away from the 
involved side. Hearing loss is unilateral and sensorineu-
ral in type.

c` Lateral Medullary Infarction
Lateral medullary infarction, which is usually caused by 
proximal vertebral artery occlusion, produces Wallenberg 
syndrome (Figure 8-10). Clinical manifestations vary, 
depending on the extent of infarction.

1. Vertigo, nausea, vomiting, and nystagmus result from 
involvement of the vestibular nuclei.

2. Hoarseness and dysphagia are caused by involvement 
of the dorsal motor nucleus of the vagus (X) nerve, 
nucleus solitarius, and nucleus ambiguous.

3. Ipsilateral Horner syndrome, limb ataxia, and loss 
of all sensation over the face and of light touch and 
position sense in the limbs are due to involvement of 
the descending sympathetic tract, inferior cerebellar 
peduncle, and spinal nucleus and tract of the trigeminal 
(V) nerve.

4. Contralateral impaired pin and temperature sense in 
the limbs results from involvement of the spinotha-
lamic tract.
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c` Cerebellar Infarction
The cerebellum is supplied by three arteries: the superior 
cerebellar, anterior inferior cerebellar, and posterior inferior 
cerebellar (Figure 8-11). The territory supplied by each of 
these vessels is highly variable, both from one individual to 
another and between the two sides in a given patient. The 
superior, middle, and inferior cerebellar peduncles are typi-
cally supplied by the superior, anterior inferior, and poste-
rior inferior cerebellar arteries, respectively.

Signs of cerebellar infarction include ipsilateral limb 
ataxia, lateropulsion (falling toward or, less commonly, 
away from the side of the lesion), and hypotonia. Headache, 
nausea, vomiting, vertigo, nystagmus, dysarthria, ocular or 
gaze palsies, facial weakness or sensory loss, and contralat-
eral hemiparesis or hemisensory deficit may also occur. 
Occlusions of the superior cerebellar, anterior inferior 
cerebellar, and posterior inferior cerebellar arteries are 
usually distinguishable only by associated brainstem find-
ings, if at all. Brainstem infarction or compression by cer-
ebellar edema can result in coma and death.

Diagnosis is by CT or MRI, which differentiates between 
infarction and hemorrhage and should be obtained 
promptly. Brainstem compression is an indication for surgi-
cal decompression and resection of infarcted tissue, which 
can be lifesaving.

c` Paramedian Midbrain Infarction
Paramedian midbrain infarction caused by occlusion of the 
paramedian penetrating branches of the basilar artery 

Vestibular nuclei Dorsal motor nucleus 
of vagus nerve

Wallenberg 
syndrome

Cuneate/gracile nuclei

Nucleus solitarius
Inferior cerebellar

peduncle

Spinal tract and nucleus
of trigeminal nerve

Descending
sympathetic tract

Nucleus ambiguus

Spinothalamic tract

Inferior olive

Hypoglossal nerve

Pyramidal tract

▲▲ Figure 8-10. Lateral medullary infarction (Wallenberg syndrome) showing the area of infarction (blue) and 
 anatomic structures affected.

Superior cerebellar artery

Anterior inferior cerebellar artery

Posterior inferior cerebellar artery

▲▲ Figure 8-11. Arterial supply of the cerebellum, 
viewed from below.
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affects the oculomotor (III) nerve root fibers and red 
nucleus (Figure 8-12). The result (Benedikt syndrome) is 
ipsilateral oculomotor (III) nerve involvement (producing 
medial rectus palsy with a fixed dilated pupil) and contra-
lateral limb ataxia (typically affecting only the arm). 
Cerebellar signs result from involvement of the red nucleus, 
which receives a crossed projection from the cerebellum in 
the ascending limb of the superior cerebellar peduncle.

Choi KD, Lee H, Kim JS. Vertigo in brainstem and cerebellar 
strokes. Curr Opin Neurol. 2013;26:90-95.

CEREBELLAR HEMORRHAGE

c` Pathogenesis
Cerebellar hemorrhage (see also Chapter 13, Stroke) is 
usually due to hypertensive vascular disease; less common 
causes include anticoagulation, arteriovenous malforma-
tion, blood dyscrasia, tumor, and trauma. Hypertensive 
cerebellar hemorrhages are usually located in the deep 
white matter of the cerebellum and commonly extend into 
the fourth ventricle.

c` Clinical Findings
Hypertensive cerebellar hemorrhage causes the sudden 
onset of headache, which may be accompanied by nausea, 
vomiting, and vertigo, followed by gait ataxia and 
impaired consciousness, usually evolving over hours.

At presentation, patients can be fully alert, confused, or 
comatose. The blood pressure is typically elevated, and 
nuchal rigidity may be present. The pupils are often small 
and sluggishly reactive. Ipsilateral gaze palsy (with gaze 

Benedikt syndromeSuperior colliculus

Oculomotor nucleus

Medial lemniscus

Red nucleus

Substantia nigra

Cerebral peduncle

Oculomotor nerve (III)

▲▲ Figure 8-12. Paramedian midbrain infarction (Benedikt syndrome). The area of infarction is indicated in blue.

preference away from the side of hemorrhage) and ipsilat-
eral peripheral facial palsy are common. The gaze palsy 
cannot be overcome by cold-water caloric stimulation. 
Nystagmus may be present, and the ipsilateral corneal 
reflex may be depressed. The patient, if alert, exhibits 
ataxia of stance and gait; limb ataxia is less common. In the 
late stage of brainstem compression, there is spasticity in 
the legs and extensor plantar responses.

c` Diagnosis & Treatment
The diagnosis of cerebellar hemorrhage can be missed or 
delayed, and death result, if gait is not tested promptly in 
every patient with hypertension and either acute headache 
or depressed consciousness.

The CSF is frequently bloody, but lumbar puncture 
should be avoided if cerebellar hemorrhage is suspected, 
because it may lead to herniation. Diagnosis is by CT. 
Treatment consists of surgical evacuation of the hematoma, 
which can be lifesaving.

Venti M. Cerebellar infarcts and hemorrhages. Front Neurol 
Neurosci. 2012;30:171-175.

INFLAMMATORY DISORDERS

c` Viral Infection
Cerebellar ataxia caused by viral infection is a manifesta-
tion of St. Louis encephalitis, HIV-associated dementia, 
and meningoencephalitis due to varicella, mumps, polio-
myelitis, infectious mononucleosis, or lymphocytic 
choriomeningitis.
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c` Bacterial Infection
Bacterial infection is an uncommon cause of cerebellar 
ataxia, but 10% to 20% of brain abscesses are located in the 
cerebellum, and ataxia may be a feature of meningitis due 
to Listeria monocytogenes in adults or Haemophilus influ-
enzae in children. Legionella pneumophila pneumonia can 
also produce a cerebellar syndrome without clinical evi-
dence of meningitis.

c` Acute Cerebellar Ataxia of Childhood
Acute cerebellar ataxia of childhood is characterized by 
severe gait ataxia that follows an acute viral infection or 
vaccination and usually resolves completely within months.

c` Acute Disseminated Encephalomyelitis
Idiopathic, immune-mediated demyelination in the cere-
bellar white matter may produce ataxia, often associated 
with impaired consciousness, seizures, focal neurologic 
signs, or myelopathy (see Chapter 9, Motor Disorders).

c` Fisher Variant of Guillain-Barré 
Syndrome

Ataxia, ophthalmoplegia, and areflexia constitute this 
variant of Guillain-Barré syndrome, which presents more 
typically with ascending paralysis (see Chapter 9, Motor 
Disorders). Symptoms develop over a few days. Ataxia 
primarily affects the gait and trunk, with lesser involve-
ment of the individual limbs; dysarthria is uncommon. 
CSF protein may be elevated. Respiratory insufficiency is 
rare, and the usual course is a gradual and often complete 
recovery over weeks to months.

CHRONIC DISORDERS

VESTIBULAR MIGRAINE
Vestibular migraine is characterized by episodic vertigo 
accompanying other features of migraine attacks, such as 
headache, photophobia, phonophobia, or visual aura. 
Migraine is discussed in detail in Chapter 4, Confusional 
States.

Furman JM, Marcus DA, Balaban CD. Vestibular migraine: 
clinical aspects and pathophysiology. Lancet Neurol. 
2013;12:706-715.

MULTIPLE SCLEROSIS

c` Pathogenesis
Multiple sclerosis (see also Chapter 9, Motor Disorders) is 
characterized clinically by remitting and relapsing neuro-
logic dysfunction at multiple sites in the central nervous 
system, which may include vestibular, cerebellar, and 

sensory pathways. Symptoms and signs are associated with 
demyelination and axonal loss, which primarily affect 
white matter.

c` Clinical Findings
Nystagmus is one of the most common findings. 
Dysarthria also occurs frequently and vertigo less often. 
Gait ataxia is a presenting complaint in 10% to 15% of 
patients and is usually due to cerebellar involvement. 
Cerebellar signs are present in approximately one-third of 
patients on initial examination and ultimately develop in 
twice that number. Limb ataxia is common, usually bilat-
eral, and tends to affect either both legs or all four limbs.

c` Diagnosis
The diagnosis relies heavily on a history of multiple epi-
sodes of neurologic dysfunction separated in both time 
and space. Subclinical lesions may be evident from physical 
findings such as optic neuritis, internuclear ophthalmople-
gia, or pyramidal signs, or from laboratory investigations. 
CSF analysis may reveal oligoclonal bands, elevated IgG, 
increased protein, or a mild lymphocytic pleocytosis. 
Visual, auditory, or somatosensory evoked response 
recording (see Chapter 2, Investigative Studies) can also 
document subclinical sites of involvement. CT or MRI 
shows demyelination.

c` Treatment
Treatment is discussed in Chapter 9, Motor Disorders.

ALCOHOLIC CEREBELLAR DEGENERATION

c` Pathogenesis
A characteristic cerebellar syndrome may develop in 
chronic alcoholics, probably as a result of nutritional defi-
ciency. Degenerative changes in the cerebellum are largely 
restricted to the superior vermis (Figure 8-13), which is 
also the site of involvement in Wernicke encephalopathy.

c` Clinical Features
Alcoholic cerebellar degeneration is most common in men 
and usually has its onset between ages 40 and 60 years. 
Patients typically have a history of daily or binge drinking 
lasting 10 or more years with associated dietary inade-
quacy. Most have experienced other medical complications 
of alcoholism, such as liver disease, delirium tremens, 
Wernicke encephalopathy, or polyneuropathy. The disor-
der usually has an insidious onset and progresses gradually 
over weeks to months, eventually reaching a plateau of 
dysfunction. In occasional cases, ataxia appears abruptly.

Gait ataxia is universal and almost always the problem 
that brings the patient to attention. The legs are ataxic on 
heel-knee-shin testing in approximately 80% of patients. 
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Common associated findings include distal sensory defi-
cits in the feet and absent ankle reflexes, which result from 
polyneuropathy. Ataxia of the arms, nystagmus, dysarthria, 
hypotonia, and truncal instability are less frequent. CT or 
MRI may show cerebellar atrophy (Figure 8-14), but this is 
a nonspecific finding.

c` Treatment
No specific treatment is available, but patients should receive 
thiamine because of the apparent role of thiamine deficiency 
in the pathogenesis of Wernicke encephalopathy, a closely 
related syndrome. Abstinence from alcohol, combined with 
adequate nutrition, may help prevent progression.

TOXIN-INDUCED CEREBELLAR 
DEGENERATION
Purkinje cells and granule cells of the cerebellum are 
selectively vulnerable to a variety of toxins. These may 
cause cerebellar degeneration associated with nystagmus, 
dysarthria, and ataxia affecting the limbs, trunk, and gait. 
In addition to alcohol (discussed above), this syndrome 
can be produced by phenytoin, lithium, amiodarone, fluo-
rouracil, cytarabine, toluene, lead, mercury, and thallium. 
Treatment is discontinuation of the offending agents and, 
for fluorouracil, administration of thiamine (vitamin B1), 
but toxin-induced cerebellar syndromes may be 
irreversible.

Superior vermis

Anterior

Posterior

Purkinje cell loss

▲▲ Figure 8-13. Distribution of disease in alcoholic cer-
ebellar degeneration. Midsagittal view of the cerebel-
lum showing loss of Purkinje cells, confined largely to 
the superior vermis.

▲▲ Figure 8-14. CT scan in alcoholic cerebellar  
degeneration, showing marked atrophy of the  
cerebellar vermis with relative sparing of the cerebellar 
hemispheres. (Used with permission from A. Gean.)

HYPOTHYROIDISM
Hypothyroidism can cause a subacute or chronically pro-
gressive cerebellar syndrome, which is most common in 
middle-aged and elderly women. Symptoms evolve over 
months to years. Systemic symptoms (eg, myxedema) usu-
ally precede the cerebellar disorder, but patients occasion-
ally present first with ataxia.

Gait ataxia is universally present and is the most promi-
nent finding. Limb ataxia is also common and may be 
asymmetric. Dysarthria and nystagmus occur less fre-
quently. Other neurologic disorders related to hypothy-
roidism may coexist with cerebellar involvement, including 
sensorineural hearing loss, carpal tunnel syndrome, neu-
ropathy, or myopathy.

Laboratory studies show decreased blood levels of thy-
roid hormones, elevated thyroid-stimulating hormone, 
and often increased CSF protein.

Replacement therapy with levothyroxine 25 to 50 μg 
orally, increased gradually to 100 to 200 μg/d, usually  
produces definite but incomplete improvement.
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PARANEOPLASTIC CEREBELLAR 
DEGENERATION

c` Pathogenesis
Cerebellar degeneration can occur as a remote (paraneo-
plastic) effect of systemic cancer. Lung cancer (especially 
small-cell), ovarian cancer, Hodgkin disease, and breast 
cancer are the most commonly associated neoplasms.

Paraneoplastic degeneration affects the cerebellar ver-
mis and hemispheres diffusely. The pathogenic mechanism 
in many cases appears to involve onconeural antibodies, 
which cross-react with tumor cell and cerebellar Purkinje 
cell antigens.

c` Clinical Findings
Cerebellar symptoms may appear before or after the diag-
nosis of systemic cancer and typically develop over months. 
Although the disorder usually progresses steadily, it may 
stabilize; remission has been described with treatment of 
the underlying neoplasm.

Gait and limb ataxia are characteristically prominent, 
and dysarthria occurs in most cases. The limbs may be 
affected asymmetrically. Nystagmus is rare. Paraneoplastic 
involvement of other regions of the nervous system may 

Table 8-10. Onconeural Antibodies Associated with Paraneoplastic Cerebellar Degeneration and Related  
Paraneoplastic Syndromes.

Syndrome

Antigen

Hu Yo Ri CV2 Ma Amphiphysin Tr Zic 4 mGluR11 VGKC2 VGCC3 GAD4

Central nervous system

Cerebellar  
degeneration

+ + + + + + + + + + +

Limbic encephalitis + + + + +

Encephalomyelitis + + +

Opsoclonus-
myoclonus

+

Stiff-person + +

Peripheral nervous system

Sensory neuronopathy +

Neuromyotonia +

Lambert-Eaton +

1Metabotropic glutamate receptor, type 1.
2Voltage-gated potassium channel.
3Voltage-gated calcium channel, P/Q type.
4Glutamic acid decarboxylase.
Adapted from Dalmau J, Rosenfeld MR. Paraneoplastic syndromes of the CNS. Lancet Neurol. 2008;7:327-340 and Pelosof LC, Gerber DE. 
Paraneoplastic syndromes: an approach to diagnosis and treatment. Mayo Clin Proc. 2010;85:838-854.

produce associated dysphagia, dementia, memory distur-
bance, pyramidal signs, or neuropathy.

c` Diagnosis
Onconeural antibodies, such as anti-Yo (ovarian and breast 
cancer), anti-Hu (small-cell lung cancer), or anti-Ri (breast 
cancer), can sometimes be detected in the blood  
(Table 8-10). The CSF may show a mild lymphocytic  
pleocytosis or elevated protein.

The diagnosis of paraneoplastic cerebellar degeneration 
is most difficult when neurologic symptoms precede dis-
covery of underlying cancer. The frequent occurrence of 
dysarthria and dysphagia helps to distinguish this condi-
tion from the cerebellar syndromes produced by chronic 
alcoholism or hypothyroidism. Ataxia of the arms also 
suggests that alcohol is an unlikely cause. Wernicke 
encephalopathy should always be considered because of 
the susceptibility of patients with cancer to malnutrition.

c` Treatment
Treatment is directed at the underlying tumor, supple-
mented in some cases with immunotherapy (eg, intravenous 
immunoglobulin 400-1,000 mg/d to a total dose of 2-3 g; 
methylprednisolone up to 1 g/dintravenously; prednisone  
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1 mg/kd/d orally; plasma exchange; cyclophosphamide 2 
mg/kg/d orally; or rituximab 375 mg/m2 intravenously 
monthly for 4 months).

Greenlee JE. Treatment of paraneoplastic cerebellar degenera-
tion. Curr Treat Options Neurol. 2013;15:185-200.

AUTOSOMAL DOMINANT  
SPINOCEREBELLAR ATAXIA
Autosomal dominant spinocerebellar ataxia (SCA) encom-
passes a group of genetically and clinically heterogenous 
disorders (Table 8-11).

c` Genetics
At least three types of mutations can produce autosomal 
dominant SCA: expansion of CAG trinucleotide repeats 
coding for polyglutamine (polyQ) tracts, expansion of 
tri- or pentanucleotide repeats in noncoding regions, and 
point mutations (Figure 8-15). Of these, the polyQ disor-
ders are the most common and best characterized and 
affect a wide range of proteins, including ion channels, 
receptors, enzymes, and cytoskeletal proteins.

A striking feature of polyQ disorders is that the under-
lying trinucleotide expansion is unstable and tends to 
enlarge further with time. This corresponds to the phe-
nomenon of anticipation, in which the age at onset 
decreases, the disease severity increases, or both, in succes-
sive generations.

In addition to SCAs, polyQ disorders include spinal 
bulbar muscular atrophy (Kennedy disease, see Chapter 9, 
Motor Disorders) and Huntington disease (see Chapter 11, 
Movement Disorders).

c` Pathogenesis
PolyQ expansions confer a toxic gain of function on the 
target protein. The abnormally long polyQ tract predis-
poses the protein to conformational changes, misfolding, 
and proteolytic cleavage (Figure 8-16). As a consequence, 
protein fragments are generated that are prone to aggregate 
and, in some cases, translocate from the cytoplasm to the 
nucleus. Neuronal dysfunction and death are thought to 
result from some combination of direct toxicity of abnor-
mal proteins or their cytoplasmic or nuclear aggregates; 
impaired proteosomal function, axonal transport, or 
nuclear function; and protein-protein interactions.

c` Clinical Findings
The autosomal dominant SCAs show considerable clinical 
variability, even within a given family. In general, they are 
associated with an adult-onset, slowly progressive cerebel-
lar syndrome in which gait ataxia is an early and prominent 
feature. Other manifestations are dysarthria, diplopia, and 
limb ataxia. Extracerebellar findings are common, 

including cognitive, pyramidal, extrapyramidal, motor 
neuron, peripheral nerve, or macular involvement.

The most common SCAs are 1, 2, 3, 6, and 7. SCA1 
produces gait ataxia, limb ataxia, and dysarthria, with 
brainstem involvement but little cognitive abnormality. 
SCA2 is notable for the association of ataxia and dysarthria 
with slow saccadic eye movements and polyneuropathy. 
SCA3 (Machado-Joseph disease) is especially common in 
patients of Portuguese ancestry; ataxia is accompanied by 
eyelid retraction, reduced blinking, external ophthalmo-
plegia, dysarthria, dysphagia, and sometimes parkinson-
ism or peripheral neuropathy. SCA6 is comparatively less 
severe, progresses more slowly, and is more limited to cer-
ebellar involvement than other SCAs. SCA7 is distin-
guished by retinal degeneration leading to blindness, in 
addition to ataxia.

Atrophy of the cerebellum and sometimes also of the 
brainstem may be apparent on CT or MRI (Figure 8-17). 
However, definitive diagnosis is by genetic testing. There is 
no specific treatment, but occupational and physical ther-
apy and devices to assist ambulation may be helpful, and 
genetic counseling may be indicated.

Magaña JJ, Velázquez-Pérez L, Cisneros B. Spinocerebellar ataxia 
type 2: clinical presentation, molecular mechanisms, and 
therapeutic perspectives. Mol Neurobiol. 2013;47:90-104.

Orr HT. Cell biology of spinocerebellar ataxia. J Cell Biol. 
2012;197:167-177.

OTHER AUTOSOMAL DOMINANT  
CEREBELLAR ATAXIAS

c` Dentatorubral Pallidoluysian Atrophy
Dentatorubral pallidoluysian atrophy (DRPLA) is a domi-
nantly inherited disorder that results from a polyglutamine 
expansion in the ATN1 gene coding for the protein atro-
phin 1. DRPLA causes ataxia, chorea, dementia, seizures, 
and myoclonus. Because of the prominent extrapyramidal 
features, this disorder is discussed in Chapter 11, Movement 
Disorders.

c` Episodic Ataxias
Episodic ataxias are autosomal dominant disorders charac-
terized by transient attacks of cerebellar ataxia that may be 
precipitated by physical or emotional stress. Episodic 
ataxia 1 (EA1) results from mutations in KCN1A, which 
codes for the Kv1.1 voltage-gated potassium channel. 
Attacks last from seconds to minutes and may occur many 
times per day; myokymia—a quivering, involuntary move-
ment of muscle—commonly occurs between episodes. 
EA2 is caused by mutations in CACNA1A, which codes for 
the α1A subunit of the P/Q-type voltage-gated calcium 
channel; this gene is also affected in SCA6 and familial 
hemiplegic migraine (see Chapter 6, Headache & Facial 
Pain). Attacks are more prolonged than in EA2, typically 
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Table 8-11. Genetic and Clinical Features of Autosomal Dominant Spinocerebellar Ataxias (SCA).

Disease Gene Protein Repeat1 Syndrome2

SCA1 ATXN1 Ataxin-1 CAGn ADCA I

SCA2 ATXN 2 Ataxin-2 CAGn ADCA I

SCA3/MJD 
(Machado-Joseph 
disease)

ATXN3 Ataxin-3 CAGn ADCA I

SCA4 Unknown Unknown None Sensory neuropathy

SCA5 SPTBN2 β-III spectrin None ADCA III

SCA6 CACNA1A Calcium channel, P/Q-type voltage-gated, α1A subunit CAGn ADCA III

SCA7 ATXN7 Ataxin-7 CAGn ADCA II

SCA8 ATXN8 Ataxin-8 CTAn/[CTGn] ADCA I

SCA9 Unknown Unknown None ADCA I

SCA10 ATXN10 Ataxin-10 [ATTCTn] ADCA III

SCA11 TTBK2 Tau tubulin kinase 2 None ADCA III

SCA12 PPP2R2B Protein phosphatase 2, regulatory subunit B, β isoform CAGn ADCA I

SCA13 KCNC3 Potassium channel, voltage-gated, Shaw-related subfam-
ily, member 3

None Childhood onset, mental 
retardation

SCA14 PRKCG Protein kinase C, γ subunit None ADCA III

SCA15 ITPR1 Inositol 1,4,5-triphosphate receptor, type 1 None ADCA III

SCA16 ITPR1 Inositol 1,4,5-triphosphate receptor, type 1 None ADCA III

SCA17 TBP TATA box-binding protein CAGn ADCA I

SCA18 Unknown Unknown None Muscle atrophy, sensory 
deficit

SCA19 KCND3 Potassium channel, voltage-gated, Shal-related subfamily, 
member 3

None Mild cognitive defect

SCA20 Unknown Unknown None Dysphonia, palatal tremor

SCA21 Unknown Unknown None Extrapyramidal signs

SCA22 KCND3 Potassium channel, voltage-gated, Shal-related subfamily, 
member 3

None ADCA III

SCA23 PDYN Prodynorphin None Tremor, dyskinesia

SCA25 Unknown Unknown None Ataxia, sensory  
neuropathy

SCA26 EEF2 Eukaryotic translation elongation factor 2 None ADCA III

SCA27 FGF14 Fibroblast growth factor 14 None ADCA I

SCA28 AFG3L2 ATPase family gene 3-like 2 None ADCA I

SCA30 Unknown Unknown None ADCA III

SCA31 BEAN1 Brain-expressed, associated with NEDD4 [TGGAAn] ADCA III

SCA32 Unknown Unknown None ADCA I

SCA35 TGM6 Protein-glutamine γ-glutamyltransferase 6 None ADCA I

SCA36 NOP56 Nuclear protein 56 None Motor neuron disease

SCA37 Unknown Unknown None Abnormal vertical eye 
movements

1XYZn, expanded XYZ trinucleotide repeat; VWXYZn, expanded VWXYZ pentanucleotide repeat. CAGn repeats code for polyglutamine 
tracts; brackets indicate noncoding repeats.
2ADCA I includes ataxia, dysarthria, pyramidal signs, extrapyramidal signs, ophthalmoplegia, and dementia; ADCA II includes ataxia, dysar-
thria, and pigmentary maculopathy; ADCA III includes ataxia, dysarthria, and sometimes mild pyramidal signs.
Adapted from www.neuro.wustl.edu.
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Autosomal recessive
ataxias

FA

AT
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Autosomal dominant
ataxias

DRPLA

EAs

PolyQ

SCAs

NCRs

▲▲ Figure 8-15. Genetic mechanisms in hereditary ataxias. Autosomal dominant ataxias include the spinocerebellar 
ataxias (SCAs), dentatorubral pallidoluysian atrophy (DRPLA), and the episodic ataxias (EAs). Autosomal recessive 
ataxias include Friedreich ataxia (FA), fragile X–associated tremor-ataxia syndrome (FXTAS), and ataxia-telangiectasia 
(AT). Two distinctive modes of autosomal dominant inheritance are observed in some, but not all, SCAs. In one of 
these (blue in figure), there is pathologic expansion of a CAG trinucleotide repeat in the coding region of an affected 
gene, which is translated into an abnormally long polyglutamine (PolyQ) tract within the protein (eg, SCA1, 2, 3, 6, 7, 
8, 12, or 17). In the other (brown in figure), there is pathologic expansion of a tri- or pentanucleotide repeat in non-
coding regions (NCRs) of the protein, which, although not translated, interferes with protein function (eg, SCA8, 10, 
or 31). Two autosomal recessive ataxias, FA and FXTAS, also involve trinucleotide repeats in noncoding regions.

CytoplasmNucleus

QnQQQQ

QnQQQQ

QnQQQQ

QnQQQQ

QnQQQQ

QnQQQQ

QnQQQQ

Misfolding

Cleavage

Aggregation

Nuclear
translocation

Translation

CAG expansion

CAGn

CAGnCAGCAGCAGCAG

▲▲ Figure 8-16. Proposed mechanisms of polyQ protein processing and toxicity. In polyQ diseases including several 
autosomal dominant spinocerebellar ataxias, a gene containing a CAG trinucleotide repeat (CAGn) undergoes muta-
tion by expansion of the repeat. The resulting abnormal protein (QnQQQQ) contains an abnormally long polyQ tract, 
which induces conformational changes that promote misfolding. The misfolded protein is subject to proteolytic 
cleavage, which generates abnormal and possibly toxic fragments, which may also have an increased tendency to be 
translocated from the cytoplasm to the nucleus, to aggregate, or both. As a result of these events, neuronal function 
is impaired, and neurons may eventually die. How neurotoxicity and neuronal death ultimately occur is unknown, 
but there may be multiple mechanisms, and these may differ across polyQ diseases. Possible contributing factors 
include direct toxicity of misfolded and cleaved protein monomers or oligomers, or of cytoplasmic or nuclear aggre-
gates (red in figure); impaired proteosomal degradation, axonal transport, or nuclear function; and interactions 
between polyQ proteins and other cellular proteins.
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lasting for hours, and nystagmus and slowly progressive 
ataxia persist between acute episodes. Acetazolamide (500 
mg orally four times daily) can often prevent or relieve 
acute symptoms in EA2. EA5 likewise affects voltage-gated 
calcium channels, but in this case the mutation is in 
CACNB4, which encodes the β subunit. EA6 is due to 
mutations in SLC1A3, which encodes the EAAT1 glial 
glutamate transporter. Glutamate uptake is reduced, lead-
ing to enhanced excitatory input onto cerebellar Purkinje 
cells. EA1 and EA6 are thought to impair channel function 
through dominant negative effects, whereas EA2 involves 
haploinsufficiency; the mechanism in EA5 is uncertain.

ATAXIA-TELANGIECTASIA

c` Pathogenesis
Ataxia-telangiectasia (also known as Louis-Bar syndrome) 
is an inherited autosomal recessive disorder with onset in 
infancy. It results from loss-of-function mutations in the 
ataxia-telangiectasia mutated (ATM) gene, which codes for 
a serine/threonine protein kinase related to phosphati-
dylinositol 3-kinase. Deletions, insertions, and substitu-
tions all have been described. A defect in the repair of 
DNA double strand breaks is thought to be involved in 
pathogenesis.

c` Clinical Findings
Ataxia-telangiectasia is characterized by progressive cerebel-
lar ataxia, oculocutaneous telangiectasia, sinopulmonary 

▲▲ Figure 8-17. CT scan in spinocerebellar atrophy, 
showing an atrophic cerebellum and brainstem. (Used 
with permission from A. Gean.)

infections, and lymphoid tumors. All patients suffer from 
progressive pancerebellar degeneration characterized by 
nystagmus, dysarthria, and gait, limb, and trunk ataxia. 
Choreoathetosis, loss of vibration and position sense in the 
legs, areflexia, and disorders of voluntary eye movement are 
almost universal findings. Mental deficiency is commonly 
observed in the second decade.

Oculocutaneous telangiectasia usually appears in the 
teen years. The bulbar conjunctivae are typically affected 
first, followed by sun-exposed areas of the skin, including 
the ears, nose, face, and antecubital and popliteal fossae. 
The vascular lesions, which rarely bleed, spare the central 
nervous system.

Immunologic impairment usually becomes evident 
later in childhood, with recurrent sinopulmonary infec-
tions in more than 80% of patients. Malignancies occur in 
approximately one-third of patients and include non-
Hodgkin lymphoma, leukemia, and Hodgkin disease.

Other common clinical findings are progeric changes of 
the skin and hair, hypogonadism, and insulin-resistant 
diabetes mellitus. The characteristic laboratory abnormali-
ties include decreased circulating levels of IgG2, IgA, and 
IgE and elevation of α-fetoprotein and carcinoembryonic 
antigen levels.

Because the vascular and immunologic manifestations 
of ataxia-telangiectasia occur later than the neurologic 
symptoms, the condition may be confused with Friedreich 
ataxia, which also manifests in childhood (see later). 
Ataxia-telangiectasia can be distinguished by its earlier 
onset (before age 4 years), associated choreoathetosis, and 
the absence of kyphoscoliosis.

There is no specific treatment for ataxia-telangiectasia, 
but antibiotics are useful in the management of infections. 
X-rays should be avoided because of the hypersensitivity to 
ionizing radiation present in this disorder.

McKinnon PJ. ATM and the molecular pathogenesis of ataxia 
telangiectasia. Annu Rev Pathol. 2012;7:303-321.

WILSON DISEASE
Cerebellar symptoms may occur in Wilson disease, a dis-
order of copper metabolism characterized by copper depo-
sition in a variety of tissues. Wilson disease is an autosomal 
recessive disorder that results from mutations in the 
ATP7B gene, which codes for the β polypeptide of a cop-
per-transporting ATPase. Because extrapyramidal features 
are usually the most prominent neurologic manifestations, 
Wilson disease is discussed in more detail in Chapter 11, 
Movement Disorders.

CREUTZFELDT-JAKOB DISEASE
Creutzfeldt-Jakob disease is described in Chapter 5, 
Dementia & Amnesia, as a prion disease that causes demen-
tia. Cerebellar signs are present in approximately 60% of 
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patients, and patients present with ataxia in approximately 
10% of cases. Cerebellar involvement is diffuse, but the ver-
mis is often most severely affected. In contrast to most other 
cerebellar disorders, depletion of granule cells is frequently 
more striking than Purkinje cell loss.

Patients with cerebellar manifestations of Creutzfeldt-
Jakob disease typically complain first of gait ataxia. 
Dementia is usually evident at this time, and cognitive 
dysfunction always develops eventually. Nystagmus, dysar-
thria, truncal ataxia, and limb ataxia are all present initially 
in approximately one-half of patients with the ataxic form 
of Creutzfeldt-Jakob disease. The course is characterized 
by progressive dementia, myoclonus, and extrapyramidal 
and pyramidal dysfunction. Death typically occurs within 
1 year after onset.

POSTERIOR FOSSA TUMORS
Tumors of the posterior fossa cause cerebellar symptoms 
when they arise in the cerebellum or compress it from 
without. The most common cerebellar tumors of child-
hood are astrocytomas and medulloblastomas, whereas 
metastases from primary sites outside the nervous system 
predominate in adults (Table 8-12).

c` Clinical Findings
Patients with cerebellar tumors present with headache 
from increased intracranial pressure or with ataxia. Nausea, 
vomiting, vertigo, cranial nerve palsies, and hydrocephalus 
are common. The nature of the clinical findings varies with 
the location of the tumor. Most metastases are located in 
the cerebellar hemispheres, causing asymmetric cerebellar 
signs. Medulloblastomas and ependymomas, on the other 
hand, tend to arise in the midline, with early involvement 
of the vermis and hydrocephalus.

Table 8-12. Tumors of the Cerebellum.

Type
Percentage of All 

Cerebellar Tumors

Percentage of 
Cerebellar Tumors 
in Adults (≥20 y)

Metastasis 36 56

Astrocytoma 28 10

Medulloblastoma 16 9

Schwannoma 4 7

Hemangioblastoma 4 5

Meningioma 4 5

Ependymoma 2 1

Other 6 7

Data from Gilman S, Bloedel JR, Lechtenberg R. Disorders of the 
Cerebellum. Philadelphia, PA: Davis; 1981: 334.

c` Diagnosis & Treatment
As in the case of most brain tumors, the CT scan or MRI is 
extremely useful for diagnosis, but biopsy may be required 
for histologic characterization. Methods of treatment 
include surgical resection, irradiation, and chemotherapy. 
Corticosteroids are useful in controlling tumor-associated 
edema.

1. Metastases—from the lung and breast and less often 
from other sites—are the most common tumors of the 
cerebellum, especially in adults. The site of the primary 
tumor may or may not be evident at the time the patient 
presents with central nervous system involvement. If the 
site is not evident, careful examination of the breasts and 
skin, chest x-ray, urinalysis, and tests for the presence of 
occult blood in the stool may lead to a diagnosis. The 
prognosis for patients with cerebellar metastases is usu-
ally worse than for patients with supratentorial lesions. 
Patients with carcinoma of the breast tend to survive 
longer than those with primary lung tumors.

2. Cerebellar astrocytomas usually occur between the 
ages of 2 and 20 years, but older patients can also be 
affected. These tumors are often histologically benign 
and cystic in appearance. Symptoms of increased intra-
cranial pressure, including headache and vomiting, 
typically precede the onset of cerebellar dysfunction by 
several months. If complete surgical resection is pos-
sible, cerebellar astrocytoma is potentially curable.

3. Medulloblastoma is common in children but rare in 
adults. These tumors appear to originate from either 
cerebellar granule neuron progenitor cells with acti-
vating mutations in the Hedgehog signaling pathway 
or dorsal brainstem progenitor cells with activating 
mutations in the Wnt pathway. In contrast to astrocy-
tomas, medulloblastomas tend to be highly malignant. 
They often spread through the subarachnoid space 
and ventricles and may metastasize outside the ner-
vous system. Whereas most childhood medulloblas-
tomas are located in the midline, adult-onset tumors 
usually arise laterally. Headache, vomiting, ataxia, and 
visual deterioration are common presenting symptoms. 
Hemiataxia is a frequent finding in adults because of 
the hemispheric location of most tumors. Gait ataxia, 
papilledema, nystagmus, facial palsy, and neck stiffness 
are also common. Without treatment, medulloblastoma 
causes death within a few months after presentation. 
Treatment with partial surgical resection, decompres-
sion, and craniospinal irradiation may prolong survival 
for years. Developing the tumors in adulthood and 
being female are favorable prognostic factors.

4. Acoustic neuromas have been discussed previously 
as a cause of vestibular nerve dysfunction. Growth of 
these or other less common tumors of the cerebellopon-
tine angle may result in compression of the ipsilateral 
cerebellar hemisphere, causing hemiataxia in addition 
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to the earlier symptoms of vertigo and hearing loss. 
These tumors are histologically benign and often fully 
resectable.

5. Hemangioblastoma is a rare benign tumor that usually 
affects adults. It can be an isolated abnormality or a fea-
ture of von Hippel-Lindau disease, which results from 
a dominant mutation in the VHL tumor suppressor 
gene. Associated features of von Hippel-Lindau disease 
include retinal hemangioblastoma; cysts of the kidney, 
pancreas, or other viscera; and polycythemia. Patients 
typically present with headache, and common exami-
nation findings include papilledema, nystagmus, and 
ataxia. Treatment is by surgical resection.

6. Meningiomas of the posterior fossa constitute 9% of 
all meningiomas. They are benign tumors, derived from 
arachnoidal cap cells of the meninges, and involve the 
cerebellum indirectly by compression. The locations of 
posterior fossa meningiomas (in decreasing order of 
frequency) include the posterior surface of the petrous 
bone, the tentorium cerebelli, the clivus, the cerebellar 
convexities, and the foramen magnum. Meningiomas 
grow slowly and usually present with headache, 
although tumors of the cerebellopontine angle or clivus 
may come to attention when they give rise to cranial 
nerve or brainstem symptoms. Where possible, com-
plete surgical resection is curative.

7. Ependymomas most commonly arise from the walls or 
choroid plexus of the fourth ventricle. Like medullo-
blastomas, they are malignant tumors that seed through 
the ventricular system and usually occur in children. 
Because of their location they produce early hydro-
cephalus; cerebellar signs caused by compression are 
late or minor manifestations. Surgical resection, cranio-
spinal irradiation, and shunting procedures to relieve 
hydrocephalus may prolong survival, but widespread 
dissemination of the tumors and postoperative recur-
rences are common.

POSTERIOR FOSSA MALFORMATIONS
Developmental anomalies affecting the cerebellum and 
brainstem may present with vestibular or cerebellar symp-
toms in adulthood. This occurs most commonly with type 
I (adult) Arnold-Chiari malformation, which consists of 
downward displacement of the cerebellar tonsils through 
the foramen magnum. The clinical manifestations of this 
malformation are related to cerebellar involvement, 
obstructive hydrocephalus, brainstem compression, and 
syringomyelia (a cyst, or syrinx, in the spinal cord). Type 
II Arnold-Chiari malformation is associated with menin-
gomyelocele (protrusion of the spinal cord, nerve roots, 
and meninges through a fusion defect in the vertebral col-
umn) and has its onset in childhood.

Cerebellar ataxia in the type I malformation usually 
affects the gait and is bilateral; in some cases 

it is asymmetric. Hydrocephalus leads to headache and 
vomiting. Compression of the brainstem by herniated cer-
ebellar tissue may be associated with vertigo, nystagmus, 
and lower cranial nerve palsies. Syringomyelia typically 
produces a capelike distribution of defective pain and tem-
perature sensation.

Arnold-Chiari malformation can be diagnosed by CT 
or MRI studies that demonstrate cerebellar tonsillar her-
niation. Patients with headache, neck pain, hydrocephalus, 
or other symptoms related to compression of the cerebel-
lum or brainstem may benefit from surgical decompres-
sion of the foramen magnum. Neuropathic pain may 
respond to antidepressants or anticonvulsants (see Chapter 
12, Seizures & Syncope).

Grazzi L, Andrasik F. Headaches and Arnold-Chiari syndrome: 
when to suspect and how to investigate. Curr Pain Headache Rep. 
2012;16:350-353.

cc SENSORY ATAXIAS

Sensory ataxia is usually the result of impaired propriocep-
tive sensation due to lesions of the peripheral sensory 
nerves (sensory neuropathy), dorsal root ganglia (sensory 
neuronopathy), or posterior columns of the spinal cord 
(myelopathy) (Table 8-13). Clinical findings include 
defective joint position and vibration sense in the legs and 
sometimes the arms, unstable stance with Romberg sign, 
and a gait of slapping or steppage quality.

SENSORY NEUROPATHY OR NEURONOPATHY

Polyneuropathies that affect large myelinated sensory 
fibers and sensory neuronopathies (which target dorsal 
root ganglia) may present with ataxia. Prominent exam-
ples include the Hu antibody-positive sensory neuronopa-
thy associated with small-cell lung cancer, sensory 
neuronopathy from consumption of high doses of pyridox-
ine, and the Fisher variant of the Guillain-Barré syndrome. 
These are discussed in more detail in Chapter 10, Sensory 
Disorders.

MYELOPATHY

Myelopathies that affect the posterior columns can also 
cause ataxia. A common cause of this syndrome is multiple 
sclerosis, discussed earlier as a cause of cerebellar ataxia and 
in Chapter 9, Motor Disorders, as a cause of myelopathy.

COMBINED LESIONS

Several diseases can affect both peripheral and central 
sensory pathways (Figure 8-18). Examples include neuro-
syphilis (tabes dorsalis) and combined systems disease 
from vitamin B12 deficiency, which are discussed elsewhere 
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Table 8-13. Causes of Sensory Ataxia.

Sensory neuropathy or neuronopathy1

Cyanide (cassava plant) poisoning
Dejerine-Sottas disease (HMSN2 type III)
Diphtheria (delayed radiculoneuropathy)
Immune-mediated neuropathies (GALOP syndrome, anti-MAG 

antibody syndrome, Miller Fisher syndrome, anti-GD1b anti-
body syndrome)

Isoniazid
Paraneoplastic sensory neuronopathy (anti-Hu antibodies)
Platinum analogs (cisplatin, carboplatin, oxaliplatin)
Podophyllin poisoning (including etoposide)
Pyridoxine (vitamin B6) overuse
Refsum disease
Sensory ataxic neuropathy (autosomal dominant)
Sensory ataxic neuropathy with dysarthria and ophthalmoparesis 

(autosomal recessive)
Taxol

Myelopathy3

Acute transverse myelitis
HIV disease (vacuolar myelopathy)
Multiple sclerosis
Tumor or cord compression
Vascular malformations

Combined lesions

Friedreich ataxia
Neurosyphilis (tabes dorsalis)
Nitrous oxide
Vitamin B12 deficiency
Vitamin E deficiency (including abetalipoproteinemia)

1Involving large, myelinated sensory fibers.
2Hereditary motor and sensory neuropathy.
3Involving posterior columns.

as causes of dementia (see Chapter 5, Dementia & Amnesia) 
or sensory disturbance (see Chapter 10, Sensory Disorders). 
Another example is Friedreich ataxia, discussed next.

FRIEDREICH ATAXIA

Friedreich ataxia, an autosomal recessive disorder with 
onset in childhood, is the most common cause of heredi-
tary ataxia. It results from an expanded GAA trinucleotide 
repeat in a noncoding region of the FXN gene, which 
causes loss-of-function of a mitochondrial protein, 
frataxin. The key pathologic findings are degeneration of 
the dorsal root ganglia, large myelinated axons of periph-
eral sensory nerves, corticospinal tracts, and dentate nuclei 
of the cerebellum, with secondary involvement of the spi-
nocerebellar tracts, posterior columns, and dorsal nucleus 
of Clarke.

c` Clinical Findings
The average age at onset is approximately 13 years, with 
longer GAA repeats correlating with earlier onset. The 
initial symptom is usually progressive gait ataxia, fol-
lowed by limb ataxia, dysarthria, and sensory gait ataxia. 
Neurologic examination shows knee and ankle areflexia, 
impaired joint position and vibration sense in the legs, 
leg (and sometimes arm) weakness, and extensor plan-
tar responses. Pes cavus (high-arched feet with clawing 
of the toes caused by weakness and wasting of the intrin-
sic foot muscles) is often present, but can also occur in 
other neurologic disorders (eg, Charcot-Marie-Tooth 
disease).

Severe progressive kyphoscoliosis may lead to chronic 
restrictive lung disease. Cardiomyopathy may result in 

Vitamin B12 deficiency
(subacute combined degeneration)

Tabes dorsalis Friedreich ataxia

Dorsal root Lateral corticospinal tract

Dorsal spinocerebellar tractPosterior column

▲▲ Figure 8-18. Principal sites of spinal cord disease (blue) in disorders producing sensory ataxia.
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congestive heart failure, arrhythmia, and death. Other 
abnormalities include visual impairment from optic atro-
phy and diabetes mellitus.

Friedreich ataxia can usually be differentiated from 
other cerebellar and spinocerebellar degenerations by its 
early onset and the presence of prominent sensory impair-
ment, areflexia, skeletal abnormalities, and cardiomyopa-
thy. Definitive diagnosis is by genetic testing.

c` Treatment & Prognosis
There is no current treatment for the neurologic manifes-
tations of Friedreich ataxia. The antioxidant, idebenone, 
may be beneficial for the associated cardiomyopathy. 
Orthopedic procedures or devices are useful to improve 
kyphoscoliosis and gait disorder. The average duration of 
symptomatic illness is approximately 25 years, with death 
occurring at a mean age of approximately 40 years. 
Cardiomyopathy and infection are the usual causes of 
death.

Parkinson MH, Boesch S, Nachbauer W, Mariotti C, Giunti P. 
Clinical features of Friedreich’s ataxia: classical and atypical 
phenotypes. J Neurochem. 2013;126 (suppl 1):103-117.
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▼▼ apprOaCh tO DIagnOSIS

Normal motor function depends on the transmission of 
signals from the brain to the brainstem or spinal cord by 
upper motor neurons, and from there to skeletal muscle 
by lower motor neurons (Figure 9-1). A lesion that 
involves this pathway anywhere along its length may 
impair motor function. Anatomic structures involved in 
the regulation or execution of motor activity include the 
pyramidal and extrapyramidal systems, cerebellum, and 

lower motor neurons in the cranial nerve nuclei of the 
brainstem and anterior horns of the spinal cord.

The pyramidal system (Figure 9-2) consists of upper 
motor neuron fibers that descend from the cerebral cortex 
through the internal capsule, traverse the medullary pyra-
mid, and then mostly decussate, to descend in the lateral 
corticospinal tract on the opposite side, where they  synapse 
on interneurons and lower motor neurons in the  spinal 
cord.

All other descending influences on lower motor neu-
rons belong to the extrapyramidal system and originate 
primarily in the basal ganglia and cerebellum. Disorders of 
the basal ganglia (see Chapter 11, Movement Disorders) 
and cerebellum (see Chapter 8, Disorders of Equilibrium) 
are considered separately.

The motor fibers in the cranial and peripheral nerves 
arise from the lower motor neurons (Figure 9-3). 
Dysfunction at any point in the peripheral nervous system 
(anterior horn cell, nerve root, limb plexus, peripheral 
nerve, or neuromuscular junction) can impair motor func-
tion, as can disease of the muscles.

hIStOry

Patients with motor deficits generally complain of weak-
ness, heaviness, stiffness, clumsiness, impaired muscular 
control, or difficulty in executing movements. The term 
weakness is sometimes used in a nonspecific way to denote 
fatigue or loss of energy, drive, or enthusiasm, and its 
meaning must therefore always be clarified. The word is 
properly used to mean loss of muscle power, and it is in 
this sense that it is employed here.

HiSToRy of PReSeNT iLLNeSS

`` Mode of onset
An abrupt onset suggests a vascular disturbance, such as a 
stroke, or certain toxic or metabolic disturbances, whereas 
subacute onset over days to weeks is commonly associated 
with a neoplastic, infective, or inflammatory process  
(Table 9-1). Weakness that evolves slowly over several 
months or years often has a hereditary, degenerative, endo-
crinologic, or neoplastic basis.

`` Course
A progressive increase in the motor deficit from its onset 
suggests continuing activity of the underlying process. 
Episodic progression suggests a vascular or inflammatory 
origin; a steadily progressive course is more suggestive of 
neoplastic disorder or such degenerative conditions as 
motor neuron disease. Rapid fluctuation of symptoms over 
short periods (eg, over the course of the day) is character-
istic of myasthenia gravis.

Motor cortex

Interneuron

Anterior
horn cell

Peripheral
nerve

Motor
end-plate

Brainstem

Spinal cord

Internal
capsule

Upper
motor

neuron

Lower
motor

neuron

▲▲ figure 9-1. Anatomic basis of the upper motor 
 neuron and lower motor neuron concepts.
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▲▲ figure 9-2. Upper motor neuron pathways. Tracts at bottom left are shown outside the cord for clarity only. (Used 
with permission from McPhee SJ, Hammer GD: Pathophysiology of Disease: An Introduction to Clinical Medicine. 6th ed. New 
York, NY: McGraw-Hill; 2009.)

`` Distribution of Symptoms
The distribution of weakness and the presence of associ-
ated symptoms may indicate the approximate site of the 
lesion. For example, weakness in the right arm and leg may 
result from a lesion of the contralateral motor cortex or the 

corticospinal pathway at any point above the fifth cervical 
segment of the spinal cord. Associated right facial weak-
ness indicates that the lesion must be above the level of the 
facial (VII) nerve nucleus in the brainstem, and an accom-
panying aphasia (see Chapter 1, Neurologic History & 
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Motor neuron

Peripheral nerve Neuromuscular
junction

Nerve root

Muscle fiber
▲▲ figure 9-3. Anatomic components of the motor unit.

Table 9-1. Some Causes of Weakness of Acute or 
Subacute Onset.

Supraspinal lesions

Stroke
Other structural lesions

Spinal cord lesions

Infective: human immunodeficiency virus (HIV) infection
Inflammatory: transverse myelitis, multiple sclerosis
Compressive: tumor, disk protrusion, abscess
Vascular: infarction, hematomyelia

Anterior horn cell disorders

Poliovirus, coxsackievirus, West Nile virus infection

Peripheral nerve disorders

Guillain-Barré syndrome
Diphtheria
Paralytic shellfish poisoning
Porphyria
Arsenic poisoning
Organophosphate toxicity

Neuromuscular junction disorders

Myasthenia gravis
Botulism
Aminoglycoside toxicity

Muscle disorders

Necrotizing myopathies
Acute hypo- or hyperkalemia
Periodic paralyses

Examination) or visual field defect (see Chapter 7, Neuro-
Opthalmic Disorders) localizes it to the cerebral 
hemisphere.

`` Associated Symptoms
The presence and distribution of any sensory abnormalities 
also help in localizing the lesion. Sensory abnormalities 
lateralized to the same side as weakness suggest a hemi-
spheric lesion; a cortical lesion is implied by sensory neglect 
or inattention, agraphesthesia (inability to identify by touch 
a number written on the skin), astereognosis (inability to 
identify by touch an object placed in the hand), abarognosis 
(inability to judge the weight of an object placed in the 
hand), or impaired two-point discrimination, when periph-
eral sensory function is intact. Sensory loss below a particu-
lar segmental level on the trunk suggests a spinal cord 
lesion, whereas distal sensory changes in the limbs favor a 
peripheral nerve lesion. Diseases of the anterior horn cells, 
neuromuscular junctions, or muscles are not accompanied 
by altered sensation.

The character of any associated symptoms may suggest 
the nature of the lesion. Thus progressive leg weakness 
caused by myelopathy is often preceded or accompanied by 
pain in the back or legs when the myelopathy is due to a 
compressive lesion—but not when it has a metabolic or 
hereditary basis.

`` Severity of Symptoms
The functional severity of a motor deficit is evaluated by 
determining whether there has been any restriction of 
daily activities, difficulty in performing previously easy 
tasks, or reduction in exercise tolerance.

The nature of the functional disturbance depends on 
the muscles involved. Weakness of proximal muscles in the 
legs leads to difficulty in climbing or descending stairs or 
in getting up from a squatting position, whereas weakness 
in the arms leads to difficulty with such tasks as combing 
the hair. Distal weakness in the arms may lead to clumsi-
ness, difficulty with such fine motor tasks as doing up but-
tons or tying shoelaces, and eventually the inability to pick 
up or grasp objects with the hands, so that even eating 
becomes difficult or impossible.

Involvement of the muscles supplied by the cranial 
nerves may lead to diplopia (oculomotor [III], trochlear 
[IV], or abducens [VI] nerve); difficulty in chewing (tri-
geminal [V] nerve) or sucking, blowing, or grimacing 
(facial [VII] nerve); or difficulty in swallowing, with nasal 
regurgitation and dysarthria (glossopharyngeal [IX], vagus 
[X], and hypoglossal [XII] nerves).

Weakness of the respiratory muscles leads to tachy-
pnea, the use of accessory muscles of respiration, and 
anxiety at a stage when arterial blood gases are usually still 
normal. A vital capacity of less than 1 L in an adult gener-
ally calls for ventilatory support, especially if weakness is 
increasing.
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Table 9-2. Motor Disorders Associated With Drugs.

Drugs that cause motor (or predominantly motor) 
 peripheral neuropathy1

Dapsone
Imipramine
Sulfonamides (some)

Drugs that can impair neuromuscular transmission
ACTH
Aminoglycoside antibiotics
β-Blockers
Chloroquine
Colistin
Corticosteroids
Lithium
 Magnesium-containing cathartics

Penicillamine
Phenothiazines
Phenytoin
Polymyxin
Procainamide
Quinidine, quinine
Tetracycline

Drugs associated with myopathy

β-Blockers
Chloroquine
Clofibrate
Corticosteroids
Drugs causing hypokalemia
Emetine

ε-Aminocaproic acid
 HMG-CoA reductase 
 inhibitors
Penicillamine
Zidovudine

1 A number of drugs cause mixed sensory and motor neuropathies 
(see Table 10-2).

PAST MeDiCAL HiSToRy
The importance of the past history depends on the 
patient’s present complaint and the nature of any previous 
illnesses. For example, in a patient with lung cancer, limb 
weakness may be due to metastasis or to a remote (non-
metastatic) complication of the cancer. Leg weakness in a 
diabetic may reflect peripheral nerve, plexus, or multiple 
root involvement, and hand weakness in a myxedematous 
patient may be associated with carpal tunnel syndrome.

All drugs taken by the patient should be noted. Drugs 
can cause peripheral neuropathy, impair neuromuscular 
transmission, or lead to myopathy (Table 9-2).

DeveLoPMeNTAL HiSToRy
When symptoms develop before adult life, it is particularly 
important to obtain a full developmental history, including 
details of the delivery, the birth weight, the patient’s condi-
tion in the neonatal period, and the dates at which motor 
milestones were attained. Congenital or perinatal cerebral 
disease accounts for most causes of infantile diplegia 
(weakness of all four limbs, with the legs more severely 
affected than the arms).

fAMiLy HiSToRy
Hereditary factors may be important, and the patient’s fam-
ily background therefore must be explored. Some types of 
myopathy, motor neuron disease, and peripheral neuropa-
thy have a genetic basis, as do some spinocerebellar 

degenerations, hereditary spastic paraparesis, and certain 
other neurologic disorders. It is sometimes necessary to 
examine other family members to determine whether the 
patient’s disorder has a hereditary basis.

neurOlOgIC exaMInatIOn

MoToR SySTeM
A systematic approach to examining the motor system helps 
to prevent important abnormalities from being overlooked. 
A sequential routine for the examination is important.

`` Muscle Appearance
1. Wasting, or muscle atrophy, suggests that weakness is 

due to a lesion of the lower motor neurons or the 
muscle itself. The distribution of wasting may help to 
localize the underlying disorder. Upper motor neuron 
disorders are not usually accompanied by muscle wast-
ing, though atrophy may occasionally occur with 
 prolonged disuse.

2. Pseudohypertrophy of muscles occurs in certain forms 
of myopathy, but the apparently enlarged muscles are 
actually weak and flabby.

3. Fasciculations—visible irregular flickerings over the 
surface of the affected muscle caused by spontane-
ous contractions of individual motor units—suggest 
that weakness is due to a lower motor neuron lesion. 
Fasciculations are most common in anterior horn cell 
disorders, but may also occur in normal individuals.

4. Flexor or extensor spasms of the limbs are sometimes 
seen in upper motor neuron disorders as a result of 
impaired supraspinal control of reflex activity.

`` Muscle Tone
For clinical purposes, tone can be defined as the resistance 
of muscle to passive movement of a joint. Tone depends 
on the degree of muscle contraction and on the mechanical 
properties of muscle and connective tissue. The degree of 
muscle contraction depends, in turn, on the activity of 
anterior horn cells, which is governed by spinal and supra-
spinal mechanisms.

Tone is assessed by observing the position of the 
extremities at rest, by palpating the muscle belly, and par-
ticularly by determining the resistance to passive stretch 
and movement. To assess resistance to passive movement, 
the patient relaxes while each limb is examined in turn by 
passively taking the major joints through their full range 
of movement at different speeds and estimating whether 
the force required is more or less than normal.

Postural abnormalities may result from the increased 
activity of certain muscle groups caused by disturbances 
of reflex function, as exemplified by the typical hemiple-
gic posture—flexion of the upper limb and extension of 
the ipsilateral lower limb—of many patients who have 
had a stroke.
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1. Hypertonia—Two types of increased tone can be 
distinguished.
a.  Spasticity—consists of an increase in tone that affects 

different muscle groups to different extents. In the 
arms, tone is increased more in the flexor and adduc-
tor muscles than the extensors and abductors; in the 
legs, it is greater in the extensor muscles than flexors. 
The resistance of an affected muscle is not the same 
throughout the range of movement, but tends to be 
most marked when passive movement is initiated and 
then diminishes as the movement continues (the 
clasp-knife phenomenon). The increase in tone is 
velocity dependent, so that passive movement at high 
but not low velocities meets increased resistance. 
Spasticity is caused by an upper motor neuron lesion, 
such as a stroke that involves the supplementary 
motor cortex or corticospinal tract. It may not become 
apparent for several days after onset of an acute lesion.

b.  Rigidity—consists of increased resistance to passive 
movement that is independent of the direction of the 
movement; that is, it affects agonist and antagonist 
muscle groups equally (lead-pipe rigidity). The 
term cogwheel rigidity is used when there are 
superimposed ratchet-like interruptions in the pas-
sive movement, probably related to underlying 
tremor. In general, rigidity indicates extrapyramidal 
dysfunction and is due to a lesion of the basal gan-
glia (eg, Parkinson disease).

2. Hypotonia (flaccidity)—This is characterized by 
excessive floppiness—a reduced resistance to passive 
movement—so that the distal portion of the limb is 
easily waved to and fro when the extremity is passively 
shaken. In hypotonic limbs it is often possible to hyper-
extend the joints, and the muscle belly may look flat-
tened and feel less firm than usual. Although hypotonia 
usually relates to pathologic involvement of the lower 
motor neuron supply to the affected muscles, it can 
also occur with primary muscle disorders, disruption 
of the sensory (afferent) limb of the reflex arc, cerebel-
lar disease, and certain extrapyramidal disorders such 
as Huntington disease, as well as in the acute stage of a 
pyramidal lesion.

3. Paratonia—Some patients seem unable to relax and 
will move the limb being examined as the physician 
moves it, despite instructions to the contrary. In more 
advanced cases, there seems to be rigidity when  
the examiner moves the limb rapidly but normal tone 
when the limb is moved slowly. This phenomenon— 
paratonia— is particularly apt to occur in patients with 
frontal lobe or diffuse cerebral disease.

`` Muscle Power
To test muscle power, the patient is asked to resist pressure 
exerted by the examiner. Based on the history and other 
findings, muscles particularly likely to be affected are 

selected for initial evaluation, and other muscles are sub-
sequently examined to determine the distribution of 
weakness more fully and to shorten the list of diagnostic 
possibilities. For instance, if an upper motor neuron 
(pyramidal) lesion is suspected, the extensors and abduc-
tors of the upper extremity and flexors of the lower 
extremity are tested in the most detail, because they will 
be the most affected. Strength on the two sides is com-
pared so that minor degrees of weakness can be 
recognized.

1. Distinction between upper and lower motor neuron 
lesions—The distribution of weakness helps to distin-
guish between dysfunction of the upper or lower 
motor neurons. Upper motor neuron lesions (eg, 
stroke) lead to weakness that characteristically involves 
the extensors and abductors more than the flexors and 
adductors of the arms—and the flexors more than the 
extensors of the legs. Lower motor neuron lesions pro-
duce weakness of the muscles supplied by the affected 
neurons; the particular distribution of the weakness 
may point to lower motor neuron disturbance involv-
ing the spinal cord, nerve roots, plexus, or peripheral 
nerves.

2. Distinction between myopathic and neuropathic 
disorders—Weakness may also result from a primary 
muscle disorder (myopathy) or from a disorder of lower 
motor neurons. In patients with a motor deficit in all 
limbs that is not due to an upper motor neuron lesion, 
proximal distribution of weakness suggests a myopathic 
disorder, whereas predominantly distal involvement 
suggests a neuropathic disturbance.

3. Neuromuscular junction disorders—Marked vari-
ability in the severity and distribution of weakness over 
short periods of time (eg, over the course of a day) sug-
gests myasthenia gravis, a disorder of neuromuscular 
transmission.

4. Psychogenic disorders—Apparent weakness that is not 
organic in nature also shows a characteristic variability; 
it is often more severe on formal testing than is consis-
tent with the patient’s daily activities. Moreover, palpa-
tion of antagonist muscles commonly reveals that they 
contract each time the patient is asked to activate the 
agonist.

For practical and comparative purposes, power is best 
graded in the manner shown in Table 9-3.

The term monoplegia denotes paralysis or severe 
weakness of the muscles in one limb, and monoparesis 
denotes less severe weakness in one limb, although the two 
words are often used interchangeably. Hemiplegia or 
hemiparesis is weakness in both limbs (and sometimes the 
face) on one side of the body; paraplegia or paraparesis is 
weakness of both legs; and quadriplegia or quadriparesis 
(also tetraplegia, tetraparesis) is weakness of all four 
limbs.
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CooRDiNATioN
The coordination of motor activity can be impaired by 
weakness, sensory disturbances, or cerebellar disease and 
requires careful evaluation.

Voluntary activity is observed with regard to its accu-
racy, velocity, range, and regularity, and the manner in 
which individual actions are integrated to produce a 
smooth complex movement.

In the finger-nose test, the patient moves the index 
finger to touch the tip of his or her nose and then the tip of 
the examiner’s index finger; the examiner can move the 
target finger about during the test to change its location 
and should position it so that the patient’s arm must extend 
fully to reach it.

In the heel-knee-shin test, the recumbent patient lifts 
one leg off the bed, flexes it at the knee, places the heel on 
the other knee, and runs the heel down the shin as 
smoothly as possible.

Rapid alternating movement is tested by asking  
the patient to tap repetitively with one hand on the back of 
the other, to tap alternately with the palm and back of one 
hand on the back of the other hand or on the knee, to screw 
an imaginary light bulb into the ceiling with each arm in 
turn, and to rub the fingers of one hand in a circular pol-
ishing movement on the back of the other hand. Other 
tests of rapid alternating movement include tapping on the 
ball of the thumb with the tip of the index finger or tapping 
the floor as rapidly as possible with the sole while keeping 
the heel of the foot in place. During all these tests, the 
examiner looks for irregularities of rate, amplitude, and 
rhythm and for precision of movements. With pyramidal 
lesions, fine voluntary movements are performed slowly. 
With cerebellar lesions, the rate, rhythm, and amplitude of 
such movements are irregular.

If loss of sensation may be responsible for impaired 
coordination, the maneuver should be repeated both with 
eyes closed and with visual attention directed to the limb; 

Table 9-3. Grading of Muscle Power According to the 
System Suggested by the Medical Research Council.

Grade Muscle Power

5 Normal power

4 Active movement against resistance and gravity

3 Active movement against gravity but not resistance

2 Active movement possible only with gravity eliminated

1 Flicker or trace of contraction

0 No contraction

Used with permission from Aids to the Investigation of Perpheral 
Nerve Injuries. London, UK: H.M. Stationary Office; 1943.

with visual feedback the apparent weakness or incoordina-
tion will improve. In patients with cerebellar disease, the 
main complaint and physical finding are often of incoordi-
nation, and examination may reveal little else. Further 
discussion of cerebellar ataxia and the various terms used 
to describe aspects of it can be found in Chapter 8, 
Disorders of Equilibrium.

TeNDoN RefLexeS
Changes in the tendon (muscle stretch) reflexes may 
accompany disturbances in motor or sensory function and 
provide a guide to the cause of any motor deficit. The 
 tendon is tapped with a reflex hammer to produce a 
 sudden brisk stretch of the muscle and its contained spin-
dles. The clinically important stretch reflexes and  
the nerves, roots, and spinal segments subserving them are 
indicated in Table 9-4. When the reflexes are tested, the 
limbs on each side should be placed in identical positions 
and the reflexes elicited in the same manner.

1. Areflexia—Apparent loss of the tendon reflexes may 
merely reflect a lack of clinical expertise by the exam-
iner. Performance of the Jendrassik maneuver (an 
attempt by the patient to pull apart the fingers of the 
two hands when they are hooked together) or some 
similar distracting action (such as making a fist with 
the hand that is not being tested) may allow an other-
wise unobtainable reflex response to be elicited. A 
reflex may be lost or depressed by any lesion that inter-
rupts the structural or functional continuity of its reflex 
arc, as in a root lesion or peripheral neuropathy. In 
addition, reflexes are often depressed during the acute 
stage of an upper motor neuron lesion, during deep 
coma, and with cerebellar disease.

2. Hyperreflexia—Increased reflexes occur with upper 
motor neuron lesions, but they may also occur with a 

Table 9-4. Tendon (Muscle Stretch) Reflexes.1

Reflex
Segmental 

Innervation Nerve

Jaw Pons Mandibular branch, trigeminal

Biceps C5, C6 Musculocutaneous

Brachioradialis C5, C6 Radial

Triceps C7, C8 Radial

Finger C8, T1 Median

Knee (patellar) L3, L4 Femoral

Ankle (Achilles) S1, S2 Tibial

1In the National Institutes of Health system, the reflexes are graded 
on the following scale: 0, absent; 1, reduced, trace response, or 
present only with reinforcement; 2 and 3, in lower and upper half 
of normal range, respectively; 4, increased, with or without clonus.
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symmetric distribution in certain healthy subjects and 
in patients under emotional stress. The presence of 
reflex asymmetry is therefore of particular clinical sig-
nificance. Clonus consists of a series of rhythmic reflex 
contractions of a muscle that is suddenly subjected to 
sustained stretch, with each beat caused by renewed 
stretch of the muscle during relaxation from its previous 
contracted state. Sustained clonus—more than three or 
four beats in response to sudden sustained stretch—is 
always pathologic and is associated with an abnormally 
brisk reflex. In hyperreflexic states, the region from 
which a particular reflex response can be elicited may 
be enlarged. For example, elicitation of the biceps reflex 
may be accompanied by reflex finger flexion, or eliciting 
the finger flexion reflex may cause flexion of the thumb 
(Hoffmann sign).

3. Reflex asymmetry—Although the intensity of reflex 
responses varies considerably among subjects, reflexes 
should be symmetric in any individual.
a.  Lateralized asymmetries of response—reflexes 

that are brisker on one side of the body than on the 
other—usually indicate an upper motor neuron 
disturbance, but sometimes reflect a lower motor 
neuron lesion on the side with the depressed 
reflexes.

b.  Focal reflex deficits often relate to root, plexus, or 
peripheral nerve lesions. For example, unilateral 
depression of the ankle jerk commonly reflects an 
S1 radiculopathy resulting from a lumbosacral disk 
lesion.

c.  Loss of distal tendon reflexes (especially ankle 
jerks), with preservation of more proximal ones, is 
common in polyneuropathies.

SUPeRfiCiAL RefLexeS

1. The polysynaptic superficial abdominal reflexes, 
which depend on the integrity of the T8-12 spinal cord 
segments, are elicited by gently stroking each quadrant 
of the abdominal wall with a blunt object such as a 
wooden stick. A normal response consists of contrac-
tion of the muscle in the quadrant stimulated, with a 
brief movement of the umbilicus toward the stimulus. 
Asymmetric loss of the response may be of diagnostic 
significance. The response may be depressed or lost on 
one side in patients with an upper motor neuron distur-
bance affecting that side. Segmental loss of the response 
may relate to local disease of the abdominal wall or its 
innervation, as in a radiculopathy. Bilaterally absent 
responses are usually of no significance, occurring in 
the elderly, the obese, multiparous women, and patients 
who have had abdominal surgery.

2. The cremasteric reflex, mediated through the L1 and 
L2 reflex arcs, consists of retraction of the ipsilateral tes-
tis when the inner aspect of the thigh is lightly stroked; 

it is lost in patients with a lesion involving these nerve 
roots. It is also lost in patients with contralateral upper 
motor neuron disturbances.

3. Stimulation of the lateral border of the foot in a normal 
adult leads to plantar flexion of the toes and dorsiflex-
ion of the ankle. The Babinski response consists of 
dorsiflexion of the big toe and fanning of the other toes 
in response to stroking firmly the lateral border of the 
foot, which is part of the S1 dermatome; flexion at the 
hip and knee may also occur. Such an extensor plantar 
response indicates an upper motor neuron lesion 
involving the contralateral motor cortex or the cortico-
spinal tract. It can also be found bilaterally in anesthe-
tized or comatose subjects, in patients who have just 
had a seizure, and in normal infants.

An extensor plantar response can also be elicited, though 
less reliably, by such maneuvers as pricking the dorsal sur-
face of the big toe with a pin (Bing sign), firmly stroking 
down the anterior border of the tibia from knee to ankle 
(Oppenheim maneuver), squeezing the calf muscle 
(Gordon maneuver), or Achilles tendon (Schafer maneu-
ver), flicking the little toe (Gonda maneuver), or stroking 
the back of the foot just below the lateral malleolus 
(Chaddock maneuver). In interpreting responses to these 
maneuvers, attention must be focused only on the direc-
tion in which the big toe first moves.

GAiT
The patient is observed while walking at a comfortable 
pace. Attention is directed at the stance and posture; the 
facility with which the patient starts and stops walking and 
turns to either side; the length of the stride; the rhythm of 
walking; the presence of normally associated movements, 
such as swinging of the arms; and any involuntary move-
ments (see Figure 1-25).

Subtle gait disorders become apparent only when the 
patient is asked to run, walk on the balls of the feet or the 
heels, hop on either foot, or walk heel-to-toe along a 
straight line. Gait disorders occur in many neurologic dis-
turbances. A motor or sensory disturbance may lead to an 
abnormal gait whose nature depends on the site of patho-
logic involvement.

1. Apraxic gait—Apraxic gait occurs in some patients 
with disturbances, usually bilateral, of frontal lobe 
function, such as in hydrocephalus or progressive 
dementing disorders. There is no weakness or incoor-
dination of the limbs, but the patient is unable to 
stand unsupported or to walk properly—the feet seem 
glued to the ground. If walking is possible at all, the 
gait is unsteady, uncertain, and short-stepped, with 
marked hesitation (“freezing”), and the legs are moved 
in a direction inappropriate to the center of gravity.

2. Corticospinal lesions—A corticospinal lesion, irre-
spective of cause, can cause a gait disturbance.
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a.  In patients with hemiparesis, the affected leg must 
be circumducted to be advanced. The patient tilts 
at the waist toward the normal side and swings the 
affected leg outward as well as forward, thus com-
pensating for any tendency to drag or catch the 
foot on the ground because of weakness in the hip 
and knee flexors or ankle dorsiflexors. The arm on 
the affected side is usually held flexed and 
adducted. In mild cases, there may be no more 
than a tendency to drag the affected leg, so that the 
sole of that shoe tends to be excessively worn.

b.  With severe bilateral spasticity, the legs are brought 
stiffly forward and adducted, often with compen-
satory truncal movements (“scissors-like” gait). 
This gait is seen in its most extreme form in chil-
dren with spastic diplegia from perinatally 
acquired static encephalopathy. In patients with 
mild spastic paraparesis, the gait is shuffling, slow, 
stiff, and awkward, with the feet tending to drag.

3. Frontal disorders—Some patients with frontal lobe or 
white matter lesions have a gait characterized by short, 
shuffling steps; hesitation in starting (“ignition failure”) 
or turning; unsteadiness; and a wide or narrow base. 
Sometimes referred to as marche à petit pas, this abnor-
mality may be mistaken for a parkinsonian gait, but the 
wide base, preserved arm swing, absence of other signs 
of parkinsonism, and accompanying findings of cogni-
tive impairment, frontal release signs, pseudobulbar 
palsy, pyramidal deficits, and sphincter disturbances 
should suggest the correct diagnosis. In patients with 
frontotemporal dementia, however, a parkinsonian gait 
and other extrapyramidal findings may be present.

4. Extrapyramidal disorders.
a.  Patients with advanced parkinsonism are often 

stooped, have difficulty in beginning to walk, and 
may need to lean farther and farther forward while 
walking in place in order to advance; once in 
motion, there may be unsteadiness in turning and 
difficulty in stopping. The gait itself is character-
ized by small strides, often taken at an increasing 
rate until the patient is almost running (festina-
tion), and by loss of the arm swinging that nor-
mally accompanies locomotion. At times, as when 
walking through a doorway, the patient may be 
unable to advance (“freezing”). Turning may 
require several small steps. In mild parkinsonism, 
a mildly slowed or unsteady gait, flexed posture, or 
reduced arm swinging may be the only abnormality 
found.

b.  Abnormal posturing of the limbs or trunk is a fea-
ture of dystonia; it can interfere with locomotion 
or lead to a distorted and bizarre gait.

c.  Chorea can cause an irregular, unpredictable, and 
unsteady gait, as the patient dips or lurches from 
side to side. Choreiform movements of the face 
and extremities are usually evident.

d.  Tremor that occurs primarily on standing (ortho-
static tremor) may lead to an unsteady, uncertain 
gait, with hesitancy in commencing to walk.

5. Cerebellar disorders—Several gait disorders may 
occur in cerebellar disorders (see Chapter 8, Disorders 
of Equilibrium).
a.  Truncal ataxia results from involvement of mid-

line cerebellar structures, especially the vermis. 
The gait is irregular, clumsy, unsteady, uncertain, 
and broad-based, with the patient walking with 
feet wide apart for additional support. Turning and 
heel-to-toe walking are especially difficult. There 
are often few accompanying signs of a cerebellar 
disturbance in the limbs. Causes include midline 
cerebellar tumors and the cerebellar degeneration 
that can occur with alcoholism or hypothyroidism, 
as a nonmetastatic complication of cancer, and 
with certain hereditary disorders.

b.  In extreme cases, with gross involvement of mid-
line cerebellar structures (especially the vermis), 
the patient cannot stand without falling.

c.  A lesion of one cerebellar hemisphere leads to an 
unsteady gait in which the patient consistently falls 
or lurches toward the affected side.

6. Vestibular disorders—With unilateral vestibu-
lar dysfunction, the patient is unsteady, veering to 
the affected side. If both sides are affected, the gait 
becomes especially unsteady in the dark, when visual 
input is reduced.

7. Impaired sensation—Impaired sensation, especially 
proprioception, also leads to an unsteady gait that is 
aggravated by walking in the dark or with the eyes 
closed, as visual input cannot then compensate for 
the sensory loss. Because of their defective position 
sense, many patients lift their feet higher than neces-
sary when walking, producing a steppage gait. Causes 
include tabes dorsalis, sensory neuropathies, vitamin 
B12 deficiency, and certain hereditary disorders (see 
Chapter 10, Sensory Disorders).

8. Anterior horn cell, peripheral motor nerve, or skel-
etal muscle disorders—These disorders lead to gait 
disturbances if the muscles involved in locomotion 
are affected. Weakness of the anterior tibial muscles 
leads to foot drop; to avoid catching or scuffing the 
foot on the ground, the patient must lift the affected 
leg higher than the other, in a steppage gait resem-
bling that of sensory disorders. Weakness of the calf 
muscles leads to an inability to walk on the balls of the 
feet. Weakness of the trunk and girdle muscles, such 
as occurs in muscular dystrophy, other myopathic 
disorders, and Kugelberg-Welander syndrome, leads 
to a waddling gait because the pelvis tends to slump 
toward the non–weight-bearing side.

9. Unsteady or cautious gait in the elderly—Many 
elderly persons complain of unsteadiness when 
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walking and of a fear of falling, but neurologic exami-
nation reveals no abnormality. Their gait is cautious, 
unsteady, and sometimes difficult to initiate. Frontal 
lobe dysfunction may be responsible, as may reduce 
sensory input from several different afferent systems and 
impair central processing of sensory input; impaired 
vestibular function may also be important.

10.   Psychogenic gait disorder—This is suggested by fluc-
tuations of stance and gait, commonly in response to 
suggestion, frequently accompanied by a sudden buck-
ling at the knees, often without falls. Apart from the 
bizarre gait, neurologic examination may be normal. 
Patients apparently unable to stand or walk (astasia-
abasia) may actually be able to walk on a narrow base, 
but sway wildly in all directions, often with waving of 
the arms as if about to fall.

Fasano A, Bloem BR. Gait disorders. Continuum (Minneap, 
Minn). 2013;19:1344-1382.

ClInICal lOCalIzatIOn Of the leSIOn

The findings on examination should indicate whether the 
motor deficit is due to an upper or lower motor neuron 
disturbance, impaired neuromuscular transmission, or a 
primary muscle disorder. With an upper or lower motor 
neuron disturbance, the clinical findings may also help to 
localize the lesion to a single level of the nervous system, 
thereby reducing the number of diagnostic possibilities.

UPPeR MoToR NeURoN LeSioNS

`` Signs
The following classic signs of an upper motor neuron 
lesion occur with involvement of the upper motor neuron 
at any point; further clinical findings depend on the actual 
site of the lesion.

1. Weakness or paralysis
2. Spasticity
3. Increased tendon reflexes
4. Extensor plantar (Babinski) response
5. Loss of superficial abdominal reflexes
6. Little, if any, muscle atrophy

`` Localization of Underlying Lesion

1. A parasagittal intracranial lesion produces an upper 
motor neuron deficit that characteristically affects both 
legs and may later involve the arms.

2. A discrete lesion of the cerebral cortex or its projections 
may produce a focal motor deficit involving, for exam-
ple, the contralateral hand. Weakness may be restricted 

to the contralateral leg in patients with anterior cerebral 
artery occlusion or to the contralateral face and arm if 
the middle cerebral artery is involved. A more extensive 
cortical or subcortical lesion will produce weakness or 
paralysis of the contralateral face, arm, and leg and may 
be accompanied by aphasia, a visual field defect, or a 
sensory disturbance of cortical type.

3. A lesion in the internal capsule, where the descend-
ing fibers from the cerebral cortex are closely packed, 
commonly results in a severe hemiparesis involving the 
contralateral limbs and face.

4. A brainstem lesion commonly—but not invariably—
leads to bilateral motor deficits, often with accom-
panying sensory and cranial nerve disturbances, and 
disequilibrium. A more limited brainstem lesion char-
acteristically leads to an ipsilateral cranial nerve distur-
bance and contralateral hemiparesis; the cranial nerves 
affected depend on the level at which the brainstem is 
involved.

5. A unilateral spinal cord lesion above the fifth cervi-
cal segment (C5) causes an ipsilateral hemiparesis that 
spares the face and cranial nerves. Lesions between C5 
and the first thoracic segment (T1) affect the ipsilateral 
arm to a variable extent as well as the ipsilateral leg; a 
lesion below T1 affects only the ipsilateral leg. If both 
sides of the spinal cord are involved, quadriparesis or 
paraparesis usually results. Increased muscle tone (spas-
ticity) may be more prominent than weakness. If there is 
an extensive but unilateral cord lesion, the motor deficit 
is accompanied by ipsilateral impairment of vibration 
and position sense and by contralateral loss of pain and 
temperature appreciation (Brown-Séquard syndrome).

6. With compressive and other focal lesions that involve 
the anterior horn cells in addition to the fiber tracts 
traversing the cord, the muscles innervated by the 
affected cord segment weaken and atrophy. Therefore, a 
focal lower motor neuron deficit exists at the level of the 
lesion, and an upper motor neuron deficit exists below 
it—in addition to any associated sensory disturbance.

LoweR MoToR NeURoN LeSioNS

`` Signs
Lower motor neuron lesions produce the following charac-
teristic signs at the affected levels.

1. Weakness or paralysis
2. Wasting and fasciculations of involved muscles
3. Hypotonia (flaccidity)
4. Loss of tendon reflexes when neurons subserving them 

are affected
5. Normal abdominal and plantar reflexes—unless the 

neurons subserving them are directly involved, in 
which case reflex responses are lost
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`` Localization of the Underlying Lesion
In distinguishing weakness from a segmental spinal cord, 
anterior horn cell, radicular (nerve root), plexus, or 
peripheral nerve lesion, the distribution of the motor defi-
cit is important. Only those muscles supplied wholly or 
partly by the involved structure are weak (Tables 9-5  
and  9-6). The distribution of any accompanying sensory 
deficit similarly reflects the location of the underlying 
lesion (see Chapter 10, Sensory Disorders).

Weakness due to lesions of nerve roots may be difficult 
to distinguish from weakness caused by spinal cord lesions 
involving the anterior horn cells. In the latter situation, 
however, there is more often a bilateral motor deficit at the 
level of the lesion, a corticospinal or sensory deficit below 
it, or a disturbance of bladder, bowel, or sexual function.

Disorders affecting the anterior horn cells of the spinal 
cord commonly cause an extensive lower motor neuron 
deficit without sensory changes, and this helps to distin-
guish them from disorders of motor nerves (motor 
neuropathy).

CeRebeLLAR LeSioNS

`` Signs
1. Hypotonia.
2. Depressed or pendular tendon reflexes.
3. Ataxia—This is a complex movement disorder caused, 

at least in part, by impaired coordination. It occurs in 

the limbs on the same side as a lesion affecting the cer-
ebellar hemisphere. With midline lesions, incoordina-
tion may not be evident in the limbs, but there is marked 
truncal ataxia on walking. The term dysmetria is used 
when movements are not adjusted accurately for range, 
so that, for example, a moving finger overshoots a target 
at which it is aimed. Dysdiadochokinesia denotes rapid 
alternating movements that are clumsy and irregular 
in terms of rhythm and amplitude. Asynergia or dys-
synergia denotes the breakdown of complex actions 
into the individual movements composing them; when 
asked to touch the tip of the nose with a finger, for 
example, the patient may first flex the elbow and then 
bring the hand up to the nose instead of combining the 
maneuvers into one action. Intention tremor occurs 
during activity and is often most marked as the target is 
neared. The rebound phenomenon is the overshooting 
of the limb when resistance to a movement or posture is 
suddenly withdrawn.

4. Gait disorder—The gait becomes unsteady in patients 
with disturbances of either the cerebellar hemispheres 
or midline structures.

5. Imbalance of station.
6. Disturbances of eye movement—Jerk nystagmus, 

which is commonly seen in patients with a unilateral 
lesion of the cerebellar hemisphere, is slowest and of 
greatest amplitude when the eyes are turned to the side 
of the lesion. Nystagmus is not present in patients with 
lesions of the anterior cerebellar vermis.

Table 9-5. Innervation of Selected Muscles of the Upper Limbs.

Muscle Main Root Peripheral Nerve Main Action

Supraspinatus C5 Suprascapular Abduction of arm

Infraspinatus C5 Suprascapular External rotation of arm at shoulder

Deltoid C5 Axillary Abduction of arm

Biceps C5, C6 Musculocutaneous Elbow flexion

Brachioradialis C5, C6 Radial Elbow flexion

Extensor carpi radialis longus C6, C7 Radial Wrist extension

Flexor carpi radialis C6, C7 Median Wrist flexion

Extensor carpi ulnaris C7 Radial Wrist extension

Extensor digitorum C7 Radial Finger extension

Triceps C8 Radial Extension of elbow

Flexor carpi ulnaris C8 Ulnar Wrist flexion

Abductor pollicis brevis T1 Median Abduction of thumb

Opponens pollicis T1 Median Opposition of thumb

First dorsal interosseous T1 Ulnar Abduction of index finger

Abductor digiti minimi T1 Ulnar Abduction of little finger
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Table 9-6. Innervation of Selected Muscles of the Lower Limbs.

Muscle Main Root Peripheral Nerve Main Action

Iliopsoas L2, L3 Femoral Hip flexion

Quadriceps femoris L3, L4 Femoral Knee extension

Adductors L2, L3, L4 Obturator Adduction of thigh

Gluteus maximus L5, S1, S2 Inferior gluteal Hip extension

Gluteus medius and minimus, tensor fasciae latae L4, L5, S1 Superior gluteal Hip abduction

Hamstrings L5, S1 Sciatic Knee flexion

Tibialis anterior L4, L5 Fibular (Peroneal) Dorsiflexion of ankle

Extensor digitorum longus L5, S1 Fibular (Peroneal) Dorsiflexion of toes

Extensor digitorum brevis S1 Fibular (Peroneal) Dorsiflexion of toes

Peronei L5, S1 Fibular (Peroneal) Eversion of foot

Tibialis posterior L4 Tibial Inversion of foot

Gastrocnemius S1, S2 Tibial Plantar flexion of ankle

Soleus S1, S2 Tibial Plantar flexion of ankle

7. Dysarthria—Speech becomes dysarthric and takes on 
an irregular and explosive quality in patients with 
lesions involving the cerebellar hemispheres. Speech is 
usually unremarkable when only the midline structures 
are involved.

`` Localization of the Underlying Lesion
The relationship of symptoms and signs to lesions of dif-
ferent parts of the cerebellum is considered in Chapter 8, 
Disorders of Equilibrium.

NeURoMUSCULAR TRANSMiSSioN 
DiSoRDeRS

`` Signs
1. Normal or reduced muscle tone.
2. Normal or depressed tendon and superficial reflexes.
3. No sensory changes.
4. Weakness, often patchy in distribution, not conform-

ing to the distribution of any single anatomic structure; 
frequently involves the cranial muscles and may fluctu-
ate in severity over short periods, particularly in rela-
tion to activity.

`` Localization of the Underlying Lesion
Pathologic involvement of either the presynaptic (eg, 
botulism) or postsynaptic (eg, myasthenia gravis) portion 
of the neuromuscular junction may impair neuromuscular 

transmission. Disorders of neuromuscular transmission 
are discussed later.

MyoPATHiC DiSoRDeRS

`` Signs

1. Weakness, usually most marked proximally rather 
than distally.

2. No muscle wasting or depression of tendon reflexes, 
at least until an advanced stage of the disorder.

3. Normal abdominal and plantar reflexes.
4. No sensory loss or sphincter disturbances.

`` Localization of the Underlying Lesion
It It is important to determine whether the weakness is 
congenital or acquired, whether there is a family history of 
a similar disorder, and whether there is any clinical evi-
dence that a systemic disease may be responsible. The 
distribution of affected muscles is often especially impor-
tant in distinguishing the various hereditary myopathies 
(see Myopathic Disorders, later).

InveStIgatIve StuDIeS

Investigative studies of patients with weakness from focal 
cerebral deficits are considered in Chapter 2, Investigative 
Studies. The investigations discussed here may be helpful 
in evaluating patients with weakness from other causes 
(Table 9-7).
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iMAGiNG

`` Plain x-Rays of the Spine
Congenital abnormalities and degenerative, inflammatory, 
neoplastic, or traumatic changes may be revealed by plain 
x-rays of the spine, but magnetic resonance imaging (MRI) 
or computed tomography (CT) scan is preferred in patients 
with suspected cord or root lesions because it provides 
more detail and visualization of soft tissue structures.

`` CT Scan or MRi
CT scan of the spine, especially after instilling water-solu-
ble contrast material into the subarachnoid space (CT 
myelogram), may reveal disease involving the spinal cord 
or nerve roots, but MRI is better in this regard (see Chapter 2, 
Investigative Studies).

eLeCTRoDiAGNoSTiC STUDieS
The function of the normal motor unit, which consists of a 
lower motor neuron and all of the muscle fibers it inner-
vates, may be disturbed at any of several sites in patients 
with weakness. A lesion may, for example, affect the ante-
rior horn cell or its axon, interfere with neuromuscular 

transmission, or involve the muscle fibers directly so that 
they cannot respond normally to neural activation. In each 
circumstance, characteristic changes in the electrical activ-
ity can be recorded from affected muscle by a needle elec-
trode inserted into it and connected to an oscilloscope 
(electromyography, or EMG). Depending on the site of 
pathology, nerve conduction studies or the muscle 
responses to repetitive nerve stimulation may also be 
abnormal (see Table 9-7 and Chapter 2, Investigative 
Studies, for further details).

SeRUM eNzyMeS
Damage to muscle fibers may lead to the release of certain 
enzymes (creatine kinase [CK], aldolase, lactic acid dehy-
drogenase [LDH], and alanine and aspartate transami-
nases [ALT and AST]) that can then be detected in 
increased amounts in serum. Serum CK shows the greatest 
increase and is the most useful for following the course of 
muscle disease. It is also present in high concentrations in 
the heart and brain, however, and damage to these struc-
tures can lead to increased serum CK levels. Fractionation 
of serum CK into isoenzyme forms is useful for determin-
ing the tissue of origin. In patients with weakness, elevated 
serum CK levels are generally indicative of a primary 

Table 9-7. Investigation of Patients With Weakness of Noncerebral Origin.

Test
Spinal Cord 

Disorders
Anterior Horn Cell 

Disorders
Peripheral Nerve or 

Plexus Disorders
Neuromuscular 

Junction Disorders Myopathies

Serum creatine 
kinase (CK) and 
other muscle 
enzymes

Normal Normal or mildly 
increased

Normal Normal Normal or increased

Electromyography Reduced number of motor units under voluntary control; with 
lesions causing axonal degeneration, abnormal spontaneous 
activity (eg, fasciculations, fibrillations) may be present if 
 sufficient time has elapsed after onset; with reinnervation, 
motor units may be large, long, and polyphasic

Often normal, but 
individual motor 
units may show 
abnormal  variability 
in size

Small, short, abundant 
polyphasic motor unit 
potentials; abnormal 
spontaneous activity 
may be conspicuous in 
myositis

Nerve conduction 
velocity

Normal Normal Slowed, especially in 
demyelinative neu-
ropathies. May be 
normal in axonal 
neuropathies

Normal Normal

Muscle response 
to repetitive 
motor nerve 
stimulation

Normal Normal, except in 
rapidly progres-
sive disease

Normal Abnormal  decrement 
or increment 
depending on stim-
ulus frequency and 
disease

Normal

Muscle biopsy May be normal in acute stage but subsequently suggestive of 
denervation

Normal Changes suggestive of 
myopathy

Spinal MRI or CT 
myelography

May be helpful Helpful in excluding 
other disorders

Not helpful Not helpful Not helpful
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myopathy, especially one that is evolving rapidly. A moder-
ately elevated serum CK may also occur in motor neuron 
disease, however, and more marked elevations can follow 
trauma, surgery, intramuscular injections, EMG, or vigorous 
activity.

MUSCLe bioPSy
Histopathologic examination of a specimen of weak 
muscle can help to determine whether the underlying 
weakness is neurogenic or myopathic. With neurogenic 
disorders, atrophied fibers occur in groups, with adjacent 
groups of larger, uninvolved fibers. In myopathies, atro-
phy occurs in a random pattern; nuclei of muscle cells 
may be centrally situated, in contrast to their normal 
peripheral location; and fibrosis or fatty infiltration may 
be seen. In addition, the pathologic examination may 
permit recognition of certain inflammatory muscle dis-
eases (eg, polymyositis) for which specific treatment is 
available and of various congenital or mitochondrial 
myopathies.

▼▼ SpInal COrD DISOrDerS (MyelOpathy)

Spinal cord disorders can lead to motor, sensory, or sphinc-
ter disturbances, or to some combination of these deficits. 
Depending on whether it is unilateral or bilateral, a lesion 
above C5 may cause an ipsilateral hemiparesis or quadripa-
resis. With lesions lower in the cervical spinal cord, 
involvement of the upper limbs is partial, and a lesion 
below T1 affects only the lower limbs on one or both sides. 
Disturbances of sensation are considered in detail in 
Chapter 10, Sensory Disorders, but unilateral involvement 
of the posterior columns of the cord leads to ipsilateral loss 
of position and vibration sense. Involvement of the spino-
thalamic tracts in the anterolateral columns impairs con-
tralateral pain and temperature appreciation below the 
level of the lesion.

Spasticity is a common accompaniment of upper 
motor neuron lesions and may be especially troublesome 
below the level of a myelopathy. When the legs are weak, 
the increased tone of spasticity may help to support the 
patient in the upright position. Marked spasticity, however, 
may lead to deformity, interfere with toilet functions, and 
cause painful flexor or extensor spasms. Pharmacologic 
management includes treatment with diazepam, baclofen, 
dantrolene, or tizanidine, as discussed later under 
Traumatic Myelopathy, but reduction in tone may increase 
disability from underlying leg weakness.

trauMatIC MyelOpathy

Although spinal cord damage may result from whiplash 
(recoil) injury, severe injury to the cord usually relates to 
fracture-dislocation in the cervical, lower thoracic, or 

upper lumbar region, which is commonly associated with 
local pain. Concomitant cerebral and systemic injuries 
may complicate evaluation. The most common site for 
traumatic spinal cord injury is in the cervical region.

CLiNiCAL fiNDiNGS

`` Total Cord Transection
Total transection results in immediate permanent paralysis 
and loss of sensation below the level of the lesion. Reflex 
activity is lost for a variable period, but then increases.

1. In the acute stage (“spinal shock”), there is flaccid 
paralysis with loss of tendon and other reflexes, accom-
panied by sensory loss and by urinary and fecal 
retention.

2. Over the following weeks, as reflex function returns, 
a spastic paraplegia or quadriplegia emerges, with 
brisk tendon reflexes and extensor plantar responses; 
however, a flaccid, atrophic (lower motor neuron) 
paralysis may affect muscles innervated by spinal cord 
segments at the level of the lesion, where anterior horn 
cells are damaged. Sensation is reduced at that level 
and lost below it. The bladder and bowel regain some 
reflex function, so that urine and feces are expelled at 
intervals.

3. Flexor or extensor spasms of the legs may become 
increasingly troublesome and are ultimately elicited by 
even the slightest cutaneous stimulus, especially in the 
presence of bedsores or a urinary tract infection. 
Eventually, the patient assumes a posture with the legs 
in flexion or extension, the former being especially 
likely with cervical or complete cord lesions.

`` Less Severe injury
With lesser injury, the neurologic deficit is less severe, but 
patients may be left with a mild paraparesis or quadripare-
sis and/or a distal sensory disturbance. Sphincter function 
may also be impaired—urinary urgency and urgency 
incontinence are especially common. Hyperextension inju-
ries of the neck can lead to focal cord ischemia that causes 
bibrachial paresis (weakness of both arms) with sparing of 
the legs and variable sensory signs.

iMAGiNG
Plain radiographs will reveal misalignments, fractures, 
and soft tissue swelling, but CT scanning is more sensitive 
for detecting spinal fractures, especially in the cervical 
region, and also allows evaluation of the spinal cord. It is 
therefore preferred in the acute setting. Spinal MRI pro-
vides complementary information about the extent and 
nature of any spinal cord injury and the presence of an 
epidural hematoma, which is important for treatment and 
prognosis.
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TReATMeNT

`` immobilization, Decompression,  
& Stabilization

Initial treatment consists of immobilization until the 
nature and extent of the injury are determined. Injury of 
the spinal cord should be assumed in patients with head 
injuries until excluded by imaging studies. If there is cord 
compression, urgent decompressive surgery will be neces-
sary. An unstable spine may require surgical fixation, and 
vertebral dislocation may necessitate spinal traction.

`` General Measures
A clear airway must be ensured and the circulation, blood 
pressure, and ventilation maintained. Tracheostomy may 
be required. Respiratory complications such as pneumo-
nia, atelectasis, and pulmonary embolism must be treated 
vigorously. Prophylaxis for deep venous thrombosis with 
low-molecular-weight heparin is important.

`` Corticosteroids
It is doubtful whether corticosteroids (eg, methylpredniso-
lone 30 mg/kg by intravenous bolus followed by intrave-
nous infusion at 5.4 mg/kg/h for 24 hours), once thought 
to improve function at 6 months when begun within 8 
hours of traumatic spinal cord injury, have any significant 
beneficial effects.

`` Treatment of Painful Spasms
Painful flexor or extensor spasms can be treated with drugs 
that enhance spinal inhibitory mechanisms (baclofen, 
diazepam) or uncouple muscle excitation from contraction 
(dantrolene). Baclofen is started with 5 mg orally twice 
daily, increasing up to 30 mg four times daily; diazepam,  
2 mg orally twice daily up to as high as 20 mg three times 
daily; and dantrolene, 25 mg/d orally to 100 mg four times 
daily. Tizanidine, a central α2-adrenergic receptor agonist, 
may also be helpful by increasing presynaptic inhibition 
and reducing alpha motoneuron excitability. The daily 
dose is built up gradually, usually to 8 mg three times daily. 
Side effects include dryness of the mouth, somnolence, and 
hypotension, but the drug is usually well tolerated. Patients 
who fail to benefit from or who cannot tolerate sufficient 
doses of oral medications may respond to intrathecal infu-
sion of baclofen.

All these drugs may increase functional disability by 
reducing tone. Dantrolene may also increase weakness and 
should be avoided in patients with severely compromised 
respiratory function.

`` Skin Care
Skin care is important; continued pressure on any single 
area must be avoided.

`` bladder & bowel Disorders
Depending on the severity of injury, catheterization may be 
necessary initially. Subsequently, the urgency and fre-
quency of the spastic bladder may respond to a parasympa-
tholytic drug such as oxybutynin, 5 mg three times daily. 
Suppositories and enemas will help maintain regular bowel 
movements and may prevent or control fecal incontinence.

`` experimental Therapeutics
Experimental work has focused recently on enhancing 
axonal regeneration in the damaged section of the spinal 
cord through such approaches as neutralization of neurite 
regrowth inhibitors, use of neurotrophic or growth factors, 
implantation of synthetic axonal guidance channels, and 
cellular therapies. Translational application to patients 
with spinal cord injuries is possible in the near future.

PRoGNoSiS
There is a significant mortality after spinal cord injury, and 
this is highest in those with cervical injuries, associated 
head injury, cardiovascular or respiratory inadequacy, and 
coexisting disorders. The greatest improvement is seen in 
those with incomplete injury, with most recovery occur-
ring in the first few months.

De Smet E, Vanhoenacker FM, Parizel PM. Traumatic myelopa-
thy: current concepts in imaging. Semin Musculoskelet Radiol. 
2014;18:318-331.

Wilson JR, Forgione N, Fehlings MG. Emerging therapies for 
acute traumatic spinal cord injury. CMAJ. 2013;185: 485-492.

DeMyelInatIng MyelOpathIeS

MULTiPLe SCLeRoSiS

`` epidemiology
Multiple sclerosis is one of the most common neurologic 
disorders, affecting approximately 300,000 patients in the 
United States, and its highest incidence is in young adults. 
It is defined clinically by the involvement of different parts 
of the central nervous system at different times—provided 
that other disorders causing multifocal central dysfunction 
have been excluded. Initial symptoms generally commence 
before the age of 55 years, with a peak incidence between 
ages 20 and 40 years; women are affected nearly twice as 
often as men.

Epidemiologic studies show that the prevalence of the 
disease rises with increasing distance from the equator, and 
no population with a high risk for the disease exists 
between latitudes 40°N and 40°S. Vitamin D level may also 
play a role as may exposure to Epstein-Barr virus. A 
genetic predisposition is suggested by twin studies, the 
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occasional familial occurrence, and the strong association 
between the disease and specific HLA alleles. Alleles of 
IL2RA (interleukin-2 receptor α gene) and IL7RA (inter-
leukin-7 receptor α gene) have also been proposed as heri-
table risk factors. Present evidence suggests that the disease 
has an autoimmune basis.

`` Pathology
The disorder is characterized pathologically by the devel-
opment of focal—often perivenular—scattered areas of 
demyelination, together with reactive gliosis, axonal dam-
age, and neuronal degeneration. These lesions occur in 
both white and gray matter of the brain and spinal cord 
and in the optic (II) nerve.

`` Pathophysiology
The cause of multiple sclerosis is unknown, but tissue 
damage and neurologic symptoms are thought to be trig-
gered by an immune mechanism directed against myelin 
antigens. Viral infection or other inciting factors may pro-
mote the entry of T cells and antibodies into the central 
nervous system by disrupting the blood–brain barrier. This 
leads to increased expression of cell-adhesion molecules, 
matrix metalloproteinases, and proinflammatory cyto-
kines. These molecules work in concert to attract addi-
tional immune cells, break down the extracellular matrix 
to aid their migration, and activate autoimmune responses 
against several antigens (eg, myelin basic protein, myelin-
associated glycoprotein, myelin oligodendrocyte glycopro-
tein, proteolipid protein, α B-crystallin, phosphodiesterases, 
and S-100). Binding of these target antigens by antigen-
presenting cells triggers an autoimmune response that may 
involve cytokines, macrophages, and complement. Immune 
attack on myelin denudes axons, which slows nerve con-
duction. Together with loss of axons and nerve cell bodies, 
this leads to progressive neurologic symptoms.

`` Clinical findings
1. Initial or presenting symptoms—Patients can present 

with any of a variety of symptoms (Table 9-8). Common 
initial complaints are focal weakness, numbness, tin-
gling, or unsteadiness in a limb; sudden loss or blurring 
of vision in one eye (optic neuritis); diplopia; disequi-
librium; or a bladder-function disturbance (urinary 
urgency or hesitancy). Symptoms are often transient, 
disappearing after a few days or weeks, even though 
some residual deficit may be found on neurologic 
examination. Other patients present with an acute or 
gradually progressive spastic paraparesis and sensory 
deficit; this should raise concern about the possibility of 
an underlying structural lesion unless there is evidence 
on clinical examination of more widespread disease.

2. Subsequent course—Months or years may elapse after 
the initial episode before further symptoms appear. 

Table 9-8. Symptoms and Signs of Multiple Sclerosis.

Percentage of 
Patients

Symptoms (at presentation)

Paresthesia 37

Gait disorder 35

Lower extremity weakness or incoordination 17

Visual loss 15

Upper extremity weakness or incoordination 10

Diplopia 10

Signs

Absent abdominal reflexes 81

Hyperreflexia 76

Lower extremity ataxia 57

Extensor plantar responses 54

Impaired rapid alternating movements 49

Impaired vibratory sense 47

Optic neuropathy 38

Nystagmus 35

Impaired joint position sense 33

Intention tremor 32

Spasticity 31

Impaired pain or temperature sense 22

Dysarthria 19

Paraparesis 17

Internuclear ophthalmoplegia 11

(Adapted from Swanson JW. Multiple sclerosis: update in diagnosis 
and review of prognostic factors. Mayo Clin Proc. 1989;64:577-586.)

Then, either new symptoms develop or the original 
ones recur and progress. Relapses may be triggered by 
infection and, in women, are more likely in the  
3 months or so after childbirth (but are reduced during 
the pregnancy itself). A rise in body temperature can 
cause transient deterioration in patients with a fixed 
and stable deficit (Uhthoff phenomenon). With time—
and after a number of relapses and usually incomplete 
remissions—the patient may become increasingly dis-
abled by weakness, stiffness, sensory disturbances, 
unsteadiness of the limbs, impaired vision, and urinary 
incontinence.

Based on its course, the disease is divided into a relapsing-
remitting form (85% of cases), in which progression does 
not occur between attacks; a secondary progressive form 
(80% of cases after 25 years) characterized by a gradually 
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A B
▲▲ figure 9-4. (A) A mid-sagittal T2-weighted MRI of the cervical spinal cord in a young woman with multiple 

 sclerosis. An abnormal region of high signal intensity (arrow) is seen. (Used with permission from RA Heyman.)  
(B) Axial T2-weighted MR brain image of a patient with multiple sclerosis showing multiple, primarily punctate, white 
matter plaques (arrows); note the typical location in the periventricular region (arrowheads). (Used with permission 
from RA. Heyman.)

progressive course after an initial relapsing-remitting pat-
tern; and a primary progressive form (10% of cases) with 
gradual progression of disability from clinical onset. A 
progressive-relapsing form occurs rarely, with acute 
relapses being superimposed on a primary progressive 
course.

Examination in advanced cases commonly reveals optic 
atrophy, nystagmus, dysarthria, and upper motor neuron, 
sensory, or cerebellar deficits in some or all of the limbs 
(see Table 9-8). The diagnosis cannot be based on any 
single symptom or sign but only on a total clinical picture 
that indicates involvement of different parts of the central 
nervous system at different times.

`` investigative Studies
These may support the clinical diagnosis and exclude other 
disorders but do not themselves justify a definitive diagno-
sis of multiple sclerosis.

The cerebrospinal fluid (CSF) is commonly abnormal, 
with mild lymphocytosis or a slightly increased protein 
concentration, especially if examined soon after an acute 
relapse. CSF protein electrophoresis shows the presence of 

discrete bands in the immunoglobulin G (IgG) region  
(oligoclonal bands) in 90% of patients. The antigens 
responsible for these antibodies are not known.

If clinical evidence of a lesion exists at only one site in 
the central nervous system, a diagnosis of multiple sclero-
sis cannot properly be made unless other regions are 
affected subclinically. Such subclinical involvement may be 
detected by the electrocerebral responses evoked by mon-
ocular visual stimulation with a checkerboard pattern 
(visual evoked potentials), monaural stimulation with 
repetitive clicks (brainstem auditory evoked potentials), 
or electrical stimulation of a peripheral nerve (somatosen-
sory evoked potentials).

MRI may also detect subclinical lesions and has become 
nearly indispensable in confirming the diagnosis (Figure 9-4). 
T1-weighted images may reveal hypointense “black holes” 
that probably represent areas of permanent axonal damage; 
hyperintense lesions are also found. Gadolinium-enhanced 
T1-weighted images may highlight areas of inflammation 
with breakdown of the blood–brain barrier. T2-weighed 
images provide information about disease burden or lesion 
load (ie, total number of lesions), which typically appear as 
areas of high signal intensity. Other MRI techniques, 
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including measures of cerebral atrophy, magnetization 
transfer imaging, magnetic resonance spectroscopy, and 
diffusion tensor imaging, will likely provide yet more rele-
vant information. The MRI of healthy subjects sometimes 
shows “unidentified bright objects” that resemble the 
lesions of multiple sclerosis but are without clinical corre-
lates or significance; the imaging findings must therefore be 
interpreted in the clinical context in which they were 
obtained.

Spinal MRI or CT myelography may be necessary to 
exclude a single congenital or acquired surgically treatable 
lesion in patients with spinal involvement and no evidence 
of disseminated disease. The region of the foramen mag-
num must be visualized to exclude the possibility of a 
lesion such as Arnold-Chiari malformation, in which part 
of the cerebellum and the lower brainstem are displaced 
into the cervical canal, producing mixed pyramidal and 
cerebellar deficits in the limbs.

`` Diagnosis
The diagnosis of multiple sclerosis requires evidence that at 
least two different regions of the central white matter have 
been affected at different times. Multiple sclerosis can be 
diagnosed straightaway in patients with at least two typical 
attacks and two MRI lesions. In a patient with only one 
lesion, a further attack involving a different site suffices to 
show dissemination in space; otherwise, repeat imaging in 
a few months should demonstrate at least one T2 lesion in 
at least two of four typical sites (periventricular, juxtacorti-
cal, infratentorial, or spinal). To show dissemination in 
time in a patient with only one attack, the simultaneous 
presence on MRI of asymptomatic gadolinium-enhancing 
and non-enhancing lesions at any time is sufficient; alterna-
tively, it is necessary to await development of a new T2 or 
gadolinium-enhancing lesion on follow-up MRI or a sec-
ond clinical attack. Diagnosis of primary progressive dis-
ease requires at least one year of progressive disease plus 
two of the following: (1) at least one typical T2 brain lesion, 
(2) at least two spinal T2 lesions, and (3) positive CSF 
 oligoclonal bands, increased IgG index, or both.

In patients with only a single clinical event and who do 
not satisfy criteria for multiple sclerosis, a clinically iso-
lated syndrome (CIS) is diagnosed. These patients are at 
increased risk for developing multiple sclerosis and are 
sometimes offered treatment as if they had the disease in 
the hope of delaying progression to clinically definite dis-
ease. Follow-up MRI should be considered 6 to 12 months 
later to determine whether any new lesions have occurred.

`` Treatment
The treatment approach is summarized in Table 9-9.

1. Relapsing-remitting disease—Treatment on an indefi-
nite basis with interferon β-1a (30 μg intramuscularly 
once weekly, or 44 μg subcutaneously three times per 
week) or interferon β-1b (0.25 mg subcutaneously 

Table 9-9. Treatment of Multiple Sclerosis or Clinically 
Isolated Demyelinating Events Suggestive of Multiple 
Sclerosis.

Acute episode, including relapse1

•  �Methylprednisolone, 1 g IV daily × 3-5 days
•  Prednisone, 1,000 mg PO daily × 3-5 days
•  �Dexamethasone, 160 mg PO daily × 3-5 days

Relapse prevention, first-line treatment2

•  �Interferon
 β-1a (Rebif ), 44 μg SC 3 times per week
 β-1a (Avonex), 30 μg IM once per week
 β-1b (Betaseron, Extavia), 0.25 mg SC on alternate days
•  Glatiramer acetate (Copaxone), 20 mg SC daily
•  Fingolimod (Gilenya), 0.5 mg PO daily3

•  Teriflunomide (Aubagio), 14 mg PO daily4

•  Dimethyl fumarate (Techfidera), 240 mg PO twice daily

Relapse prevention for disease activity despite use of first- 
line treatment

•  Natalizumab (Tysabri), 300 mg IV monthly5

•  Fingolimod, 0.5 mg PO daily
•  Teriflunomide (Aubagio), 14 mg PO daily4

•  Dimethyl fumarate (Techfidera), 240 mg PO twice daily
•  Mitoxantrone, 12 mg/m2 IV every 3 months; maximum lifetime 
dose, 140 mg/m2

High disease activity (typically with multiple  gadolinium- enhancing 
lesions on MRI)

•  Natalizumab (Tysabri), 300 mg IV monthly

1For corticosteroid-refractory relapses, plasmapheresis or IVIG may 
be used.
2High-dose high-frequency interferons, fingolimod, and glat-
iramer acetate are more efficacious than once weekly interferon.
3Heart rate should be monitored for 6 hours after the first dose of 
fingolimod or if restarted after an interval of ≥2 weeks.
4Pregnancy category X; if patient becomes pregnant, need to 
wash out drug.
5Need to monitor JC antibody status every 6 months.

every other day) reduces the relapse rate. Glatiramer 
acetate (a mixture of random polymers simulating the 
amino acid composition of myelin basic protein) given 
by subcutaneous injection (20 mg daily) appears to be 
equally effective. In addition to their effect on relapses, 
interferon β-1a and glatiramer acetate may also delay 
the onset of significant disability in patients with relaps-
ing disease. Natalizumab, an α4 integrin antibody, 
reduces the relapse rate when given intravenously once 
each month, but rarely has been associated with pro-
gressive multifocal leukoencephalopathy. It is given 
without other immune-modulating therapies to patients 
with relapsing-remitting disease poorly responsive to 
other therapies or with an aggressive initial course. 
However, if JC virus antibody testing is negative, the risk 
is low. Alemtuzumab, a lymphocyte inhibitor that also 
increases the risk of opportunistic infection, is approved 
in Europe but not the United States; its role in treatment 
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remains undefined. Plasmapheresis is sometimes help-
ful when patients have severe relapses that are unre-
sponsive to corticosteroids.

  Interferons may cause a flu-like syndrome and (in 
the case of interferon β-1b) injection site reactions. 
Glatiramer acetate is generally tolerated well but may 
produce erythema at injection sites, and approximately 
15% of patients experience transient episodes of flush-
ing, dyspnea, chest tightness, palpitations, and anxiety 
after injections. All three of these agents are approved 
for use in relapsing-remitting multiple sclerosis. They 
are expensive, but their cost must be balanced against 
the reduced need for medical care and reduced time 
lost from work that follows their use.

  Oral therapies are now available and are preferred by 
some, although their long-term safety profile is less 
clear. There are no trials comparing the efficacy of these 
newer agents. Fingolimod (0.5 mg daily) reduces 
relapses and disease progression; it also reduces MRI 
lesion activity and loss of brain volume in relapsing-
remitting disease. Its mechanism of action is unknown 
but probably involves prevention of lymphocytes from 
migrating into the central nervous system. It is generally 
safe and well tolerated, but is contraindicated after 
recent myocardial infarction or with certain other car-
diac disturbances. Adverse effects include headache, 
fatigue, back pain, diarrhea, respiratory tract infections, 
elevation of liver enzymes, blood pressure effects, macu-
lar edema, and—on initiation of therapy—transient 
bradycardia and slowed atrioventricular conduction. 
Therefore, heart rate should be monitored for 6 hours 
after the first dose, or if fingolimod is restarted after its 
use was interrupted for 2 weeks or more. Skin and cer-
tain other cancers have also been reported. At least until 
further experience has accumulated, use of fingolimod 
is probably best restricted to patients with active relaps-
ing-remitting disease who are intolerant of β interferons 
and glatiramer acetate; it is also prescribed for newly 
diagnosed patients with active relapsing disease who 
prefer treatment with oral rather than parenteral medi-
cations, provided they understand the associated risks. 
Another oral agent, dimethyl fumarate (120 mg twice 
daily for 1 week, then 240 mg twice daily), also reduces 
relapse rate. Side effects include flushing, gastrointestinal 
complaints (eg, diarrhea, nausea, abdominal pain), and 
a reduced peripheral lymphocyte count. Relapse rate 
and disease progression is reduced also by terifluno-
mide, an immunomodulatory drug (taken orally in a 
daily dose of 7 or 14 mg). It has risks of hepatotoxicity 
and teratogenicity; side effects include alopecia, nausea, 
diarrhea, paresthesias, flu-like symptoms, elevated 
serum transaminases, and peripheral neuropathy. 
Corticosteroids may hasten recovery from acute 
relapses, but the extent of the recovery itself is 
unchanged. Treatment is therefore generally reserved 
for attacks that lead to acute change in functional ability, 

such as by causing visual or gait dysfunction. Long-term 
corticosteroid administration does not prevent relapses 
and should not be used because of unacceptable side 
effects. There is no standard schedule of treatment with 
corticosteroids, but the regimen most commonly used is 
intravenous methylprednisolone (1 g daily) for 5 days, 
followed by an oral prednisone taper (1 mg/kg/d for  
1 week, with rapid reduction over the ensuing 1-2 weeks).

2. Primary or secondary progressive multiple sclerosis—
Optimal treatment in these forms of the disease is less 
clear. There is no established treatment for primary pro-
gressive multiple sclerosis. Interferon β-1b (and probably 
interferon β-1a) are effective in reducing the progression 
rate as determined clinically and by MRI in secondary 
progressive disease, but there is only limited experience 
with glatiramer acetate in this setting. Mitoxantrone 
probably reduces the clinical attack rate and may help 
to reduce disease progression in patients whose clinical 
condition is worsening. Treatment with cyclophospha-
mide, azathioprine, or methotrexate, may help to arrest 
the course of secondary progressive disease, but studies 
are inconclusive. Pulse therapy with high-dose intrave-
nous methylprednisolone (1 g/d once a month) is also 
sometimes effective and may carry a lower risk of long-
term complications than the cytotoxic drugs. A recent 
phase 2 study suggests that simvastatin may have a role 
in treating secondary progressive disease.

3. General health and symptomatic treatment—Exer-
cise and physical therapy are important, but excessive 
exertion must be avoided, particularly during periods 
of acute relapse. Fatigue is a serious problem for many 
patients and sometimes responds to amantadine or one 
of the selective serotonin reuptake inhibitor antidepres-
sants. Treatment for spasticity (discussed earlier) is 
often needed, as is aggressive bladder and bowel man-
agement. Treatment for other aspects of advanced 
multiple sclerosis such as cognitive deficits, pain, 
tremor, and ataxia is generally less successful.

`` Prognosis
At least partial recovery from an acute episode can be 
anticipated, but it is impossible to predict when the next 
relapse will occur. Features that tend to imply a more favor-
able prognosis include female sex, onset before 40 years of 
age, and presentation with visual or somatosensory, rather 
than pyramidal or cerebellar, dysfunction. Although some 
degree of disability is likely to result eventually, approxi-
mately one-half of patients are only mildly or moderately 
disabled 10 years after the onset of symptoms.

Goodin DS (ed). Multiple Sclerosis and Related Disorders. 
Handbook of Clinical Neurology. Vol 122. Amsterdam: 
Elsevier; 2014.
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NeURoMyeLiTiS oPTiCA
This relapsing disorder (formerly known as Devic disease 
and once considered a variant of multiple sclerosis) is associ-
ated with a specific antibody marker, NMO-IgG, that targets 
the water channel aquaporin-4. The disorder is character-
ized by optic neuritis and acute myelitis associated with MRI 
changes that extend over at least three segments of the spinal 
cord. Some patients with isolated myelitis or optic neuritis 
are also antibody positive. Seropositivity suggests a poor 
visual outcome. Unlike multiple sclerosis, the MRI typically 
does not show widespread white matter involvement, 
although such changes do not exclude the diagnosis.

Acute attacks are treated with intravenous methylpred-
nisolone (1 g daily) for 5 days, followed by an oral prednisone 
taper (1 mg/kg/d for 1 week, with rapid reduction over the 
ensuing 1-2 weeks). If the response is poor, plasmapheresis is 
undertaken. Treatment with intravenous immunoglobulins 
is generally unhelpful. Treatment is otherwise with long-term 
immunosuppressive therapy. Mycophenolate mofetil (unla-
beled use; 1 g twice daily by mouth) may reduce the fre-
quency of attacks and stabilize the disorder. If not, rituximab 
(unlabeled use) may also reduce the relapse rate and is 
undergoing clinical trials; a common regimen is 1,000 mg for 
each of two intravenous infusions 2 weeks apart, but there is 
no agreement about re-treatment regimens.

ACUTe DiSSeMiNATeD 
eNCePHALoMyeLiTiS

`` Pathogenesis
Neurologic symptoms and signs develop over a few days in 
association with a nonspecific viral infection, after immu-
nization, or without obvious antecedents, when it then may 
represent the initial manifestation of multiple sclerosis. 
Pathologically, perivascular areas of demyelination are 
scattered throughout the brain and spinal cord, with an 
associated inflammatory reaction. Lesions are all of similar 
age, and the brain appears swollen.

`` Clinical findings
The disorder has its highest incidence in childhood. It is 
usually monophasic but relapses occur in rare instances. 
Initial symptoms often consist of headache, fever, and con-
fusion; examination reveals meningeal irritation. Multifocal 
neurologic deficits are common. The patient is typically 
encephalopathic, with disturbances of consciousness that 
range from somnolence to coma; seizures may occur. 
Flaccid weakness and sensory disturbance of the legs, 
extensor plantar responses, and urinary retention are com-
mon manifestations of spinal cord involvement. Other 
neurologic signs may indicate involvement of the optic 
nerves or cranial nerves, cerebral hemispheres, brainstem, 
or cerebellum; cerebellar ataxia is often conspicuous (espe-
cially when associated with varicella) but optic neuritis, 

hemiparesis and other long-tract signs, aphasia, and even 
movement disorders may also occur.

The neurologic deficit resolves spontaneously, at least 
in part, over a few weeks or months. Many patients make a 
virtually complete recovery, but some are left with severe 
residual deficits. Measles-associated disease is often espe-
cially severe.

`` investigative Studies
The CSF is occasionally normal but in many cases shows 
an increased mononuclear cell count; protein concentra-
tion may be increased, but glucose concentration is nor-
mal. Oligoclonal bands, a nonspecific finding, are 
sometimes present. CT scans are often normal but MRI is 
helpful: T2-weighted images show asymmetric high-signal 
lesions particularly in the hemispheric white matter, optic 
nerves, basal ganglia, thalamus, cerebellum, brainstem, or 
spinal cord. There may be mass effect and edema. On 
T1-weighted images, low-signal lesions are found in the 
white matter and—depending on their age—may enhance 
uniformly with gadolinium (Figure 9-5). Gray matter 
abnormalities may also be present.

`` Differential Diagnosis
The diagnosis is based on the clinical and neuroimaging 
features. Infective meningitis, encephalitis, and other inflam-
matory disorders (eg, multiple sclerosis) must be excluded. 
Long-term follow-up helps to confirm the diagnosis; relapses 
suggest alternative possibilities, such as multiple sclerosis.

`` Treatment
Broad-spectrum antibiotics and acyclovir are often admin-
istered until bacterial infections and herpes simplex virus 
encephalitis are excluded by diagnostic studies. High-dose 
intravenous methylprednisolone (30 mg/kg/d, up to a 
maximum dose of 1 g daily, for 5 days) is then usually 
given. Treatment with intravenous immunoglobulins or 
plasmapheresis is sometimes helpful in patients with an 
inadequate response to methylprednisolone. Treatment is 
otherwise symptomatic.

Wingerchuk DM, Weinshenker BG. Acute disseminated enceph-
alomyelitis, transverse myelitis, and neuromyelitis optica. 
Continuum (Minneap Minn). 2013;19:944-967.

Other InfeCtIve Or InflaMMatOry
MyelOpathIeS

SPiNAL ePiDURAL AbSCeSS

`` Pathogenesis
Epidural abscess—that is, located within the spinal canal 
but outside the dura mater—may occur as a sequel to skin 
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infection, septicemia, vertebral osteomyelitis, intravenous 
drug abuse, spinal trauma or surgery, epidural anesthesia, 
or lumbar puncture. Predisposing factors include acquired 
immunodeficiency syndrome (AIDS) and iatrogenic 
immunosuppression.

The most common causative organisms are Staphylococcus 
aureus, streptococci, gram-negative bacilli, and anaerobes. 
Neurologic complications result from compression of the 
spinal cord or its blood supply, obstructed venous drainage, 
inflammatory reactions, and vasculitis.

`` Clinical findings
Fever, backache and tenderness, pain in the distribution of 
a spinal nerve root, headache, and malaise are early symp-
toms, followed by rapidly progressive paraparesis, sensory 
disturbances in the legs, and urinary and fecal retention. 
Spinal epidural abscess is a neurologic emergency that 
requires prompt diagnosis and treatment.

`` investigations
MRI with gadolinium enhancement is the imaging study of 
choice and should be sufficient to determine the extent of 
the abscess. A block may be found at CT myelography. 
Laboratory investigations reveal a peripheral leukocytosis 
and increased erythrocyte sedimentation rate. Spinal tap 
should not be performed at the site of a suspected abscess, 
as it may disseminate the infection from the epidural to 
subarachnoid space. The CSF typically shows a mild 

pleocytosis with increased protein but normal glucose 
concentration. Blood cultures and cultures of the excised 
abscess or its aspirate help to identify the causal organism.

`` Treatment
Treatment involves surgery and antibiotics. With the 
advent of MRI, spinal epidural abscess is being diagnosed 
with increasing frequency before it has compressed the 
spinal cord and at a time when treatment with intravenous 
antibiotics alone is successful. Nafcillin or vancomycin is 
administered to cover staphylococcal or streptococcal 
infection, and a third- or fourth-generation cephalosporin 
such as ceftazidime or cefepime, respectively, to cover 
gram-negative infections; other agents are added or substi-
tuted based on the clinical context and results of Gram 
stain of excised material. The results of culture of the 
necrotic material that makes up the abscess may subse-
quently alter the antibiotic regimen. The antibiotic dosages 
are those used to treat bacterial meningitis, as given in 
Chapter 4, Confusional States. Intravenous antibiotics are 
usually continued for 3 to 4 weeks, but treatment for 6 to 8 
weeks is required in the presence of vertebral 
osteomyelitis.

`` Prognosis
Delayed diagnosis or treatment and suboptimal manage-
ment may lead to irreversible paraparesis or paraplegia, 
which occurs in up to 20% cases, depending on the series. 

A B

▲▲ figure 9-5. Gadolinium-enhanced T1 axial MRI in a patient with acute disseminated encephalomyelitis, showing 
evolution of the lesions. The MRI in B was obtained 7 days after that in A. (Used with permission from A. DiBernardo.)
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The most important prognostic indicator is the patient’s 
clinical status before decompressive surgery; the more 
severe the preoperative deficit, the less recovery is to be 
expected.

Darouiche RO. Spinal epidural abscess. N Engl J Med. 2006;355: 
2012-2020.

ACUTe TRANSveRSe MyeLiTiS
This syndrome results from a variety of infectious (bacte-
rial, viral, fungal, parasitic) and noninfectious inflamma-
tory disorders (multiple sclerosis, neuromyelitis optica, 
acute disseminated encephalomyelitis, systemic autoim-
mune diseases, idiopathic) that produce anatomic and 
functional disruption of the spinal cord. Children and 
young adults are affected most often. Clinical findings 
include bilateral sensory, motor, and autonomic deficits in 
the limbs and trunk; a discrete sensory level corresponding 
to the site of inflammation in the spinal cord; a course of 
hours to days; an inflammatory CSF profile (pleocytosis; 
an accompanying low CSF glucose suggests an infective 
cause); and an MRI showing an intrinsic spinal cord lesion 
that usually enhances with gadolinium administration. 
Compressive lesions of the spinal cord, such as spinal epi-
dural abscess, must be excluded as they require specific 
treatment.

Treatment is with corticosteroids, typically methylpred-
nisolone (1 g intravenously daily for 3-5 days), although 
their benefit has not been rigorously established. Plasma 
exchange, intravenous immunoglobulins, or cyclophos-
phamide may be useful in steroid-unresponsive patients, 
but their utility remains to be established. Patients tend to 
improve over several months, but may have residual defi-
cits, and mortality rates in excess of 30% have been 
reported.

Frohman EM, Wingerchuk DM. Transverse myelitis. N Engl J 
Med. 2010;363: 564-572.

SyPHiLiS
Syphilis can produce meningovasculitis resulting in spinal 
cord infarction. Vascular myelopathies are discussed later 
in this chapter.

TUbeRCULoSiS
Tuberculosis may lead to vertebral disease (Pott disease) 
with secondary compression of the spinal cord, meningitis 
with secondary arteritis and cord infarction, or cord com-
pression by a tuberculoma. Such complications assume 
great importance in certain parts of the world, especially 
Asia and Africa, and among such groups as the homeless 
and intravenous drug users, who are at increased risk for 

contracting tuberculosis. Tuberculous meningitis is con-
sidered in more detail in Chapter 4, Confusional States.

AiDS
A disorder of the spinal cord, vacuolar myelopathy, is 
found at autopsy in about 30% of patients with AIDS, in 
most of whom it was asymptomatic. Vacuolation of white 
matter in the spinal cord is most pronounced in the tho-
racic lateral and posterior columns. Although attributed to 
direct involvement by human immunodeficiency virus-1 
(HIV-1), the correlation between the presence and extent 
of HIV-1 infection and spinal pathology is poor. A meta-
bolic basis therefore has been suggested. Myelopathy in 
patients with AIDS also may be caused by lymphoma, 
cryptococcal infection, or herpesviruses.

Most patients with vacuolar myelopathy have coexisting 
HIV-associated dementia. Symptoms progress over weeks 
to months and include leg weakness, ataxia, incontinence, 
erectile dysfunction, and paresthesias. There is typically no 
back pain. Examination shows paraparesis, lower extremity 
monoparesis, or quadriparesis; spasticity; increased or 
decreased tendon reflexes; Babinski signs; and diminished 
vibration and position sense. Sensation over the trunk is 
usually normal, and a sensory level is difficult to define. 
MRI of the spinal cord is usually normal. Treatment is with 
combination antiretroviral therapy (cART), but whether 
this helps to arrest the myelopathy is not clear. Spasticity 
and incontinence require symptomatic measures.

oTHeR viRAL iNfeCTioNS

`` Tropical Spastic Paraparesis
A retrovirus, human T-lymphotropic virus type I (HTLV-I), 
appears to be the cause of tropical spastic paraparesis, a 
disorder found especially in the Caribbean, off the Pacific 
coast of Colombia, and in the Seychelles. Transmission of 
the virus occurs in breast milk, during sexual intercourse, 
and by exposure to contaminated blood products. Clinical 
features include spastic paraparesis, impaired vibration 
and joint position sense, and bowel and bladder dysfunc-
tion. A clinically similar myelopathy may also follow infec-
tion with human T-lymphotropic virus type II (HTLV-II). 
The precise pathogenesis is uncertain, specific therapy is 
lacking, and treatment is symptomatic (primarily for spas-
ticity and a spastic bladder). Preventive therapy is also 
important; patients should avoid sharing needles or 
syringes and breast-feeding, use condoms to prevent sex-
ual transmission, and not donate blood, sperm, or other 
tissues.

`` Herpesvirus
Herpesviruses can also produce myelopathy, which com-
monly affects spinal nerve roots as well as the cord (radicu-
lomyelopathy), especially in immunocompromised 
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patients, such as those with AIDS. Cytomegalovirus causes 
a myelopathy characterized by demyelination of the poste-
rior columns of the spinal cord and by cytomegalic cells that 
contain Cowdry type A inclusion bodies. MRI may show 
increased T2 signal with enhancement. The CSF usually 
contains a lymphocytosis and increased protein concentra-
tion, but is sometimes normal. Viral identification may be 
possible by polymerase chain reaction in CSF and by anti-
body studies. The value of treatment with antiviral drugs 
such as ganciclovir and foscarnet is still uncertain. Herpes 
zoster and herpes simplex types 1 and 2 may respond to 
treatment with acyclovir (see Chapter 4, Confusional States).

TeTANUS

`` Pathogenesis
Tetanus is a disorder of neurotransmission associated with 
infection by Clostridium tetani. The organism typically 
becomes established in a wound, where it elaborates a toxin 
that is transported retrogradely along motor nerves into the 
spinal cord or, with wounds to the face or head, the brain-
stem. The toxin is also disseminated through the blood-
stream to skeletal muscle, where it gains access to additional 
motor nerves. In the spinal cord and brainstem, tetanus 
toxin interferes with release of the inhibitory neurotrans-
mitters glycine and GABA, resulting in motor nerve hyper-
activity. Autonomic nerves are also disinhibited.

`` Clinical findings
After an incubation period of up to 3 weeks, tetanus usu-
ally presents with trismus (lockjaw), difficulty in swallow-
ing, or spasm of the facial muscles that resembles a 
contorted smile (risus sardonicus). Painful muscle spasms 
and rigidity progress to involve both axial and limb muscu-
lature and may cause apneic episodes and hyperextended 
posturing (opisthotonos). Laryngospasm and autonomic 
instability are potential life-threatening complications.

`` investigations
Although the diagnosis is usually made clinically, the pres-
ence of continuous motor unit activity or absence of the 
normal silent period in the masseter muscle after elicita-
tion of the jaw-jerk reflex is a helpful electromyographic 
finding. The serum CK may be elevated, and myoglobin-
uria may occur. The organisms can be cultured from a 
wound in only a minority of cases.

`` Prevention
1. Immunization—Tetanus is preventable through 

immunization with tetanus toxoid. Tetanus toxoid is 
usually administered routinely to infants and children 
in the United States, in combination with pertussis vac-
cine and diphtheria toxoids. In children under age  
7 years, three doses of tetanus toxoid are administered 

at intervals of at least 1 month, followed by a booster 
dose 1 year later. For older children and adults, the 
third dose is delayed for at least 6 months after the sec-
ond, and no fourth dose is required. Immunization lasts 
for 5 to 10 years.

2. Wound care—Debridement of wounds is important to 
remove necrotic tissue and spores. Patients with open 
wounds should receive an additional dose of tetanus 
toxoid if they have not received a booster dose within 
10 years—or if the last booster dose was more than 5 
years ago and the risk of infection with C tetani is mod-
erate or high. A moderate likelihood of infection is 
associated with wounds that penetrate muscle, those 
sustained on wood or pavement, human bites, and non-
abdominal bullet wounds. High-risk wounds include 
those acquired in barnyards or near sewers or other 
sources of waste material, and abdominal bullet 
wounds. Patients with moderate- or high-risk wounds 
should also be given tetanus immune globulin  
(3,000-6,000 units intramuscularly).

`` Treatment
The treatment of tetanus includes hospitalization in an 
intensive care unit to monitor respiratory and circulatory 
function, tetanus immune globulin to neutralize the toxin, 
and penicillin or metronidazole for 7 to 10 days for the 
infection itself. Diazepam, 10 to 30 mg intravenously or 
intramuscularly every 4 to 6 hours, is useful for treating 
painful spasms and rigidity, as also is intravenous infusion 
of propofol. Intrathecal baclofen has also been used. 
Neuromuscular blockade with vecuronium or pan-
curonium, with mechanical ventilation, may be required 
when these measures fail.

Autonomic hyperactivity can be treated with intrave-
nous administration of the mixed α- and β-adrenergic 
receptor antagonist labetalol (up to 1 mg/min) or with 
morphine sulfate (0.5-1 mg/kg/h). Magnesium sulfate, 
which also blocks neurotransmitter release at the neuro-
muscular junction, can also be used and helps to control 
muscle spasms as well.

`` Prognosis
Fatality rates of 10% to 60% are reported. Lower fatality 
rates are most likely to be achieved by early diagnosis, 
prompt institution of appropriate treatment before the 
onset of spasms, and possibly by using intrathecal—in 
addition to intramuscular—tetanus immune globulin. 
Among patients who recover, approximately 95% do so 
without long-term sequelae.

CHRoNiC ADHeSive ARACHNoiDiTiS
This inflammatory disorder is usually idiopathic but can 
follow subarachnoid hemorrhage; meningitis; intrathecal 
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administration of penicillin, radiologic contrast materials, 
and certain forms of spinal anesthetic; trauma; and 
surgery.

The usual initial complaint is of constant radicular pain, 
but in other cases paresthesias or lower motor neuron weak-
ness occur. Eventually, a spastic ataxic paraparesis develops, 
with sphincter involvement and sexual dysfunction.

CSF protein is elevated, and the cell count may be 
increased. MRI shows thickened and clumped nerve roots. 
Treatment with corticosteroids or nonsteroidal anti-
inflammatory analgesics may be helpful. Surgery may be 
indicated in cases with localized spinal cord involvement.

vaSCular MyelOpathIeS

SPiNAL CoRD iNfARCTioN

`` Pathogenesis
This rare event most commonly involves the anterior spinal 
artery (Figure 9-6). This artery, which supplies the anterior 
two-thirds of the cord, is itself supplied by only a limited 

Posterior 
spinal arteries

Anterior 
spinal artery

Lateral 
column

Leg

Arm

Hand

Corticospinal
tract

▲▲ figure 9-6. Blood supply to the cervical spinal cord 
(shown in transverse section). Left: Major territories 
supplied by the anterior spinal artery (dark shading) 
and the posterior spinal artery (light shading). Right: 
Pattern of supply by intramedullary arteries. From the 
pial vessels (around the circumference of the cord), 
radially oriented branches supply much of the white 
matter and the posterior horns of the gray matter.  
The remaining gray matter and the innermost portion 
of the white matter are supplied by the central artery 
(located in the anterior median fissure), which arises 
from the anterior spinal artery. The descending 
 corticospinal tract is supplied by both the anterior and 
posterior spinal arteries.

number of feeding vessels, whereas the paired posterior 
spinal arteries receive numerous feeders at many different 
levels. Thus anterior spinal artery syndrome usually results 
from interrupted flow in a single feeder. Other patterns of 
involvement include central and posterior spinal artery syn-
dromes and a transverse syndrome. Causes include trauma, 
dissecting aortic aneurysm, aortography, polyarteritis 
nodosa, and hypotensive crisis. Because the anterior spinal 
artery is particularly well supplied in the cervical region, 
infarcts almost always occur more caudally.

`` Clinical findings
The acute onset of a flaccid, areflexic paraparesis is fol-
lowed, as spinal shock wears off after a few days or weeks, 
by a spastic paraparesis with brisk tendon reflexes and 
extensor plantar responses. In addition, there is dissociated 
sensory impairment—pain and temperature appreciation 
are lost, but vibration and position sense are spared 
because the posterior columns are supplied by the poste-
rior spinal arteries. Treatment is symptomatic. Mortality 
relates to the underlying cause. Survivors may show some 
improvement; most remain chair-bound, however, and 
only a minority regain the ability to walk unaided.

`` Differential Diagnosis
A subacute, asymmetric myelopathy sometimes develops 
as a consequence of a vasculitic process; the cerebrospinal 
fluid shows a pleocytosis, and clinical benefit may follow 
corticosteroid therapy. An even more insidious, asymmet-
ric ischemic myelopathy may result from compression of 
the anterior spinal artery or its major feeder, as by degen-
erative disease of the spine. The resulting disorder may 
simulate amyotrophic lateral sclerosis when there is a 
combined upper and lower motor neuron deficit, without 
sensory changes.

Novy J, Carruzzo A, Maeder P, Bogousslavsky J. Spinal cord 
ischemia: clinical and imaging patterns, pathogenesis, and 
outcomes in 27 patients. Arch Neurol. 2006;63:1113-1120.

HeMAToMyeLiA
Hemorrhage into the spinal cord is rare; it is caused by 
trauma, a vascular anomaly, a bleeding disorder, or antico-
agulant therapy. A severe cord syndrome develops acutely 
and is usually associated with blood in the CSF. The prog-
nosis depends on the extent of the hemorrhage and the 
rapidity with which it occurs.

SPiNAL ePiDURAL oR SUbDURAL 
HeMoRRHAGe
Spinal epidural or subdural hemorrhage may occur sponta-
neously or in relation to trauma or tumor and as a 
 complication of anticoagulation, aspirin therapy, thrombo-
cytopenia, coagulopathy, epidural catheters, or lumbar 
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puncture. Hemorrhage after lumbar puncture—usually 
epidural in location—is more likely when a disorder of 
coagulation is present. Therefore, the platelet count, pro-
thrombin time, and partial thromboplastin time should be 
determined before lumbar puncture, and if anticoagulant 
therapy is to be instituted, it should be delayed for at least 1 
hour after the procedure. Patients with fewer than 20,000 
platelets/μL or those with rapidly falling counts to less than 
50,000/μL should undergo platelet transfusion before lum-
bar puncture. Spinal epidural hemorrhage usually presents 
with back pain that may radiate in the distribution of one or 
more spinal nerve roots; it is occasionally painless. 
Paraparesis or quadriparesis, sensory disturbances in the 
lower limbs, and bowel and bladder dysfunction may 
develop rapidly, necessitating urgent CT scan or MRI and 
surgical evacuation of the hematoma.

ARTeRioveNoUS MALfoRMATioN 
(AvM) oR fiSTULA
This may present with spinal subarachnoid hemorrhage or 
with myelopathy. Most of these lesions involve the lower 
spinal cord. Symptoms include motor and sensory distur-
bances in the legs and disorders of sphincter function. Leg 
or back pain is often conspicuous.

On examination, there may be an upper or lower motor 
neuron, or mixed deficit in the legs, and sensory deficits 
are usually extensive but occasionally radicular; the signs 
indicate an extensive lesion in the longitudinal axis of the 
cord. In patients with cervical lesions, symptoms and signs 
may also be present in the arms. A bruit is sometimes 
audible over the spine, and there may be a cutaneous 
angioma.

Spinal MRI shows multiple flow voids (Figure 9-7), but 
can rarely be normal; myelography reveals serpiginous fill-
ing defects caused by enlarged vessels. The diagnosis is 
confirmed by selective spinal arteriography. Most lesions 
are extramedullary (dural), posterior to the spinal cord, 
and can be treated by embolization or by ligation of feeding 
vessels and excision of the anomalous arteriovenous nidus 
of the malformation. Left untreated, the patient is likely to 
become increasingly disabled until chair-bound or 
bed-bound.

Rubin MN, Rabinstein AA. Vascular diseases of the spinal cord. 
Neurol Clin. 2013;31:153-181.

nutrItIOnal MyelOpathIeS

Subacute combined degeneration of the cord as a result of 
vitamin B12 deficiency is characterized by an upper motor 
neuron deficit in the limbs that is usually preceded by sen-
sory symptoms and signs caused by posterior column 
involvement (see Chapter 10, Sensory Disorders). In addi-
tion to the myelopathy, there may be optic atrophy, mental 

▲▲ figure 9-7. Spinal MRI, sagittal view, T2-weighted 
image, demonstrating multiple flow voids (within circle) 
in the posterior subarachnoid space in a patient with an 
arteriovenous fistula. (Used with permission from A. 
DiBernardo.)

changes, or peripheral neuropathy. Nitrous oxide toxicity 
can produce a similar syndrome, as can copper 
deficiency.

CervICal SpOnDylOSIS

Cervical spondylosis is characterized by any or all of the 
following:

1. Pain and stiffness in the neck
2. Pain in the arms, with or without a segmental motor 

or sensory deficit
3. Upper motor neuron deficit in the legs

PATHoGeNeSiS
Cervical spondylosis results from chronic cervical disk 
degeneration, with herniation of disk material, secondary 
calcification, and associated osteophytic outgrowths. It can 
lead to impingement on one or more nerve roots on either 
or both sides and to myelopathy related to compression, 
vascular insufficiency, or recurrent minor trauma to the 
cord.

CLiNiCAL fiNDiNGS
Patients often present with neck pain and limitation of 
head movement or with occipital headache. In some cases, 
radicular pain and other sensory disturbances occur in the 
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arms, and there may be weakness of the arms or legs. 
Examination commonly reveals restricted lateral flexion 
and rotation of the neck. There may be a segmental pattern 
of weakness or dermatomal sensory loss in one or both 
arms, along with depression of those tendon reflexes medi-
ated by the affected root(s). Cervical spondylosis tends to 
affect particularly the C5 and C6 nerve roots, so there is 
commonly weakness of muscles (eg, deltoid, supra- and 
infraspinatus, biceps, brachioradialis) supplied from these 
segments, pain or sensory loss about the shoulder and 
outer border of the arm and forearm, and depressed biceps 
and brachioradialis reflexes. If there is an associated 
myelopathy, upper motor neuron weakness develops in 
one or both legs, with concomitant changes in tone and 
reflexes. There may also be posterior column or spinotha-
lamic sensory deficits.

iNveSTiGATive STUDieS
Plain x-rays show osteophyte formation, narrowing of disk 
spaces, and encroachment on the intervertebral foramina. 
Spinal MRI, CT scanning, or CT myelography may be 
necessary to confirm the diagnosis and exclude other 
structural causes of myelopathy. The CSF obtained at the 
time of myelography is usually normal, but the protein 
concentration may be increased, especially if there is a 
block in the subarachnoid space. Needle electromyography 
is helpful in identifying a radiculopathy and determining 
whether degenerative anatomic abnormalities of the cervi-
cal spine are clinically significant.

DiffeReNTiAL DiAGNoSiS
Spondylotic myelopathy may resemble myelopathy caused 
by such disorders as multiple sclerosis, motor neuron dis-
ease, subacute combined degeneration, cord tumor, syrin-
gomyelia, or hereditary spastic paraplegia. Moreover, 
degenerative changes in the spine are common in the 
middle-aged and elderly and may coincide with one of 
these other disorders.

TReATMeNT
A cervical collar to restrict neck movements may relieve 
severe pain. Pain may also respond to simple analgesics, 
nonsteroidal anti-inflammatory drugs, muscle relaxants, 
tricyclic antidepressants (taken at night), or anticonvul-
sants. Provocative activities must be avoided. Physical 
therapy may help once pain is less severe and increasing 
mobilization is desirable. Patients with cervical radiculopa-
thy and severe pain are sometimes helped by epidural ste-
roid injections, but complications include spinal cord or 
cerebral infarction.

Operative treatment may prevent progression of neuro-
logic deficits; it may also be required if radicular pain is 
severe, persistent, and unresponsive to conservative mea-
sures and imaging reveals root compression. Operative 

treatment is indicated for progressive spinal cord compres-
sion, and should be undertaken early if there is sphincter 
disturbance.

Takagi I, Eliyas JK, Stadlan N. Cervical spondylosis: an update 
on pathophysiology, clinical manifestation, and management 
strategies. Dis Mon. 2011;57:583-591.

COngenItal SpInal anOMalIeS

A combination of corticospinal and cerebellar signs may 
occur in the limbs of patients with congenital skeletal 
abnormalities such as platybasia (flattening of the base of 
the skull) or basilar invagination (an upward bulging of 
the margins of the foramen magnum). Syringomyelia 
(cavitation of the cord), which can be congenital or 
acquired, may lead to a lower motor neuron deficit, a dis-
sociated sensory loss in the arms, and upper motor neuron 
signs in the legs. Because the sensory findings are so char-
acteristic, this disorder, which is frequently associated with 
Arnold-Chiari malformation, is discussed in detail in 
Chapter 10, Sensory Disorders.

SpInal COrD tuMOrS

eTioLoGy
Tumors can be divided into two groups: intramedullary 
(10%) and extramedullary (90%). Ependymomas are the 
most common type of intramedullary tumor; the various 
types of gliomas make up the remainder. Extramedullary 
tumors can be either extradural or intradural in location. 
Among the primary extramedullary tumors, neurofibro-
mas and meningiomas are relatively common and are 
benign; they can be intra- or extradural. Carcinomatous 
metastases (especially from bronchus, breast, or prostate), 
lymphomatous or leukemic deposits, and myeloma are 
usually extradural.

PATHoGeNeSiS of MyeLoPATHy
Myelopathy may occur in patients with malignant neo-
plasms because of spinal cord compression or direct 
involvement by the primary tumor or by metastases, isch-
emic or hemorrhagic complications of the neoplasm or its 
treatment, complications of radiation or chemotherapy, 
secondary infection (especially in immunocompromised 
patients), or a paraneoplastic disorder.

`` opportunistic infection
Immunocompromised patients are at particular risk of 
infection, often with unusual agents that may cause a 
myelopathy, such as varicella-zoster virus, cytomegalovi-
rus, Epstein-Barr virus, or herpes simplex virus. Treatment 
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of infective myelopathies was discussed earlier in this 
chapter.

`` Paraneoplastic Disorders
In paraneoplastic necrotizing myelopathy, the most com-
mon antibody is anti-Hu; other antibodies may also be 
found, but sometimes no antibody can be identified. The 
underlying tumor is commonly a cancer of the lung or 
breast, lymphoma, or leukemia. Patients present with a 
rapidly ascending flaccid paraplegia. The myelopathy is 
often accompanied by an encephalopathy and neuropathy 
(paraneoplastic encephalomyelitis). The MRI findings are 
usually nonspecific or normal, but may show swelling of the 
spinal cord. The CSF may contain inflammatory cells. 
Treatment is of the underlying malignancy, but improve-
ment of the myelopathy is uncommon. Immunosuppressive 
therapies are often prescribed, with limited benefit.

`` Spinal Cord Compression
Common causes of cord compression are disk protrusion, 
trauma, and tumors; in certain parts of the world, tubercu-
lous disease of the spine is also a frequent cause. Rare but 
important causes of cord compression include epidural 
abscess and hematoma. The present section will be 
restricted to a consideration of tumors, as other causes are 
considered elsewhere in this chapter.

CLiNiCAL fiNDiNGS
Irrespective of its nature, a spinal tumor can lead to cord 
dysfunction and a neurologic deficit by direct compres-
sion, ischemia secondary to arterial or venous obstruction, 
or, in the case of intramedullary lesions, by invasive 
infiltration.

`` Symptoms
Symptoms may develop insidiously and progress gradually 
or—as with spinal cord compression from metastatic carci-
noma—exhibit a rapid course.

Pain is conspicuous—and usually the initial abnormal-
ity—in many patients with extradural lesions; it can be 
radicular, localized to the back, or experienced diffusely in 
an extremity and is characteristically aggravated by cough-
ing or straining (Table 9-10).

Motor symptoms (heaviness, weakness, stiffness, or 
focal wasting of one or more limbs) may develop, or there 
may be paresthesias or numbness, especially in the legs. 
When sphincter disturbances occur, they usually are par-
ticularly disabling.

`` Signs
Localized spinal tenderness to percussion is sometimes 
present. Involvement of anterior roots leads to an appro-
priate lower motor neuron deficit, and of posterior roots 

Table 9-10. Clinical Features of Spinal Cord 
Compression by Extradural Metastasis.

Sign or Symptom
Initial 

Feature (%)
Present at 

Diagnosis (%)

Pain 96 96

Weakness 2 76

Sensory disturbance 0 51

Sphincter dysfunction 0 57

Data from Gilbert RW, Kim JH, Posner JB. Epidural spinal  compression 
from metastatic tumor: diagnosis and treatment. Ann Neurol. 
1978;3:40-51.

leads to dermatomal sensory changes at the level of the 
lesion. Dysfunction of pathways traversing the cord may 
cause an upper motor neuron deficit below the level of the 
lesion and a sensory deficit with an upper level on the 
trunk. The distribution of signs varies with lesion level and 
may take the form of Brown-Séquard or central cord syn-
drome (see Figures 10-5 and 10-7).

iNveSTiGATive STUDieS
The CSF is often xanthochromic, due to a greatly increased 
protein concentration rather than hemorrhage, with nor-
mal or elevated white blood cell count and normal or 
depressed glucose concentration. MRI or CT myelography 
delineates and localizes the lesion.

TReATMeNT
Extradural metastases must be treated urgently. Depending 
on the primary neoplasm, they are best managed by anal-
gesics, corticosteroids, radiotherapy, and hormonal treat-
ment; decompressive laminectomy is often unnecessary. 
Intradural (but extramedullary) lesions are best removed if 
possible. Intramedullary tumors are treated by decompres-
sion and surgical excision when feasible and by 
radiotherapy.

PRoGNoSiS
The prognosis depends on the cause and severity of the 
cord compression before it is relieved. Cord compression by 
extradural metastasis is usually manifested first by pain and 
may progress rapidly to impair motor, sensory, and sphinc-
ter function. Therefore, any patient with cancer and spinal 
or radicular pain must be investigated immediately. Reliance 
on motor, sensory, or sphincter disturbances to make the 
diagnosis will delay treatment and worsen the outcome.

Mechtler LL, Nandigam K. Spinal cord tumors: new views and 
future directions. Neurol Clin. 2013;31:241-268.
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▼▼ anterIOr hOrn Cell DISOrDerS

Disorders that predominantly affect the anterior horn cells 
are characterized clinically by wasting and weakness of the 
affected muscles without accompanying sensory changes. 
Electromyography shows changes that are characteristic of 
chronic partial denervation, with abnormal spontaneous 
activity in resting muscle and a reduction in the number of 
motor units under voluntary control; signs of reinnerva-
tion may also be present. Motor conduction velocity is 
usually normal but may be slightly reduced, and sensory 
conduction studies are normal. Muscle biopsy shows the 
histologic changes of denervation. Serum CK may be 
mildly elevated, but it never reaches the extremely high 
values seen in some muscular dystrophies.

IDIOpathIC DISOrDerS

The clinical features and outlook depend in part on the 
patient’s age at onset. The cause of these disorders is 
unknown, but some have a genetic basis.

MoToR NeURoN DiSeASe iN CHiLDReN
Three forms of spinal muscular atrophy (SMA-I, II, and 
III) occur in infants and children, and mutations in the 
survival of motor neuron 1 (SMN1) gene have been identi-
fied in 95% of patients. A nearby gene, coding for neuronal 
apoptosis inhibitory protein (NAIP), is also affected in 45% 
of patients with SMA-I and 18% of those with SMA-II and 
SMA-III. NAIP may modify disease severity. The survival 
of motor neuron 2 (SMN2) gene, a homolog of SMN1 gene, 
is also is a disease modifier of spinal muscular atrophy, 
improving survival. Gene therapy trials are underway, 
replacing the SMN1 gene or regulating SMN2 expression.

`` infantile Spinal Muscular Atrophy 
(werdnig-Hoffmann Disease or SMA-i)

This autosomal recessive disorder usually manifests itself 
within the first 3 months of life. The infant is floppy and 
may have difficulty with sucking, swallowing, or ventila-
tion. Examination reveals impaired swallowing or sucking, 
atrophy and fasciculation of the tongue, and muscle wast-
ing in the limbs that is sometimes obscured by subcutane-
ous fat. The tendon reflexes are normal or depressed, and 
the plantar responses may be absent. There is no sensory 
deficit. The disorder is rapidly progressive, generally lead-
ing to death from respiratory complications by approxi-
mately 3 years of age.

`` intermediate Spinal Muscular Atrophy 
(Chronic werdnig-Hoffmann Disease or 
SMA-ii)

This autosomal recessive disorder usually begins clinically 
in the latter half of the first year of life. The extremities 

become wasted and weak; bulbar weakness is less com-
mon. Progression occurs slowly, ultimately leading to 
severe disability with kyphoscoliosis and contractures, but 
the course is more benign than in the infantile variety, and 
many patients survive into adulthood. Treatment is sup-
portive and directed particularly at the prevention of sco-
liosis and other deformities.

`` Juvenile Spinal Muscular Atrophy 
(Kugelberg-welander Disease or SMA-iii)

This disorder develops in childhood or early adolescence, 
on a sporadic or hereditary (usually autosomal recessive) 
basis. It particularly affects the proximal limb muscles, 
with generally little involvement of the bulbar musculature. 
It follows a gradually progressive course, leading to dis-
ability in early adult life. The proximal weakness may lead 
to a mistaken diagnosis of muscular dystrophy, but serum 
CK determination, electromyography, and muscle biopsy 
will differentiate the disorders. There is no effective treat-
ment, but noninvasive ventilatory support has extended 
survival.

MoToR NeURoN DiSeASe iN ADULTS
These disorders are characterized by degeneration of ante-
rior horn cells in the spinal cord, motor nuclei of the lower 
cranial nerves in the brainstem, and corticospinal and 
corticobulbar pathways.

`` epidemiology
Motor neuron disease in adults generally begins between 
the ages of 30 and 60 years and has an annual incidence of 
approximately 2 per 100,000, with a male predominance, 
except in familial cases. Occasional familial cases have a 
juvenile onset. The disorder usually occurs sporadically 
but may be familial in 5% to 10% of cases.

`` Pathogenesis
Genetics Approximately 90% to 95% of cases are spo-
radic and of unknown cause; no robust environmental risk 
factors have emerged. Approximately 20% of familial cases 
show autosomal dominant inheritance of motor neuron 
disease (with upper and lower motor neuron signs) related 
to mutations in the copper/zinc superoxide dismutase 
(SOD1) gene. Other autosomal dominant forms are associ-
ated with mutations in senataxin (SETX), fused in sarcoma 
(FUS), vesicle-associated membrane protein-associated 
protein B (VAPB), angiogenin (ANG), TAR DNA-binding 
protein (TARDP), homolog of S. cerevisiae FIG4 (FIG4), 
ataxin 2 (ATXN2), profilin 1 (PFN1), or valosin-containing 
protein (VCP). Autosomal recessive motor neuron disease 
is linked in some cases to alsin (ALSN), and both dominant 
and recessive inheritance have been seen with mutations in 
optineurin (OPTN). An X-linked mutation occurs in ubiq-
uilin 2 (UBQLN2).
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Vascular endothelial growth factor (VEGF) gene poly-
morphisms may increase the risk of motor neuron disease. 
Other susceptibility genes include heavy neurofilament sub-
unit (NEFH), peripherin (PRPH), and dynactin (DCTN1).

A GGGGCC hexanucleotide repeat is present within 
the non-coding region of the C9ORF72 gene on chromo-
some 9q21, and accounts for many familial and some spo-
radic cases, discussed later. C9ORF72 is an RNA-binding 
protein and provides a new target for therapy.

Mechanisms The pathophysiologic basis of motor neu-
ron disease is uncertain, but several mechanisms have been 
proposed, based largely on studies in animal models with 
SOD1 mutations. Because these are gain-of-function muta-
tions, the mechanisms inferred generally involve a toxic 
effect of the mutated protein.

Cellular Mechanisms Although motor neurons are the 
primary cellular target, studies in which mutant SOD1 is 
expressed selectively in different cell types indicate that 
non-neuronal cells also contribute to the pathogenesis of 
motor neuron disease. Involvement of neurons appears to 
determine the age at onset and early course of disease, 
whereas microglia and astrocytes influence the subse-
quent rate of progression.

Molecular mechanisms Several explanations have 
been offered for the toxicity of mutant SOD1—and, perhaps, 
of factors involved in sporadic motor neuron disease. These 
are not mutually exclusive, as multiple mechanisms might 
operate in concert, or different mechanisms might underlie 
different forms of the disease. With SOD1 mutations, an 
early pathogenetic step is abnormal folding and aggrega-
tion of the mutant protein, as in other neurodegenerative 
proteinopathies (see Chapter 5, Dementia & Amnestic 
Syndromes). How this leads to disease is disputed.

Excitotoxicity The principal excitatory neurotransmitter, 
glutamate, is toxic to neurons when present in excessive 
amounts. In motor neuron disease, spinal cord astrocytes 
express reduced levels of the EAAT2 excitatory amino acid 
(glutamate) transporter, which is the major site through 
which extracellular glutamate is cleared. This could expose 
motor neurons to toxic concentrations of glutamate.

Endoplasmic Reticulum Stress Mutant SOD1 accumu-
lates in the endoplasmic reticulum, where it may interfere 
with the degradation of misfolded proteins or the synthesis 
of normal proteins.

Proteasome Inhibition The proteasome is a large protein 
complex involved in proteolytic degradation and elimina-
tion of abnormal cellular proteins. The production of large 
amounts of mutant SOD1 may overwhelm the ability of the 
proteasome to perform its normal function.

Mitochondrial Damage Mutant SOD1 associates with 
the outer mitochondrial membrane, which might inhibit 
the production of ATP or the ability of mitochondria to 
regulate intracellular calcium levels.

Bulbar
palsy

Spinal
muscular
atrophy

Amyotrophic
lateral

sclerosis

Primary lateral
sclerosis

Pseudobulbar
palsy

▲▲ figure 9-8. Adult-onset motor neuron disease syn-
dromes. Upper motor neurons are shown with filled cir-
cles and lower motor neurons with open circles for cell 
bodies. Cerebral cortex is indicated with dark, brain-
stem white, and spinal cord light shading.

Secretion of Mutant SOD1 SOD1 released into the extra-
cellular space may activate microglia, resulting in immune-
mediated injury of motor neurons.

Increased Production of Superoxide Mutant SOD1 may 
stimulate increased production of toxic superoxide radicals 
by glial cell NADPH oxidase.

Impaired Axonal Transport Anterograde and retrograde 
axonal transport may be disrupted by the accumulation of 
misfolded SOD1 or other proteins.

Microvascular Dysfunction Loss of tight junctions 
between capillary endothelial cells could cause microhem-
orrhages that allow toxins such as iron to escape into the 
extravascular compartment and damage motor neurons.

`` Classification
Five varieties of adult-onset motor neuron disease can be 
distinguished clinically by their predominant distribution 
(limb or bulbar musculature) and whether deficits are from 
upper or lower motor neuron involvement (Figure 9-8).

1. Progressive bulbar palsy—Predominant bulbar (brain-
stem) involvement from lesions affecting the motor 
nuclei of cranial nerves (ie, lower motor neurons) in the 
brainstem.

2. Pseudobulbar palsy—Predominant bulbar involve-
ment due primarily to upper motor neuron disease (ie, 
to bilateral involvement of corticobulbar pathways). 
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A pseudobulbar palsy can occur in any disorder that 
causes bilateral corticobulbar disease (eg, vascular 
dementia or progressive supranuclear palsy), however, 
and not just in motor neuron disease.

3. Progressive spinal muscular atrophy—There is pri-
marily a lower motor neuron deficit in the limbs, caused 
by anterior horn cell degeneration in the spinal cord. 
Familial forms have been recognized.

4. Primary lateral sclerosis—A purely upper motor neu-
ron (corticospinal) deficit is found in the limbs.

5. Amyotrophic lateral sclerosis—A mixed upper and 
lower motor neuron deficit is present in the limbs. 
Bulbar involvement of the upper or lower motor neu-
ron type may also occur. Both primary lateral sclerosis 
and progressive spinal muscular atrophy are considered 
to be variants of amyotrophic lateral sclerosis because, 
at autopsy, abnormalities of both upper and lower 
motor neurons are likely. Cognitive and behavioral 
changes also occur in some patients.

`` Clinical findings

1. Bulbar muscles—In approximately 20% of patients 
with amyotrophic lateral sclerosis, the initial symptoms 
are related to weakness of bulbar muscles. Bulbar 
involvement is somewhat more common in familial 
cases and is generally characterized by difficulty in 
swallowing, chewing, coughing, breathing, and speak-
ing (dysarthria). In progressive bulbar palsy, examina-
tion may reveal drooping of the palate, a depressed gag 
reflex, a pool of saliva in the pharynx, a weak cough, 
and a wasted and fasciculating tongue. The tongue is 
contracted and spastic in pseudobulbar palsy and can-
not be moved rapidly from side to side. The extraocular 
muscles are not involved.

2. Limb muscles—Patients may first present with weak-
ness of the upper (approximately 40% of patients) or 
lower extremity (40%) muscles. Limb involvement is 
characterized by easy fatigability, weakness, stiffness, 
twitching, wasting, and muscle cramps, and there may 
be vague sensory complaints and weight loss.

3. Other systems—Amyotrophic lateral sclerosis and 
frontotemporal dementia (see Chapter 5, Dementia & 
Amnestic Syndrome) overlap clinically, pathologically, 
and genetically. The GGGGCC hexanucleotide repeat 
in the non-coding region of the C9orf72 gene on 
chromosome 9q21 occurs in at least 40% of familial 
cases of amyotrophic lateral sclerosis cases, 25% of 
familial cases of frontotemporal dementia, and 5% to 
10% of apparently sporadic cases of these disorders. 
Cognitive and behavioral alterations are common in 
patients with amyotrophic lateral sclerosis, including 
personality change, irritability, lack of insight, and defi-
cits in executive function. In other instances, parkinso-
nian or dysautonomic features may be present. Sensory 

and sphincteric functions are characteristically spared. 
The CSF is normal.

`` Diagnosis
Diagnostic criteria for amyotrophic lateral sclerosis have 
been established by the World Federation of Neurology. 
Criteria vary depending on the level of certainty of the 
diagnosis, as shown in Table 9-11. Definitive diagnosis 
requires the presence of upper and lower motor neuron 
signs in the bulbar region and at least two other spinal 
regions (cervical, thoracic, or lumbosacral), or in three 
spinal regions. Alternative causes of signs and symptoms 
must be excluded.

`` Differential Diagnosis
Other noninfective disorders of anterior horn cells (dis-
cussed later) must be excluded: They have different prog-
nostic and therapeutic implications. Multifocal motor 
neuropathy is also an important consideration; its clinical 
features and treatment are discussed later in this chapter. 
Cervical spondylosis can mimic amyotrophic lateral scle-
rosis when it produces lower motor neuron signs in the 
arms and upper motor neuron signs in the legs, but can be 
distinguished by the absence of clinical and electromyo-
graphic evidence of lower motor neuron involvement in 
the legs.

`` Treatment
1. Riluzole (50 mg orally twice daily) may reduce the 

mortality rate and slow progression of amyotrophic 
lateral sclerosis, possibly because it blocks NMDA 
receptor-mediated glutamatergic transmission in the 

Table 9-11. Clinical Diagnosis of Amyotrophic Lateral 
Sclerosis: El Escorial Criteria of the World Federation of 
Neurology.

Diagnostic 
Certainty Clinical Features

Definite Upper and lower motor neuron signs in the 
 bulbar and two spinal regions or in three 
 spinal regions (cervical, thoracic, lumbosacral)

Probable Upper and lower motor neuron signs in two or 
more regions; the regions may differ, but some 
upper motor neuron signs must be rostral to 
the lower motor neuron deficit

Possible Upper and lower motor neuron signs in only one 
region or upper motor neuron signs alone in 
two or more regions or lower motor neuron 
signs rostral to upper motor neuron signs

Suspected Lower (but not upper) motor neuron signs in at 
least two regions
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central nervous system. However, it probably prolongs 
survival by only about 2 or 3 months. Those most likely 
to benefit are patients with definite or probable amyo-
trophic lateral sclerosis who have been symptomatic for 
less than 5 years, have a vital capacity exceeding 60% of 
the predicted value, and do not require a tracheostomy. 
Adverse effects of riluzole include fatigue, dizziness, 
gastrointestinal symptoms, reduced pulmonary func-
tion, and an increase in liver enzymes.

2. Symptomatic measures may include muscarinic anti-
cholinergic drugs (eg, glycopyrrolate, trihexyphenidyl, 
amitriptyline, transdermal hyoscine, or atropine) if 
drooling of saliva is troublesome. Refractory drooling 
may respond to injection of botulinum toxin into the 
parotid and other salivary glands. Braces or a walker 
may improve mobility, and physical therapy may pre-
vent contractures.

3. Diet—A semiliquid diet or feeding via nasogastric tube 
may be required for severe dysphagia. Percutaneous 
endoscopic gastrostomy (PEG) is indicated for dys-
phagia with accelerated weight loss due to insufficient 
caloric intake, dehydration, or choking on food. For 
optimal safety, it should be offered when the patient’s 
vital capacity is more than 50% of predicted.

4. Ventilation—Noninvasive or invasive ventilation may 
be necessary as hypoventilation develops. Palliative care 
to relieve distress without prolonging life then becomes 
an important consideration and requires detailed dis-
cussion with the patient and family. Such discussions 
are best initiated early in the course of the disease, with 
continuing discussion as the disease advances.

5. Other—Treatment with celecoxib, coenzyme Q-10, 
creatine, gabapentin, insulin growth factor-1, lamotrig-
ine, lithium, minocycline, topiramate, valproic acid, 
verapamil, and vitamin E has been studied experimen-
tally in the hope of slowing disease progression, but no 
benefit was found. Stem cell–based treatments are 
under investigation.

`` Prognosis
Motor neuron disease is progressive and usually has a fatal 
outcome within 3 to 5 years, most commonly from respira-
tory failure. Some familial cases progress more slowly. In 
general, patients with bulbar involvement have a poorer 
prognosis than those in whom dysfunction is limited to the 
extremities. Patients with primarily upper motor neuron 
involvement (primary lateral sclerosis) often survive lon-
ger despite severe quadriparesis and spasticity. Survival 
and quality of life improve when patients are followed in a 
specialized multidisciplinary clinic.

Kiernan MC, Vucic S, Cheah BC, et al. Amyotrophic lateral 
sclerosis. Lancet. 2011;377:942-955.

Miller RG, England JD, Forshew D, et al. Practice parameter 
update: the care of the patient with amyotrophic lateral scle-
rosis. Report of the Quality Standards Subcommittee of the 
American Academy of Neurology. Neurology. 2009;73: 
1218-1226 and 1227-1233.

Swinnen B, Robberecht W. The phenotypic variability of amyo-
trophic lateral sclerosis. Nat Rev Neurol. 2014;10, 661-670.

Other nOnInfeCtIve anterIOr hOrn
Cell DISOrDerS

Bulbospinal neuronopathy (Kennedy disease) is a sex-
linked recessive disorder associated with an expanded CAG 
trinucleotide repeat sequence in the androgen receptor (AR) 
gene. It has a more benign prognosis than the other motor 
neuron diseases. Its clinical characteristics include tremor 
(resembling essential tremor), cramps, fasciculations, proxi-
mal weakness, and twitching movements of the chin that are 
precipitated by pursing of the lips. Severity of weakness and 
earlier disease onset correlate with CAG repeat.

Juvenile spinal muscular atrophy can occur in patients 
with hexosaminidase deficiency. Rectal biopsy may be 
abnormal, and reduced hexosaminidase A is found in 
serum and leukocytes.

Patients with monoclonal gammopathy may present 
with pure motor syndromes. Plasmapheresis and immuno-
suppressive drug treatment (with dexamethasone and 
cyclophosphamide) may be beneficial in such cases.

Anterior horn cell disease may occur as a rare paraneo-
plastic complication of lymphoma. Both men and women 
are affected, and the symptoms typically have their onset 
after the diagnosis of lymphoma has been established. The 
principal manifestation is weakness, which primarily affects 
the legs, may be patchy in its distribution, and spares bulbar 
and respiratory muscles. The reflexes are depressed, and 
sensory abnormalities are minor or absent. Neurologic defi-
cits usually progress over months, followed by spontaneous 
improvement and, in some cases, resolution.

InfeCtIve anterIOr hOrn Cell DISOrDerS

PoLio viRUS iNfeCTioN
Poliomyelitis due to infection with polio virus became rare 
in developed countries with the introduction of immuniza-
tion programs. The usual route of infection is fecal-oral, 
and the incubation period varies between 5 and 35 days.

Neurologic involvement follows a prodromal phase of 
fever, myalgia, malaise, and upper respiratory or gastroin-
testinal symptoms in a small number of cases. This 
involvement may consist merely of aseptic meningitis but 
in some instances leads to weakness or paralysis due to 
involvement of lower motor neurons in the spinal cord and 
brainstem. Weakness develops over the course of one or a 
few days, sometimes in association with recrudescence of 
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fever, and is accompanied by myalgia and signs of menin-
geal irritation. The weakness is asymmetric in distribution 
and can be focal or unilateral; the bulbar and respiratory 
muscles may be affected either alone or in association with 
limb muscles. Tone is reduced in the affected muscles, and 
tendon reflexes may be lost. There is no sensory deficit.

CSF pressure is often mildly increased, and spinal fluid 
analysis characteristically shows a polymorphonuclear or 
lymphocytic pleocytosis, slightly elevated protein concen-
tration, and normal glucose level. Diagnosis may be con-
firmed by virus isolation from the stool or nasopharyngeal 
secretions—and less commonly from the CSF. A rise in 
viral antibody titer in convalescent-phase serum, com-
pared with serum obtained during the acute phase of the 
illness, is also diagnostically helpful. A clinically similar 
disorder is produced by coxsackie virus infection.

There is no specific treatment. Management is purely 
supportive, with attention directed particularly to respira-
tory function. With time, there is often useful recovery of 
strength even in severely weakened muscles.

PoSTPoLio SyNDRoMe
The postpolio syndrome is characterized by the occur-
rence some years after the original illness of increasing 
weakness in previously involved or seemingly uninvolved 
muscles. Muscle pain and ease of fatigue are common. 
Slow progression occurs and may lead to increasing 
restriction of daily activities. The postpolio syndrome 
probably relates to loss of anterior horn cells with aging 
from a pool that was depleted by the original infection. 
There is no specific treatment.

weST NiLe viRUS iNfeCTioN
West Nile virus infection is acquired from infected mos-
quitos. Its most common manifestation is meningoen-
cephalitis. Acute paralytic poliomyelitis is another 
manifestation and is characterized by acute, focal or gener-
alized, asymmetric weakness or by a rapidly ascending 
quadriplegia that may be mistaken for the Guillain-Barré 
syndrome. Electrodiagnostic studies may be helpful in 
showing the nature and extent of involvement, distinguish-
ing the disorder from a neuropathy, and guiding prognosis. 
Examination of the CSF is also helpful; there is a pleocyto-
sis, often with a predominance of neutrophils, and viral-
specific IgM antibodies are also found. Treatment is 
supportive, as in paralytic polio virus infection.

▼▼ nerve rOOt anD plexuS leSIOnS

aCute Intervertebral DISk prOlapSe

LUMbAR DiSK PRoLAPSe
Acute prolapse of a lumbar disk (Figure 9-9) generally 
leads to back and radicular pain (L5 or S1) in the leg, often 

accompanied by numbness and paresthesias (Table 9-12). 
Weakness may also occur, depending on the root affected. 
An L5 radiculopathy causes weakness of dorsiflexion of the 
foot and toes, whereas S1 root involvement produces 
weakness of plantar flexion of the foot and a depressed 
ankle jerk. Movement of the spine is restricted, and there is 
local back tenderness and palpable spasm of the paraspi-
nous muscles. Straight-leg raising in the supine position is 
restricted, often to approximately 20 or 30 degrees of hip 
flexion, from a normal value of approximately 80 or 90 
degrees, because of reflex spasm of the hamstring muscles 
(Lasègue sign). A centrally prolapsed disk may cause bilat-
eral symptoms and signs and sphincter involvement. The 
symptoms and signs of a prolapsed lumbar intervertebral 
disk may begin suddenly or insidiously and may follow 
trauma. Pelvic and rectal examination and imaging of the 
spine help to exclude causes such as tumors.

Bed rest on a firm mattress for 2 or 3 days followed by 
gradual mobilization often permits symptoms to settle, but 
persisting pain, an increasing neurologic deficit, or any 
evidence of sphincter dysfunction should lead to CT, MRI, 
or CT myelography, followed by surgical treatment. Drug 
treatment for pain includes aspirin or acetaminophen with 
30 mg of codeine, two doses three or four times daily, or 
other nonsteroidal analgesics such as ibuprofen or 
naproxen. Muscle spasm may respond to cyclobenzaprine 
10 mg orally three times daily or as needed and tolerated, 
or diazepam 5 to 10 mg orally three times daily or as 
tolerated.

CeRviCAL DiSK PRoLAPSe
Acute protrusion of a cervical disk can occur at any age, 
often with no preceding trauma, and leads to neck and 
radicular arm pain, exacerbated by head movement. With 
lateral herniation of the disk, a motor, sensory, or reflex 
deficit may occur in a radicular (usually C6 or C7) distri-
bution on the affected side (see Table 9-12); with more 
centrally directed herniations, the spinal cord may also be 
involved (see Figure 9-9), leading to a spastic paraparesis 
and sensory disturbance in the legs, sometimes accompa-
nied by impaired sphincter function. The diagnosis is 
confirmed by CT scanning, MRI, or CT myelography. 
Surgical treatment may be needed.

CervICal SpOnDylOSIS

This disorder was described earlier as a cause of 
myelopathy.

trauMatIC avulSIOn Of nerve rOOtS

eRb-DUCHeNNe PARALySiS
Traumatic avulsion of the C5 and C6 roots can occur at 
birth from traction on the head during delivery of the 
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shoulder. It can also result from injuries causing excessive 
separation of the head and shoulder. It leads to loss of 
shoulder abduction and elbow flexion. In consequence, the 
affected arm is held internally rotated at the shoulder, with 

a pronated forearm and extended elbow. The biceps and 
brachioradialis reflexes are lost, but sensory impairment is 
usually inconspicuous and confined to a small area overly-
ing the deltoid muscle.
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▲▲ figure 9-9. (A) Lateral view of the vertebral column, showing the levels at which the various nerve roots exit; 
nerves exit above their numbered vertebral body in the cervical spine but below in the lumbar spine. (B) Lateral disk 
prolapse in cervical spine, causing compression of exiting nerve root and compressing cervical cord. (C) Lateral disk 
prolapse in lumbar spine, causing compression of the root exiting at the next lower vertebral level (eg, L4 disk com-
presses the L5 nerve root). (D) Central disk prolapse in lumbar spine, causing bilateral root compression.
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Table 9-12. The Most Common Patterns of Weakness, Sensory Symptoms, and Reflex Changes in Patients with 
Nerve Root Lesions.1

C5 C6 C7 C8 L4 L5 S1

Weak muscle(s) Deltoids > biceps Biceps Triceps, finger 
extensors

Finger extensors 
plus abductors 
of index and 
fifth fingers

Quadriceps Great toe 
extension

Plantar flexion 
(tested 
standing—
”get up on 
toes”)

Pattern of sensory 
changes

Lateral upper arm Thumb Middle 
finger(s)

Little finger Medial shin Medial foot, 
great toe

Lateral foot, 
small toe

Depressed reflex Biceps Triceps Knee Ankle

1Overlap and individual variation occur. In some cases, single nerve lesions may produce a similar syndrome (eg, L5 vs. common fibular 
[peroneal]nerve). If a peripheral nerve lesion is suspected, see Tables 9-5 and 9-6.

KLUMPKe PARALySiS
Involvement of the C8 and T1 roots causes paralysis and 
wasting of the small muscles of the hand and of the long 
finger flexors and extensors. Horner syndrome is some-
times an associated finding. Such lower plexus paralysis 
often follows a fall that has been arrested by grasping a 
fixed object with one hand or may result from traction on 
the abducted arm.

braChIal plexOpathy

NeURALGiC AMyoTRoPHy (iDioPATHiC 
bRACHiAL PLexoPATHy)
This disorder, also referred to as Parsonage-Turner syn-
drome, typically begins with severe pain about the shoul-
der followed within a few days by weakness, reflex changes, 
and sensory disturbances in the arm, often involving the 
C5 and C6 segments especially. Symptoms and signs are 
unilateral in approximately 70% of patients. The motor 
deficit sometimes corresponds to the territory of an indi-
vidual nerve, especially the axillary, suprascapular, or 
radial nerve, but in other instances appears to arise in the 
brachial plexus (Figure 9-10). Wasting of the affected 
muscles is often profound. Recurrences occur in approxi-
mately 25% of patients.

The cause is unknown, but may be autoimmune in 
nature. Neuralgic amyotrophy sometimes follows minor 
injury, injections, inoculations, or mild systemic infec-
tions, but whether these are of etiologic relevance is 
unclear. Hereditary neuralgic amyotrophy occurs occa-
sionally as an autosomal dominant disorder characterized 
by recurrent symptoms. In some cases, it results from 
mutations in the gene (SEPT9) coding for septin 9, a cyto-
skeleton-interacting GTPase.

Treatment is symptomatic. The combination of a non-
steroidal anti-inflammatory drug and an opiate is often 
effective treatment for pain in the acute phase, whereas 

persisting pain may respond to an anticonvulsant or tricy-
clic antidepressant. Recovery occurs over the ensuing 
weeks and months but may be incomplete.

van Alfen N. Clinical and pathophysiological concepts of neu-
ralgic amyotrophy. Nat Rev Neurol. 2011;10:315-322.

CeRviCAL Rib SyNDRoMe
The C8 and T1 roots or the lower trunk of the brachial 
plexus may be compressed by a cervical rib or band arising 
from the seventh cervical vertebra. This leads to weakness 
and wasting of intrinsic hand muscles, especially those in 
the thenar eminence, accompanied by pain and numbness 
in the appropriate dermatomal distribution (often like that 
of an ulnar nerve lesion but extending up the medial bor-
der of the forearm). The subclavian artery may also be 
compressed; this forms the basis of Adson test for diagnos-
ing the disorder. The radial pulse decreases in amplitude 
when the seated patient turns the head to the affected side 
and inhales deeply. A positive Adson test, however, also 
can be seen in normal subjects; a supraclavicular bruit dur-
ing the maneuver supports the diagnosis of subclavian 
artery compromise.

X-rays of the neck or chest often show the cervical rib or 
a long transverse process of the seventh cervical vertebra. A 
band may only be visualized by CT scan or MRI. 
Electromyography reveals chronic partial denervation in 
hand muscles beyond the territory of individual peripheral 
nerves. Nerve conduction studies show no evidence of 
peripheral nerve disease, but there is a small or absent ulnar 
sensory nerve action potential on stimulation of the little 
finger. Treatment is by surgical excision of the rib or band.

oTHeR CAUSeS of bRACHiAL PLexoPATHy
Brachial plexopathy may result from neoplastic infiltration 
(especially by breast or lung cancer) or follow radiation 
therapy, median sternotomy, or trauma. Electrophysiologic 
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▲▲ figure 9-10. Brachial plexus. The numbers in parentheses refer to the segmental origin of the nerves depicted. 
(Used with permission from Waxman SG. Clinical Neuroanatomy. 26th ed. New York, NY: McGraw-Hill; 2010.)
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studies are important in defining the extent of involvement 
and localizing the lesion, as well as distinguishing radiation 
from other causes of plexopathy. The absence of electrodi-
agnostic abnormalities despite an adequate examination 
suggests an incorrect diagnosis and raises the possibility of 
conversion reactions, malingering, or so-called nonneuro-
genic thoracic outlet syndrome (a controversial and dis-
puted entity).

luMbOSaCral plexOpathy

A disorder similar to idiopathic brachial plexopathy 
occasionally affects the lumbosacral plexus. Treatment is 
symptomatic. Lumbosacral plexopathy can also be 
caused by neoplasms (colorectal or gynecologic cancers, 
sarcomas, or lymphomas) or radiation. Intrapartum 
maternal lumbosacral plexopathy is an uncommon but 
important cause of acute foot drop developing during 
labor. It occurs mostly in short women and relates to 
compression of the lumbosacral trunk by the fetal head 
at the pelvic brim. Most patients recover completely 
within 6 months.

▼▼ DISOrDerS Of perIpheral nerve

The term peripheral neuropathy designates a disturbance 
in function of one or more peripheral nerves. Several types 
of peripheral neuropathy are distinguishable by the extent 
of involvement.

Depending on the underlying cause, there may be 
selective involvement of motor, sensory, or autonomic 
fibers or more diffuse involvement of all fibers in the 
nerve.

The clinical deficit is usually a mixed one, and sensory 
symptoms and signs are often the initial—and most con-
spicuous—feature. Further discussion of these disorders 
and their treatment is therefore deferred to Chapter 10, 
Sensory Disorders, except where presentation is typically 
with acute motor deficits. For convenience, however, the 
root and peripheral nerve supply of the major limb muscles 
is set forth in Tables 9-5 and 9-6 to facilitate evaluation of 
patients presenting with focal weakness of lower motor 
neuron type.

pOlyneurOpathy

In polyneuropathy, because there is symmetric and 
simultaneous involvement of several nerves, the deficits 
resulting from individual nerves cannot be recognized 
clinically. Polyneuropathies are discussed in Chapter 10, 
Sensory Disorders, but brief mention is made here of 
those neuropathies in which patients present with acute 
weakness.

ACUTe iNfLAMMAToRy 
PoLyRADiCULoNeURoPATHy  
(GUiLLAiN-bARRé SyNDRoMe)
This disorder commonly presents with weakness that is 
often symmetric and most often begins in the legs. The 
speed and extent of progression vary, but in severe cases 
there is marked weakness of all limbs and bilateral facial 
weakness. There may also be subjective sensory com-
plaints, although objective sensory disturbances are usu-
ally far less conspicuous than motor deficits. Autonomic 
involvement is common and may lead to a fatal outcome, 
as may aspiration pneumonia or impaired respiration from 
weakness. Further details about this disorder are given in 
the following chapter.

CRiTiCAL iLLNeSS PoLyNeURoPATHy
A polyneuropathy may develop in patients with sepsis and 
multiorgan failure and often is first manifest by unexpected 
difficulty in weaning them from a mechanical ventilator. In 
more advanced cases, wasting and weakness of the extremi-
ties occur and the tendon reflexes are lost. Sensory abnor-
malities are overshadowed by the motor deficit.

Electrophysiologic studies reveal an axonal neuropathy, 
unlike classic Guillain-Barré syndrome. The underlying 
pathogenesis is obscure. The polyneuropathy is associated 
with the use of neuromuscular blocking agents or cortico-
steroids. Treatment is supportive. The long-term outlook is 
good in patients who recover from the underlying critical 
illness.

Kress JP, Hall JB. ICU-acquired weakness and recovery from 
critical illness. N Engl J Med. 2014;24;370:1626-1635

DiPHTHeRiTiC PoLyNeURiTiS
Infection with Corynebacterium diphtheriae can occur 
either in the upper respiratory tract or by infection of a 
skin wound, and neuropathy results from a neurotoxin that 
is released by the organism. Diphtheria toxin kills cells by 
inactivating eukaryotic elongation factor-2 and thereby 
blocking protein synthesis.

Palatal weakness may develop 2 to 3 weeks after infec-
tion of the throat, and cutaneous diphtheria may be fol-
lowed by focal weakness of neighboring muscles after a 
similar interval. Impaired pupillary responses to accom-
modation may occur approximately 4 to 5 weeks after 
infection and a generalized sensorimotor polyneuropathy 
after 1 to 3 months. The polyneuropathy may follow a 
biphasic course, with further deterioration occurring 5 to 6 
weeks after onset. The weakness may be asymmetric and is 
often more marked proximally than distally. The tendon 
reflexes may be depressed or absent. Respiratory paralysis 
occurs in severe cases. Recovery usually occurs over 2 to 3 
months but takes longer in severe cases.
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In patients with diphtheritic polyneuritis, the CSF pro-
tein content is increased and a mild pleocytosis is some-
times found. Electrophysiologic studies show a slowing of 
nerve conduction velocity, but this may not be manifest 
until the patient has begun to improve clinically. Treatment 
consists of early administration of equine diphtheria anti-
toxin without awaiting the results of bacterial culture, 
provided the patient is not hypersensitive to horse serum. 
A 2-week course of penicillin or erythromycin usually 
eradicates the infection but does not alter the incidence of 
serious complications. In patients with marked weakness, 
supportive measures, including ventilatory assistance, are 
necessary.

PARALyTiC SHeLLfiSH PoiSoNiNG
Mussels and clams found on the East and West Coasts of 
the United States may be dangerous to eat, especially in the 
summer months. They feed on poisonous varieties of 
plankton and come to contain saxitoxin, which blocks 
sodium channels—and therefore action potentials—in 
motor and sensory nerves and in muscle. A rapidly pro-
gressive acute peripheral neuropathy, with sensory symp-
toms and a rapidly ascending paralysis, begins within 30 
minutes after eating affected shellfish and may lead to 
respiratory paralysis and death. There is no available anti-
toxin, but with proper supportive care (including mechani-
cal ventilation if necessary) the patient recovers completely. 
A cathartic or enema may help remove unabsorbed toxin.

PoRPHyRiA
Acute polyneuropathy may occur with the hereditary 
hepatic porphyrias. Attacks can be precipitated by drugs 
(eg, barbiturates, estrogens, sulfonamides, griseofulvin, 
phenytoin, and succinimides) that can induce the enzyme 
δ-aminolevulinic acid synthetase, or by infection, a period 
of fasting, or, occasionally, menses or pregnancy. They usu-
ally last for 1 to 2 weeks but can be life-threatening.

Colicky abdominal pain—sometimes also felt in the 
back or thighs—frequently precedes neurologic involve-
ment, and there may also be anxiety, agitation, acute con-
fusion or delirium, and convulsions. Weakness, the major 
neurologic manifestation, results from a predominantly 
motor polyneuropathy that causes a symmetric distur-
bance that is sometimes more marked proximally than 
distally. It may begin in the upper limbs and progress to 
involve the lower limbs or trunk. Progression is variable in 
rate and extent and can lead to complete flaccid quadripa-
resis with respiratory paralysis over a few days. Sensory 
loss is less conspicuous and extensive; muscle pain is some-
times prominent. The tendon reflexes may be depressed or 
absent. Fever, excessive sweating, persistent tachycardia, 
hypertension, hyponatremia (attributed to inappropriate 
secretion of antidiuretic hormone), and peripheral leuko-
cytosis may accompany acute attacks, and patients may 
become dehydrated.

The CSF may show a slight increase in protein concen-
tration and a slight pleocytosis. The diagnosis is confirmed 
by demonstrating increased levels of porphobilinogen and 
δ-aminolevulinic acid in the urine or deficiency of porpho-
bilinogen deaminase in red blood cells (acute intermittent 
porphyria) or of coproporphyrinogen oxidase in lympho-
cytes (hereditary coproporphyria).

Treatment is with intravenous dextrose to suppress the 
heme biosynthetic pathway and propranolol to control 
tachycardia and hypertension. Hemin (4 mg/kg by intrave-
nous infusion over 15 minutes once daily for 3 to 14 days 
depending on response) is also effective in improving the 
clinical state. The best index of progress is the heart rate. 
The abdominal and mental symptoms (but not the neu-
ropathy) may be helped by chlorpromazine or another 
phenothiazine. Pain relief may require opiates. Patients 
with impaired respiratory function, depressed level of con-
sciousness, or convulsions should be followed in an inten-
sive care unit. Respiratory failure may necessitate 
tracheostomy and mechanical ventilation. Recovery from 
paralysis is gradual and may not be complete.

Any precipitant should be removed: Precipitating medica-
tions should be discontinued, infections should be treated, 
and inadequate diets corrected. Preventing future acute 
attacks by avoiding known precipitants is important. 
Identification of the responsible genetic mutation in an 
affected patient allows for genetic screening of other family 
members to prevent acute attacks in those with occult disease. 
Different genes have been implicated in different porphyrias: 
many different mutations of the porphobilinogen deaminase 
(PBGD) gene lead to acute intermittent porphyria.

Lin CS, Park SB, Krishnan AV. Porphyric neuropathy. Handb 
Clin Neurol. 2013;115:613-627.

ACUTe ARSeNiC oR THALLiUM PoiSoNiNG
Acute arsenic or thallium poisoning can produce a rapidly 
evolving sensorimotor polyneuropathy, often with an 
accompanying or preceding gastrointestinal disturbance 
and crampy abdominal pain. Arsenic may also cause a skin 
rash, with increased skin pigmentation and marked exfo-
liation, together with the presence of Mees lines (transverse 
white lines) on the nails in long-standing cases. Thallium 
can produce a scaly rash and hair loss. Sensory symptoms, 
often painful, are usually early manifestation of polyneu-
ropathy; this is followed by symmetric motor impairment, 
which is usually more marked distally than proximally and 
occurs in the legs rather than the arms.

The CSF protein may be increased, with little or no 
change in cell content, and the electrophysiologic findings 
sometimes resemble those of Guillain-Barré syndrome, 
especially in the acute phase of the disorder. The diagnosis 
of arsenic toxicity is best established by measuring the arsenic 
content of hair protected from external contamination (eg, 
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pubic hair). Urine also contains arsenic in the acute phase. 
The diagnosis of thallium poisoning is made by finding 
thallium in body tissues or fluids, especially in urine. The 
degree of neurologic recovery depends on the severity of 
intoxication. Chelating agents are of uncertain value.

oRGANoPHoSPHATe PoLyNeURoPATHy
Organophosphate compounds are widely used as insecti-
cides and are also the active principles in the nerve gas of 
chemical warfare. They have a variety of acute toxic effects, 
particularly manifestations of cholinergic crisis caused by 
inhibition of acetylcholinesterase. Some organophosphates, 
however, also induce a delayed polyneuropathy that gener-
ally begins approximately 1 to 3 weeks after acute exposure.

Cramping muscle pain in the legs is usually the initial 
symptom of neuropathy, sometimes followed by distal numb-
ness and paresthesias. Progressive leg weakness then occurs, 
along with depression of the tendon reflexes. Similar deficits 
may develop in the upper limbs after several days. Sensory 
disturbances occur in some instances, initially in the legs and 
then the arms, but are often mild or inconspicuous.

Examination shows a distal, symmetric, predominantly 
motor polyneuropathy, with wasting and flaccid weakness 
of distal leg muscles. In some patients, involvement may be 
severe enough to cause quadriplegia, whereas in others the 
weakness is much milder. Mild pyramidal signs also may be 
present. Objective evidence of sensory loss is usually slight.

The acute effects of organophosphate poisoning may be 
prevented by the use of protective masks and clothing. 
Treatment after exposure includes decontamination of the 
skin with bleach or soap and water and administration of 
atropine 2 to 6 mg every 5 minutes and pralidoxime 1 g every 
hour for up to 3 hours, both given intramuscularly or intra-
venously. Atropine blocks muscarinic cholinergic receptors, 
and pralidoxime binds to and reactivates acetylcholinester-
ase. There is no treatment for the neuropathy other than 
supportive care. Recovery of peripheral nerve function may 
occur with time, but central deficits are usually permanent 
and may govern the extent of functional recovery.

MOnOneurOpathy MultIplex

This term signifies that there is involvement of several 
nerves but in an asymmetric manner and at different times, 
so that the individual nerves involved can usually be identi-
fied until the disorder reaches an advanced stage. Comment 
here is restricted to two disorders characterized by motor 
involvement in the absence of sensory symptoms and signs.

LeAD ToxiCiTy
Lead toxicity is common among persons in certain occupa-
tions and may also occur in those using lead-containing 
paints or who ingest contaminated alcohol. Inorganic lead 
can produce dysfunction of both the central and peripheral 
nervous systems. In children, who can develop toxicity by 

ingesting lead-containing paints that flake off old buildings 
or furniture, acute encephalopathy is the major neurologic 
feature.

The peripheral neuropathy is predominantly motor, 
and in adults it is more severe in the arms than legs. It typi-
cally affects the radial nerves, although other nerves may 
also be affected, leading to an asymmetric progressive 
motor disturbance. Sensory loss is usually inconspicuous 
or absent. There may be loss or depression of tendon 
reflexes. Systemic manifestations of lead toxicity include 
anemia, constipation, colicky abdominal pain, gum discol-
oration, and nephropathy. The extent to which exposed 
workers develop minor degrees of peripheral nerve dam-
age as a result of lead toxicity is not clear. Similarly, there is 
no agreement about the lowest concentration of blood lead 
that is associated with damage to the peripheral nerves.

The optimal approach to treatment is not known, but 
intravenous or intramuscular edetate calcium disodium 
(EDTA) and oral penicillamine have been used, as has 
dimercaprol (BAL).

MULTifoCAL MoToR NeURoPATHy
This disorder is characterized by progressive asymmetric 
wasting and weakness, electrophysiologic evidence of mul-
tifocal motor demyelination with partial motor conduction 
block but normal sensory responses, and the presence of 
antiglycolipid (usually anti-GM1 IgM) antibodies in the 
serum of many patients. Arm and hand weakness is typical. 
Cramps and fasciculations sometimes occur. There is no 
sensory loss or upper motor neuron involvement. The 
disorder typically has an insidious onset and chronic 
course, but variants occur with a more acute onset. For the 
diagnosis to be established, electrophysiologic studies 
should demonstrate a motor deficit in the distribution of 
two or more named nerves and related to conduction block 
outside of common entrapment sites. A variant with 
involvement of only a single nerve has been described 
(monofocal motor neuropathy). The conduction block 
results from demyelination, but axonal excitability changes 
also contribute to conduction failure. Treatment with pred-
nisone and plasmapheresis has been disappointing, but 
patients may improve after treatment with cyclophospha-
mide 1 g/m2 intravenously once per month for 6 months or 
in response to human immunoglobulin 2 g/kg intrave-
nously given over 3 to 5 days every 4 to 6 weeks. 
Improvement is sometimes associated with a decrease in 
anti-GM1 antibody levels.

Cats EA, van der Pol WL, Piepers S, et al. Correlates of outcome 
and response to IVIg in 88 patients with multifocal motor 
neuropathy. Neurology. 2010;75:818-825.

Sederholm BH. Treatment of chronic immune-mediated neu-
ropathies: chronic inflammatory demyelinating polyradiculo-
neuropathy, multifocal motor neuropathy, and the 
Lewis-Sumner syndrome. Semin Neurol. 2010;30:443-456.
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MOnOneurOpathy SIMplex

In mononeuropathy simplex only a single peripheral nerve is 
involved. Most of the common mononeuropathies entail 
both motor and sensory involvement (as discussed in 
Chapter 10, Sensory Disorders). Accordingly, only Bell palsy, 
which leads primarily to a motor deficit, is discussed here.

beLL PALSy
Facial weakness of lower motor neuron type caused by 
idiopathic facial (VII) nerve involvement outside the cen-
tral nervous system, without evidence of more widespread 
neurologic disease, has been designated Bell palsy. Its cause 
is unclear, but it occurs more commonly in pregnant 
women and diabetics. Reactivation of herpes simplex virus 
type 1 or varicella-zoster virus infection in the geniculate 
ganglion may injure the facial nerve and cause Bell palsy in 
at least some patients.

Facial weakness is often preceded or accompanied by 
pain about the ear. Weakness generally comes on abruptly 
but may progress over several hours or even a day or so. 
Depending on the site of the lesion, there may be impair-
ment of taste, lacrimation, or hyperacusis. There may be 
paralysis of all muscles supplied by the affected nerve 
(complete palsy) or variable weakness in different muscles 
(incomplete palsy). Clinical examination reveals no 
abnormalities beyond the territory of the facial nerve.

Most patients recover completely without treatment, 
over several days or months. A poor prognosis for com-
plete recovery is suggested by severe pain at onset and 
complete palsy when the patient is first seen. Nevertheless, 
permanent disfigurement or some other complication 
affects only about 10% of patients.

Treatment with acyclovir or other antiviral agents con-
fers no benefit. Treatment with corticosteroids (prednisone 
60 or 80 mg/d orally for 3 days, tapering over the next 7 
days), beginning within 5 days after the onset of palsy, 
increases the proportion of patients who recover com-
pletely over time. Surgical procedures to decompress the 
facial nerve are generally of no benefit. If eye closure is not 
possible, the eye should be protected with lubricating 
drops and a patch.

Other conditions that can produce facial palsy include 
tumors, herpes zoster infection of the geniculate ganglion 
(Ramsay Hunt syndrome), Lyme disease, AIDS, sarcoid-
osis, or any inflammatory process involving the subarach-
noid space, such as infective or neoplastic meningitis. 
Facial palsies that are bilateral or are associated with 
another cranial neuropathy merit lumbar puncture and 
brain MRI to search for an underlying cause.

Gronseth GS, Paduga R. Evidence-based guideline update: ste-
roids and antivirals for Bell palsy: report of the Guideline 
Development Subcommittee of the American Academy of 
Neurology. Neurology. 2012;79:2209-2213.

▼▼  DISOrDerS Of neurOMuSCular 
tranSMISSIOn

MyaSthenIa gravIS

PATHoGeNeSiS
Myasthenia gravis is caused by variable block of neuro-
muscular transmission related to an immune-mediated 
decrease in the number of functioning nicotinic acetylcho-
line receptors (Figure 9-11). In approximately 80% of 
cases, antibodies to the skeletal muscle nicotinic acetyl-
choline receptor are present and lead to loss of receptor 
function. Some patients seronegative for these antibodies 
have antibodies against the muscle-specific receptor tyro-
sine kinase (MuSK) that is involved in the clustering of 
acetylcholine receptors during development and is also 
expressed in mature neuromuscular junctions. A similar 
disorder can occur in patients receiving penicillamine for 
rheumatoid arthritis; it frequently remits when the drug is 
discontinued.

CLiNiCAL fiNDiNGS
Myasthenia gravis can occur at any age and is sometimes 
associated with thymic tumor, thyrotoxicosis, rheumatoid 
arthritis, or disseminated lupus erythematosus. More com-
mon in females than males, it is characterized by fluctuating 
weakness and easy fatigability of voluntary muscles; muscle 
activity cannot be maintained, and initially powerful move-
ments weaken readily. There is a predilection for the external 
ocular muscles and certain other cranial muscles, including 
the masticatory, facial, pharyngeal, and laryngeal muscles. 
Respiratory and limb muscles may also be affected.

`` History
Onset is usually insidious, but the disorder is sometimes 
unmasked by a concurrent infection, which exacerbates 
symptoms. Exacerbations may also occur in pregnancy or 
before the menstrual periods. Symptoms may be worsened 
by quinine, quinidine, procainamide, propranolol, phe-
nytoin, lithium, tetracycline, calcium channel blockers, 
penicillamine, and aminoglycoside antibiotics, which 
should be avoided or used with caution. 

Myasthenia follows a slowly progressive course. Patients 
present with ptosis, diplopia, difficulty in chewing or swal-
lowing, nasal speech, respiratory difficulties, or weakness 
of the limbs (Table 9-13). Symptoms often fluctuate in 
intensity during the day, and this diurnal variation is 
superimposed on longer-term spontaneous relapses and 
remissions that may last for weeks.

`` examination
Clinical examination confirms the weakness and fatigabil-
ity of affected muscles. The weakness does not conform to 
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the distribution of any single nerve, root, or level of the 
central nervous system. In more than 90% of cases the 
extraocular muscles are involved, leading to often asym-
metric ocular palsies and ptosis. Pupillary responses are 
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▲▲ figure 9-11. Sites of involvement in disorders of neuromuscular transmission. At left, normal transmission 
involves depolarization-induced influx of calcium (Ca) through voltage-gated channels. This stimulates release of 
acetylcholine (ACh) from synaptic vesicles at the active zone and into the synaptic cleft. ACh binds to ACh receptors 
and depolarizes the postsynaptic muscle membrane. At right, disorders of neuromuscular transmission result from 
blockage of Ca channels (Lambert-Eaton syndrome or aminoglycoside antibiotics), impairment of Ca-mediated ACh 
release (botulinum toxin), or antibody-induced internalization and degradation of ACh receptors (myasthenia gravis).

Table 9-13. Presenting Symptoms in Myasthenia Gravis.

Symptom Percentage of Patients

Diplopia 41

Ptosis 25

Dysarthria 16

Lower-extremity weakness 13

Generalized weakness 11

Dysphagia 10

Upper-extremity weakness 7

Masticatory weakness 7

(Adapted from Herrmann C Jr. Myasthenia gravis—current 
 concepts. West J Med. 1985;142:797-809.)

not affected. Sustained activity of affected muscles leads to 
temporarily increased weakness. Thus, sustained upgaze 
for 2 minutes can lead to increased ptosis, with power in 
the affected muscles improving after a brief rest. In 
advanced cases, affected muscles may show mild atrophy. 
Sensation is normal, and there are usually no reflex 
changes.

DiAGNoSiS
The diagnosis can generally be confirmed by the benefit 
that follows administration of anticholinesterase drugs; the 
power of affected muscles is influenced at a dose that has 
no effect on normal muscles and slight, if any, effect on 
muscles weakened by other causes.

The most commonly used pharmacologic test for 
patients with obvious ptosis or ophthalmoparesis is the 
edrophonium (Tensilon) test. Edrophonium is given 
intravenously in a dose of 10 mg (1 mL), of which 2 mg is 
given initially as a test dose and the remaining 8 mg 
approximately 30 seconds later if the test dose is well toler-
ated. In myasthenic patients, there is an obvious 
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improvement in the strength of weak muscles that lasts for 
approximately 5 minutes. Alternatively, 1.5 mg of neostig-
mine can be given intramuscularly, with a response that 
lasts for about 2 hours. Atropine sulfate (0.6 mg intrave-
nously) should be available to counteract the muscarinic 
cholinergic side effects of increased salivation, diarrhea, 
and nausea. Atropine does not affect nicotinic cholinergic 
function at the neuromuscular junction. 

iNveSTiGATive STUDieS
MRI and CT scans of the chest, with and without con-
trast, may reveal a thymoma; normal studies do not 
exclude this possibility. Impaired neuromuscular trans-
mission can be detected electrophysiologically by a 
decremental response of muscle to repetitive supra-
maximal stimulation (at 2 or 3 Hz) of its motor nerve, 
but normal findings do not exclude the diagnosis. 
Single-fiber electromyography shows increased variabil-
ity in the interval between two muscle fiber action 
potentials from the same motor unit in clinically weak 
muscles. Measuring serum acetylcholine receptor and 
anti-MuSK antibody levels is very helpful, because 
increased values are found in 80% to 90% of patients 
with generalized myasthenia gravis.

TReATMeNT
Medications (referred to earlier) that impair neuromuscu-
lar transmission should be avoided. The following 
approaches to treatment are recommended.

`` Anticholinesterase Drugs
Treatment with these drugs provides symptomatic benefit 
without influencing the course of the underlying disease. 
The mainstay of treatment is pyridostigmine, at doses indi-
vidually determined but usually between 30 and 120 mg 
(average, 60 mg) about every 4 hours. A long-acting prepa-
ration (Mestinon TS, 180 mg) can be used at bedtime in 
patients with persistent, severe weakness upon awakening. 
Glycopyrrolate (1 mg), propantheline (15 mg), or hyoscya-
mine sulfate (0.125 mg) taken three times daily may ame-
liorate side effects such as bowel hypermotility or 
hypersalivation. Overmedication can lead to increased 
weakness, which, unlike myasthenic weakness, is unaf-
fected or enhanced by intravenous edrophonium. Such a 
cholinergic crisis may be accompanied by pallor, sweating, 
nausea, vomiting, salivation, colicky abdominal pain, and 
miosis.

`` Thymectomy
Thymectomy should be performed in all patients with 
thymoma. It should be performed in patients younger than 
60 years of age, and considered in those older, with weak-
ness that is not restricted to the extraocular muscles. 

Thymectomy leads to symptomatic benefit or remission by 
an uncertain mechanism in many patients, but its benefi-
cial effect may not be evident immediately.

`` Corticosteroids
Corticosteroids are indicated for patients who have 
responded poorly to anticholinesterase drugs and have 
already undergone thymectomy, but may initially exacer-
bate weakness. For this reason, high-dose glucocorticoids 
are often started while patients are hospitalized for plasma-
pheresis or intravenous immune globulin (IVIG) therapy. 
An initial high dose of prednisone (60-100 mg/d orally) 
can be tapered gradually to a relatively low-maintenance 
level (5-15 mg/d) as improvement occurs. Alternate-day 
treatment is helpful in reducing the incidence of side 
effects, which are described (as clinical findings) in the 
section on hyperadrenalism (Cushing syndrome) in 
Chapter 4, Confusional States. When started in outpatients, 
a dose escalation regimen is used.

`` Azathioprine
This drug can be used in patients with severe or progres-
sive disease despite thymectomy and treatment with anti-
cholinesterases and corticosteroids. It can also be given in 
place of high doses of corticosteroids to patients who show 
no sustained benefit with low doses. The usual dose is 2 to 
3 mg/kg/d, increased from a lower initial dose. Benefit may 
take a year to manifest

`` Plasmapheresis
Plasmapheresis may be used to achieve temporary 
improvement in patients deteriorating rapidly or in myas-
thenic crisis and in certain special circumstances, such as 
before surgery that is likely to produce postoperative respi-
ratory compromise. Clinical improvement begins within a 
few days and relates to removal of acetylcholine receptor 
antibodies from the circulation.

`` intravenous immunoglobulins
Intravenous immunoglobulins also have been used to pro-
vide temporary benefit, usually after 7 to 10 days, in circum-
stances similar to those in which plasmapheresis is used.

`` Mycophenolate Mofetil
This agent selectively inhibits proliferation of T and B 
lymphocytes and has been used as an immunosuppres-
sant with only modest side effects, including diarrhea, 
nausea, abdominal pain, fever, leukopenia, and edema. 
Several studies indicate that many patients with myasthenia 
gravis improve or are able to lower their corticosteroid 
intake in response to this medication (unlabeled use; 1 g 
twice daily by mouth), but usually after a delay of 6 to  
12 months.
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PRoGNoSiS
Most patients can be managed successfully with drug treat-
ment. The disease may have a fatal outcome because of 
respiratory complications such as aspiration pneumonia.

Engel AG (ed). Neuromuscular Junction Disorders. Handbook of 
Clinical Neurology. Vol 91. Amsterdam: Elsevier; 2008.

Jayawant S, Parr J, Vincent A. Autoimmune myasthenia gravis. 
Handb Clin Neurol. 2013;113:1465-1468.

MyaSthenIC SynDrOMe (laMbert-eatOn 
SynDrOMe)

This is characterized by variable weakness due to defective 
release of acetylcholine at the neuromuscular junctions.

PATHoGeNeSiS
The disorder is often associated with an underlying neoplasm 
and sometimes with such autoimmune diseases as pernicious 
anemia; occasionally no cause is found. In the paraneoplastic 
disorder, antibodies directed against tumor antigens cross-
react with voltage-gated calcium channels involved in acetyl-
choline release, leading to a presynaptic disturbance of 
neuromuscular transmission (see Figure 9-11).

CLiNiCAL fiNDiNGS
Weakness occurs, especially of the proximal muscles of the 
limbs. Unlike myasthenia gravis, the extraocular muscles 
are spared, and power steadily increases if a contraction is 
maintained. Autonomic disturbances, such as dry mouth, 
constipation, and impotence, may occur.

DiAGNoSiS
The diagnosis is confirmed electrophysiologically by the 
incremental response to repetitive nerve stimulation. The 
size of the muscle response increases remarkably to stimu-
lation of its motor nerve at high rates—even in muscles not 
clinically weak. The presence of autoantibodies to the P/Q 
subtype of voltage-gated calcium channels, found on the 
presynaptic membrane of the neuromuscular junction, is 
highly sensitive and specific to the Lambert-Eaton syn-
drome of any etiology.

TReATMeNT
An underlying neoplasm must be sought, and screening 
repeated after 3 to 6 months if initially negative. Treatment 
of the underlying condition, often a small-cell lung cancer, 
improves myasthenic syndrome.

Immunosuppressive drug therapy (corticosteroids, 
mycophenolate, and azathioprine as described for myas-
thenia gravis) and plasmapheresis or intravenous immu-
noglobulin therapy may lead to symptomatic improvement. 
Guanidine hydrochloride (25 mg/kg/d in three or four 

divided doses to a maximum of 1,000 mg/d) is sometimes 
helpful by enhancing the release of acetylcholine in seri-
ously disabled patients, but adverse effects include bone 
marrow suppression and renal failure. The response to 
treatment with an anticholinesterase drug such as pyr-
idostigmine, alone or in combination with guanidine, is 
variable but usually disappointing. 3,4-Diaminopyridine, a 
potassium channel antagonist that enhances the release of 
acetylcholine at the neuromuscular junction, used in doses 
up to 25 mg orally four times daily, may improve weakness 
and autonomic dysfunction; paresthesia is a common side 
effect, and seizures may occur.

Maddison P. Treatment in Lambert-Eaton myasthenic syn-
drome. Ann N Y Acad Sci. 2012;1275:78-84.

bOtulISM

PATHoGeNeSiS
The toxin of Clostridium botulinum can cause neuromus-
cular paralysis by preventing the release of acetylcholine at 
neuromuscular junctions and autonomic synapses (see 
Figure 9-11). Botulism occurs most commonly after inges-
tion of home-canned food contaminated with the toxin; it 
occurs rarely from infected wounds. The shorter the latent 
period between ingestion of toxin and onset of symptoms, 
the greater the dose of toxin and the risk for further 
involvement of the nervous system.

CLiNiCAL fiNDiNGS
Fulminating weakness begins 12 to 72 hours after ingestion 
of the toxin and characteristically is manifested by diplo-
pia, ptosis, facial weakness, dysphagia, nasal speech, and 
then difficulty with respiration; weakness usually occurs 
last in the limbs. In addition to weakness, blurring of vision 
is characteristic, the pupils being dilated and unreactive, 
and there may be dryness of the mouth, paralytic ileus, and 
postural hypotension. There is no sensory deficit, and the 
tendon reflexes are usually unchanged unless the involved 
muscles are quite weak. Symptoms can progress for several 
days after their onset.

In infants, enteric infection with local production of the 
toxin leads to a different clinical picture with hypotonia, 
constipation, progressive weakness, and a poor suck. This 
is now the most common form of botulism in the United 
States.

iNveSTiGATive STUDieS
When the diagnosis is suspected, the local health authority 
should be notified and samples of the patient’s serum and 
the contaminated food (if available) sent to be assayed for 
toxin. The most common types of toxin encountered clini-
cally are A, B, and E. Electrophysiologic studies may help 
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confirm the diagnosis, as the evoked muscle response 
tends to increase in size progressively with repetitive 
stimulation of motor nerves at fast rates.

TReATMeNT
Patients should be hospitalized, because respiratory insuf-
ficiency can develop rapidly and necessitates ventilatory 
assistance. Treatment with trivalent antitoxin (ABE) is 
commenced once it is established that the patient is not 
allergic to horse serum, but the effect on the course of the 
disease is unclear.

In wound botulism, antibiotic therapy is often pre-
scribed but is of unclear benefit; either penicillin G (3 mil-
lion units IV every 4 hours in adults) or metronidazole 
(500 mg IV every 8 hours in patients allergic to penicillin) 
is typically administered, but the regimen may need to be 
altered depending on the results of wound culture.

Guanidine hydrochloride (25-30 mg/kg/d in divided 
doses), a drug that facilitates release of acetylcholine from 
nerve endings, is sometimes helpful in improving muscle 
strength; anticholinesterase drugs are generally of no value.

In infants, human-derived botulinum immune globu-
lin should be given intravenously as soon as possible. 
Nursing and supportive care are important.

Chalk C, Benstead TJ, Keezer M. Medical treatment for botu-
lism. Cochrane Database Syst Rev. 2011;3:CD008123.

aMInOglyCOSIDe antIbIOtICS

Large doses of antibiotics such as kanamycin and gentami-
cin can produce a clinical syndrome rather like botulism, 
because the release of acetylcholine from nerve endings is 
prevented. This effect may be related to calcium channel 
blockade (see Figure 9-11). Symptoms resolve rapidly as 
the responsible drug is eliminated from the body. Note that 
these antibiotics are particularly dangerous and best 
avoided in patients with preexisting disturbances of neuro-
muscular transmission such as myasthenia gravis.

▼▼ MyOpathIC DISOrDerS

MuSCular DyStrOphIeS

The muscular dystrophies are a group of inherited myo-
pathic disorders characterized by progressive muscle 
weakness and wasting. They are subdivided clinically by 
their mode of inheritance, age at onset, distribution of 
involved muscles, rate of progression, and long-term out-
look (Table 9-14). Various genes have been associated with 
the different muscular dystrophies. These skeletal muscle 
genes encode sarcolemmal (eg, sarcoglycans), cytoskeletal 
(eg, dystrophin), cytosolic, extracellular matrix, and 
nuclear membrane proteins. Abnormalities of these 

proteins may lead to a greater susceptibility to necrosis of 
muscle fibers, but the molecular mechanisms involved are 
not yet clear. Genetic heterogeneity for the same pheno-
type has led to subdivision of the main clinical disorders, 
but the basis for the different clinical phenotypes is 
unknown.

There is no specific treatment for the muscular dystro-
phies. Patients should lead as normal a life as possible. 
Deformities and contractures often can be prevented or 
ameliorated by physical therapy and orthopedic proce-
dures. Prolonged bed rest must be avoided, as inactivity 
often leads to worsening of disability.

DUCHeNNe DySTRoPHy
The most common form of muscular dystrophy, it is an 
X-linked disorder that predominantly affects males. 
Symptoms begin by age 5 years, and patients are typically 
severely disabled by adolescence, with death occurring in 
the third decade. Toe walking, waddling gait, and an inabil-
ity to run are early symptoms. Weakness is most pro-
nounced in the proximal lower extremities but also affects 
the proximal upper extremities. In attempting to rise from 
a supine to standing position, patients characteristically 
must use their arms to climb up their bodies (Gowers 
sign). Pseudohypertrophy of the calves caused by fatty 
infiltration of muscle is common. The heart is involved late 
in the course, and cognitive impairment is a frequent 
accompaniment. Serum CK levels are exceptionally high.

No definitive treatment is available, but prednisone 
0.75 mg/kg/d orally may improve muscle strength for up to 
3 years. Side effects include weight gain, cushingoid 
appearance, and hirsutism; the long-term effects of predni-
sone in this disorder are uncertain. Deflazacort (0.9 mg/
kg/d), an analogue of prednisone, is probably as effective as 
prednisone but with fewer side effects. Creatine monohy-
drate (5-10 g/d) may also be beneficial.

The genetic defect responsible for Duchenne dystrophy 
has been identified and forms the basis of a diagnostic test. 
The gene, located on the short arm of the X chromosome, 
codes for the protein dystrophin, which is absent or pro-
foundly reduced in muscle from patients with the disorder. 
The absence of dystrophin from synaptic regions of cere-
bral cortical neurons may contribute to cognitive impair-
ment. Gene therapy has not been helpful at this time.

beCKeR DySTRoPHy
This is also X-linked and is associated with a pattern of 
weakness similar to that in Duchenne dystrophy. Its aver-
age onset (11 years) and age at death (42 years) are later, 
however. Cardiac and cognitive impairment do not occur, 
and serum CK levels are less strikingly elevated than in 
Duchenne dystrophy. Dystrophin levels in muscle are nor-
mal, but the protein is qualitatively altered. It is not clear 
whether corticosteroids have any role in treatment of this 
dystrophinopathy.
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Table 9-14. The Muscular Dystrophies.

Disorder Inheritance
Onset Age 

(Years) Distribution Prognosis Serum CK Notes

Duchenne dystrophy X-linked recessive 1-5 Pelvic, then shoulder gir-
dle; later, limb and 
respiratory muscles

Rapid progression; die 
within about 15 years 
after onset

Marked 
increase

Pseudohypertrophy of muscles may occur at 
some stage; cardiac involvement, skeletal 
deformities, and muscle contractures occur; 
cognitive impairment is common

Becker dystrophy X-linked recessive 5-25 Pelvic, then shoulder  
girdle

Slow progression; may 
have normal life span

Increase Usually no cardiac involvement, skeletal  
deformities, or contractures

Limb-girdle (Erb) 
dystrophy

Autosomal 
 recessive or 
dominant, or 
sporadic

10-30 Pelvic or shoulder girdle 
initially, with later 
spread to other muscles

Variable severity and 
rate of progression; 
may cause severe dis-
ability in middle life

Mild increase Variable clinical expression; hypertrophy of 
calves may occur; normal intellectual 
 function; cardiac involvement is rare; many 
subtypes have been described

Facioscapulohumeral 
dystrophy

Autosomal 
 dominant

Any age Face and shoulder girdle 
initially; later, pelvic  
girdle and legs

Slow progression; minor 
disability; usually 
 normal life span

Often normal Aborted or mild cases are common; muscle 
hypertrophy, contractures, and deformities 
are rare

Emery-Dreifuss 
 dystrophy

X-linked recessive 
or autosomal 
dominant or 
recessive

5-10 Humeroperoneal or 
scapuloperoneal

Variable Increase Variable expression; contractures, skeletal 
 deformities, cardiomyopathy, cardiac 
 conduction defects are common; no 
 pseudohypertrophy

Distal myopathy Autosomal 
 dominant or 
recessive

40-60 Onset distally in 
 extremities; proximal 
involvement later

Slow progression Often normal

Ocular dystrophy Autosomal domi-
nant (may be 
recessive or 
sporadic)

Any age  
(usually 5-30)

Extraocular muscles. Mild 
weakness of face, neck, 
and arms may occur

Not known Often normal

Oculopharyngeal 
dystrophy

Autosomal  
dominant

Any age As in the ocular form, but 
with dysphagia

Not known Often normal

Paraspinal dystrophy Unknown ≥40 Paraspinal muscles Variable progression Mild increase Leads to back pain and marked kyphosis

Congenital 
 myopathy

Autosomal 
 recessive or 
 dominant

Infancy or 
 childhood

Proximal limb muscles; 
extraocular muscles in 
some forms

Slow progression Normal Includes nemaline, central core, myotubular, 
centronuclear, and mitochondrial myopa-
thies; may be diagnosed by muscle biopsy

Myotonic dystrophy Autosomal 
 dominant

Any age (usually 
20-40)

Facial and sternomastoid 
muscles and distal 
muscles in the 
 extremities

Variable severity and 
progression

Normal or mild 
increase

Associated features include myotonia, cataracts, 
gonadal atrophy, endocrinopathies, cardiac 
abnormalities, intellectual changes; asymp-
tomatic carriers of the gene may sometimes 
be detected by clinical examination, slit lamp 
examination for lenticular abnormalities, or 
electromyography
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LiMb-GiRDLe DySTRoPHy
Previously a catchall designation that probably subsumed a 
variety of disorders, including undiagnosed cases of other 
dystrophies, it is (in classic form) inherited in autosomal 
recessive fashion, although autosomal dominant and 
 sporadic forms also exist. Patients with different genetic 
mutations may be clinically indistinguishable, and patients 
with the same mutation may show marked phenotypic 
variation, even within the same family. The disorder begins 
clinically between late childhood and early adulthood. In 
contrast to Duchenne and Becker dystrophies, the shoul-
der and pelvic girdle muscles are affected to a more nearly 
equal extent. Pseudohypertrophy is not seen, and serum 
CK levels are less elevated.

fACioSCAPULoHUMeRAL DySTRoPHy
This is an autosomal dominant disorder that usually has its 
onset in adolescence and is compatible with a normal life 
span. The genetic defect involves contraction of repeated 
DNA sequences on chromosome 4, together with single-
nucleotide polymorphisms that create a polyadenylation 
site for a homeobox gene, DUX4. Contraction produces a 
more open chromatin structure, promoting transcription 
of DUX4, whereas polyadenylation enhances stability of 
the DUX4 transcript. As a result, levels of the transcript are 
increased, consistent with a toxic gain of protein function. 
The clinical severity of this condition is highly variable. 
Weakness is typically confined to the face, neck, and shoul-
der girdle, but foot drop can occur. Winged scapulae are 
common. The heart is not involved, and serum CK levels 
are normal or only slightly elevated.

eMeRy-DReifUSS MUSCULAR 
DySTRoPHy
This disorder occurs in X-linked recessive, autosomal 
dominant, and autosomal recessive forms. A variety of dif-
ferent genes are involved. Clinical onset in childhood is 
followed by slow progression, with development of con-
tractures, weakness and wasting (particularly of triceps 
and biceps in the arms, and of peronei and tibialis anterior 
in the legs, with later spread to the girdle muscles), cardiac 
conduction abnormalities, and cardiomyopathy. The 
serum CK is usually mildly increased. Cardiac function 
should be monitored and a pacemaker inserted if neces-
sary. Physical therapy is important to maintain mobility.

DiSTAL MyoPATHy
The autosomal dominant variety typically presents after 
age 40 years, although onset may be earlier and symptoms 
more severe in homozygotes. Small muscles of the hands 
and feet, wrist extensors, and the dorsiflexors of the foot 
are affected. The precise pattern of involvement varies in 
the different subtypes of the disorder. The course is slowly 
progressive. Distal myopathies with autosomal recessive 

inheritance or occurring sporadically present with pro-
gressive leg weakness in adolescents or young adults. Late-
onset variants also occur; in one, there is selective 
involvement of the posterior calves.

oCULAR DySTRoPHy
This is typically an autosomal dominant disorder, although 
recessive and sporadic cases also occur . Some cases are 
associated with deletions in mitochondrial DNA. Onset is 
usually before age 30 years. Ptosis is the earliest manifesta-
tion, but progressive external ophthalmoplegia subse-
quently develops; facial weakness is also common, and 
subclinical involvement of limb muscles may occur. The 
course is slowly progressive. The extent to which ocular 
dystrophy is distinct from oculopharyngeal dystrophy is 
unclear in many cases.

oCULoPHARyNGeAL DySTRoPHy
An autosomal dominant disorder related to mutations in 
the PABPN1 gene, this is found with increased frequency 
in certain geographic areas, including Quebec and the 
southwestern United States. It most often begins in the 
third to fifth decade. Findings include ptosis, total external 
ophthalmoplegia, dysphagia, facial weakness, and often 
proximal limb weakness. Serum CK is normal or mildly 
elevated. Dysphagia is particularly incapacitating and may 
require nasogastric feeding or gastrostomy.

PARASPiNAL DySTRoPHy
Progressive paraspinal weakness may develop after the age 
of 40 years in patients of either sex, some of whom may 
have a family history of the disorder. Back pain and a 
marked kyphosis (bent spine syndrome or camptocor-
mia) are characteristic . The serum CK is mildly elevated. 
CT scans show fatty replacement of paraspinal muscles.

Chelly J, Desguerre I. Progressive muscular dystrophies. Handb 
Clin Neurol. 2013;113:1343-1366.

Mercuri E, Muntoni F. Muscular dystrophies. Lancet. 2013;381: 
845-860.

Wicklund MP. The muscular dystrophies. Continuum (Minneap 
Minn). 2013;19:1535-1570.

COngenItal MyOpathIeS

The congenital myopathies are a heterogeneous group of 
rare and relatively nonprogressive disorders that usually 
begin in infancy or childhood but may not become clini-
cally apparent until adulthood. Most are characterized by 
predominantly proximal muscle weakness, hypotonia, 
hyporeflexia, and normal serum CK; many are inherited.

Congenital myopathies are classified according to ultra-
structural histopathologic features and are diagnosed by 
muscle biopsy. They include nemaline myopathy, 
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characterized by rod-shaped bodies in muscle fibers, 
which are also seen in some patients with AIDS-related 
myopathy (see later); central core disease, which may be 
associated with malignant hyperthermia as a complication 
of general anesthesia; myotubular or centronuclear 
myopathy; and mitochondrial myopathies, such as 
Kearns-Sayre-Daroff syndrome, a cause of progressive 
external ophthalmoplegia (see Chapter 7, Neuro-
Ophthalmic Disorders). No treatment is available for any 
of these disorders.

MItOChOnDrIal MyOpathIeS

The mitochondrial myopathies are a clinically heteroge-
neous group of disorders caused by defective oxidative 
phosphorylation and accompanied by structural mitochon-
drial abnormalities on skeletal muscle biopsy. Their mor-
phologic signature is the “ragged red fiber” seen with the 
modified Gomori stain, containing accumulations of abnor-
mal mitochondria (Figure 9-12). Since the first reported 
pathogenic mutation of human mitochondrial DNA in the 
1980s, a large number of other mutations have been 
described, including point mutations and large-scale 
deletions.

Patients may present with Kearns-Sayre-Daroff 
 syndrome (progressive external ophthalmoplegia, pig-
mentary degeneration of the retina, and cardiomyopathy) 
or with limb weakness that is exacerbated or induced by 
activity. In other patients, the symptoms and signs are of 
central neurologic dysfunction and may include myo-
clonic epilepsy (myoclonic epilepsy, ragged red fiber syn-
drome [MERRF]) or the combination of mitochondrial 
myopathy, encephalopathy, lactic acidosis, and strokelike 
episodes (MELAS). These various syndromes are caused 
by separate abnormalities of mitochondrial DNA. 
Investigations may include muscle biopsy, measurement 

▲▲ figure 9-12. Ragged-red muscle fibers seen on tri-
chrome stain of muscle biopsy obtained in a 65-year-
old woman with a mitochondrial myopathy. (Used with 
permission from A. Hiniker.)

of serum and CSF lactate, and imaging studies. Treatment 
is generally supportive.

Mitochondrial DNA depends for its proper function on 
various factors encoded by nuclear DNA. Mutations in 
nuclear genes may thus affect mitochondrial function. This 
is exemplified by mutations in the gene for thymidine phos-
phorylate, which lead to an autosomal recessive disorder 
called mitochondrial neurogastrointestinal encephalomy-
opathy (MNGIE), manifest by gastrointestinal dysmotility 
and skeletal muscle abnormalities.

Sharp LJ, Haller RG. Metabolic and mitochondrial myopathies. 
Neurol Clin. 2014;32:777-799.

MyOtOnIC DISOrDerS

In myotonia, an abnormality of the muscle fiber mem-
brane (sarcolemma) causes marked delay before the 
affected muscles can relax after a contraction; this leads to 
apparent muscle stiffness. On examination, it is frequently 
possible to demonstrate myotonia by difficulty in relaxing 
the hand after sustained grip or by persistent contraction 
after percussion of the belly of a muscle such as in the the-
nar eminence. Electromyography of affected muscles may 
reveal characteristic high-frequency discharges of poten-
tials that wax and wane in amplitude and frequency, pro-
ducing over the EMG loudspeaker a sound like that of a 
dive bomber or chain saw.

MyoToNiC DySTRoPHieS

`` Myotonic Dystrophy Type 1
Myotonic dystrophy type 1 (DM1) is a dominantly 
inherited disorder that usually is manifest in the third or 
fourth decade, although it may appear in infancy or 
early childhood. The gene defect is an expanded trinu-
cleotide (CTG) repeat in an untranslated region of the 
gene coding for dystrophia myotonica protein kinase 
(DMPK) on chromosome 19. This expanded trinucleo-
tide repeat forms the basis of a diagnostic test; repeat 
lengths greater than 34 repeats are abnormal. Prenatal 
testing during at-risk pregnancies can be performed. 
Myotonia accompanies weakness and wasting of the facial, 
sternomastoid, and distal limb muscles (Figure 9-13). 
There may also be cataracts, frontal baldness, testicular 
atrophy, diabetes mellitus, cardiac abnormalities, respi-
ratory disturbances, sleep apnea/hypopnea, intellectual 
and behavioral changes, hypogammaglobulinemia, and 
sudden death. A severe electrocardiographic abnormal-
ity and the presence of atrial tachyarrhythmia predict 
sudden death.

A congenital form also occurs in the infants of affected 
mothers and is characterized by floppiness, facial 
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weakness, poor suck, and respiratory failure that may lead 
to death in the neonatal period. Before birth, polyhydram-
nios and reduced fetal movement may be noted.

`` Myotonic Dystrophy Type 2
Patients with myotonic dystrophy type 2 (DM2), some-
times designated proximal myotonic myopathy, have 
myotonia, cataracts, primarily proximal weakness (neck 
and finger flexors, followed by hip flexors and extensors, 
and elbow extensors), and a less severe course than those 
with DM1. The disorder is dominantly inherited and 
results from an expanded CCTG repeat in a noncoding 
(intronic) region of the gene for zinc finger protein-9 
(ZNF9) on chromosome 3. Onset is commonly in young 
adults. A congenital form does not occur. A variant with 
more severe muscle involvement and hearing loss has been 
described.

`` Diagnosis
Diagnosis is generally based on clinical suspicion and con-
firmed by genetic testing. EMG shows myopathic changes 
and myotonic discharges. Serum levels of muscle enzymes 
may be elevated. Muscle biopsy is usually unnecessary. 
ECG permits cardiac conduction defects to be identified 
and monitored.

▲▲ figure 9-13. Photograph of a 37-year-old man with 
myotonic dystrophy, showing frontal baldness, bilateral 
ptosis, and wasting of the temporalis, facial, and sterno-
cleidomastoid muscles. (Used with permission from R. 
Griggs.)

`` Treatment
Management includes the use of assistive devices as needed 
for weakness and the management of complications such 
as cataracts or cardiac arrhythmias. If necessary, myotonia 
can be treated with phenytoin (100 mg three times daily). 
Other drugs that may help myotonia, such as procain-
amide 0.5 to 1 g four times daily or mexiletine 150 to  
200 mg three times daily may have undesirable effects on 
cardiac conduction. There is no treatment for the weakness 
that occurs, and pharmacologic maneuvers do not 
 influence the natural history.

Thornton CA. Myotonic dystrophy. Neurol Clin. 2014;32: 
705-719.

NoNDySTRoPHiC MyoToNiAS
The nondystrophic myotonias are caused by dysfunction 
of certain skeletal muscle ion channels. They include myo-
tonia congenita, paramyotonia congenita, and the sodium-
channel myotonias. These disorders are manifest primarily 
by muscle stiffness resulting from myotonia but—depend-
ing on the disorder—pain, weakness, and fatigue may also 
be conspicuous.

`` Myotonia Congenita
Myotonia congenita is usually inherited as a dominant 
disorder (Thomsen disease) that relates to a mutation in 
the CLCN1 skeletal muscle chloride channel gene. Many 
different mutations have been identified. Generalized 
myotonia without weakness is usually present from birth, 
but symptoms may not develop until early childhood. 
Muscle stiffness is enhanced by cold and inactivity and 
relieved by exercise. Muscle hypertrophy, sometimes pro-
nounced, is also a feature. A recessive form with later onset 
(Becker disease, not to be confused with Becker muscular 
dystrophy) is associated with slight weakness—especially 
on initiating a movement—and with atrophy of distal 
muscles. It is also due to a CLCN1 mutation. Drugs acting 
specifically on the CLCN1 channel are not available, but 
treatment with mexiletine or phenytoin may help the 
myotonia.

`` Paramyotonia Congenita and   
Sodium-Channel Myotonias

These are allelic, autosomal dominant disorders caused by 
point mutations in the skeletal muscle voltage-gated 
sodium channel gene, SCN4A.

Paramyotonia is characterized by episodic muscle 
cramps and weakness that is exacerbated markedly by cold 
and exercise and becomes symptomatic in childhood. The 
facial, tongue, and hand muscles are most affected, and the 
lower limbs much less so. The myotonia can last up to 
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several minutes, but weakness may persist for hours and 
even days. Muscle hypertrophy is sometimes present.

Patients with sodium-channel myotonias are typically 
not sensitive to cold (although this occurs in some cases), 
but their myotonia is worsened with potassium ingestion. 
Weakness does not occur. The myotonia tends to occur 
about 10 or more minutes after the onset of exercise and is 
improved with acetazolamide treatment. In some cases, 
myotonia is severe and may impair respiration.

`` Diagnosis
Various electrophysiologic test protocols can aid diagnosis. 
Sarcolemmal excitability is measured indirectly by changes 
in size of the compound muscle action potential after vary-
ing periods of exercise, and the effect of muscle cooling is 
noted. Distinct patterns have been recognized and have 
been used to direct genetic testing.

`` Treatment
There is insufficient evidence to make treatment recom-
mendations for these disorders, but sodium-channel block-
ers to reduce the excitability of cell membranes may be of 
some benefit. Mexiletine is often favored, but it may cause 
cardiac arrhythmias or gastrointestinal disturbances, and is 
sometimes ineffective.

Matthews E, Fialho D, Tan SV, et al; CINCH Investigators. The 
non-dystrophic myotonias: molecular pathogenesis, diagno-
sis and treatment. Brain. 2010;133:9-22.

Table 9-15. The Inflammatory Myopathies.

Polymyositis Dermatomyositis Inclusion Body Myositis

Sex Females > males Females > males Males > females

Age Usually adults Any age Usually after age 50 years

Onset Acute or insidious Acute or insidious Insidious

Distribution of weakness Proximal > distal Proximal > distal Selective (see text)

Course Often rapid Often rapid Gradual

Serum creatine kinase Often very high Often very high Normal or mild increase (< 12-fold)

EMG Myopathic ± neurogenic Myopathic ± neurogenic Myopathic ± neurogenic

Response to treatment Good Good Poor

Skin changes No Yes No

Increased incidence of 
 cancer

No Yes No

Biopsy Intrafascicular inflammatory 
infiltrates with CD8+ T cells

Perifascicular and often 
perivascular inflamma-
tory infiltrates, composed 
of B cells and CD4+ T cells

Endomysial inflammation with infil-
trates of CD8+ T cells; intracellular 
inclusions, rimmed vacuoles

InflaMMatOry MyOpathIeS

Muscle biopsy is important in confirming the diagnosis of 
an inflammatory myopathy and facilitating recognition of 
unusual varieties such as eosinophilic, granulomatous, and 
parasitic myositis.

TRiCHiNoSiS, ToxoPLASMoSiS,  
& SARCoiDoSiS
These disorders may lead to an inflammatory disorder of 
muscle, but this is uncommon. Treatment is of the under-
lying cause.

PoLyMyoSiTiS & DeRMAToMyoSiTiS

`` Pathogenesis
Polymyositis and dermatomyositis are immune-mediated 
inflammatory myopathies characterized by destruction of 
muscle fibers and inflammatory infiltration of muscles 
(Table 9-15). There are immunologic and histopathologic 
differences between the two disorders. Dermatomyositis is 
a microangiopathy affecting skin and muscle: lysis of endo-
mysial capillaries is caused by activation and deposition of 
complement, leading to muscle ischemia. Inflammatory 
infiltrates occur especially in the perimysial region and 
include CD4+ cells. In polymyositis, muscle fibers express-
ing major histocompatibility complex (MHC) class I anti-
gens are invaded by clonally expanded CD8+ cytotoxic  
T cells, leading to necrosis. Infiltrates are predominantly 
intrafascicular.
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`` Clinical findings
Polymyositis can occur at any age; it progresses at a vari-
able rate and leads to symmetric weakness, wasting, and 
myalgia, especially of the proximal limb and girdle 
muscles.

Dermatomyositis is also characterized by muscle 
weakness but is distinguished clinically by the presence 
of an erythematous rash over the eyelids, about the eyes 
(heliotrope rash), or on the extensor surfaces of the 
joints (Gottron sign or papules). Other cutaneous mani-
festations also occur, including periungual lesions, calci-
nosis, photodistributed poikiloderma, and scalp lesions 
resembling psoriasis. The skin lesions may precede or 
accompany muscle involvement. Polymyositis/dermato-
myositis may be manifest also by interstitial pulmonary 
disease, dysphagia, Raynaud phenomenon, arthralgia, 
malaise, weight loss, and a low-grade fever. It has been 
reported in association with various autoimmune disor-
ders, including scleroderma, lupus erythematosus, rheu-
matoid arthritis, and Sjögren syndrome. In addition, 
approximately 25% of patients with adult-onset dermato-
myositis have an associated malignancy (most often 
ovarian, lung, gastrointestinal, or nasopharyngeal carci-
noma). The association with malignancy is less in 
polymyositis.

`` Diagnosis
The serum CK is generally elevated in patients with poly-
myositis or dermatomyositis, sometimes to very high lev-
els, but normal values do not exclude the diagnosis. 
Antinuclear antibodies are present in up to 80% of patients, 
and antibodies to aminoacyl-transfer ribonucleic acid 
(tRNA) synthetase enzymes in about 30% of patients. 
Electromyography reveals a myopathic process (in about 
90% cases) but not its cause. An abundance of short, low-
amplitude, polyphasic motor unit potentials is found, as in 
any myopathic process, but abnormal spontaneous activity 
is often conspicuous as well. Muscle biopsy usually shows 
muscle fiber necrosis and infiltration with inflammatory 
cells and is important for accurate diagnosis. Additional 
studies are performed to exclude malignancy depending 
on the individual circumstances.

`` Treatment
Treatment is with anti-inflammatory drugs. Prednisone is 
commonly used in an initial dose of 60 or 80 mg/d, along 
with potassium supplements and frequent antacids if nec-
essary. As improvement occurs and serum CK values 
decline, the prednisone dose is gradually tapered to main-
tenance levels that usually range between 10 and 20 mg/d. 
Patients may need to continue this regimen for 2 to 3 years, 
however; too rapid a reduction in dose may lead to relapse. 
Improvements in strength indicate clinical response more 
reliably than serum muscle enzyme levels.

Corticosteroid-sparing agents may be introduced at the 
start of treatment or later. Methotrexate (15 mg/wk, 
increased after 3 months to 25 mg/wk, if necessary) and 
azathioprine (50 mg/d, increasing gradually to up to 2.5 
mg/kg daily depending on response and tolerance) have 
been used, either alone or in combination with corticoste-
roids; they are particularly useful in corticosteroid- resistant 
patients. As remission occurs, glucocorticoids are usually 
stopped before azathioprine or methotrexate are with-
drawn gradually over about 6 months.

Newer immunosuppressants, such as mycophenolate 
mofetil, have been used in refractory cases, but experience 
is limited. Intravenous immunoglobulin therapy can also 
be used in refractory cases of dermatomyositis, but its util-
ity in polymyositis is less clear.

Physical therapy may help to prevent contractures, and, 
as the patient responds to anti-inflammatory drugs, active 
exercise may hasten recovery.

iNCLUSioN-boDy MyoSiTiS

`` epidemiology
This disorder is more common in men than women and 
has an insidious onset, usually after 50 years of age. Its 
incidence is unclear, but it is being recognized with 
increasing frequency.

`` etiology
The etiology of the myositis is unknown, but accumulating 
evidence suggests a T-cell-mediated myocytotoxicity and 
probably a multifactorial genetic susceptibility to the dis-
ease. Associated disorders include various autoimmune 
disturbances, diabetes mellitus, and diffuse peripheral 
neuropathy.

`` Clinical findings
Inclusion-body myositis produces weakness of the lower 
and then the upper extremities. Weakness and atrophy of 
the quadriceps and of the forearm flexor and extensor 
muscles are characteristic. The disease is progressive and is 
associated with early depression of the knee reflexes. 
Muscle pain occurs in some patients. Distal weakness also 
develops, but is usually less severe than proximal weakness. 
Dysphagia from involvement of the cricopharyngeal mus-
cles is common.

`` Diagnosis
Serum CK levels may be normal or mildly increased. The 
EMG reveals nonspecific findings suggestive of an inflam-
matory myopathy. The diagnosis is confirmed by histo-
logic examination of biopsied muscle, showing endomysial 
inflammation, vacuolated muscle fibers, muscle fiber 
inclusions of beta-amyloid, and intranuclear and 
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 intracytoplasmic filaments by electron microscopy or with 
immunohistologic staining.

`` Differential Diagnosis
A familial disorder with onset in young adults, character-
ized by slowly progressive weakness, especially of distal 
muscles, and with histologic features resembling inclusion-
body myositis (vacuolar myopathy with inclusions) has 
been described. The family history helps to distinguish this 
hereditary inclusion-body myopathy from the sporadic 
disorder, as does the lack of inflammatory changes on his-
tologic examination. Table 9-15 summarizes the differ-
ences between inclusion-body myositis, polymyositis and 
dermatomyositis.

`` Treatment
The disorder is unresponsive to immunosuppressive or 
immunomodulatory therapies. Conflicting reports on the 
utility of intravenous globulin therapy make its role 
unclear. Patients may eventually become chair-bound and 
require help with the activities of daily life.

Dimachkie MM, Barohn RJ. Inclusion body myositis. Semin 
Neurol. 2012;32:237-245.

AiDS
Several forms of myopathy can occur in patients with 
either symptomatic or otherwise asymptomatic HIV-1 
infection (Table 9-16). These disorders can be distin-
guished by muscle biopsy.

`` Polymyositis
This most common AIDS-related myopathy may be caused 
by autoimmune mechanisms triggered by HIV-1 infection. 
It resembles polymyositis in patients without HIV-1 infec-
tion (see earlier) and may respond to treatment with 
corticosteroids.

`` inclusion-body Myositis-Like Syndrome
Patients with AIDS may also develop a myopathy resem-
bling inclusion-body myositis, apparently because the 
virus triggers an immune response similar to that occur-
ring in sporadic inclusion-body myositis; there does not 
seem to be direct infection of the muscle.

`` Muscle-wasting Syndrome
This sometimes relates to type II muscle fiber atrophy; 
malnutrition, cachexia, immobility, or remote effects of 
AIDS-related tumors may have a pathogenetic role. 
Proximal muscle weakness is the major finding, and serum 
CK is normal.

`` Rod-body (Nemaline) Myopathy
Rod-body myopathy is a noninflammatory disorder char-
acterized by rod-shaped bodies and selective loss of thick 
filaments. Clinical features include proximal muscle weak-
ness and moderate elevation of serum CK. Treatment with 
corticosteroids or plasmapheresis may be helpful.

`` vasculitic Myopathy
Vasculitic processes may involve the muscles (and nerves); 
treatment in AIDS patients usually involves antiretroviral 
and immunomodulatory agents including intravenous 
immunoglobulins and corticosteroids.

`` infective Myopathy
Opportunistic infections of muscle are well recognized and 
may present as pyomyositis; muscle toxoplasmosis may 
lead to a subacute painful myopathy. Treatment is directed 
against the offending organisms.

`` Mitochondrial Myopathy
A myopathy in which muscle biopsy specimens show the 
ragged red fibers indicative of damaged mitochondria can 
occur in patients receiving zidovudine for treatment of 
AIDS and may coexist with polymyositis. The disorder is 
characterized clinically by proximal muscle weakness, 
myalgia, and moderate to marked elevation of serum CK; 
it is thought to result from a toxic effect of zidovudine on 
muscle. Mild symptoms may be controlled with nonsteroi-
dal anti-inflammatory drugs or corticosteroids, and more 
severe involvement may respond to discontinuing zidovu-
dine. If there is no response, a muscle biopsy should be 
performed to look for other causes of myopathy.

`` Treatment-Related Myopathies
Patients with HIV-1 infection treated with combination anti-
retroviral therapy (cART) may develop a lipodystrophy; 
muscle biopsy (performed for unrelated reasons) then shows 
fatty accumulation in muscle. In the immune restoration 

Table 9-16. Myopathies Related to HIV-1 Infection or 
Its Treatment.

Polymyositis
Inclusion-body myositis
Muscle-wasting syndrome/type II muscle fiber atrophy
Rod-body (nemaline) myopathy
Vasculitic processes
Opportunistic infections of muscle
Zidovudine-induced mitochondrial myopathy
Fat accumulation (in HIV-associated lipodystrophies)
Myositis (in immune restoration inflammatory syndrome)
Acute rhabdomyolysis
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inflammatory syndrome (IRIS), HIV-1-infected patients 
receiving cART develop inflammatory responses that may 
lead to a myositis resembling polymyositis.

`` Acute Rhabdomyolysis
This sometimes occurs in patients with HIV-1 infection 
and causes myalgia, muscle weakness, and an elevated 
serum CK; it may also relate to medication or opportunis-
tic infection.

PoLyMyALGiA RHeUMATiCA
Polymyalgia rheumatica, which is more common in women 
than in men, generally occurs in patients older than 50 years 
and is best regarded as a variant of giant cell arteritis. It is 
characterized by muscle pain and stiffness, particularly 
about the neck and girdle muscles. Headache, anorexia, 
weight loss, and low-grade fever may be conjoined, and the 
erythrocyte sedimentation rate is increased. Serum enzymes, 
electromyography, and muscle biopsy are normal.

There is usually a dramatic response to treatment with 
corticosteroids in low dosage (eg, prednisone 15-20 mg/d 
orally). Treatment is monitored by clinical parameters and 
sedimentation rate and may need to be continued for  
2 years or more if serious complications are to be avoided, 
as noted for giant cell arteritis (see Chapter 6, Headaches & 
Facial Pain). Relapses may occur when the daily dose of 
prednisone is reduced to about 5 mg or less. Methotrexate 
is the most commonly used corticosteroid-sparing agent.

MetabOlIC MyOpathIeS

HyPoKALeMiA
Proximal myopathic weakness may result from chronic 
hypokalemia, and once the metabolic disturbance has 
been corrected, power usually returns to normal within a 
few weeks. Acute hypo- or hyperkalemia may also lead to 
muscle weakness that is rapidly reversed by correcting the 
metabolic disturbance.

PeRioDiC PARALySeS
The periodic paralysis syndromes, which may be familial 
(dominant inheritance), are characterized by episodes of 
flaccid weakness or paralysis with preserved ventilation that 
may be associated with abnormalities of the serum potas-
sium level. Strength is normal between attacks. They are 
channelopathies in which there is abnormal, often potas-
sium-sensitive, muscle-membrane excitability. Mutations in 
genes encoding three ion channels—CACNA1S, SCN4A, 
and KCNJ2—are responsible for most cases.

`` Hypokalemic Periodic Paralysis
In the hypokalemic form, sometimes associated with thy-
rotoxicosis, attacks tend to occur on awakening, after 

exercise, or after a heavy meal, and may last for several 
days. The disorder is due to a mutation in the gene encod-
ing the α1S subunit of the L-type (dihydropyridine-sensi-
tive) skeletal muscle calcium channel (CACNA1S). The 
clinical disorder is genetically heterogeneous and may also 
be caused by mutations in the α subunit of the type IV 
voltage-gated sodium channel (SCN4A), which is more 
typically associated with hyperkalemic periodic paralysis 
(see later).

Acetazolamide (250-750 mg daily) or oral potassium 
supplements may prevent attacks, as also may a low salt 
and low carbohydrate diet. Ongoing attacks may be 
arrested by potassium chloride given orally or even intra-
venously if the ECG can be monitored and kidney function 
is satisfactory. Excessive exertion should be avoided. If 
hyperthyroidism is associated—as is often the case, par-
ticularly in young Asian men—its treatment may prevent 
recurrences. All patients with suspected hypokalemic peri-
odic paralysis should therefore be screened for thyroid 
disease.

`` Hyperkalemic Periodic Paralysis
Attacks associated with hyperkalemia also tend to come on 
after exercise but are usually much briefer, lasting less than 
1 hour. Severe attacks may be terminated by intravenous 
calcium gluconate (1-2 g), intravenous diuretics (furose-
mide 20-40 mg), or glucose, and daily acetazolamide or 
chlorothiazide may help prevent further episodes. Many 
families with this disorder have mutations in the gene 
encoding the α subunit of the type IV voltage-gated sodium 
channel (SCN4A); several allelic mutations have been 
 recognized and account for some phenotypic variation, 
such as the presence of myotonia or paramyotonia.

`` Cardiodysrhythmic Periodic Paralysis
This disorder, also referred to as Andersen-Tawil syn-
drome, results from mutations in the gene for an inwardly 
rectifying potassium channel (KCNJ2). The disorder is 
inherited in autosomal dominant fashion and is character-
ized by periodic paralysis, ventricular arrhythmias, and 
facial or skeletal deformities. Serum potassium levels may 
be increased, decreased, or normal at the time of paralytic 
attacks, which may be triggered by rest following 
exertion.

`` Paramyotonia Congenita
This is a dominantly inherited disorder, related to muta-
tion of the SCN4A gene, discussed earlier; attacks of hyper-
kalemic periodic paralysis may also occur.

`` Normokalemic Periodic Paralysis
This disorder is similar clinically to the hyperkalemic vari-
ety, but the plasma potassium level is normal in attacks; 
treatment is with acetazolamide. It is sometimes 
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unresponsive to treatment; in severe attacks, it may be 
impossible to move the limbs, but respiration and swallow-
ing are rarely affected.

Burge JA, Hanna MG. Novel insights into the pathomechanisms 
of skeletal muscle channelopathies. Curr Neurol Neurosci Rep. 
2012;12:62-69.

oSTeoMALACiA
Proximal muscle weakness may also occur in osteomalacia, 
often with associated bone pain and tenderness, mild 
hypocalcemia, and elevated serum alkaline phosphatase. 
Strength improves after treatment with vitamin D.

enDOCrIne MyOpathIeS

Myopathy may occur in association with hyper- or hypo-
thyroidism, hyper- or hypoparathyroidism, hyper- or 
hypoadrenalism, hypopituitarism, and acromegaly. 
Treatment is that of the underlying endocrine disorder.

alCOhOlIC MyOpathIeS

ACUTe NeCRoTiziNG ALCoHoLiC 
MyoPATHy
Heavy binge drinking may result in an acute necrotizing 
myopathy that develops over 1 or 2 days. Presenting symp-
toms include muscle pain, weakness, and sometimes dys-
phagia. On examination, the affected muscles are swollen, 
tender, and weak. Weakness is proximal in distribution and 
may be asymmetric or focal. Serum CK is moderately to 
severely elevated, and myoglobinuria may occur. As hypo-
kalemia and hypophosphatemia can produce a similar 
syndrome in alcoholic patients, serum potassium and phos-
phorus concentrations should be determined. With absti-
nence from alcohol and a nutritionally adequate diet, 
recovery can be expected over a period of weeks to months.

CHRoNiC ALCoHoLiC MyoPATHy
Chronic myopathy characterized by proximal weakness of 
the lower limbs may develop insidiously over weeks to 
months in alcoholic patients. Muscle pain is not a promi-
nent feature. Cessation of drinking and an improved diet 
are associated with clinical improvement over several 
months in most cases.

Drug-InDuCeD MyOpathIeS

Myopathy can occur with administration of medications 
such as corticosteroids, chloroquine, clofibrate, emetine, 
ε-aminocaproic acid, certain β-blockers, bretylium tosyl-
ate, colchicine, statins (HMG-CoA reductase inhibitors), 
zidovudine, and drugs that cause potassium depletion. 

Common variants in the gene for a solute carrier organic 
anion transporter (SLCO1B1) are strongly associated with 
an increased risk of statin-induced myopathy. Symptoms 
of drug-induced myopathy vary from an asymptomatic 
increase in serum CK levels to acute rhabdomyolysis, 
depending on the causal agent and the individual patient. 
Necrotizing myopathies are due mainly to lipid-lowering 
drugs, and mitochondrial myopathies to antiretroviral 
nucleoside analogues. Corticosteroid myopathy is particu-
larly common. Drug-induced myopathies are usually 
reversible if the causal agent is discontinued.

CrItICal IllneSS MyOpathy

Patients in the intensive care unit may develop weakness 
both proximally and distally in the limbs from primary 
muscle involvement. Histopathologic examination reveals 
a diffuse non-necrotizing cachectic myopathy, a selective 
loss of thick (myosin) filaments, or an acute necrotizing 
myopathy. The myopathy may coexist with a neuropathy. 
Its cause is uncertain, but it is associated with the use of 
nondepolarizing neuromuscular blockers and corticoste-
roids. Serum CK is sometimes increased, especially if 
muscle necrosis has occurred. Electrophysiologic findings 
may be suggestive of muscle involvement and help to dis-
tinguish myopathy from neuropathy or disorders of the 
neuromuscular junction. Muscle biopsy may be definitive 
but is not always revealing. Prognosis is good except when 
muscle necrosis is conspicuous. Treatment is supportive. 
Sepsis must be treated aggressively.

Kress JP, Hall JB. ICU-acquired weakness and recovery from 
critical illness. N Engl J Med. 2014;24:370:1626-1635.

MyOglObInurIa

This can result from muscle injury or ischemia (irrespec-
tive of its cause) and leads to a urine that is dark red. The 
following causes are important:

 1.  Excessive unaccustomed exercise, leading to muscle 
necrosis (rhabdomyolysis) and thus to myoglobinuria, 
sometimes on a familial basis

 2. Crush injuries
 3. Muscle infarction
 4. Prolonged tonic-clonic convulsions
 5. Polymyositis
 6. Chronic potassium depletion
 7. An acute alcoholic binge
 8.  Certain viral infections associated with muscle weak-

ness and pain
 9. Hyperthermia
10.  Metabolic myopathies (eg, muscle glycogen phos-

phorylase deficiency [McArdle disease])
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Serum CK levels are elevated, often greatly. Myoglobin 
can be detected in the urine by the dipstick test for heme 
pigment; a positive test indicates the presence of myoglo-
bin in the urine unless red blood cells are present. In severe 
cases, myoglobinuria may lead to renal failure, and perito-
neal dialysis or hemodialysis may then be necessary. 
Otherwise, treatment consists of increasing the urine vol-
ume by hydration. The serum potassium level must be 
monitored, as it may rise rapidly.

▼▼ MOtOr-unIt hyperaCtIvIty StateS

Disorders affecting the central or peripheral nervous sys-
tem at a variety of sites can produce abnormal, increased 
activity in the motor unit (Table 9-17).

Central nervOuS SySteM DISOrDerS

STiff-PeRSoN SyNDRoMe
This is a rare, usually sporadic, and slowly progressive 
disorder manifested by tightness, stiffness, and rigidity of 
axial and proximal limb muscles with superimposed pain-
ful spasms.

`` Pathogenesis
An immune-mediated defect in central GABAergic trans-
mission has been proposed as the cause of the disorder. In 
approximately 60% of patients, the blood and cerebrospi-
nal fluid contain autoantibodies against glutamic acid 
decarboxylase (GAD), which is involved in synthesis of 

the neurotransmitter γ-aminobutyric acid (GABA), and is 
concentrated in pancreatic β-cells and GABAergic neurons 
of the central nervous system. Another 10% of patients 
have an associated neoplasm and circulating autoantibod-
ies against the synaptic vesicle-associated protein, amphi-
physin. In these patients, symptoms may improve after 
removal of the tumor. Antibodies against postsynaptic 
markers at GABAergic synapses—GABAA receptor-associ-
ated protein and gephyrin—have also been identified in 
some patients. No clinical difference has been found 
between patients with and without autoantibodies.

`` Clinical findings
Stiff-person syndrome sometimes has an autoimmune 
basis, and it may be associated with other autoimmune 
disorders such as thyroiditis, myasthenia gravis, and perni-
cious anemia. Many patients have type 1 diabetes 
mellitus.

Patients with stiff person syndrome have muscle rigid-
ity caused by sustained, involuntary contraction of agonist 
and antagonist muscles. Axial and proximal limb muscles 
are affected in particular, resulting in abnormal posture 
and gait and frequent falls. Rigidity typically disappears 
during sleep. Examination may show tight muscles, a slow 
or cautious gait, and hyperreflexia.

Painful spasms are often provoked by sudden move-
ment, startle, or emotional upset and may be accompanied 
by hyperhidrosis and increased blood pressure. Paroxysmal 
dysautonomia may be manifest also by tachypnea and even 
respiratory arrest—perhaps due to stiffness of the respira-
tory muscles—and sometimes leads to sudden death. Some 
patients also have focal or generalized seizures.

Table 9-17. Motor-Unit Hyperactivity States.

Site of Pathology Syndrome Clinical Features Treatment

Central nervous 
system

Stiff-person syndrome Rigidity, spasms Diazepam, baclofen, sodium valproate, 
 vigabatrin, gabapentin, immunosuppression

Tetanus Rigidity, spasms Diazepam

Hyperekplexia Exaggerated startle, falls, stiffness Clonazepam

Peripheral nerve Cramps Painful contraction of single muscle 
relieved by passive stretch

Phenytoin, carbamazepine, oxcarbazepine, 
baclofen; quinine if other treatments fail

Neuromyotonia Stiffness, myokymia, delayed 
 relaxation

Phenytoin, carbamazepine

Tetany Chvostek sign
 Trousseau sign
 Carpopedal spasm

Calcium, magnesium, correction of alkalosis

Hemifacial spasm Involuntary hemifacial contraction Carbamazepine, botulinum toxin, decompressive 
surgery

Muscle Myotonia Delayed relaxation, percussion 
 myotonia

Mexiletine, phenytoin, carbamazepine, 
 procainamide

Malignant hyperthermia Rigidity, fever Dantrolene
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`` Diagnosis
Electromyography reveals continuous motor-unit activity 
in the paraspinal or leg muscles that varies with the clinical 
state.

`` Differential Diagnosis
Stiff-person syndrome can be distinguished from tetanus 
(discussed later) by its more gradual onset, the absence of 
trismus (lockjaw), and its rapid response to diazepam.

`` Treatment
Treatment is with drugs that enhance GABAergic trans-
mission, such as diazepam 5 to 75 mg orally four times 
daily. Baclofen, vigabatrin, sodium valproate, and gabapen-
tin also may be helpful for relieving symptoms in some 
patients. Treatment with corticosteroids is helpful in 
refractory or severe cases, and intravenous immunoglobu-
lin therapy is sometimes effective in patients who are oth-
erwise unresponsive to treatment.

Ciccoto G, Blaya M, Kelley RE. Stiff person syndrome. Neurol 
Clin. 2013;31:319-328.

TeTANUS
Tetanus, a disorder of central inhibitory neurotransmission 
caused by a toxin produced by Clostridium tetani, is dis-
cussed earlier in this chapter.

STARTLe SyNDRoMeS
In hyperekplexia, startle reflexes to an unexpected stimulus 
are excessive; startle-induced falls may occur and relate to a 
transient generalized stiffness that follows the startle reflex 
for a few seconds. In such patients, continuous stiffness is 
present in the neonatal period, resolving with time. The 
disorder may occur on a sporadic or familial (autosomal 
dominant or recessive) basis, associated usually with muta-
tions in the α1 subunit of the glycine receptor gene (GLRA1). 
Autosomal recessive forms may also relate to mutations in a 
glycine transporter (SLC6A5) or the gene encoding the beta-
subunit of the glycine receptor (GLRB), whereas mutations 
in the postsynaptic anchoring protein gephyrin (GPHN) or 
a Rho-like GTPase (ARHGEF9) have been observed in spo-
radic cases. The abnormal startle reflex seems to originate in 
the brainstem, but a cortical basis has sometimes been sug-
gested. In some patients with a minor form of the disorder, 
excessive startle reflexes are the only abnormality; the 
genetic and pathophysiologic bases of this form are 
unknown. Patients with hereditary or sporadic hyperek-
plexia often respond favorably to clonazepam, which poten-
tiates effects of the inhibitory transmitter GABA. In 
occasional patients, hyperekplexia is symptomatic and 
relates to diffuse acquired cerebral or brainstem pathology.

Neuropsychiatric startle syndromes (eg, Jumping 
Frenchman of Maine, latah, miryachit) are also described 
and, in some instances, involve mimicking behaviors and 
cultural or familial factors.

perIpheral nerve DISOrDerS

CRAMPS
These involuntary and typically painful contractions of a 
muscle or portion of a muscle are thought to arise distally 
in the motor neuron. Palpable knot-like hardening of the 
muscle may occur. Cramps are characteristically relieved 
by passive stretching of the affected muscle. They usually 
represent a benign condition and are common at night or 
during or after exercise.

However, cramps may also be a manifestation of motor 
neuron disease or polyneuropathy, metabolic disturbances 
(pregnancy, uremia, hypothyroidism, adrenal insuffi-
ciency), or fluid or electrolyte disorders (dehydration, 
hemodialysis). If a reversible underlying cause cannot be 
found, daytime cramps may respond to treatment with 
phenytoin 300 to 400 mg/d orally or carbamazepine 200 to 
400 mg orally three times a day; other drugs sometimes 
used are baclofen and oxcarbazepine. For none of these 
medications is there convincing evidence of efficacy. 
Open-label studies suggest that levetiracetam and gaba-
pentin are occasionally helpful.

Nocturnal cramps may respond to locally applied heat 
or cold, or to a single oral bedtime dose of quinine sulfate 
(325 mg), phenytoin (100-300 mg), carbamazepine (200-
400 mg), or diazepam (5-10 mg). However, because it may 
uncommonly cause serious hematologic abnormalities 
such as hemolytic uremic syndrome–thrombotic throm-
bocytopenia purpura, disseminated intravascular coagula-
tion, and a bleeding diathesis, quinine should not be 
prescribed routinely unless the cramps are disabling and 
fail to respond to other approaches. Occasional patients 
respond to vitamin B complex or calcium-channel blockers, 
such as diltiazem or verapamil, but evidence for efficacy is 
limited or anecdotal.

Katzberg HD, Khan AH, So YT. Symptomatic treatment for 
muscle cramps (an evidence-based review). Report of the 
Therapeutics and Technology Assessment Subcommittee of 
the American Academy of Neurology. Neurology. 
2010;74:691-696.

NeURoMyoToNiA
Neuromyotonia (Isaacs syndrome) is a rare, sporadic dis-
order that produces continuous muscle stiffness, rippling 
muscle movements (myokymia), and delayed relaxation 
after muscle contraction. Some cases have an autosomal 
dominant mode of inheritance; in others, the neuromyoto-
nia occurs as a paraneoplastic disorder, or in association 
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with other autoimmune diseases or with hereditary motor 
and sensory neuropathies. It may also follow irradiation of 
the nervous system. In acquired neuromyotonia, antibod-
ies against voltage-gated potassium channels are often 
found in the serum and CSF. Symptoms may be controlled 
with phenytoin 300 to 400 mg/d orally or carbamazepine 
200 to 400 mg orally three times a day.

TeTANy
Tetany—not to be confused with tetanus (see earlier)—is a 
hyperexcitable state of peripheral nerves usually associated 
with hypocalcemia, hypomagnesemia, or alkalosis. Signs of 
tetany (Chvostek sign, Trousseau sign, carpopedal spasm) 
are described in the section on hypocalcemia in Chapter 4, 
Confusional States. Treatment is by correction of the 
underlying electrolyte disorder.

HeMifACiAL SPASM
Hemifacial spasm is characterized by repetitive, involuntary 
contractions of some or all of the muscles supplied by one 
facial (VII) nerve. Symptoms often commence in the orbi-
cularis oculi and then spread to the cheek and levator anguli 
oris muscles. The contractions initially are brief but become 
more sustained as the disorder progresses; they may be 
provoked by blinking or voluntary activity. Slight facial 
weakness may also be found on examination. The disorder 
commonly relates to the presence of an anomalous blood 
vessel compressing the intracranial facial nerve, but MRI 
should be performed to exclude other structural lesions. 
The involuntary movements have been attributed to ephap-
tic transmission and ectopic excitation of demyelinated 
fibers in the compressed segment, to altered excitability of 
the facial nerve nucleus in the brainstem, or to both mecha-
nisms. Treatment with carbamazepine or phenytoin is 

sometimes helpful, and injection of botulinum toxin into 
the affected muscles suppresses the contractions temporar-
ily. Microvascular decompressive procedures are often 
curative.

Yaltho TC, Jankovic J. The many faces of hemifacial spasm: dif-
ferential diagnosis of unilateral facial spasms. Mov Disord. 
2011;26:1582-1592.

MuSCle DISOrDerS

MyoToNiA
Disorders that produce myotonia are discussed earlier.

MALiGNANT HyPeRTHeRMiA
Susceptibility to this disorder, which is often inherited in 
autosomal dominant fashion, may result from a mutation in 
the ryanodine receptor gene (RYR1) or less commonly in 
the α1S subunit of the L-type (dihydropyridine-sensitive) 
skeletal muscle calcium channel (CACNA1S) or unidenti-
fied genes at other sites. The clinical abnormality is thought 
to result from abnormal excitation-contraction coupling in 
skeletal muscle. Symptoms are usually precipitated by 
administration of neuromuscular blocking agents (eg, suc-
cinylcholine) or inhalational anesthetics. Clinical features 
include rigidity, hyperthermia, metabolic acidosis, and 
myoglobinuria. Mortality rates as high as 70% have been 
reported. The disorder must be distinguished from neuro-
leptic malignant syndrome (Table 9-18 and Chapter 11, 
Movement Disorders), which is manifested by rigidity, 
fever, altered mental status, and autonomic dysfunction.

Treatment includes prompt cessation of anesthesia, 
administration of the excitation-contraction uncoupler 

Table 9-18. Distinction Between Neuroleptic Malignant Syndrome, Malignant Hyperthermia, and Heat Stroke.

Neuroleptic Malignant Syndrome Malignant Hyperthermia Heat Stroke

Hyperthermia + + +

Muscle rigidity + + Rare

Sweating + + Rare

Genetic predisposition − +1 −

Precipitant Neuroleptics Halothane, succinylcholine Heat exposure, exercise

Onset Hours–days Minutes–hours Minutes–hours

Treatment Dantrolene, dopamine agonists Dantrolene Rapid external cooling

1MHS1 mutation associated with the RYR1 gene, chromosome 19, is most common.
Tachycardia, coagulopathy, acidosis, myoglobinuria, and altered mental status may occur in all of these three conditions and therefore are 
not reliable distinguishing features.
Used with permission from Lazarus A, Mann SC, Caroff SN. The Neuroleptic Malignant Syndrome and Related Conditions (Copyright ©1989). 
American Psychiatric Association. All Rights Reserved.
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dantrolene (1-2 mg/kg intravenously every 5-10 minutes 
as needed, to a maximum dose of 10 mg/kg), reduction 
of body temperature, and correction of acidosis with 
intravenous bicarbonate. Patients who require surgery 
and are known or suspected to have malignant hyper-
thermia should be pretreated with dantrolene (four 
1-mg/kg oral doses) on the day before surgery. 
Preoperative administration of atropine (which can also 
cause hyperthermia) should be avoided, and the anes-
thetics used should be restricted to those known to be 
safe in this condition (nitrous oxide, opiates, barbitu-
rates, droperidol).

▼▼ general referenCeS

Aminoff MJ, Josephson SA, eds. Aminoff ’s Neurology and  
General Medicine. 5th ed. San Diego, Elsevier; 2014.

Argov Z, Latronico N. Neuromuscular complications in inten-
sive care patients. Handb Clin Neurol. 2014;121:1673-1685.

Ross MA. Intravenous immunoglobulin therapy for neuromus-
cular disorders. Semin Neurol. 2007;27:340-346.

Sax TW, Rosenbaum RB. Neuromuscular disorders in preg-
nancy. Muscle Nerve. 2006;34:559-571.
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▼▼ APPROACH TO DIAGNOSIS

In order to interpret the history and clinical signs of patients 
with disorders of somatic sensation, the functional anatomy 
of the sensory components of the nervous system must be 
understood. As used here, somatic sensation refers to the 
sensations of touch or pressure, vibration, joint position, 
pain, and temperature, and to more complex functions that 
rely on these primary sensory modalities (eg, two-point 
discrimination, stereognosis, graphesthesia); it excludes 
special senses such as smell, vision, taste, and hearing.

FUNCTIONAL ANATOMY OF THE SOMATIC
SENSORY PATHWAYS

The sensory pathway between peripheral tissues (eg, skin 
or joints) and the cerebral cortex involves three neurons 
and two central synapses (Figure 10-1).

First-order sensory neurons from the limbs and trunk 
have cell bodies in the dorsal root ganglia. Each of these 
neurons sends a peripheral process that terminates in a free 
nerve ending or encapsulated sensory receptor and a central 
process that enters the spinal cord. Sensory receptors are 
relatively specialized for particular sensations and, in addi-
tion to free nerve endings (pain, itch), include Meissner 

corpuscles, Merkel corpuscles, and hair cells (touch); Krause 
end-bulbs (cold); and Ruffini corpuscles (heat). First-order 
sensory neurons synapse centrally at a site that depends on 
the type of sensation. Fibers mediating touch, pressure, or 
postural sensation in the limbs and trunk ascend in the 
posterior columns of the spinal cord to the medulla, where 
they synapse in the gracile and cuneate nuclei. Other fibers 
that mediate touch and those subserving pain, temperature, 
and itch appreciation in the limbs and trunk synapse on 
neurons in the posterior horns of the spinal cord, particu-
larly in the substantia gelatinosa. First-order sensory neu-
rons from the face, which have cell bodies in the trigeminal 
(gasserian) ganglion, travel in the trigeminal (V) nerve and 
enter the pons. Fibers mediating facial touch and pressure 
synapse in the main trigeminal (V) nerve sensory nucleus, 
whereas those conveying facial pain and temperature syn-
apse in the spinal trigeminal (V) nerve nucleus.

Second-order sensory neurons with cell bodies in the 
gracile and cuneate nuclei cross the midline and ascend in 
the medial lemniscus. Second-order sensory neurons that 
arise in the posterior horns of the spinal cord cross the 
midline and ascend in the anterolateral part of the cord: 
fibers mediating touch pass upward in the anterior spino-
thalamic tract, whereas pain, itch, and temperature fibers 
generally travel in the lateral spinothalamic tract. 
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Second-order sensory neurons from the limbs and trunk 
are joined in the brainstem by fibers from the face: those 
that mediate facial touch and pressure sensation project 
from the main trigeminal (V) nerve sensory nucleus via 
the trigeminal lemniscus, and those that convey facial 
pain, itch, and temperature project from the spinal tri-
geminal (V) nerve nucleus via the trigeminothalamic 
tract, to the ipsilateral thalamus. In the thalamus, medial 
lemniscal and spinothalamic fibers synapse in the ventral 
posterolateral (VPL) nucleus; spinothalamic fibers also 
synapse in the ventral posteroinferior (VPI) nucleus and 
intralaminar (ILa) nuclei; and fibers in the trigeminal 

Dorsal root
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Gracile and
cuneate fasciculi
(posterior columns)

Touch,
pressure,
vibration,
joint position

Touch,
pressure

Pain,
temperature

Sensory nerve

Midline
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Thalamus
(specific sensory
relay nuclei)

Primary
sensory
cortex

Thalamic
radiation

Medial
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spinothalamic
tract

▲▲ Figure 10-1. Sensory pathways conveying touch, 
pressure, vibration, joint position, pain, and tempera-
ture sensation. (Used with permission from Barrett KE, 
Barman SM, Boitano S, Brooks H. Ganong’s Review of 
Medical Physiology. 23rd ed. New York, NY: McGraw-Hill; 
2010.)

lemniscus and trigeminothalamic tract synapse in the ven-
tral posteromedial (VPM) nucleus. In addition, some 
second-order spinothalamic sensory neurons send collat-
erals to the reticular formation.

Third-order sensory neurons project from the thal-
amus to ipsilateral cerebral cortex. Fibers from VPL, 
VPI, and VPM travel primarily to primary somatosen-
sory cortex in the postcentral gyrus; fibers from ILa 
also project to striatum, cingulate gyrus, and prefrontal 
cortex.

HISTORY

Sensory disturbances may consist of loss of sensation, 
abnormal sensations, or pain. The term paresthesia 
denotes abnormal spontaneous sensations, such as burn-
ing, tingling, or pins and needles, whereas dysesthesia 
denotes any unpleasant sensation produced by a stimulus 
that is normally painless. The term numbness is often used 
by patients to describe a sense of heaviness, weakness, or 
deadness in part of the body—and sometimes to signify 
any sensory impairment; the meaning must be clarified 
whenever this word is used.

It is important to determine the location of sensory 
symptoms; their mode of onset and progression; whether 
they are constant or episodic in nature; whether any factors 
specifically produce, enhance, or relieve them; and whether 
there are any accompanying symptoms.

The location of symptoms may reflect their origin. 
For example, sensory disturbances involving all the limbs 
suggest peripheral neuropathy, a cervical cord or brain-
stem lesion, or a metabolic disturbance such as hyperven-
tilation syndrome. Involvement of one entire limb, or of 
one side of the body, suggests a central (brain or spinal 
cord) lesion. A hemispheric or brainstem lesion may 
cause lateralized sensory symptoms, but the face is also 
commonly affected. In addition, there may be other 
symptoms and signs, such as aphasia, apraxia, and visual 
field defects with hemispheric disease, or dysarthria, 
weakness, vertigo, diplopia, disequilibrium, and ataxia 
with brainstem disorders. Involvement of part of a limb 
or a discrete region of the trunk raises the possibility of a 
nerve or root lesion, depending on the precise distribu-
tion. With a root lesion, symptoms may show some rela-
tionship to neck or back movements, and pain is often 
conspicuous.

The course of sensory complaints provides a guide to 
their cause. Intermittent or repetitive transient symptoms 
may represent sensory seizures, ischemic phenomena, or 
metabolic disturbances such as those accompanying 
hyperventilation. Intermittent localized symptoms that 
occur at a consistent time may suggest the diagnosis or an 
exogenous precipitating factor. For example, the pain and 
paresthesias of carpal tunnel syndrome (median nerve 
compression at the wrist) characteristically occur at night 
and awaken the patient from sleep.
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SENSORY EXAMINATION

Various sensory modalities are tested in turn, and the dis-
tribution of any abnormality is plotted with particular ref-
erence to the normal root and peripheral nerve territories. 
Complete loss of touch appreciation is anesthesia, partial 
loss is hypesthesia, and increased sensitivity is hyperes-
thesia. The corresponding terms for pain appreciation are 
analgesia, hypalgesia, and hyperalgesia or hyperpathia; 
allodynia refers to the misperception of a trivial tactile 
sensation as pain.

PRIMARY SENSORY MODALITIES

`` Light Touch
The appreciation of light touch is evaluated with a wisp of 
cotton wool that is brought down carefully on a small 
region of skin. The patient lies with eyes closed, and indi-
cates each time the stimulus is felt. The appreciation of 
light touch depends on fibers that traverse the posterior 
column of the spinal cord in the gracile (leg) and cuneate 
(arm) fasciculi ipsilaterally (Figures 10-1 and 10-2),  
passing to the medial lemniscus of the brainstem  
(Figure 10-3), and on fibers in the contralateral anterior 
spinothalamic tract.

`` Pinprick & Temperature
Pinprick appreciation is tested by asking the patient to 
indicate whether the point of a pin (not a hypodermic 
needle, which may puncture the skin and draw blood) feels 

S L T C

S L T C

S
L
T
C

Posterior column
(touch, pressure, 

vibration, joint position)

Anterior spinothalamic tract
(touch, pressure)

Lateral 
spinothalamic tract
(pain, temperature)

Gracile
fasciculus

Cuneate
fasciculus

▲▲ Figure 10-2. Location and lamination of sensory 
pathways in the spinal cord. C (cervical), T (thoracic),  
L (lumbar), and S (sacral) indicate the level of origin of 
fibers within each tract.

Medial 
lemniscus

Spinothalamic 
tract

Medial 
lemniscus

Spinothalamic 
tract

Medial 
lemniscus

Spinothalamic 
tract

A. Midbrain

B. Pons

C. Medulla

▲▲ Figure 10-3. Sensory pathways in the brainstem. In 
the medulla, spinothalamic fibers conveying pain and 
temperature sensation are widely separated from 
medial lemniscal fibers mediating touch and pressure; 
these pathways converge as they ascend in the pons 
and midbrain.

sharp or blunt. Appreciation of sharpness must be distin-
guished from appreciation of pressure or touch. The 
pin—a potential source of infection—should be handled 
with care and discarded after use. Temperature apprecia-
tion is evaluated by applying containers of hot or cold 
water to the skin. For convenience, cold can be tested by 
application of the side of a metal tuning fork to different 
bodily regions; testing of heat is usually omitted from the 
routine examination. Pinprick and temperature apprecia-
tion depend on the integrity of the lateral spinothalamic 
tracts (see Figures 10-1 and 10-2). The afferent fibers cross 
in front of the central canal after ascending for two or three 
segments from their level of entry into the cord.
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`` Deep Pressure
Deep pressure sensibility is evaluated by pressure on the 
tendons, such as the Achilles tendon at the ankle.

`` Vibration
A tuning fork (128 Hz) is set in motion and then placed 
over a bony prominence; the patient is asked to indicate 
whether vibration, rather than simple pressure, is felt. 
Many healthy elderly patients have impaired appreciation 
of vibration below the knees.

`` Joint Position
The patient is asked to indicate the direction of small pas-
sive movements of the terminal interphalangeal joints of 
the fingers and toes. Patients with severe impairment of 
joint position sense may exhibit slow, continuous move-
ment of the fingers (pseudoathetoid movement) when 
attempting to hold the hands outstretched with eyes closed. 
For clinical purposes, both joint position sense and the 
ability to appreciate vibration are considered to depend on 
fibers carried in the posterior columns of the spinal cord, 
although this is not strictly true for vibration.

COMPLEX SENSORY FUNCTIONS

`` Romberg Test
The patient assumes a steady stance with feet together, arms 
outstretched, and eyes closed and is observed for any ten-
dency to sway or fall. The test is positive (abnormal) if 
unsteadiness is markedly increased by eye closure—as 
occurs, for example, in tabes dorsalis. A positive test is 
indicative of grossly impaired joint position sense in the legs.

`` Two-Point Discrimination
The ability to distinguish simultaneous touch at two neigh-
boring points depends on the integrity of the central and 
peripheral nervous system, the degree of separation of the two 
points, and the part of the body that is stimulated. The patient 
indicates whether he or she is touched by one or two compass 
points, while the distance between the points is varied in 
order to determine the shortest distance at which they are 
recognized as different points. The threshold for two-point 
discrimination approximates 4 mm at the fingertips and may 
be several centimeters on the back. When peripheral sensory 
function is intact, impaired two-point discrimination suggests 
a disorder affecting the sensory cortex.

`` Graphesthesia, Stereognosis, & 
Barognosis

Agraphesthesia, the inability to identify a number traced 
on the skin of the palm of the hand despite normal cutane-
ous sensation, implies a lesion involving the contralateral 

parietal lobe. The same is true of inability to distinguish 
between various shapes or textures by touch (astereogno-
sis) or impaired ability to distinguish between different 
weights (abarognosis).

`` Bilateral Sensory Discrimination
In some patients with apparently normal sensation, simul-
taneous stimulation of the two sides of the body reveals an 
apparent neglect of (or inattention to) sensation from one 
side, usually because of an underlying contralateral cere-
bral lesion.

SENSORY CHANGES & THEIR SIGNIFICANCE

The nature and distribution of any sensory change must be 
determined. Failure to find clinical evidence of sensory 
loss in patients with sensory symptoms should not imply 
that the symptoms necessarily have a psychogenic basis. 
Sensory symptoms often develop well before the onset of 
sensory signs.

PERIPHERAL NERVE LESIONS

`` Mononeuropathy
In patients with a lesion of a single peripheral nerve, sen-
sory loss is usually less than predicted on anatomic 
grounds because of overlap from adjacent nerves. 
Moreover, depending on the type of lesion, the fibers in a 
sensory nerve may be affected differently. Compressive 
lesions, for example, tend to affect preferentially the large 
fibers subserving touch.

`` Polyneuropathy
In patients with polyneuropathies, sensory loss is generally 
symmetric and is greater distally than proximally (stock-
ing-and-glove sensory loss or length-dependent neu-
ropathy). The loss generally will have progressed almost to 
the knees before the hands are affected. Sensory loss may 
then be accompanied by a motor deficit and reflex changes. 
Diabetes mellitus, amyloidosis, and certain other meta-
bolic disorders (eg, Tangier disease, a recessive trait char-
acterized by the near absence of high-density lipoproteins) 
preferentially involve small nerve fibers subserving pain 
and temperature appreciation; in a pure small-fiber sen-
sory neuropathy, the tendon reflexes are unaffected and no 
motor deficit occurs.

ROOT LESIONS
Nerve root involvement produces impaired cutaneous sen-
sation in a segmental pattern (Figure 10-4), but because of 
overlap there is generally no sensory loss unless two or 
more adjacent roots are affected. Pain is often a conspicu-
ous feature with compressive root lesions. Depending on 
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▲▲ Figure 10-4. (A) Cutaneous innervation (anterior view). The segmental or radicular (nerve root) distribution is 
shown on the left side of the body, and the peripheral nerve distribution on the right side of the body. (B) Cutaneous 
innervation (posterior view). The segmental or radicular (nerve root) distribution is shown on the left side of the 
body, and the peripheral nerve distribution on the right side of the body. For details of radial, median, ulnar, fibular 
(peroneal), and femoral nerves, see Appendix.
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the level affected, there may be loss of tendon reflexes (C5-
C6, biceps and brachioradialis; C7-C8, triceps; L3-L4, 
knee; S1, ankle), and if the anterior roots are also involved, 
weakness and muscle atrophy may occur.

SPINAL CORD LESIONS
In patients with spinal cord lesions, there may be a trans-
verse sensory level. Physiologic areas of increased sensitiv-
ity do occur, however, at the costal margin, over the 
breasts, and in the groin, and these must not be taken as 
abnormal. Therefore, the level of a sensory deficit affecting 
the trunk is best determined by careful sensory testing over 
the back rather than the chest and abdomen.

`` Central Cord Lesion
With a central cord lesion, such as occurs in syringomy-
elia, after trauma, and with certain tumors, there is 
characteristically a loss of pain and temperature appre-
ciation with sparing of other modalities. This loss is due 
to the interruption of fibers conveying pain and tem-
perature that cross from one side of the cord to the spi-
nothalamic tract on the other. Such a loss is usually 
bilateral, may be asymmetric, and involves only the 
fibers of the involved segments. It may be accompanied 
by lower motor neuron weakness in the muscles sup-
plied by the affected segments and sometimes by a pyra-
midal and posterior column deficit below the lesion 
(Figure 10-5).

`` Anterolateral Spinal Cord Lesion
Lesions involving the anterolateral portion of the spinal 
cord (lateral spinothalamic tract) can cause contralateral 
impairment of pain and temperature appreciation in seg-
ments below the level of the lesion. The spinothalamic 
tract is laminated, with fibers from the sacral segments the 
outermost. Intrinsic cord (intramedullary) lesions often 
spare the sacral fibers, whereas extramedullary lesions, 
which compress the cord, tend to involve these fibers as 
well as those arising from more rostral levels.

`` Anterior Spinal Cord Lesion
With destructive lesions involving predominantly the 
anterior portion of the spinal cord, pain and temperature 
appreciation are impaired below the level of the lesion 
from lateral spinothalamic tract involvement. In addition, 
weakness or paralysis of muscles supplied by the involved 
segments of the cord results from damage to anterior 
horn cells. With more extensive disease, involvement of 
the corticospinal tracts in the lateral funiculi may cause a 
pyramidal deficit below the lesion. There is relative pres-
ervation of posterior column function (Figure 10-6). 
Ischemic myelopathies caused by occlusion of the ante-
rior spinal artery take the form of anterior spinal cord 
lesions.

Anterior spinothalamic tract
Lateral spinothalamic tract

A

B

Posterior column

Corticospinal tract

▲▲ Figure 10-5. Central cord lesions (blue) of moderate 
(A) or marked (B) extent. Less extensive lesions impair 
pain and temperature appreciation by interrupting 
incoming sensory fibers as they cross to the contralat-
eral spinothalamic tract; involvement of anterior horn 
cells causes lower motor neuron weakness. These defi-
cits are restricted to dermatomes and muscles inner-
vated by the involved spinal cord segments. More 
extensive lesions also produce disturbances of touch, 
pressure, vibration, and joint position sense because of 
involvement of the posterior columns and cause pyra-
midal signs because of corticospinal tract involvement, 
especially affecting the arms (see lamination of cortico-
spinal tract in Figure 9-6). These deficits occur below 
the level of the lesion.

`` Posterior Column Lesion
A patient with a posterior column lesion may complain of 
a tight or bandlike sensation in the regions corresponding 
to the level of spinal involvement and sometimes also of 
paresthesias (like electric shocks) radiating down the 
extremities on neck flexion (Lhermitte sign). There is loss 
of vibration and joint position sense below the level of the 
lesion, with preservation of other sensory modalities. The 
deficit may resemble that resulting from involvement of 
large fibers in the posterior roots.

`` Spinal Cord Hemisection
Lateral hemisection of the spinal cord leads to Brown-
Séquard syndrome. Below the lesion, there is an ipsilateral 
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pyramidal deficit and disturbed appreciation of vibration 
and joint position sense, and contralateral loss of pain and 
temperature appreciation that begins two or three seg-
ments below the lesion (Figure 10-7). Hyperalgesia and 
spontaneous pain are sometimes prominent ipsilaterally.

BRAINSTEM LESIONS
With brainstem lesions, sensory disturbances may be 
accompanied by a motor deficit, cerebellar signs, and cra-
nial nerve palsies.

With lesions involving the spinothalamic tract in the 
dorsolateral medulla and pons, pain and temperature 
appreciation are lost in the limbs and trunk on the opposite 

Posterior column

Corticospinal tract

Anterior spinothalamic tract

Lateral spinothalamic tract

▲▲ Figure 10-7. Spinal cord lesion (blue) in Brown-
Séquard syndrome. Lateral hemisection of the spinal 
cord causes ipsilateral pyramidal dysfunction and 
impairment of posterior column sensory function 
below the level of the lesion, and contralateral impair-
ment of pain and temperature sensation with an upper 
limit slightly below the level of the lesion.

Posterior column

Corticospinal tract

Anterior spinothalamic tract

Lateral spinothalamic tract

▲▲ Figure 10-6. Anterior spinal cord lesion (blue) asso-
ciated with occlusion of the anterior spinal artery. 
Clinical features are similar to those seen with severe 
central cord lesions (see Figure 10-5B), except that pos-
terior column sensory functions are spared and the 
defect in pain and temperature sensation extends to 
sacral levels.

side of the body. When such a lesion is medullary, it also 
typically involves the spinal trigeminal nucleus, impairing 
pain and temperature sensation on the same side of the 
face as the lesion. The result is a crossed sensory deficit 
that affects the ipsilateral face and contralateral limbs. In 
contrast, spinothalamic lesions above the spinal trigeminal 
nucleus affect the face, limbs, and trunk contralateral to 
the lesion. With lesions affecting the medial lemniscus, 
there is loss of touch and proprioception on the opposite 
side of the body. In the upper brainstem, the spinothalamic 
tract and medial lemniscus run together so that a single 
lesion may cause loss of all superficial and deep sensation 
over the contralateral side of the body (see Figure 10-3).

THALAMIC LESIONS
Thalamic lesions may lead to loss or impairment of all 
forms of sensation on the contralateral side of the body, 
and this may have a distribution that differs from the area 
of symptomatic involvement. Spontaneous pain, some-
times with a particularly unpleasant quality, may occur on 
the affected side. Patients may describe it as burning, tear-
ing, knifelike, or stabbing, but often have difficulty charac-
terizing it. Any form of cutaneous stimulation can lead to 
painful or unpleasant sensations. Such a thalamic syn-
drome (Dejerine-Roussy syndrome) can also occasionally 
result from lesions of the white matter of the parietal lobe 
or from spinal cord lesions, as discussed later.

LESIONS OF THE SENSORY CORTEX
Disease limited to the sensory cortex impairs discrimina-
tive sensory function on the opposite side of the body. 
Patients may be unable to localize stimuli on the affected 
side or to recognize the position of different parts of the 
body. They may not be able to recognize objects by touch 
or to estimate their size, weight, consistency, or texture. 
Cortical sensory disturbances are usually more conspicu-
ous in the hands than in the trunk or proximal portions of 
the limbs.

DISTINCTION BETWEEN ORGANIC &
PSYCHOGENIC SENSORY DISTURBANCES

Psychogenic disturbances of sensation may be associated 
with such psychiatric disturbances as conversion disorder. 
They may take any form but most often are restricted to 
loss of cutaneous sensation. There may be several charac-
teristic features.

Nonorganic sensory loss does not conform in its distri-
bution to any specific neuroanatomic pattern. It may sur-
round a bony landmark or involve an area defined by 
surface landmarks rather than innervation. Indeed, it is not 
uncommon for there to be an apparent loss of sensation in 
one or more extremities, with circumferential margins in 
the axilla or groin; organic sensory loss with such a margin 
is unusual. Organic peripheral sensory loss over the trunk 
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or face does not usually extend to the midline but stops 3 
to 5 cm before it, because of overlap in the innervation on 
the two sides; with nonorganic disturbances, apparent sen-
sory loss commonly stops precisely at the midline.

There is often a sudden transition between areas of 
nonorganic sensory loss and areas with normal sensation. 
By contrast, with organic disturbances, there is usually an 
area of altered sensation between insensitive areas and 
adjacent areas with normal sensibility.

In nonorganic disturbances, there may be a dissoci-
ated loss that is difficult to interpret on an anatomic basis. 
For example, there may be a total loss of pinprick appre-
ciation but preserved temperature sensation. Moreover, 
despite the apparent loss of posterior column function,  
the patient may be able to walk normally or maintain the 
arms outstretched without difficulty or pseudoathetoid 
movements.

In nonorganic sensory disturbances, appreciation of 
vibration may be impaired on one side but not the other 
side of a bony midline structure, such as the skull or ster-
num. The vibrations are in fact conducted to both sides by 
the bone, so that even if there is a hemisensory distur-
bance, the vibrations are appreciated on either side in 
patients with organic sensory disorders.

Finally, it should be noted that sensory disturbances are 
often suggested to the patient by the examiner’s own 
expectations. Such findings can be particularly misleading 
because they may be neuroanatomically correct. One help-
ful approach is to have the patient outline on the body the 
extent of any perceived sensory disturbance before formal 
sensory testing is undertaken.

▼▼ PERIPHERAL NERVE LESIONS

Sensory symptoms are usually a conspicuous feature in 
patients with peripheral nerve lesions (Table 10-1). 
Sensory impairment may be in a distal stocking-and-glove 
pattern in patients with polyneuropathies or may follow 
the pattern of individual peripheral nerves in patients with 
mononeuropathies (see Figure 10-4).

CLASSIFICATION

MONONEUROPATHY SIMPLEX
This term signifies involvement of a single peripheral 
nerve.

MONONEUROPATHY MULTIPLEX
In this disorder, several individual nerves are affected, usu-
ally at random and noncontiguously. Clinical examination 
reveals a clinical deficit attributable to involvement of one 
or more isolated peripheral nerves, except when mononeu-
ropathy multiplex is extensive and the resulting deficits 
become confluent.

Table 10-1. Causes of Peripheral Neuropathy.

Idiopathic inflammatory neuropathies
Acute idiopathic polyneuropathy (Guillain-Barré syndrome)
Chronic inflammatory demyelinating polyneuropathy

Metabolic and nutritional neuropathies
Diabetes
Other endocrinopathies
 Hypothyroidism
 Acromegaly
Uremia
Liver disease
Vitamin B12 deficiency

Infective and granulomatous neuropathies
AIDS
Leprosy
Diphtheria
Sarcoidosis
Sepsis and multiorgan failure

Vasculitic neuropathies

Systemic necrotizing vasculitis
Granulomatosis with polyangiitis (Wegener granulomatosis)
Giant cell arteritis
Rheumatoid arthritis
Systemic lupus erythematosus
Sjögren syndrome
Scleroderma
Mixed connective tissue disease

Neoplastic and paraproteinemic neuropathies

Compression and infiltration by tumor
Paraneoplastic syndromes
Paraproteinemias
Amyloidosis

Drug-induced and toxic neuropathies

Alcohol
Therapeutic drugs (see Table 10-2)
Toxins
 Organic compounds
  Hexacarbons
  Organophosphates
 Heavy metals
  Arsenic
  Lead
  Thallium
  Gold
  Platinum
Tryptophan (contaminant)

Hereditary neuropathies

Idiopathic
 Hereditary motor and sensory neuropathies
 Hereditary sensory and autonomic neuropathies
 Familial amyloidosis
 Friedreich ataxia
Hereditary neuropathy with liability to pressure palsies
Metabolic
 Porphyria
 Metachromatic leukodystrophy
 Krabbe disease 
 Abetalipoproteinemia
 Tangier disease
 Refsum disease
 Fabry disease

Entrapment neuropathies
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POLYNEUROPATHY
The term polyneuropathy denotes a disorder in which the 
function of several peripheral nerves is affected at the same 
time. This leads to a predominantly distal and symmetric 
deficit, with loss of tendon reflexes except when small 
fibers are selectively involved. Polyneuropathies are some-
times subclassified according to the primary site at which 
the nerve is affected.

In distal axonopathies (axonal neuropathies), the 
axon is the principal pathologic target; most polyneuropa-
thies fall into this category.

Myelinopathies (demyelinating neuropathies) are 
conditions that involve the myelin sheath surrounding the 
axon. These disorders include acute idiopathic polyneu-
ropathy (Guillain-Barré syndrome), chronic inflammatory 
demyelinating neuropathy, diphtheria, certain paraneo-
plastic and paraproteinemic states, and various hereditary 
conditions including metachromatic leukodystrophy, 
Krabbe disease, and types 1 and 3 Charcot-Marie-Tooth 
hereditary motor and sensory neuropathy (CMT-1 and 3).

Finally, certain disorders, termed neuronopathies, 
principally affect nerve cell bodies in the anterior horn of 
the spinal cord or dorsal root ganglion. Examples are type 
2 CMT hereditary motor and sensory neuropathy, pyri-
doxine-induced neuropathy, and some paraneoplastic 
syndromes.

CLINICAL FINDINGS

SENSORY DISTURBANCES
Involvement of sensory fibers can lead to numbness and 
impaired sensation; abnormal spontaneous sensations, 
such as pain and paresthesias; and perverted sensations 
such as hyperpathia (amplified response to a normally 
painful stimulus).

`` Pain
Pain is a conspicuous feature of certain neuropathies, 
especially if small fibers within the nerves are affected. 
The precise mechanism of its genesis is unclear. 
Polyneuropathies associated with prominent pain include 
those related to diabetes, alcoholism, porphyria, Fabry 
disease, amyloidosis, rheumatoid arthritis, and acquired 
immunodeficiency syndrome (AIDS), as well as dominantly 
inherited sensory neuropathy and paraneoplastic sensory 
neuronopathy. Pain is also a feature of many entrapment 
neuropathies and of idiopathic brachial plexopathy.

`` Dissociated Sensory Loss
Dissociated sensory loss is impairment of some sensory 
modalities, such as pain and temperature, with preserva-
tion of others, such as light touch, vibration, and joint 
position sense. Although the presence of a dissociated 

sensory loss often indicates a spinal cord lesion, it also 
occurs in peripheral neuropathies when there is selective 
involvement of peripheral nerve fibers of a certain size, 
such as occurs in amyloid neuropathy, leprous neuritis, or 
hereditary sensory neuropathy. Small fiber disease is com-
monly associated with disproportionate impairment of 
pain and temperature appreciation, spontaneous pain, and 
autonomic dysfunction. Large fiber disease, by contrast, 
results in defective touch, vibration, and joint position 
sense, early loss of tendon reflexes, and prominent motor 
symptoms.

MOTOR DEFICITS
Peripheral nerve lesions may cause weakness of muscles 
innervated by the nerve, accompanied in severe cases by 
wasting and fasciculation. There may be difficulty in the 
performance of fine tasks; this is compounded by any 
accompanying sensory loss. The clinical findings reflect a 
lower motor neuron deficit, and it is the distribution of 
these signs and the presence of accompanying sensory and 
reflex changes that suggest they may be due to peripheral 
nerve involvement.

TENDON REFLEXES
These are impaired or lost if reflex arcs are interrupted on 
either the afferent or efferent side (C5-C6, biceps and bra-
chioradialis; C7-C8, triceps; L3-L4, knee; S1, ankle). The 
ankle reflexes are usually the first to be lost in patients with 
polyneuropathies, but may also be absent in healthy elderly 
subjects.

AUTONOMIC DISTURBANCES
Autonomic disturbances are particularly conspicuous in 
some peripheral neuropathies—especially Guillain-Barré 
syndrome and neuropathies related to diabetes, renal 
 failure, porphyria, certain paraneoplastic disorders, and 
amyloidosis. Symptoms include postural hypotension, 
tachycardia, cold extremities, impaired thermoregulatory 
sweating, bladder and bowel dysfunction, and impotence.

ENLARGED NERVES
Palpably enlarged peripheral nerves raise the possibility of 
leprosy, amyloidosis, hereditary motor and sensory neu-
ropathies, Refsum disease, acromegaly, or chronic inflam-
matory demyelinating polyneuropathy.

EVALUATION OF PATIENTS

TIME COURSE
Polyneuropathy that develops acutely over a few days usu-
ally relates to an inflammatory process, as in the Guillain-
Barré syndrome. It may also relate to an underlying 
neoplasm, to infections such as diphtheria, to metabolic 
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disorders such as acute intermittent porphyria, or to expo-
sure to such toxic substances as thallium or triorthocresyl 
phosphate. A chronic course with a gradual evolution over 
several years is typical of many hereditary or metabolic 
polyneuropathies but also characterizes chronic inflamma-
tory demyelinating polyneuropathy.

Mononeuropathy of acute onset is likely to be trau-
matic or ischemic in origin, whereas one evolving gradu-
ally is more likely to relate to entrapment (ie, compression 
by neighboring anatomic structures) or to recurrent minor 
trauma.

AGE AT ONSET
Polyneuropathy that develops during childhood or early 
adult life often has a hereditary basis, but may also relate to 
an underlying inflammatory disorder. Polyneuropathy 
developing later is more likely to result from a metabolic, 
toxic, or inflammatory disorder, or from an underlying 
neoplasm.

Mononeuropathy presenting in the neonatal period is 
likely to be developmental in origin or related to birth 
injury; one presenting in later life may relate to entrapment 
or injury that is often occupationally determined.

OCCUPATIONAL HISTORY
Various industrial toxins can lead to peripheral neuropa-
thy, including carbon disulfide, n-hexane, ethylene oxide, 
methyl bromide, acrylamide, triorthocresyl phosphate and 
certain other organophosphates, DDT, arsenic, lead, and 
thallium. A mononeuropathy is sometimes the first clinical 
manifestation of an occupationally related polyneuropathy, 
but it may also develop in response to entrapment or recur-
rent minor occupational trauma. For example, carpal tun-
nel syndrome is more common in persons who do heavy 
manual labor or develop repetitive motion injury as a 
result of computer terminal use, and a lesion of the deep 
palmar branch of the ulnar nerve may relate to repeated 
pressure on the palm of the hand by, for example, punching 
down heavily on a stapler or using heavy equipment such 
as a pneumatic road drill.

MEDICAL HISTORY

`` Metabolic Disorders
Peripheral neuropathy may relate to metabolic disorders 
such as diabetes mellitus, uremia, liver disease, myxedema, 
acromegaly, metachromatic leukodystrophy, or Fabry dis-
ease. That caused by diabetes is especially important and 
may take the form of an entrapment mononeuropathy, 
acute ischemic mononeuropathy, distal sensorimotor 
polyneuropathy, subacute proximal motor polyradiculo-
plexopathy (diabetic amyotrophy), thoracoabdominal 
radiculopathy, or autonomic neuropathy.

`` Neoplasm
The peripheral nerves, spinal nerves, and limb plexuses 
may be compressed or infiltrated by extension of primary 
tumors or metastatic lymph nodes. Neoplastic disease can 
also lead to a nonmetastatic (paraneoplastic) sensory or 
sensorimotor polyneuropathy or to Lambert-Eaton syn-
drome, a disorder of neuromuscular transmission dis-
cussed in Chapter 9, Motor Disorders.

`` Connective Tissue Disorders
Polyarteritis nodosa, rheumatoid arthritis, Churg-Strauss 
syndrome, and granulomatosis with polyangiitis (formerly 
Wegener granulomatosis) may be associated with mono-
neuropathy multiplex or, less commonly, polyneuropathy 
or cranial neuropathy. Polyneuropathy is more common in 
systemic lupus erythematosus. Rheumatoid arthritis may 
cause focal entrapment or compressive mononeuropathies 
in the vicinity of affected joints.

`` AIDS
Acquired immune deficiency syndrome (AIDS) is com-
monly associated with a distal, symmetric, primarily sen-
sory polyneuropathy. Less frequently, AIDS is associated 
with an acute or chronic inflammatory demyelinating 
polyneuropathy, polyradiculopathy, mononeuropathy 
multiplex, or autonomic neuropathy. Neuropathies are also 
seen with asymptomatic human immunodeficiency virus-1 
(HIV-1) infection and HIV-1 seroconversion.

DRUG & ALCOHOL HISTORY
Some of the drugs that cause peripheral neuropathy are 
listed in Table 10-2; motor or sensory fibers are involved 
selectively with certain drugs.

FAMILY HISTORY
Polyneuropathies may have a hereditary basis, as is dis-
cussed later in this chapter in the section on hereditary 
neuropathies.

DIFFERENTIAL DIAGNOSIS

Peripheral neuropathies can lead to a motor or sensory 
deficit or both. The preservation of sensation and tendon 
reflexes distinguishes the motor deficit of pure pyramidal 
lesions, spinal muscular atrophies, myopathies, or disor-
ders of neuromuscular transmission from that caused by 
peripheral nerve involvement. Other distinguishing fea-
tures are discussed in Chapter 9, Motor Disorders.

Myelopathies are characterized by a pyramidal deficit 
below the level of the lesion as well as by distal sensory loss. 
In tabes dorsalis, there is often a history of syphilitic infec-
tion, and examination reveals other stigmas of syphilis. In 
addition, tactile sensation is preserved.
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Radiculopathies are distinguished from peripheral 
neuropathies by the distribution of motor or sensory defi-
cits (see Figure 10-4). The presence of neck or back pain 
that radiates to the extremities in a radicular distribution 
also suggests a root lesion.

INVESTIGATIVE STUDIES

Laboratory studies in patients with peripheral neuropathy 
are directed at confirming the diagnosis and revealing any 
underlying cause.

Electromyography may reveal evidence of denervation 
in the affected muscles and can be used to determine 
whether any motor units remain under voluntary control. 
Nerve conduction studies permit conduction velocity to 
be measured in motor and sensory fibers (see Chapter 2, 
Investigative Studies). On the basis of electrodiagnostic or 
histopathologic studies, peripheral neuropathies can be 
divided into demyelinating or axonal neuropathies.  

Table 10-2. Selected Drugs Inducing Peripheral 
 Neuropathy.

Sensory neuropathy

Chloramphenicol
Cisplatin
Docetaxel
Pyridoxine
Taxol

Predominantly sensory neuropathy

Ethambutol
Hydralazine
Metronidazole
Misonidazole

Motor neuropathy

Dapsone
Imipramine
Sulfonamides (some)

Mixed sensory and motor neuropathy

Amiodarone
Chloroquine
Disulfiram
Gold
Indomethacin
Isoniazid
Nitrofurantoin
Penicillamine
Perhexiline
Phenytoin
Thalidomide
Tryptophan (contaminant)
Vincristine

In demyelinating neuropathies, electromyography typi-
cally reveals little or no evidence of denervation, but there 
is conduction block or marked slowing of maximal conduc-
tion velocity in affected nerves. In axonal neuropathies, 
electromyography shows that denervation has occurred, 
especially distally in the extremities, but maximal nerve 
conduction velocity is normal or slowed only slightly.

Determination of a complete blood count, erythrocyte 
sedimentation rate, serum urea nitrogen and creatinine, 
fasting blood glucose, serum vitamin B12, serum protein, 
protein electrophoresis and immunoelectrophoresis, liver 
and thyroid function blood tests, and serologic test for 
syphilis (FTA or MHA-TP), rheumatoid factor, and anti-
nuclear antibody may help to identify the cause of a 
peripheral nerve disorder, as also may chest x-ray. 
Depending on the clinical circumstances, serologic tests 
for Lyme disease, hepatitis, infection with HIV, or paraneo-
plastic antibodies may be required. Genetic studies may 
also be necessary after appropriate genetic counseling.

If toxic causes are suspected, a 24-hour urine collection 
followed by analysis for heavy metals may be helpful, and 
hair and fingernail clippings can be analyzed for arsenic. 
Examination of a fresh specimen of urine for porphobi-
linogen and δ-aminolevulinic acid is necessary when por-
phyria is suspected.

TREATMENT

DISEASE-SPECIFIC TREATMENT
Treatment of the underlying cause may limit the progres-
sion of or even reverse the neuropathy. Disease-specific 
treatments are discussed later under individual disorders.

VENTILATORY ASSISTANCE
Respiratory function must be monitored—particularly in 
acute idiopathic polyneuropathy (Guillain-Barré syn-
drome), chronic inflammatory demyelinating polyneu-
ropathy, and diphtheritic neuropathy—and preparations 
made to assist ventilation if the forced vital capacity 
reaches 15 mL/kg, the mean inspiratory force reaches –40 
mm Hg, dyspnea becomes evident, or the oxygen satura-
tion of arterial blood declines.

TRAUMA PREVENTION
Nursing care is important in patients with severe motor or 
sensory deficits to prevent decubitus ulcers, joint con-
tractures, and additional compressive peripheral nerve 
damage. In patients with severe dysesthesia, a cradle 
(metal bar frame) can be used to keep the bedclothes from 
touching sensitive areas of the skin.

Extremities with sensory loss must be protected from 
repeated minor trauma, such as thermal injury, that can 
destroy tissues. The temperature of hot surfaces should be 
checked with a part of the body in which sensation is 
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preserved, and the setting of water heaters must be reduced 
to prevent scalding. The skin and nails must be cared for 
meticulously.

PAIN RELIEF
Patients with sensory disorders may suffer from especially 
severe pain, which can impair quality of life. Treatment of 
this pain is important.

Duloxetine (60 mg once daily) or venlafaxine (titrated 
up to 75 mg two to three times daily in standard formula-
tion or as the equivalent dose once daily in the extended 
release formulation) is often helpful; both are selective 
serotonin and norepinephrine reuptake inhibitors.

Pregabalin (150 mg increasing after 1 week to 300 mg 
daily in divided doses; maximum, 600 mg daily) also 
relieves neuropathic pain.

Phenytoin 300 mg/d, carbamazepine up to 1200 mg/d, 
or mexiletine 600 to 900 mg/d can sometimes relieve the 
lancinating pain of certain neuropathies. If the pain is con-
stant, burning, or dysesthetic, amitriptyline 25 to 100 mg 
at bedtime is often helpful as are other tricyclic agents.

Gabapentin (300 mg three times daily, with subsequent 
increments depending on response and tolerance) is effec-
tive in treating various neuropathic pain disorders; pain 
relief may similarly occur with lamotrigine, topiramate, 
or sodium valproate, but this has been documented less 
well. Lamotrigine requires slow dose titration to avoid skin 
rashes and other complications. Combined gabapentin and 
nortriptyline may be more effective than either drug given 
alone for neuropathic pain (diabetic neuropathy or 
postherpetic neuralgia). This drug combination is there-
fore recommended in patients who show a partial response 
to either drug given alone and require additional pain 
relief.

Topical capsaicin is also helpful in neuropathic pain 
syndromes.

Brix Finnerup N, Hein Sindrup S, Staehelin Jensen T. Management 
of painful neuropathies. Handb Clin Neurol. 2013;115: 
279-290.

Finnerup NB, Sindrup SH, Jensen TS. The evidence for pharma-
cological treatment of neuropathic pain. Pain. 2010;150: 
573-581.

AUTONOMIC DISTURBANCES
Dysautonomic symptoms may be troublesome in some 
polyneuropathies, especially diabetic polyneuropathy. 
Waist-high elastic hosiery, dietary salt supplementation, 
and treatment with fludrocortisone 0.1 to 0.5 mg/d orally 
may relieve postural hypotension, but the patient must be 
monitored to prevent recumbent hypertension. Other 
medications that may be helpful include clonidine, mido-
drine, dihydroergotamine, octreotide, or β-blockers. 
Instructing the patients to sleep in a semierect rather than 

recumbent position is helpful because dysautonomic 
patients are often unable to conserve salt and water when 
recumbent.

Arnold AC, Shibao C. Current concepts in orthostatic hypoten-
sion management. Curr Hypertens Rep. 2013;15:304-312.

Freeman R. Autonomic peripheral neuropathy. Neurol Clin. 
2007;25:277-301.

▼▼ POLYNEUROPATHIES

IDIOPATHIC INFLAMMATORY NEUROPATHIES

ACUTE IDIOPATHIC POLYNEUROPATHY 
(GUILLAIN-BARRÉ SYNDROME)
Guillain-Barré syndrome is an acute or subacute polyneu-
ropathy that can follow minor infective illnesses, inocula-
tions, or surgical procedures or may occur without obvious 
precipitants. Clinical and epidemiologic evidence suggests 
an association with preceding Campylobacter jejuni infec-
tion. Its precise cause is unclear, but an immunologic basis 
is likely. Both demyelinating and axonal forms occur, with 
distinctive clinical and electrophysiologic features. The 
demyelinative form is more common in the United States, 
but an axonal variant is encountered occasionally (acute 
motor sensory axonal neuropathy). In northern China, a 
related axonal form occurs frequently (acute motor axonal 
neuropathy).

`` Clinical Features
Diagnostic features are summarized in Table 10-3. Patients 
generally present with ascending weakness that is sym-
metric, usually begins in the legs, is often more marked 
proximally than distally, and may be life-threatening, espe-
cially if the muscles of respiration or swallowing are 
involved. Muscle wasting develops if axonal degeneration 
has occurred. Sensory complaints, although usually less 
marked than motor symptoms, are also frequent. The deep 
tendon reflexes are typically absent. There may be marked 
autonomic dysfunction, with tachycardia, cardiac irregu-
larities, labile blood pressure, disturbed sweating, impaired 
pulmonary function, sphincter disturbances, paralytic 
ileus, and other abnormalities.

`` Investigative Studies
The cerebrospinal fluid (CSF) often shows an increased 
protein concentration but normal cell count (cytoalbu-
minologic dissociation), but abnormalities may not occur 
in the first week. Electrophysiologic studies may reveal 
marked slowing of motor and sensory conduction velocity 
or evidence of denervation and axonal loss. The time 
course of the electrophysiologic changes does not 
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necessarily parallel any clinical developments. When 
HIV-1 infection is suspected because of the clinical context 
in which the neuropathy has developed or the presence of 
high-risk factors, appropriate serologic studies should be 
performed.

`` Treatment
Plasmapheresis appears to reduce the time required for 
recovery and may decrease the likelihood of residual neu-
rologic deficits. It is best instituted early, and it is indicated 
especially in patients with a severe or rapidly progressive 
deficit or respiratory compromise. Intravenous immuno-
globulin (400 mg/kg/d for 5 days) appears to be equally 
effective and should be used in preference to plasmapher-
esis in adults with cardiovascular instability and in chil-
dren; the two therapies are not additive.

Therapy is otherwise symptomatic, the aim being to 
prevent such complications as respiratory failure or vascu-
lar collapse. For this reason, patients who are severely 
affected are best managed in intensive care units, where 
facilities are available for monitoring and assisted respira-
tion if necessary (eg, if the forced vital capacity reaches  
15 mL/kg, the mean inspiratory force reaches –40 mm Hg, 
the patient is short of breath, or the blood oxygen 

Table 10-3. Diagnostic Criteria for Guillain-Barré 
 Syndrome.

Required for diagnosis

Progressive weakness of more than one limb
Distal areflexia with proximal areflexia or hyporeflexia

Supportive of diagnosis

Progression for up to 4 weeks
Relatively symmetric deficits
Mild sensory involvement
Cranial nerve (especially VII) involvement
Recovery beginning within 4 weeks after progression stops
Autonomic dysfunction
No fever at onset
Increased CSF protein after 1 week
CSF white blood cell count ≤10/μL
Nerve conduction slowing or block by several weeks

Against diagnosis

Markedly asymmetric weakness
Bowel or bladder dysfunction (at onset or persistent)
CSF white blood cell count >50 or PMN count >0/μL
Well-demarcated sensory level

Excluding diagnosis

Isolated sensory involvement
Another polyneuropathy that explains clinical picture

Adapted from Asbury AK, Cornblath DR. Assessment of current 
diagnostic criteria for Guillain-Barré syndrome. Ann Neurol. 1990; 
27(suppl):S21-S24.

saturation declines). Volume replacement or treatment 
with pressor agents is sometimes required to counter hypo-
tension, and low-dose heparin may help to prevent pulmo-
nary embolism. Corticosteroids may affect the outcome 
adversely or delay recovery, and are not indicated.

`` Prognosis
Symptoms and signs cease to progress by approximately  
4 weeks into the illness. The disorder is self-limiting, and 
improvement occurs over the weeks or months after onset. 
Approximately 70% of patients recover completely, 25% are 
left with mild neurologic deficits, and 5% die, usually as a 
result of respiratory failure. The prognosis is poorer when 
there is evidence of preceding Campylobacter jejuni infec-
tion, and a more protracted course and less complete 
recovery are also likely when axonal degeneration is the 
primary pathology. Advanced age, the need for ventilatory 
support, or more rapid onset of symptoms may also predict 
a poorer prognosis.

van den Berg B, Walgaard C, Drenthen J, et al. Guillain-Barré 
syndrome: pathogenesis, diagnosis, treatment and prognosis. 
Nat Rev Neurol. 2014;10:469-482.

CHRONIC INFLAMMATORY 
DEMYELINATING POLYNEUROPATHY
Chronic inflammatory demyelinating polyneuropathy is 
clinically similar to Guillain-Barré syndrome except that it 
follows a chronic progressive course, or a course character-
ized by relapses, and no improvement is apparent within 
the 6 months after onset. Its cause is not known. Its clinical 
features are summarized in Table 10-4.

Examination of the CSF reveals findings resembling 
those in Guillain-Barré syndrome. The electrophysiologic 
findings indicate a demyelinative neuropathy with super-
imposed axonal degeneration.

The disorder is often responsive to treatment with cor-
ticosteroids (prednisone 60-100 mg/d for 2-4 weeks, then 
gradually tapered to 5-20 mg every other day), which may 
be required on a long-term basis. Treatment with intrave-
nous immunoglobulin (1 g/kg daily for 2 days with a 
single additional infusion at 3 weeks, or 400 mg/kg/d for  
5 consecutive days for a total of 2 g, with subsequent 
courses as needed to maintain benefit) is also effective as 
initial or later therapy. When used as initial therapy, it has 
the advantage of fewer side effects (but greater expense) 
than prednisone. Its precise mode of action is unknown. 
Plasma exchange is another effective immunomodulator 
therapy, but is more difficult to administer. In nonrespon-
sive patients, treatment with azathioprine or cyclophos-
phamide may be helpful, but claims of benefit from these 
agents or from cyclosporine, interferon-β, or interferon-α 
require confirmation by randomized trials.

Aminoff_ch10_p274-307.indd   288 09/03/15   12:11 pm



SENSORY DISORDERS 289

Table 10-4. Clinical Features of Chronic Inflammatory 
Demyelinating Polyneuropathy.

Percentage of 
Patients

Weakness, hyporeflexia, or areflexia 94

 Distal upper extremity 85

 Distal lower extremity 85

 Proximal upper extremity 74

 Proximal lower extremity 68

 Respiratory muscles 11

 Neck 4

 Face 2

Sensory deficit on examination

 Distal lower extremity 83

 Distal upper extremity 68

Paresthesia

 Upper extremity 79

 Lower extremity 72

 Face 6

Pain

 Lower extremity 17

 Upper extremity 15

Dysarthria 9

Dysphagia 9

Impotence 4

Incontinence 2

Adapted from Dyck PJ, Lais AC, Ohta M, et al. Chronic inflammatory 
polyradiculopathy. Mayo Clin Proc. 1975;50:621-637.

Lehmann HC, Hughes RA, Hartung HP. Treatment of chronic 
inflammatory demyelinating polyradiculoneuropathy. Handb 
Clin Neurol. 2013;115:415-427.

METABOLIC & NUTRITIONAL NEUROPATHIES

DIABETES MELLITUS
Peripheral nerve involvement in diabetes is common and 
may take several forms (Table 10-5), which can occur in 
isolation or in any combination. The incidence of periph-
eral nerve involvement may be influenced by the adequacy 
of diabetes control, which should, in any event, be 
optimized.

`` Clinical Features
Distal polyneuropathy is the most common manifestation 
and may be mixed (sensory, motor, and autonomic; 70% of 
cases) or predominantly sensory (30%). Symptoms are 
generally more common in the legs than arms and consist 
of numbness, pain, or paresthesias. It may be diagnosed 
presymptomatically by the presence of depressed tendon 
reflexes and impaired appreciation of vibration in the legs. 
In severe cases, there is distal sensory loss in all limbs and 
some accompanying motor disturbance.

Diabetic dysautonomia leads to many symptoms, 
including postural hypotension, disturbances of cardiac 
rhythm, impaired thermoregulatory sweating, and distur-
bances of bladder, bowel, gastric, and sexual function.

Diabetic mononeuropathy multiplex is usually char-
acterized by pain and weakness and often has a vascular 
basis. The clinical deficit depends on the nerves that are 
affected.

Diabetic amyotrophy is due to radiculoplexopathy, 
polyradiculopathy, or polyradiculoneuropathy. Pain, weak-
ness, and atrophy of pelvic girdle and thigh muscles are 
typical, with absent quadriceps reflexes and little sensory 
loss.

Diabetic mononeuropathy simplex is typically abrupt 
in onset and often painful.

CSF protein concentration is typically increased in dia-
betic polyneuropathy and mononeuropathy multiplex.

Table 10-5. Neuropathies Associated With Diabetes.

Type Distribution

Polyneuropathy

 Mixed sensory, motor, and 
 autonomic

Symmetric, distal, lower 
> upper limbs

 Primarily sensory

Mononeuropathy multiplex Variable

Polyradiculopathy/plexopathy

 Diabetic amyotrophy Asymmetric, proximal 
(pelvic girdle and 
thighs)

Thoracoabdominal radiculopathy Chest, abdomen

Mononeuropathy simplex

 Peripheral Ulnar, median, radial, 
 lateral femoral 
 cutaneous, sciatic, 
 fibular (peroneal), 
other nerves

 Cranial Oculomotor (III) > 
 abducens (VI) > 
 trochlear (IV) nerve

Facial (VII) nerve
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`` Treatment & Prognosis
No specific treatment exists for the peripheral nerve com-
plications of diabetes except when the patient has an 
entrapment neuropathy and may benefit from a decom-
pressive procedure. The treatment of pain or autonomic 
disturbances was outlined earlier. Diabetic amyotrophy 
usually improves spontaneously. It is important that the 
control of diabetes is optimized.

Charnogursky G, Lee H, Lopez N. Diabetic neuropathy. Handb 
Clin Neurol. 2014;120:773-785.

Said G. Diabetic neuropathy—a review. Nat Clin Pract Neurol. 
2007;3:331-340.

OTHER ENDOCRINOPATHIES

`` Hypothyroidism
Hypothyroidism is associated with entrapment neuropa-
thy, especially carpal tunnel syndrome (median nerve 
entrapment; see later), but rarely causes a polyneuropa-
thy. Polyneuropathy may be mistakenly diagnosed in 
patients with proximal limb weakness caused by hypothy-
roid myopathy or in patients with delayed relaxation of 
tendon reflexes, a classic manifestation of hypothyroid-
ism that is independent of neuropathy. Other neurologic 
manifestations of hypothyroidism include an acute con-
fusional state (see Chapter 4, Confusional States), demen-
tia (see Chapter 5, Dementia & Amnestic Syndromes), 
and cerebellar ataxia (see Chapter 8, Disorders of 
Equilibrium).

`` Acromegaly
This also frequently produces carpal tunnel syndrome and, 
less often, polyneuropathy. Because many acromegalic 
patients are also diabetic, it may be difficult to determine 
which disorder is primarily responsible for polyneuropathy 
in a given patient.

UREMIA
A symmetric sensorimotor polyneuropathy, predomi-
nantly axonal in type, may occur in uremia. It affects the 
legs more than the arms, is more marked distally than 
proximally, and relates to the severity of impaired renal 
function. Restless legs, muscle cramps, and burning feet 
may be associated. The neuropathy may improve markedly 
with renal transplantation. Carpal tunnel syndrome (see 
later) may also occur with renal disease and may develop 
distal to the arteriovenous fistulas placed in the forearm for 
access during hemodialysis. In patients on chronic hemo-
dialysis, it often relates to amyloidosis and the accumula-
tion of β2-microglobulin.

Krishnan AV, Kiernan MC. Uremic neuropathy: clinical features 
and new pathophysiological insights. Muscle Nerve. 
2007;35:273-290.

LIVER DISEASE
Primary biliary cirrhosis may lead to a sensory neuropathy 
that is probably of the axonal type. A predominantly demy-
elinative polyneuropathy can occur with chronic liver dis-
ease. There does not appear to be any correlation between 
the neurologic findings and the severity of the hepatic 
dysfunction.

VITAMIN B12 DEFICIENCY
Vitamin B12 deficiency is associated with symmetric dis-
tal sensory and mild motor impairment and loss of ten-
don reflexes. Because controversy exists about the 
relative importance of polyneuropathy and myelopathy 
in producing this syndrome, vitamin B12 deficiency is 
considered in more detail later, in the section on myelop-
athies. Polyradiculoneuropathy, polyneuropathy, and 
myelopathy may follow bariatric surgery and relate to 
nutritional deficiencies, including but not limited to 
vitamin B12.

INFECTIVE & GRANULOMATOUS
NEUROPATHIES

`` AIDS
Neuropathy is a common complication of HIV-1 infection 
(Table 10-6); involvement of peripheral nerves is seen at 
autopsy in approximately 40% of patients with AIDS. It may 
be a consequence of HIV infection or of secondary infec-
tion with other organisms (eg, cytomegalovirus, varicella-
zoster virus, Treponema pallidum), have an immunologic 
basis, or relate to nutritional deficiency or medication.

Distal symmetric sensorimotor or predominantly 
sensory polyneuropathy is the most common neuropathy 
associated with HIV-1 infection. Axons, rather than 
myelin, are primarily affected. The cause is unknown, but 
in some patients vitamin B12 deficiency or exposure to 
neurotoxic drugs (which should be discontinued if possi-
ble) may be responsible in part. Other causes of neuropa-
thy should be excluded. HIV-1 is rarely identified in the 
affected nerves. Sensory symptoms predominate and 
include pain and paresthesias affecting especially the feet. 
Weakness is a minor or late feature. Ankle and sometimes 
knee reflexes are absent. The course is typically progres-
sive. Combination antiretroviral therapy (cART) may help 
in improving sensory function. Pain may be controlled 
pharmacologically, as described earlier. Plasmapheresis is 
of no benefit.

Aminoff_ch10_p274-307.indd   290 09/03/15   12:11 pm



SENSORY DISORDERS 291

Inflammatory demyelinating polyneuropathy may 
occur early in HIV-1 infection and may follow an acute or 
chronic course. The neuropathy may be immune medi-
ated, but sometimes results from direct, secondary viral 
infection, as from cytomegalovirus. It is characterized by 
proximal, and sometimes distal, weakness with less pro-
nounced sensory disturbances, and areflexia or hypore-
flexia. The CSF is abnormal, with an elevated protein 
concentration and often a lymphocytic pleocytosis (unlike 
the findings in Guillain-Barré syndrome or chronic inflam-
matory demyelinating polyneuropathy in patients without 
HIV-1 infection). Some patients improve spontaneously or 
stabilize, and others may respond to corticosteroids, 
 plasmapheresis, or intravenous immunoglobulin.

Lumbosacral polyradiculopathy occurs late in the 
course of HIV-1 infection, usually in patients with prior 
opportunistic infections. Cytomegalovirus infection is the 
cause, at least in some instances. Clinical features usually 
develop over several weeks and include diffuse, progressive 
leg weakness, back pain, painful paresthesias of the feet 
and perineum, lower extremity areflexia, and early urinary 
retention. The course may be fulminant, with ascending 
paralysis leading to respiratory failure, but is sometimes 
more benign, especially when the etiology is unclear. CSF 
findings include mononuclear or polymorphonuclear 
pleocytosis, elevated protein concentration, and decreased 
glucose level; a positive test for cytomegalovirus by poly-
merase chain reaction provides further support. It is always 
important to exclude meningeal lymphomatosis, cord 
compression, or syphilis as the underlying cause, as these 
require specific treatment and affect the prognosis. Patients 
with cytomegalovirus infection may respond to ganciclovir 
2.5 mg/kg intravenously every 8 hours for 10 days, then  
7.5 mg/kg/d 5 d/wk. An alternative approach is with 
 foscarnet; in severe cases, both drugs are given. Some 
worsening in the first 2 weeks of ganciclovir therapy does 
not indicate treatment failure. The CSF should be reexam-
ined after 3 weeks to determine whether the polymorpho-
nuclear cell count has declined; if it has not, foscarnet 
should replace ganciclovir.

Mononeuropathy multiplex affects multiple cranial 
and peripheral nerves, resulting in focal weakness and 
sensory loss. This may have an autoimmune basis, neoplas-
tic or infectious causes (eg, cytomegalovirus infection), or 
result from vasculopathy. In early HIV-1 infection, mono-
neuropathy multiplex may be a self-limited disorder 
restricted to a single limb, with spontaneous stabilization 
or improvement. Late in AIDS, several limbs may be 
affected in a progressive fashion.

Mononeuropathy simplex tends to occur acutely in 
early HIV-1 infection and improve spontaneously. A vas-
cular cause is probable.

Autonomic neuropathy tends to occur late in HIV-1 
infections and may lead to syncopal episodes, orthostatic 
hypotension, disturbances of sphincter or sexual function, 
impaired thermoregulatory sweating, and diarrhea. The dys-
autonomia may relate to central or peripheral pathology. 
Treatment is symptomatic (as discussed in an earlier section).

Medication-related neuropathy may result from treat-
ment with the antiretroviral drugs zalcitabine (ddC), 
didanosine (ddI), and stavudine (d4T), after approximately 
4 months unless other coexisting conditions make the 
patient more susceptible. It is an axonal sensory neuropa-
thy, characterized by distal tingling, numbness, and pain. 
Other drugs that may be associated with a neuropathy in 
AIDS patients include isoniazid, ethambutol, vincristine, 
vinblastine, Taxol, thalidomide, and the statins.

Harrison TB, Smith B. Neuromuscular manifestations of HIV/
AIDS. J Clin Neuromuscul Dis. 2011;13:68-84.

LEPROSY
Leprosy is one of the most frequent causes of peripheral 
neuropathy worldwide. In turn, neuropathy is the most 
disabling manifestation of leprosy. Mycobacterium leprae 
affects the skin and peripheral nerves because its growth is 
facilitated by the cooler temperatures present at the body 
surface.

Table 10-6. Neuropathies Associated With AIDS.

Type Stage of HIV-1 Infection Immune Status Distribution

Sensorimotor polyneuropathy Early or late Competent or suppressed Symmetric, distal, lower > upper limbs

Inflammatory demyelinating 
polyneuropathy

Early Competent Proximal > distal limbs

Lumbosacral polyradiculopathy Late Suppressed Proximal lower limbs, sphincters

Mononeuropathy multiplex Early or late Competent or suppressed Cranial (eg, facial nerve), peripheral  
(eg, fibular nerve)

Mononeuropathy simplex Early Competent Cranial (eg, facial nerve), peripheral  
(eg, fibular nerve)

Autonomic neuropathy Early or late Competent or suppressed Diffuse
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In tuberculoid leprosy, the immune response is ade-
quate to confine the infection to one or more small patches 
of skin and their associated cutaneous and subcutaneous 
nerves. This produces a hypopigmented macule or papule 
over which sensation is impaired, with pain and tempera-
ture appreciation most affected. Anhidrosis occurs with 
involvement of autonomic fibers. Sensory deficits occur 
most often in the distribution of the digital, sural, radial, 
and posterior auricular nerves, whereas motor findings 
usually relate to involvement of the ulnar or fibular (pero-
neal) nerve. Involved nerves are often enlarged.

Lepromatous leprosy is a more widespread disorder 
that results in a symmetric, primarily sensory polyneu-
ropathy that disproportionately affects pain and tempera-
ture sense. Its distribution is distinctive in that exposed 
areas of the body—especially the ears; nose; cheeks; dorsal 
surfaces of the hands, forearms, and feet; and lateral 
aspects of the legs—are preferentially involved. Unlike 
most polyneuropathies, that caused by leprosy tends to 
spare the tendon reflexes. Associated findings include 
resorption of the digits, trophic ulcers, and cyanosis and 
anhidrosis of the hands and feet.

Treatment depends on the type of leprosy, but typically 
involves dapsone, rifampicin, and clofazimine. The most 
recent guidelines of the World Health Organization (http://
www.who.int/lep/mdt/regimens/en/index.html) should be 
followed. In the United States, further information can be 
obtained from the National Hansen’s Disease Program of 
the US Department of Health and Human Services (http://
www.hrsa.gov/hansensdisease/).

DIPHTHERIA
Corynebacterium diphtheriae infects tissues of the upper 
respiratory tract and produces a toxin that causes demyelin-
ation of peripheral nerves. Within approximately 1 month 
after infection, patients may develop a cranial motor neu-
ropathy with prominent impairment of ocular accommoda-
tion. Blurred vision is the usual presenting complaint. 
Extraocular muscles and the face, palate, pharynx, and 
diaphragm may also be affected, but the pupillary light 
reflex is preserved. Recovery typically occurs after several 
weeks. A more delayed syndrome that commonly has its 
onset 2 to 3 months after the primary infection takes the 
form of a symmetric distal sensorimotor polyneuropathy. 
Most patients recover completely. Diphtheritic neuropathy 
is discussed in more detail in Chapter 9, Motor Disorders.

SARCOIDOSIS
Sarcoidosis can produce mononeuropathy or, rarely, poly-
neuropathy. The mononeuropathy commonly involves 
cranial nerves, especially the facial nerve. In some 
instances, a small-fiber neuropathy leads to pain, dysesthe-
sias, and autonomic involvement. Clinical evaluation for 
extraneural disease, x-rays of the lungs and bones, exami-
nation of the CSF, and determination of serum levels of 

angiotensin-converting enzyme are helpful in establishing 
the diagnosis of sarcoidosis. Treatment with prednisone, 
60 mg/d orally followed by tapering doses, may speed 
recovery.

SEPSIS & MULTIORGAN FAILURE
Patients with sepsis and multiorgan failure may develop a 
critical illness polyneuropathy. This manifests primarily 
by weakness and is therefore discussed in Chapter 9, Motor 
Disorders.

NEUROPATHIES IN VASCULITIS &
COLLAGEN VASCULAR DISEASE

Systemic vasculitides and collagen vascular diseases can 
produce polyneuropathy, mononeuropathy simplex, 
mononeuropathy multiplex, or entrapment neuropathy 
(Table 10-7).

SYSTEMIC NECROTIZING VASCULITIS
This includes polyarteritis nodosa and allergic angiitis and 
granulomatosis (Churg-Strauss syndrome). Neuropathy 
occurs in approximately 50% of patients, most often as 
mononeuropathy multiplex, which may manifest with pain 
of acute onset in one or more cranial or peripheral nerves. 
Distal symmetric sensorimotor polyneuropathy is less 
common. Treatment should begin as soon as the diagnosis 
is made; it includes prednisone 60 to 100 mg/d orally and 
cyclophosphamide 2 to 3 mg/d orally.

GRANULOMATOSIS WITH POLYANGIITIS 
(WEGENER GRANULOMATOSIS)
Mononeuropathy multiplex or polyneuropathy occurs in 
up to 30% of cases. Treatment is the same as for systemic 
necrotizing vasculitis.

GIANT CELL ARTERITIS
This disorder is considered in detail in Chapter 6, Headache 
& Facial Pain. Mononeuropathy affecting cranial nerves 
innervating the extraocular muscles can occur.

RHEUMATOID ARTHRITIS
Rheumatoid arthritis produces entrapment neuropathy 
(most commonly involving the median nerve) in approxi-
mately 45% of patients and distal symmetric sensorimotor 
polyneuropathy in about 30%. Mononeuropathy multiplex 
is a frequent feature in cases complicated by necrotizing 
vasculitis.

SYSTEMIC LUPUS ERYTHEMATOSUS
This is discussed in Chapter 4, Confusional States, as a 
cause of acute confusional states. Neuropathy occurs in up 
to 20% of patients. The most common pattern is a distal, 
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Table 10-7. Neuropathies Associated With Vasculitis and Collagen Vascular Disease.

Disease Polyneuropathy Mononeuropathy Simplex or Multiplex1 Entrapment Neuropathy1

Vasculitis

Systemic necrotizing vasculitis2 + + –

Granulomatosis with polyangiitis + + –

Giant cell arteritis – + (III, VI, IV) –

Collagen vascular disease

Rheumatoid arthritis + + + (M, U, R)

Systemic lupus erythematosus + + –

Sjögren syndrome + + (V, III, VI) + (M)

Progressive systemic sclerosis – + (V) –

Mixed connective-tissue disease + + (V) –

1Commonly affected nerves: III, oculomotor; IV, trochlear; V, trigeminal; VI, abducens; M, median; R, radial; U, ulnar.
2Includes polyarteritis nodosa and Churg-Strauss syndrome.
+, present; –, absent.

symmetric sensorimotor polyneuropathy. An ascending, 
predominantly motor polyneuropathy (Guillain-Barré syn-
drome, see earlier) can also occur, as may mononeuropathy 
simplex or multiplex, which often affects the ulnar, radial, 
sciatic, or fibular (peroneal) nerve.

SJÖGREN SYNDROME
Sjögren syndrome involves the peripheral nerves in 
approximately 20% of cases. Distal symmetric sensorimo-
tor polyneuropathy is most common, entrapment neurop-
athy (affecting especially the median nerve) is also frequent, 
and mononeuropathy multiplex can occur.

SCLERODERMA & MIXED CONNECTIVE-
TISSUE DISEASE
Progressive systemic sclerosis (scleroderma) and mixed 
connective-tissue disease may produce cranial mononeu-
ropathy, which most often involves the trigeminal (V) 
nerve.

Gwathmey KG, Burns TM, Collins MP, Dyck PJ. Vasculitic neu-
ropathies. Lancet Neurol. 2014;13:67-82.

NEOPLASTIC & PARAPROTEINEMIC
NEUROPATHIES

COMPRESSION & INFILTRATION BY TUMOR
Nerve compression is a common complication of multiple 
myeloma, lymphoma, and carcinoma. Tumorous invasion 
of the epineurium may occur with leukemia, lymphoma, 

and various cancers, particularly carcinoma of the breast or 
pancreas.

PARANEOPLASTIC SYNDROMES
Carcinoma (especially small-cell cancer of the lung) and 
lymphoma may be associated with neuropathies that are 
thought to be immunologically mediated, based on the 
detection of autoantibodies to neuronal antigens in several 
cases.

`` Sensory or Sensorimotor 
Polyneuropathy

This occurs with both carcinoma and lymphoma. It can be 
either an acute or chronic disorder, is sometimes asym-
metric, and may be accompanied by prominent pain. The 
CSF is typically acellular but protein concentration may be 
mildly elevated. Among patients with a chronic sensorim-
otor polyneuropathy of uncertain cause, approximately 
10% have a monoclonal gammopathy; many such patients 
eventually develop a hematologic malignancy, as discussed 
later. Treatment of the malignancy may improve the 
neuropathy.

`` Sensory Neuronopathy
Carcinoma can also cause sensory neuronopathy, which 
primarily affects the cell bodies of sensory neurons in the 
dorsal root ganglion and is associated with the presence of 
anti-Hu (or ANNA-1) antibodies (see Chapter 8, Disorders 
of Equilibrium). This rare condition may be the presenting 
manifestation of cancer. Initial symptoms of pain and 
numbness usually begin distally but sometimes begin 
proximally or in the face. The disorders often progress over 
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days or several weeks, leading to marked sensory ataxia 
and impairment of all sensory modalities. Motor involve-
ment is late, and autonomic dysfunction is uncommon. 
The CSF may have an inflammatory formula. Treatment of 
the underlying tumor is usually unrewarding.

`` Motor Neuronopathy, Guillain-Barré 
Syndrome, & Other Motor Disorders

Lymphoma may be complicated by motor neuronopathy, a 
disorder of anterior horn cells. Hodgkin disease and angio-
immunoblastic lymphadenopathy are sometimes associ-
ated with Guillain-Barré syndrome, which responds to 
treatment as in patients without malignancy. These and 
other paraneoplastic motor disorders (including the 
Lambert-Eaton myasthenic syndrome, neuromyotonia, 
and stiff-person syndrome) are discussed in Chapter 9, 
Motor Disorders.

`` Autonomic Neuropathy
An autonomic neuropathy may occur as a paraneoplastic 
disorder, especially in patients with small-cell lung cancer. 
It relates most often to anti-Hu antibodies but may also 
occur with an antibody against ganglionic acetylcholine 
receptors (anti-nAChR). It is underdiagnosed, often devel-
ops in the setting of other paraneoplastic syndromes, and 
has a poor prognosis. Symptoms may include hypotension, 
orthostatic hypotension, hypoventilation, abnormal ther-
moregulatory sweating, sleep apnea, gastroparesis, intesti-
nal pseudo-obstruction, and cardiac arrhythmias, 
sometimes leading to sudden death. Affected patients do 
not improve with immunotherapy even after treatment of 
the underlying tumor.

Sharp L, Vernino S. Paraneoplastic neuromuscular disorders. 
Muscle Nerve. 2012;46:841-850.

PARAPROTEINEMIAS
Patients with paraproteinemic demyelinating neuropathy, 
especially a chronic distal sensory neuropathy, may have a 
malignant plasma cell dyscrasia. The paraprotein is likely 
to underlie the neuropathy when it is an immunoglobulin 
(Ig)M. When it is IgG or IgA, the neuropathy may be clini-
cally and electrophysiologically indistinguishable from 
chronic inflammatory demyelinating polyradiculoneurop-
athy and similar in its response to treatment.

Polyneuropathy is a common complication of multiple 
myeloma. Patients affected by lytic myeloma are usually 
men. The clinical picture is of a distal symmetric senso-
rimotor polyneuropathy. All sensory modalities are 
affected, pain is a frequent feature, and the reflexes are 
depressed. The disorder is usually progressive and leads to 
death within 2 years.

Sclerotic myeloma may be accompanied by a chronic 
demyelinating polyneuropathy. Motor involvement 

predominates, but vibration and position sense may also be 
impaired, and the reflexes are depressed. Pain is less com-
mon than in the neuropathy of lytic myeloma, and symp-
toms may improve with treatment of the underlying cancer 
or by plasmapheresis.

The POEMS syndrome (polyneuropathy, organomeg-
aly, endocrinopathy, M protein, and skin changes) may 
complicate plasma cell dyscrasias, especially osteosclerotic 
myeloma. The sensorimotor polyneuropathy may show 
certain distinctive electrophysiologic features, such as con-
duction slowing that is more marked in intermediate than 
distal nerve segments, and often responds to treatment. 
Local irradiation or resection of an isolated plasmacytoma 
should be considered, as should melphalan with or without 
corticosteroids.

A sensorimotor polyneuropathy similar to that 
observed with lytic myeloma may also occur in 
Waldenström macroglobulinemia or benign monoclo-
nal gammopathy. Treatment with immunosuppressant 
drugs and plasmapheresis is sometimes helpful.

Kwan JY. Paraproteinemic neuropathy. Neurol Clin. 2007;25: 
47-69.

AMYLOIDOSIS
Nonhereditary amyloidosis occurs as an isolated disorder 
(primary generalized amyloidosis) or in patients with mul-
tiple myeloma and may be associated with polyneuropathy. 
Polyneuropathy is also a feature of hereditary amyloidosis. 
Amyloid neuropathies are considered later in the section 
on hereditary neuropathies.

DRUG-INDUCED & TOXIC NEUROPATHIES

ALCOHOLISM
Polyneuropathy is one of the most common neurologic 
complications of chronic alcoholism; it can occur alone 
or in combination with other alcohol-related neurologic 
disorders, such as Wernicke encephalopathy (see 
Chapter 4, Confusional States) or the Korsakoff amnes-
tic syndrome (see Chapter 5, Dementia & Amnestic 
Syndromes). Controversy exists concerning the relative 
contributions of direct neurotoxicity of alcohol & asso-
ciated nutritional (especially thiamine) deficiency in 
producing polyneuropathy.

Alcoholic polyneuropathy is typically a symmetric dis-
tal sensorimotor neuropathy. The legs are most affected, 
resulting in defective perception of vibration and touch 
and depressed or absent ankle reflexes. In some cases, dis-
tal weakness is pronounced, and autonomic dysfunction 
may occur. When pain occurs, it may respond to the treat-
ment described earlier for painful neuropathy.

Aminoff_ch10_p274-307.indd   294 09/03/15   12:11 pm



SENSORY DISORDERS 295

Abstinence from alcohol and thiamine repletion can 
halt the progression of symptoms.

OTHER DRUGS
As indicated in Table 10-2, a large number of drugs may 
cause neuropathies and most merit no additional comment 
here. With regard to isoniazid, a widely used antitubercu-
lous agent that interferes with pyridoxine metabolism, the 
polyneuropathy principally affects the sensory neurons. 
High doses, hereditary variations in drug metabolism, and 
malnutrition predispose to this complication. Spontaneous 
improvement occurs when administration of the drug is 
halted. Isoniazid-induced neuropathy can be prevented by 
concurrent administration of pyridoxine 100 mg/d orally.

Pyridoxine (vitamin B6) toxicity may cause a sensory 
neuronopathy that disproportionately impairs vibration 
and position sense. This disorder usually occurs in patients 
taking at least 200 mg of pyridoxine daily—approximately 
100 times the minimum daily requirement. Sensory ataxia, 
Romberg sign, Lhermitte sign, and ankle areflexia are com-
mon findings. Pain is less common, and motor involve-
ment is unusual. Symptoms are usually reversible over 
months to years if the abuse ceases, but an irreversible 
syndrome has also been reported after intravenous admin-
istration of high doses of pyridoxine.

TOXINS
Organic compounds implicated as causes of polyneuropa-
thy include hexacarbons present in solvents and glues (eg, 
n-hexane, methyl n-butyl ketone) and organophosphates 
used as plasticizers or insecticides (eg, triorthocresyl phos-
phate). Sensory involvement is most striking in n-hexane 
neuropathy, whereas neuropathy caused by triorthocresyl 
phosphate primarily affects motor nerves. Organophosphate 
neuropathy is discussed in more detail in Chapter 9, Motor 
Disorders.

Heavy metals may also be responsible for polyneuropa-
thy. Neuropathy caused by lead, arsenic, and thallium is 
discussed in Chapter 9, Motor Disorders. Gold, which is 
used to treat rheumatoid arthritis, may cause a symmetric 
polyneuropathy, and cisplatin (a platinum analogue with 
anticancer activity) may produce a sensory neuropathy.

HEREDITARY NEUROPATHIES

HEREDITARY MOTOR & SENSORY 
NEUROPATHIES
These are designated Charcot-Marie-Tooth (CMT) 
hereditary neuropathies. They constitute a genetically 
heterogeneous group of disorders having a similar clinical 
phenotype. There is weakness and wasting of distal mus-
cles in the limbs, with or without sensory loss; pes cavus 
and reduced or absent tendon reflexes also occur. They are 
divided into demyelinating (CMT-1) and neuronal 

(CMT-2) types, the latter sparing sensory neurons and 
resembling progressive spinal muscular atrophy (see 
Chapter 9, Motor Disorders). Both types have an autoso-
mal dominant pattern of inheritance, although apparently 
sporadic cases occur.

CMT-1 has its onset in the first decade, follows a slowly 
progressive course, and is of variable severity. The nerves 
are often palpably thickened. Nerve conduction velocities 
are markedly reduced. CMT-1 is subdivided on the basis of 
the genetic findings, but the most common form results 
from duplication of or mutations in the gene for peripheral 
myelin protein-22 (PMP22).

CMT-2 is generally less severe than CMT-1, is associ-
ated with normal or near-normal nerve conduction veloci-
ties, and does not cause nerve enlargement. The most 
common mutations are in genes for kinesin family mem-
ber 1B (KIF1B) and mitofusin 2 (MFN2). X-linked domi-
nant (CMT-X) and autosomal recessive (CMT-4) variants 
have also been described.

Dejerine-Sottas disease (HMSN3; CMT-3) has its 
onset by 2 years of age with delayed motor milestones and 
is characterized by a severe sensorimotor neuropathy that 
frequently extends to the proximal muscles and is associ-
ated with skeletal abnormalities such as scoliosis. There is 
severe demyelination of the nerves. It has autosomal 
recessive or dominant inheritance, and the responsible 
mutations involve the same genes associated with 
CMT-1.

Rossor AM, Polke JM, Houlden H, Reilly MM. Clinical implica-
tions of genetic advances in Charcot-Marie-Tooth disease. 
Nat Rev Neurol. 2013;9:562-571.

Vallat JM, Mathis S, Funalot B. The various Charcot- Marie-
Tooth diseases. Curr Opin Neurol. 2013;26:473-480.

HEREDITARY SENSORY & AUTONOMIC 
NEUROPATHIES

These neuropathies also take a variety of forms. In heredi-
tary sensory and autonomic neuropathy (HSAN) type I, 
there is dominant inheritance, a gradually progressive 
course from onset in early adulthood, and symmetric loss 
of distal pain and temperature perception, with relative 
preservation of light touch. Perforating ulcers over pres-
sure points and painless infections of the extremities are 
common. The tendon reflexes are depressed, but there is 
little, if any, motor disturbance. This phenotype is associ-
ated with mutations in the genes coding for serine palmi-
toyltransferase long-chain subunits (SPTLC1 and SPTLC2), 
the GTPase atlastin family (ATL1 and ATL3), or DNA 
methyltransferase 1 (DNMT1).

In HSAN type II, inheritance is recessive, onset is in 
infancy or early childhood, progression is slow, all sensory 
modalities are affected, autonomic involvement is variable, 
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and tendon reflexes are lost. The affected genes are lysine-
deficient protein kinase 1 (WNK1); family with sequence 
similarity 134, member B (FAM134B); and kinesin family 
member 1A (KIF1A).

HSAN type III (Riley-Day syndrome, familial dysau-
tonomia) is a progressive recessive disorder with an 
increased prevalence in persons of Ashkenazi Jewish origin 
that commences in infancy. It is characterized by conspicu-
ous autonomic dysfunction (absent tearing, and labile 
temperature and blood pressure), absent taste sensation, 
impaired pain and temperature sensation, and areflexia. 
The disorder, which has an increased prevalence in per-
sons of Ashkenazi Jewish origin, is linked to mutations in 
the gene for inhibitor of kappa light polypeptide gene 
enhancer in B cells, kinase complex-associated protein 
(IKBKAP).

HSAN type IV is associated with congenital insensitiv-
ity to pain and absent sweating and has been related to 
recessive mutations in the gene encoding a receptor tyro-
sine kinase for nerve growth factor (NTRK1). Many of 
these patients have cognitive dysfunction. Death from 
hyperpyrexia may occur.

HSAN type V resembles type IV, but cognitive abnor-
malities do not occur. The mutation is in the nerve growth 
factor β-subunit gene (NGFB).

Other, less common forms have also been described.

AMYLOIDOSIS
Polyneuropathy can occur in both hereditary and nonhe-
reditary forms of amyloidosis. Because small-diameter 
sensory and autonomic nerve fibers are especially likely to 
be involved, pain and temperature sensation and auto-
nomic functions are prominently affected. Clinical pre-
sentation is commonly with distal paresthesias, 
dysesthesias, and numbness; postural hypotension; 
impaired thermoregulatory sweating; and disturbances of 
bladder, bowel, or sexual function. Distal weakness and 
wasting eventually occur. The tendon reflexes are often 
preserved until a relatively late stage. Entrapment neuropa-
thy, especially carpal tunnel syndrome, may develop as a 
consequence of amyloid deposits.

In primary amyloidosis, the diagnosis is made by iden-
tifying amyloid deposits in the tissues; examination of 
abdominal fat aspirate is usually the initial step. Treatment 
has included alkylating agents or autologous peripheral 
blood stem-cell transplantation. In hereditary (familial) 
amyloidosis, genetic testing for transthyretin (TTR) muta-
tions is more useful for establishing the diagnosis than 
analysis of tissues for amyloid deposition. Treatment by 
orthotopic liver transplantation is effective.

Benson MD, Kincaid JC. The molecular biology and clinical 
features of amyloid neuropathy. Muscle Nerve. 2007; 
36:411-423.

FRIEDREICH ATAXIA
Friedreich ataxia usually has an autosomal recessive mode 
of inheritance but occasionally occurs with dominant 
inheritance. It is usually caused by an expanded GAA tri-
nucleotide repeat in a noncoding region of the gene for 
frataxin (FXN), a mitochondrial protein. An ataxic gait 
develops, followed by clumsiness of the hands and other 
signs of cerebellar dysfunction. Involvement of peripheral 
sensory fibers leads to sensory deficits of the limbs, with 
depressed or absent tendon reflexes. There may also be leg 
weakness and extensor plantar responses from central 
motor involvement. This condition is considered in detail 
in Chapter 8, Disorders of Equilibrium.

HEREDITARY NEUROPATHY WITH 
LIABILITY TO PRESSURE PALSIES
This is a genetically heterogeneous disorder that relates 
most commonly to deletion in the peripheral myelin pro-
tein 22 (PMP22) gene. Inheritance is as an autosomal 
dominant trait with variable expression. Patients present 
with simple or multiple mononeuropathies that occur after 
mild pressure or stretch of nerves, and electrophysiologic 
studies reveal that abnormalities are more widespread than 
is evident clinically.

METABOLIC DISORDERS
In acute intermittent porphyria, which is transmitted by 
recessive inheritance, the initial neurologic manifestation 
is often a polyneuropathy that usually involves motor more 
than sensory fibers. Sensory symptoms and signs may be 
predominantly proximal or distal. The peripheral nerves 
may also be affected in variegate porphyria. Neuropathy 
caused by porphyria is considered further in Chapter 9, 
Motor Disorders.

Two autosomal recessive lipidoses are associated with 
polyneuropathy with a typical onset in infancy or child-
hood. These are metachromatic leukodystrophy, which 
results from deficiency of the enzyme arylsulfatase A, and 
Krabbe disease, due to galactocerebroside β-galactosidase 
deficiency.

Lipoprotein deficiencies that cause polyneuropathy 
include abetalipoproteinemia, which is associated with 
acanthocytosis, malabsorption, retinitis pigmentosa, and 
cerebellar ataxia; and Tangier disease, which produces 
cataract, orange discoloration of the tonsils, and hepato-
splenomegaly. These are autosomal recessive conditions.

Refsum disease is an autosomal recessive disorder 
related to impaired metabolism of phytanic acid. It pro-
duces polyneuropathy, cerebellar ataxia, retinitis pigmen-
tosa, and ichthyosis. Treatment is by restricting dietary 
intake of phytol. Plasmapheresis to reduce body stores of 
phytanic acid may also help at the initiation of treatment.

Fabry disease is an X-linked recessive deficiency of the 
enzyme α-galactosidase-A. It results in a painful sensory 
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and autonomic neuropathy, angiokeratomas, renal and 
cardiac disease, and an increased incidence of stroke. 
White matter lesions may be present on brain MRI. The 
affected gene is α-galactosidase-A (GLA). The diagnosis 
can be confirmed in males by a low α-galactosidase-A 
activity in leukocytes or plasma. Mutation analysis is 
required for the diagnosis of female carriers. Pharmacologic 
measures (discussed earlier) may be helpful in treating 
pain, as may enzyme replacement therapy with agalsidase 
β or α, a recombinant human α-galactosidase A enzyme, 
which should be continued indefinitely and helps to stabi-
lize or improve cardiac and renal function.

▼▼ ENTRAPMENT NEUROPATHIES

Certain peripheral nerves are particularly susceptible to 
mechanical injury at vulnerable sites. The term entrap-
ment neuropathy is used when the nerve is compressed, 
stretched, or angulated by adjacent anatomic structures to 
such an extent that dysfunction occurs. There are numer-
ous entrapment neuropathies, and in many the initial or 
most conspicuous clinical complaints are of sensory symp-
toms or pain. Some of the more common syndromes are 
described next.

UPPER LIMB ENTRAPMENT SYNDROMES

MEDIAN NERVE COMPRESSION
Compression of the median nerve is common in the carpal 
tunnel at the wrist. Carpal tunnel syndrome may occur 
during pregnancy and as a complication of trauma, degen-
erative arthritis, tenosynovitis, diabetes mellitus, myx-
edema, and acromegaly. Early symptoms are pain and 
paresthesias confined to a median nerve distribution in the 
hand, that is, involving primarily the thumb, index, and 
middle fingers and the lateral half of the ring finger (see 
Appendix). There may be pain in the forearm and, in occa-
sional patients, more proximally. Symptoms are often par-
ticularly troublesome at night and may awaken the patient 
from sleep. As the neuropathy advances, weakness and 
atrophy may eventually develop in the thenar muscles.

Examination reveals impaired cutaneous sensation in 
the median nerve distribution in the hand and, with motor 
involvement, weakness and wasting of the abductor polli-
cis brevis and opponens pollicis muscles (see Appendix). 
There may be a positive Tinel sign (percussion of the 
nerve at the wrist causes paresthesias in its distribution) or 
a positive response to the Phalen maneuver (flexion of the 
wrist for 1 minute exacerbates or reproduces symptoms).

The diagnosis can generally be confirmed by electro-
physiologic studies. If the symptoms fail to respond to local 
corticosteroid injections or simple maneuvers such as 
wearing a nocturnal wrist splint, surgical decompression of 
the carpal tunnel may be necessary.

INTERDIGITAL NEUROPATHY
Interdigital neuropathy may lead to pain in one or two 
fingers, and examination reveals hyperpathia or impaired 
cutaneous sensation in the appropriate distribution of the 
affected nerve or nerves. Such a neuropathy may result 
from entrapment in the intermetacarpal tunnel of the 
hand, direct trauma, tenosynovitis, or arthritis.

Treatment by local infiltration with corticosteroids is 
sometimes helpful, but in severe cases neurolysis may be 
necessary.

ULNAR NEUROPATHY
Ulnar nerve dysfunction at the elbow leads to paresthesias, 
hypesthesia, and nocturnal pain in the little finger and 
ulnar border of the hand. Pain may also occur about the 
elbow. Symptoms are often intensified by elbow flexion or 
use of the arm.

Examination may reveal sensory loss on the ulnar 
aspect of the hand and weakness of the adductor pollicis, 
the deep flexor muscles of the fourth and fifth digits, and 
the intrinsic hand muscles (see Appendix). The lesion may 
result from external pressure, from entrapment within the 
cubital tunnel, or from cubitus valgus deformity causing 
chronic stretch injury of the nerve. Electrodiagnostic stud-
ies may localize the lesion.

Avoiding pressure on or repetitive flexion and exten-
sion of the elbow, combined in some instances with splint-
ing the elbow in extension, is sometimes sufficient to arrest 
progression and alleviate symptoms. Surgical decompres-
sion or ulnar nerve transposition to the flexor surface of 
the arm may also be helpful, depending on the cause and 
severity of the lesion and duration of symptoms.

An ulnar nerve lesion may also develop in the wrist or 
palm of the hand in association with repetitive trauma, 
arthritis, or compression from ganglia or benign tumors. 
Involvement of the deep terminal branch in the palm leads 
to a motor deficit in ulnar-innervated hand muscles other 
than the hypothenar group, whereas a more proximal pal-
mar lesion affects the latter muscles as well; there is no 
sensory deficit. With lesions at the wrist involving either 
the ulnar nerve itself or its deep and superficial branches, 
both sensory and motor changes occur in the hand. 
Sensation over the dorsal surface of the hand is unaffected, 
however, because the cutaneous branch to this region 
arises proximal to the wrist. Surgical treatment is helpful in 
relieving compression from a ganglion or benign tumor.

RADIAL NEUROPATHY
The radial nerve may be compressed in the axilla by pres-
sure from crutches or other causes; this is frequently seen 
in alcoholics and drug addicts who have fallen asleep with 
an arm draped over some hard surface (so-called “Saturday 
night palsy”). The resulting deficit is primarily motor, with 
weakness or paralysis occurring in the muscles supplied by 
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the nerve, but sensory changes may also occur, especially 
in a small region on the back of the hand between the 
thumb and index finger (see Appendix).

Treatment involves preventing further compression of 
the nerve. Recovery usually occurs spontaneously and 
completely, except when a very severe injury has resulted 
in axonal degeneration. Physical therapy and a wrist splint 
may be helpful until recovery occurs.

THORACIC OUTLET SYNDROME
A cervical rib or band or other anatomic structure may 
compress the lower part of the brachial plexus. Symptoms 
include pain, paresthesias, and numbness in a C8 and T1 
distribution (see Figure 10-4). There may be diffuse weak-
ness of the intrinsic hand muscles, often particularly 
involving the muscles in the thenar eminence and thereby 
simulating carpal tunnel syndrome. The section on cervi-
cal rib syndrome in Chapter 9, Motor Disorders, contains 
further details.

LOWER LIMB ENTRAPMENT SYNDROMES

FIBULAR (PERONEAL) NEUROPATHY
Fibular (peroneal) nerve lesions can follow trauma or pres-
sure about the knee at the fibular head. The resulting weak-
ness or paralysis of foot and toe extension—and foot 
eversion—is accompanied by impaired sensation over the 
dorsum of the foot and the lower anterior aspect of the leg 
(see Appendix). The ankle reflex is preserved, as is foot 
inversion.

Treatment is purely supportive. The nerve must be pro-
tected from further injury or compression. Patients with 
foot drop may require a brace until recovery occurs. 
Recovery occurs spontaneously with time and is usually 
complete unless the injury was severe enough to cause 
marked axonal degeneration.

TIBIAL NEUROPATHY
The posterior tibial nerve or its branches can be com-
pressed between the floor and the ligamentous roof of the 
tarsal tunnel, which is located at the ankle immediately 
below and behind the medial malleolus. The usual com-
plaint is of burning in the foot, especially at night, some-
times accompanied by weakness of the intrinsic foot 
muscles. The diagnosis can usually be confirmed electro-
physiologically. If treatment with local injection of cortico-
steroids is not helpful, surgical decompression may be 
necessary.

FEMORAL NEUROPATHY
Isolated femoral neuropathy may occur in association with 
diabetes mellitus, vascular disease, bleeding diatheses (eg, 
hemophilia or treatment with anticoagulant drugs), or 

retroperitoneal neoplasms. Weakness of the quadriceps 
muscle is accompanied by a reduced or absent knee reflex, 
and sensory disturbances may also occur in the anterior 
and medial aspects of the thigh and medial part of the 
lower leg. Treatment is of the underlying cause.

SAPHENOUS NEUROPATHY
The saphenous nerve is the terminal sensory branch of the 
femoral nerve and supplies cutaneous sensation to the 
medial aspect of the leg about and below the knee (see 
Figure 10-4). Mechanical injury to the nerve can occur at 
several points along its course; patients complain of pain or 
impaired sensation in the distribution of the nerve. 
Weakness in quadriceps function (ie, extension at the knee; 
see Appendix) indicates femoral, rather than saphenous, 
nerve involvement. There is no specific treatment, but the 
nerve should be protected from further injury.

LATERAL FEMORAL CUTANEOUS 
NEUROPATHY
The lateral femoral cutaneous nerve supplies sensation to 
the outer border of the thigh (see Appendix). Its function 
can be impaired by excessive angulation or compression by 
neighboring anatomic structures, especially in pregnancy 
or other conditions that cause exaggerated lumbar lordosis. 
This leads to pain and paresthesias in the lateral thigh, 
where examination reveals impaired sensation. This syn-
drome, known as meralgia paresthetica, is best treated 
with symptomatic measures such as simple analgesics 
taken orally. Its course is often self-limited, but in occa-
sional cases it progresses to a patch of permanent, painless 
numbness.

OBTURATOR NEUROPATHY
Trauma to the obturator nerve—for example, by pelvic 
fracture or a surgical procedure—can lead to pain radiat-
ing from the groin down the inner aspect of the thigh. An 
obturator hernia or osteitis pubis may cause a similar dis-
order; there is accompanying weakness of the adductor 
thigh muscles (see Appendix).

Bouche P. Compression and entrapment neuropathies. Handb 
Clin Neurol. 2013;115:311-366.

Stewart JD. Focal Peripheral Neuropathies. 4th ed. West 
Vancouver, Canada: JBJ Publishing; 2010.

▼▼ ROOT & PLEXUS LESIONS

COMPRESSIVE & TRAUMATIC LESIONS

The clinical disturbances resulting from acute interverte-
bral disk prolapse, cervical spondylosis, traumatic plexopa-
thy, cervical rib syndrome, and neuralgic amyotrophy are 
discussed in Chapter 9, Motor Disorders. In addition to 
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these conditions, patients with metastatic cancer may 
develop root or plexus lesions from compression by tumor 
or as a result of trauma induced by radiation therapy.

Root lesions are typically compressive in nature and 
usually occur in the setting of neoplastic meningitis, which 
is discussed in Chapter 4, Confusional States.

Brachial plexopathy can result from tumor infiltra-
tion, especially by lung or breast cancer, causing severe 
arm pain and sometimes dysesthesia. Because involvement 
of the lower trunk of the plexus is most common, symp-
toms usually occur within the C8 and T1 dermatomes, 
and Horner syndrome (see Chapter 7, Neuro-Ophthalmic 
Disorders) is present in approximately 50% of cases. 
Radiation injury, rather than direct invasion by tumor, 
should be suspected when the upper trunk of the brachial 
plexus (C5 and C6 nerve roots) is involved, weakness is a 
prominent presenting symptom, arm swelling occurs, or 
symptoms develop within 1 year after completion of radia-
tion therapy with a total dose of more than 60 Gy. MRI 
findings of thickening and diffuse enhancement of the 
brachial plexus without a focal mass lesion support a 
radiation-induced plexopathy, as does the finding of myo-
kymic discharges on electromyography.

Lumbosacral plexopathy is usually seen in patients 
with colorectal, cervical, uterine, or ovarian carcinoma or 
sarcoma. Clinical features that suggest tumor invasion 
include early and severe pain, unilateral involvement, leg 
swelling, and a palpable rectal mass. Radiation injury is 
more commonly associated with early prominent leg weak-
ness and bilateral symptoms.

Wilbourn AJ. Plexopathies. Neurol Clin. 2007;25:139-171.

TABES DORSALIS

This type of neurosyphilis, now rare, is characterized 
mainly by sensory symptoms and signs that indicate 
marked involvement of the posterior roots, especially in 
the lumbosacral region, with resulting degeneration in the 
posterior columns of the spinal cord. Common complaints 
are of unsteadiness, sudden lancinating somatic pains, and 
urinary incontinence. Visceral crises characterized by 
excruciating abdominal pain also occur.

Examination reveals marked impairment of vibration 
and joint position sense in the legs, together with an ataxic 
gait and Romberg sign. Deep pain sensation is impaired, 
but superficial sensation is generally preserved. The blad-
der is often palpably enlarged; because it is flaccid and 
insensitive, there is overflow incontinence. Tendon reflexes 
are lost, and the limbs are hypotonic. Sensory loss and 
hypotonicity may lead to the occurrence of hypertrophic 
(Charcot) joints. In many patients there are other signs of 
neurosyphilis, including Argyll Robertson pupils, optic 
atrophy, ptosis, a variable ophthalmoplegia, and, in some 
cases, pyramidal and mental changes from cerebral 

involvement (taboparesis), as discussed in Chapter 5, 
Dementia & Amnestic Syndromes. Treatment is of the 
underlying infection.

LYME DISEASE

Lyme disease, like syphilis, is a spirochetal infection that 
produces both central and peripheral nervous system 
disease. Central nervous system involvement is manifested 
by meningitis or meningoencephalitis (see Chapter 4, 
Confusional States). Lyme disease is also associated with 
inflammatory mono- or polyradiculopathy, brachial 
plexopathy, mononeuropathy (including facial palsy), and 
mononeuropathy multiplex. The radiculopathy results in 
pain, sensory loss, or dysesthesia in affected dermatomes; it 
also causes focal weakness. One or more cervical, thoracic, 
or lumbar nerve roots may be involved. Electromyography 
can confirm the presence of radiculopathy, and serologic 
testing establishes Lyme disease as the cause. Treatment is 
described in Chapter 4.

Halperin LL. Lyme disease and the peripheral nervous system. 
Muscle Nerve. 2003;28:133-143.

▼▼ MYELOPATHIES

Myelopathies may present with pain or various sensory 
complaints and with motor disturbances. The clinical find-
ings should suggest the level of the lesion, but further 
investigation is necessary to delineate it more fully and 
determine its nature. Compressive, ischemic, inflamma-
tory, demyelinative, and traumatic myelopathies are dis-
cussed in Chapter 9, Motor Disorders.

SYRINGOMYELIA

Syringomyelia is cavitation of the spinal cord. 
Communicating syringomyelia, with communication 
between the central canal of the cord and the cavity, is a 
hydrodynamic disorder of the CSF pathways. In noncom-
municating syringomyelia, there is cystic dilation of the 
cord, which is not in communication with the CSF 
pathways.

The resulting clinical disturbance depends on the site of 
cavitation. Typically, there is a dissociated sensory loss at 
the level of the lesion; pinprick and temperature apprecia-
tion are impaired, but light touch sensation is preserved 
(see Figure 10-5). The sensory loss may be reflected by the 
presence of painless skin ulcers, scars, edema, hyperhidro-
sis, neuropathic joints, resorption of the terminal phalan-
ges, and other disturbances. Weakness and wasting of 
muscles occur at the level of the lesion because of the 
involvement of the anterior horns of the spinal cord (see 
Figure 10-5).

Aminoff_ch10_p274-307.indd   299 09/03/15   12:11 pm



CHAPTER 10300

A pyramidal deficit and sphincter disturbances some-
times occur below the level of the lesion because of gliosis 
or compression of the descending corticospinal pathways. 
The tendon reflexes may be depressed at the level of the 
lesion—because of interruption of their afferent, central, or 
efferent pathways—and increased below it. Scoliosis is a 
common accompaniment of cord cavitation.

Cavitation commonly occurs in the cervical region, 
causing a capelike distribution of sensory loss over one or 
both shoulders, diffuse pain in the neck, and radicular pain 
in the arms; involvement of the T1 segment frequently 
leads to ipsilateral Horner syndrome. If the cavitation 
involves the lower brainstem (syringobulbia), there may 
also be ipsilateral tongue wasting, palatal weakness, vocal 
cord paralysis, dissociated trigeminal sensory loss, and 
other evidence of brainstem involvement.

Communicating syringomyelia is often associated with 
developmental anomalies of the brainstem and foramen 
magnum region (such as Arnold-Chiari malformation; see 
Chapter 8, Disorders of Equilibrium) or with chronic arach-
noiditis of the basal cisterns. Arnold-Chiari malformation 
can lead to hydrocephalus, cerebellar ataxia, pyramidal and 
sensory deficits in the limbs, and abnormalities of the lower 
cranial nerves, alone or in any combination. CT scans reveal 
a small posterior fossa and enlarged foramen magnum; 
other skeletal abnormalities may be present at the base of 
the skull and upper cervical spine. MRI reveals the syrinx 
and the Arnold-Chiari malformation, with caudal displace-
ment of the fourth ventricle and herniation of the cerebellar 
tonsils through the foramen magnum.

Noncommunicating syringomyelia is often due to 
trauma, intramedullary tumors, or spinal arachnoiditis 
(Figure 10-8). Posttraumatic syringomyelia generally 
occurs in patients with preexisting, severe neurologic defi-
cits from spinal trauma after an interval of several years, 
although rarely it develops after only a few months. 
Presentation is with increase in a previously stable deficit; 
weakness, impaired sensation, and spasticity are often con-
spicuous, and radicular pain may be distressing. Focal cord 
enlargement is found on MRI in patients with cavitation 
related to previous injury or to intramedullary neoplasms.

Treatment depends on the underlying cause. 
Decompression of a distended syrinx may provide tran-
sient benefit. In the case of communicating syringomyelia 
associated with Arnold-Chiari malformation, removal of 
the posterior rim of the foramen magnum and amputation 
of the cerebellar tonsils are sometimes helpful. The cord 
cavity should be drained, and, if necessary, an outlet should 
be made for the fourth ventricle. Posttraumatic syringomy-
elia is treated by surgery if it is causing a progressive neu-
rologic deficit or intolerable pain. A variety of surgical 
approaches have been used, including various draining 
procedures from the cord cavity, myelotomy, and forma-
tion of surgical meningocele. Radicular pain and sensory 
disturbances are usually helped, whereas spasticity 
responds less satisfactorily.

Karam Y, Hitchon PW, Mhanna NE, et al. Post-traumatic syrin-
gomyelia: Outcome predictors. Clin Neurol Neurosurg. 
2014;124:44-50.

Vandertop WP. Syringomyelia. Neuropediatrics. 2014;45:3-9.

SUBACUTE COMBINED DEGENERATION

Vitamin B12 deficiency (Figure 10-9) may result from 
impaired absorption by the gastrointestinal tract such as 
occurs in pernicious anemia or because of gastrointestinal 
surgery, sprue, or infection with fish tapeworm; it can also 
be caused by a strictly vegetarian diet. Vitamin B12 defi-
ciency can lead to subacute combined degeneration of the 
posterior and lateral columns of the spinal cord.

Clinical onset is with distal paresthesias and weakness 
in the extremities (involvement of the hands occurs rela-
tively early), followed by the development of spastic para-
paresis, with ataxia from impaired postural sensation in 
the legs. Lhermitte sign may be present, and examination 
reveals a combined posterior column (vibration and joint 
position sense) and pyramidal deficit in the legs. Plantar 
responses are extensor, but tendon reflexes may be 
increased or depressed, depending on the site and severity 
of the involvement. Signs of cord involvement can  
be accompanied by centrocecal scotoma or optic atrophy 
from optic (II) nerve involvement, by behavioral or 
 psychiatric changes, or by peripheral neuropathy. The 

▲▲ Figure 10-8. Sagittal T1-weighted spinal MRI dem-
onstrating a large septated syrinx in the lumbar cord of 
a patient with disseminated tuberculosis. (Used with 
permission from A. DiBernardo.)
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neurologic manifestations are often accompanied by mac-
rocytic megaloblastic anemia, but this is not invariably 
present.

The serum vitamin B12 level is low in untreated cases, 
and serum homocysteine and methylmalonic acid levels 
are elevated. In pernicious anemia, gastric achlorhydria is 
usual and anti-intrinsic factor and gastric parietal cell anti-
bodies confirm the diagnosis. Hematologic findings may be 
normal, however, especially if folic acid supplements have 
been given. Electrophysiologic studies may confirm periph-
eral nerve involvement, and median- or tibial-derived 
somatosensory evoked potentials may show abnormalities 
indicative of posterior column dysfunction. Spinal MRI 
sometimes shows abnormalities in the posterior columns.

Treatment is with vitamin B12 given by intramuscular 
injection daily (1,000 μg) for 2 weeks, then weekly (100 μg) 
for 2 months, and monthly (100 μg) thereafter. Note that 
folic acid supplements do not help the neurologic disorder; 
in addition, they may mask associated anemia.

▲▲ Figure 10-9. Vitamin B12 deficiency myelopathy in a 
30-year-old woman, wheelchair-bound with an 
18-month history of progressive myelopathy. Vitamin 
B12 level: 60 pg/mL. Gadolinium-enhanced, T1-weighted 
cervical and upper thoracic MRI image shows marked 
enhancement of the posterior cord. (Used with permis-
sion from R. Laureno.)

A similar disorder may result from nitrous oxide 
abuse, which leads to inactivation of vitamin B12. 
Management is focused on the prevention of further expo-
sure to nitrous oxide.

Copper deficiency can also lead to subacute combined 
degeneration. The copper deficiency may follow total par-
enteral hyperalimentation, copper insufficiency with 
enteral feeding, malabsorption, gastric surgery, or exces-
sive zinc ingestion, which inhibits the intestinal absorption 
of copper. Low serum copper and ceruloplasmin levels and 
urinary copper excretion confirm the diagnosis. Treatment 
involves copper supplementation and modification of any 
risk factors, which leads to stabilization of the neurologic 
deficit.

Jaiser SR, Winston GP. Copper deficiency myelopathy. J Neurol. 
2010;257:869-881.

Kumar N. Neurologic aspects of cobalamin (B12) deficiency. 
Handb Clin Neurol. 2014;120:915-926.

CEREBRAL DISORDERS

Sensory symptoms may relate to diverse diseases involving 
the brainstem or cerebral hemispheres (eg, stroke). The 
clinical features of the sensory deficit have been described 
earlier in this chapter and, together with the nature and 
extent of any accompanying neurologic signs, should sug-
gest the probable site of the lesion.

▼▼ PAIN SYNDROMES

Pain from infective, inflammatory, or neoplastic processes 
is a feature of many visceral diseases and may be a con-
spicuous component of certain neurologic or psychiatric 
diseases. It can also occur with no obvious cause.

In evaluating patients with pain, it is important to 
determine the level of the nervous system at which the pain 
arises and whether it has a primary neurologic basis. In the 
history, attention is focused on the mode of onset, dura-
tion, nature, severity, and location of the pain; on any 
associated symptoms; and on factors that precipitate or 
relieve the pain.

Treatment depends on the underlying cause and clinical 
context of the pain and is discussed later. A brief comment 
is necessary, however, about stimulation-produced analge-
sia and, in particular, about spinal cord stimulation (“dorsal 
column stimulation”) and peripheral nerve stimulation. 
These approaches were based on principles encapsulated by 
the gate control theory, in which activation of large myelin-
ated fibers was held to interrupt nociceptive transmission in 
the spinal cord, but their precise mechanism of action is 
uncertain. Spinal cord stimulation is known to affect certain 
neurotransmitter systems, particularly substance P and 
γ-aminobutyric acid (GABAergic) systems.
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PERIPHERAL NERVE PAIN

Pain arising from peripheral nerve lesions is usually local-
ized to the site of nerve injury or confined to the territory 
of the affected nerve. It may have a burning quality, and 
when mixed (motor and sensory) nerves are involved, 
there may be an accompanying motor deficit. Painful 
peripheral neuropathies include those caused by diabetes, 
polyarteritis, alcoholic-nutritional deficiency states, and 
the various entrapment neuropathies. Treatment of pain 
associated with peripheral neuropathies was discussed 
earlier.

Reflex sympathetic dystrophy is a general term that 
denotes sympathetically mediated pain syndromes precipi-
tated by a wide variety of tissue injuries, including soft tis-
sue trauma, bone fractures, and myocardial infarction. The 
designation complex regional pain syndrome (CRPS), 
type 1, is now used (in preference to reflex sympathetic 
dystrophy) for pain that follows injury but spreads beyond 
the site of trauma in a distribution that does not conform 
to that of an individual peripheral nerve, is greater than 
would be expected from the injury, and may progress with 
time (sometimes to the opposite limb). It has been attrib-
uted to a post-traumatic neuralgia associated with distal 
degeneration of small-diameter peripheral axons. CRPS 
type 2, or causalgia, designates the severe persistent pain, 
often burning in quality, that results from nerve trauma. 
Such pain is associated with exquisite tenderness. Onset of 
pain may be at any time within the first 6 weeks or so after 
nerve injury. The cause is uncertain, but it has been attrib-
uted to ephaptic transmission between efferent sympa-
thetic and afferent somatic fibers at the site of injury.

In both types of CRPS, pain may be accompanied by 
swelling, increased sweating, and vasoconstriction of the 
affected extremity, which is commonly kept covered up 
and still by the patient; allodynia, hyperalgesia, muscle 
atrophy, and osteoporosis may also occur.

Treatment is largely empirical; studies to support spe-
cific therapeutic regimens are lacking. Medical approaches 
to treatment include physical and occupational therapy, 
with emphasis on increasing activity of the involved limb. 
Relaxation therapy or biofeedback may help, as also may 
topical lidocaine or capsaicin cream. Various pharmaco-
logic approaches have been tried singly or in combination, 
with doses tailored to the individual. These include tricyclic 
antidepressants, serotonin-norepinephrine reuptake inhibi-
tors (eg, duloxetine or venlafaxine), nonsteroidal anti-
inflammatory drugs, gabapentin, pregabalin, lamotrigine, 
and opioids. If these measures do not provide satisfactory 
relief, a therapeutic trial of prednisone (starting with 1 mg/kg 
daily for 3 days) is sometimes undertaken. Addition of 
 calcitonin or a bisphosphonate may be useful.

Sympathetic blockade by injection of local anesthetics 
into the sympathetic chain or by regional infusion of reser-
pine or guanethidine provides temporary benefit to some 
patients. One such procedure sometimes produces 

permanent cessation of pain, or repeated sympathetic 
blocks may be required. Surgical sympathectomy is benefi-
cial in up to 75% of cases. Spinal cord stimulation has been 
effective in some instances for the treatment of either type 
of CRPS when other measures, including opiates, have 
been unhelpful.

Borchers AT, Gershwin ME. Complex regional pain syndrome: a 
comprehensive and critical review. Autoimmun Rev. 2014; 
13:242-265.

Rowbotham MC. Pharmacologic management of complex 
regional pain syndrome. Clin J Pain. 2006;22:425-429.

RADICULAR PAIN

Radicular pain is caused most commonly by mechanical 
root compression from disk protrusion, spinal stenosis, or 
congenital anomalies, but infective, inflammatory, and 
neoplastic causes require exclusion. Herpes zoster infec-
tion is considered separately. The pain is localized to the 
distribution of one or more nerve roots and is often exac-
erbated by coughing, sneezing, and other maneuvers that 
cause increased intraspinal pressure. It is also exacer-
bated by maneuvers that stretch the affected roots. Passive 
straight-leg raising leads to stretching of the sacral and 
lower lumbar roots, as does passive flexion of the neck. 
Spinal movements that narrow the intervertebral foramina 
can aggravate root pain. Extension and lateral flexion of 
the head to the affected side may thus exacerbate cervical 
root symptoms. In addition to pain, root lesions can cause 
paresthesias and numbness in a dermatomal distribution 
(see Figure 10-4); they can also cause segmental weakness 
and reflex changes, depending on the level affected (see 
Chapter 9, Motor Disorders, Table 9-12). Useful modes of 
treatment for mechanical causes include immobilization, 
nonsteroidal anti-inflammatory drugs or other analgesics, 
and surgical decompression.

THALAMIC PAIN

Depending on their extent and precise location, thalamic 
lesions may lead to a burning, unpleasant pain in all or part 
of the contralateral half of the body. It is aggravated by 
emotional stress and tends to develop during partial recov-
ery from a sensory deficit caused by the underlying tha-
lamic lesion. Mild cutaneous stimulation may produce very 
unpleasant and painful sensations. This combination of 
sensory loss, spontaneous pain, and perverted cutaneous 
sensation is called Dejerine-Roussy syndrome. Similar 
pain can be produced by a lesion of the parietal lobe or the 
sensory pathways at any point in the cord (posterior col-
umns or spinothalamic tract) or brainstem. Treatment with 
analgesics, anticonvulsants (carbamazepine, phenytoin, 
gabapentin, pregabalin, and lamotrigine), or tricyclic anti-
depressants, serotonin-norepinephrine reuptake inhibitors, 
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mexiletine, baclofen, and phenothiazines, either alone or in 
combination, is occasionally helpful, according to anecdotal 
observations. Opioids are sometimes used but carry the risk 
of dependency and addiction.

BACK & NECK PAIN

Spinal disease occurs most commonly in the neck or low 
back and can cause local or root pain, or both, and pain 
referred to other parts of the involved dermatomes. Pain 
from the lower lumbar spine, for example, is often referred 
to the buttocks. Conversely, pain may be referred to the 
back from the viscera, especially the pelvic organs. Local 
pain may lead to protective reflex muscle spasm, which in 
turn causes further pain and may result in abnormal pos-
ture, limitation of movement, and local spinal tenderness.

The history may suggest the underlying cause, and 
physical examination will define any neurologic involve-
ment. Investigative studies may include complete blood 
count and erythrocyte sedimentation rate (especially if 
infective or inflammatory disorders or myeloma is sus-
pected); determination of serum protein and protein elec-
trophoresis; and measurement of serum calcium, 
phosphorus, alkaline and acid phosphatase, and uric acid. 
Electromyography may indicate the extent and severity of 
root involvement and provides a guide to prognosis. A CT 
scan, MRI of the spine, or CT myelogram may be neces-
sary, especially if neoplasm is suspected, neurologic defi-
cits are progressive, pain persists despite conservative 
treatment measures, or there is evidence of cord involve-
ment. At myelography, CSF can be obtained for laboratory 
examination.

LOW BACK PAIN
Low back pain is a common cause of time lost from work. 
It has many causes. Routine immediate imaging of patients 
with acute or subacute low back pain who have no clinical 
features suggestive of serious underlying disorder does not 
improve the clinical outcome and is therefore unnecessary.

`` Trauma
Unaccustomed exertion or activity—or lifting heavy 
objects without adequate bracing of the spine—can cause 
musculoskeletal pain that improves with rest. Clinical 
examination commonly reveals spasm of the lumbar mus-
cles and restricted spinal movement. Management includes 
local heat, bed rest on a firm mattress, nonsteroidal anti-
inflammatory drugs or other analgesics, and muscle-
relaxant drugs (eg, diazepam 2 mg three times daily, 
increased gradually until symptoms are relieved or to the 
highest dose tolerated). Vertebral fractures that follow 
more severe injury and lead to local pain and tenderness 
can be visualized at radiography. If spinal cord involve-
ment is suspected—for example, because of leg weakness 
after injury—the patient must be immobilized until imaged 

to determine whether fracture dislocation of the vertebral 
column has occurred.

`` Prolapsed Lumbar Intervertebral Disk
This most commonly affects the L5-S1 or the L4-L5 disk. 
The prolapse may relate to injury, but commonly follows 
minor strain or normal activity. Protruded disk material 
may press on one or more nerve roots and thus produce 
radicular pain, a segmental motor or sensory deficit, or a 
sphincter disturbance in addition to a painful stiff back. 
The pain may be reproduced by percussion over the spine 
or sciatic nerve, by passive straight leg raising, or by exten-
sion of the knee while the hip is flexed. Bilateral symptoms 
and signs suggest that disk material has protruded cen-
trally, and this is more likely to cause sphincter involve-
ment than is lateral protrusion.

An L5 radiculopathy causes weak dorsiflexion of the 
foot and toes, whereas an S1 root lesion leads to a 
depressed ankle reflex and weakness of plantar flexion of 
the foot (see Chapter 9, Motor Disorders, Table 9-12). In 
either case, spinal movements are restricted, there is local 
tenderness, and Lasègue sign (reproduction of the patient’s 
pain on stretching the sciatic nerve by straight leg raising) 
is positive. The L4 root is occasionally affected, but 
involvement of a higher lumbar root should arouse suspi-
cion of other causes of root compression.

Pelvic and rectal examination and spinal MRI or CT 
and CT myelography help to exclude other diseases, such 
as local tumors or metastatic neoplastic deposits.

Symptoms often resolve with simple analgesics, diaze-
pam, and bed rest on a firm mattress for 2 to 3 days, fol-
lowed by gradual mobilization. Bed rest for longer than 2 
to 3 days provides no additional benefit. Nonsteroidal 
anti-inflammatory drugs may be helpful for acute back 
pain but are often ineffective or provide only minor or 
transient benefits in patients with root compression. 
Epidural steroid injection is of uncertain benefit and asso-
ciated with potentially serious adverse effects.

Persisting pain, an increasing neurologic deficit, or any 
evidence of sphincter dysfunction should lead to MRI, CT 
scanning, or CT myelography, and surgical treatment if 
indicated by the results of these procedures. The presence 
of structural abnormalities does not mandate surgical 
treatment unless the clinical circumstances are appropri-
ate—degenerative abnormalities are common in asymp-
tomatic subjects, especially with advancing age, and may 
therefore be of no clinical relevance.

Continuing pain despite surgery may result from inad-
equate decompression, recurrent herniation of disk mate-
rial, root compression or damage relating to the operative 
procedure, surgery at the wrong level, infective or inflam-
matory complications of surgery, or spinal instability. 
Often, however, no specific cause can be identified, and 
most patients do not require further surgery. Chronic pain 
in this setting may, however, respond to spinal cord 
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stimulation. There is a high risk that patients will not 
return to work.

Bruggeman AJ, Decker RC. Surgical treatment and outcomes of 
lumbar radiculopathy. Phys Med Rehabil Clin North Am. 
2011;22:161-177.

`` Lumbar Osteoarthropathy
This tends to occur in later life and may cause low back 
pain that is increased by activity. MRI is the preferred 
mode of imaging; abnormalities vary in severity, and their 
clinical relevance is not always clear. Many asymptomatic 
elderly subjects have degenerative changes of the lumbar 
spine. In patients with mild symptoms, a surgical corset is 
helpful, whereas in more severe cases operative treatment 
may be necessary.

Even minor changes may cause root or cord dysfunc-
tion in patients with a congenitally narrowed spinal canal 
(spinal stenosis), leading to the syndrome of intermittent 
claudication of the spinal cord or cauda equina. Similar 
symptoms may result from ossification of the ligamentum 
flavum, epidural lipomatosis, Pott disease, osteomyelitis, 
rheumatoid arthritis, or post-traumatic stenosis of the spi-
nal canal. They may also occur with dural arteriovenous 
fistulas. The syndrome is characterized by pain, sometimes 
accompanied by weakness or radicular sensory distur-
bances in the legs, that occurs with activity or with certain 
postures and is relieved by rest.

Patients with mild to moderate symptoms related to 
spinal stenosis should be treated conservatively with pain 
medication, nonsteroidal anti-inflammatory agents, and 
physical therapy to reduce the lumbar lordosis. Muscle 
relaxants and antidepressant drugs are often prescribed 
also. Studies to examine the relative merits and cost- 
effectiveness of these approaches are lacking. Bed rest is to 
be avoided. If symptoms are severe, decompressive surgery 
is indicated when conservative treatment for 3 to 6 months 
has been unhelpful or there is a significant motor deficit or 
symptoms of cauda equina syndrome (compression of 
lumbosacral nerve roots in the spinal canal, below the end 
of the spinal cord [conus medullaris]). Such surgery leads 
to pain relief, but the rapidity and extent of recovery is 
variable. Complications include epidural hematomas, 
inadequate decompression with residual stenosis, instabil-
ity, and reossification with renewed nerve compression.  
Up to 25% of patients undergoing surgical decompression 
will require reoperation in the following 10 years.

Jacobs WC, Rubinstein SM, Koes B, et al. Evidence for surgery in 
degenerative lumbar spine disorders. Best Pract Res Clin 
Rheumatol. 2013;27:673-684.

Siebert E, Prüss H, Klingebiel R, et al. Lumbar spinal stenosis: 
syndrome, diagnostics and treatment. Nat Rev Neurol. 
2009;5:392-403.

`` Ankylosing Spondylitis
Backache and stiffness, followed by progressive limitation 
of movement, characterize this disorder, which occurs 
predominantly in young men. Characteristic early radio-
logic findings consist of sclerosis and narrowing of the 
sacroiliac joints. Treatment is with nonsteroidal anti-
inflammatory agents, especially indomethacin or aspirin. 
Physical therapy, including postural exercises, is also 
important.

`` Neoplastic Disease
Extradural malignant tumors are an important cause of 
back pain and should be suspected if there is persistent 
pain that worsens despite bed rest. They may eventually 
lead to spinal cord compression or a cauda equina syn-
drome, depending on the level of involvement. The diag-
nosis is confirmed by spinal MRI or CT and CT 
myelography. CSF cytology may be diagnostic with lepto-
meningeal involvement, but is sometimes negative initially. 
Benign osteogenic tumors also produce back pain; treat-
ment is by excision.

`` Infections
Tuberculous and pyogenic infections of the vertebrae or 
intervertebral disks can cause progressive low back pain 
and local tenderness. Although there are sometimes no 
systemic signs of infection, the peripheral white cell count 
and erythrocyte sedimentation rate are elevated. Spinal 
imaging may show disk space narrowing and a soft tissue 
mass, but is sometimes normal initially.

Bone infection (osteomyelitis) requires long-term anti-
microbial therapy; surgical debridement and drainage may 
also be needed. Spinal epidural abscess (see Chapter 9, 
Motor Disorders) similarly presents with localized pain 
and tenderness, sometimes associated with osteomyelitis. 
Cord compression may occur with the onset of a rapidly 
progressive flaccid paraplegia. MRI, CT scanning, or CT 
myelography, followed by operative treatment, are under-
taken urgently if there is cord compression. In early cases 
without neurologic involvement, treatment with antibiot-
ics alone may be sufficient.

`` Osteoporosis
Low back pain is a common complaint in patients with 
osteoporosis, and vertebral fractures may occur spontane-
ously or after trivial trauma. Pain may be helped by a brace 
to support the back. It is important that patients keep active, 
stop tobacco smoking, and take a diet containing adequate 
amounts of calories, calcium, vitamin D, and protein. 
Estrogen therapy may be helpful in postmenopausal 
women, but is less widely used than previously. The 
bisphosphonates alendronate and risedronate may be help-
ful and have reduced the incidence of fractures in 
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randomized trials. Other antiresorptives include raloxifene, 
a selective estrogen receptor modulator, and the bisphos-
phonate zoledronic acid. In special circumstances, parathy-
roid hormone, calcitonin, or strontium is helpful.

`` Paget Disease of the Spine
Paget disease, which is characterized by excessive bone 
destruction and repair, is of unknown cause but may have 
a familial basis. Pain is commonly the first symptom. 
Vertebral involvement may also lead to evidence of cord or 
root compression. The serum calcium and phosphorus 
levels are normal, but the alkaline phosphatase is markedly 
increased. Urinary hydroxyproline and calcium are 
increased when the disease is active. X-rays show expan-
sion and increased density of the involved bones, and fis-
sure fractures may be evident in the long bones.

In active, progressive disease, treatment with calcitonin 
or bisphosphonates reduces osteoclastic activity. 
Decompressive surgery is sometimes necessary for neuro-
logic complications.

`` Congenital Anomalies
Minor spinal anomalies can cause pain because of altered 
mechanics or alignment or because reduction in the size of 
the spinal canal renders the cord or roots more liable to 
compression by degenerative or other changes. Children or 
young adults with congenital defects in spinal fusion (spi-
nal dysraphism) occasionally present with pain, a neuro-
logic deficit in one or both legs, or sphincter disturbances. 
Treatment is of the underlying disorder.

Congenital spinal stenosis may lead to the syndrome of 
neurogenic claudication, but symptoms usually develop 
only in later life when minor degenerative changes have 
come to be superimposed on the congenital anomaly, as 
discussed earlier.

`` Arachnoiditis
Severe pain in the back and legs can result from inflamma-
tion and fibrosis of the arachnoid layer of the spinal 
meninges (arachnoiditis), which may be idiopathic or 
causally related to previous surgery, infection, myelogra-
phy, or long-standing disk disease. There is no adequate 
treatment, but operation may be possible if the arachnoidi-
tis is localized. Spinal cord stimulation may provide symp-
tomatic relief. This condition is considered in more detail 
in Chapter 9, Motor Disorders.

`` Referred Pain
Disease of the hip joints may cause pain in the back and 
thighs that is enhanced by activity; examination reveals 
limitation of movement at the joint with a positive Patrick 
sign (hip pain on external rotation of the hip), and radio-
graphs show degenerative changes. Aortic aneurysms, 
cardiac ischemia, visceral and genitourinary disease 

(especially pelvic disorders in women), and retroperitoneal 
masses can also cause back pain. There are often other 
symptoms and signs that suggest the underlying disorder. 
Moreover, there is no localized spinal tenderness or restric-
tion of motility. Treatment is of the underlying cause.

`` Nonspecific Chronic Back Pain
In many patients with chronic back pain, there are no objec-
tive clinical signs or obvious causes of pain despite detailed 
investigations. In some cases, the pain may have a postural 
basis; in others, it may be a somatic manifestation of a psy-
chiatric disorder. Pain that initially had an organic basis is 
often enhanced or perpetuated by nonorganic factors and 
leads to disability out of proportion to the symptoms.

Nonsteroidal anti-inflammatory drugs may provide 
short-term symptomatic relief. There is some controversy 
about the chronic use of narcotic analgesics in patients 
with persisting low back pain, but such agents are generally 
best avoided. Treatment with tricyclic antidepressant drugs 
is sometimes helpful, and psychiatric evaluation may be 
worthwhile. Bedrest is not recommended and provides no 
greater benefit than symptom-limited activity. Unnecessary 
surgical procedures must be avoided.

Chou R, Atlas SJ, Stanos SP, Rosenquist RW. Nonsurgical inter-
ventional therapies for low back pain: a review of the evidence 
for an American Pain Society clinical practice guideline. 
Spine. 2009;34:1078-1093.

Patrick N, Emanski E, Knaub MA. Acute and chronic low back 
pain. Med Clin North Am. 2014; 98:777-789.

NECK PAIN
Neck pain is a common problem in the general population; 
surveys indicate that approximately one-third of the adult 
population has experienced it over the previous year, and 
in some instances it lasts for more than 6 months.

Congenital abnormalities of the cervical spine, such as 
hemivertebrae or fused vertebrae, basilar impression, and 
instability of the atlantoaxial joint, can cause neck pain. 
The traumatic, infective, and neoplastic disorders men-
tioned previously as causes of low back pain can also affect 
the cervical spine, producing pain in the neck. Rheumatoid 
arthritis may involve the spine, especially in the cervical 
region, leading to pain, stiffness, and reduced mobility; 
spinal cord compression may result from displacement of 
vertebrae or atlantoaxial subluxation and can be life-
threatening if not treated by fixation.

Cervical injuries are an important cause of neck pain. 
Whiplash flexion–extension injuries commonly result 
from automobile accidents. Other occult cervical injuries 
such as disk clefts and fissures may be responsible for symp-
toms in some instances, but are difficult to recognize. 
Management of persistent symptoms after whiplash injuries 
is controversial. Conservative therapeutic measures are 
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appropriate. Other approaches sometimes advocated 
include block of cervical facet joints with bupivacaine and 
injection into the joints of depot corticosteroids, but the 
response is variable and often short-lived. Subluxed cervical 
facet joints are another well-recognized complication of 
automobile accidents. Even minor trauma may lead to cer-
vical fractures in an apparently ankylosed region in patients 
with diffuse idiopathic skeletal hyperostosis, but major 
neurologic deficits are common in such circumstances.

`` Acute Cervical Disk Protrusion
Patients commonly present with neck and radicular arm 
pain that is exacerbated by head movement, accompanied 
by muscle spasm. The pathophysiology of the pain is 
unclear; pressure on nerve roots is unlikely to be the sole 
cause because pain may resolve with time and conservative 
measures despite persisting compression. With lateral her-
niation of the disk, there may also be segmental motor, 
sensory, or reflex changes, usually at the C6 or C7 level, on 
the affected side (see Figure 9-9 and Table 9-12). With 
more centrally directed herniations, spastic paraparesis 
and a sensory disturbance in the legs, sometimes accompa-
nied by impaired sphincter function, can occur as a result 
of spinal cord involvement. The diagnosis is confirmed by 
CT scan, MRI, or CT myelography. However, these imag-
ing studies often show abnormalities in asymptomatic 
subjects in middle or later life, so that any disk protrusion 
may be incidental and unrelated to patients’ symptoms. 
Electromyography may help to establish that anatomic 
abnormalities are of functional relevance.

Treatment recommendations have limited objective 
evidence and are based on anecdotal experience. In mild 
cases, postural modification, the temporary nocturnal use 
of a soft collar, and immobilization of the neck in a collar 
for brief periods during the day often helps. Activities that 
provoke pain should be avoided. Acetaminophen or non-
steroidal anti-inflammatory drugs may relieve pain, and—
when pain persists and disturbs sleep—a tricyclic 
antidepressant and muscle relaxants are often also worth-
while. A short course of oral corticosteroids can be helpful 
when pain is severe. Physical therapy is of uncertain ben-
efit, as is intermittent neck traction. If these measures fail 
and there is persistent radicular pain for more than 2 
months or a significant progressive neurologic deficit, sur-
gical treatment may be necessary.

Decker RC. Surgical treatment and outcomes of cervical radicu-
lopathy. Phys Med Rehabil Clin North Am. 2011;22:179-191.

`` Cervical Spondylosis
This is an important cause of pain in the neck and arms, 
sometimes accompanied by a segmental motor or sensory 
deficit in the arms or by spastic paraparesis. It is discussed 
in Chapter 9, Motor Disorders.

HERPES ZOSTER (SHINGLES)

This viral disorder becomes increasingly common with 
advancing age, causing an inflammatory reaction in one or 
more of the dorsal root or cranial nerve ganglia, in the 
affected root or nerve itself, and in the CSF. There seems to 
be spontaneous reactivation of varicella virus that remained 
latent in sensory ganglia after previous infection. Herpes 
zoster is common in patients with lymphoma, especially 
after regional radiotherapy.

The initial complaint is of a burning or shooting pain in 
the involved dermatome, followed within 2 to 5 days by the 
development of a vesicular erythematous rash. The pain 
may diminish in intensity as the rash develops. The rash 
becomes crusted and scaly after a few days and then fades, 
leaving small anesthetic scars. Secondary infection is com-
mon. The pain and dysesthesias may last for several weeks 
or, in some instances, persist for many months (posther-
petic neuralgia) before subsiding.

Postherpetic neuralgia is most likely to occur in the 
elderly, when the rash is severe, with a longer duration of 
the rash before medical consultation, and with involve-
ment of the first division of the trigeminal (V) nerve. The 
increased incidence and severity of postherpetic neuralgia 
with age may reflect an age-related reduction in virus-
specific cell-mediated immunity. It is not clear whether 
immune compromise secondary to HIV infection or con-
nective tissue disease predisposes to postherpetic 
neuralgia.

Pain is exacerbated by touching the involved area. 
Superficial sensation is often impaired in the affected der-
matome, and focal weakness and atrophy can also occur. 
Signs are usually limited to one dermatome, but more are 
occasionally involved. Mild pleocytosis and an increased 
protein concentration sometimes occur in the CSF. The 
most commonly involved sites are the thoracic derma-
tomes, but involvement of the first division of the trigemi-
nal (V) nerve, also common, is especially distressing and 
may lead to corneal scarring and anesthesia, as well as to a 
variety of other ocular complications.

Facial (VII) nerve palsy occurring in association with a 
herpetic eruption that involves the ear, palate, pharynx, or 
neck is called Ramsay Hunt syndrome. Other rare com-
plications of herpes zoster include other motor neuropa-
thies, meningitis, encephalitis, myelopathy, and cerebral 
angiopathy.

Unless otherwise contraindicated, the administration 
of live-attenuated zoster vaccine to patients over the age 
of 50 years is an important approach to preventing the 
occurrence of herpes zoster and reducing the risk of post-
herpetic neuralgia. There is no specific treatment once 
herpes zoster has developed. Analgesics provide symptom-
atic relief—acetaminophen or nonsteroidal anti-inflamma-
tory drugs for mild pain, and opioid analgesics when pain 
is more severe. Antiviral therapy (with oral acyclovir, 
valacyclovir, or famciclovir) speeds recovery of 
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the cutaneous lesions and helps the acute pain, but it is 
unsettled whether the incidence of postherpetic neuralgia 
is reduced. Corticosteroids are of uncertain value and do 
not affect the incidence of postherpetic neuralgia. Although 
postherpetic neuralgia can be very distressing, duloxetine 
(60 mg once daily) or pregabalin (150 mg increasing after 
1 week to 300 mg daily in divided doses; maximum, 600 
mg daily) may be helpful for relief of pain. It sometimes 
responds also to treatment with carbamazepine, up to 
1,200 mg/d; phenytoin 300 mg/d; gabapentin, up to 3,600 
mg/d; or amitriptyline 10 to 100 mg at bedtime.

Attempts at relieving postherpetic neuralgia by periph-
eral nerve section are generally unrewarding, but treat-
ment with topically applied local anesthetics is sometimes 
helpful, as is topically applied capsaicin cream, perhaps 
because of depletion of pain-mediating peptides from 
peripheral sensory neurons. Intrathecal methylpredniso-
lone may be helpful for intractable pain.

Johnson RW, Wasner G, Saddier P, Baron R. Postherpetic neu-
ralgia: epidemiology, pathophysiology and management. 
Expert Rev Neurother. 2007;7:1581-1195.

Wareham DW, Breuer J. Herpes zoster. BMJ. 2007;334: 
1211-1215.
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Movement disorders (sometimes called extrapyramidal 
disorders) impair the regulation of voluntary motor activ-
ity without directly affecting strength, sensation, or cere-
bellar function. They include hyperkinetic disorders 
associated with abnormal, involuntary movements and 
hypokinetic disorders characterized by poverty of move-
ment. Movement disorders result from dysfunction of deep 
subcortical gray matter structures termed the basal 
 ganglia. Although there is no universally accepted 
 anatomic definition of the basal ganglia, for clinical 
 purposes they may be considered to comprise the caudate 
nucleus, putamen, globus pallidus, subthalamic nucleus, 
and substantia nigra. The putamen and the globus pallidus 
are collectively termed the lentiform nucleus; the combi-
nation of lentiform nucleus and caudate nucleus is desig-
nated the corpus striatum.

The basic circuitry of the basal ganglia consists of three 
interacting neuronal loops (Figure 11-1). The first is a 
corticocortical loop that passes from the cerebral cortex, 
through the caudate and putamen, the internal segment of 
the globus pallidus, and the thalamus and then back to the 
cerebral cortex. The second is a nigrostriatal loop con-
necting the substantia nigra with the caudate and putamen. 
The third, a striatopallidal loop, projects from the caudate 
and putamen to the external segment of the globus 

pallidus, then to the subthalamic nucleus, and finally to the 
internal segment of the globus pallidus. In some movement 
disorders (eg, Parkinson disease), a discrete site of pathol-
ogy within these pathways can be identified; in other cases 
(eg, essential tremor), the precise anatomic abnormality is 
unknown.

▼▼ TYPES OF ABNORMAL MOVEMENTS

Categorizing an abnormal movement is generally the first 
step toward arriving at the neurologic diagnosis. Abnormal 
movements can be classified as tremor, chorea, athetosis or 
dystonia, ballismus, myoclonus, or tics. They can arise in a 
variety of contexts, such as in degenerative disorders or 
with structural lesions. In many disorders, abnormal 
movements are the sole clinical features.

TREMOR

A tremor is a rhythmic oscillatory movement best charac-
terized by its relationship to voluntary motor activity, that 
is, according to whether it occurs at rest, during mainte-
nance of a particular posture, or during movement. The 
major causes of tremor are listed in Table 11-1. Tremor is 
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Table 11-1. Causes of Tremor.

Postural tremor

Physiologic tremor
Enhanced physiologic tremor
 Anxiety or fear
 Excessive physical activity or sleep deprivation
 Sedative drug or alcohol withdrawal
 Drug toxicity (eg, lithium, bronchodilators, sodium valproate,  

 tricyclic antidepressants)
 Heavy metal poisoning (eg, mercury, lead, arsenic)
 Carbon monoxide poisoning
 Thyrotoxicosis
Familial (autosomal dominant) or idiopathic  

(benign essential) tremor
Dystonic tremor
Cerebellar disorders
Wilson disease

Intention tremor

Brainstem or cerebellar disease
Drug toxicity (eg, alcohol, anticonvulsants, sedatives)
Wilson disease
Dystonic tremor

Rest tremor

Parkinsonism
Wilson disease
Heavy metal poisoning (eg, mercury)
Dystonic tremor

▲▲ Figure 11-1. Basic neuronal circuitry of the basal 
ganglia.
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enhanced by emotional stress and disappears during sleep. 
Tremor that occurs when the limb is at rest is generally 
referred to as static tremor or rest tremor. If present dur-
ing sustained posture, it is called a postural tremor; 
although this tremor may continue during movement, 
movement does not increase its severity. When present 
during movement but not at rest, it is generally called an 
intention or kinetic tremor. Both postural and intention 
tremors are also called action tremors.

POSTURAL TREMOR

`` Physiologic Tremor
An 8- to 12-Hz tremor of the outstretched hands is a nor-
mal finding. Its physiologic basis is uncertain.

`` Enhanced Physiologic Tremor
Physiologic tremor may be enhanced by fear or anxiety. A 
more conspicuous postural tremor may also be found after 
excessive physical activity or sleep deprivation. It can com-
plicate treatment with certain drugs (notably lithium, tricy-
clic antidepressants, sodium valproate, and bronchodilators), 
is often conspicuous in patients with alcoholism or in alco-
hol or drug withdrawal states, and is common in thyrotoxi-
cosis. It can also result from poisoning with a number of 

substances, including mercury, lead, arsenic, and carbon 
monoxide. There is no specific treatment.

`` Other Causes
The most common type of abnormal postural tremor is 
benign essential tremor, which may be familial. Postural 
tremor may be conspicuous in patients with Wilson dis-
ease or cerebellar disorders. A postural tremor of the hands 
that is indistinguishable from essential tremor may occur 
in patients with dystonia. The designation dystonic tremor 
refers to a postural or intention tremor that occurs in a part 
of the body already affected by dystonia. It is a part of the 
dystonia and is most prominent when an attempt is made 
to oppose the dystonic posturing.

ASTERIXIS
Asterixis may be associated with postural tremor, but is 
itself more properly considered a form of myoclonus (dis-
cussed later) than tremor. It is seen most commonly in 
patients with metabolic encephalopathy and resolves with 
clearing of the encephalopathy.

To detect asterixis, the patient holds the arms out-
stretched with fingers and wrists extended. Episodic cessa-
tion of muscular activity causes sudden flexion at the 
wrists followed by a return to extension, so that the hands 
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flap in a regular or, more often, an irregular rhythm. A 
similar phenomenon may be demonstrable at the ankles.

INTENTION (KINETIC) TREMOR
Intention or kinetic tremor occurs during activity. If the 
patient is asked to touch his or her nose with a finger, for 
example, the arm exhibits tremor during movement, often 
more marked as the target is reached. This form of tremor 
is sometimes mistaken for limb ataxia, but the latter has no 
rhythmic oscillatory component.

Intention tremor results from a lesion affecting the 
superior cerebellar peduncle. Because it is often very 
coarse, it can lead to severe functional disability. No satis-
factory medical treatment exists, but stereotactic surgery of 
the contralateral ventrolateral nucleus of the thalamus or 
high-frequency thalamic stimulation through an implanted 
device is sometimes helpful when patients are severely 
incapacitated.

Intention tremor can occur—with other signs of cere-
bellar involvement—as a manifestation of toxicity of certain 
sedative or anticonvulsant drugs (eg, phenytoin) or alco-
hol; it is also seen in patients with Wilson disease.

REST TREMOR

`` Parkinsonism
Rest tremor usually has a frequency of 4 to 6 Hz and is 
characteristic of parkinsonism whether the disorder is 
idiopathic or secondary (ie, postencephalitic, toxic, or drug 
induced in origin). The rate of the tremor, its relationship 
to activity, and the presence of rigidity or hypokinesia usu-
ally distinguish the tremor of parkinsonism from other 
forms of tremor. Tremor in the hands may appear as a 
“pill-rolling” maneuver—rhythmic, opposing circular 
movements of the thumb and index finger. There may be 
alternating flexion and extension of the fingers or hand or 
alternating pronation and supination of the forearm; in the 
feet, rhythmic alternating flexion and extension are com-
mon. Parkinsonism is discussed in more detail later.

`` Other Causes
Less common causes of rest tremor include Wilson disease 
and poisoning with heavy metals such as mercury.

ChOREA

The word chorea denotes rapid irregular muscle jerks that 
occur involuntarily and unpredictably in different parts of 
the body. In florid cases, the often forceful involuntary 
movements of the limbs and head and the accompanying 
facial grimacing and tongue movements are unmistakable. 
Voluntary movements may be distorted by superimposed 
involuntary ones. In mild cases, however, patients may 
exhibit no more than a persistent restlessness and 

Table 11-2. Causes of Chorea.

Hereditary

Huntington disease
Huntington disease-like (HDL) disorders
Dentatorubro-pallidoluysian atrophy
Benign hereditary chorea
Wilson disease
Paroxysmal choreoathetosis
Familial chorea with associated acanthocytosis

Static encephalopathy (cerebral palsy) acquired antenatally or 
perinatally (eg, from anoxia, hemorrhage, trauma, kernicterus)

Sydenham chorea

Chorea gravidarum

Drug toxicity

Levodopa and other dopaminergic drugs
Antipsychotic drugs
Lithium
Phenytoin
Oral contraceptives
Others (eg, anticholinergics, baclofen, carbamazepine, digoxin, 

felbamate, lamotrigine, valproate, certain recreational drugs)

Miscellaneous medical disorders

Thyrotoxicosis, hypoparathyroidism, Addison disease
Hypocalcemia, hypomagnesemia, hyponatremia, hypernatremia
Hyperglycemia, hypoglycemia
Polycythemia vera
Hepatic cirrhosis
Systemic lupus erythematosus, primary antiphospholipid  

syndrome
Encephalitis or meningoencephalitis (various viruses including 

human immunodeficiency virus, Mycoplasma pneumoniae, 
Mycobacterium tuberculosis, Borrelia burgdorferi, 
Treponema pallidum, Toxoplasma gondii, other organisms)

Paraneoplastic syndrome

Cerebrovascular disorders

Vasculitis
Ischemic or hemorrhagic stroke
Subdural hematoma

Structural lesions of the subthalamic nucleus

clumsiness. Power is full, but there may be difficulty in 
maintaining muscular contraction such that, for example, 
handgrip is relaxed intermittently (milkmaid grasp). The 
gait becomes irregular and unsteady, with the patient sud-
denly dipping or lurching to one side or the other (dancing 
gait). Speech often becomes irregular in volume and 
tempo and may be explosive in character. In some patients, 
athetotic movements or dystonic posturing (see later) may 
also be prominent. Chorea disappears during sleep.

The pathologic basis of chorea is unclear, but some 
cases are associated with cell loss in the caudate nucleus 
and putamen. Dopaminergic drugs can provoke chorea. 
Causes of chorea are shown in Table 11-2 and are 
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discussed later. When chorea is due to a treatable medical 
disorder, such as polycythemia vera or thyrotoxicosis, 
treatment of the primary disorder abolishes it.

hEMIBALLISMUS

Hemiballismus is unilateral chorea that is especially violent 
because the proximal muscles of the limbs are involved. It 
is due most often to vascular disease in the contralateral 
subthalamic nucleus and commonly resolves spontane-
ously in the weeks after its onset. It is sometimes due to 
other types of structural disease; in the past, it was an 
occasional complication of thalamotomy. Pharmacologic 
treatment is similar to that for chorea (discussed later).

DYSTONIA & AThETOSIS

The term athetosis generally denotes abnormal move-
ments that are slow, sinuous, and writhing in character. 
When the movements are so sustained that they are better 
regarded as abnormal postures, the term dystonia is used, 
and many now use the terms interchangeably. In dystonia, 
excessive or inappropriate contraction of muscles (often 
agonists and antagonists) leads to sustained abnormal pos-
tures of the affected region of the body. The abnormal 
movements and postures may be generalized (involving 
the trunk and at least two other sites) or restricted in dis-
tribution, such as to the neck (torticollis), hand and fore-
arm (writer’s cramp), or mouth (oromandibular dystonia). 
With restricted dystonias, two or more contiguous body 
regions (eg, upper and lower face) may be affected (seg-
mental dystonia), or the disturbance may be limited to 
localized muscle groups so that only a single body region is 
involved (focal dystonia). By international consensus, dys-
tonia is now classified along a clinical axis (that includes age 
at onset, body distribution, temporal pattern, and associated 
features such as other movement disorders or neurologic 
features) and an etiologic axis that includes nervous system 
pathology and inheritance. Dystonia may be isolated (ie, 
occurring without other neurologic symptoms and signs 
apart from tremor) or secondary (Table 11-3), in which case 
other clinical features are present.

Albanese A, Bhatia K, Bressman SB, et al. Phenomenology and 
classification of dystonia: a consensus update. Mov Disord. 
2013;28:863-873.

FACTORS INFLUENCING DYSTONIA
The abnormal movements are not present during sleep. 
They are generally enhanced by emotional stress and by 
voluntary activity. In some cases, abnormal movements or 
postures occur only during voluntary activity and 
 sometimes only during specific activities such as writing, 
speaking, or chewing.

Table 11-3. Causes of Dystonia and Athetosis.

Inherited dystonias

Autosomal dominantly inherited disorders

Isolated generalized torsion dystonia and formes frustes
Huntington disease
Myoclonic dystonia
Dystonia-parkinsonism
Dopa-responsive dystonia
Dentatorubral-pallidoluysian atrophy
Neuroferritinopathy (neurodegeneration with brain iron 

 accumulation 3: NBIA3)
Spinocerebellar degenerations

Autosomal or X-linked recessively inherited disorders
 Neurodegeneration with brain iron accumulation 1
 Lubag
 Chorea-acanthocytosis
 Lysomal storage disorders (eg, Pelizaeus-Merzbacher disease, 

 Krabbe disease, metachromatic leukodystrophy)

Mitochondrionopathies
 Leber hereditary optic atrophy

Acquired dystonias

Static perinatal encephalopathy (cerebral palsy)

Parkinson disease

Progressive supranuclear palsy

Wilson disease

Drugs
 Levodopa and dopamine agonists
 Antipsychotic drugs
 Anticonvulsants
 Calcium-channel blockers
 Serotonin reuptake inhibitors
 Others (see text)

Toxins (eg, methanol, manganese, carbon monoxide, carbon 
disulphide)

Infections: viral, postviral, bacterial, other

Vascular: ischemic anoxia; hemorrhage

Neoplastic disease

Psychogenic

ETIOLOGY
Table 11-3 lists some of the conditions in which these 
movement disorders are encountered. Perinatal anoxia, 
birth trauma, and kernicterus from hyperbilirubinemia are 
the most common causes. In these circumstances, abnor-
mal movements usually develop before 5 years of age. 
Careful questioning usually discloses a history of abnormal 
early development and often of seizures. Examination may 
reveal signs of cognitive dysfunction or a pyramidal deficit 
in addition to the movement disorder.
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Dystonic movements and postures are the cardinal fea-
tures of isolated torsion dystonia (discussed later). Torsion 
dystonia may also occur as a manifestation of Wilson disease 
or Huntington disease or as a sequela of encephalitis.

Acute dystonic posturing may result from treatment 
with dopamine receptor antagonist drugs (discussed later).

Lateralized dystonia may occasionally relate to focal 
intracranial disease, but the clinical context in which it 
occurs usually identifies the underlying cause.

MYOCLONUS

Myoclonic jerks are sudden, rapid, twitchlike muscle con-
tractions. They can be classified according to their distribu-
tion, relationship to precipitating stimuli, site of origin 
(Table 11-4), or etiology. Generalized myoclonus has a 
widespread distribution, whereas focal or segmental myoc-
lonus is restricted to a particular part of the body. 
Myoclonus can be spontaneous, or it can be brought on by 
sensory stimulation, arousal, or the initiation of movement 
(action myoclonus). Myoclonus may occur as a normal 
phenomenon (physiologic myoclonus) in healthy persons, 

TABLE 11-4. Anatomic Origin of Myoclonus.

Cortical

Cerebral anoxia (Lance-Adam syndrome)
Metabolic and toxic disorders (eg, uremia, dialysis syndrome, 

 lithium, levodopa)
Neurodegenerative, infective, traumatic, vascular, and neoplastic 

diseases involving the cerebral cortex (eg, Alzheimer  
disease, Jakob-Creutzfeldt disease, Parkinson disease, and 
Parkinson-plus syndromes)

Epilepsies and epilepsia partialis continua
Cortical reflex myoclonus

Subcortical and brainstem

Exaggerated startle (eg, hereditary, static encephalopathies, 
brainstem encephalitis, multiple sclerosis, paraneoplastic  
disorders)

Essential, myoclonus-dystonia, and ballistic overflow myoclonus 
(hereditary or sporadic)

Reticular reflex myoclonus (caudal brainstem lesions; eg, uremia, 
posthypoxic)

Palatal myoclonus (dentate-olivary lesions)

Spinal

Propriospinal myoclonus (eg, trauma, tumor, idiopathic)
Segmental myoclonus (eg, trauma, infective, inflammatory, 

tumor, compressive, vascular lesions, idiopathic)

Peripheral

Hemifacial spasm (microvascular compression, tumor,  inflammatory)
Peripheral nerve or plexus injury (physical injury, tumor)

Psychogenic

as an isolated abnormality (essential myoclonus), or as a 
manifestation of epilepsy (epileptic myoclonus). It can also 
occur as a feature of a variety of degenerative, infectious, 
and metabolic disorders (symptomatic myoclonus) affect-
ing the cerebral cortex, brainstem, or spinal cord. Myoclonus 
is sometimes manifest not by a sudden twitchlike muscle 
contraction but by a sudden loss of muscle activity (nega-
tive myoclonus). This is best seen as asterixis, discussed 
earlier. Careful clinical evaluation—noting the age of onset, 
character, and distribution of myoclonus, precipitating 
stimuli and relieving factors, family history, and presence of 
any associated symptoms and signs—may suggest the cause 
and limit unnecessary investigations.

GENERALIZED MYOCLONUS
Causes are summarized in Table 11-5. Physiologic myoc-
lonus includes the myoclonus that occurs upon falling 
asleep or awakening (nocturnal myoclonus) as well as 
hiccup. Essential myoclonus is a benign condition that 
occurs in the absence of other neurologic abnormalities 
and is sometimes inherited. Epileptic myoclonus may be 
impossible to differentiate clinically from nonepileptic 
forms. They may be distinguished electrophysiologically, 
however, by the duration of the electromyographic burst 
associated with the jerking, by demonstrating an electroen-
cephalographic (EEG) correlate related temporally to the 
jerks, or by determining whether muscles involved in the 
same jerk are activated synchronously.

FOCAL OR SEGMENTAL MYOCLONUS
Focal or segmental myoclonus can arise from lesions affect-
ing the cerebral cortex, brainstem, spinal cord, or peripheral 
nerve. It can result from many of the same disturbances that 
produce symptomatic generalized myoclonus (see Table 
11-5). Metabolic disorders such as hyperosmolar nonke-
totic hyperglycemia can cause epilepsia partialis continua, 
in which a repetitive focal epileptic discharge occurs from 
the contralateral sensorimotor cortex and leads to segmen-
tal myoclonus. Brainstem involvement of the dentatoru-
broolivary pathway by stroke, multiple sclerosis, tumors, or 
other disorders can produce palatal myoclonus, which 
may be associated with an audible click or synchronous 
movements of ocular, facial, or other bulbar muscles. 
Rhythmic vertical oscillation of the soft palate occurs that is 
best regarded as a tremor. An irritative lesion of a periph-
eral or cranial nerve may lead to myoclonus, as exemplified 
by hemifacial spasm (discussed in Chapter 9, Motor 
Disorders). Segmental myoclonus is usually unaffected by 
external stimuli and persists during sleep.

PROPRIOSPINAL MYOCLONUS
Propriospinal myoclonus arises in the spinal cord and then 
spreads up and down the cord, leading to a brief bodily 
contraction. Electromyographic surface recordings may be 
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necessary to show the spread of muscle activity in an 
orderly sequence and may help to localize the site of origin 
of the myoclonus. The underlying spinal lesion may be 
revealed by imaging in some cases.

TREATMENT
Although myoclonus can be difficult to treat, cortical myoc-
lonus in particular sometimes responds to anticonvulsant 
drugs such as valproic acid 250 to 500 mg orally three times 
daily or levetiracetam titrated up to 500 to 1,500 mg orally 
twice daily. It may also respond to piracetam (not available 
in the United States). Benzodiazepines such as clonazepam 
0.5 mg orally three times daily, gradually increased to as 

much as 12 mg/d may help all types of myoclonus.  
A combination of medications is often necessary. Postanoxic 
action myoclonus is remarkably responsive to 5-hydro-
xytryptophan, the precursor of the neurotransmitter 
5-hydroxytryptamine (serotonin). The 5-hydroxytrypto-
phan is increased gradually to a maximum of 1 to 1.5 mg/d 
orally and may be combined with carbidopa (maximum, 
400 mg/d orally) to inhibit metabolism in peripheral tissues. 
Localized myoclonus, regardless of origin, may respond to 
botulinum toxin injections. A variety of other medications 
have been used to treat different types of myoclonus, includ-
ing carbamazepine, primidone, topiramate, zonisamide, 
diazepam, and—for essential myoclonus—anticholinergic 
agents, with anecdotal reports of benefit.

Caviness J, Truong DD. Myoclonus. Handb Clin Neurol. 2011; 
100:399-420.

Dijk JM, Tijssen MA. Management of patients with myoclonus: 
available therapies and the need for an evidence-based 
approach. Lancet Neurol. 2010;9:1028-1036.

TICS

Tics are sudden, recurrent, quick, coordinated abnormal 
movements that can usually be imitated without difficulty. 
The same movement occurs repeatedly and can be sup-
pressed voluntarily for short periods, although doing so 
may cause anxiety. Tics tend to worsen with stress, dimin-
ish during voluntary activity or mental concentration, and 
disappear during sleep.

CLASSIFICATION
Tics can be classified into four groups depending on whether 
they are simple or multiple and transient or chronic.

1. Transient simple tics are common in children, usually 
terminate spontaneously within 1 year (often within a 
few weeks), and generally require no treatment.

2. Chronic simple tics can develop at any age but often 
begin in childhood, and treatment is unnecessary in 
most cases. The benign nature of the disorder must be 
explained to the patient.

3. Persistent simple or multiple tics of childhood or 
adolescence generally begin before 15 years of age. 
There may be single or multiple motor tics, and often 
vocal tics, but complete remission occurs by the end of 
adolescence.

4. The syndrome of chronic multiple motor and vocal 
tics is generally referred to as Gilles de la Tourette 
syndrome, after the French physician who described its 
clinical features. It is discussed in detail later. Tics also 
may occur with levodopa or amphetamine use and after 
chronic neuroleptic use (tardive tic), after head trauma 
or viral encephalitis, and in autistic children. They can 

Table 11-5. Causes of Myoclonus.

Physiologic myoclonus

Nocturnal myoclonus

Hiccup

Essential myoclonus (hereditary or sporadic)

Epileptic myoclonus

Symptomatic myoclonus

Degenerative disorders
 Storage diseases (eg, Lafora body disease, lipidoses,  

 ceroid-lipofuscinosis)
 Pantothenate kinase-associated neurodegeneration
 Wilson disease
 Huntington disease
 Myoclonus dystonia
 Alzheimer disease
 Parkinson disease and Parkinson-plus disorders
 Spinocerebellar degenerations

Infectious disorders
 Creutzfeldt-Jakob disease
 HIV-associated dementia
 Subacute sclerosing panencephalitis
 Viral encephalitis
 Whipple disease

Metabolic disorders
 Drug intoxications (eg, penicillin, antidepressants, bismuth, 

 levodopa, anticonvulsants)
 Drug withdrawal (ethanol, sedatives)
 Hypoglycemia
 Hyperosmolar nonketotic hyperglycemia
 Hyponatremia
 Hepatic encephalopathy
 Uremia, dialysis syndrome
 Hypoxia (Lance-Adams syndrome)

Focal brain or nerve damage
 Head injury
 Stroke
 Tumors
 Peripheral nerve or plexus injury (physical injury, tumor)
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occur in association with degenerative disorders of the 
basal ganglia, such as Huntington disease, and are well 
described in neuroacanthocytosis, when they may have 
a self-mutilating character.

BRADYKINESIA & hYPOKINESIA

Bradykinesia (slowed movement) and hypokinesia or 
akinesia (poverty or lack of movement) are major features 
of parkinsonism and may be quite disabling. Manifestations 
include a fixity of facial expression (the so-called masked 
facies, with reduced blinking, widened palpebral fissures, 
and an apparently impassive appearance) and a paucity of 
spontaneous movement of the limbs (eg, a reduced arm 
swing on walking). Some patients have “freezing,” that is, 
a temporary inability to move. Such symptoms are difficult 
for patients to describe and are often attributed errone-
ously to weakness.

These phenomena are tested clinically by, for example, 
asking the patient to make repetitive alternating move-
ments of each extremity in turn. This can involve tapping 
of the index or third finger on the pad of the thumb, prona-
tion and supination of the raised arm (as if screwing a light 
bulb into the ceiling), opening and closing of the fist, 
stomping with the foot on the ground, and tapping the foot 
on the floor while the heel is maintained on the ground. A 
progressive reduction in amplitude or speed of the move-
ments, irregularity in rhythm, or arrests in movement 
indicate abnormality. Activity should be continued until at 
least 15 repetitions have occurred, and sometimes for longer. 
Abnormalities must be distinguished from the slowness of 
movement without fatiguing and decrement that may 
occur in patients with pyramidal or cerebellar dysfunction 
(often with an irregular rhythm in the latter context). The 
inexpressive face of depressed patients may simulate the 
masked facies of parkinsonism and should be distin-
guished by the lack of other extrapyramidal findings and 
the abnormal affect.

▼▼ CLINICAL EVALUATION OF PATIENTS

hISTORY

AGE AT ONSET
The age at onset of a movement disorder may suggest the 
underlying cause. For example, onset in infancy or early 
childhood suggests birth trauma, kernicterus, cerebral 
anoxia, or an inherited disorder; abnormal facial move-
ments developing in childhood are more likely to represent 
tics than other involuntary movements; and tremor pre-
senting in early adult life is more likely to be of the benign 
essential variety than due to Parkinson disease.

The age at onset can also influence the prognosis. In 
isolated torsion dystonia, for example, progression to 

severe disability is much more common when symptoms 
develop in childhood rather than later life. Conversely, 
tardive dyskinesia is more likely to be permanent and 
irreversible when it develops in the elderly than during 
adolescence.

MODE OF ONSET
Abrupt onset of dystonic posturing in a child or young 
adult suggests a drug-induced reaction; a more gradual 
onset in an adolescent suggests a chronic disorder such as 
isolated torsion dystonia or Wilson disease. Similarly, the 
abrupt onset of severe chorea or ballismus suggests a vas-
cular cause, and abrupt onset of severe parkinsonism sug-
gests a neurotoxic cause; more gradual, insidious onset 
suggests a degenerative process.

COURSE
The manner of progression from onset may also be helpful 
diagnostically. For example, Sydenham chorea usually 
resolves within about 6 months after onset and therefore 
should not be confused with other varieties of chorea that 
occur in childhood.

MEDICAL HISTORY

`` Drug History
An accurate account of all drugs taken by the patient over 
the years is important, because many movement disorders 
are iatrogenic. Neuroleptic drugs may lead to abnormal 
movements developing either while patients are taking 
them or after their use has been discontinued, and the 
dyskinesia may be irreversible, as discussed later.

Reversible dyskinesia may develop in patients taking 
certain other drugs, including oral contraceptives, 
levodopa, and phenytoin. Several drugs, especially lithium, 
tricyclic antidepressants, valproic acid, and bronchodila-
tors, can cause tremor. Serotonin reuptake inhibitors have 
been associated with a number of movement disorders 
including parkinsonism, akathisia, chorea, dystonia, and 
bruxism.

`` General Medical History
1. Chorea may be symptomatic of rheumatic fever, thy-

roid disease, systemic lupus erythematosus, polycythe-
mia, hypoparathyroidism, or cirrhosis of the liver.

2. Movement disorders, including tremor, chorea, hemi-
ballismus, dystonia, and myoclonus, may occur in 
patients with acquired immunodeficiency syndrome 
(AIDS). Opportunistic infections such as cerebral toxo-
plasmosis or cryptococcosis are often responsible, and 
infection with human immunodeficiency virus type 1 
(HIV-1) may also have a direct pathogenic role.
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3. A history of birth trauma or perinatal distress may sug-
gest the cause of a movement disorder that develops 
during childhood.

4. Encephalitis lethargica, epidemic in the 1920s, was 
often followed by a wide variety of movement disor-
ders, including parkinsonism. Various other viral 
encephalitides (Japanese encephalitis, West Nile,  
St Louis, herpes simplex, dengue, mumps, measles) may 
be accompanied or followed by movement disorders.

`` Family History
Some movement disorders have an inherited basis and a 
complete family history must be obtained, supplemented if 
possible by personal scrutiny of close relatives. Any possi-
bility of consanguinity should be noted.

EXAMINATION

Clinical examination indicates the nature of the abnormal 
movements, the extent of neurologic involvement, and the 
presence of coexisting disease; these in turn may suggest 
the diagnosis.

Psychiatric illness or cognitive impairment raises the 
possibility that the movement disorder is related to that or 
its treatment with psychoactive medication—or that the 
patient has a disorder with both abnormal movements and 
behavioral disturbances, such as Huntington disease or 
Wilson disease.

Focal motor or sensory deficits raise the possibility of a 
structural space-occupying lesion, as does papilledema. 
Kayser-Fleischer rings suggest Wilson disease. Signs of 
vascular, hepatic, or metabolic disease may suggest other 
causes for a movement disorder, such as acquired hepato-
cerebral degeneration or vasculitis.

INVESTIGATIVE STUDIES

BLOOD & URINE TESTS
1. Serum and urine copper and serum ceruloplasmin 

levels are important in diagnosing Wilson disease.
2. Complete blood count and sedimentation rate are 

helpful in excluding polycythemia, vasculitis, or sys-
temic lupus erythematosus, any of which can occa-
sionally lead to a movement disorder. A wet film of the 
blood may reveal circulating acanthocytes.

3. Blood chemistries may reveal hepatic dysfunction 
related to Wilson disease or acquired hepatocerebral 
degeneration; hyperthyroidism or hypocalcemia as 
a cause of chorea; or a variety of metabolic disorders 
associated with myoclonus.

4. Serologic tests are helpful for diagnosing movement 
disorders caused by systemic lupus erythematosus or 
lupus anticoagulant syndrome. Neurosyphilis and 

HIV-1 infection should always be excluded by appro-
priate serologic tests in patients with neurologic disease 
of uncertain etiology.

ELECTROPHYSIOLOGIC TESTS
An EEG may help in evaluating myoclonus and in distin-
guishing paroxysmal dyskinesias from seizures; otherwise, 
it is of limited usefulness. Electromyography and somato-
sensory evoked potentials may help to determine the level 
of neural involvement in myoclonus.

IMAGING
In some patients, intracranial calcification may be found by 
skull x-rays or computed tomography (CT) scans; the sig-
nificance of this finding, however, is not always clear. CT 
scans or magnetic resonance imaging (MRI) may also reveal 
a tumor or other lesion associated with focal dyskinesia or 
dystonia or with symptomatic myoclonus, caudate atrophy 
due to Huntington disease, or basal ganglia abnormalities 
associated with Wilson disease. Positron emission tomogra-
phy (PET) using 18F-dopa can monitor the loss of nigrostriatal 
projections in Parkinson disease and may be helpful diag-
nostically in patients with incomplete parkinsonian syn-
dromes, but is not widely available. Dopamine transporter 
imaging using single-photon emission computed tomogra-
phy (SPECT) can also be used for this purpose.

GENETIC STUDIES
Recombinant DNA technology has been used to generate 
probes for genes that determine certain inheritable move-
ment disorders, such as Huntington disease and Wilson 
disease. Their use may be limited, however, by the genetic 
heterogeneity of some diseases, imprecise gene localization 
by certain probes, ethical concerns about adverse psycho-
logic reactions to the presymptomatic diagnosis of fatal 
disorders, and the potential for misuse of such information 
by prospective employers, insurance companies, and gov-
ernment agencies.

PSYCHOLOGIC EVALUATION
Cognitive and affective disturbances can be documented 
and characterized by neuropsychologic evaluation. This 
may be helpful in diagnosing certain disorders such as 
Huntington disease or diffuse Lewy body dementia. Some 
movement disorders, such as Gilles de la Tourette syn-
drome, are associated with behavioral abnormalities such 
as attention deficit disorder and obsessive-compulsive dis-
order. The findings also may be important in guiding deci-
sions regarding invasive interventions such as deep brain 
stimulation, which is contraindicated in patients with 
atypical parkinsonian syndromes or in classic Parkinson 
disease when significant dementia or major depression is 
also present.
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▼▼ SELECTED MOVEMENT DISORDERS

The more common and well-defined diseases or syndromes 
characterized by abnormal movements are discussed here 
together with the principles of their treatment.

FAMILIAL OR ESSENTIAL TREMOR

PATHOGENESIS
A postural tremor may be prominent in otherwise normal 
subjects. Although the pathophysiologic basis of this disor-
der is uncertain, it often has a familial basis with an autoso-
mal dominant mode of inheritance. At least four gene loci 
have been implicated: three using linkage studies—heredi-
tary essential tremor 1 (ETM1), ETM2, ETM3—and one 
using exome sequencing, ETM4; in some cases (ETM1), the 
disorder is related to a polymorphism in the D3 dopamine 
receptor gene (DRD3). There is evidence of involvement of 
olivocerebellar and cerebello-thalamo-cortical pathways. 
Decreased levels of GABAA and GABAB receptors have been 
found postmortem in the dentate nucleus. Patients with 
essential tremor have a higher risk of developing Parkinson 
disease than the general population.

CLINICAL FINDINGS
Symptoms may develop in the teenage or early adult years 
but often do not appear until later. The tremor typically 
involves one or both hands, the head, the voice, or some 
combination of these, but the legs tend to be spared. 
Examination usually reveals no other gross abnormalities, 
but some patients may have mild ataxia or personality 
disturbances. Although the tremor may increase with time, 
it often leads to little disability other than cosmetic and 
social embarrassment. In occasional cases, tremor inter-
feres with the ability to perform fine or delicate tasks with 
the hands; handwriting is sometimes severely impaired. 
Speech is affected when the laryngeal muscles are involved. 
A small quantity of alcohol sometimes provides remark-
able but transient relief; the mechanism is not known. The 
diagnosis is made on clinical grounds by the type of tremor 
and absence of other causes of tremor or neurologic 
abnormalities.

TREATMENT
If treatment is warranted to reduce tremor amplitude, 
 propranolol, 40 to 160 mg orally twice daily, can be 
 prescribed but will need to be taken indefinitely. Other 
beta-blockers, such as atenolol and sotalol, have also been 
used. If tremor is particularly disabling under certain pre-
dictable circumstances, a single oral dose of 40 to 120 mg of 
propranolol can be taken in anticipation of the precipitating 
circumstances.

Primidone is also effective, but patients are often par-
ticularly sensitive to it; it is therefore introduced more 
gradually than when used for epilepsy. Patients are started 

on 50 mg/d, and the daily dose is increased by 50 mg every 
2 weeks until benefit occurs or side effects limit further 
increments. A dose of 100 or 150 mg three times a day is 
often effective. There is no evidence that high doses 
(exceeding 750 mg daily) provide any added benefit.

Occasional patients respond to alprazolam, up to 3 mg/d 
in divided doses. Some patients reportedly benefit from 
gabapentin (1,200 mg/d), topiramate (400 mg/d), zonisamide 
(up to 200 mg daily), or intramuscular injections of botuli-
num toxin. When tremor is disabling and unresponsive to 
pharmacologic measures, surgical measures may be neces-
sary. High-frequency thalamic stimulation by an implanted 
electrode is effective and has a low morbidity. Benefit is 
maintained over the years in most patients with severe dis-
ability. Thalamotomy may be helpful but has a significantly 
higher morbidity than thalamic stimulation.

Deuschl G, Raethjen J, Hellriegel H, Elble R. Treatment of 
patients with essential tremor. Lancet Neurol. 2011;10: 
148-161.

Louis ED. Essential tremor: from bedside to bench and back to 
bedside. Curr Opin Neurol. 2014;27:461-467.

Schmouth J-F, Dion PA, Rouleau GA. Genetics of essential 
tremor: from phenotype to genes, insights from both human 
and mouse studies. Prog Neurobiol. 2014;119-120:1-19.

PARKINSONISM

Parkinsonism occurs in all ethnic groups; in the United 
States and Western Europe it has a prevalence of 1 to 2 per 
1,000 population, with an approximately equal sex distri-
bution. The disorder becomes increasingly common with 
advancing age. It is characterized by tremor, hypokinesia, 
rigidity, and abnormal gait and posture.

ETIOLOGY

`` Idiopathic
The most common variety of parkinsonism occurs without 
obvious cause; this idiopathic form is called Parkinson 
disease or paralysis agitans when there are no atypical 
features, it is not secondary to some known cause, and 
there is a sustained response to treatment with dopaminer-
gic medication. During a preclinical phase extending back 
for several years before the development of the motor defi-
cit, hyposmia, constipation, anxiety, depression, and rapid-
eye-movement (REM) sleep behavior disorder may be 
present.

`` Encephalitis
In the first half of the 20th century, parkinsonism often 
developed in patients with a history of von Economo 
encephalitis lethargica, but such cases of postencephalitic 
parkinsonism are becoming rare, although parkinsonism 
still occasionally follows other encephalitic illnesses.
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`` Drug- or Toxin-Induced Parkinsonism
1. Therapeutic drugs—Many drugs, such as phenothi-

azines, butyrophenones, metoclopramide, reserpine, 
and tetrabenazine, can cause a reversible parkinsonian 
syndrome (see later). This is usually reversible by with-
drawing the offending medication, although symptoms 
and signs may take many months to resolve.

2. Toxic substances—Environmental toxins such as man-
ganese dust or carbon disulfide can lead to parkin-
sonism; manganese used in the home manufacture of 
methcathinone appears to have been responsible for 
parkinsonism in intravenous users of this illegal stimu-
lant. The disorder may also appear as a sequela of severe 
carbon monoxide poisoning and rarely after exposure 
to pesticides or fumes during welding.

3. MPTP (1-methyl-4-phenyl-1,2,5,6-tetrahydropyri- 
dine)—A drug-induced form of parkinsonism occurred  
in individuals who synthesized and self-administered a 
meperidine analogue, MPTP. This compound is metabo-
lized to a toxin that selectively destroys dopaminergic 
neurons in the substantia nigra and adrenergic neurons 
in the locus ceruleus and induces a severe form of par-
kinsonism in humans and nonhuman primates. The 
ability of this drug to reproduce neurochemical, patho-
logic, and clinical features of Parkinson disease suggests 
that an environmental toxin could be responsible for the 
idiopathic disorder. MPTP-induced parkinsonism has 
been used as a model to assist in the development of new 
drugs for treatment of this disease.

`` Vascular Parkinsonism
Multiple subcortical white-matter infarcts may lead to 
symptoms and signs suggestive of parkinsonism, usually 
accompanied by brisk tendon reflexes and extensor plantar 
responses. Tremor is often relatively inconspicuous and, in 
some patients, abnormalities of gait are especially evident 
(“lower-body parkinsonism”). The MRI findings help to 
suggest or support the diagnosis, and management is 
focused on preventing stroke. The response to antiparkin-
sonian medication is usually disappointing.

`` Post-traumatic Parkinsonism
Boxers and those in certain other contact sports, such as 
football, may develop a syndrome of dementia (dementia 
pugilistica), behavioral and psychiatric disturbances, par-
kinsonism, and pyramidal and cerebellar deficits from 
recurrent head trauma leading to a chronic traumatic 
encephalopathy. There is no satisfactory treatment.

`` Familial & Genetic Parkinsonism
Rarely, parkinsonism occurs on a familial basis. Autosomal 
dominant parkinsonism may result from mutations of one 
of several genes, including α-synuclein (SNCA), leucine-rich 
repeat kinase 2 (LRRK2), and ubiquitin carboxylterminal 

esterase L1 (UCHL1) (Table 11-6). Mutations in parkin 
(PARK2) and DJ1 cause early onset, autosomal recessive, 
and sporadic juvenile-onset parkinsonism. Several other 
genes or chromosomal regions have been implicated in 
familial forms of the disease or as susceptibility factors, 
including the gene for beta glucosidase (GBA), the enzyme 
deficient in the lysosomal storage disorder Gaucher disease.

`` Parkinsonism Associated With Other 
Neurologic Diseases

Parkinsonism that occurs in association with symptoms 
and signs of other neurologic disorders is considered 
briefly in the later section on differential diagnosis.

PATHOLOGY
Idiopathic parkinsonism (Parkinson disease) is a proteinop-
athy characterized by the misfolding and aggregation of 
α-synuclein. It is thus also referred to as a synucleinopathy. 
Histopathologic examination at advanced stages shows loss 
of pigmentation and cells in the substantia nigra and other 
brainstem centers, cell loss in the globus pallidus and puta-
men, and filamentous eosinophilic intraneural inclusion 
granules (Lewy bodies) containing α-synuclein in the basal 
ganglia, brainstem, spinal cord, and sympathetic ganglia. 
The distribution of Lewy bodies is more widespread than 
originally appreciated, with early involvement of the lower 
brainstem (eg, dorsal motor nucleus of the vagus [X] nerve), 
olfactory bulb, and enteric nervous system, and subsequent 
spread to the locus ceruleus, substantia nigra, transentorhi-
nal cortex, hippocampus, and neocortex. Lewy bodies are 
not seen in postencephalitic parkinsonism; instead there 
may be nonspecific neurofibrillary degeneration in a num-
ber of diencephalic structures as well as changes in the sub-
stantia nigra.

PATHOGENESIS
As in other neurodegenerative proteinopathies (discussed 
in Chapter 5, Dementia & Amnestic Disorders), the dis-
ease is thought to be triggered by protein misfolding and 
aggregation—in Parkinson disease, the protein involved is 
α-synuclein. Abnormal protein may subsequently spread 
from cell to cell and thereby propagate the disease to con-
tiguous parts of the nervous system.

The motor manifestations of Parkinson disease appear 
to result from altered patterns of inhibition and excitation 
within the basal ganglia and its connections via direct and 
indirect pathways (Figure 11-2). Dopamine and acetylcho-
line act as neurotransmitters in this region. In idiopathic 
parkinsonism, the normal balance between these two 
antagonistic neurotransmitters is disturbed because of 
dopamine depletion in the dopaminergic nigrostriatal sys-
tem (Figure 11-3). Other neurotransmitters, such as nor-
epinephrine, are also depleted in the brains of patients with 
parkinsonism, but the clinical relevance of this deficiency 
is less clear.
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Table 11-6. Genes Implicated in Hereditary Parkinsonism.

Designation Gene Protein Inheritance
Age at 
Onset Additional Clinical Features or Comments

PARK1 SNCA α-Synuclein AD 40s May be rapidly progressive; dementia may 
occur

PARK2 PARK2 Parkin AR < 40 Onset is older with mutation in only 1 allele; 
may be dystonic features and hyperreflexia. 
Sensory axonal neuropathy sometimes found

PARK3 Unknown Unknown AD Variable Mutation may affect age of onset

PARK4 SNCA  
(triplication)

α-Synuclein AD ∼ 45 Early weight loss. Rapidly progressive. Dementia 
and dysautonomia may occur

PARK5 UCHL1 Ubiquitin carboxyl- 
terminal esterase L1

AD ? Few cases reported

PARK6 PINK1 PTEN-induced putative 
kinase 1

AR ∼ 40 Indistinguishable for classic Parkinson disease. 
Some resemble PARK2

PARK7 DJ1 DJ1 AR ∼ 40 Slow progression. Blepharospasm may occur

PARK8 LRRK2 Leucine-rich repeat 
kinase 2 (dardarin)

AD 50-70 Indistinguishable for classic Parkinson disease. 
Slow progression. Dementia rare

PARK9 ATP13A2 ATPase type 13A2 AR < 40 Hyperreflexia, dementia, supranuclear palsy, 
visual hallucinations may occur. Initially good 
but short-lived response to levodopa

PARK11 GIGYF2 GRB-interacting GYF 
 protein 2

AD Evidence is inconsistent that variation in the 
GIGYF2 gene relates to parkinsonism

PARK13 HTRA2 HTRA serine  
peptidase 2

AD Late 
onset

Limited information available

PARK14 PLA2G6 Phospholipase A2, group 
VI

AR < 40 Parkinsonism, dystonia, hyperreflexia,  
dementia, cortical atrophy, rapidly progres-
sion, sometimes with brain iron accumulation

PARK15 FBXO7 F-box only protein 7 AR < 30 Parkinsonism and pyramidal signs

PARK 17 VPS35 Vacuolar protein sorting-
associated protein 35

AD 40-60 Similar to classic Parkinson disease

PARK18 EIF4G1 Eukaryotic translation 
initiation factor 4 
gamma 1

AD 50-80 Similar to classic Parkinson disease

PARK19 DNAJC6 Putative tyrosine-protein 
phosphatase auxilin

AR < 20 Dystonia and pyramidal signs may be present

PARK 20 SYNJ1 Synaptojanin 1 AR 20s May be accompanied by dystonia, seizures  
cognitive decline, abnormal eye movements

AD, autosomal dominant; AR, autosomal recessive.
The evidence for involvement of loci at PARK10 (1p32), PARK12 (Xq21-q25), and PARK16 (1q32) is incomplete or disputed.

CLINICAL FINDINGS

`` Tremor
The 4- to 6-Hz tremor of parkinsonism is characteristically 
most conspicuous at rest; it increases at times of emotional 
stress and often improves during voluntary activity. It com-
monly begins with rhythmic, opposing circular move-
ments of the thumb and index finger (“pill-rolling”), as 

rhythmic flexion–extension of the fingers or of the hand or 
foot—or rhythmic pronation–supination of the forearm. It 
frequently involves the lower jaw and chin as well. Although 
it may ultimately be present in all limbs, it is not uncom-
mon for the tremor to be confined to one limb—or both 
limbs on one side—for months or years before it becomes 
more generalized. In some patients, tremor never becomes 
prominent.
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`` Rigidity
Rigidity or increased tone (ie, increased resistance to pas-
sive movement) is characteristic of parkinsonism. The 
disturbance in tone is responsible for the flexed posture of 
many patients. The resistance is typically uniform through-
out the range of movement at a particular joint and affects 
agonist and antagonist muscles alike—in contrast to spas-
ticity, where it is often greatest at the beginning of the pas-
sive movement (clasp-knife phenomenon) and more 
marked in some muscles than others. In some instances, 
the rigidity in parkinsonism is described as cogwheel 
rigidity because of ratchet-like interruptions of passive 
movement that may be due, in part, to the presence of 
tremor.

▲▲ Figure 11-2. Functional circuitry between the cere-
bral cortex, basal ganglia, and thalamus. The major neu-
rotransmitters and their excitatory (+) or inhibitory (−) 
effects are indicated. In Parkinson disease, there is 
degeneration of the pars compacta of the substantia 
nigra, leading to overactivity in the indirect pathway 
(red) and increased glutamatergic output from the sub-
thalamic nucleus. (Used with permission from Aminoff 
MJ. Pharmacologic management of parkinsonism and 
other movement disorders. In: Katzung BG, Masters SB, 
Trevor AJ, eds. Basic and Clinical Pharmacology. 11th ed. 
New York, NY: McGraw-Hill; 2009.)
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▲▲ Figure 11-3. Schematic representation of the 
sequence of neurons involved in parkinsonism. Top: 
Dopaminergic neurons (red) originating in the sub-
stantia nigra normally inhibit the GABAergic output 
from the striatum (caudate and putamen), whereas 
cholinergic neurons (green) exert an excitatory effect. 
Bottom: In parkinsonism, there is a selective loss of 
dopaminergic neurons (dashed, red). This leads to 
increased inhibitory output from the striatum. (Used 
with permission from Aminoff MJ. Pharmacologic man-
agement of parkinsonism and other movement disor-
ders. In: Katzung BG, Masters SB, Trevor AJ, eds. Basic  
and Clinical Pharmacology. 12th ed. New York, NY: 
McGraw-Hill; 2012.)
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`` Hypokinesia
The most disabling feature of parkinsonism is hypokinesia 
(sometimes called bradykinesia or akinesia)—a slowness 
of voluntary movement and a reduction in automatic 
movement, such as swinging the arms while walking. The 
patient’s face is relatively immobile (hypomimia or mask-
like facies), with widened palpebral fissures, infrequent 
blinking, a certain fixity of facial expression, and a smile 
that develops and fades slowly. The voice is soft (hypopho-
nia) and poorly modulated. Fine or rapidly alternating 
movements are impaired, but power is not diminished if 
time is allowed for it to develop. The handwriting is small 
(micrographia), tremulous, and hard to read.

`` Abnormal Gait & Posture
The patient finds it difficult to get up from bed or an easy 
chair and adopts a flexed posture on standing  
(Figure 11-4). It is often difficult to start walking, so the 
patient may lean farther and farther forward while walking 
in place before being able to advance. The gait itself is 
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▲▲ Figure 11-4. Typical flexed posture of a patient with 
parkinsonism.

characterized by small, shuffling steps and absence of the 
arm swing that normally accompanies locomotion; there is 
generally some unsteadiness on turning, and there may be 
difficulty in stopping. Retained arm swing, wide-based 
gait, or marked imbalance at an early stage suggests a non-
parkinsonian disorder. In advanced cases, the patient tends 
to walk with increasing speed to prevent a fall (festinating 
gait) because of the altered center of gravity that results 
from the abnormal posture.

`` Other Motor Abnormalities
There is often mild blepharoclonus (fluttering of the 
closed eyelids) and occasionally blepharospasm (involun-
tary closure of the eyelids). The patient may drool, perhaps 
because of impairment of swallowing. There is typically no 
alteration in the tendon reflexes (although a mild hyper-
reflexia may occur on the affected side in asymmetric 
parkinsonism), and the plantar responses are flexor. 
Repetitive tapping (approximately twice per second) over 
the bridge of the nose produces a sustained blink response 
(Myerson sign); the response is not sustained in normal 
subjects.

`` Nonmotor Manifestations
Anosmia is an early symptom (but may arise from many 
other causes, and is therefore not a specific indicator of 
Parkinson disease). Cognitive decline, executive dysfunc-
tion, and personality changes are common, as are depres-
sion and anxiety. Apathy may be conspicuous. A sense of 
fatigue may be prominent, and some patients complain of 
pain or sensory disturbances. Dysautonomic symptoms 
include urinary urgency and urge incontinence, and con-
stipation; postural hypotension relates most commonly to 
dopaminergic therapy or inactivity but may also reflect 
baroreflex failure or denervation of cardiac muscle. Sleep 
disorders including REM behavior disorder are common. 
Seborrheic dermatitis may occur.

DIFFERENTIAL DIAGNOSIS
The diagnosis may be difficult to make in mild cases. Some 
degree of slowing is normal in the elderly, and certain oth-
erwise normal people have a deliberate slowness about 
them.

`` Depression
Depression may be accompanied by a somewhat expres-
sionless face, poorly modulated voice, and reduction in 
voluntary activity; it can thus simulate parkinsonism. 
Moreover, the two diseases often coexist. A trial of antide-
pressant drug treatment may be helpful in some instances.

`` Essential (Benign Familial) Tremor
This was considered separately (see earlier). An early age at 
onset, a family history of tremor, the relationship of the 
tremor to activity, a beneficial effect of alcohol on the 
tremor, and a lack of other neurologic signs distinguish this 
disorder from parkinsonism. Furthermore, essential tremor 
commonly affects the head (causing a nod or head shake); 
parkinsonism typically affects the lower jaw and chin.

`` Parkinson-Plus Syndromes
This group of disorders is characterized by parkinsonism 
plus clinical evidence of more widespread disease from 
degeneration in other neuronal systems. Depending on the 
disorder, they are either synucleinopathies or tauopathies. 
They typically respond poorly to dopaminergic medication 
and have a poorer prognosis than Parkinson disease. These 
disorders include diffuse Lewy body disease, multisystem 
atrophy, progressive supranuclear palsy, and cortico-
basal degeneration, which are all discussed later in this 
chapter.

`` Dystonia
A dystonic tremor may also be mistaken for parkinsonism, 
particularly when the dystonia is mild or unrecognized.
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`` Wilson Disease
Wilson disease (discussed later) can lead to a parkinsonian 
syndrome, but other varieties of abnormal movements are 
usually present as well. Moreover, the early age at onset and 
the presence of Kayser-Fleischer rings should distinguish 
Wilson disease from Parkinson disease, as should abnormali-
ties in serum and urinary copper and serum ceruloplasmin.

`` Huntington Disease
Huntington disease may occasionally be mistaken for par-
kinsonism when it presents with rigidity and akinesia, but 
a family history of Huntington disease or an accompanying 
dementia, if present, should suggest the correct diagnosis, 
which can be confirmed by genetic studies.

`` Creutzfeldt-Jakob Disease
This prion disease may be accompanied by parkinsonian 
features, but dementia is usually present, myoclonic jerks 
are common, and ataxia is sometimes prominent; there 
may be pyramidal or cerebellar signs and visual distur-
bances, and the EEG findings of periodic discharges are 
usually characteristic.

`` Normal Pressure Hydrocephalus
This condition leads to a gait disturbance (often mistak-
enly attributed to parkinsonism), urinary incontinence, 
and dementia. CT scanning reveals dilation of the ven-
tricular system of the brain without cortical atrophy. The 
disorder may follow head injury, intracranial hemorrhage, 
or meningoencephalitis, but the cause is often obscure. 
Surgical shunting procedures to bypass any obstruction to 
the flow of cerebrospinal fluid (CSF) are often beneficial. 
Normal pressure hydrocephalus is discussed in more detail 
in Chapter 5, Dementia & Amnestic Disorders.

TREATMENT
Early parkinsonism requires no drug treatment, but it is 
important to discuss with the patient the nature of the 
disorder and the availability of medical treatment if symp-
toms become more severe, and to encourage activity. 
Treatment of the motor symptoms, when indicated, is 
directed toward restoring the dopaminergic– cholinergic 
balance in the striatum by blocking the effect of acetylcho-
line with anticholinergic drugs or by enhancing dopami-
nergic transmission (Figure 11-5).

`` Anticholinergic Drugs
Muscarinic anticholinergic drugs are more helpful in alle-
viating tremor and rigidity than hypokinesia but are gen-
erally less effective than dopaminergic drugs (see later). A 
number of preparations are available, and individual 
patients tend to favor different drugs. Among the most 
commonly prescribed drugs are trihexyphenidyl and 

▲▲ Figure 11-5. Pharmacologic basis of antiparkinso-
nian dopaminergic therapy. (Used with permission  
from Aminoff MJ. Pharmacologic management of parkin-
sonism and other movement disorders. In: Katzung BG, 
Masters SB, Trevor AJ, eds. Basic and Clinical Pharmacology. 
12th ed. New York, NY: McGraw-Hill; 2012.)
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benztropine (Table 11-7). Treatment is started with a small 
dose of one of the anticholinergics; the dosage is then 
gradually increased until benefit occurs or side effects limit 
further increments. If treatment is not helpful, the drug is 
withdrawn and another anticholinergic preparation is 
tried. Anticholinergic drugs are best avoided in the elderly 
because of their side effects, which include dry mouth, 
constipation, urinary retention, defective pupillary accom-
modation, and confusion.

`` Amantadine
Amantadine can be given for mild parkinsonism either 
alone or in combination with an anticholinergic agent. Its 
precise mode of therapeutic action is unclear, but its phar-
macologic effects include blockade of NMDA-preferring 
glutamate and muscarinic cholinergic receptors and stimu-
lation of dopamine release. Amantadine improves all  
the motor features of parkinsonism, its side effects (rest-
lessness, confusion, skin rashes, edema, disturbances of 
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cardiac rhythm) are relatively uncommon, its effects are 
exerted rapidly, and it is given in a standard dose of 100 mg 
orally twice daily. Unfortunately, however, many patients 
fail to respond to this drug, or its benefit is short-lived. 
Amantadine may also be useful in reducing the sense of 
extreme fatigue experienced by some patients and for iat-
rogenic dyskinesias in patients with advanced disease (100 
mg two or three times daily).

`` Levodopa
Levodopa, which is converted in the body to dopamine 
(see Figure 11-5), ameliorates all the major clinical features 
of parkinsonism and, unlike the anticholinergic drugs, is 
often particularly helpful against hypokinesia. Carbidopa 
is a drug that reduces the extracerebral metabolism of 
levodopa to dopamine by inhibiting dopa decarboxylase 
(see Figure 11-5), but it does not cross the blood–brain 
barrier. Accordingly, when levodopa is given with carbidopa, 

Table 11-7. Drugs Used in the Treatment of Parkinson 
Disease.

Drug Total Daily Dose (mg)1

Anticholinergics
 Benztropine (Cogentin)
 Trihexyphenidyl (Artane)

1-6
6-20

Amantadine (Symmetrel) 100-300

Levodopa (Sinemet; Stalevo; Parcopa) 300-1,0002

Dopamine agonists
 Ergolides
  Bromocriptine (Parlodel)3

 Nonergolides
  Pramipexole (Mirapex)
  Ropinirole (Requip)
  Apomorphine (Apokyn)4

15-30

1.5-4.5
8-24
2-6

MAO-B inhibitors
 Selegiline (Eldepryl)
 Rasagiline (Azilect)

10
0.5-1

COMT inhibitors
 Entacapone (Comtan)
 Tolcapone (Tasmar)

600-1,000
300-600

1Doses are range for total daily maintenance; all drugs are admin-
istered in divided doses unless an extended-release formulation is 
used. Introduction is at a lower dose, which is gradually increased. 
Drug interactions are common; the addition of one drug may 
mandate reduction of another. Psychoactive side effects are com-
mon with all of these agents.
2Refers to the levodopa component of the commercially available 
carbidopa/levodopa combination (eg, 25/250 represents 250 mg 
of levodopa).
3 Rarely used.
4Administered by subcutaneous injection.

the breakdown of levodopa is limited outside the brain. 
Carbidopa is generally combined with levodopa in a fixed 
proportion (1:10 or 1:4) as carbidopa/levodopa. There 
remains disagreement about the best time to introduce it. 
Concerns that levodopa may lose its effectiveness with 
time (as opposed to with advance of the disease) are mis-
placed, but response fluctuations sometimes occur after it 
has been used for several years, and may be particularly 
disabling. These may relate to the disease itself or to the 
duration of levodopa treatment. Many physicians therefore 
defer the introduction of levodopa for as long as possible 
or use dopamine agonists (discussed later) in conjunction 
with it to keep the levodopa dose low.

Treatment is started with a small dose, such as carbi-
dopa/levodopa 10/100 mg or 25/100 mg orally three times 
daily, and the dose is gradually increased, depending on the 
response. Many patients ultimately require carbidopa/
levodopa 25/250 (mg) three or four times daily. Carbidopa 
should total at least 75 mg/d. The medication is best taken 
about 30 to 45 minutes before meals or 2 hours after meals 
to maximize absorption and uptake into the brain. A tablet 
of carbidopa/levodopa (25/100, 10/100, 25/250) that disin-
tegrates in the mouth and is then swallowed with the saliva 
(Parcopa) is also available and is best taken about 1 hour 
before meals.

The most common side effects of levodopa are nausea, 
vomiting, hypotension, abnormal movements (dyskinesias), 
restlessness, and confusion. Cardiac arrhythmias occur 
occasionally. The incidence of nausea, vomiting, hypoten-
sion, and cardiac irregularities is reduced when levodopa is 
taken with carbidopa. The late dyskinesias and behavioral 
side effects of levodopa occur as dose-related phenomena, 
but reduction in dose may diminish any therapeutic benefit. 
Treatment with olanzapine, quetiapine, or risperidone may 
relieve confusion and psychotic mental disturbances with-
out blocking the effects of levodopa or exacerbating parkin-
sonism. Clozapine, a dibenzodiazepine derivative that does 
not block the therapeutic effects of dopaminergic medica-
tion, may also relieve confusion and psychotic mental dis-
turbances and, in some instances, the dyskinesias, but 
requires regular monitoring of the leukocyte count.

Another late complication of levodopa therapy or conse-
quence of advancing disease is response fluctuation such as 
the wearing-off effect, in which deterioration occurs shortly 
before the next dose is to be taken, or the on–off phenom-
enon, in which abrupt but transient fluctuations in the 
severity of parkinsonism occur at frequent intervals during 
the day, apparently without any relationship to the last dose 
of levodopa. Such fluctuations may be disabling and may 
relate to discontinuous (pulsatile) levels of cerebral dopa-
mine. They can be controlled only partly by varying the 
dosing intervals; restricting dietary protein intake; use of a 
controlled-release preparation of carbidopa/levodopa; addi-
tion of entacapone, selective monoamine oxidase type B 
inhibitors, or dopamine agonists to the medication regimen; 
or administration of carbidopa/levodopa via portable 
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intraduodenal pump. They often respond well to deep brain 
stimulation.

Levodopa therapy (either alone or in conjunction with 
carbidopa) is contraindicated in patients with narrow-
angle glaucoma or psychotic illness and should be avoided 
in patients receiving monoamine oxidase type A (MAO-A) 
inhibitors. It should also be used with care in patients with 
active peptic ulcers or suspected malignant melanomas.

`` Dopamine Agonists
The older agonists are ergot derivatives such as bro-
mocriptine, which stimulates dopamine D2 receptors. It is 
perhaps slightly less effective than levodopa in relieving 
the symptoms of parkinsonism but is less likely to cause 
dyskinesias. Bromocriptine is now used infrequently, as 
more effective dopamine agonists are available.

Pergolide is another ergot derivative and dopamine 
receptor agonist; unlike bromocriptine, it activates both D1 
and D2 receptors. Its indications, side effects, and contrain-
dications are similar to those of bromocriptine, and it is 
unclear whether either compound is clinically superior to 
the other. Pergolide was used for many years but has been 
associated with the development of valvular heart disease 
in approximately one-third of patients and has therefore 
been withdrawn by the manufacturer.

The newer dopamine agonists are not ergot derivatives. 
They seem to be as effective as the older agonists but are 
without their potential ergot-related adverse effects and 
may be used in early or advanced Parkinson disease. 
Pramipexole is started at 0.125 mg three times daily; the 
daily dose is doubled after 1 week and again after another 
week; it is then increased by 0.75 mg each week according 
to response and tolerance. A common maintenance dose is 
between 0.5 and 1.5 mg three times daily. Ropinirole is 
started at 0.25 mg three times daily, and the total daily dose 
increased at weekly intervals by 0.75 mg until the fourth 
week and by 1.5 mg thereafter. Most patients need between 
2 and 8 mg three times daily for benefit. Adverse effects of 
these medications include fatigue, somnolence, nausea, 
peripheral edema, dyskinesias, confusion, hallucinations, 
and orthostatic hypotension. An irresistible urge to sleep at 
inappropriate times sometimes occurs and may lead to 
injury. Disturbances of impulse control may lead to such 
behaviors as compulsive gambling or abnormal sexual 
activity. Extended-release preparations of both pramipex-
ole and ropinirole are available.

Apomorphine hydrochloride, a nonselective dopamine 
receptor agonist administered by subcutaneous injection, 
may help rescue patients with advanced parkinsonism and 
severe “off ” episodes of akinesia despite optimized oral 
therapy. Side effects include severe nausea and vomiting, 
somnolence, hallucinations, chest pain, and hyperhidrosis; 
dyskinesias may be enhanced. It should not be prescribed 
by physicians who are unfamiliar with its potential compli-
cations and interactions.

`` Catechol-O-Methyltransferase 
Inhibitors

Catechol-O-methyltransferase (COMT) is one of two prin-
cipal enzymes involved in the metabolic breakdown of 
dopamine (see Figure 11-5); the other is monoamine oxi-
dase, discussed later. COMT inhibitors may be used to 
reduce the dose requirements of and any response fluctua-
tions to levodopa. Their use leads to more sustained 
plasma levels of levodopa, with improved transport into 
the blood and across the blood–brain barrier. Side effects 
include diarrhea, confusion, dyskinesias, and abnormali-
ties of liver function tests. Two of these inhibitors are in 
widespread use. Tolcapone is taken in a daily dose of 100 
or 200 mg three times daily. Acute hepatic necrosis has 
occurred in rare instances in patients receiving this medi-
cation and, accordingly, entacapone (200 mg) taken with 
carbidopa/levodopa up to five times daily is generally 
preferred.

A commercial preparation named Stalevo is now avail-
able that combines levodopa with both carbidopa and 
entacapone. It provides the convenience of simplifying the 
drug regime and requiring the consumption of fewer tab-
lets, and is available in three combinations: Stalevo 50  
(50 mg levodopa plus 12.5 mg carbidopa and 200 mg enta-
capone), Stalevo 100 (100 mg, 25 mg, and 200 mg, respec-
tively), and Stalevo 150 (150 mg, 37.5 mg, and 200 mg, 
respectively). More sustained plasma levels of levodopa 
may lead to more continuous delivery of levodopa to the 
brain, with a consequent reduction in the risk of response 
fluctuations and dyskinetic complications. However, initi-
ating levodopa therapy with Stalevo rather than carbidopa/
levodopa fails to delay the time of onset or reduce the fre-
quency of dyskinesia; indeed, dyskinesias may occur 
sooner and with increased frequency.

`` Monoamine Oxidase Inhibitors
Selegiline, an irreversible monoamine oxidase type B 
(MAO-B) inhibitor, inhibits the metabolic breakdown of 
dopamine (see Figure 11-5). It thus enhances the antipar-
kinsonian effect of levodopa and may reduce mild on–off 
fluctuations in responsiveness. Some clinical studies sug-
gest that selegiline may also delay the progression of 
Parkinson disease, although the evidence is incomplete in 
this regard; when used for neuroprotection, selegiline is 
best kept for patients with mild disease. The dose is 5 mg 
orally twice daily, usually given early in the day to avoid 
insomnia.

Rasagiline is a more potent and selective, well-tolerated, 
irreversible MAO-B inhibitor that is taken in a dose of  
0.5 or 1 mg once daily. It is effective in the initial treatment 
of early parkinsonism and in addition as adjunctive ther-
apy in patients with more advanced disease and response 
fluctuations to levodopa. It may also slow disease progres-
sion, although the evidence for this is ambiguous.
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`` Ablative Surgery
Surgical treatment of parkinsonism by thalamotomy or 
pallidotomy was often undertaken when patients became 
unresponsive to pharmacologic measures or developed 
intolerable adverse reactions to antiparkinsonian medication. 
The rate of significant complications was less than 5% after 
unilateral pallidotomy or thalamotomy, but approximately 
20% or more after bilateral procedures. Ablative surgery 
has now largely been replaced by high-frequency stimula-
tion of target structures, with a significant reduction in 
morbidity.

`` Deep Brain Stimulation
High-frequency stimulation of the globus pallidus or sub-
thalamic nucleus may help all the cardinal motor features 
of parkinsonism to a similar degree as ablative surgery, and 
reduces the time spent in the off-state in patients with 
response fluctuations. Gait disturbances and akinesia may 
be helped by stimulation of the pedunculopontine 
nucleus. Deep brain stimulation has the advantage of 
being reversible, of having a much lower morbidity than 
ablative surgical procedures (especially when bilateral pro-
cedures are contemplated), and of causing minimal dam-
age to the brain. It is thus preferred over ablative procedures. 
Candidates should have classic Parkinson disease (rather 
than atypical parkinsonism), be cognitively intact and 
cooperative, have previously responded well to pharmaco-
logic treatment, have developed response fluctuations with 
a significant amount of off-time, and have realistic expec-
tations of the procedure.

`` Cellular Therapies
Autologous or fetal adrenal medullary tissue or fetal sub-
stantia nigra has been transplanted to the putamen or 
caudate nucleus in the belief that the transplanted tissue 
would continue to synthesize and release dopamine. In two 
controlled trials involving intracerebral transplantation of 
human embryonic mesencephalic tissue containing dopa-
minergic neurons, dyskinetic complications occurred and 
were sometimes incapacitating. Moreover, Lewy body 
pathology sometimes spread to the transplanted tissue. 
Research is currently focused on potential cellular thera-
pies involving neural stem cells, but much work needs to be 
done before clinical trials can commence in Parkinson 
disease.

`` Protective Therapy
Attempts have been made to slow the progression of 
Parkinson disease by influencing the mechanisms involved 
in cell death. In addition to treatment with monoamine 
oxidase inhibitors such as selegiline or rasagiline (which 
also have antiapoptotic properties), candidate therapies 
include those that enhance mitochondrial function or cell 

energetics, limit glutamate toxicity, inhibit inflammatory 
responses, or have antiapoptotic effects. However, the 
results of clinical trials have been disappointing.

`` General Measures, Physical Therapy,  
& Aids for Daily Living

Cognitive abnormalities and psychiatric symptoms may be 
helped by rivastigmine (3-12 mg daily), donepezil (5-10 
mg daily), or memantine (5-10 mg daily); psychosis or hal-
lucinations by adjustment of dopaminergic regimen or 
addition of atypical antipsychotics (eg, quetiapine); exces-
sive daytime sleepiness by modafinil (100-400 mg daily); 
REM sleep behavior disorder by clonazepam (0.5-2 mg at 
night); and a hyperactive bladder by oxybutynin (5-15 mg 
daily) or tolterodine (2-4 mg daily). Constipation may 
respond to stool softeners or osmotic laxatives and fatigue 
to amantadine. Physical therapy and speech therapy (Lee 
Silverman technique) are beneficial to many patients, and 
the quality of life can often be improved with simple aids to 
daily living. Such aids may include extra rails or banisters 
placed strategically about the home for additional support, 
table cutlery with large handles, nonslip rubber table mats, 
devices to amplify the voice, and chairs that gently eject the 
occupant at the push of a button.

Connolly BS, Lang AE. Pharmacological treatment of Parkinson 
disease: a review. JAMA. 2014;311:1670-1683.

Deuschl G, Paschen S, Witt K. Clinical outcome of deep brain 
stimulation for Parkinson’s disease. Handb Clin Neurol. 2013; 
116:107-128.

Gottwald MD, Aminoff MJ. Therapies for dopaminergic-
induced dyskinesias in Parkinson disease. Ann Neurol. 2011; 
69:919-927.

Zesiewicz TA, Sullivan KL, Arnulf I, et al. Practice parameter: treat-
ment of nonmotor symptoms of Parkinson disease: report of the 
Quality Standards Subcommittee of the American Academy of 
Neurology. Neurology. 2010;74:924-931.

LEWY BODY DISEASE

CLINICAL FINDINGS
Up to 15% of all patients with dementia have diffuse Lewy 
body disease (also discussed in Chapter 5, Dementia & 
Amnestic Disorders), which typically has its age of onset 
between 50 and 85 years. Cognitive changes leading to 
dementia are conspicuous and usually precede or occur 
shortly after the appearance of parkinsonian deficits. 
Cognitive function may fluctuate markedly over the 
24-hour period. Visual hallucinations are common but 
may not be distressing. Many patients have unexplained 
periods of markedly increased confusion or delirium. 
Parkinsonian deficits become increasingly severe with 
time, but tremor is often relatively inconspicuous com-
pared with bradykinesia and rigidity. Postural hypotension 
and syncope are common. The disorder is characterized 
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pathologically by the occurrence of Lewy bodies diffusely 
in cortical and subcortical structures. In some instances, 
mutations in the α-synuclein or β-synuclein genes have 
been described; mutations in other genes may also be 
implicated.

DIFFERENTIAL DIAGNOSIS
Parkinson disease differs in that cognitive function is pre-
served until a later stage, and motor involvement is more 
likely to be asymmetric in onset, with more conspicuous 
tremor. The marked variability over short periods of time 
and the accompanying motor deficit differentiate Lewy 
body disease from Alzheimer disease. Imaging in Lewy 
body disease reveals generalized cortical atrophy.

TREATMENT
Management of Lewy body disease is difficult because 
levodopa induces hallucinations and exacerbates the cog-
nitive and behavioral disturbances while providing only 
limited benefit to the motor disturbance. Anticholinergic 
drugs are best avoided because they also may exacerbate 
cognitive dysfunction. The dementia and behavioral 
abnormalities often respond favorably to cholinesterase 
inhibitors. Antipsychotic medication is usually poorly tol-
erated; if necessary, however, low doses of atypical antipsy-
chotics, such as quetiapine (up to 50 mg daily) can be 
prescribed. Education and support of caregivers are 
important.

Molano JR. Dementia with Lewy bodies. Semin Neurol. 2013;33: 
330-335.

MULTISYSTEM ATROPhY

CLINICAL FINDINGS
Multiple system atrophy (MSA) is a progressive neurode-
generative disorder (a synucleinopathy) with multisystem 
motor abnormalities and often a dysautonomia. It is more 
common in men and occurs usually in the sixth decade. 
One subtype of MSA, referred to as MSA-P, is associated 
with neuronal loss in the putamen, globus pallidus, and 
caudate nucleus and presents with bradykinesia and rigidity. 
Anterocollis is often especially conspicuous. Another type 
(MSA-C) is associated with cerebellar degeneration (see 
Chapter 8, Disorders of Equilibrium). When autonomic 
insufficiency is a conspicuous accompaniment, the epony-
mous designation of Shy-Drager syndrome is sometimes 
used. This latter syndrome is characterized by parkinso-
nian features, autonomic insufficiency (leading to postural 
hypotension, anhidrosis, disturbance of sphincter control, 
and impotence), and signs of more widespread neurologic 
involvement (pyramidal or lower motor neuron signs and 

often a cerebellar deficit). MRI reveals a hypointense puta-
men with a hyperintense rim.

DIFFERENTIAL DIAGNOSIS
The autonomic and multisystem—often symmetric—
motor findings with marked anterocollis distinguish the 
disorder from classic Parkinson disease.

TREATMENT
There is no treatment for the motor deficit (although a 
modest response to antiparkinsonian agents occurs occa-
sionally), but postural hypotension may respond to a lib-
eral salt diet, fludrocortisone 0.1 to 0.5 mg/d, midodrine 
(an α-adrenergic receptor agonist) 10 mg three times daily, 
wearing waist-high elastic hosiery, and sleeping with the 
head up at night.

PROGNOSIS
The disease follows a progressive course leading to death 
over about 8 to 10 years.

Benarroch EE. The clinical approach to autonomic failure in 
neurological disorders. Nat Rev Neurol. 2014;10:396-407.

Wenning GK, Colosimo C, Geser F, Poewe W. Multiple system 
atrophy. Lancet Neurol. 2004;3:93-103.

PROGRESSIVE SUPRANUCLEAR PALSY

PATHOGENESIS
Progressive supranuclear palsy is an idiopathic, usually 
sporadic, degenerative disorder, a tauopathy (see Chapter 5, 
Dementia & Amnestic Disorders) that primarily affects 
subcortical gray matter regions of the brain. There is much 
overlap clinically and pathologically with corticobasal 
degeneration (discussed later). The principal neuropatho-
logic finding is neuronal degeneration with the presence of 
neurofibrillary tangles in the midbrain, pons, basal  
ganglia, and dentate nuclei of the cerebellum. Associated 
neurochemical abnormalities include decreased concen-
trations of dopamine and its metabolite homovanillic acid 
in the caudate nucleus and putamen. Pathogenesis seems 
to relate to both a genetic predisposition and mitochon-
drial dysfunction.

CLINICAL FINDINGS
Men are affected twice as often as women, and the disorder 
has its onset between ages 45 and 75 years. The classic 
clinical features are gait disturbance with early falls, supra-
nuclear ophthalmoplegia, pseudobulbar palsy, axial dystonia 
with or without extrapyramidal rigidity of the limbs, and 
dementia.
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Supranuclear ophthalmoplegia is characterized by 
prominent failure of voluntary vertical gaze, with later 
paralysis of horizontal gaze; oculocephalic and oculovestib-
ular reflexes are preserved. Vertical saccades may initially be 
slowed. Postural instability, marked akinesia, and unex-
plained falls also occur early and may precede vertical gaze 
palsies. In addition, the neck often assumes an extended 
posture (axial dystonia in extension), with resistance to 
passive flexion. Rigidity of the limbs and bradykinesia may 
mimic Parkinson disease, but tremor is less common or 
conspicuous. A coexisting pseudobulbar palsy produces 
facial weakness, dysarthria, dysphagia, and often exagger-
ated jaw jerk and gag reflexes; there may also be exaggerated 
and inappropriate emotional responses (pseudobulbar 
affect). Hyperreflexia, extensor plantar responses, and cere-
bellar signs are sometimes seen. The dementia of progres-
sive supranuclear palsy is characterized by forgetfulness, 
slowed thought processes, alterations of mood and personal-
ity, and impaired calculation and abstraction. Sleep distur-
bances, especially insomnia, are common.

Some patients with pathologically verified disease have 
pure akinesia or a clinical phenotype resembling Parkinson 
disease; others resemble corticobasal degeneration, with 
dystonia, apraxia, and cortical sensory loss.

MRI may show midbrain atrophy (hummingbird sign).

DIFFERENTIAL DIAGNOSIS
Parkinson disease differs from the classic form of progres-
sive supranuclear palsy in that voluntary downward and 
horizontal gaze are not usually lost, axial posture tends to 
be characterized by flexion rather than extension, tremor is 
common, the course is less fulminant, and antiparkinso-
nian medications are more often effective.

TREATMENT
Dopaminergic preparations may benefit rigidity and bra-
dykinesia, especially in the first 1 or 2 years. Anticholinergics 
such as amitriptyline 50 to 75 mg orally at bedtime or 
benztropine 6 to 10 mg/d orally can improve speech, gait, 
and pathologic laughing or crying. Pseudobulbar affect is 
best treated with a commercial preparation containing 
dextromethorphan and quinidine sulfate (20 mg/10 mg 
capsules). Methysergide 8 to 12 mg/d orally may amelio-
rate dysphagia. There is no treatment for the dementia. 
Treatment is supportive.

PROGNOSIS
The disorder typically follows a progressive course, with 
death from aspiration or inanition within 2 to 12 (usually 
6-10) years.

Golbe LI. Progressive supranuclear palsy. Semin Neurol. 2014; 
34:151-159.

CORTICOBASAL DEGENERATION

CLINICAL FINDINGS
Corticobasal degeneration is a rare, nonfamilial, degenera-
tive disorder, a tauopathy that occurs in middle-aged or 
elderly persons of either sex. It is characterized pathologi-
cally by the presence of abnormal intracellular filamentous 
deposits containing tau protein. It sometimes simulates 
Parkinson disease when bradykinesia and rigidity are con-
spicuous features. Postural-action tremor may also occur, 
but the usual cause of profound disability is limb apraxia 
and clumsiness rather than extrapyramidal deficits. Other 
clinical features include speech disturbances (aphasic, 
apraxic, or dysarthric), acalculia, cortical sensory deficits 
(eg, neglect syndromes), stimulus-sensitive myoclonus, 
alien limb phenomenon (the tendency for a limb to move 
semipurposefully, involuntarily, and without the knowl-
edge of its owner), dysphagia, postural disturbances, dys-
tonic features, and ultimately cognitive decline and 
behavioral changes. Frontal release signs, brisk tendon 
reflexes, and extensor plantar responses may also be 
encountered. There is increased saccadic latency, but sac-
cades are of normal velocity.

Some pathologically verified cases present with a fron-
tal behavioral-spatial disorder, a nonfluent/agrammatic 
variant of primary progressive aphasia, or the phenotype of 
progressive supranuclear palsy.

DIFFERENTIAL DIAGNOSIS
The disorder is distinguished from Parkinson disease by 
the marked apraxia that often leads to a useless limb, dif-
ficulty in opening or closing the eyes, or speech distur-
bances. The presence of pyramidal and cortical deficits in 
addition to any extrapyramidal dysfunction also helps in 
this regard, but definitive diagnosis can be made only at 
autopsy. MRI may show cortical, callosal, and midbrain 
atrophy and enlargement of the third ventricle. SPECT 
reveals hypoperfusion in regions of the frontal and parietal 
lobes.

TREATMENT
No specific therapy exists, and treatment is generally sup-
portive. Antiparkinsonian medication is sometimes help-
ful for treating bradykinesia and rigidity, but often the 
response is disappointing. There is no treatment for the 
limb apraxia. Botulinum toxin may help focal dystonic 
features. Physical therapy is sometimes worthwhile.

PROGNOSIS
The disorder follows a progressive course, leading to increas-
ing disability and dependence. Death typically follows 
within 10 years, often sooner, from aspiration pneumonia.
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Armstrong MJ, Litvan I, Lang AE, et al. Criteria for the diagnosis 
of corticobasal degeneration. Neurology. 2013;80:496-503.

hUNTINGTON DISEASE

EPIDEMIOLOGY
Huntington disease is a hereditary disorder of the nervous 
system characterized by the gradual onset and subsequent 
progression of chorea and dementia. It occurs throughout 
the world and in all ethnic groups. Its prevalence rate is 
approximately 5 per 100,000 population. Symptoms usu-
ally do not appear until adulthood (typically between 30 
and 50 years of age), by which time these patients have 
often started families of their own; thus the disease contin-
ues from one generation to the next.

GENETICS
Huntington disease is an autosomal dominant disorder due 
to a mutation in the huntingtin gene (HTT). The disease 
shows complete penetrance, so that offspring of an affected 
individual have a 50% chance of developing it. Additional 
features of the inheritance of Huntington disease include 
anticipation, meaning that there is a trend toward earlier 
onset in successive generations, and paternal descent, 
which refers to the tendency for anticipation to be most 
pronounced in individuals who inherit the disease from 
their father. Both phenomena relate to the unstable nature 
of the mutation responsible for Huntington disease—
expansion of a CAG trinucleotide repeat that codes for a 
polyglutamine tract. The repeat can expand during game-
togenesis, especially in the male germline. This leads to an 
abnormal protein with longer and longer polyglutamine 
tracts. Normal subjects have between 9 and 37 CAG 
repeats, whereas nearly all patients with Huntington dis-
ease have more than 40. The age of disease onset depends 
on the length of the CAG repeat, but genetic polymor-
phisms are also associated with age of onset.

When a positive family history cannot be obtained, this 
may be because of the early death of a parent; moreover, 
relatives often conceal the familial nature of the disorder. 
In addition, a certain degree of eccentric behavior, clumsi-
ness, or restlessness may be regarded as normal by lay 
people and medical personnel unfamiliar with the disor-
der. Therefore, the family history should not be regarded as 
negative until all close relatives of the patient have been 
examined personally. Nevertheless, apparently sporadic 
cases are occasionally encountered.

PATHOLOGY
Postmortem examination reveals cell loss, particularly in 
the cerebral cortex and corpus striatum (Figure 11-6). In 
the latter region, medium-sized spiny neurons that contain 
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▲▲ Figure 11-6. Schematic representation of the 
sequence of neurons involved in Huntington disease.  
A: Dopaminergic neurons (red) originating in the sub-
stantia nigra normally inhibit the GABAergic output 
from the striatum (caudate and putamen), whereas 
cholinergic neurons (green) exert an excitatory effect. 
B: In Huntington disease, GABAergic neurons (black) 
are preferentially lost, resulting in reduced inhibitory 
 output from the striatum. (Used with permission  
from Aminoff MJ. Pharmacologic management of parkin-
sonism and other movement disorders. In: Katzung BG, 
Masters SB, Trevor AJ, eds. Basic and Clinical Pharmacology. 
12th ed. New York, NY: McGraw-Hill; 2012.)

γ-aminobutyric acid (GABA) and enkephalin and project 
to the external segment of the globus pallidus are affected 
earliest, but other classes of neurons are eventually involved 
as well. Biochemical studies have shown that concentra-
tions of the inhibitory neurotransmitter GABA, its biosyn-
thetic enzyme glutamic acid decarboxylase (GAD), and 
acetylcholine and its biosynthetic enzyme choline acetyl-
transferase are all reduced in the basal ganglia of patients 
with the disease. The concentration of dopamine is normal 
or slightly increased. Changes in the concentrations of 
certain neuropeptides in the basal ganglia have also been 
found. PET has shown reduced glucose utilization, even in 
an anatomically normal caudate nucleus.

CLINICAL FINDINGS
Symptoms usually begin in the fourth or fifth decade, and 
the disease is progressive, with an average life span after 
onset of approximately 15 years.

`` Initial Symptoms
Either abnormal movements or intellectual changes may 
be the initial symptom, but ultimately both are present. 
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Neurodegeneration commences many years earlier and 
may be accompanied by subtle cognitive, psychiatric, or 
motor changes that are only apparent in retrospect.

1. Dementia—The earliest mental changes often consist 
of irritability, moodiness, and antisocial behavior, but a 
more obvious dementia subsequently develops. This is 
characterized at an early stage by selective and progres-
sive impairment of attention and executive function, 
consistent with frontostriatal pathology.

2. Chorea—Movement disturbance may be characterized 
initially by no more than an apparent fidgetiness or 
restlessness, but grossly abnormal choreiform or cho-
reoathetoid movements are eventually seen.

3. Atypical forms—Especially in cases developing during 
childhood—but occasionally in adult-onset cases as 
well—the clinical picture is dominated by progressive 
rigidity and akinesia, with little or no chorea. This is 
known as the Westphal variant, and the correct diag-
nosis is suggested by the accompanying dementia and 
positive family history. Epilepsy and cerebellar ataxia 
are frequent features of the juvenile form but not of 
adult cases.

`` Genetic Testing
Genetic testing provides a definitive means of establishing 
the diagnosis and also permits presymptomatic detection 
of the disease. It should be preceded and followed by 
genetic counseling.

`` Imaging
CT scanning or MRI often demonstrates atrophy of the 
cerebral cortex and caudate nucleus in established cases. 
Reduction in striatal metabolic rate may be demonstrated 
by PET.

DIFFERENTIAL DIAGNOSIS
Conditions that should be considered in the differential 
diagnosis of Huntington disease are listed in Table 11-2. 
Tardive dyskinesia (discussed later), which is most com-
mon, can usually be identified from the history. Laboratory 
studies can exclude most medical disorders associated with 
chorea. Other hereditary disorders with chorea are consid-
ered later.

Huntington disease-like (HDL) disorders resemble 
Huntington disease but are not associated with abnormal 
CAG trinucleotide repeat number of the huntingtin gene. 
Autosomal dominant (HDL1 and HDL2) and recessive 
forms (HDL3) have been described. HDL1 is associated 
with a 192-nucleotide insertion, resulting in an expanded 
octapeptide repeat, in the prion protein gene (PRNP). 
HDL2 is caused by an expanded CAG/CTG repeat in the 
junctophilin-3 gene (JPH3).

Benign hereditary chorea is inherited in an autosomal 
dominant manner or occurs de novo and is characterized 
by choreiform movements that develop in early childhood, 
do not progress during adult life, and are not associated 
with dementia. An autosomal recessive form may also 
exist. In patients with mutations in the gene (NKX2-1) 
coding for thyroid transcription factor-1, hypothyroidism 
and pulmonary abnormalities may also be present (brain–
thyroid–lung syndrome).

Familial chorea sometimes occurs in association with 
circulating acanthocytes (spiny red blood cells), but exami-
nation of a wet blood film will clearly distinguish this dis-
order, discussed later. Other clinical features of 
chorea-acanthocytosis include orolingual ticlike dyskine-
sias, vocalizations, mild intellectual decline, seizures, 
peripheral neuropathy, and muscle atrophy. Parkinsonian 
features are sometimes present. Unlike certain other disor-
ders associated with circulating acanthocytes, there is no 
disturbance of β-lipoprotein concentration in the periph-
eral blood.

Paroxysmal choreoathetosis may occur on a familial 
basis, but the intermittent nature of the symptoms and 
their relationship to movement or emotional stress usually 
distinguish this disorder from Huntington disease.

Wilson disease can be distinguished from Huntington 
disease by the mode of inheritance, the presence of Kayser-
Fleischer rings, and abnormal serum copper and cerulo-
plasmin levels.

Dentatorubral-pallidoluysian atrophy, another domi-
nantly inherited CAG repeat disorder that is clinically 
similar to Huntington disease, is distinguished by genetic 
testing.

Neuroferritinopathy (NBIA2) is considered later. 
Although characterized by progressive chorea and dystonia 
with onset in adults having a positive family history, cogni-
tive function is relatively preserved, MRI is characteristically 
abnormal, and the mutant gene (FTL1) is distinct from the 
Huntingtin gene.

The age at onset of symptoms usually distinguishes 
Huntington disease from certain rare inherited childhood 
disorders characterized by choreoathetosis.

When the early symptoms constitute progressive intel-
lectual failure, it may not be possible to distinguish 
Huntington disease from other varieties of dementia 
unless the family history is characteristic or the movement 
disorder becomes noticeable.

TREATMENT & PROGNOSIS
There is no cure for Huntington disease, which, as a rule, 
terminates fatally 10 to 20 years after clinical onset. There 
is no treatment for the dementia, but the movement disor-
der may respond to drugs that interfere with dopaminergic 
inhibition of striatal output neurons. These include drugs 
that deplete dopamine from nerve terminals, such as reser-
pine 0.5 to 5 mg/d orally or tetrabenazine 12.5 to 50 mg 
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orally three times daily, and dopamine D2-receptor–block-
ing drugs such as haloperidol 0.5 to 4 mg orally four times 
daily or atypical antipsychotic agents such as quetiapine 
(increasing from 25 mg daily up to 100 mg twice daily as 
tolerated). Quetiapine is also used to treat psychosis or 
disruptive behavior, as is olanzapine or risperidone. In 
some patients, clozapine can be tried but necessitates 
weekly blood counts. Drugs that potentiate GABAergic or 
cholinergic neurotransmission are generally ineffective. 
The role of deep brain stimulation is uncertain. Selective 
serotonin reuptake inhibitors may help to reduce depres-
sion, aggressiveness, and agitation. Social services are help-
ful in management.

PREVENTION
Patients should be advised of the risk of transmitting the 
disease to offspring, and living offspring should receive 
genetic counseling. The use of genetic markers for detec-
tion of presymptomatic Huntington disease may present 
ethical concerns about adverse psychologic reactions or 
potential misuse of such information by others to the indi-
vidual’s detriment.

Ross CA, Aylward EH, Wild EJ, et al. Huntington disease: natu-
ral history, biomarkers and prospects for therapeutics. Nat 
Rev Neurol. 2014;10:204-216.

DENTATORUBRAL-PALLIDOLUYSIAN
ATROPhY

This disorder, which is inherited in an autosomal dominant 
manner, is rare except in Japan. It is characterized by demen-
tia, choreoathetosis, ataxia, and myoclonic epilepsy. The 
mutant gene, atrophin 1 (ATN1), is distinct from that in 
Huntington disease, despite the similarity of clinical pheno-
type. Mutant ATN1 contains an expanded CAG repeat, the 
size of which correlates with age at onset and disease sever-
ity. Treatment is symptomatic, as for Huntington disease.

SYDENhAM ChOREA & PANDAS

Sydenham chorea occurs principally in children and ado-
lescents as a complication of a previous group A hemolytic 
streptococcal infection. It is the most common cause of 
chorea developing acutely in children. The underlying 
pathologic feature is probably an arteritis. In approxi-
mately 30% of cases, it appears 2 or 3 months after an epi-
sode of rheumatic fever or polyarthritis, but in other 
patients no such history can be obtained. There is usually 
no recent history of sore throat and no fever. The disorder 
may have an acute or insidious onset, usually subsiding 
within the following 4 to 6 months. It may recur during 
pregnancy (chorea gravidarum), however, or in patients 
taking oral contraceptive preparations.

Sydenham chorea is characterized by abnormal chorei-
form movements that are sometimes unilateral and, when 
mild, may be mistaken for restlessness or fidgetiness. 
There may be accompanying behavioral changes, with the 
child becoming irritable or disobedient. Obsessive-
compulsive symptoms and emotional lability also occur. In 
30% of cases there is evidence of cardiac involvement, but 
the sedimentation rate and antistreptolysin O titer are usu-
ally normal. The diagnosis is supported by the presence of 
other manifestations of rheumatic fever and by the absence 
of any other cause for the chorea such as systemic lupus 
erythematosus. Cerebral MRI or CT findings are usually 
normal. PET and SPECT studies show reversible basal 
ganglia hypermetabolism.

The traditional treatment is bed rest, sedation, and 
prophylactic antibiotic therapy even if there are no other 
signs of acute rheumatism. A course of intramuscular 
penicillin is generally recommended, and continuous pro-
phylactic oral penicillin daily or intramuscular benzathine 
penicillin G monthly until approximately age 20 years is 
also frequently advised to prevent streptococcal infections. 
If necessary, chorea can be treated with haloperidol, ris-
peridone, or other dopamine receptor–blocking drugs, or 
with valproic acid or carbamazepine, depending on its 
severity. In severe cases unresponsive to other measures, a 
course of corticosteroids may be effective. The prognosis is 
essentially that of the cardiac complications.

PANDAS (pediatric autoimmune neuropsychiatric dis-
orders associated with streptococcal infections) is the 
acronym used to refer to the association of obsessive-
compulsive or tic disorders of variable severity with strep-
tococcal infections in children. In addition, dystonia, 
chorea and dystonic choreoathetosis may be sequelae of 
streptococcal infection. The etiology is unclear but may be 
similar to that of Sydenham chorea, relating to poststrepto-
coccal autoimmunity.

Cardoso F. Sydenham’s chorea. Handb Clin Neurol. 2011;100: 
221-229.

ISOLATED GENERALIZED TORSION DYSTONIA

This disorder is characterized by dystonic movements and 
postures and an absence of other neurologic signs. The 
birth and developmental histories are normal. Before the 
diagnosis can be made, other possible causes of dystonia 
must be excluded on clinical grounds and by laboratory 
investigations.

PATHOGENESIS
Isolated generalized torsion dystonia is typically inherited 
as an autosomal dominant disorder with variable pene-
trance of 30% to 40%. Molecular genetic techniques permit 
identification of carriers of the responsible deletion in 
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torsin 1A, an ATP-binding protein, but there is some evi-
dence of genetic heterogeneity. Other dystonic disorders 
(discussed later) occur as autosomal or X-linked recessive 
disorders. Changes in the concentrations of norepineph-
rine, serotonin, and dopamine occur in a variety of brain 
regions, but their role in the pathogenesis of dystonia is 
uncertain. Onset may be in childhood or later life, and the 
disorder remains as a lifelong affliction. The diagnosis is 
made on clinical grounds.

CLINICAL FINDINGS

`` History
When onset is in childhood, a family history is usually 
obtainable. Symptoms generally commence in the legs. 
Progression is likely, and the disorder typically leads to 
severe disability from generalized dystonia.

With onset in adult life, a positive family history is less 
likely. The initial symptoms are usually in the arms or axial 
structures. Generalized dystonia may ultimately develop in 
approximately 20% of patients with adult-onset dystonia, 
but severe disability does not usually occur.

`` Examination
The disorder is characterized by abnormal movements and 
postures that are typically exacerbated by voluntary 
 activity. For example, the neck may be twisted to one side 
(torticollis), the arm held in a hyperpronated position 
with the wrist flexed and fingers extended, the leg held 
extended with the foot plantar-flexed and inverted, or the 
trunk held in a flexed or extended position. There is often 
facial grimacing, and other characteristic facial abnormali-
ties may also be encountered, including blepharospasm 
(spontaneous, involuntary forced closure of the eyelids for 
a variable time; difficulty in eye opening; repetitive blink-
ing) and oromandibular dystonia. This consists of spasms 
of the muscles about the mouth, causing, for example, 
involuntary opening or closing of the mouth; pouting, 
pursing, or retraction of the lips; retraction of the platysma 
muscle; and roving or protruding movements of the 
tongue. The combination of blepharospasm and oroman-
dibular dystonia is sometimes referred to as Meige 
syndrome.

DIFFERENTIAL DIAGNOSIS
Other causes of dystonia (see Table 11-3) must be distin-
guished before a diagnosis of isolated torsion dystonia is 
made. A normal developmental history before the onset of 
abnormal movements, an absence of other neurologic 
signs, and normal results of laboratory investigations, are 
important. Drug-induced dystonia can generally be 
excluded by the history. Imaging may reveal acquired brain 
lesions. Genetic testing in conjunction with genetic coun-
seling is helpful by obviating the need for other diagnostic 

studies and facilitating further management in patients 
with isolated torsion dystonia that begins before 30 years of 
age or in older subjects with a positive family history.

TREATMENT
The abnormal movements may be helped, at least in part, by 
drugs. A dramatic response to levodopa suggests a variant of 
classic torsion dystonia, discussed separately later. 
Anticholinergic drugs given in the highest doses that can be 
tolerated (typically, trihexyphenidyl 40-50 mg/d orally in 
divided doses) may be very effective. Diazepam is occasion-
ally helpful. Phenothiazines, haloperidol, or tetrabenazine 
may be worthwhile; however, at effective doses, these drugs 
usually lead to mild parkinsonism. Baclofen and carbamaze-
pine are sometimes helpful. Stereotactic thalamotomy may 
help patients with predominantly unilateral dystonia involv-
ing the limbs. Deep brain stimulation of the globus pallidus 
has benefitted a number of patients and should be consid-
ered in medically refractory cases. Potential adverse events 
include infection at the stimulator site, broken leads, hemor-
rhage, affective changes, and dysarthria.

COURSE & PROGNOSIS
Approximately one-third of patients eventually become con-
fined to chair or bed, and another one-third are affected only 
mildly. In general, severe disability is more likely to occur 
when the disorder commences in childhood.

Jankovic J. Medical treatment of dystonia. Mov Disord. 2013; 
28:1001-1012.

Ozelius LJ, Bressman SB. Genetic and clinical features of pri-
mary torsion dystonia. Neurobiol Dis. 2011;42:127-135.

DOPA-RESPONSIVE DYSTONIA

This disorder (Segawa syndrome) is inherited in an auto-
somal dominant manner with incomplete penetrance 
(GCH1 gene) or, rarely, as an autosomal recessive trait (TH 
gene). Symptom onset is typically in childhood but may 
occur later. Girls are affected more commonly than boys. 
Disabling dystonia may be accompanied by bradykinesia 
and rigidity that sometimes leads to a mistaken diagnosis 
of juvenile Parkinson disease; diurnal worsening of symp-
toms is common. Extensor plantar response or other evi-
dence of upper motor neuron involvement may occur. 
Some patients have focal dystonias or minor functional 
deficits, whereas others become chair-bound if untreated. 
Remarkable recovery occurs with low doses of levodopa, to 
which patients are particularly sensitive. Because of the 
wide variation in age and manner of presentation, all chil-
dren with an unexplained extrapyramidal motor disorder 
and all patients with symptoms that might relate to dopa-
responsive dystonia probably merit a trial of levodopa 
therapy.
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Segawa M. Dopa-responsive dystonia. Handb Clin Neurol. 2011; 
100:539-557.

DYSTONIA-PARKINSONISM

An X-linked recessive form of dystonia-parkinsonism 
(sometimes called lubag) has been identified in men from 
the Philippines and relates to mutations of TAF1 gene at 
Xq13.1 Female heterozygotes are reported to have mild 
dystonia or chorea. The response to pharmacotherapy is 
often disappointing. Another variety with autosomal dom-
inant inheritance has been described in patients of differ-
ing ethnic origin, with rapid evolution of symptoms and 
signs over hours, days, or weeks, but slow progression 
thereafter; a rostrocaudal (face, arm, leg) gradient of 
involvement may be noted. The disorder relates to muta-
tion in the gene encoding the alpha-3 subunit of  
N,K-ATPase (ATP1A3) on chromosome 19q13. It may first 
manifest during childhood or adulthood, often after a 
period of stress. Levodopa therapy is ineffective.

MYOCLONIC DYSTONIA

This is an autosomal dominant disorder with incomplete 
penetrance and variable expression, related to mutations in 
the DRD2 or SGCE gene. Patients exhibit rapid jerks in 
addition to more sustained abnormal postures. The legs are 
often spared. The jerks may respond to alcohol. The EEG is 
normal. The disorder appears to be distinct from classic 
isolated torsion dystonia. It usually begins before 20 years 
of age and has a benign, slowly progressive course over 
many years. Genetic studies suggest that myoclonic dysto-
nia and essential myoclonus are allelic disorders.

FOCAL TORSION DYSTONIA

Some of the dystonic features of generalized torsion dysto-
nia may occur as localized phenomena. They are probably 
best regarded as focal dystonias that occur as formes 
frustes of the more generalized disorder in patients with a 
positive family history or that represent a focal manifesta-
tion of its adult-onset form when there is no family history. 
In addition, focal adult-onset dystonia may exhibit autoso-
mal dominant inheritance.

Both blepharospasm and oromandibular dystonia 
can occur as isolated focal dystonias. Familial blepharo-
spasm inherited as an autosomal dominant trait has been 
described, but the gene remains unmapped.

Spasmodic torticollis usually begins in the fourth or 
fifth decade and is characterized by a tendency for the neck 
to twist to one side. This often occurs episodically in early 
stages, but eventually the neck is held continuously to one 
side. Sensory tricks (eg, light touch of the face) may help to 
reduce the intensity of symptoms. Neck and shoulder pain 
are common, and a head tremor may be present. Although 

the disorder is usually lifelong, spontaneous remission 
does occur occasionally, especially in the first 18 months 
after onset. Medical treatment is generally unsatisfactory. 
A trial of the drugs used for more generalized torsion dys-
tonias is worthwhile. The most effective treatment, how-
ever, is with local injection of botulinum toxin into the 
overactive muscles; benefit lasts for up to several months, 
after which the injection is repeated as needed. Selective 
section of the spinal accessory (XI) nerve and the upper 
cervical nerve roots may help patients in whom the neck is 
markedly deviated to the side, but recurrence of the abnor-
mal posture is frequent.

Writer’s cramp is characterized by dystonic posturing 
of the hand and forearm when the hand is used for writing 
and sometimes for other tasks (eg, playing the piano or 
using a screwdriver or table cutlery). Anticholinergic 
medications, baclofen, or benzodiazepines may help occa-
sionally. Injections of botulinum toxin into the involved 
muscles are often helpful, but hand or arm weakness may 
be a troublesome consequence. Patients may have to learn 
to use the other hand for writing or other fine motor tasks, 
although in some cases this hand also becomes affected. 
The use of a pen with a large handle is sometimes worth-
while; in other instances, patients may use a keyboard.

COMBINED DYSTONIA

A large group of disorders are characterized by dystonia 
combined with other neurologic features, such as demen-
tia, ataxia, dyskinesias, or parkinsonism. This includes 
Wilson disease, which is discussed separately.

Fahr disease consists of idiopathic basal ganglia calcifi-
cation associated with dystonia, parkinsonism, and behav-
ioral disturbances; autosomal dominant inheritance occurs 
in some families.

Neurodegeneration with brain iron accumulation 
(NBIA) refers to a group of inherited disorders with iron 
accumulation in the basal ganglia. Clinical manifestations 
include extrapyramidal and pyramidal deficits, neuropsy-
chiatric changes, and ocular abnormalities. Age of onset, 
mode of inheritance, and rate of progression varies. Genetic 
testing identifies particular disorders. Pantothenate kinase-
associated neurodegeneration (or NBIA1) is characterized 
by gait abnormalities, dystonia, spasticity, hyperreflexia, 
extensor plantar responses, behavioral changes, dysarthria, 
dysphagia, and ocular abnormalities (eg, retinal degenera-
tion, gaze palsies, optic atrophy). Deposition of iron and 
other pigments in the globus pallidus leads to a characteris-
tic MRI appearance on T2-weighted MRI called the “eye of 
the tiger” sign (Figure 11-7). The disorder has autosomal 
recessive inheritance and results from mutations in the gene 
for pantothenate kinase 2 (PANK2). Neuroferritinopathy 
(NBIA2) is a rare, adult-onset, dominantly inherited, pro-
gressive disorder related to mutations in the ferritin light 
chain gene (FTL1). It is characterized initially by chorea, 
dystonia (predominantly in the legs), parkinsonism, or some 
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combination of these, with deficits subsequently becoming 
generalized. Cognitive features may be subtle initially, but 
disinhibition and emotional lability are common even at an 
early stage. An action-specific facial dystonia (involving 
symmetric frontalis and platysma contraction, giving a 
startled appearance) is characteristic. MRI shows excess iron 
in the basal ganglia, and later cavitation in the caudate and 
putamen.

Chorea-acanthocytosis is characterized by some com-
bination of dystonia, chorea, orofacial dyskinesias, parkin-
sonism, tics, hyporeflexia, amyotrophy, and cognitive 
abnormalities. Dysexecutive syndromes, obsessive- 
compulsive disorder, depression, and psychosis may all 
occur. The peripheral blood contains circulating acanthocytes 
(spiny red cells) but a normal lipid profile. The disorder 
has autosomal recessive inheritance and is caused by muta-
tion in the VPS13A gene.

Certain mitochondrionopathies may also be associated 
with dystonia, such as Leber hereditary optic atrophy.

▲▲ Figure 11-7. Pantothenate kinase-associated neuro-
degeneration (formerly Hallervorden-Spatz disease) 
showing the “eye of the tiger” sign. T2-weighted image 
shows bilateral symmetric hyperintense signal changes 
in the anterior medial globus pallidus representing glio-
sis, demyelination, neuronal loss, and axonal swelling. 
The surrounding hypointensity in the globus pallidus is 
secondary to iron deposition. (Used with permission 
from A. DiBernardo.)

PSYChOGENIC DYSTONIA

Dystonia may occur as a somatoform or conversion disor-
der. Anxiety, depression, a personality disorder, or some 
combination of these and other psychiatric disturbances 
may be present. However, anxiety and depression are com-
mon consequences of dystonia that has an organic basis. 
Features that help to support a diagnosis of psychogenic 
dystonia include variable and inconsistent findings, find-
ings that are incongruent with those of organic dystonia, a 
known psychologic precipitating factor, excessive pain, a 
prior history of somatoform disorder, other psychogenic 
signs (eg, nonanatomic sensory loss), multiple somatiza-
tions, abnormal posturing that disappears with distraction, 
lack of sensory tricks (to relieve the dystonia) and overflow 
dystonia, onset in the lower limbs in adults, and an impair-
ment of function that is out of proportion to the dystonia 
and is selective in a manner that is difficult to explain (eg, 
limits the ability to work but not the ability to dress and 
attend to other activities of daily living). Symptoms may be 
relieved by psychotherapy, suggestion, or treatment with a 
placebo. Video surveillance may reveal a discrepancy 
between reported disability and the patient’s actual clinical 
state. Treatment is of the underlying psychiatric disorder.

Schrag A, Lang AE. Psychogenic movement disorders. Curr 
Opin Neurol. 2005;18:399-404.

PAROXYSMAL DYSKINESIAS

In this group of disorders, dystonia and dyskinesias occur 
episodically, often on a familial basis (Table 11-8). The 
familial disorders are classified by whether they are 
induced by movement, as discussed later. Paroxysmal dys-
kinesias may also occur with basal ganglia pathology, 
multiple sclerosis, cerebral palsy, thyroid dysfunction, or 
idiopathic hypoparathyroidism; an MRI, EEG, and labora-
tory studies may then be necessary to clarify the nature of 
the underlying disorder. Treatment is of the underlying 
disorder. Hypnogenic paroxysmal dyskinesia is a form of 
frontal lobe epilepsy characterized by intermittent dystonia 
and choreoathetoid movements during sleep; it responds 
well to antiseizure medication.

PAROXYSMAL NONKINESIGENIC 
DYSKINESIA
Dystonia, chorea, and athetosis lasting from a few minutes to 
several hours characterize this disorder, which is inherited as 
an autosomal dominant trait with incomplete penetrance. 
Affected patients are likely to harbor mutations in the myofi-
brillogenesis regulator 1 (MR1) gene. Attacks may occur sev-
eral times daily and are precipitated by caffeine, alcohol, 
fatigue, hunger, and emotional stress but not by movement. 
Onset may be in childhood or early adulthood. Examination 
between episodes is normal. Treatment is with clonazepam.
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PAROXYSMAL KINESIGENIC 
CHOREOATHETOSIS
This disorder occurs on a sporadic basis or as an autosomal 
dominant trait. The gene (PRRT2) has been mapped to 
chromosome 16. There may be a history of convulsions in 
infancy. Attacks begin in the first or second decade, last for 
seconds to minutes, and are precipitated by sudden move-
ment. They often respond to anticonvulsant medication, 
especially carbamazepine.

PAROXYSMAL EXERCISE-INDUCED 
DYSKINESIAS
In this rare disorder, which may be sporadic or familial, 
dystonia is brought on by exercise (as opposed to the ini-
tiation of movement) and affects the exercised limb. Onset 
is usually before 30 years of age ; attacks last for several 
minutes to hours and are poorly responsive to medication. 
The disorder has been related to mutations in the solute 
carrier family 2 (facilitated glucose transporter), member 
1 gene (SLC2A1). Pharmacologic treatment is usually 
unhelpful.

WILSON DISEASE

PATHOGENESIS
Wilson disease is an autosomal recessive disorder of cop-
per metabolism that produces neurologic and hepatic 
dysfunction. The affected gene (ATP7B) codes for the beta 

Table 11-8. Paroxysmal Dyskinesias.

Paroxysmal Nonkinesigenic Dyskinesia
Paroxysmal Kinesigenic  

Choreoathetosis
Paroxysmal Exercise-
Induced Dyskinesia

Gene MR1 PRRT2 SLC2A1

Inheritance AD AD or sporadic Sporadic or ?AD

Precipitants Caffeine; alcohol; fatigue; stress; hunger; 
menstruation

Sudden movement or startle Exercise (eg, walking for  
30 minutes) or physical  
exertion

Usual age at onset Before 30 years Before 20 years Before 30 years

Duration of episodes Minutes - hours Seconds - minutes Minutes, hours (commonly 
5-30 minutes)

Frequency 1-3/day; may be long episode-free intervals Variable; may be many/day 1/day—1/month

Manifestations Choreoathetosis; dystonia. May be unilateral 
and then generalize

Choreoathetosis; dystonia. 
Usually unilateral

Dystonia in exercised limbs. 
May be unilateral

Treatment Sleep; clonazepam (anticonvulsants  
sometimes helpful)

Anticonvulsants (carbamazepine; 
phenytoin)

Usually unhelpful

Secondary causes  
(uncommon)

Multiple sclerosis; trauma; endocrinopathy; 
vascular disease

Multiple sclerosis; trauma;  
endocrinopathy

Trauma; insulinoma

AD, autosomal dominant.

polypeptide of copper-transporting ATPase. Although the 
precise nature of the biochemical abnormality in Wilson 
disease is unknown, its pathogenesis appears to involve 
decreased binding of copper to the transport protein ceru-
loplasmin. As a result, large amounts of unbound copper 
enter the circulation and are subsequently deposited in 
tissues, including the brain, liver, kidney, and cornea. 
Studies of mitochondrial function and aconitase activity 
suggest that free radical formation and oxidative damage, 
perhaps through mitochondrial copper accumulation, are 
important in pathogenesis.

CLINICAL FINDINGS

`` Mode of Presentation
Wilson disease usually presents in childhood or young adult 
life. The average age at onset is approximately 11 years for 
patients presenting with hepatic dysfunction and 19 years 
for those with initial neurologic manifestations, but the dis-
ease may begin as late as the sixth decade. Hepatic and 
neurologic presentations are about equally common, and 
most patients, if untreated, eventually develop both types of 
involvement. Rare presentations include joint disease, fever, 
hemolytic anemia, and behavioral disturbances.

`` Non-Neurologic Findings
Ocular and hepatic abnormalities are the most prominent 
non-neurologic manifestations of Wilson disease. The 
most common ocular finding is Kayser-Fleischer rings 
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(Figure 11-8): bilateral brown corneal rings that result 
from copper deposition in Descemet membrane. The rings 
are present in virtually all patients with neurologic involve-
ment but may be detectable only by slit lamp examination. 
Hepatic involvement leads to chronic cirrhosis, which may 
be complicated by splenomegaly, esophageal varices with 
hematemesis, or fulminant hepatic failure. Splenomegaly 
may cause hemolytic anemia and thrombocytopenia.

`` Neurologic Findings
Neurologic findings reflect the disproportionate involve-
ment of the caudate nucleus, putamen, cerebral cortex, and 
cerebellum. Neurologic signs include resting or postural 
tremor, choreiform movements of the limbs, facial grimac-
ing, rigidity, hypokinesia, dysarthria, dysphagia, abnormal 
(flexed) postures, and ataxia. Seizures may occur. 
Psychologic disorders include dementia, characterized by 
mental slowness, poor concentration, and memory impair-
ment; disorders of affect, behavior, or personality; and 
(rarely) psychosis with hallucinations. There is a tendency 
for a dystonic or parkinsonian picture with hyperreflexia 
and extensor plantar responses to predominate when the 
disease begins before 20 years of age—and for older 
patients to exhibit wild tremor, chorea, or ballismus. 
Symptoms may progress rapidly, especially in younger 
patients, but are more often gradual in development with 
periods of remission and exacerbation.

DIFFERENTIAL DIAGNOSIS
When Wilson disease presents as a neurologic disorder, 
other conditions that must be considered in the differential 

▲▲ Figure 11-8. Kayser-Fleischer ring in Wilson disease. 
This corneal ring is brown and located at the outer 
edge of the gray-blue iris. Its darkness increases as the 
outer border (limbus) of the cornea is approached. 
(Used with permission from Usatine R, Smith MA, Mayeux 
EJ Jr, Chumley H, Tysinger J, eds. The Color Atlas of Family 
Medicine. New York, NY: McGraw-Hill; 2008.)

diagnosis include other causes of movement disorders, 
multiple sclerosis, and juvenile-onset Huntington disease.

INVESTIGATIVE STUDIES
Investigation may reveal abnormal liver function blood 
tests and aminoaciduria as a result of renal tubular damage. 
The levels of serum copper and ceruloplasmin (an 
a2-globulin to which 90% of the circulating copper is 
bound) are low, and 24-hour urinary copper excretion is 
generally increased. Liver biopsy reveals a huge excess of 
copper; it also usually reveals cirrhosis. No single labora-
tory feature is reliable in isolation. Brain CT scanning or 
MRI (Figure 11-9) may show cerebrocortical atrophy and 
abnormalities in the basal ganglia. The MRI abnormalities 
include the “face of the giant panda” sign in the midbrain 
and sometimes a “face of the miniature panda” in the pon-
tine tegmentum.

TREATMENT
The optimal means of removing copper from the brain and 
other organs is disputed. Most physicians use penicilla-
mine, a copper-chelating agent that promotes extraction of 
copper from tissue deposition sites, even though instances 
of penicillamine-induced worsening have been described. 
Treatment should be started as early as possible and cus-
tomarily employs approximately 1.5 g/d of orally 

▲▲ Figure 11-9. MRI of a 31-year-old woman with 
Wilson disease. T2 hyperintensity involving the basal 
ganglia and thalamus bilaterally is shown. Other images 
showed T2 hyperintensity of the dorsal midbrain and 
central pons, T1 shortening involving the basal ganglia 
bilaterally, and diffuse cerebral atrophy. (Used with 
 permission from A. Gean.)
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administered penicillamine, taken in divided doses about 1 
to 2 hours before meals to maximize absorption. The 
response to treatment may take several months and can be 
monitored by serial slit lamp examinations and blood 
chemistries. Side effects of penicillamine include nausea, 
nephrotic syndrome, myasthenia gravis, arthropathy, pem-
phigus, diverse blood dyscrasias, and a lupuslike 
syndrome.

Trientine hydrochloride, another chelating agent, can be 
given in a daily dose of 1 to 1.5 g (divided into two or three 
doses) and is less likely than penicillamine to cause drug reac-
tions or neurologic deterioration. Treatment with tetrathio-
molybdate may be even more effective in preserving 
neurologic function, but it is not yet available commercially.

Restriction of dietary copper (to less than 2 mg daily) 
is important but is insufficient as sole treatment. 
Administration of zinc acetate (150 mg/d orally) or zinc 
sulfate (200 mg/d orally) decreases copper absorption. The 
main advantage of zinc is low toxicity compared with other 
anticopper agents, although it may cause gastric irritation 
when introduced.

Treatment must be continued for the lifetime of the 
patient. Most patients treated early can expect a complete 
or nearly complete recovery. Liver transplantation may be 
required in cases with fulminant hepatic failure.

Siblings of affected patients should be screened for pre-
symptomatic Wilson disease with neurologic and slit lamp 
examinations and determination of serum ceruloplasmin 
levels. If no abnormalities are found, serum copper and 
urinary copper excretion should be assayed and liver 
biopsy performed if necessary. Mutation analysis allows for 
screening family members when the index case has a 
known mutation. If these investigations reveal preclinical 
Wilson disease, therapy should be instituted as described 
previously for symptomatic disease.

Pfeiffer RF. Wilson’s disease. Handb Clin Neurol. 2011;100: 
681-709.

DRUG-INDUCED MOVEMENT DISORDERS

PARKINSONISM
Parkinsonism frequently complicates treatment with dopa-
mine-depleting agents such as reserpine or dopamine-
receptor antagonists such as phenothiazines or 
butyrophenones. With antipsychotic drugs, the risk of this 
complication is greatest when agents are used that are 
potent D2-receptor antagonists with little anticholinergic 
effect, such as piperazine phenothiazines, butyrophenones, 
and thioxanthenes (Table 11-9). In addition, women and 
elderly patients appear to be at somewhat increased risk. 
Tremor is relatively uncommon. Hypokinesia tends to be 
symmetric and the most conspicuous neurologic feature. 
These points, and the history of drug ingestion, often 

suggest the iatrogenic nature of the disorder. Signs usually 
develop within 3 months after starting the offending drug 
and disappear over weeks or months after discontinuance.

Depending on the severity of symptoms and the neces-
sity for continuing antipsychotic drug therapy, several 
strategies are available for treating drug-induced parkin-
sonism. These include slow tapering and eventual with-
drawal of the antipsychotic drug, substituting an 
antipsychotic agent less likely to cause extrapyramidal reac-
tions (see Table 11-9), or adding an anticholinergic drug 
such as trihexyphenidyl or benztropine (Figure 11-10). 
Levodopa is of no help if the neuroleptic drugs are contin-
ued; it may be helpful if these drugs are discontinued but 
may then aggravate the psychotic disorder for which they 
were originally prescribed.

ACUTE DYSTONIA OR DYSKINESIA
Acute dystonia or dyskinesia (such as blepharospasm, torti-
collis, or facial grimacing) is an occasional complication of 
dopamine receptor antagonist treatment, generally occur-
ring within 1 week after introduction of such medication 
and often within 48 hours. Men and younger patients show 
increased susceptibility to this complication. The patho-
physiologic basis of the disturbance is unclear, but intrave-
nous treatment with an anticholinergic drug (eg, benztropine 
2 mg or diphenhydramine 50 mg) usually alleviates it.

Table 11-9. Antipsychotic Drug-Induced 
Extrapyramidal Side Effects.

Drug Relative EPS Risk1

First-generation (typical) antipsychotics

Fluphenazine Prolixin High

Haloperidol Haldol High

Perphenazine Trilafon High

Thiothixene Navane High

Trifluoperazine Stelazine High

Chlorpromazine Thorazine Intermediate

Thioridazine Mellaril Intermediate

Second- & third-generation (atypical) antipsychotics

Risperidone Risperdal Intermediate

Aripiprazole Abilify Low

Clozapine Clozaril Low

Olanzapine Zyprexa Low

Quetiapine Seroquel Low

Ziprasidone Geodon Low

1EPS, extrapyramidal symptoms (dystonia, parkinsonism, akathisia, 
tardive dyskinesia).
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AKATHISIA
Akathisia is a state of motor restlessness characterized by 
an inability to sit or stand still, which is relieved by moving 
about. It is a very common movement disorder induced by 
chronic treatment with antipsychotic drugs and occurs 
more often in women than in men. It may be seen as a 
tardive phenomenon after the discontinuation of neuro-
leptics. Akathisia is treated in the same manner as drug-
induced parkinsonism.

TARDIVE DYSKINESIA
Tardive dyskinesia may develop after long-term treatment 
with antipsychotic dopamine receptor antagonist drugs or 
with metoclopramide. It is common in chronically institu-
tionalized psychiatric patients, and the risk of developing 
tardive dyskinesia appears to increase with advancing age.

`` Pathogenesis
The underlying pathophysiology is unknown. Drug-
induced supersensitivity of striatal dopamine receptors has 
been proposed but is unlikely to be responsible for several 

▲▲ Figure 11-10. Mechanisms and treatment of drug-
induced parkinsonism. Symptoms result from pharma-
cologic blockade of dopamine receptors by 
antipsychotic drugs (1), which mimics the degeneration 
of nigrostriatal dopamine (DA) neurons seen in idio-
pathic parkinsonism (dashed line). Symptoms may be 
relieved by the administration of muscarinic anticholin-
ergic drugs (2) or by substituting an antipsychotic drug 
with anticholinergic properties. These measures restore 
the normal balance between dopaminergic and cholin-
ergic (ACh) transmission in the striatum.

ACh

DA   (−)

GABA

(+)

Caudate and putamen

Substantia nigra

1

2

reasons. Supersensitivity always accompanies chronic anti-
psychotic drug treatment, whereas tardive dyskinesia does 
not. Supersensitivity may occur early in the course of treat-
ment, whereas tardive dyskinesia does not develop for at 
least 3 months. In addition, supersensitivity is invariably 
reversible when drugs are discontinued; tardive dyskinesia 
is not.

The clinical features of tardive dyskinesia, particularly 
its persistent nature, are more suggestive of an underlying 
degenerative abnormality. Such an abnormality may 
involve GABA neurons, because GABA and its synthesiz-
ing enzyme, glutamic acid decarboxylase, are depleted in 
the basal ganglia after chronic treatment of animals with 
antipsychotic drugs, and GABA levels in cerebrospinal 
fluid (CSF) are decreased in patients with tardive 
dyskinesia.

`` Pathology
No consistent pathologic features have been found in the 
brains of patients with tardive dyskinesia, although inferior 
olive atrophy, degeneration of the substantia nigra, and 
swelling of large neurons in the caudate nucleus have been 
described in some cases.

`` Clinical Findings
The clinical disorder is characterized by abnormal choreo-
athetoid movements that are often especially conspicuous 
about the face and mouth in adults and tend to be more 
obvious in the limbs in children. The onset of dyskinesia is 
generally not until months, or years, after the start of treat-
ment with the responsible agent. Tardive dyskinesia may be 
impossible to distinguish from such disorders as Huntington 
disease or isolated torsion dystonia unless a history of drug 
exposure is obtained.

`` Prevention
Tardive dyskinesia is easier to prevent than to cure. 
Antipsychotic drugs should be prescribed only on clear 
indication, and their long-term use should be monitored, 
with periodic drug holidays to determine whether the need 
for treatment continues. Drug holidays may also help to 
unmask incipient dyskinesias—which, curiously, tend to 
worsen when the drug is withdrawn. Antipsychotic medi-
cation should be gradually withdrawn if possible when 
dyskinesia appears during a drug holiday, as this may allow 
remission to occur.

`` Treatment
Treating the established disorder is generally unsatisfac-
tory, although the disorder may resolve spontaneously, 
especially in children or young adults. Antidopaminergic 
agents such as haloperidol or phenothiazines suppress the 
abnormal movements, but their use for this purpose is  
not recommended because they may aggravate the 
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underlying disorder. Treatment with reserpine 0.25 mg, 
gradually increased to 2 to 4 mg/d orally, or tetrabenazine 
12.5 mg, gradually increased to as much as 200 mg/d orally, 
taken in divided doses, may be helpful. Both these drugs 
deplete monoamine neurotransmitters, including dopamine.

A number of other pharmacologic approaches have been 
suggested and may help in individual cases; these include 
treatment with carbamazepine, baclofen, valproate, lithium, 
clonazepam, and alprazolam. Calcium-channel blockers 
have also been advocated. However, evidence of benefit with 
these various drugs is inconclusive. Anticholinergic drugs 
should be avoided, as they may exacerbate the dyskinesia.

Occasional patients with severe dyskinesia have been 
treated with deep brain stimulation of the globus pallidus 
or subthalamic nucleus. In patients requiring continued 
treatment for psychosis, clozapine, risperidone, olanzap-
ine, or quetiapine should be used in place of the typical 
antipsychotics.

OTHER TARDIVE SYNDROMES
A variety of other late and often persistent movement dis-
orders may appear during the course of antipsychotic drug 
treatment.

Tardive dystonia is usually segmental in distribution, 
affecting two or more contiguous body parts, such as the 
face and neck or arm and trunk. It is less often focal; when 
this is the case, the head and neck are particularly apt to be 
affected, producing blepharospasm, torticollis, or oroman-
dibular dystonia. Generalized dystonia is least common 
and tends to occur in younger patients. Treatment is as for 
tardive dyskinesia, except that anticholinergic drugs may 
also be helpful; focal dystonias may also respond to local 
injection of botulinum A toxin.

Tardive akathisia (characterized by a feeling of rest-
lessness and a need to move about, with an inability to sit 
or stand still) can also occur; it is treated in the same man-
ner as drug-induced parkinsonism.

Tardive tic, a drug-induced disorder resembling Gilles 
de la Tourette syndrome (see later), is characterized by 
multifocal motor and vocal tics. It can be treated in the 
same manner as Gilles de la Tourette syndrome if symp-
toms do not remit spontaneously.

Tardive tremor and tardive myoclonus may also occur.
Rabbit syndrome is a neuroleptic-induced disorder 

characterized by rhythmic vertical movements about the 
mouth, resembling the chewing movements of a rabbit; the 
tongue is spared. Anticholinergic drugs may be helpful in its 
treatment.

Aquino CC, Lang AE. Tardive dyskinesia syndromes: current  
concepts. Parkinsonism Relat Disord. 2014;20 (suppl 1):S113-S117.

Burkhard PR. Acute and subacute drug-induced movement disor-
ders. Parkinsonism Relat Disord. 2014;20 (suppl 1):S108-S112.

Zesiewicz TA. Drug-induced hyperkinetic movement disorders by 
nonneuroleptic agents. Handb Clin Neurol. 2011;100:347-363.

NEUROLEPTIC MALIGNANT SYNDROME
This rare complication of treatment with antipsychotic 
drugs (neuroleptics) is manifested by rigidity, fever, 
altered mental status, and autonomic dysfunction. 
Haloperidol is implicated most often, but the syndrome 
can complicate treatment with any antipsychotic drug; 
whether concomitant treatment with lithium or anticho-
linergic drugs increases the risk is uncertain. Symptoms 
typically develop over 1 to 3 days and can occur at any time 
during the course of treatment.

The differential diagnosis includes infection, which must 
be excluded in any febrile patient. Neuroleptic malignant 
syndrome resembles malignant hyperthermia (see Chapter 9, 
Motor Disorders), but the latter disorder develops over  
minutes to hours rather than days and is associated with the 
administration of inhalational anesthetics or neuromuscular 
blocking agents rather than antipsychotics.

Treatment of neuroleptic malignant syndrome includes 
withdrawal of antipsychotic drugs, lithium, and anticholin-
ergics; reduction of body temperature with antipyretics 
and artificial cooling; and rehydration. Dantrolene may be 
beneficial, as may dopamine agonists, levodopa prepara-
tions, or amantadine. The mortality rate is as high as 20%.

Perry PJ, Wilborn CA. Serotonin syndrome vs neuroleptic 
malignant syndrome: a contrast of causes, diagnoses, and 
management. Ann Clin Psychiatry. 2012;24:155-162.

OTHER DRUG-INDUCED MOVEMENT 
DISORDERS
Levodopa produces a wide variety of abnormal movements 
as a dose-related phenomenon in patients with parkinson-
ism. They can be reversed by withdrawing the medication 
or reducing the dose. Chorea may also develop in patients 
receiving a variety of other medications, including dopa-
mine agonists, anticholinergic drugs, buspirone, phenytoin, 
carbamazepine, amphetamines, methylphenidate, lithium, 
and oral contraceptives; it resolves with discontinuance of 
the responsible drug. Dystonia has resulted from adminis-
tration of dopamine agonists, lithium, serotonin reuptake 
inhibitors, carbamazepine, and metoclopramide; and pos-
tural tremor from administration of theophylline, caf-
feine, lithium, thyroid hormone, tricyclic antidepressants, 
valproic acid, and isoproterenol.

GILLES DE LA TOURETTE SYNDROME

Gilles de la Tourette syndrome, characterized by chronic—
typically lifelong—multiple motor and verbal tics, is of 
unknown cause and does not relate to social class, ethnic 
group, perinatal abnormalities, birth trauma, or birth 
order. Symptoms begin before 21 years of age, most often 
by the age of 11, and the course is one of remission and 
relapse. Most cases are sporadic, although there is 
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occasionally a family history, and partial expression of the 
trait may occur in siblings or offspring of patients. 
Inheritance has been attributed to an autosomal dominant 
gene with variable penetrance, but inheritance is complex, 
and risk alleles have been difficult to identify. The preva-
lence in the United States has been estimated to be 0.05% 
and the disorder is more common in males than females.

PATHOGENESIS
The pathogenesis is obscure, but the corticostriato- 
thalamocortical pathways seem to be involved. 
Dopaminergic excess in the brains of patients with Gilles 
de la Tourette syndrome has been postulated, mainly because 
of the beneficial effects that dopamine-blocking drugs can 
have on the tics. The administration of dopamine receptor 
agonists often fails to produce the exacerbation of symptoms 
that might be anticipated from this hypothesis, however.

Analysis of linkage in a two-generation pedigree has 
led to the identification of a rare mutation in the HDC 
gene encoding histidine decarboxylase, the rate-limiting 
enzyme in histamine biosynthesis. Such findings suggest 
a role for histaminergic neurotransmission in the patho-
genesis and modulation of Gilles de la Tourette syndrome 
and tics. No structural basis for the clinical disorder has 
been recognized.

CLINICAL FINDINGS
The first signs consist of motor tics in 80% of cases and vocal 
tics in 20%; there may be either a single or multiple tics. 
When the initial sign is a motor tic, it commonly involves 
the face, as in sniffing, blinking, or forced eye closure. It is 
generally not possible to make the diagnosis at this stage.

All patients ultimately develop a number of different 
motor tics and involuntary vocal tics, the latter commonly 
consisting of grunts, barks, hisses, throat-clearing or 
coughing, and the like. Vocal tics sometimes take the form 
of verbal utterances including coprolalia (vulgar or 
obscene speech), which occurs eventually in approximately 
half of all patients. There may also be echolalia (parroting 
the speech of others), echopraxia (imitation of others’ 
movements), and palilalia (repetition of words or phrases). 
The tics vary over time in severity, character, and the 
muscle groups involved. In 40% to 50% of cases, some of 
the tics involve self-mutilation with such activities as 
severe nail-biting or hair-pulling, picking at the nose, or 
biting the lips or tongue. Sensory tics, consisting of pres-
sure, tickling, and warm or cold sensations, also occur. 
Behavioral disorders, including obsessive-compulsive dis-
order, attention deficit disorder, learning difficulties, 
and impulse control disorders, are common in patients 
with Gilles de la Tourette syndrome, but their precise rela-
tionship to the tic disorder is uncertain.

Examination usually reveals no other abnormalities, 
and the history is therefore of paramount importance. 
Videotaping of the patient in the home environment may 

be helpful. There is a higher than expected incidence of 
left-handedness or ambidexterity. In approximately 50% of 
cases, the EEG shows minor nonspecific abnormalities of 
no diagnostic relevance.

DIFFERENTIAL DIAGNOSIS
The differential diagnosis includes the various movement 
disorders that can present in childhood. Other disorders 
characterized by tics (see earlier discussion) are distin-
guished by resolution of the tics by early adulthood, by the 
restricted number of tics, or by the context in which the 
tics occur. Laboratory tests are typically normal, but 
examination of a wet blood film for acanthocytes, thyroid 
function tests, and serum copper and ceruloplasmin deter-
mination should be considered to exclude other causes. 
Imaging studies usually are unnecessary unless there are 
abnormalities other than tics on neurologic examination.

Wilson disease can simulate Gilles de la Tourette syn-
drome; it must be excluded because it responds well to medi-
cal treatment. In addition to a movement disorder, Wilson 
disease produces hepatic involvement, Kayser-Fleischer cor-
neal rings, and abnormalities of serum copper and cerulo-
plasmin, which are absent in Gilles de la Tourette syndrome.

Sydenham chorea can be difficult to recognize if there 
is no recent history of rheumatic fever or polyarthritis and 
no clinical evidence of cardiac involvement, but this disor-
der is a self-limiting one, usually clearing in 3 to 6 months.

Bobble-head syndrome, which can be difficult to dis-
tinguish from Gilles de la Tourette syndrome, is character-
ized by rapid, rhythmic bobbing of the head in children 
with progressive hydrocephalus.

COMPLICATIONS
Gilles de la Tourette syndrome is often unrecognized for 
years, the tics being attributed to psychiatric illness or atten-
tion-seeking behavior, or mistaken for some other form of 
abnormal movement. They may also be mistaken for a gen-
eral medical disorder, as when sniffing and throat clearing 
are attributed to allergies. Indeed, in many cases the correct 
diagnosis is finally made by the family rather than the physi-
cian. In consequence, patients are often subjected to unnec-
essary and expensive treatment before the true nature of the 
disorder is recognized. Psychiatric disturbances, sometimes 
culminating in suicide, may occur because of the cosmetic 
and social embarrassment produced by the tics. Drug ther-
apy can lead to a number of side effects, as discussed next.

TREATMENT
Treatment is symptomatic and, if effective, must be contin-
ued indefinitely. Education of the patient, family members, 
and teachers is important. Extra break periods at school 
and additional time for test taking are often helpful. 
Cognitive behavioral therapy or other forms of behavioral 
intervention may be helpful.
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Clonidine, an alpha2-adrenergic receptor agonist, has 
been reported to ameliorate motor or vocal tics in roughly 
50% of children so treated. It may act by reducing activity 
in noradrenergic neurons arising in the locus ceruleus. It is 
started in a dose of 2 to 3 μg/kg/d, increasing after 2 weeks 
to 4 μg/kg/d and then, if necessary, to 5 μg/kg/d taken to a 
daily maximum of 0.3 or 0.4 mg in divided doses. It may 
cause an initial transient fall in blood pressure. The most 
frequent side effect is sedation. Other adverse reactions 
include reduced or excessive salivation and diarrhea. 
Guanfacine can also be used, starting with 0.5 mg at bed-
time and increasing to a maximum of 2 mg twice daily. 
These alpha-adrenergic agonists have less troublesome side 
effects than the typical antipsychotics, which are the only 
therapies for this disorder approved by the US Food and 
Drug Administration. There are reports that topiramate or 
tetrabenazine may also be helpful.

Atypical antipsychotics, including risperidone and 
aripiprazole, are sometimes beneficial, and may be pre-
ferred over the typical agents. When a typical antipsychotic 
is required, haloperidol is generally regarded as the drug of 
choice. It is started at a low daily dose (0.25 mg), which is 
gradually increased by 0.25 mg every 4 or 5 days until there 
is maximum benefit with a minimum of side effects or 
until side effects limit further increments. A total daily 
dose of 2 to 8 mg is usually optimal, but higher doses are 
sometimes necessary. Side effects include extrapyramidal 
movement disorders, sedation, dryness of the mouth, 
blurred vision, and gastrointestinal disturbances. Pimozide, 
another dopaminergic-receptor antagonist, may be helpful 
in patients who are either unresponsive to or cannot toler-
ate haloperidol. Treatment is started with 1 mg/d and the 
dose is increased by 1 mg every 5 days; most patients 
require 7 to 16 mg/d. Phenothiazines such as fluphenazine 
are sometimes helpful for the management of tics, as also 
occasionally are dopamine agonists.

Injection of botulinum toxin A at the site of the most 
problematic tics may be worthwhile.

Treatment of any associated attention deficit disorder 
may include the use of a clonidine patch, guanfacine, 
methylphenidate, dextroamphetamine, desipramine, or 
atomoxetine, whereas obsessive-compulsive disorder may 
require selective serotonin reuptake inhibitors or 
clomipramine.

Patients occasionally respond favorably to clonazepam or 
carbamazepine, but diazepam, barbiturates, phenytoin, and 
cholinergic agonists (eg, deanol) are usually not helpful.

Neurosurgical treatment, for example, by prefrontal 
leucotomy, anterior cingulotomy, or thalamotomy, has not 
been helpful, but bilateral deep brain stimulation of various 
target sites has reportedly been worthwhile in otherwise 
intractable cases.

Kim W, Pouratian N. Deep brain stimulation for Tourette syn-
drome. Neurosurg Clin N Am. 2014;25:117-135.

Shahana N, Gilbert DL. Tourette syndrome. Handb Clin Neurol. 
2013;116:631-642.

ACQUIRED hEPATOCEREBRAL DEGENERATION

Acquired hepatocerebral degeneration produces a neuro-
logic disorder associated with extrapyramidal, cerebellar, 
and pyramidal signs as well as dementia. Extrapyramidal 
signs include rigidity, rest tremor, chorea, athetosis, and 
dystonia. This condition is discussed in Chapter 5, 
Dementia & Amnestic Disorders.

RESTLESS LEGS SYNDROME

Restless legs syndrome is characterized by an unpleasant 
creeping discomfort that is perceived as arising deep 
within the legs and occasionally in the arms as well. 
Symptoms tend to occur when patients are relaxed, espe-
cially while lying down or sitting, and lead to a need to 
move about. They are often particularly troublesome at 
night and may delay the onset of sleep. A sleep disorder 
associated with periodic movements during sleep may also 
occur and can be documented by polysomnographic 
recording. The cause is unknown, although the disorder 
may have a genetic predisposition; several genetic loci have 
been associated with the syndrome. The disorder seems 
especially common among pregnant women and is not 
uncommon among uremic or diabetic patients with neu-
ropathy. Most patients, however, have no obvious predis-
posing cause.

Symptoms sometimes resolve after correction of coexist-
ing iron-deficiency anemia, and they may respond to treat-
ment with drugs such as dopamine agonists, levodopa, 
gabapentin, pregabalin, or opiates. Benzodiazepines are also 
sometimes helpful.

Dopaminergic therapy is the treatment of choice but 
carries the risk of augmentation. The term augmentation 
refers to the earlier onset or greater intensity of symptoms, 
a reduced latency to symptom onset when at rest, and a 
briefer response to medication. Augmentation seems to 
occur especially in relation to levodopa therapy (levodopa/
carbidopa 100/25 or 200/50 taken approximately 1 hour 
before bedtime), prompting many to use a dopamine ago-
nist in place of levodopa when dopaminergic therapy is 
required. When augmentation occurs in patients receiving 
levodopa, the daily dose should be divided; alternatively, a 
dopamine agonist should be substituted (pramipexole 
0.125-0.75 mg or ropinirole 0.25-4.0 mg once daily). When 
augmentation occurs with an agonist, the daily dose should 
be divided or the patient switched to another agonist or to 
other medications.

If opiates are required, those with long half-lives or low 
addictive potential are preferred. Oxycodone is often effec-
tive; the dose varies with the patient. Gabapentin can be 
used instead of opioids and is taken once or twice daily, 
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typically in the evening and before sleep. It is started at  
300 mg daily, and the dose is then built up depending on 
response and tolerance (to approximately 1,800 mg daily). 
Clinical studies suggest that pregabalin, 150 to 300 mg 
daily taken in divided doses, is also effective.

Earley CJ, Allen RP, Hening W. Restless legs syndrome and peri-
odic leg movements in sleep. Handb Clin Neurol. 2011;99: 
913-948.
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▼▼ EPISOdIC LOSS Of CONSCIOUSNESS

Consciousness is lost when the function of both cerebral 
hemispheres or the brainstem reticular activating system is 
compromised. Episodic dysfunction of these anatomic 
regions produces transient, and often recurrent, loss of 
consciousness. There are two major causes of episodic loss 
of consciousness.

SEIZURES

Seizures are disorders characterized by temporary neuro-
logic signs or symptoms resulting from abnormal, parox-
ysmal, and hypersynchronous electrical neuronal 
activity in the cerebral cortex.

SYNCOPE

Syncope is loss of consciousness due to reduced blood 
flow to both cerebral hemispheres or the brainstem. It 
can result from pancerebral hypoperfusion caused by vaso-
vagal reflexes, orthostatic hypotension, decreased cardiac 
output, or from selective hypoperfusion of the brainstem 
resulting from vertebrobasilar ischemia.

APPROACh tO dIAgNOSIS

Seizures and syncope have different causes, diagnostic 
approaches, and treatment.

Determine whether the setting in which the event 
occurred, or associated symptoms or signs, suggests a direct 
result of a disease requiring prompt attention, such as hypo-
glycemia, meningitis, head trauma, cardiac arrhythmia, or 
acute pulmonary embolism. Assess the number of spells and 
their similarity or dissimilarity. If all spells are identical, then 
a single pathophysiologic process can be assumed. Major dif-
ferential features should be ascertained as discussed below.

Hatoum T, Sheldon R. A practical approach to investigation of 
syncope. Can J Cardiol. 2014;30:671-674.

EvEntS at OnSEt Of SpELL

`` prodromal Symptoms (aura)
Inquire about prodromal and initial symptoms. A witness 
may be critical. The often brief, stereotyped premonitory 
symptoms (aura) at the onset of some seizures may localize 
the central nervous system (CNS) abnormality responsible 
for seizures. Note that more than one type of aura may occur 
in an individual patient. A sensation of fear, olfactory or gus-
tatory hallucinations, or visceral or déjà vu sensations are 
commonly associated with seizures originating in the tempo-
ral lobe. Progressive light-headedness, dimming of vision, 
and faintness suggest decreased cerebral blood flow (eg, 
simple faints, cardiac arrhythmias, orthostatic hypotension).

`` posture When Loss of  
Consciousness Occurs

Orthostatic hypotension and simple faints occur in the 
upright or sitting position. Episodes that also or only occur 
in the recumbent position suggest seizure or cardiac 
arrhythmia as a likely cause, although syncope induced by 
strong emotional stimuli (eg, phlebotomy) can also occur 
in recumbency.

`` Relationship to physical Exertion
Syncope induced by exertion is usually due to cardiac arrhyth-
mias or outflow obstruction (eg, aortic stenosis, obstructive 
hypertrophic cardiomyopathy, and atrial myxoma).

`` focal Symptoms
Focal motor or sensory phenomena (eg, involuntary jerk-
ing of one hand, hemifacial paresthesias, or forced head 
turning) suggest a seizure originating in the contralateral 
frontoparietal cortex. A sensation of fear, olfactory or gus-
tatory hallucinations, or visceral or déjà vu sensations are 
commonly associated with seizures originating in the  
temporal lobe.

EvEntS duRinG thE SpELL

`` tonic Stiffening and Clonic Movement
Generalized tonic–clonic (grand mal, or major motor) 
seizures are characterized by loss of consciousness, accom-
panied initially by tonic stiffening and subsequently by 
clonic (jerking) movements of the extremities.

`` flaccidity
Cerebral hypoperfusion usually produces flaccid 
unresponsiveness.

`` Brief Stiffening or Jerking
Loss of consciousness from hypoperfusion rarely lasts 
more than 10 to 20 seconds and is not followed by postictal 
confusion unless severe and protracted brain ischemia has 
occurred. Cerebral hypoperfusion can also result in stiffen-
ing or jerking movements, especially if hypoperfusion is 
prolonged because the patient is prevented from falling or 
otherwise assuming a recumbent posture. This phenome-
non, sometimes referred to as convulsive syncope, is self-
limited and does not require anticonvulsant treatment.

EvEntS aftER thE SpELL

`` prompt Recovery of Consciousness
Recovery from a simple faint is characterized by a prompt 
return to consciousness, with full lucidity, within 20 to 
30 seconds.
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`` Brief Confusion
A period of confusion, disorientation, or agitation (postic-
tal state) follows a generalized tonic–clonic seizure. The 
period of confusion usually lasts only minutes. Although 
such behavior is often strikingly evident to witnesses, it 
may not be recalled by the patient.

`` prolonged Confusion
Prolonged alteration of consciousness (prolonged postic-
tal state) may follow status epilepticus. It may also occur 
after a single seizure in patients with diffuse structural 
cerebral disease (eg, dementia, other cognitive impairment, 
or encephalitis), metabolic encephalopathy, or  continuing 
nonconvulsive seizures.

`` tongue Biting
Biting of the lateral aspect of the tongue is highly specific 
for generalized tonic–clonic seizure and may be noted by 
the patient after such a spell.

`` urinary incontinence
Incontinence of urine can occur during either seizure or 
syncope. Fecal incontinence is uncommon.

▼▼ SEIZURES

A seizure is a transient disturbance of cerebral function 
caused by an abnormal neuronal discharge. Epilepsy, a 
group of disorders characterized by recurrent seizures, is a 
common cause of episodic loss of consciousness; the preva-
lence of epilepsy in the general population is about 1%, and 
the lifetime probability of a seizure is approximately 10%.

An actively convulsing patient or a reported seizure in 
a known epileptic usually poses no diagnostic difficulty. 
However, because most seizures occur outside the hospital 
unobserved by medical personnel, the diagnosis often 
must be established retrospectively. The two historic fea-
tures most suggestive of a seizure are the aura associated 
with seizures of focal onset and the postictal confusional 
state that follows generalized tonic–clonic seizures (see 
later).

EtIOLOgY

Seizures can result from either primary CNS dysfunction 
or an underlying metabolic derangement or systemic dis-
ease. This distinction is critical, because therapy must be 
directed at the underlying disorder as well as at seizure 
control. A list of common neurologic and systemic disor-
ders that produce seizures is presented in Table 12-1. The 
age of the patient may help in establishing the cause of 
seizures (Figure 12-1).

Table 12-1. Common Causes of New-Onset Seizures.

primary neurologic disorders

Benign febrile convulsions of childhood
Idiopathic/cryptogenic seizures
Cerebral dysgenesis
Symptomatic epilepsy
 Head trauma
 Stroke or vascular malformations
 Mass lesions
 CNS infections
  Encephalitis
  Meningitis
  Cysticercosis
  HIV encephalopathy

Systemic disorders

Hypoglycemia
Hyponatremia
Hyperosmolar states
Hypocalcemia
Uremia
Hepatic encephalopathy
Porphyria
Drug toxicity
Drug withdrawal
Global cerebral ischemia
Hypertensive encephalopathy
Eclampsia
Hyperthermia

The genetic contribution to epilepsy and its response to 
treatment is complex. A single epileptic syndrome (eg, 
juvenile myoclonic epilepsy) can result from mutations in 
several different genes and, conversely, mutations in a 

Idiopathic

Febrile

Birth injury

Metabolic

Infection

Trauma

Tumor

Stroke

0 10 20 30
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▲▲ figure 12-1. Causes of seizures as a function of age 
at onset. Bars show the range of ages at which seizures 
from a given cause typically begin; darker shading indi-
cates peak incidence.

Aminoff_ch12_p342-365.indd   344 05/03/15   12:10 pm



SEIZURES & SYNCOPE 345

single gene (eg, SCN1A sodium channel subunit) can cause 
several epilepsy phenotypes. Genes implicated in suscepti-
bility to epilepsy include those coding for sodium, calcium, 
potassium, and chloride channels; nicotinic cholinergic, 
GABA, and G protein–coupled receptors; and enzymes.

pRiMaRy nEuROLOGiC diSORdERS

`` Benign febrile Convulsions
Benign febrile convulsions occur in 2% to 5% of children 
aged 6 months to 5 years, usually during the first day of a 
febrile illness (temperature > 100.4°F or 38°C), and in the 
absence of CNS infection (meningitis or encephalitis). There 
may be a family history of benign febrile convulsions or other 
types of seizures. Mutations in several genes have been linked 
to febrile convulsions, including the G protein–coupled 
receptor MASS1; the inositol monophosphatase IMPA2; 
SCN1A, SCN1B, and SCN2A sodium channel subunits; 
KCNQ2, KCNQ3, and KCNA1 potassium channel subunits; 
and GABRG2 and GABRD GABA receptor subunits.

Benign febrile convulsions usually last for less than 10 
to 15 minutes and lack focal features. Approximately two-
thirds of patients experience a single seizure, and fewer 
than one-tenth have more than three. Seizures occurring 
during the first hour of fever in children younger than 18 
months or in children with a family history of febrile sei-
zures are associated with an increased risk for recurrence; 
90% of recurrences occur within 2 years of the initial epi-
sode. The differential diagnosis includes meningitis and 
encephalitis (see Chapter 4, Confusional States); if present, 
these should be treated as described elsewhere in this 
volume.

Because benign febrile convulsions are usually self-
limited, treatment is often unnecessary; prolonged convul-
sions (≥15 minutes) can be treated with diazepam 0.3 mg/kg 
orally, intramuscularly, or intravenously or 0.6 mg/kg rec-
tally, or by buccal midazolam (0.5 mg/kg; maximum, 10 
mg). Such treatment may decrease the risk of recurrence. 
When recurrence does occur and parents are particularly 
anxious, intermittent oral diazepam at the onset of febrile 
illness may prevent further recurrences. The probability of 
developing a chronic seizure disorder is 2% to 6% and is 
highest in patients with persistent neurologic abnormali-
ties; prolonged, focal, or multiple seizures; or a family his-
tory of nonfebrile seizures. Long-term administration of 
phenobarbital or valproic acid to reduce the risk of subse-
quent afebrile seizures is generally not indicated, as the risk 
of nonfebrile seizures is unaltered and their use is associ-
ated with significant morbidity.

`` idiopathic (Cryptogenic) Seizures
These account for two-thirds of new-onset seizures in the 
general population. The age range is broad, from the second 
to the seventh decade (see Figure 12-1). The risk of recur-
rence in the next 5 years is approximately 35% after a first 

unprovoked seizure. A second seizure increases the risk of 
recurrence to approximately 75%. Most recurrences occur in 
the first year. Genes implicated in idiopathic generalized 
epilepsy include the mitochondrial NAD-dependent malic 
enzyme ME2 and the CACNA1A and CACNB4 calcium 
channel subunits.

`` head trauma
Head trauma is a common cause of epilepsy, particularly 
when it occurs perinatally or is associated with a depressed 
skull fracture or intracerebral or subdural hematoma. 
Seizures that occur within the first week after nonpenetrat-
ing head injuries are not predictive of a chronic seizure 
disorder, however. Although patients with serious head 
injuries are often treated prophylactically with anticonvul-
sant drugs, this practice has been questioned, because a 
reduction in the incidence of posttraumatic seizures has 
not been observed consistently.

`` Stroke
Stroke affecting the cerebral cortex produces seizures in 
5% to 15% of patients and can occur after thrombotic or 
embolic infarction or intracerebral hemorrhage (see 
Chapter 13, Stroke). As in head trauma, early seizures are 
not necessarily indicative of chronic epilepsy, and long-
term anticonvulsant therapy may not be required. Even 
without rupturing, vascular malformations may be asso-
ciated with seizures, presumably as a result of their irrita-
tive effects on adjacent brain tissue.

`` Mass Lesions
Mass lesions, such as brain tumors (see Chapter 6, 
Headache & Facial Pain) or abscesses (see Chapter 3, 
Coma), can present with seizures. Glioblastomas, astrocy-
tomas, and meningiomas are the most common tumors 
associated with seizures, reflecting their high prevalence 
among tumors that affect the cerebral hemispheres.

`` Meningitis or Encephalitis
Bacterial (eg, Haemophilus influenzae or tuberculous), 
viral (eg, herpes simplex), fungal, or parasitic (eg, cysti-
cercosis) infections (see Chapter 4, Confusional States) can 
also cause seizures. Seizures in patients with AIDS are 
most often related to HIV-associated dementia, but also 
occur with toxoplasmosis or cryptococcal meningitis.

`` developmental anomalies
Cortical dysgenesis and neuronal migration disorders 
can predispose to epilepsy.

SyStEMiC diSORdERS
Metabolic and other systemic disorders, including drug-
overdose and drug-withdrawal syndromes, may be 
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Table 12-2. Major Categories of Drugs Reported to 
Cause Seizures.

Antibiotics (quinolones, penicillins, isoniazid)

Anticholinesterases (organophosphates, physostigmine)

Antidepressants (tricyclic, monocyclic, heterocyclic; selective 
serotonin reuptake inhibitors)

Antihistamines

Antipsychotics (phenothiazines, butyrophenones, atypicals)

Chemotherapeutics (etoposide, ifosfamide, cisplatin)

Cyclosporine, FK 506 (tacrolimus)

Hypoglycemic agents (including insulin)

Hypo-osmolar parenteral solutions

Lithium

Local anesthetics (bupivacaine, lidocaine, procaine, etidocaine)

Methylxanthines (theophylline, aminophylline)

Narcotic analgesics (fentanyl, meperidine, pentazocine,  
propoxyphene)

Phencyclidine

Sympathomimetics (amphetamines, cocaine, ecstasy1,  
ephedrine, phenylpropanolamine, terbutaline)

1 Methylenedioxymethamphetamine (MDMA).

associated with seizures that abate with correction of the 
underlying abnormality. In these cases, the patient is not 
considered to have epilepsy. Many of these disorders are 
discussed in detail in Chapter 4, Confusional States.

 1.  Hypoglycemia can produce seizures, especially with 
serum glucose levels of 20 to 30 mg/dL, but neurologic 
manifestations of hypoglycemia are also related to the 
rate at which serum glucose levels fall.

 2.  Hyponatremia may be associated with seizures at 
serum sodium levels less than 120 mEq/L or at higher 
levels after a rapid decline.

 3.  Hyperosmolar states, including both hyperosmolar 
nonketotic hyperglycemia and hypernatremia, may 
lead to seizures when serum osmolality rises above 
approximately 330 mOsm/L.

 4.  Hypocalcemia with serum calcium levels in the range 
of 4.3 to 9.2 mg/dL can produce seizures with or with-
out tetany.

 5.  Uremia can cause seizures, especially when it develops 
rapidly, but this tendency correlates poorly with abso-
lute serum urea nitrogen levels.

 6.  Hepatic encephalopathy is sometimes accompanied 
by generalized or multifocal seizures.

 7.  Porphyria is a disorder of heme biosynthesis that pro-
duces both neuropathy (see Chapter 9, Motor Disorders) 
and seizures. The latter may be difficult to treat because 
most anticonvulsants can exacerbate the metabolic abnor-
malities. Case reports attest to the safety and efficacy of 
gabapentin, pregabalin, and levetiracetam in porphyria.

 8.  Drug overdose can exacerbate epilepsy or cause sei-
zures in nonepileptic patients. Generalized tonic–
clonic seizures are most common, but focal or 
multifocal partial seizures can also occur. The drugs 
most frequently associated with seizures are antide-
pressants, antipsychotics, cocaine, insulin, isoniazid, 
lidocaine, and methylxanthines (Table 12-2).

 9.  Drug withdrawal, especially withdrawal from etha-
nol or sedative drugs, may be accompanied by one or 
more generalized tonic–clonic seizures that usually 
resolve spontaneously. Alcohol withdrawal seizures 
occur within 48 hours after cessation or reduction of 
ethanol intake in 90% of cases and are characterized by 
brief flurries of one to six attacks that resolve within 12 
hours. Acute abstinence from sedative drugs can also 
produce seizures in patients habituated to more than 
600 to 800 mg/d of secobarbital or equivalent doses 
of other short-acting sedatives. Seizures from seda-
tive drug withdrawal typically occur 2 to 4 days after 
abstinence but may be delayed for up to 1 week. Focal 
seizures are rarely due to alcohol or sedative drug with-
drawal alone; they suggest an additional focal cerebral 
lesion that requires evaluation.

10.   Global cerebral ischemia (see Chapter 13, Stroke) from 
cardiac arrest, cardiac arrhythmias, or hypotension 

may produce, at onset, a few tonic or tonic–clonic 
movements that resemble seizures, but they probably 
reflect abnormal brainstem activity instead. Global 
ischemia may also be associated with spontaneous 
myoclonus (see Chapter 11, Movement Disorders) 
or, after consciousness returns, with myoclonus pre-
cipitated by movement (action myoclonus). Partial or 
generalized tonic–clonic seizures also occur; these may 
be manifested only by subtle movements of the face or 
eyes and must be recognized and treated. Nonetheless, 
isolated seizures after global cerebral ischemia do not 
necessarily indicate a poor outcome.

11.  Hypertensive encephalopathy (see Chapter 4, Confu- 
s ional States) may be accompanied by generalized tonic–
clonic or partial seizures.

12.  Eclampsia refers to the occurrence of seizures or coma 
in a pregnant woman with hypertension, proteinuria, 
and edema (preeclampsia). As in hypertensive enceph-
alopathy in nonpregnant patients, cerebral edema, isch-
emia, and hemorrhage may contribute to neurologic 
complications. Magnesium sulfate has been widely used 
to treat eclamptic seizures and may be superior for this 
purpose to anticonvulsants such as phenytoin.

13.  Hyperthermia can result from infection, exposure (heat 
stroke), hypothalamic lesions, or drugs such as phency-
clidine, as well as anticholinergics or neuroleptics 
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(neuroleptic malignant syndrome; see Chapter 11, 
Movement Disorders) and inhalational anesthetics or 
neuromuscular blocking agents (malignant hyperther-
mia; see Chapter 9, Motor Disorders). Clinical features 
of severe hyperthermia (42°C, or 107°F) include sei-
zures, confusional states or coma, shock, and renal fail-
ure. Treatment is with antipyretics and artificial cooling 
to reduce body temperature immediately to 39°C (102°F) 
and anticonvulsants and more specific therapy (eg, anti-
biotics for infection, dantrolene for malignant hyper-
thermia) where indicated. Patients who survive may be 
left with ataxia as a result of the special vulnerability of 
cerebellar neurons to hyperthermia.

nOnEpiLEptiC SEizuRES
Attacks that resemble seizures (nonepileptic seizures or psycho-
genic seizures) may be manifestations of a psychiatric distur-
bance such as conversion disorder, somatization disorder, 
factitious disorder with physical symptoms, or malingering.

Nonepileptic seizures usually can be distinguished both 
clinically and by the electroencephalogram (EEG) findings. 
In patients with nonepileptic seizures resembling tonic–
clonic attacks, there may be warning and preparation before 
the attack; there is usually no tonic phase, and the clonic 
phase consists of wild thrashing movements during which 
the patient rarely comes to harm or is incontinent. Ictal eye 
closure is common. In some instances, there are abnormal 
movements of all extremities without loss of consciousness; 
in others, there is shouting, uttering of obscenities, or goal-
directed behavior during apparent loss of consciousness. 
There is no postictal confusion or abnormal clinical signs 
after the attack. The EEG, if recorded during an episode, 
does not show organized seizure activity, and postictal 
slowing does not occur. The differential diagnosis should 
include frontal lobe seizures, which may be marked by 
unusual midline movements (eg, pelvic thrusting or bicy-
cling) and by very brief postictal states. Ictal EEG abnor-
malities may escape detection as well.

It is important to appreciate that many patients with 
nonepileptic seizures also have genuine epileptic attacks 
that require anticonvulsant medications, but these should 
be prescribed at an empirically appropriate dose. Psychiatric 
referral may be helpful.

CLASSIfICAtION & CLINICAL fINdINgS

CLaSSifiCatiOn
Seizures are classified as follows:

`` Generalized Seizures
1. Tonic–clonic (grand mal)
2. Absence (petit mal)
3. Other types (tonic, clonic, myoclonic, atonic)

`` partial (focal) Seizures
1. Simple partial (with preservation of consciousness)
2. Complex partial (temporal lobe, psychomotor, or focal 

seizures with dyscognitive features)
3. Partial seizures with secondary generalization

GEnERaLizEd SEizuRES

`` Generalized tonic–Clonic Seizures
Generalized tonic–clonic seizures are attacks in which 
consciousness is lost, usually without aura or other warn-
ing. When a warning does occur, it usually consists of 
nonspecific symptoms.

1. Tonic phase—The initial manifestations are uncon-
sciousness and tonic contraction of limb muscles for 10 
to 30 seconds, producing first flexion and then exten-
sion, particularly of the back and neck (Figure 12-2). 
Tonic contraction of the muscles of respiration may 
produce an expiration-induced vocalization (cry or 
moan) and cyanosis, and contraction of masticatory 
muscles may cause tongue trauma. The patient falls to 
the ground and may be injured.

2. Clonic phase—The tonic phase is followed by a clonic 
(alternating muscle contraction and relaxation) phase 
of symmetric limb jerking that persists for an addi-
tional 30 to 60 seconds or longer. Ventilatory efforts 
return immediately after cessation of the tonic phase, 
and cyanosis clears. The mouth may froth with saliva. 
With time, the jerking becomes less frequent, until 
finally all movements cease and the muscles are flaccid. 
Sphincteric relaxation or detrusor muscle contraction 
may produce urinary incontinence.

3. Recovery—As the patient regains consciousness, 
there is postictal confusion and often headache. Full 
orientation commonly takes 10 to 30 minutes or even 
longer in patients with status epilepticus (see next sec-
tion) or preexisting structural or metabolic brain dis-
orders. Physical examination during the postictal state 
is usually otherwise normal in idiopathic epilepsy 
or seizures of metabolic origin, except that plantar 
responses may be transiently extensor (Babinski sign). 
The pupils always react to light, even when the patient 
is unconscious.

4. Status epilepticus—Status epilepticus is defined arbi-
trarily by seizure continuing for 5 to 30 minutes with-
out ceasing spontaneously or that recur so frequently 
that full consciousness is not restored between succes-
sive episodes. Status epilepticus is a medical emergency 
because it can lead to permanent brain damage from 
hyperpyrexia, circulatory collapse, or excitotoxic neu-
ronal damage if untreated.
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`` absence (petit Mal) Seizures
These are genetically transmitted seizures that always 
begin in childhood and rarely persist into adolescence. 
Genes linked to childhood absence epilepsy include the 
voltage-gated calcium channel and GABAA receptor sub-
units, malic enzyme 2, and inhibin alpha precursor. The 
spells are characterized by brief loss of consciousness (for 
5-10 seconds) without loss of postural tone. Subtle motor 
manifestations, such as eye blinking or a slight head turn-
ing, are common. More complex automatic movements 
(automatisms) are uncommon. Full orientation is present 
immediately after seizure cessation.

There may be as many as several hundred spells daily, 
leading to impaired school performance and social interac-
tions, so that children may be mistakenly thought to be 
mentally retarded. The spells are characteristically induc-
ible by hyperventilation. The EEG pattern during a seizure 
is that of 3-Hz spike-wave activity (Figure 12-3). In most 
patients with normal intelligence and normal background 
activity on EEG, absence spells occur only during child-
hood; uncommonly the attacks continue into adult life, 
either alone or in association with other types of seizures.

Yalçin Ö. Genes and molecular mechanisms involved in the 
epileptogenesis of idiopathic absence epilepsies. Seizure. 
2012;21:79-86.

`` Other types of Generalized Seizures
These include tonic seizures (not followed by a clonic 
phase), clonic seizures (not preceded by a tonic phase), and 
myoclonic seizures.

1. Tonic seizures are characterized by continuous muscle 
contraction that can lead to fixation of the limbs and 
axial musculature in flexion or extension and are a 
cause of drop attacks; the accompanying arrest of venti-
latory movements leads to cyanosis. Consciousness is 
lost, and there is no clonic phase to these seizures.

2. Clonic seizures are characterized by repetitive clonic 
jerking accompanied by loss of consciousness. There is 
no initial tonic component.

3. Myoclonic seizures are characterized by sudden, brief, 
shocklike contractions that may be localized to a few 
muscles or one or more extremities or may have a more 
generalized distribution causing falls. Juvenile myo-
clonic epilepsy is the most common cause, with onset 
usually in adolescence. Not all myoclonic jerks have 
an epileptic basis, however, as discussed in Chapter 11, 
Movement Disorders. There is a family history of sei-
zures in one-third of patients with myoclonic seizures. 
The disorder is genetically heterogeneous, with linkage 
in different families to the calcium channel beta4 sub-
unit, CASR calcium channel sensor receptor, GABAA 

Tonic phase

Clonic phase

▲▲ figure 12-2. Generalized tonic–clonic seizure, illustrating the appearance of the patient in the tonic (stiffening) 
and clonic (shaking) phases.
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receptor alpha one and delta subunits, and myoclo-
nin1. Myoclonic seizures may also be associated with 
a variety of rare hereditary neurodegenerative disor-
ders, including Unverricht-Lundborg disease (cystatin 
B mutations), Lafora body disease (laforin mutations), 
neuronal ceroid lipofuscinosis, and mitochondrial 
encephalomyopathy (myoclonus epilepsy with ragged 
red fibers on skeletal muscle biopsy).

Delgado-Escueta AV, Koeleman BPC, Bailey JN, Medina MT, 
Duron RM. The quest for juvenile myoclonic epilepsy genes. 
Epilepsy Behav. 2013;28(suppl 1):S52-S57.

4. Atonic seizures result from loss of postural tone, some-
times after a myoclonic jerk, leading to a fall or drop 
attack. They are most common in developmental disor-
ders such as the Lennox-Gastaut syndrome.

paRtiaL (fOCaL) SEizuRES

`` Simple partial Seizures
Simple partial seizures begin with motor, sensory, or auto-
nomic phenomena, depending on the cortical region 
affected. For example, clonic movements of a single muscle 
group in the face, a limb, or the pharynx may occur and 
may be self-limited; they may be recurrent or continuous 
or may spread to involve contiguous regions of the motor 
cortex (Jacksonian march).

Autonomic symptoms may consist of pallor, flushing, 
sweating, piloerection, pupillary dilatation, vomiting, bor-
borygmi, or hypersalivation. Psychic symptoms include 
distortions of memory (eg, déjà vu, the sensation that a 
new experience is familiar), forced thinking or labored 

F3-C3

C3-P3

P3-O1

F4-C4

C4-P4

P4-O2

T3-Cz

Cz-T4

200 µV
1 s

▲▲ figure 12-3. EEG of a patient with typical absence (petit mal) seizures, showing a burst of generalized 3-Hz spike-
wave activity (center of record) that is bilaterally symmetric and bisynchronous. Odd-numbered leads indicate elec-
trode placements over the left side of the head; even numbers, over the right side.

thought processes, cognitive deficits, affective disturbances 
(eg, fear, depression, an inappropriate sense of pleasure), 
hallucinations, or illusions. During simple partial seizures, 
consciousness is preserved unless and until the seizure 
discharge spreads to other areas of the brain, producing 
tonic–clonic seizures (secondary generalization). The 
aura is the portion of the seizure that precedes loss of con-
sciousness and of which the patient retains some memory. 
The aura is sometimes the sole manifestation of the epileptic 
discharge.

In the postictal state, a focal neurologic deficit such as 
hemiparesis (Todd paralysis) may persist for 30 minutes to 
36 hours and indicates an underlying focal brain lesion.

`` Complex partial Seizures
Complex partial seizures, formerly called temporal lobe or 
psychomotor seizures and sometimes now referred to as 
focal seizures with dyscognitive features, are partial sei-
zures in which consciousness, responsiveness, or memory 
is impaired. The seizure discharge usually arises from the 
temporal lobe or medial frontal lobe but can originate 
elsewhere. The symptoms take many forms but are usually 
stereotyped for the individual patient. Episodes may begin 
with an aura. Epigastric sensations are most common, but 
affective (fear), psychic (déjà vu), and sensory (olfactory 
hallucinations) symptoms also occur. Consciousness is 
then impaired. Seizures generally persist for 1 to 3 minutes. 
The motor manifestations of complex partial seizures are 
characterized by coordinated involuntary motor activity, 
termed automatism, which takes the form of orobuccolin-
gual movements in approximately 75% of patients and 
other facial or neck or hand movements in approximately 
50%. Sitting up or standing, fumbling with objects, and 
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bilateral limb movements are less common. Secondary 
generalization of the seizure may occur.

dIAgNOSIS

The diagnosis of seizures is based on clinical recognition of 
one of the seizure types described previously. The EEG can 
be a helpful confirmatory test in distinguishing seizures 
from other causes of loss of consciousness (Figure 12-4). 
However, a normal or nonspecifically abnormal EEG never 
excludes the diagnosis of epilepsy. Specific EEG features 
that suggest epilepsy include abnormal spikes, polyspike 
discharges, and spike-wave complexes.

A standard diagnostic evaluation of patients with recent 
onset of seizures is presented in Table 12-3. Metabolic and 
toxic disorders that can cause seizures (see Table 12-1) should 
be excluded, because they do not require anticonvulsants.

Seizures with a clearly focal onset or those that begin 
after the age of 25 years require prompt evaluation to 
exclude the presence of a structural brain lesion. Magnetic 
resonance imaging (MRI) is essential for this purpose 
(computed tomography [CT] scan is not adequate). If no 
cause is found, the decision to begin chronic anticonvul-
sant therapy should be based on the probability of recur-
rence. After a single generalized tonic–clonic seizure, 
recurrence of one or more seizures can be expected within 

3 to 4 years in 30% to 70% of untreated adult patients (see 
later section on prognosis).

tREAtmENt

pRinCipLES Of tREatMEnt
Therapy should be directed toward the cause of the sei-
zures, if known. Seizures associated with metabolic and 
systemic disorders usually respond poorly to anticonvul-
sants but cease with correction of the underlying abnormal-
ity. Acute withdrawal from alcohol and other sedative drugs 
produces self-limited seizures that, in general, require no 
anticonvulsant drug therapy. Acute head trauma and other 
structural brain lesions that result in seizures must be diag-
nosed and treated rapidly, and the associated seizures con-
trolled by anticonvulsant drug therapy. Idiopathic epilepsy 
is treated with anticonvulsant medications.

There are four key principles of management:

1. Establish the diagnosis of epilepsy before starting 
drug therapy—Therapeutic trials of anticonvulsant 
drugs intended to establish or reject a diagnosis of epi-
lepsy may yield incorrect diagnoses.

2. Choose the right drug for the seizure type—Absence 
seizures, for example, do not respond to most drugs 

Fp1-F3

F3-C3

C3-P3

P3-O1

Fp2-F4

F4-C4

C4-P4

P4-O2

300 µV 1 s

▲▲ figure 12-4. EEG of a patient with idiopathic (primary generalized) epilepsy. A burst of generalized epileptiform 
activity (center) is seen on a relatively normal background. These findings, obtained at a time when the patient was 
not experiencing seizures, support the clinical diagnosis of epilepsy. Odd-numbered leads indicate electrode place-
ments over the left side of the head; even numbers, over the right side.
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used for complex partial or generalized tonic–clonic 
seizures.

3. Treat the seizures, rather than the serum drug lev-
els—Control of seizures is achieved at different drug 
levels in different patients.

4. Evaluate one drug at a time—In most cases, seizures 
can be controlled with a single drug. Therefore, begin-
ning therapy with multiple drugs may expose patients 
to increased drug toxicity without added therapeutic 
benefit.

antiCOnvuLSant dRuGS
Most anticonvulsant drugs act either by potentiating inhibi-
tory (GABAergic) or by inhibiting excitatory (glutamater-
gic) synaptic transmission in the brain. Drugs acting at 
GABAergic synapses and their molecular targets are illus-
trated in Figure 12-5; those acting at glutamatergic synapses 
and their molecular targets are illustrated in Figure 12-6.

Commonly used anticonvulsant drugs and their dosages 
and methods of administration are listed in Table 12-4.

tREatMEnt StRatEGiES
Most patients with epilepsy fall into one of the following 
treatment categories.

`` new Seizures
Most epileptologists do not recommend chronic anticon-
vulsant drug treatment after a single seizure unless an 

Table 12-3. Evaluation of a New Seizure Disorder in a 
Stable Patient.

History (including medications and drug exposure)

General physical examination

Complete neurologic examination

Blood studies

 Fasting glucose

 Serum electrolytes

 Serum calcium

 Renal function studies

 Hepatic function studies

 Complete blood count

 Serum FTA-ABS

EEG (abnormal in 20%-60% of first EEGs; 60%-90% with repeated 
EEGs)

Brain MRI (especially with abnormal neurologic examination, pro-
gressive disorder, or onset of seizures after age 25 years)

underlying cause is found that is not correctable and is 
likely to produce recurrent seizures (eg, brain tumor). 
However, recurrent seizures do require anticonvulsant 
treatment, and if such therapy is to be administered, the 
oral loading schedules presented in Table 12-4 can be used. 
Note that starting a drug at its daily maintenance dose 
produces stable serum drug levels only after approximately 
five half-lives have elapsed. Therefore, loading doses 
should be given to achieve therapeutic drug levels promptly 
in patients with frequent seizures.

1. Partial (including complex partial) or secondarily 
generalized tonic–clonic seizures—Phenytoin, carba-
mazepine, oxcarbazepine, levetiraceatam, topira-
mate, zonisamide, sodium valproate and lamotrigine 
are appropriate drugs of first choice for treating these 
seizure types. Aside from ethosuximide (and perhaps 
rufinamide), all currently-available seizure medications 
have demonstrated efficacy in treating partial seizures. 
As none of the newest medications (including lacos-
amide, perampanel, ezogabine, and eslicarbazepine) 
have demonstrated superior efficacy or side-effect pro-
files, they should not be used for initial therapy. 
Gabapentin is usually not used for initial seizure treat-
ment as its short half-life is a significant limitation. 
Tiagabine, felbamate, vigabatrin, barbiturates, and ben-
zodiazepines are not used for initial treatment due to 
their side-effect profiles.

2. Generalized seizures—Valproic acid is effective for 
all types of primary generalized seizures, but is not 
recommended as the initial treatment in women of 
childbearing age because of its potential teratogenic-
ity. Similarly, levetiracetam, topiramate, lamotrigine, 
and zonisamide can be used successfully in generalized 
epilepsies.

3. Absence seizures—Absence attacks of the petit mal 
variety are treated with sodium valproate or etho-
suximide. The former has the advantage of also 
providing protection against tonic–clonic seizures 
but has caused fatalities from hepatic damage in 
children younger than 10 (usually < 2) years of age. 
Levetiracetam, topiramate, zonisamide and lamotrig-
ine may also be used for absence seizures. As with  
valproate, they provide protection against tonic–
clonic seizures, as well.

4. Myoclonic seizures—These are treated with sodium 
valproate, levetiracetam, zonisamide, or clonazepam.

Angus-Leppan H. First seizures in adults. BMJ. 2014;348:g2470.

`` Recurrent Seizures on drug therapy
1. Determining serum levels of drugs—Blood levels of 

anticonvulsant drugs the patient has been taking should 
be measured in samples taken just before a scheduled 
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▲▲ figure 12-5. Known and potential sites of action of anticonvulsant drugs at inhibitory GABAergic synapses:  
(1) GABA transporters (tiagabine); (2) GABA transaminase (vigabatrin); (3) GABAA receptors (benzodiazepines,  
barbiturates); and (4) GABAB receptors. Abbreviations: GABA-T, GABA transaminase; GAT, GABA transporter; VG,  
voltage-gated ion channel; (N) and (T), calcium channel subtypes. Small circles in the intercellular space represent 
GABA molecules. (Used with permission from Katzung BG, Masters SB, Trevor AJ. eds. Basic and Clinical Pharmacology. 
11th ed. New York, NY: McGraw-Hill; 2009.)

dose. For a single breakthrough seizure, no acute change 
in medication is mandated, even if there has been no 
interruption of drug therapy and anticonvulsant drug 
levels are in the therapeutic range, but a slight increase in 
prescribed dose may be considered. If the history or 
serum drug levels suggest that treatment has been 

interrupted, the prescribed drug should be started again 
as for new seizures.

2. Changing to a different drug—A different anticon-
vulsant should be introduced only if seizures continue 
to occur after maximum therapeutic benefit has been 
achieved with the initial drug. This means that blood 
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▲▲ figure 12-6. Known and potential sites of action of anticonvulsant drugs at excitatory glutamatergic synapses: 
(1) voltage-gated sodium channels (phenytoin, carbamazepine, lamotrigine); (2) voltage-gated calcium channels 
(ethosuximide, lamotrigine, gabapentin, pregabalin); (3) voltage-gated potassium channels; (4) synaptic vesicle  
glycoprotein 2A (levetiracetam); (5) collapsin-related mediator protein-2; (6) AMPA-preferring glutamate receptors 
(phenobarbital, topiramate, lamotrigine); (7) NMDA-preferring glutamate receptors (felbamate). Abbreviations:  
EAAT, excitatory amino acid transporter; mGluR, metabotropic glutamate receptor; (N), (P/Q) and (T), calcium chan-
nel subtypes; NTFs, neurotrophic factors. Small circles in the intercellular space represent glutamate molecules.  
(Used with permission from Katzung BG, Masters SB, Trevor AJ. eds. Basic and Clinical Pharmacology. 11th ed. New York, 
NY: McGraw-Hill; 2009.)

levels of the drug are in the therapeutic range and that 
drug toxicity precludes further dosage increments. An 
anticonvulsant that has failed to alter seizure frequency 
should be discontinued gradually once therapeutic lev-
els of the new drug have been achieved. Transition to 

monotherapy with a different drug is recommended 
before trials of two-drug combination therapy.

3. Treating refractory seizures—In some patients, dis-
abling seizures persist despite trials of major anticon-
vulsants, alone and in combination, and at the highest 

Aminoff_ch12_p342-365.indd   353 05/03/15   12:10 pm



Ch
A

PtER 12
354

Table 12-4. Summary of Anticonvulsant Drug Therapy.

Drug Usual Preparation Loading or Initial Dose1 Maintenance Dose1

Serum Half-Life 
(Normal Renal 

and Hepatic 
Function)

Therapeutic 
Serum Levels Indications

Phenytoin (Dilantin) 100 mg; 30, 50 mg 
also available

Oral loading: 1,000 mg in two to four 
divided doses over 12-24 h

Intra venous loading: 1,000-1,500 mg  
(15-18 mg/kg) not exceeding 50 mg/min

Fosphenytoin is prodrug form for intramus-
cular or intravenous use

300-400 mg/d in a single dose 
or divided doses

Oral: 18-24 h
Intravenous: 12 h
Kinetics are dose 

dependent and 
may vary widely

10-20 μg/mL P, G, S

Carbamazepine (Tegretol) 200, 300 mg; XR: 
100, 200, 400 mg

100 mg twice daily; increase by 200 mg/d 
to maintenance dose

400-1,600 mg/d in three or 
four doses, or in two doses 
in XR form

12-18 h (mono-
therapy)

4-12 μg/mL P, S

Oxcarbazepine (Trileptal) 150, 300, 600 mg 300 mg twice daily 600-2,400 mg/d in two doses 8-10 h 12-30 μg/mL* P, S

Phenobarbital (Luminal) 15, 30, 60, 100 mg 180 mg twice daily for 3 days or same as 
maintenance dose

90-180 mg/d in a single dose 3-5 days 20-40 μg/mL P, G, S

Valproic acid (Depakote, 
Depakene)

250 mg Same as maintenance dose 750-3,000 mg/d in two or 
three doses

6-18 h 50-150 μg/mL G, M, A, P, S

Ethosuximide (Zarontin) 250 mg 15 mg/kg/d, then increase by 25 mg/d at 
weekly intervals to maintenance dose

15-40 mg/kg/d in two or three 
doses

24-36 h (children); 
60 h (adults)

40-100 μg/mL A

Clonazepam (Klonopin) 0.5, 1, 2 mg Children: 0.01-0.03 mg/kg/d in two or three 
divided doses

Adults: 0.5 mg/d

Children: 0.01-0.02 mg/kg/d 
in two or three doses

Adults: 1.5-2.0 mg/d in two or 
three doses

20-40 h 0.02-0.10 μg/mL P, G

Gabapentin (Neurontin) 100, 300, 400 mg 300 mg three times daily 900-4,800 mg/d in three doses 5-7 h Not established P, S

Lamotrigine (Lamictal) 50, 100, 200 mg 25 mg twice daily then slowly increase2 200-500 mg/d in two doses2 12-60 h2 5-15 μg/mL* G, P, S, A

Levetiracetam (Keppra) 250, 500, 750 mg 250-500 mg twice daily 1,000-3,000 mg/d in two doses 8-10 h 10-40 μg/mL* G, P, M

Vigabatrin (Sabril) 500 mg 500 mg twice daily; increase by 500 mg 
every week to maintenance dose

2-4 g/d in two doses 5-8 h Not established P

Topiramate (Topamax) 25, 100, 200 mg 25 mg/d; increase by 25-50 mg every  
2 weeks to maintenance dose

100-400 mg/d in two doses 16-30 h 4-12 mg/mL* G, P, S

Tiagabine (Gabitril) 4, 12, 16, 20 mg 4 mg/d; increase by 4-8 mg every week to 
maintenance dose

12-56 mg/d in three doses 5-13 h Not established P, S

Zonisamide (Zonegran) 100 mg 100 mg/d 300-600 mg/d in one or two 
doses

52-69 h 10-40 mg/mL* G, P, S, M

(Continued )
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Table 12-4. Summary of Anticonvulsant Drug Therapy.

Drug Usual Preparation Loading or Initial Dose1 Maintenance Dose1

Serum Half-Life 
(Normal Renal 

and Hepatic 
Function)

Therapeutic 
Serum Levels Indications

Pregabalin (Lyrica) 25, 50, 75, 100, 150, 
200, 225, 300 mg

100-150 mg/d in two divided doses 150-600 mg/d 6 h Not established P

Ezogabine (Potiga) 50, 200, 300, 400 mg 100 mg three times daily 600-1,200 mg/d in three doses 7-11 h Not established P

Eslicarbazepine (Aptiom) 200, 400, 600, 800 
mg

400 mg/d; increase by 400 mg/d every 
week to maintenance dose

1,200 mg/d 13-20 h Not established P

Lacosamide (Vimpat) 50, 100, 150, 200 
mg, 10 mL sol, IV

50 mg twice daily; increase by 100 mg/d 
every week to maintenance dose

400 mg in two divided doses 13 h Not established P

Perampanel (Fycompa) 2, 4, 6, 8, 10, 12 mg 2 mg at night (4 mg when added to 
enzyme-inducing AED), increase by 2 
mg/d every week to maintenance dose

8-12 mg at bedtime 105 h Not established P

A, absence; G, generalized tonic–clonic; M, myoclonic; P, partial; S, secondarily generalized tonic–clonic; *, provisional.
1Given orally unless indicated otherwise.
2Varies depending on interaction with coadministered anticonvulsant drugs; loading dose is 25 mg every other day for 2 weeks when taking valproic acid.
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doses the patient can tolerate. When no treatable 
cause can be found, seizures are not due to a progres-
sive neurodegenerative disease, and medical treat-
ment has been unsuccessful for at least 2 years, 
evaluation for possible surgical therapy should be 
considered.

Presurgical evaluation begins with a detailed history 
and neurologic examination to explore the cause of sei-
zures and their site of origin within the brain and to docu-
ment the adequacy of prior attempts at medical treatment. 
MRI and electrophysiologic studies are performed to 
identify the epileptogenic zone within the brain. Several 
electrophysiologic techniques can be used: EEG, in which 
cerebral electrical activity is recorded noninvasively from 
the scalp; intracranial or invasive EEG, in which activity 
is recorded from electrodes inserted into the brain (depth 
electrodes) or placed over the brain surface (subdural 
electrodes); and electrocorticography, which involves 
intraoperative recording from the surface of the brain. 
When an epileptogenic zone can be identified in this man-
ner and its removal is not expected to produce undue 
neurologic impairment, surgical excision may be 
indicated.

Patients with complex partial seizures arising from a 
single temporal lobe are the most frequent surgical candi-
dates; unilateral anterior temporal lobectomy abolishes 
seizures and auras in approximately 50% of these patients 
and significantly reduces their frequency in another 25%. 
Hemispherectomy and corpus callosum section are also 
sometimes used to treat intractable epilepsy. Left vagal (X) 
nerve stimulation has been shown to reduce seizure fre-
quency by as much as 50% in adults and children with 
refractory epilepsy. The mechanism of action is unknown, 
but afferent responses from the vagus are received in the 
nucleus tractus solitarius in the medulla and project 
widely.

Transcranial magnetic stimulation and deep brain 
stimulation are evolving experimental treatments.

`` Multiple Seizures or Status Epilepticus
1. Early management—Status epilepticus is a medical 

emergency because of its potential for causing irrevers-
ible brain injury and death.
a. Immediate attention should be given to ensure that 

the airway is patent and the patient is positioned to 
prevent aspiration of stomach contents.

b. The laboratory studies listed in Table 12-5 should be 
ordered without delay.

c. Dextrose (50 mL of 50% solution) should be given 
intravenously.

d. Meningitis and encephalitis should be considered, 
especially if fever and meningeal signs are present, 
and a lumbar puncture performed if indicated. 

Table 12-5. Emergency Evaluation of Serial Seizures 
or Status Epilepticus.

Treatment with anticonvulsants should be instituted immediately 
(Table 12-6), while the following measures are taken.

Vital signs:
 Blood pressure: exclude hypertensive encephalopathy  

 and shock
 Temperature: exclude hyperthermia
 Pulse: exclude life-threatening cardiac arrhythmia

Draw venous blood for serum glucose, calcium, electrolytes, 
hepatic and renal function studies, complete blood count, 
erythrocyte sedimentation rate, and toxicology

Insert intravenous line

Administer glucose (50 mL of 50% dextrose) intravenously

Obtain any available history

Rapid physical examination, especially for:
 Signs of trauma
 Signs of meningeal irritation or systemic infection
 Papilledema
 Focal neurologic signs
 Evidence of metastatic, hepatic, or renal disease

Arterial blood gases

Lumbar puncture, unless the cause of seizures has already been 
determined or signs of increased intracranial pressure or focal 
neurologic signs are present

ECG

Calculate serum osmolality: 2 (serum sodium concentration) + 
(serum glucose/20) + (serum urea nitrogen/3); normal range, 
270-290 mOsm/L

Urine sample for toxicology

Patients should also undergo lumbar puncture if 
the cause of the seizures has not been determined, 
unless signs of increased intracranial pressure or 
of focal brain dysfunction are present. Postictal 
pleocytosis is detectable in cerebrospinal fluid 
(CSF) in approximately 2% of patients with single 
generalized tonic–clonic seizures (and approxi-
mately 15% of those with status epilepticus) in the 
absence of infection. The white blood cell count 
may be as high as 80/μL, with either polymorpho-
nuclear or mononuclear predominance. Serum 
protein content may be slightly elevated, but glu-
cose concentration is normal, and Gram stain is 
negative. The postictal pleocytosis resolves in 2 to 
5 days.

2. Drug therapy to control seizures—Every effort must 
be made to establish a precise etiologic diagnosis so that 
treatment of the underlying disorder can be started. 
Because generalized seizure activity per se damages the 
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brain if it persists for more than 30 minutes, drug ther-
apy to terminate seizures should be instituted imme-
diately. An outline for rapid pharmacologic control of 
multiple seizures is presented in Table 12-6.

3. Management of hyperthermia—The systemic physio-
logic consequences of status epilepticus are related to 
increased motor activity and high levels of circulating 
catecholamines; they include hyperthermia (tempera-
ture elevation to 42-43°C [108-109°F] in the absence of 
infection), lactic acidosis (pH <7.00), and peripheral 
blood leukocytosis (elevation to 30,000 cells/μL). These 
derangements resolve after cessation of the seizures. 
Only hyperthermia, which is known to increase the risk 
of brain damage from status epilepticus, requires spe-
cific attention. Severe hyperthermia must be treated 
with a cooling blanket and, if necessary, the induction 
of motor paralysis with a neuromuscular blocking 
agent. Mild or moderate hyperthermia (101-102°F), not 
requiring specific intervention, may persist for 24 to 
48 hours after seizure cessation. Lactic acidosis resolves 
spontaneously over 1 hour and should not be treated. 
Infection should, of course, be excluded.

Table 12-6. Drug Treatment of Status Epilepticus in Adults.

Drug Dosage/Route Advantages/Disadvantages/Complications

Lorazepam or
Midazolam or
diazepam or
diazepam gel

0.1 mg/kg IV at rate not greater than 2 mg/min
10 mg IM
10 mg IV over 2 minutes
0.2 mg/kg rectally

Fast acting. Effective half-life 15 minutes for diazepam and 14 h for 
lorazepam. Abrupt respiratory depression or hypotension in 5%, 
especially when given in combination with other sedatives. 
Seizure recurrence in 50% of patients; therefore, must add main-
tenance drug (fosphenytoin, phenytoin or phenobarbital).

Proceed immediately to fosphenytoin or phenytoin

Fosphenytoin or 
phenytoin

Fosphenytoin: 1000-1500 mg (20 mg/kg) IV at 
150 mg (phenytoin equivalents)/min in 
saline or dextrose solution

Phenytoin: 1000-1500 mg (20 mg/kg) slowly at 
rate not greater than 50 mg/min (cannot be 
given in dextrose solution)

Peak serum concentration 10-20 minutes after IV infusion.
Little or no respiratory depression. Drug levels in the brain are 

therapeutic at completion of infusion. Effective as a mainte-
nance drug. Hypotension and cardiac arrhythmias can occur.

If seizures persist, another 10 mg/kg of fosphenytoin or phenytoin can be administered;  
if seizures still continue, proceed immediately to phenobarbital

Phenobarbital 1000-1500 mg (20 mg/kg) IV slowly (50 mg/
min)

Peak brain levels within 30 minutes. Effective as maintenance drug. 
Respiratory depression and hypotension common at higher 
doses. (Intubation and ventilatory support should be immedi-
ately available.)

If the above is ineffective, proceed immediately to general anesthesia

Propofol or
pentobarbital or
midazolam

1-2 mg/kg IV bolus and 2-10 mg/kg/h infusion
15 mg/kg IV slowly, followed by 0.5-4 mg/kg/h
0.2 mg/kg IV slowly, followed by 0.75-10 μg/

kg/min

Intubation and ventilatory support required. Hypotension is a lim-
iting factor. Pressors may be required to maintain blood pres-
sure (dopamine up to 10 μg/kg/min).

IM, intramuscular; IV, intravenous.

diSCOntinuinG antiCOnvuLSantS
Patients (usually children) with epilepsy who are seizure-
free on medication for 2 to 5 years may wish to discontinue 
anticonvulsant drugs. In patients with normal intelligence 
and a normal neurologic examination, the risk of seizure 
recurrence may be as low as 25%. Risk factors for recur-
rence include slowing or spikes (maximum risk with both 
present) on EEG. When anticonvulsants are to be with-
drawn, one drug is eliminated at a time by tapering the 
dose slowly over approximately 6 weeks. Recurrence of 
seizures has been reported in approximately 20% of chil-
dren and 40% of adults after medication withdrawal, in 
which case prior medication should be reinstituted at the 
previously effective levels.

COMpLiCatiOnS Of EpiLEpSy & 
antiCOnvuLSant thERapy

`` Complications of Epilepsy
When the diagnosis of epilepsy is made, the patient should 
be warned against working around moving machinery or 
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at heights and reminded of the risks of swimming alone. 
The issue of driving must also be addressed. Many state 
governments have notification requirements when a diag-
nosis of epilepsy is made.

`` Side Effects of anticonvulsant drugs
The side effects of anticonvulsant drug therapy are sum-
marized in Table 12-7. Nearly all anticonvulsant drugs may 
lead to blood dyscrasias and some have hepatic toxicity. 
For this reason, a complete blood count and liver function 
tests should be obtained before initiating administration of 
these drugs and at intervals during the course of treatment. 

Table 12-7. Side Effects of Anticonvulsant Drugs.

Drug Dose Related Idiosyncratic

Phenytoin Diplopia
Ataxia
Hirsutism
Coarse facial features
Polyneuropathy
Osteoporosis
Megaloblastic anemia
Sedation

Skin rash
Fever
Lymphoid hyperplasia
Hepatic dysfunction
Blood dyscrasia
Stevens-Johnson  

syndrome
Gingival hyperplasia

Carbamazepine Diplopia
Ataxia
Osteoporosis
Hyponatremia

Skin rash
Blood dyscrasia
Hepatic dysfunction
Stevens-Johnson  

syndrome

Oxcarbazepine Hyponatremia Skin rash

Phenobarbital Sedation
Insomnia
Behavioral  

disturbance
Diplopia
Ataxia

Skin rash
Stevens-Johnson  

syndrome

Valproic acid Gastrointestinal  
distress

Tremor
Sedation
Weight gain
Hair loss
Thrombocytopenia

Hepatic dysfunction
Peripheral edema
Pancreatitis

Ethosuximide Gastrointestinal  
distress

Sedation
Ataxia
Headache

Skin rash
Blood dyscrasia

Clonazepam Sedation
Diplopia
Ataxia
Behavioral  

disturbance
Hypersalivation

Drug Dose Related Idiosyncratic

Gabapentin 
and  
pregabalin

Drowsiness
Fatigue
Drugged sensation
Weight gain

Lamotrigine Dizziness
Ataxia
Insomnia
Diplopia

Skin rash in 1%-2% 
(frequency 
increased by con-
comitant valproic 
acid therapy and 
reduced by gradual 
build-up of dose)

Stevens-Johnson  
syndrome

Vigabatrin Sedation
Vertigo
Psychosis

Peripheral visual  
constriction  
(irreversible)

Topiramate Anorexia
Mental slowing
Paresthesia
Anxiety

Renal stones
Glaucoma

Tiagabine Dizziness
Sedation
Nausea

Rash

Zonisamide Drowsiness
Anorexia

Nephrolithiasis
Skin rash

Ezogabine Dizziness
Somnolence

Confusion
Urinary retention

Eslicarbazepine Dizziness
Diplopia

Lacosamide Dizziness AV block

Perampanel Somnolence
Dizziness

Psychosis
Behavioral  

disturbances

The authors recommend performing these tests twice in the 
first weeks to months and every 6 to 12 months thereafter. 
Lamotrigine has a 1:1000 incidence of Stevens-Johnson 
syndrome in the first 8 weeks. Most anticonvulsant drugs 
(especially barbiturates) affect cognitive function to some 
degree, even in therapeutic doses.

`` drug interactions
A variety of drugs alter the absorption or metabolism of 
anticonvulsants when given concomitantly. The changes in 
anticonvulsant levels are summarized in Table 12-8. Some 
anticonvulsants (carbamazepine, primidone, phenytoin, 
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Table 12-8. Some Major Anticonvulsant Drug 
Interactions.

Drug Levels Increased By Levels Decreased By

Phenytoin Benzodiazepines
Chloramphenicol
Disulfiram
Ethanol
Isoniazid
Phenylbutazone
Sulfonamides
Topiramate
Trimethoprim
Warfarin
Zonisamide

Carbamazepine
Phenobarbital
Pyridoxine
Vigabatrin

Carbamazepine Erythromycin
Felbamate1

Isoniazid
Propoxyphene
Valproic acid

Phenobarbital
Phenytoin
Oxcarbazepine
Zonisamide

Phenobarbital Primidone
Valproic acid

—

Valproic acid — Topiramate
Tiagabine
Lamotrigine
Phenytoin
Carbamazepine

Ethosuximide Valproic acid —

Clonazepam — —

Gabapentin — —

Lamotrigine Valproic acid Carbamazepine
Phenobarbital
Phenytoin

Vigabatrin — —

Topiramate — Carbamazepine
Phenytoin
Valproic acid

Tiagabine — Carbamazepine
Phenytoin
Phenobarbital

Zonisamide Lamotrigine Carbamazepine
Phenytoin

Ezogabine — Phenytoin
Carbamazepine

Eslicarbazepine — Phenytoin
Carbamazepine
Phenobarbital

Perampanel — Phenytoin
Carbamazepine
Oxcarbazepine

Lacosamide Eslicarbazepine —

1Levels of the parent compound are diminished, but levels of 
active metabolite increase.

phenobarbital, topiramate, felbamate, and oxcarbazepine) 
induce the cytochrome P450 system, which may lead to 
reduced effectiveness of oral contraceptives.

`` Epilepsy & anticonvulsant  
therapy in pregnancy

1. Teratogenic effects of epilepsy—The incidence of still-
birth, microcephaly, mental retardation, and seizure 
disorders is increased in children born to epileptic 
mothers.

2. Teratogenic effects of anticonvulsant treatment—
Anticonvulsant therapy during pregnancy is also 
associated with a greater than normal frequency of con-
genital malformations—especially cleft palate, cleft lip, 
and cardiac anomalies. Such malformations are about 
twice as common in the offspring of medicated than of 
unmedicated epileptic mothers, but because patients 
with more severe epilepsy are more likely to be treated, 
it is difficult to know whether epilepsy or its treatment 
is the more important risk factor.

3. Differences in teratogenesis among anticonvul-
sants—Among commonly used anticonvulsants, val-
proic acid and to some degree carbamazepine are 
associated with an increased incidence of neural tube 
defects (2% and 0.5%, respectively). Teratogenic effects 
have been reported with most established anticonvul-
sants and some (eg, phenytoin) have been implicated in 
causing a specific pattern of defects. Based on current 
data, the safest anticonvulsant in pregnancy is lamotrig-
ine. Levetiracetam also appears safe.

4. Folate deficiency—Several anticonvulsants can lower 
serum folate levels. As dietary deficiency of folic acid 
is associated with neural tube defects, folate supple-
mentation (1 mg/d) should be provided for all women 
of childbearing age who take antiepileptic drugs.

5. Withdrawing anticonvulsants before pregnancy—
When an epileptic patient who has been seizure free for 
several years is contemplating pregnancy, an attempt 
should be made to assess whether anticonvulsant drugs 
can be safely withdrawn before conception. In con-
trast to generalized tonic–clonic seizures, partial and 
absence seizures present little risk to the fetus, and it 
may be possible to tolerate imperfect control of these 
seizures during pregnancy to avoid fetal drug exposure. 
If anticonvulsant therapy is continued during preg-
nancy, it is best to maintain treatment with a single drug 
that has been shown effective for the patient’s seizures, 
using a dose that avoids clinical toxicity. Status epilep-
ticus is treated as described previously for nonpregnant 
patients.

6. Anticonvulsant levels in pregnancy—Plasma levels of 
anticonvulsant drugs may decrease during pregnancy 
because of the patient’s enhanced drug metabolism, 
and higher doses may be required to maintain control 
of seizures. It is therefore important to monitor drug 
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levels closely in this setting. This is particularly impor-
tant with lamotrigine as the dose often needs to be 
doubled or tripled during a pregnancy to maintain 
adequate blood levels.

PROgNOSIS

After a single unprovoked seizure, only about one-third of 
patients will have a recurrence over 3 to 5 years (ie, develop 
epilepsy). If a second seizure occurs, however, the subse-
quent recurrence rate approaches 75%, and anticonvul-
sants therefore should be started. With appropriate 
anticonvulsant drug treatment, seizures can be well con-
trolled, although not always eliminated, in most patients. 
At the onset of treatment, patients should be seen every 
few months to monitor seizure frequency and make dose 
adjustments.

▼▼ SYNCOPE

Syncope is episodic loss of consciousness associated with 
loss of postural tone. The pathophysiology, involving 
global hypoperfusion of the brain or brainstem, is distinct 
from that of seizures. The most common causes of syncope 
are given in Table 12-9.

Table 12-9. Common Causes of Syncope and Their 
Prevalence.

Percentage of Patients

Neurally mediated causes

 Vasovagal 8-41

 Situational
  Micturition
  Defecation
  Swallow
  Cough

1-8

 Carotid sinus syncope 0.45

Orthostatic hypotension 4-10

Decreased cardiac output
 Obstruction to flow

1-8

Arrhythmias 4-38

Neurologic and psychiatric  
diseases

3-32

Unknown 13-41

Used with permission from Simon RP. Syncope. In: Goldman L, 
Ausiello DA, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia, 
PA: Saunders; 2008:2687-2691. Originally adapted from Kapoor W. 
Approach to the patient with syncope. In: Braunwald E, Goldman 
L, eds. Primary Cardiology. 2nd ed. Philadelphia, PA: Saunders; 2003.

Soteriades ES, Evans JC, Larson MG, et al. Incidence and prog-
nosis of syncope. N Engl J Med. 2002;347:878-885.

VASOVAgAL SYNCOPE (SImPLE fAINtS)

Vasovagal syncope occurs in all age groups. Genetic factors 
may be relevant. Precipitating factors include emotional 
stimulation, pain, the sight of blood, fatigue, medical 
instrumentation, blood loss, or prolonged motionless 
standing. Vagally mediated decreases in arterial blood 
pressure and heart rate combine to produce CNS hypoper-
fusion and subsequent syncope. Cerebral ischemia result-
ing in brief tonic–clonic movements can occur.

Vasovagal episodes generally begin while the patient is in 
a standing or seated position and only rarely in a horizontal 
position (eg, with phlebotomy or intrauterine device inser-
tion). A prodrome lasting 30 to 60 seconds usually precedes 
syncope and can include lassitude, yawning, light-headed-
ness, nausea, pallor, diaphoresis, salivation, blurred vision, 
and tachycardia.

The patient, who then loses consciousness and falls to 
the ground, is pale and diaphoretic and has dilated pupils. 
Breathing continues. The eyes remain open and there is an 
upward turning of the globes. Bradycardia replaces tachy-
cardia as consciousness is lost. During unconsciousness, 
abnormal movements may occur, particularly if the patient 
remains relatively vertical; these are mainly tonic or opis-
thotonic, but seizurelike tonic–clonic activity is occasion-
ally seen, which can lead to a misdiagnosis of epilepsy. 
Urinary incontinence may also occur.

The patient recovers consciousness very rapidly (20-30 
seconds) after assuming the horizontal position, but residual 
nervousness, dizziness, headache, nausea, pallor, diaphore-
sis, and an urge to defecate may be noted. A postictal confu-
sional state with disorientation and agitation either does not 
occur or is very brief (<30 seconds). Syncope may recur, 
especially if the patient stands within the next 30 minutes.

Reassurance and a recommendation to avoid precipi-
tating factors are usually the only treatment necessary.

Recurrent vasovagal syncope (also termed neurally medi-
ated or neurocardiogenic syncope) can be diagnosed by 
inducing syncope during head-up tilt-testing. The bradycardia 
and hypotension of syncope can be ameliorated by the alpha-
agonist midodrine (5 mg three time daily) or with the selective 
serotonin reuptake inhibitor paroxetine (10-40 mg/d). Tilt-
training may have benefit. Artificial pacing is ineffective.

Aydin MA, Salukhe TV, Wilke I, Willems S. Management and 
therapy of vasovagal syncope: a review. World J Cardiol. 
2010;26:308-315.

CARdIOVASCULAR SYNCOPE

A cardiovascular cause is suggested when syncope occurs 
in a recumbent position, during or after physical exertion, 
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or in a patient with known heart disease. Loss of con-
sciousness related to cardiac disease is most often due to an 
abrupt decrease in cardiac output with resultant cerebral 
hypoperfusion. Such cardiac dysfunction can result from 
cardiac arrest, rhythm disturbances (either brady- or 
tachyarrhythmias), cardiac inflow or outflow obstruction, 
intracardiac right-to-left shunts, leaking or dissecting aor-
tic aneurysms, or acute pulmonary embolism (Table 12-10). 
The diagnosis is established by electrophysiologic study 
and/or long-term event recording. Event monitors trig-
gered by the patient at the onset of symptoms may be help-
ful and implantable loop recorders, providing continuous 
EKG recording for up to 3 years, have a high diagnostic 
yield in unexplained syncope.

Table 12-10. Cardiovascular Causes of Syncope.

Cardiac arrest

Cardiac dysrhythmias
Tachyarrhythmias
 Supraventricular
  Paroxysmal atrial tachycardia
  Atrial flutter
  Atrial fibrillation
  Accelerated junctional tachycardia
  Postural tachycardia syndrome (POTS)
 Ventricular
  Ventricular tachycardia
  Torsade de pointes
  Ventricular fibrillation
  Brugada syndrome
  Mitral valve prolapse (click-murmur syndrome)
  Prolonged QT-interval syndromes
Bradyarrhythmias
 Sinus bradycardia
 Sinus arrest
 Second- or third-degree heart block
Implanted pacemaker failure or malfunction
Sick sinus syndrome (tachycardia-bradycardia syndrome)
Drug toxicity (eg, digitalis, quinidine, procainamide, propranolol, 

phenothiazines, tricyclic antidepressants, potassium)

Cardiac inflow obstruction
 Left atrial myxoma or thrombus
 Tight mitral stenosis
 Constrictive pericarditis or cardiac tamponade
 Restrictive cardiomyopathies
 Tension pneumothorax

Cardiac outflow obstruction
 Aortic stenosis
 Pulmonary stenosis
 Hypertrophic cardiomyopathy

dissecting aortic aneurysm

Severe pulmonary vascular disease
 Pulmonary hypertension
 Acute pulmonary embolus

Edvardsson N, Frykman V, van Mechelen R, et al, on behalf of the 
PICTURE Study Investigators. Use of an implantable loop 
recorder to increase the diagnostic yield in unexplained syncope: 
results from the PICTURE registry. Europace. 2011;13:262-269.

Moya A, Sutton R, Ammirati F, et al. Guidelines for the diagnosis 
and management of syncope (version 2009). Task Force for 
the Diagnosis and Management of Syncope; European Society 
of Cardiology (ESC); European Heart Rhythm Association 
(EHRA); Heart Failure Association (HFA); Heart Rhythm 
Society (HRS) Eur Heart J. 2009;30:2631-2671.

CaRdiaC aRRESt
Cardiac arrest (ventricular fibrillation or asystole) from 
any cause will result in loss of consciousness in 3 to 5 sec-
onds if the patient is standing or within 15 seconds if the 
patient is recumbent. Seizurelike activity and urinary and 
fecal incontinence may be seen as the duration of cerebral 
hypoperfusion increases.

taChyaRRhythMiaS

`` Supraventricular tachyarrhythmias
Supraventricular tachyarrhythmias (atrial or junctional 
tachycardia, atrial flutter, or atrial fibrillation) may be 
paroxysmal or chronic. Syncope may be preceded by sud-
den brief palpitations.

Heart rates faster than 160 to 200/min reduce cardiac 
output by decreasing the ventricular filling period or induc-
ing myocardial ischemia. Prolonged tachycardia of 180 to 
200 beats or more per minute will produce syncope in 50% 
of normal persons in the upright posture; in patients with 
underlying heart disease, a heart rate of 135/min may impair 
cardiac output enough to induce loss of consciousness. 
Patients with sinus node dysfunction may develop profound 
bradycardia or even asystole on termination of their tachyar-
rhythmias. The diagnosis is established when arrhythmias 
are demonstrated during a symptomatic episode,

In the postural tachycardia syndrome (POTS) that 
occurs predominantly in young women, an increase in 
heart rate of 30 or more beats per minute, generally with-
out significant change in blood pressure, occurs on stand-
ing from a supine position, and is accompanied by 
presyncopal and other symptoms.

`` ventricular tachyarrhythmias
Ventricular tachyarrhythmias (ventricular tachycardia or 
multiform, frequent, or paired premature ventricular 
contractions) are found on prolonged ECG monitoring in 
some patients with syncope. The syncope associated with 
ventricular tachycardia is characterized by a very brief 
prodrome (<5 seconds). The duration of syncope and of 
the arrhythmia are closely linked. Frequent or repetitive 
premature ventricular contractions alone do not often 
coincide with syncopal symptoms but are predictive of 
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sudden death. Elevation of the ST segment in the right 
precordium of young adults, without structural heart dis-
ease (Brugada syndrome), predisposes to ventricular 
arrhythmias and sudden death. Multiple genes, particu-
larly involving sodium channels, have been implicated.

`` Mitral valve prolapse
Mitral valve prolapse (click-murmur syndrome ) is a com-
mon disorder associated with supraventricular and ven-
tricular arrhythmias and with syncope in a small percentage 
of patients. Other symptoms include nonexertional chest 
pain, dyspnea, and fatigue. Serious ventricular arrhythmias 
and profound bradycardia may occur. The ECG may be 
normal or show nonspecific ST-T wave changes or fre-
quent premature ventricular contractions. Diagnosis is by 
echocardiography.

`` prolonged Qt Syndrome
The congenital prolonged QT-interval syndrome consists 
of paroxysmal ventricular arrhythmias (often torsades de 
pointes), syncope, and sudden death and is inherited as an 
autosomal recessive condition associated with deafness or 
in an autosomal dominant form without deafness. Genes 
implicated in prolonged QT syndrome include potassium 
channels (KCNE1, KCNE2, KCNH2, KCNJ2, KCNJ5, 
KCNQ1), sodium channels (SCN4B, SCN5A), calcium 
channels (CACNA13), A kinase anchor protein 9 (AKAP9), 
ankyrin 2 (ANK2), caveolin 3 (CAV3), and α-1 syntrophin 
(SNTA1). Sporadic cases also occur. Antiarrhymic drugs 
and electrolyte disorders: (hypomagnesemia, hypocalce-
mia, hypokalemia) can also produce QT prolongation. 
Hereditary cases may respond to β-blockers.

BRadyaRRhythMiaS

`` Sinoatrial node disease
Sinoatrial node disease (eg, sick sinus syndrome ) may 
cause syncope with profound sinus bradycardia, prolonged 
sinus pauses, or sinus arrest with a slow atrial, junctional, or 
idioventricular escape rhythm. It may be inherited as an 
autosomal recessive or dominant disorder, caused by muta-
tions in the type V voltage-gated sodium channel alpha 
subunit (SCN5A) and hyperpolarization-activated cyclic 
nucleotide-gated potassium channel 4 (HCN4) genes, 
respectively. Patients should be evaluated promptly by a 
cardiologist, because a permanent pacemaker is necessary in 
many cases. In tachycardia-bradycardia syndrome, a form 
of sick sinus syndrome, both types of arrhythmias occur.

`` Complete heart Block
Complete heart block (third-degree atrioventricular 
block ) is a common cause of bradyarrhythmia producing 
syncope. Permanent atrioventricular conduction abnor-
malities are easily noted on a routine ECG, but intermittent 

conduction abnormalities may not be present on a random 
tracing. A normal PR interval on an ECG obtained after 
the episode does not exclude the diagnosis of transient 
complete heart block.

Patients with syncope and documented or suspected 
complete heart block should be hospitalized promptly. 
Patients with acute inferior myocardial infarctions are at 
high risk for atrioventricular block.

CaRdiaC infLOW OBStRuCtiOn
Atrial or ventricular myxomas and atrial thrombi usually 
present with embolic events, but they may also produce a 
left ventricular inflow or outflow obstruction that results in 
a sudden decrease in cardiac output, followed by syncope. 
A history of syncope occurring with change in position is 
classic but uncommon. Echocardiography can confirm the 
diagnosis. Surgical removal of the myxoma is indicated.

With constrictive pericarditis or pericardial tampon-
ade, any maneuver or drug that decreases heart rate or 
venous return can result in suddenly inadequate cardiac 
output and syncope.

CaRdiaC OutfLOW OBStRuCtiOn

`` aortic Stenosis
Loss of consciousness from congenital or acquired severe 
aortic stenosis usually occurs after exercise and is often asso-
ciated with dyspnea, angina, and diaphoresis. The patho-
physiology may involve acute left ventricular failure resulting 
in coronary hypoperfusion and subsequent ventricular 
fibrillation, or abrupt increases in left ventricular pressure 
that stimulate baroreceptors, leading to peripheral vasodila-
tion. Echocardiography can help confirm the diagnosis.

Symptomatic aortic stenosis requires valve replace-
ment; without treatment, survival after syncope from aor-
tic stenosis is 18 months to 3 years.

`` pulmonary Stenosis
Severe pulmonary stenosis can produce syncope, especially 
after exertion. A hemodynamic process similar to that 
occurring in aortic stenosis is responsible.

hypERtROphiC CaRdiOMyOpathy
Hypertrophic cardiomyopathy comprises a group of con-
genital cardiomyopathies inherited as autosomal dominant 
disorders of variable severity. Many different genes have 
been implicated. Symptoms usually begin between the 
second and fourth decades. Dyspnea is the most common 
presenting complaint, but syncope occurs in 30% of 
patients and is the presenting complaint in 10% of patients. 
Syncope characteristically develops during or after exer-
cise, but orthostatic and posttussive episodes also occur. 
Syncope may be due to left ventricular outflow obstruc-
tion, inflow obstruction, or transient arrhythmias. The 
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diagnosis can be confirmed by echocardiography. 
Propranolol may control symptoms; an implantable car-
dioverter defibrillator may terminate potentially fatal ven-
tricular arrhythmias.

diSSECtinG aORtiC anEuRySM
Approximately 5% to 10% of patients with acute aortic dis-
sections present with isolated syncope; other neurologic 
abnormalities may or may not be present. In 15% of 
patients, the dissection is painless.

puLMOnaRy hypERtEnSiOn &  
puLMOnaRy EMBOLuS
Syncope, often exertional, may be the presenting symptom 
of pulmonary hypertension. A history of exertional dys-
pnea is usual, and blood gas analysis shows hypoxemia, 
even at rest. Syncope is the presenting symptom in approx-
imately 20% of patients experiencing massive pulmonary 
embolism. Upon recovery, such patients often complain of 
pleuritic chest pain, dyspnea, and apprehension. 
Hypotension, tachycardia, tachypnea, and arterial hypox-
emia frequently accompany these large emboli.

CEREbROVASCULAR SYNCOPE

Cerebrovascular disease (Chapter 13, Stroke) is an often 
suspected but actually uncommon cause of episodic 
unconsciousness.

BaSiLaR aRtERy inSuffiCiEnCy
Basilar artery transient ischemic attacks usually occur after 
the sixth decade. The symptom complex of diplopia, ver-
tigo, dysphagia, dysarthria, various sensory or motor 
symptoms, drop attacks, and occipital headaches suggests 
diffuse brainstem ischemia. Attacks are typically sudden in 
onset and brief in duration (seconds to minutes), but when 
consciousness is lost, recovery is frequently prolonged (30-
60 minutes or longer). Isolated unconsciousness without 
other symptoms of brainstem ischemia is rarely due to 
basilar artery insufficiency. Two-thirds of patients have 
recurrent attacks, and strokes eventually occur in approxi-
mately one-fifth of all cases. Treatment is discussed in 
Chapter 13, Stroke.

SuBCLavian StEaL SyndROME
The subclavian steal syndrome results from subclavian or 
innominate artery stenosis that causes retrograde blood 
flow in the vertebral artery, diverting flow from the brain-
stem and producing hypoperfusion. The degree of subcla-
vian artery stenosis that produces symptoms is variable, 
but even minor (~40%) stenosis may sometimes do so. A 
difference between blood pressures measured in the two 
arms is nearly always found, the average difference being a 

45 mm Hg decrease in systolic pressure in the arm supplied 
by the stenotic vessel. Symptoms of distal limb or vertebro-
basilar ischemia may occur. Cerebrovascular risk factors 
should be modified; stroke is rare. Arteriography and 
revascularization procedures may be considered.

Betensky BP, Jaeger JR, Woo EY. Unequal blood pressures: a 
manifestation of subclavian steal. Am J Med. 2011;124:e1-e2.

MiGRainE
Syncope occurs in ~10% of patients with migraine during 
the headache, often on rapid rising to a standing position, 
suggesting that loss of consciousness is due to orthostatic 
hypotension; autonomic neuropathy may coexist. Syncopal 
migraine has both more prolonged unconsciousness and 
more prolonged recovery than syncope alone. In some 
patients, basilar migraine produces symptoms similar to 
those of basilar artery transient ischemic attacks. 
Antimigraine prophylactic agents (see Chapter 6, Headache 
& Facial Pain) are often effective in preventing attacks.

Curfman D, Chilungu M, Daroff RB, et al. Syncopal migraine. 
Clin Auton Res. 2012;22:17-23.

takayaSu diSEaSE
Takayasu disease, sometimes referred to as pulseless arte-
ritis, is a panarteritis of the aorta and its major branches 
that is most common in young Asian women. Symptoms of 
cerebral hypoperfusion such as impaired vision, confusion, 
and syncope are often prominent. Generalized symptoms 
of fever, myalgias, and arthralgias occur. Precipitating fac-
tors include exercise, standing, or head movement. 
Examination reveals decreased or absent brachial pulses 
with low blood pressures in both arms. The erythrocyte 
sedimentation rate and C reactive protein may be elevated. 
Corticosteroid treatment is indicated.

CaROtid SinuS SynCOpE
Carotid sinus syncope is uncommon. Men are affected 
twice as often as women, and most affected individuals are 
more than 60 years old. Drugs known to predispose to 
carotid sinus syncope include propranolol, digitalis, and 
methyldopa. Carotid sinus syncope is diagnosed when 
carotid sinus massage for 10 seconds results in bradycar-
dia/hypotension (carotid sinus hypersensitivity) and 
reproduces spontaneous syncope. Carotid sinus hypersen-
sivity without syncope is common in older men. Treatment 
for symptomatic patients is with pacing.

Carotid sinus syncope may be mistakenly diagnosed 
when symptoms result from compression of a normal 
carotid artery contralateral to an occluded internal carotid 
artery. Carotid sinus massage should not be performed in 
patients with recent TIA or stroke or with carotid bruit.

Aminoff_ch12_p342-365.indd   363 05/03/15   12:10 pm



ChAPtER 12364

Brignole M, Menozzi C. The natural history of carotid sinus 
syncope and the effect of cardiac pacing Europace. 2011;13: 
462-464.

ORthOStAtIC hYPOtENSION

Orthostatic hypotension occurs more often in men than in 
women and is most common in the sixth and seventh 
decades. It may, however, appear even in teenagers. Loss of 
consciousness usually occurs upon rapidly rising to a 
standing position, standing motionless for a prolonged 
period (especially after exercise), or standing after pro-
longed recumbency (especially in the elderly).

Numerous conditions can produce orthostatic hypo-
tension (Table 12-11), which generally results from either 
hypovolemia or autonomic dysfunction. The latter may 
be due to drugs, autonomic neuropathy, or CNS disorders 
affecting sympathetic pathways in the hypothalamus, 
brainstem, or spinal cord.

Orthostatic hypotension may also be a feature of neuro-
degenerative disorders. Idiopathic orthostatic hypotension 
is associated with isolated degeneration of postganglionic 
sympathetic neurons. In multisystem atrophy (Shy-Drager 
syndrome), degeneration of preganglionic sympathetic neu-
rons occurs in combination with parkinsonian, pyramidal, 
cerebellar, or lower motor neuron signs. These disorders are 
discussed in Chapter 11, Movement Disorders.

The diagnosis of classic orthostatic hypotension is 
established by demonstrating a decline in blood pressure of 
at least 20 mm Hg systolic or 10 mm Hg diastolic within 3 
minutes of the patient standing from a lying position. 
Severe orthostatic intolerance associated with heart rate 
increases (>120/min) without significant hypotension or 
syncope is termed postural orthostatic tachycardia syn-
drome (POTS) and is most common in young women. 

A detailed general physical and neurologic examination 
and laboratory studies (hematocrit, stool occult blood, 
serum glucose and electrolytes, FTA-ABS, nerve conduc-
tion studies) should be directed toward establishing the 
cause of the disorder. Any medication (particularly diuret-
ics, venodilators such as nitrates, and vasodilators such as 
α-agonists) that might be responsible for orthostatic 
hypotension should be discontinued if possible. The 
patient should be instructed to stand up gradually, to ele-
vate the head of the bed on blocks, and to use waist-high 
elasticized support hosiery. Rapid ingestion of 500 mL of 
water on awakening prior to getting out of bed increases 
blood pressure for an hour. Other therapy is dictated by the 
specific cause of hypotension.

The potent mineralocorticoid fludrocortisone has been 
effective in idiopathic cases and in patients with diabetic 
neuropathy in doses beginning at 0.1 mg/d orally and 
increased gradually, as necessary, up to 0.5 mg/d orally. Its 
mode of action is unclear, but its benefit may relate to 
increased responsiveness to circulating norepinephrine, as 
well as an increased plasma volume. Side effects include 
recumbent hypertension. Alternatively the α-adrenergic 
receptor agonist midodrine (starting at 2.5 mg two or three 
times daily) can be used.

Raj SR, Coffin S. Medical therapy and physical maneuvers in the 
treatment of the vasovagal syncope and orthostatic hypoten-
sion. Prog Cardiovasc Dis. 2013;55:425-433.

mISCELLANEOUS CAUSES Of SYNCOPE

COuGh SynCOpE
Cough (tussive) syncope occurs chiefly in middle-aged 
men with chronic obstructive pulmonary disease but has 
also been reported in children. Coughing, which need not 
be prolonged, immediately precedes unconsciousness. 
Cough syncope may occur while the patient is supine. 
Prodromal symptoms are absent, and the duration of 
unconsciousness is brief—often only a few seconds. Full 

Table 12-11. Causes of Orthostatic Hypotension.

hypovolemia or hemorrhage

adrenal insufficiency

drug-induced hypotension
 Antidepressants (tricyclics, monoamine oxidase inhibitors)
 α and β receptor blockers
 Antihypertensives
 Dopaminergic drugs (dopamine agonists, levodopa)
 Calcium channel antagonists
 Diuretics
 Vasodilators (nitroglycerin, sildenafil)
 Phenothiazines

polyneuropathies
 Amyloid neuropathy
 Diabetic neuropathy
 Guillain-Barré syndrome
 Porphyric neuropathy

Other neurologic disorders
 Idiopathic orthostatic hypotension
 Multiple sclerosis
 Parkinsonism (Parkinson disease, Lewy body dementia,  

 multisystem atrophy)
 Posterior fossa tumor
 Spinal cord injury with paraplegia
 Surgical sympathectomy
 Syringomyelia/syringobulbia
 Tabes dorsalis
 Wernicke encephalopathy

Cardiac pump failure

prolonged bed rest
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recovery of consciousness occurs promptly. A history of 
similar episodes is common, and symptoms may be repro-
duced by having the patient cough on request. The cause 
may be a decrease in cerebral blood flow from increased 
intracranial pressure, which results from transmission of 
cough-induced increased intrathoracic pressure to the 
intracranial compartment via the spinal fluid or venous 
connections. Other data support a baroreflex-mediated fall 
in total peripheral resistance induced by coughing.

The condition is usually benign, and there is no specific 
treatment except for antitussive drugs such as 
dextromethorphan.

MiCtuRitiOn SynCOpE
Micturition syncope is a cerebral hypoperfusion event 
occurring almost exclusively in men, probably because of 
the standing position for urination, and is due to periph-
eral pooling of blood plus vagally induced bradycardia. 
Episodes can occur immediately before, during, or after 
micturition. They are more likely to occur at night after the 
prolonged recumbency of sleep. Urination in a sitting posi-
tion usually eliminates the symptoms.

GLOSSOphaRynGEaL nEuRaLGia
Glossopharyngeal neuralgia (see Chapter 6, Headache & 
Facial Pain) is a rare syndrome characterized by intermit-
tent, agonizing, paroxysmal pain localized to the tonsillar 
pillar or occasionally to the external auditory meatus. The 
pain is triggered by contact with or movement of the tonsil-
lar pillars, especially during swallowing or talking. Syncope 
results from activation of a glossopharyngeal-vagal reflex 
arc, producing transient bradyarrhythmia leading to cere-
bral hypoperfusion. Carbamazepine 400 to 1000 mg/d orally 
will prevent pain and bradycardia in most patients.

pSyChOGEniC SynCOpE
Psychogenic syncope is a diagnosis of exclusion and is 
often made erroneously. Suggestive features are lack of any 

prodrome, possible secondary gain, bizarre postures and 
movements, lack of pallor, frequent spells and a prolonged 
period of apparent unresponsiveness. Eyes are closed dur-
ing episodes. Psychogenic spells rarely occur when the 
patient is alone and are rarely associated with incontinence 
or injury. Most patients are young or have a well-documented 
history of conversion disorder. Without such a history, 
diagnosis after the third decade is suspect.

The EEG during psychogenic unconsciousness is nor-
mal, without the slowing that typically occurs with cerebral 
hypoperfusion and follows unconsciousness from a sei-
zure. Caloric testing (see Chapter 3, Coma), which pro-
duces nystagmus in conscious patients, and tonic eye 
deviation in unconscious patients, can distinguish psycho-
genic unresponsiveness from coma caused by a metabolic 
or structural lesion.

▼▼ gENERAL REfERENCES
Engel J, Pedley TA, eds. Epilepsy: A Comprehensive Textbook. 2nd 

ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2007.
Hilz MJ, Marthol H, Neundörfer B. Syncope—a systematic over-

view of classification, pathogenesis, diagnosis and manage-
ment. Fortschr Neurol Psychiatr. 2002;70:95-107.

Jetter GM, Cavazos JE. Epilepsy in the elderly. Semin Neurol. 
2008;28:336-341

Olde Nordkamp LRA, Syncope.  In: de Jong JSSG, van der Waals 
F, eds. Textbook of Cardiology. The Netherlands: Cardionetworks 
Foundation and the Health[e] Foundation; 2013. http://www.
textbookofcardiology.org.

Stefan H, Theodore WH. Epilepsy. Handbook of Clinical 
Neurology, Vols 107 and 108. Amsterdam: Elsevier: 2012.

van Dijk JG, Thijs RD, Benditt DG, Wieling W. A guide to dis-
orders causing transient loss of consciousness: focus on syn-
cope. Nat Rev Neurol. 2009;5:438-448.
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Table 13-1. Well-Documented Risk Factors for Stroke.

Nonmodifiable risk factors

Increased age
Male sex
Low birth weight
African American ethnicity
Family history of stroke

Modifiable risk factors

Vascular
 Hypertension (BP >140 mm Hg systolic or 90 mm Hg diastolic)
 Cigarette smoking
 Asymptomatic carotid stenosis (>60% diameter)
 Peripheral artery disease

Cardiac
 Atrial fibrillation (with or without valvular disease)
 Congestive heart failure
 Coronary artery disease

Endocrine
 Diabetes mellitus
 Postmenopausal hormone therapy (estrogen ± progesterone)
 Oral contraceptive use

Metabolic
 Dyslipidemia
  High total cholesterol (top 20%)
  Low HDL cholesterol (<40 mg/dL)
 Obesity (especially abdominal)

Hematologic
 Sickle cell disease

Lifestyle
 Physical inactivity

BP, blood pressure; HDL, high-density lipoprotein.
Data from Goldstein LB, et al. Guidelines for the primary prevention 
of stroke. A guideline for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke. 
2011;42:517-584.

Stroke is the fourth leading cause of death in the United 
States (after heart disease, cancer, and chronic lung dis-
ease) and the most common disabling neurologic disorder. 
Approximately 800,000 new strokes occur and approxi-
mately 130,000 people die from stroke in the United States 
each year.

The incidence of stroke increases with age, with approx-
imately two-thirds of all strokes occurring in those older 
than 65 years. Age-adjusted stroke risk is somewhat higher 
in men than in women and in blacks > Hispanics > whites. 
Modifiable risk factors for stroke include systolic or dia-
stolic hypertension, atrial fibrillation, diabetes, dyslipid-
emia, and physical inactivity (Table 13-1). The incidence 
of stroke has decreased in recent decades, largely because 
of improved treatment of hypertension, dyslipidemia, and 
diabetes, and reduction in smoking.

Genetic factors also appear to be important in stroke 
pathogenesis, although the cause of most strokes is likely to 
be multifactorial and involve both polygenic and environ-
mental influences. Several, mostly rare Mendelian disor-
ders have stroke as a major manifestation; some of these, in 
which the affected gene has been identified, are listed in 
Table 13-2.

▼▼ APPROACH TO DIAGNOSIS

Stroke is a syndrome characterized by four key features:

1. Sudden onset—The sudden onset of symptoms is 
documented by the history.

2. Focal involvement of the central nervous system— 
The site of involvement is suggested by the symptoms 
and signs, delineated more precisely by neurologic 
examination, and confirmed by imaging studies (com-
puted tomography [CT] or magnetic resonance imaging 
[MRI]).

3. Lack of rapid resolution—The duration of neurologic 
deficits is documented by the history. The classic defini-
tion of stroke required that deficits persist for at least 
24 hours to distinguish stroke from transient ischemic 
attack (discussed later). However, any such time point is 
arbitrary, and transient ischemic attacks usually resolve 
within 1 hour. In addition, imaging studies can some-
times demonstrate prior stroke in the absence of detect-
able clinical deficits.

4. Vascular cause—A vascular cause may be inferred 
from the acute onset of symptoms and often from the 
patient’s age, the presence of risk factors for stroke, and 
the occurrence of symptoms and signs referable to the 
territory of a particular cerebral blood vessel. When 
this is confirmed by imaging studies, further investiga-
tions can be undertaken to identify a more specific 
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Table 13-2. Some Monogenic Disorders Associated With Stroke.

Disorder Gene Protein Inheritance Stroke Type

Amyloid angiopathy APP Amyloid βA4 precursor protein AD ICH

Amyloid angiopathy BRI Integral membrane protein 2B AD Ischemic

Amyloid angiopathy CST3 Cystatin 3 AD ICH

Arterial tortuosity syndrome SLC2A10 Solute carrier family 2, member 10 AR Ischemic

Brain small-vessel disease with hemorrhage COL4A1 Collagen type IV, α-1 chain AD ICH

CADASIL NOTCH3 Notch-3 AD Ischemic

CARASIL HTRA1 HTRA serine peptidase 1 AR Ischemic

Cerebral cavernous malformations 1 KRIT1 KREV interaction trapped 1 AD ICH

Cerebral cavernous malformations 2 CCM2 Malcavernin AD ICH

Cerebral cavernous malformations 3 PDCD10 Programmed cell death 10 AD ICH

Ehlers-Danlos syndrome, type IV COL3A1 Collagen type III, α-1 chain AD Ischemic (arterial dis-
section), aneurysmal 
SAH

Fabry disease GLA α-Galactosidase A XLR Ischemic

HERNS TREX1 3-Prime repair exonuclease 1 AD Ischemic

Hereditary hemorrhagic telangiectasia, 
type 1 (Osler-Weber-Rendu disease)

ENG Endoglin AD Ischemic (embolic)

Hereditary hemorrhagic telangiectasia, 
type 2

ACVRL1 Activin A receptor, type II-like 1 AD ICH (AVM)

Hereditary thrombophilia PROC Protein C AD Ischemic

Hereditary thrombophilia PROS1 Protein S AD Ischemic

Homocystinuria CBS Cystathionine β-synthase AR Ischemic

Homocystinuria MTHFR Methylenetetrahydrofolate reductase AR Ischemic

Isovaleric acidemia IVD Isovaleryl CoA dehydrogenase AR ICH

Methylmalonic aciduria MUT Methylmalonyl-CoA mutase AR ICH, Ischemic

Marfan syndrome FBN1 Fibrillin 1 AD Ischemic

MELAS Several mitochondrial genes M Ischemic

MERRF Several mitochondrial genes M Ischemic

Moyamoya disease 5 ACTA2 Vascular smooth muscle actin AD Ischemic

Neurofibromatosis type 1 NF1 Neurofibromin AD Ischemic

Polycystic kidney disease PKD1 Polycystin 1 AD Aneurysmal SAH

Propionic acidemia PCCA, 
PCCB

Propionyl-CoA carboxylase, α or β 
subunit

AR ICH, Ischemic

Pseudoxanthoma elasticum ABCC6 ATP-binding cassette, subfamily C, 
member 6

AR Ischemic

Retinal vasculopathy with cerebral 
 leukodystrophy

TREX1 3-Prime repair exonuclease 1 AD Ischemic

Sickle cell anemia HBB Hemoglobin β AR Ischemic

(Continued )
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etiology, such as arterial thrombosis, cardiogenic 
embolus, or clotting disorder.

ACUTE ONSET

Strokes begin abruptly. Neurologic deficits may be maxi-
mal at onset or may progress over seconds to hours (or 
occasionally days).

A stroke that is actively progressing as a direct conse-
quence of the underlying vascular disorder (but not 
because of associated cerebral edema) or has done so in 
recent minutes is termed stroke in evolution or progress-
ing stroke (Figure 13-1).

Focal cerebral deficits that develop slowly (over weeks 
to months) are unlikely to be due to stroke and suggest 
another process, such as tumor or inflammatory or degen-
erative disease.

FOCAL INVOLVEMENT

Stroke produces focal symptoms and signs that correlate 
with the area of the brain supplied by the affected blood 
vessel.

In ischemic stroke, occlusion of a blood vessel inter-
rupts the flow of blood to a specific region of the brain, 
interfering with neurologic functions dependent on that 
region and producing a more or less stereotyped pattern of 
deficits.

Hemorrhage produces a less predictable pattern of 
focal involvement because complications such as increased 
intracranial pressure, cerebral edema, compression of 
brain tissue and blood vessels, or dispersion of blood 
through the subarachnoid space or cerebral ventricles can 
impair brain function at sites remote from the 
hemorrhage.

Global cerebral ischemia (usually from cardiac arrest) 
and subarachnoid hemorrhage (discussed in Chapter 6, 
Headache & Facial Pain) affect the brain in more diffuse 

Table 13-2. Some Monogenic Disorders Associated With Stroke.

Disorder Gene Protein Inheritance Stroke Type

Transthyretin-related hereditary 
 amyloidosis

TTR Transthyretin AD Ischemic

Von Hippel-Lindau syndrome VHL Von Hippel-Lindau AD ICH (AVM)

AD, autosomal dominant; AR, autosomal recessive; AVM, arteriovenous malformation; CADASIL, cerebral autosomal dominant arteriopathy 
with subcortical infarcts and leukoencephalopathy; CARASIL, cerebral autosomal recessive arteriopathy with subcortical infarcts and leu-
koencephalopathy; HERNS, hereditary endotheliopathy with retinopathy, nephropathy and stroke; ICH, intra-cerebral hemorrhage; M, 
maternal (mitochondrial); MELAS, mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes; MERRF, mitochondrial 
encephalopathy with ragged red fibers; SAH, subarachnoid hemorrhage; XLR, X-linked recessive.
Data from Online Mendelian Inheritance in Man (http://www.ncbi.nlm.nih.gov/omim), Tournier-Lasserve E. New players in the genetics of 
stroke. N Engl J Med. 2002;347:1711-1712, and Lindgren A. Stroke genetics: a review and update. J Stroke. 2014;16:114-123.

(Continued)
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▲▲ Figure 13-1. Time course of cerebral ischemic 

events. A transient ischemic attack (TIA) produces neu-
rologic deficits that resolve completely within a short 
period, usually within 1 hour. Stroke-in-evolution, or 
progressing stroke, causes deficits that continue to 
worsen even as the patient is seen. Completed stroke is 
defined by the presence of persistent deficits; it does 
not necessarily imply that the entire territory of the 
involved vessel is affected or that no improvement has 
occurred since the onset.
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fashion and produce global cerebral dysfunction; the term 
stroke is not usually applied in these cases.

In most cases of stroke, the history and neurologic 
examination provide enough information to localize the 
lesion to one side of the brain (eg, to the side opposite a 
hemiparesis or hemisensory deficit or to the left side if 
aphasia is present) and to the anterior or posterior cere-
bral circulation.

ANTERIOR (CAROTID) CIRCULATION

The anterior cerebral circulation supplies most of the cere-
bral cortex and subcortical white matter, basal ganglia, 
and internal capsule. It consists of the internal carotid 
artery and its branches: the anterior choroidal, anterior 
cerebral, and middle cerebral arteries. The middle cere-
bral artery in turn gives rise to deep, penetrating lenticu-
lostriate branches (Figure 13-2). The specific territory of 
each of these vessels is listed in Table 13-3.

Anterior circulation strokes are commonly associated 
with symptoms and signs that indicate hemispheric dys-
function (Table 13-4), such as aphasia, apraxia, or agno-
sia (described in Chapter 1, Neurologic History & 
Examination). They also often produce hemiparesis, hemi-
sensory disturbances, and visual field defects, but these can 
occur with posterior circulation strokes as well.

POSTERIOR (VERTEBROBASILAR) 
CIRCULATION

The posterior cerebral circulation supplies the brainstem, 
cerebellum, thalamus, and portions of the occipital  
and temporal lobes. It consists of the paired vertebral 
arteries, the basilar artery, and their branches: the poste-
rior  inferior cerebellar, anterior inferior cerebellar,  
superior cerebellar, and posterior cerebral arteries (see 
Figure 13-2). The posterior cerebral artery also gives off  

Anterior
communicating

artery

Anterior spinal
artery

Internal carotid artery

Anterior cerebral artery

Posterior cerebral artery

Superior cerebellar artery

Anterior inferior
cerebellar artery

Posterior inferior
cerebellar artery

Vertebral artery

Basilar artery
with pontine
branches

Middle cerebral artery

Posterior
communicating
artery

▲▲ Figure 13-2. Major cerebral arteries. The anterior and posterior cerebral circulations arise anterior and posterior 
to the posterior communicating arteries, respectively. The circle of Willis is formed by the anterior communicating, 
anterior cerebral, internal carotid, posterior communicating, and posterior cerebral arteries. (Used with permission 
from Waxman S. Clinical Neuroanatomy. 26th ed. New York, NY: McGraw-Hill; 2010.)

Aminoff_ch13_p366-402.indd   370 09/03/15   3:19 pm



STROKE 371

thalamoperforate and thalamogeniculate branches. 
Areas supplied by these arteries are listed in Table 13-3.

Posterior circulation strokes produce symptoms and 
signs of brainstem or cerebellar dysfunction or both (see 
Table 13-4), including coma, drop attacks (sudden col-
lapse without loss of consciousness), vertigo, nausea and 
vomiting, cranial nerve palsies, ataxia, and crossed sen-
sorimotor deficits that affect the face on one side of the 
body and the limbs on the other. Hemiparesis, hemisen-
sory disturbances, and visual field deficits also occur, but 
are not specific to posterior circulation strokes.

DURATION OF DEFICITS

Stroke produces neurologic deficits that persist. When 
symptoms and signs resolve completely after briefer peri-
ods (usually within 1 hour) without evidence of cerebral 
infarction, the term transient ischemic attack (TIA) is 

Table 13-3. Territories of the Principal Cerebral 
Arteries.

Artery Territory

Anterior circulation

Internal carotid artery branches

Anterior choroidal Hippocampus, globus pallidus, lower 
 internal capsule

Anterior cerebral Medial frontal and parietal cortex and 
 subjacent white matter,  anterior corpus 
callosum

Middle cerebral Lateral frontal, parietal, occipital, and tem-
poral cortex and  subjacent white matter

Lenticulostriate 
branches

Caudate nucleus, putamen, upper internal 
capsule

Posterior circulation

Vertebral artery branches

Posterior inferior 
 cerebellar

Medulla, lower cerebellum

Basilar artery branches

Anterior inferior 
cerebellar

Lower and middle pons, anterior 
 cerebellum

Superior cerebellar Upper pons, lower midbrain, upper 
 cerebellum

Posterior cerebral Medial occipital and temporal cortex and 
subjacent white matter, posterior cor-
pus callosum, upper midbrain

Thalamoperforate 
branches

Thalamus

Thalamogeniculate 
branches

Thalamus

used (see Figure 13-1). Recurrent TIAs with identical clini-
cal features (stereotypic TIAs) are usually caused by throm-
bosis or embolism arising from the same site within the 
cerebral circulation. TIAs that differ in character from 
event to event suggest recurrent emboli from distant (eg, 
cardiac) or multiple sites. Although TIAs do not them-
selves produce lasting neurologic dysfunction, they are 
important to recognize because approximately one-third of 
patients with TIAs will go on to have a stroke within  
5 years—and because this risk may be reduced with 
treatment.

VASCULAR ORIGIN

Although hypoglycemia, other metabolic disturbances, 
trauma, and seizures can produce focal central neurologic 
deficits that begin abruptly and last for at least 24 hours, 
the term stroke is used only when such events are caused by 
vascular disease.

The underlying pathologic process in stroke can be 
either ischemia or hemorrhage, usually arising from an 
arterial lesion. Ischemia and hemorrhage account for 
approximately 90% and 10% of strokes, respectively. It may 
not be possible to distinguish the two by history and neu-
rologic examination, but CT scan or MRI permits defini-
tive diagnosis. Among ischemic strokes, about 50% are 
attributed to cardiac embolism, 25% to large artery occlu-
sion, and 10% to small artery occlusion, with the remain-
der of unknown origin (cryptogenic).

Table 13-4. Symptoms and Signs of Anterior and 
Posterior Circulation Ischemia.

Incidence (%)1

Symptom or Sign Anterior Posterior

Headache 25 3

Altered consciousness 5 16

Aphasia2 20 0

Visual field defect 14 22

Diplopia2 0 7

Vertigo2 0 48

Dysarthria 3 11

Drop attacks2 0 16

Hemi- or monoparesis 38 12

Hemisensory deficit 33 9

1Most patients have multiple symptoms and signs.
2Most useful distinguishing features.
Modified from Hutchinson EC, Acheson EJ. Strokes: Natural History, 
Pathology and Surgical Treatment. Philadelphia, PA: Saunders; 1975.
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Bogiatzi C, Hackam DG, McLeod AI, Spence JD. Secular trends 
in ischemic stroke subtypes and stroke risk factors. Stroke. 
2014;45:3208-3213.

ISCHEMIA

Interruption of blood flow to the brain deprives neurons, 
glia, and vascular cells of substrate glucose and oxygen. 
Unless blood flow is promptly restored, this leads to isch-
emic death of brain tissue (infarction) within the ischemic 
core, where flow is typically less than 20% of normal. The 
pattern of cell death depends on the severity of ischemia. 
With mild ischemia, as in cardiac arrest with rapid reperfu-
sion, selective vulnerability of certain neuronal popula-
tions may be observed. More severe ischemia produces 
selective neuronal necrosis, in which most or all neurons 
die but glia and vascular cells are preserved. Complete, 
permanent ischemia, such as occurs in stroke without 
reperfusion, causes pannecrosis, affecting all cell types, 
resulting in chronic cavitary lesions.

Where ischemia is incomplete (20%-40% of normal 
blood flow)—as in the ischemic border zone or penum-
bra—cell damage is potentially reversible and cell survival 
may be prolonged. However, unless blood flow is restored, 
by recanalization of the occluded vessel or collateral circu-
lation from other vessels, reversibly damaged cells begin to 
die as well, and the infarct expands. Death of penumbral 
tissue is associated with a worse clinical outcome.

Brain edema is another determinant of stroke outcome. 
Ischemia leads to vasogenic edema as fluid leaks from the 
intravascular compartment into brain parenchyma. Edema 
is usually maximal approximately 2 to 3 days after stroke 
and may be sufficiently severe that it produces a mass effect 
that causes herniation (displacement of brain tissue 
between intracranial compartments) and death.

Two pathogenetic mechanisms can produce ischemic 
stroke—thrombosis and embolism. However, the distinc-
tion is often difficult or impossible to make on clinical 
grounds.

`` Thrombosis
Thrombosis produces stroke by occluding large cerebral 
arteries (especially the internal carotid, middle cerebral, or 
basilar), small penetrating arteries (as in lacunar stroke), 
cerebral veins, or venous sinuses. Symptoms typically 
evolve over minutes to hours. Thrombotic strokes are often 
preceded by TIAs, which tend to produce similar symp-
toms because they affect the same territory recurrently.

`` Embolism
Embolism produces stroke when cerebral arteries are 
occluded by the distal passage of thrombus from the heart, 
aortic arch, or large cerebral arteries. Emboli in the anterior 
cerebral circulation most often occlude the middle cerebral 

artery or its branches, because most hemispheric blood 
flow is through this vessel. Emboli in the posterior cerebral 
circulation usually lodge at the apex of the basilar artery or 
in the posterior cerebral arteries. Embolic strokes often 
produce neurologic deficits that are maximal at onset. 
When TIAs precede embolic strokes, especially those aris-
ing from a cardiac source, symptoms typically vary between 
attacks because different vascular territories are affected.

HEMORRHAGE

Hemorrhage may interfere with cerebral function through 
a variety of mechanisms, including destruction or com-
pression of brain tissue, compression of vascular struc-
tures, and edema. Intracranial hemorrhage is classified by 
its location as intracerebral, subarachnoid, subdural, or 
epidural, all of which—except subdural hemorrhage—are 
usually caused by arterial bleeding.

`` Intracerebral Hemorrhage
Intracerebral hemorrhage causes symptoms by destroying 
or compressing brain tissue. Unlike ischemic stroke, intra-
cerebral hemorrhage tends to cause more severe headache 
and depression of consciousness as well as neurologic defi-
cits that do not correspond to the distribution of any single 
blood vessel.

`` Subarachnoid Hemorrhage
Subarachnoid hemorrhage leads to cerebral dysfunction 
due to increased intracranial pressure, resulting hypoper-
fusion, direct destruction of tissue, and toxic constituents 
of subarachnoid blood. Subarachnoid hemorrhage may be 
complicated by vasospasm (leading to ischemia), rebleed-
ing, extension of blood into brain tissue (producing an 
intracerebral hematoma), or hydrocephalus. Subarachnoid 
hemorrhage typically presents with headache rather than 
focal neurologic deficits; it is discussed in Chapter 6, 
Headache & Facial Pain.

`` Subdural or Epidural Hemorrhage
Subdural or epidural hemorrhage produces a mass lesion 
that can compress the underlying brain. These hemor-
rhages are often traumatic in origin and usually present 
with headache or altered consciousness. Because of their 
importance as causes of coma, subdural and epidural hem-
orrhages are discussed in Chapter 3, Coma.

▼▼ FOCAL CEREBRAL ISCHEMIA

PATHOPHYSIOLOGY

The pathophysiology of focal cerebral ischemia is complex, 
as it involves a process that evolves over time, affects the 
brain nonuniformly, and targets multiple cell types. 
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Nevertheless, several potentially important underlying 
mechanisms have been identified. Some mechanisms are 
likely to have their major impact early and others later in the 
course of stroke. Moreover, some contribute to ischemic 
injury, whereas others promote tissue survival or repair.

INJURY MECHANISMS

`` Energy Failure
Neurons rely on oxidative metabolism to generate adenos-
ine triphosphate (ATP) for their high energy demands. 
Reduction of blood flow interferes with the delivery of two 
key substrates for this process—oxygen and glucose—
causing ATP levels to fall. Cells can compensate to a lim-
ited extent by generating ATP via glycolysis but, without 
prompt reperfusion, they cease to function and eventually 
die. Like other ischemic injury mechanisms, energy failure 
is most pronounced in the ischemic core and less so in the 
surrounding penumbra.

`` Ion Gradients
A major use of cellular energy is the maintenance of trans-
membrane ion gradients. With energy failure, these are 
dissipated. Na+/K+-ATPase, which accounts for the major-
ity of neuronal energy expenditure and is responsible for 
maintaining high intracellular K+ concentrations, fails to 
do so. K+ leaks from cells and depolarizes adjacent cells, 
activating voltage-gated ion channels and neurotransmit-
ter release. Extracellular K+ and neurotransmitter gluta-
mate trigger cortical spreading depression, leading to 
further neuron and astrocyte depolarization. This con-
sumes additional energy and may extend the infarct.

`` Calcium Dysregulation
Ca2+ is maintained at low resting cytoplasmic levels, but 
ischemic elevation of extracellular K+ causes membrane 
depolarization and triggers Ca2+ entry. Catabolic proteases, 
lipases, and nucleases are activated, mitochondrial function 
is compromised, and cell death pathways are mobilized.

`` Excitotoxicity
Excitotoxicity refers to the neurotoxic effects of excitatory 
neurotransmitters, especially glutamate. Ischemia pro-
motes excitotoxicity by stimulating neuronal glutamate 
release, reversing astrocytic glutamate uptake, and activat-
ing glutamate receptor-coupled ion channels. Influx of 
Ca2+ through these channels contributes to Ca2+ dysregula-
tion and activates neuronal nitric oxide synthase, generat-
ing potentially neurotoxic nitric oxide.

`` Oxidative and Nitrosative Injury
Some toxic effects of ischemia are mediated by highly reac-
tive oxidative and nitrosative compounds including 

superoxide and nitric oxide, which act primarily during the 
reperfusion phase that follows ischemia. Their effects include 
inhibiting mitochondrial enzymes and function, damaging 
DNA, activating ion channels, causing covalent modification 
of proteins, and triggering cell death pathways.

`` Cell Death Cascades
Ischemic cell death occurs most rapidly in the infarct core 
and more slowly in the penumbra and during reperfusion. 
Rapid cell death involves necrosis, in which cells and 
organelles swell, membranes rupture, and cellular contents 
spill into the extracellular space, whereas more delayed 
(programmed) cell death (eg, apoptosis) predominates in 
the penumbra and during reperfusion.

`` Inflammation
Cerebral ischemia triggers an inflammatory response that 
involves both resident and blood-borne cells of the innate 
immune system. The former include astrocytes and microg-
lia, and the latter neutrophils, lymphocytes, and monocytes. 
Adaptive immune responses emerge later in the course. 
Molecular mediators of ischemia-induced inflammation 
include adhesion molecules, cytokines, chemokines, and 
proteases. Although the early inflammatory response to 
ischemia exacerbates injury, subsequent inflammatory 
events may be neuroprotective or contribute to repair.

SURVIVAL & REPAIR MECHANISMS

`` Collateral Circulation
The first line of defense against ischemia is collateral circu-
lation, which, if adequate, can bypass an arterial occlusion. 
The cerebral circulation contains numerous collateral 
pathways, accounting for the observation that patients with 
total occlusion of a major vessel are sometimes asymptom-
atic. However, this is not always the case, especially when 
occlusion is abrupt. Examples of collateral routes for cere-
bral blood flow include the following:

1. Bilateral vertebral artery occlusion—anterior spinal 
artery

2. Common carotid artery occlusion—contralateral 
common carotid artery via ipsilateral external carotid 
artery or vertebral artery via ipsilateral occipital artery

3. Internal carotid artery occlusion—ipsilateral external 
carotid artery via ophthalmic artery or circle of Willis

4. Middle cerebral artery occlusion—ipsilateral anterior 
or posterior cerebral artery via leptomeningeal 
anastomoses

`` Inhibitory Neurotransmitters
Enhanced tonic inhibition mediated through extrasynaptic 
GABAA receptors may mitigate excitotoxic injury early in 
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the course of stroke. However, persistent inhibition may 
impair recovery.

`` Transcriptional Hypoxia Response
Hypoxia activates transcription of proteins that promote 
cell survival and tissue recovery, including glycolytic 
enzymes, erythropoietin, and vascular endothelial growth 
factor. Other cytoprotective proteins induced after isch-
emia include antiapoptotic proteins, growth factors, and 
heat-shock proteins.

`` Neurogenesis
Cerebral ischemia stimulates neurogenesis and some new 
neurons migrate to ischemic brain regions. Here they may 
promote survival and repair by releasing growth factors, 
suppressing inflammation, or other effects.

`` Angiogenesis
Ischemia also stimulates capillary sprouting to enhance 
local blood supply. The impact of this process (angiogene-
sis) in the acute phase of stroke is uncertain, but it may 
help to protect against subsequent ischemic episodes.

`` Ischemic Tolerance
Ischemia may provide paradoxical protection against sub-
sequent ischemia through ischemic tolerance, in which 
mild ischemia preconditions brain tissue and confers rela-
tive ischemia resistance. Ischemic tolerance involves exten-
sive changes in gene expression and numerous molecular 
mediators.

`` Repair Mechanisms
Most patients recover to some extent after stroke, reflecting 
a capacity for spontaneous postischemic repair and the 
brain’s innate plasticity. Plastic changes occur in the peri-
infarct region and at remote sites, such as the contralateral 
cerebral hemisphere, and include changes in gene expres-
sion, increased neuronal excitability, axonal sprouting, 
synaptogenesis, somatotopic reorganization, and forma-
tion of new neuronal circuits.

PATHOLOGY

LARGE ARTERY OCCLUSION

On gross inspection, a recent infarct from large artery 
occlusion is a swollen, softened area of brain that usually 
affects both gray and white matter. Microscopy shows 
acute ischemic changes in neurons (shrinkage, microvacu-
olization, dark staining), destruction of glial cells, necrosis 
of small blood vessels, disruption of nerve axons and 
myelin, and accumulation of interstitial fluid. Perivascular 
hemorrhages may be observed. Depending on the interval 

between infarction and death, cerebral edema may also be 
present. It is maximal during the first 4 or 5 days after 
stroke and can cause herniation of the cingulate gyrus 
across the midline or of the temporal lobe below the tento-
rium (see Figure 3-4 in Chapter 3, Coma).

SMALL ARTERY OCCLUSION

Infarcts from small artery occlusion rarely cause death, so 
only chronic lesions are usually found at autopsy. These 
include lacunes, or small cavities up to ~15 mm in diam-
eter usually located in subcortical white (eg, internal cap-
sule) or deep gray (eg, basal ganglia or thalamus) matter; 
white matter (including periventricular) lesions showing 
punctate or confluent myelin rarefaction, gliosis, and axo-
nal loss; and microbleeds. Small vessel occlusion may be 
associated with atherosclerosis, lipohyalinosis (collage-
nous thickening and inflammation of the vessel wall), or 
fibrinoid necrosis (vessel-wall destruction with perivascu-
lar inflammation).

CLINICAL-ANATOMIC CORRELATION

Infarction in the distribution of different cerebral arteries 
often produces distinctive clinical syndromes, which can 
facilitate anatomic and etiologic diagnosis and help guide 
treatment.

ANTERIOR CEREBRAL ARTERY

`` Anatomy
The anterior cerebral artery supplies the parasagittal cere-
bral cortex (Figures 13-3 and 13-4), which includes por-
tions of motor and sensory cortex related to the contralateral 
leg, the so-called bladder inhibitory or micturition center, 
and the anterior corpus callosum.

`` Clinical Syndrome
Anterior cerebral artery strokes produce contralateral 
paralysis and sensory loss exclusively or primarily affecting 
the leg. There may also be abulia (apathy), disconnection 
syndromes such as the alien hand (involuntary perfor-
mance of complex motor activity), transcortical expressive 
aphasia (see Table 1-1 in Chapter 1, Neurologic History & 
Examination), and urinary incontinence.

Toyoda K. Anterior cerebral artery and Heubner’s artery terri-
tory infarction. Front Neurol Neurosci. 2012;30:120-122.

MIDDLE CEREBRAL ARTERY

`` Anatomy
The middle cerebral artery supplies most of the remainder 
of the cerebral hemisphere and deep subcortical structures 
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Sensory
(postcentral gyrus)
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Anterior cerebral artery Middle cerebral artery Posterior cerebral artery
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▲▲ Figure 13-3. Arterial supply of the primary motor and sensory cortex (lateral view). The middle cerebral artery 
supplies areas of the primary motor and sensory cortex related to face and arm function, whereas the anterior cere-
bral artery supplies areas related to leg function. This explains why middle cerebral artery strokes affect the face and 
arm most severely, whereas anterior cerebral artery strokes affect the leg. (Used with permission from Waxman S. 
Clinical Neuroanatomy. 26th ed. New York, NY: McGraw-Hill; 2010.)
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▲▲ Figure 13-4. Arterial supply of the primary motor and sensory cortex (coronal view). (Used with permission from 
Waxman S. Clinical Neuroanatomy. 26th ed. New York, NY: McGraw-Hill; 2010.)
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▲▲ Figure 13-5. Anatomic basis of middle cerebral artery syndromes. Stroke in the distribution of the middle cere-
bral artery causes hemiparesis affecting primarily face and arm (due to involvement of the primary motor area), 
hemisensory deficit affecting primarily face and arm (due to involvement of the primary sensory area), gaze prefer-
ence toward the affected hemisphere (due to involvement of the frontal eye field), aphasia if the dominant hemi-
sphere is affected (due to involvement of Broca area, Wernicke area, or both), and hemianopia (due to involvement 
of the optic radiations leading to the primary visual area. (Used with permission from Waxman S. Clinical Neuroanatomy. 
26th ed. New York, NY: McGraw-Hill; 2010.)

(see Figures 13-3 and 13-4). Cortical branches include the 
superior division, which supplies motor and sensory rep-
resentation of the face, hand, and arm, and the expressive 
language (Broca) area of the dominant hemisphere 
(Figure 13-5). The inferior division supplies the visual 
radiations, visual cortex related to macular vision, and the 
receptive language (Wernicke) area of the dominant 
hemisphere. Lenticulostriate branches of the most proxi-
mal portion (stem) of the middle cerebral artery supply the 
basal ganglia and motor fibers to the face, hand, arm, and 
leg as they descend in the genu and the posterior limb of 
the internal capsule.

`` Clinical Syndrome
Depending on the site of involvement, several clinical syn-
dromes can occur.

1. Superior division stroke results in contralateral hemi-
paresis that affects the face, hand, and arm but spares 
the leg, and contralateral hemisensory deficit in the 
same distribution, but no homonymous hemianopia.  

If the dominant hemisphere is involved, there is Broca 
(expressive) aphasia, which is characterized by impaired 
language expression with intact comprehension.

2. Inferior division stroke results in contralateral hom-
onymous hemianopia that may be denser inferiorly, 
impaired cortical sensory functions (eg, graphesthe-
sia and stereognosis) on the contralateral side of the 
body, and disorders of spatial thought (eg, anosogno-
sia [unawareness of deficit], neglect of the contralateral 
limbs and contralateral side of external space, dressing 
apraxia, and constructional apraxia). If the dominant 
hemisphere is involved, Wernicke (receptive) aphasia 
occurs and is manifested by impaired comprehension 
and fluent but often nonsensical speech. With involve-
ment of the nondominant hemisphere, an acute confu-
sional state may occur.

3. Occlusion at the bifurcation or trifurcation of the 
middle cerebral artery combines the features of supe-
rior and inferior division stroke, including contralateral 
hemiparesis and hemisensory deficit involving the face 
and arm more than leg, homonymous hemianopia, 
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and—if the dominant hemisphere is affected—global 
(combined expressive and receptive) aphasia.

4. Occlusion of the stem of the middle cerebral artery 
occurs proximal to the origin of the lenticulostriate 
branches, resulting in a clinical syndrome similar to 
that seen after occlusion at the trifurcation. In addition, 
however, involvement of the internal capsule causes 
paralysis of the contralateral leg, so hemiplegia and sen-
sory loss affect face, hand, arm, and leg.

Giossi A, Volonghi I, Del Zotto E, et al. Large middle cerebral 
artery and panhemispheric infarction. Front Neurol Neurosci. 
2012;30:154-157.

INTERNAL CAROTID ARTERY

`` Anatomy
The internal carotid artery arises at the bifurcation of the 
common carotid artery in the neck. In addition to the ante-
rior and middle cerebral arteries, it also gives rise to the 
ophthalmic artery, which supplies the retina.

`` Clinical Syndrome
Internal carotid artery occlusion may be asymptomatic, or 
cause strokes of highly variable severity, depending on the 
adequacy of collateral circulation. Symptomatic occlusion 
results in a syndrome similar to that of middle cerebral 
artery stroke (contralateral hemiplegia, hemisensory defi-
cit, and homonymous hemianopia, together with aphasia if 
the dominant hemisphere is involved). Monocular blind-
ness is also common.

Lanari A, Silvestrelli G. Acute and chronic carotid occlusion 
syndromes. Front Neurol Neurosci. 2012;30:185-190.

POSTERIOR CEREBRAL ARTERY

`` Anatomy
The paired posterior cerebral arteries arise from the tip of 
the basilar artery in most cases (Figure 13-6) and supply 
the occipital cerebral cortex, medial temporal lobes, poste-
rior corpus callosum, thalamus, and rostral midbrain. 
Emboli in the basilar artery tend to lodge at its apex and 
occlude one or both posterior cerebral arteries; subsequent 
fragmentation can produce asymmetric or patchy poste-
rior cerebral artery infarction.

`` Clinical Syndrome
Posterior cerebral artery occlusion produces homonymous 
hemianopia affecting the contralateral visual field, except 
that macular vision may be spared. In contrast to visual 
field defects from infarction in the middle cerebral artery 

Posterior cerebral 
artery

Basilar artery

Superior
cerebellar artery

Anterior inferior
cerebellar artery

Posterior inferior
cerebellar artery

Vertebral artery

A B

C D
▲▲ Figure 13-6. Sites of thrombotic and embolic occlu-

sions in the vertebrobasilar circulation. (A) Thrombotic 
occlusion of the basilar artery. (B) Thrombotic occlusion 
of both vertebral arteries. (C) Embolic occlusion at the 
apex of the basilar artery. (D) Embolic occlusion of both 
posterior cerebral arteries.

territory, those caused by posterior cerebral artery occlu-
sion may be denser superiorly. With occlusion near the 
origin of the posterior cerebral artery at the level of the 
midbrain, ocular abnormalities may occur, including verti-
cal gaze palsy, oculomotor (III) nerve palsy, internuclear 
ophthalmoplegia, and vertical skew deviation of the eyes. 
Involvement of the occipital lobe of the dominant hemi-
sphere may cause anomic aphasia (difficulty in naming 
objects), alexia without agraphia (inability to read, with no 
impairment of writing), or visual agnosia. The last is failure 
to identify objects presented in the left side of the visual 
field, caused by a lesion of the corpus callosum that discon-
nects the right visual cortex from language areas of the left 
hemisphere. Bilateral posterior cerebral artery infarction 
may result in cortical blindness, memory impairment 
(from temporal lobe involvement), or inability to 

Aminoff_ch13_p366-402.indd   377 09/03/15   3:19 pm



CHAPTER 13378

recognize familiar faces (prosopagnosia), as well as a vari-
ety of exotic visual and behavioral syndromes.

Cereda C, Carrera E. Posterior cerebral artery territory infarc-
tions. Front Neurol Neurosci. 2012;30:128-131.

BASILAR ARTERY

`` Anatomy
The basilar artery arises from the junction of the paired 
vertebral arteries (see Figure 13-6) and courses over the 
ventral surface of the brainstem to terminate at the level of 
the midbrain, where it bifurcates to form the posterior 
cerebral arteries. Branches of the basilar artery supply the 
occipital and medial temporal lobes, medial thalamus, 
posterior limb of the internal capsule, brainstem, and 
cerebellum.

`` Clinical Syndromes

1. Thrombosis—Thrombotic occlusion of the basilar 
artery or both vertebral arteries (see Figure 13-6) is 
often incompatible with survival. It causes bilateral 
symptoms and signs of brainstem and cerebellar dys-
function from involvement of multiple branch arteries 
(Figure 13-7). Temporary occlusion of one or both 
vertebral arteries can also result from rotating the head 
in patients with cervical spondylosis, leading to tran-
sient brainstem dysfunction.

Stenosis or occlusion of the subclavian artery before 
it has given rise to the vertebral artery can lead to the 
subclavian steal syndrome, in which blood passes from 
the vertebral artery into the distal subclavian artery 
with physical activity of the ipsilateral arm. The syn-
drome is not predictive of stroke in the vertebrobasilar 
system.

Basilar thrombosis usually affects the proximal basi-
lar artery (see Figure 13-6), which supplies the pons. 
Involvement of the dorsal pons (tegmentum) produces 
unilateral or bilateral abducens (VI) nerve palsy; hori-
zontal eye movements are impaired, but vertical nystag-
mus and ocular bobbing may be present. The pupils are 
constricted due to involvement of descending sympa-
thetic pupillodilator fibers, but may be reactive. 
Hemiplegia or quadriplegia is usually present, and coma 
is common. A CT or MRI brain scan will differentiate 
between basilar occlusion and pontine hemorrhage.

In some patients, the ventral pons (basis pontis) is 
infarcted and the tegmentum is spared. Such patients 
remain conscious but quadriplegic (locked-in syn-
drome). Locked-in patients may be able to open or 
move their eyes vertically on command. A normal con-
ventional electroencephalogram (EEG) further 

distinguishes the locked-in state from coma (see 
Chapter 3, Coma).

2. Embolism—Emboli in the basilar artery usually lodge 
at its apex (see Figure 13-6). Interruption of blood flow 
to the ascending reticular formation in the midbrain 
and thalamus produces immediate loss or impairment 
of consciousness. Unilateral or bilateral oculomotor 
(III) nerve palsies are characteristic. Hemiplegia or 
quadriplegia with decerebrate or decorticate posturing 
results from involvement of the cerebral peduncles in 
the midbrain. Thus the top of the basilar syndrome 
may be confused with midbrain damage caused by 
transtentorial uncal herniation. Less commonly, an 
embolus may lodge more proximally, producing a syn-
drome indistinguishable from basilar thrombosis.

Smaller emboli may occlude the rostral basilar 
artery transiently before fragmenting and passing into 
one or both posterior cerebral arteries (see Figure 13-6). 
In such cases, portions of the midbrain, thalamus, and 
temporal and occipital lobes can be infarcted. Patients 
may display visual (homonymous hemianopia, cortical 
blindness), visuomotor (impaired convergence, paraly-
sis of upward or downward gaze, diplopia), and behav-
ioral (especially confusion) abnormalities without 
prominent motor dysfunction. Sluggish pupillary 
responses are a helpful sign of midbrain involvement.

Santalucia P. Extended infarcts in the vertebrobasilar territory. 
Front Neurol Neurosci. 2012;30:176-180.

LONG CIRCUMFERENTIAL VERTEBROBASILAR 
BRANCHES

`` Anatomy
The long circumferential branches of the vertebral and 
basilar arteries are the posterior inferior cerebellar, ante-
rior inferior cerebellar, and superior cerebellar arteries (see 
Figure 13-2). They supply the dorsolateral brainstem, 
including dorsolateral cranial nerve nuclei (V, VII, and VIII) 
and pathways entering and leaving the cerebellum in the 
cerebellar peduncles.

`` Clinical Syndromes
Occlusion of a circumferential branch produces infarction 
in the dorsolateral medulla or pons.

1. Posterior inferior cerebellar artery occlusion results in 
the lateral medullary (Wallenberg) syndrome (see 
Chapter 8, Disorders of Equilibrium). The presentation 
varies, but can include ipsilateral cerebellar ataxia, 
Horner syndrome, and facial sensory deficit; contralat-
eral impaired pain and temperature sensation; and nys-
tagmus, vertigo, nausea, vomiting, dysphagia, dysarthria, 
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▲▲ Figure 13-7. Arterial supply of the brainstem. (A) Midbrain. The basilar artery gives off paramedian branches that 

supply the oculomotor (III) nerve nucleus and red nucleus (RN). A larger branch, the posterior cerebral artery, courses 
laterally around the midbrain, giving off a basal branch that supplies the cerebral peduncle (CP) and a dorsolateral 
branch supplying the spinothalamic tract (ST) and medial lemniscus (ML). The posterior cerebral artery continues 
(upper arrows) to supply the thalamus, occipital lobe, and medial temporal lobe. (B) Pons. Paramedian branches of 
the basilar artery supply the abducens (VI) nucleus and medial lemniscus (ML). The anterior inferior cerebellar artery 
gives off a basal branch to descending motor pathways in the basis pontis (BP) and a dorsolateral branch to the tri-
geminal (V) nucleus, vestibular (VIII) nucleus, and spinothalamic tract (ST), before passing to the cerebellum (upper 
arrows). (C) Medulla. Paramedian branches of the vertebral arteries supply descending motor pathways in the pyra-
mid (P), the medial lemniscus (ML), and the hypoglossal (XII) nucleus. Another branch, the posterior inferior cerebel-
lar artery, gives off a basal branch to the olivary nuclei (ON) and a dorsolateral branch that supplies the trigeminal 
(V) nucleus, vestibular (VIII) nucleus, and spinothalamic tract (ST), on its way to the cerebellum (upper arrows). 
(Used with permission from Waxman S. Clinical Neuroanatomy. 26th ed. New York, NY: McGraw-Hill; 2010.)
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and hiccup. The motor system is characteristically 
spared because of its ventral location in the brainstem.

2. Anterior inferior cerebellar artery occlusion leads to 
infarction of the lateral portion of the caudal pons and 
produces many of the same features. Horner syndrome, 
dysphagia, dysarthria, and hiccup do not occur, but 
ipsilateral facial weakness, gaze palsy, deafness, and tin-
nitus are common.

3. Superior cerebellar artery occlusion causes lateral 
rostral pontine infarction and resembles anterior infe-
rior cerebellar artery lesions, but impaired optokinetic 
nystagmus or skew deviation of the eyes may occur, 
auditory function is unaffected, and the contralateral 
sensory disturbance may involve touch, vibration, and 
position sense as well as pain and temperature sense.

LONG PENETRATING PARAMEDIAN 
VERTEBROBASILAR BRANCHES

`` Anatomy
Long penetrating paramedian arteries supply the medial 
brainstem, including the medial portion of the cerebral 
peduncle, sensory pathways, red nucleus, reticular forma-
tion, and midline cranial nerve nuclei (III, IV, VI, XII).

`` Clinical Syndrome
Occlusion of a long penetrating artery causes paramedian 
infarction of the brainstem and results in contralateral 
hemiparesis if the cerebral peduncle is affected. Associated 
cranial nerve involvement depends on the level of the 
brainstem at which occlusion occurs. Occlusion in the 
midbrain results in ipsilateral oculomotor (III) nerve 
palsy, which may be associated with contralateral tremor 
or ataxia from involvement of pathways connecting the 
red nucleus and cerebellum. Ipsilateral abducens (VI) and 
facial (VII) nerve palsies are seen with lesions in the 
pons, and hypoglossal (XII) nerve involvement in  
the medulla.

SHORT BASAL VERTEBROBASILAR 
BRANCHES

`` Anatomy
Short branches arising from the long circumferential arter-
ies (discussed previously) penetrate the ventral brainstem 
to supply the brainstem motor pathways.

`` Clinical Syndrome
The most striking finding is contralateral hemiparesis caused 
by corticospinal tract involvement in the cerebral peduncle 
or basis pontis. Cranial nerves (eg, III, VI, VII) that emerge 
from the ventral surface of the brainstem may be affected as 
well, giving rise to ipsilateral cranial nerve palsies.

Balucani C, Barlinn K. Medullary infarcts and hemorrhages. 
Front Neurol Neurosci. 2012;30:166-170.

Moncayo J. Midbrain infarcts and hemorrhages. Front Neurol 
Neurosci. 2012;30:158-161.

Moncayo J. Pontine infarcts and hemorrhages. Front Neurol 
Neurosci. 2012;30:162-165.

LACUNAR INFARCTION

`` Anatomy
Small vessel occlusion affecting penetrating arteries deep 
in the brain may cause infarcts in the putamen or, less 
commonly, the thalamus, caudate nucleus, pons, posterior 
limb of the internal capsule, or other sites (Figure 13-8). 
These are referred to as lacunar infarcts or lacunes.

`` Clinical Syndromes
Many lacunar infarcts are not recognized clinically and are 
detected only as incidental findings on imaging studies or 
at autopsy. In other cases, however, they produce distinc-
tive clinical syndromes. Lacunar strokes develop over 
hours to days. Headache is absent or minor, and the level 
of consciousness is unchanged. Hypertension, diabetes, 
and other cardiovascular risk factors may or may not be 
present. The prognosis for recovery from a lacunar stroke 
is good, but recurrent stroke is common. Although a vari-
ety of deficits can be produced, there are four classic and 
distinctive lacunar syndromes.

1. Pure motor hemiparesis—This consists of hemiparesis 
affecting the face, arm, and leg to a roughly equal 
extent, without associated disturbance of sensation, 
vision, or language. Lacunes that produce this syn-
drome are usually located in the contralateral internal 
capsule or pons. Pure motor hemiparesis also may be 
caused by internal carotid or middle cerebral artery 
occlusion, subdural hematoma, or intracerebral mass 
lesions.

2. Pure sensory stroke—This is characterized by hemi-
sensory loss, which may be associated with paresthesia, 
and results from lacunar infarction in the contralateral 
thalamus. It may be mimicked by occlusion of the pos-
terior cerebral artery or by a small hemorrhage in the 
thalamus or midbrain.

3. Ataxic hemiparesis—In this syndrome, sometimes 
called ipsilateral ataxia and crural (leg) paresis, pure 
motor hemiparesis is combined with ataxia of the hemi-
paretic side and usually affects the leg predominantly. 
Symptoms result from a lesion in the contralateral pons, 
internal capsule, or subcortical white matter.

4. Dysarthria-clumsy hand syndrome—This consists 
of dysarthria, facial weakness, dysphagia, and mild 
weakness and clumsiness of the hand on the side of 
facial involvement. Lacunes causing this syndrome are 
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located in the contralateral pons or internal capsule. 
Infarcts or small intracerebral hemorrhages at a variety 
of locations can produce a similar syndrome, however. 
In contrast to the lacunar syndromes described earlier, 
premonitory TIAs are unusual.

Micheli S, Corea F. Lacunar versus non-lacunar syndromes. 
Front Neurol Neurosci. 2012;30:94-98.

Table 13-5. Conditions Associated With Focal Cerebral 
Ischemia.

Vascular disorders

Atherosclerosis
Other inflammatory disorders
 Giant cell arteritis
 Systemic lupus erythematosus
 Polyarteritis nodosa
 Primary angiitis of the central nervous system
 Syphilitic arteritis
 AIDS
Non-inflammatory cerebrocervical arteriopathies
 Fibromuscular dysplasia
 Carotid or vertebral artery dissection
 Multiple progressive intracranial occlusions (moyamoya)
Lacunar infarction
Drug abuse
Migraine
Venous or sinus thrombosis

Cardiac disorders

Atrial fibrillation
Myocardial infarction
Mechanical prosthetic heart valves
Dilated cardiomyopathy
Rheumatic mitral stenosis
Infective endocarditis
Marantic endocarditis
Atrial myxoma
Paradoxical embolus

Hematologic disorders

Thrombocytosis
Polycythemia
Sickle cell disease
Leukocytosis
Hypercoagulable states

Anterior

Posterior

Posterior
limb

Genu

Lateral
ventricle

Thalamus

Globus
pallidus

Putamen F
A

L
f

a

l

Anterior
limb

Internal
capsule

Caudate
nucleus
(head)

Caudate
nucleus

(tail)

▲▲ Figure 13-8. Arterial supply of deep cerebral struc-
tures involved in lacunar infarction. The basal ganglia 
(caudate nucleus, putamen, and globus pallidus; light 
blue) and internal capsule are supplied by the anterior 
circulation (lenticulostriate branches of the middle and 
the anterior choroidal artery). The thalamus (dark blue) 
is supplied by the posterior circulation (thalamoperfo-
rate and thalamogeniculate branches of the posterior 
cerebral artery). Descending motor fibers to the face (F), 
arm (A), and leg (L) and ascending sensory fibers from 
face (f ), arm (a), and leg (l) are shown in the posterior 
limb of the internal capsule. (Used with permission from 
Waxman S. Clinical Neuroanatomy. 26th ed. New York, NY: 
McGraw-Hill; 2010.)

ETIOLOGY

Focal cerebral ischemia can result from underlying disor-
ders that primarily affect the blood, blood vessels, or heart 
(Table 13-5).

VASCULAR DISORDERS

`` Atherosclerosis
Atherosclerosis of the large extracranial arteries in the neck 
and at the base of the brain and of smaller intracranial 
arteries is a common cause of focal cerebral ischemia. 
Within the cerebral circulation, the sites of predilection 
(Figure 13-9) are the origin of the common carotid artery, 
the internal carotid artery just above the common carotid 
bifurcation and within the cavernous sinus, the origin of the 
middle cerebral artery, the vertebral artery at its origin and 
just above where it enters the skull, and the basilar artery.
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The pathogenesis of atherosclerosis is incompletely 
understood, but endothelial cell dysfunction is thought to 
be an early step (Figure 13-10). This tends to occur at sites 
of low or disturbed blood flow, such as arterial curvatures 
and branch points. Endothelial dysfunction promotes 
adhesion and subendothelial migration of circulating 
monocytes and intramural accumulation of lipids. 
Inflammation ensues, and engulfment of lipids by mono-
cyte-derived macrophages produces lipid-laden foam cells, 
which contribute to an early atheromatous lesion, the fatty 
streak.

At this stage, growth and chemotactic factors from 
endothelial cells and macrophages stimulate proliferation 
of intimal smooth muscle cells and migration of additional 
smooth muscle cells to the intima from the tunica media. 
These cells secrete extracellular matrix constituents, lead-
ing to the formation of a fibrous cap over the atheroscle-
rotic plaque, in which a necrotic core develops. In some 
cases, fractures in the cap lead to plaque rupture, a serious 
complication associated with the release of procoagulant 
factors and subsequent thrombosis. Possible outcomes 
include thrombotic occlusion of the vessel lumen or 
embolization.

Major risk factors for atherosclerosis leading to stroke 
include systolic or diastolic hypertension, elevated serum 
LDL cholesterol, and diabetes mellitus. Current recom-
mendations are to reduce blood pressure to <140 mm Hg 
systolic and <90 mm Hg diastolic (<130 systolic and <80 
diastolic if other risk factors are present), hold LDL choles-
terol below 160 mg/dL (lower with other risk factors), and 
maintain pre- and postprandial capillary blood glucose 
concentrations at 90-130 and <180 mg/dL, respectively. 
These goals may be achieved by lifestyle change, dietary 
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▲▲ Figure 13-9. Sites of predilection (dark red areas) for 
atherosclerosis in the intracranial arterial circulation, 
reflecting preferential involvement of arterial branch 
points and curvatures.
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▲▲ Figure 13-10. Arterial lesion in atherosclerosis. 
Endothelial injury permits entry of low-density lipopro-
tein cholesterol and circulating mononuclear cells into 
the vessel wall, where they form a fatty streak. The sub-
sequent attachment of platelets and proliferation of 
smooth muscle cells within this lesion leads to produc-
tion of a fibrous plaque, which may encroach on the 
arterial lumen or rupture to occlude the vessel and pro-
vide a source of emboli.
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modification, or pharmacotherapy (eg, antihypertensives, 
statins, oral hypoglycemic drugs, or insulin).

Specific treatment of atherosclerotic cerebrovascular 
disease is discussed later.

Gimbrone MA Jr, García-Cardeña G. Vascular endothelium, 
hemodynamics, and the pathobiology of atherosclerosis. 
Cardiovasc Pathol. 2013;22:9-15.

Libby P, Ridker PM, Hansson GK. Progress and challenges in 
translating the biology of atherosclerosis. Nature. 
2011;473:317-325.

`` Other Inflammatory Disorders
1. Giant cell (temporal) arteritis produces inflammatory 

changes that affect branches of the external carotid, 
cervical internal carotid, posterior ciliary, extracranial 
vertebral, and intracranial arteries. Inflammatory 
changes in the arterial wall stimulate platelet adhesion 
and aggregation, leading to thrombosis or distal embo-
lism. Physical examination may show tender, nodular, 
or pulseless temporal arteries. Laboratory findings 
include an increased erythrocyte sedimentation rate 
and evidence of vascular stenosis or occlusion on angi-
ography or color duplex ultrasonography. Definitive 
diagnosis is by temporal artery biopsy. Giant cell arteri-
tis should be considered in patients with transient 
monocular blindness or transient cerebral ischemic 
attacks—especially the elderly—because corticosteroid 
therapy can prevent its complications, notably perma-
nent blindness. Treatment is discussed in Chapter 6, 
Headache & Facial Pain.

2. Systemic lupus erythematosus is associated with a vas-
culopathy that involves small cerebral vessels and leads 
to multiple microinfarctions. Inflammatory changes 
characteristic of true vasculitis are absent. Libman-
Sacks endocarditis accompanying systemic lupus may 
be a source of cardiogenic emboli.

3. Polyarteritis nodosa is a segmental vasculitis of small- 
and medium-sized arteries that affects multiple organs. 
Transient symptoms of cerebral ischemia, including 
typical spells of transient monocular blindness, can 
occur.

4. Primary angiitis of the central nervous system (also 
referred to as granulomatous angiitis) is an idiopathic 
inflammatory disease that affects small arteries and 
veins in the central nervous system and can cause tran-
sient or progressive multifocal ischemic lesions. Clinical 
features include headache, hemiparesis and other focal 
neurologic abnormalities, and cognitive disturbances. 
The cerebrospinal fluid (CSF) usually shows pleocytosis 
and elevated protein, but because systemic vasculature 
is spared, the erythrocyte sedimentation rate is typically 
normal. The diagnosis should be suspected in patients 
with multifocal central nervous system dysfunction and 

▲▲ Figure 13-11. Left carotid angiogram (AP 
 projection) in syphilitic arteritis showing marked 
 narrowing of the proximal middle cerebral artery (two 
right arrows) and anterior cerebral artery (left arrow). 
(Used with permission from Lowenstein DH, Mills C, 
Simon RP. Acute syphilitic transverse myelitis: unusual  
presentation of meningovascular syphilis. Genitourin Med. 
1987;63:333-338.)

CSF pleocytosis. Angiography demonstrates focal and 
segmental narrowing of small arteries and veins, and a 
meningeal biopsy is diagnostic. Treatment is discussed 
in Chapter 4, Confusional States.

5. Syphilitic arteritis occurs within 5 years after primary 
syphilitic infection and may cause stroke. Medium-sized 
penetrating vessels are typically involved (Figure 13-11), 
producing punctate infarcts in the deep cerebral white 
matter that can be seen on CT scan or MRI. Treatment 
(discussed in Chapter 4) is important to prevent tertiary 
neurosyphilis (general paresis or tabes dorsalis).

6. AIDS is associated with an increased incidence of TIAs 
and ischemic stroke. In some cases, cerebrovascular 
complications of AIDS are related to endocarditis or 
opportunistic infections, such as toxoplasmosis or 
cryptococcal meningitis.

Broussalis E, Trinka E, Kraus J, McCoy M, Killer M. Treatment 
strategies for vasculitis that affects the nervous system. Drug 
Discov Today. 2013;18:818-835.
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`` Non-Inflammatory Cerebrocervical 
Arteriopathies

1. Fibromuscular dysplasia produces segmental medial 
fibroplasia of large (especially renal, carotid, and ver-
tebral) arteries and is associated with arterial dissec-
tion (see below) and aneurysms. Familial cases 
suggest autosomal dominant inheritance with incom-
plete penetrance. Stroke is most common in children 
and young and middle-aged adults, especially females. 
A characteristic “string-of-beads” appearance on 
angiography is diagnostically helpful. Symptomatic 
carotid artery disease is usually treated with anti-
platelet drugs and intraluminal dilation of the affected 
vessel.

2. Carotid or vertebral artery dissection may occur 
spontaneously or in response to minor trauma, and is 
most common in middle age. It results from medial 
degeneration followed by hemorrhage into the ves-
sel wall, and causes stroke by occluding the vessel or 
predisposing to thromboembolism. Carotid dissec-
tion may be accompanied by prodromal transient 
hemispheric ischemia or monocular blindness, jaw 
or neck pain, visual abnormalities that mimic those 
seen in migraine, or Horner syndrome. Vertebral dis-
section may produce headache, neck pain, and signs 
of brainstem dysfunction. Treatment is with anti-
platelet drugs, sometimes combined with endovas-
cular repair.

3. Multiple progressive intracranial arterial occlusions 
(moyamoya) produce bilateral narrowing or occlusion 
of the distal internal carotid arteries and adjacent ante-
rior and middle cerebral artery trunks. Reactive arterio-
genesis leads to a fine network of collateral channels at 
the base of the brain, which can be seen by angiography 
(Figure 13-12). Moyamoya may be idiopathic (moy-
amoya disease) or due to atherosclerosis, sickle cell dis-
ease, or other arteriopathies. It is most common in 
children and middle-aged adults, and more common in 
females than males, but occurs in all ethnic groups, and 
may be sporadic or inherited. Children tend to present 
with ischemic strokes and adults with intracerebral, 
subdural, or subarachnoid hemorrhage. Treatment 
includes antiplatelet drugs and surgical revasculariza-
tion procedures.

Southerland AM, Meschia JF, Worrall BB. Shared associations of 
nonatherosclerotic, large-vessel, cerebrovascular arteriopa-
thies: considering intracranial aneurysms, cervical artery 
dissection, moyamoya disease and fibromuscular dysplasia. 
Curr Opin Neurol. 2013;26:13-28.

`` Lacunar Infarction
Lacunar infarction was discussed in more detail earlier 
under Clinical-Anatomic Correlation.

A

B
▲▲ Figure 13-12. Right carotid angiogram in moyam-

oya. The middle cerebral artery and its branches are 
replaced by a diffuse capillary pattern that has been 
 likened to a puff of smoke. (A) AP view. (B) Lateral  
view.

`` Drug Abuse
Use of cocaine hydrochloride, alkaloidal (crack) cocaine, 
amphetamines, other stimulants (eg, phenylpropanol-
amine, ephedrine, or ecstasy), or heroin is a risk factor for 
stroke. Intravenous users may develop infective endocardi-
tis leading to embolic stroke. Stroke also occurs in drug 
users without endocarditis, however, including those who 
take drugs only orally, intranasally, or by inhalation, often 
within hours of drug use. Cocaine hydrochloride and 
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amphetamines are most often associated with intracerebral 
hemorrhage, whereas stroke from alkaloidal cocaine use is 
usually ischemic. Proposed mechanisms include drug-
induced endothelial dysfunction leading to a prothrom-
botic state, vasospasm, vasculitis, and rupture of preexisting 
aneurysms or vascular malformations.

Fonseca AC, Ferro JM. Drug abuse and stroke. Curr Neurol 
Neurosci Rep. 2013;13:325-333.

`` Migraine
Migraine with (but not without) aura is a rare cause of isch-
emic stroke, which is most common in women, patients less 
than 45 years old, smokers, and oral contraceptive users. 
Migraineurs exhibit a higher incidence of subclinical white 
matter lesions in the posterior circulation, patent foramen 
ovale, and cervical artery dissection, but the relationship of 
these factors to clinical stroke is uncertain. Sporadic or 
familial (autosomal dominant) hemiplegic migraine is asso-
ciated with focal cerebral edema during attacks and with 
cerebellar atrophy, but not with stroke.

Mawet J, Kurth T, Ayata C. Migraine and stroke: in search of 
shared mechanisms. Cephalalgia. 2014;  in press.

`` Venous or Sinus Thrombosis
Thrombotic occlusion of a cerebral vein or venous sinus 
(Figure 13-13) is an uncommon cause of stroke. It affects 
young women most often and may be associated with a 
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▲▲ Figure 13-13. Major cerebral veins and venous 
sinuses subject to thrombotic occlusion. (Used with  
permission from Waxman S. Clinical Neuroanatomy.  
26th ed. New York, NY: McGraw-Hill; 2010.)

predisposing condition, such as otitis or sinusitis, postpar-
tum state, dehydration, or coagulopathy. Clinical features 
include headache, papilledema, impaired consciousness, 
seizures, and focal neurologic deficits. Levels of D-dimer, a 
fibrin degradation product, are usually increased in the 
blood. CSF pressure is typically increased, and in cases of 
septic thrombosis, pleocytosis may occur. A CT scan may 
show edema, infarct, hemorrhage, or filling defect in the 
superior sagittal sinus (delta sign). MRI with MR angiogra-
phy is the most definitive diagnostic test. Treatment is with 
anticoagulants and, for septic thrombosis, antibiotics.

Ageno W, Dentali F. Venous ischemic syndromes. Front Neurol 
Neurosci. 2012;30:191-194.

CARDIAC DISORDERS

`` Atrial Fibrillation
Atrial fibrillation is common, with a prevalence that 
increases with age and reaches ~5% by 65 years of age. It 
was formerly associated with rheumatic heart disease, but 
is now usually related to ischemic or hypertensive heart 
disease. Atrial fibrillation increases stroke risk 2- to 7-fold 
and, when valvular heart disease is also present, about 
17-fold. Additional risk factors include age greater than  
75 years, hypertension or diabetes, and heart failure. Atrial 
fibrillation predisposes to embolic stroke from thrombi 
that form in the left atrial appendage due to stasis of blood. 
Treatment is with oral anticoagulants (see later). The anti-
arrhythmic drug dronedarone (400 mg orally twice daily) 
may provide additional reduction in stroke risk. 
Tachycardia-bradycardia (sick sinus) syndrome is also 
associated with cardioembolic stroke, whereas other 
arrhythmias are most likely to cause pancerebral hypoper-
fusion and syncope (see Chapter 12, Seizures & Syncope).

`` Myocardial Infarction
Myocardial infarction is followed by stroke, usually car-
dioembolic, within 1 month in about 2.5% of patients. 
Factors associated with increased risk include left ven-
tricular dysfunction with low cardiac output, left ventricular 
thrombus or aneurysm, and atrial fibrillation. Treatment 
with aspirin, other antiplatelet drugs, warfarin, or combi-
nations of these may reduce the risk of stroke after myo-
cardial infarction, but is also associated with a risk for 
bleeding.

`` Prosthetic Heart Valves
Patients with prosthetic heart valves are at increased risk 
for embolic stroke, which varies with the composition and 
location of the valve. Mechanical valves present the high-
est risk and require chronic administration of warfarin, 
with or without aspirin. Transcatheter valves are 
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associated with fewer thromboembolic complications, and 
antiplatelet treatment with low-dose aspirin and clopido-
grel for 6 months is thought to be adequate. Bioprosthetic 
(bovine or porcine) valves are the least thrombogenic and 
are usually managed with a 3-month course of warfarin or 
low-dose aspirin. Mitral valve prostheses are generally 
associated with a higher risk of thromboembolic complica-
tions than are aortic valve prostheses.

`` Dilated Cardiomyopathy
Dilated cardiomyopathy can be caused by genetic disorders 
(eg, muscular dystrophies), drugs (eg, alcohol or cytotoxic 
agents), viral infection, or autoimmunity. Stroke results 
from embolization of intraventricular thrombi, but addi-
tional factors (eg, atrial fibrillation or valvular heart dis-
ease) may help account for this association. Neither 
antiplatelet therapy nor anticoagulation has been shown to 
be of clear benefit for patients with dilated cardiomyopathy 
in normal sinus rhythm.

`` Rheumatic Mitral Stenosis
Stroke incidence is increased in patients with rheumatic 
heart disease—particularly those with mitral stenosis and 
atrial fibrillation. Definitive diagnosis is by transthoracic 
or transesophageal echocardiography. Treatment includes 
anticoagulation and, for severe symptomatic stenosis, per-
cutaneous mitral balloon valvuloplasty or surgical valve 
repair or replacement.

`` Infective Endocarditis
Infective (bacterial or fungal) endocarditis can cause car-
dioembolic stroke or lead to intracerebral or subarachnoid 
hemorrhage from rupture of a mycotic aneurysm. These 
complications are most common before or soon after the 
onset of treatment. Predisposing factors include intrave-
nous drug use, hemodialysis, intravenous catheterization, 
valvular heart disease, and prosthetic heart valves. 
Staphylococcus aureus and viridans streptococci infection 
are most common with native valves and community-
acquired endocarditis, whereas S. aureus predominates in 
intravenous drug users, hospital-acquired infections, and 
recent recipients of prosthetic heart valves. Fungal endo-
carditis is rare, is usually caused by Candida or Aspergillus, 
and has a worse prognosis.

Signs of infective endocarditis include heart murmur, 
petechiae, subungual splinter hemorrhages, retinal Roth 
spots (red spots with white centers), Osler nodes (painful 
red or purple digital nodules), Janeway lesions (red mac-
ules on the palms or soles), and clubbing of the fingers or 
toes. Diagnosis is by culturing the responsible organism 
from the blood and imaging vegetations with echocardiog-
raphy. Treatment is with antibiotics and, for recurrent 
emboli or large left-sided valvular vegetations, valve repair 
or replacement surgery. Anticoagulation, antiplatelet 

agents and thrombolytics should be avoided because of the 
risk of intracranial hemorrhage.

`` Marantic Endocarditis
Noninfectious (marantic) endocarditis is most frequent in 
patients with cancer and causes the majority of ischemic 
strokes in this population. The tumors most often associ-
ated with this type of stroke are adenocarcinomas of the 
lung, gastrointestinal tract, or prostate. Vegetations are 
present on the mitral or aortic valves, but associated mur-
murs are rare. Vegetations may be detected by transesoph-
ageal echocardiography, but failure to demonstrate 
vegetations does not exclude the diagnosis. Treatment 
varies, partly because many patients have a poor prognosis 
related to their cancer. Anticoagulation with heparin is of 
uncertain benefit but is often used. Severe valvular dys-
function or congestive heart failure and recurrent emboli-
zation on anticoagulants may be indications for surgical 
excision of valve vegetations or valve replacement.

`` Atrial Myxoma
Atrial myxoma, a rare benign tumor of the heart, can cause 
embolic stroke, especially when located in the left atrium. 
It usually presents in young patients and is more common 
in females. Multiple, bihemispheric strokes may be seen. 
Atrial myxoma can also obstruct left ventricular outflow, 
causing syncope. Diagnosis is by echocardiography. 
Treatment is by surgical resection of the tumor; in some 
instances, anticoagulation or antiplatelet drugs are also 
used.

`` Paradoxical Embolus
Congenital anomalies associated with pathologic commu-
nication between the right and left sides of the heart, such 
as patent foramen ovale and atrial or ventricular septal 
defect, may permit “paradoxical” passage of emboli from 
the systemic venous circulation to the brain. However, pat-
ent foramen ovale is present in ~25% of the population 
and, although common in young patients with stroke, a 
causal link to stroke has not been established. Antiplatelet 
therapy is as effective as percutaneous closure in prevent-
ing recurrent stroke in patients with patent foramen ovale.

Andrade J, Khairy P, Dobrev D, Nattel S. The clinical profile and 
pathophysiology of atrial fibrillation: relationships among 
clinical features, epidemiology, and mechanisms. Circ Res. 
2014;114:1453-1468.

Arboix A, Alio J. Acute cardioembolic cerebral infarction: 
answers to clinical questions. Curr Cardiol Rev. 2012;8: 
54-67.

Morris NA, Matiello M, Lyons JL, Samuels MA. Neurologic 
complications in infective endocarditis: identification, man-
agement, and impact on cardiac surgery. Neurohospitalist. 
2014;4:213-222.
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HEMATOLOGIC DISORDERS

`` Thrombocytosis
Thrombocytosis occurs in myeloproliferative disorders 
(essential thrombocytosis), other neoplastic or infectious 
diseases, and after splenectomy and may predispose to 
thrombotic complications including stroke. Risk factors for 
arterial thrombosis in essential thrombocytosis include age 
exceeding 60 years, history of thrombotic events, cardio-
vascular risk factors (eg, hypertension, diabetes or smok-
ing), leukocytosis, and the JAK2V617F mutation. 
Extremely high platelet counts are paradoxically protective 
against thrombosis, probably because of an association 
with acquired structural or functional defects in von 
Willebrand factor (von Willebrand syndrome). Treatment 
is with aspirin, with or without cytoreduction, together 
with more specific therapy of the underlying disorder 
where applicable.

`` Polycythemia
Polycythemia may occur as a myeloproliferative disorder 
(polycythemia vera) or as a complication of chronic 
obstructive lung disease or erythropoietin-producing 
tumors. Polycythemia with hematocrit above 45% is asso-
ciated with reduced cerebral blood flow and increased risk 
of stroke. Treatments include phlebotomy, antiplatelet 
drugs, cytoreduction with hydroxyurea, and JAK2 
inhibitors.

`` Sickle Cell Disease
Sickle cell (hemoglobin S) disease results from a 
HBBGLU6VAL mutation in the hemoglobin beta chain 
gene and most commonly affects those of West African 
descent. The mutation causes sickle-shaped deformation of 
erythrocytes when the partial pressure of oxygen in blood 
is reduced, resulting in vascular stasis and endothelial 
injury. Clinical features include hemolytic anemia and 
vascular occlusions, which may be extremely painful 
(sickle cell crises). Homozygotes are more severely affected 
than heterozygotes.

Cerebrovascular complications of sickle cell disease 
include ischemic stroke, which usually involves large 
(intracranial internal carotid or proximal middle or ante-
rior cerebral) arteries and, less commonly, aneurysmal 
subarachnoid hemorrhage. Stroke occurs in more than 
10% of patients with homozygous sickle cell disease by age 
20. Increased cerebral blood flow velocity on transcranial 
Doppler studies can identify patients at increased risk for 
stroke. Patients with sickle cell disease who require angiog-
raphy should first receive exchange transfusion to reduce 
hemoglobin S levels to less than 20%, because radiologic 
contrast media may induce sickling.

Treatment of acute stroke involves administration of 
intravenous fluids and reduction of hemoglobin S levels to 

less than 30% by exchange transfusion; neither anticoagu-
lants nor thrombolytics have been shown to be beneficial. 
Primary prevention of stroke in patients with abnormal 
transcranial Doppler studies and secondary prevention in 
patients with prior stroke both involve blood transfusion 
every 3 to 4 weeks to reduce hemoglobin S levels to less 
than 30%. Hydroxyurea may be an alternative approach.

`` Leukocytosis
Ischemic stroke can occur in patients with leukemia, but 
the role of leukocytosis itself is unclear, and hemorrhage is 
more common in this setting. Even mild leukocytosis is 
associated with an increased incidence of thrombosis in 
patients with polycythemia vera, but may not be an inde-
pendent risk factor.

`` Hypercoagulable States
Causes of hypercoagulable states that may be associated 
with stroke include paraproteinemia (especially macro-
globulinemia), estrogen therapy, oral contraceptives, 
postpartum and postoperative states, cancer, antiphos-
pholipid antibodies, homocysteinemia, and hereditary 
coagulopathies (eg, protein S deficiency, factor V Leyden 
mutation and prothrombin mutation).

Casini A, Fontana P, Lecompte TP. Thrombotic complications of 
myeloproliferative neoplasms: risk assessment and risk-
guided management. J Thromb Haemost. 2013;11:1215-1227.

Gómez-Puerta JA, Cervera R. Diagnosis and classification of the 
antiphospholipid syndrome. J Autoimmun. 2014;48-49: 
20-25.

Webb J, Kwiatkowski JL. Stroke in patients with sickle cell dis-
ease. Expert Rev Hematol. 2013;6:301-316.

CLINICAL FINDINGS

HISTORY

`` Predisposing Factors
Risk factors (see Table 13-1) such as TIAs, hypertension, 
diabetes, dyslipidemia, ischemic or valvular heart disease, 
cardiac arrhythmia, cigarette smoking, and oral contracep-
tive use should be sought. Hematologic and other systemic 
disorders (see Table 13-5) can also increase the risk of 
stroke. Antihypertensive drugs can precipitate cerebrovas-
cular symptoms if the blood pressure is lowered excessively 
in patients with nearly total cerebrovascular occlusion and 
poor collateral circulation.

`` Onset & Course
The history should establish the time of onset of symp-
toms; whether similar symptoms have occurred before; 
and whether the clinical picture is that of TIA, stroke in 
evolution, or completed stroke (see Figure 13-1).  
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The history may also suggest a thrombotic or embolic 
etiology.

1. Features suggesting thrombotic stroke—Thrombotic 
stroke often presents with stepwise progression of neu-
rologic deficits and may be preceded by one or more 
TIAs with identical symptoms. Lacunar infarcts are also 
characteristically thrombotic.

2. Features suggesting embolic stroke—Cardioembolic 
stroke is suggested by maximal deficit within 5 minutes 
of onset, impaired consciousness at onset, sudden 
regression of deficit, multifocal infarction, Wernicke or 
global aphasia without associated hemiparesis, top-of-
the-basilar syndrome, hemorrhagic transformation of 
infarct, or associated valvular disease, cardiomegaly, 
arrhythmia, or endocarditis. However, none of these 
features is definitive.

`` Associated Symptoms

1. Headache is present at onset in about 25% of patients 
with ischemic stroke and is especially common in intra-
cranial arterial dissection and venous or sinus 
thrombosis.

2. Seizures can accompany the onset of stroke or follow 
stroke by weeks to years, but do not definitively distin-
guish embolic from thrombotic stroke.

PHYSICAL EXAMINATION

`` General Physical Examination
The general physical examination should focus on search-
ing for an underlying systemic (especially treatable) cause 
of cerebrovascular disease.

1. The blood pressure should be measured to detect 
hypertension—a major risk factor for stroke.

2. Comparison of blood pressure and pulse on the two 
sides can reveal differences related to atherosclerotic 
disease of the aortic arch or coarctation of the aorta.

3. Ophthalmoscopic examination of the retina can pro-
vide evidence of embolization in the anterior circula-
tion, in the form of visible embolic material in retinal 
blood vessels.

4. Neck examination may reveal the absence of carotid 
pulses or the presence of carotid bruits. However, 
reduced carotid artery pulsation in the neck is a poor 
indicator of internal carotid artery disease, significant 
carotid stenosis can occur without an audible bruit, and 
a loud bruit can occur without stenosis.

5. Cardiac examination can detect arrhythmias, or mur-
murs related to valvular disease, which may predispose 
to cardioembolic stroke.

6. Temporal artery palpation is useful in the diagnosis of 
giant cell arteritis, in which these vessels may be tender, 
nodular, or pulseless.

7. Skin examination may show signs of a coagulation 
disorder, such as ecchymoses or petechiae.

`` Neurologic Examination
Patients with cerebrovascular disorders may or may not 
have abnormal neurologic findings. A normal examina-
tion is expected, for example, after a TIA has resolved. 
Where deficits are found, the goal is to define the ana-
tomic site of the lesion, which may suggest the cause or 
optimal management of stroke. For example, evidence of 
anterior circulation involvement may lead to angiographic 
evaluation for possible surgical correction of an internal 
carotid lesion, whereas signs that suggest vertebrobasilar 
or lacunar infarction will dictate a different course of 
action.

1. Cognitive deficits such as aphasia, unilateral neglect or 
constructional apraxia suggest a cortical lesion in the 
anterior circulation and exclude vertebrobasilar or 
lacunar stroke. Coma implies brainstem or bihemi-
spheric involvement.

2. Visual field abnormalities also exclude lacunar infarc-
tion, but hemianopia can occur with occlusion of either 
the middle or posterior cerebral artery, which sup-
ply the optic radiation and visual cortex, respectively. 
Isolated hemianopia suggests posterior cerebral artery 
stroke, because middle cerebral artery stroke should 
produce additional (motor and somatosensory) deficits.

3. Ocular palsy, nystagmus, or internuclear ophthalmo-
plegia assigns the underlying lesion to the brainstem 
and thus the posterior cerebral circulation.

4. Hemiparesis can be due to lesions in cerebral cortical 
regions supplied by the anterior circulation, descending 
motor pathways in the brainstem supplied by the ver-
tebrobasilar system, or lacunes at subcortical or brain-
stem sites. Hemiparesis affecting the face, hand, and 
arm more than the leg is characteristic of middle cere-
bral artery lesions. Hemiparesis affecting the face, arm, 
and leg to a similar extent is consistent with large vessel 
stroke in the internal carotid, middle cerebral stem, or 
vertebrobasilar distribution, or with lacunar infarction. 
Crossed hemiparesis, which involves the face on one 
side and the rest of the body on the other, assigns the 
lesion to the brainstem between the facial (VII) nerve 
nucleus in the pons and the decussation of the pyramids 
in the medulla.

5. Cortical sensory deficits such as astereognosis or 
agraphesthesia, with preserved primary sensory 
modalities, imply a cortical deficit within the middle 
cerebral artery territory. Hemisensory deficits with-
out associated motor involvement are usually lacunar.  
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Crossed sensory deficits result from lesions in the  
medulla, as seen in the lateral medullary syndrome 
(Wallenberg syndrome, Chapter 8, Disorders of 
Equilibrium).

6. Hemiataxia usually points to a lesion in the ipsilateral 
brainstem or cerebellum but can also be produced by 
lacunar stroke in the internal capsule.

INVESTIGATIVE STUDIES

BLOOD TESTS

`` Serum Glucose
Hypoglycemia and hyperglycemia can both present with 
focal neurologic signs and masquerade as stroke. 
Hypoglycemia requires immediate administration of glu-
cose to avoid permanent brain injury. Hyperglycemia 
(hyperosmolar nonketotic hyperglycemia or diabetic keto-
acidosis) also requires prompt specific treatment.

`` Complete Blood Count
This can identify possible causes of stroke (eg, thrombocy-
tosis, polycythemia, sickle cell disease) or suggest con-
comitant infection, which may complicate its course. A 
platelet count less than 100,000/μL contraindicates throm-
bolytic therapy for stroke (see later).

`` Coagulation Studies
Coagulation defects due to anticoagulant drugs or liver 
dysfunction may affect eligibility for thrombolytic therapy 
and other aspects of management. The prothrombin time 
(PT) and internationalized normal ratio (INR) are useful 
for detecting the effects of warfarin and liver disease, but 
other tests (eg, thrombin time or ecarin clotting time) may 
be required to detect anticoagulation by direct thrombin 
(dabigatran) or factor Xa (rivaroxaban, apixaban) 
inhibitors.

`` Inflammatory Markers
An increased erythrocyte sedimentation rate (ESR) is seen 
in giant cell arteritis and other systemic vasculitides.

`` Serologic Assay for Syphilis
A positive serum treponemal assay (FTA-ABS or MHA-TP) 
establishes, and a negative assay excludes, past or present 
syphilis infection. Positive CSF serology (VDRL) indicates 
untreated or inadequately treated neurosyphilis and sug-
gests syphilitic arteritis as the cause of stroke.

`` Circulating Troponin Level
Myocardial infarction, which requires specific manage-
ment, should be excluded by measuring troponin as a 

marker of myocardial ischemia, as well as by electrocardio - 
gram.

ELECTROCARDIOGRAM (ECG)

An ECG should be obtained routinely to detect unrecog-
nized myocardial infarction or cardiac arrhythmias, such 
as atrial fibrillation, which predispose to stroke.

LUMBAR PUNCTURE

Lumbar puncture (see Chapter 2, Investigative Studies) 
should be performed only in selected cases, to exclude 
subarachnoid hemorrhage (manifested by xanthochromia 
and red blood cells) or to document meningovascular 
syphilis (reactive CSF VDRL) as the cause of stroke.

BRAIN IMAGING

A CT scan or MRI (Figure 13-14) should be obtained 
routinely (and always prior to thrombolytic therapy), to 
distinguish between infarction and hemorrhage as the 
cause of stroke, to exclude other lesions (eg, tumor, 
abscess) that can mimic stroke, and to localize the lesion. 
Noncontrast CT is usually preferred for initial diagnosis 
because it is widely available and rapid and can readily 
make the critical distinction between ischemia and hemor-
rhage. However, its sensitivity within the first 6 hours is 
limited. MRI may be superior to CT scan for demonstrat-
ing early ischemic infarcts, showing ischemic strokes in the 
brainstem or cerebellum, and detecting thrombotic occlu-
sion of venous sinuses.

Diffusion-weighted MRI (DWI) and perfusion-
weighted MRI (PWI) are additional imaging techniques 
that may be useful for early detection and prognostication 
in stroke. DWI is superior to CT for detecting stroke dur-
ing the first 12 hours after onset and may help predict final 
infarct volume in anterior circulation stroke, although 
diffusion defects are sometimes seen with TIAs, and small 
strokes or brainstem strokes may escape detection. The 
difference between DWI and PWI abnormalities 
(diffusion- perfusion mismatch) may represent tissue 
that is at risk of infarction but potentially salvageable by 
thrombolysis, which equates roughly to the ischemic 
penumbra.

VESSEL IMAGING

Imaging techniques can identify underlying causes of cere-
brovascular disease (eg, carotid stenosis, vasculitis, fibro-
muscular dysplasia, arterial dissection, aneurysm, 
arteriovenous malformation), including operable extracra-
nial carotid lesions.

Doppler ultrasonography can detect operable stenosis 
of the extracranial carotid artery and is noninvasive. 
However, it may not distinguish stenosis from occlusion 
and does not visualize the surrounding vascular anatomy, 
so it is used primarily for screening.
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▲▲ Figure 13-14. Imaging studies in ischemic stroke in the right middle cerebral artery territory. (A) CT scan showing 
low density and effacement of cortical sulci (between arrowheads) and compression of the anterior horn of the lat-
eral ventricle (arrow). (B) T1-weighted MRI scan showing loss of sulcal markings (between arrowheads) and com-
pression of the anterior horn of the lateral ventricle (arrow). (C) T2-weighted MRI scan showing increased signal 
intensity (between arrowheads) and ventricular compression (arrow).
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Digital subtraction angiography is more sensitive and 
specific, but carries a small (<1%) risk of serious complica-
tions, including stroke.

Magnetic resonance angiography (MRA) is a nonin-
vasive substitute for digital subtraction angiography and 
can detect extracranial carotid disease with high sensitivity 
and specificity.

CT angiography is an alternative, but involves radia-
tion exposure and may be obscured by artifact from cal-
cium in atherosclerotic plaques.

ECHOCARDIOGRAPHY

Echocardiography may be useful for demonstrating car-
diac lesions responsible for embolic stroke (eg, mural 
thrombus, valvular disease, or atrial myxoma).

DIFFERENTIAL DIAGNOSIS

In patients presenting with focal central nervous system 
dysfunction of sudden onset, ischemic stroke must be dis-
tinguished from structural and metabolic processes that 
can mimic it. An underlying process other than focal cere-
bral ischemia should be suspected when the resulting 
neurologic deficit does not conform to the distribution of 
any single cerebral artery, or when consciousness is 
impaired in the absence of severe focal deficits.

Disorders sometimes mistaken for ischemic stroke 
include intracerebral hemorrhage, subdural or epidural 
hematoma, subarachnoid hemorrhage, brain tumor and 
brain abscess, which can be excluded by CT scan or MRI. 
Metabolic disturbances such as hypoglycemia and hyper-
osmolar nonketotic hyperglycemia may present in 
stroke-like fashion, but the serum glucose level is 
diagnostic.

PREVENTION & TREATMENT

Drugs used in the prevention or treatment of cerebrovas-
cular disease are listed in Table 13-6. Treatment related to 
specific underlying vascular, cardiac, and hematologic 
causes of stroke (eg, anti-inflammatory, antibiotic or anti-
arrhythmic drugs) was addressed earlier in the section on 
Etiology.

PRIMARY PREVENTION

`` Lifestyle
Moderate to vigorous aerobic activity for 30 to 40 min per 
day, 3 to 4 times per week, is recommended. A diet low in 
sodium and saturated fats and rich in fruits, vegetables, 
low-fat dairy products, and nuts may also reduce stroke 
risk, as may weight reduction in overweight or obese 

Table 13-6. Drugs for Treatment of Cerebrovascular 
Disease.

Drug Route Dosage

Anticoagulants

Heparin IV To aPTT = 1.5-2.0 × control

Warfarin PO To INR = 2.5±0.5

Rivaroxaban PO 20 mg qd

Dabigatran PO 110-150 mg bid

Apixaban PO 5 mg bid

Antiplatelet agents

Aspirin PO 81-325 mg/d

Aspirin/dipyridamole1 PO 25/200 mg bid

Clopidogrel PO 75 mg qd

Thrombolytics

Recombinant tissue 
plasminogen 
 activator (rtPA)

IV

IA

0.9 mg/kg once

Not established

IA, intraarterial; IV, intravenous; PO, oral.
1Extended-release formulation.

patients, cessation of smoking, and moderation of heavy 
alcohol use.

`` Statins
Treatment with a statin is recommended for patients, with 
or without dyslipidemia, who are at increased (>10%) 
10-year risk for cardiovascular events, including stroke. 
Risk is assessed based on sex, age, race, total and HDL-
cholesterol, systolic blood pressure, antihypertensive ther-
apy, diabetes, and smoking history (see http://
my.americanheart.org/cvriskcalculator). This approach 
reflects the finding that statins have vasoprotective (eg, 
anti-inflammatory) actions besides their lipid-lowering 
effects.

`` Blood Pressure Control
Blood pressure should be reduced by lifestyle modification, 
antihypertensive drugs, or both for patients with hyperten-
sion (>140 mm Hg systolic or >90 mm Hg diastolic 
pressure).

`` Glycemic Control
Diabetes increases the risk of stroke and should be treated, 
although the relationship between intensity of glycemic 
control and stroke incidence is unclear. In addition to 
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whatever effect glycemic control may have, stroke risk in 
diabetics can be reduced by statins and antihypertensive 
treatment.

`` Antiplatelet Drugs
Low-dose aspirin (81-100 mg/d) may reduce the risk of 
stroke in patients with increased (>10%) 10-year risk for such 
events (see http://my.americanheart.org/cvriskcalculator).

`` Anticoagulation
Anticoagulation is indicated for patients with certain car-
diac disorders that predispose to stroke, assuming an 
acceptably low likelihood of hemorrhagic complications. 
The CHA2DS2-VASc score can be used to assess stroke risk 
in atrial fibrillation: it assigns 2 points each for age  
≥75 years and history of transient ischemic attack or stroke, 
and 1 point each for congestive heart failure, treated or 
untreated hypertension, diabetes, peripheral arterial disease 
or aortic plaque or history of myocardial infarction, age 
65-74 years, and female sex. Patients with valvular atrial 
fibrillation and CHA2DS2-VASc score ≥2 should receive 
long-term warfarin treatment targeted to an international 
normalized ratio (INR) of 2.5±0.5. Either warfarin, aspirin, 
or no treatment may be given if the CHA2DS2-VASc score 
is 1; no treatment is indicated for a CHA2DS2-VASc score of 
0. In patients with nonvalvular atrial fibrillation and 
CHA2DS2-VASc score ≥2, dabigatran, rivaroxaban or apixaban 
can be substituted for warfarin. Mitral stenosis with either 
a history of embolism or associated left atrial thrombus is 
also an indication for warfarin, and certain patients should 
be treated with both warfarin and aspirin following 
mechanical aortic or mitral valve replacement. The role 
of anticoagulation in reducing stroke risk related to other 
cardiac disorders—such as bioprosthetic valve replacement, 
heart failure, severe mitral stenosis, or ST-elevation myo-
cardial infarction with mural thrombus or apical dyskine-
sis—is less clear.

`` Asymptomatic Carotid Artery Stenosis
Asymptomatic 70% to 99% stenosis of the extracranial 
internal carotid artery or carotid bulb (but not total carotid 
occlusion) is also associated with an increased risk of 
stroke, and patients with asymptomatic stenosis should be 
treated with low-dose aspirin and statins. In some cases 
with >70% stenosis, carotid endarterectomy or carotid 
artery stenting (discussed later) may be employed, assum-
ing that a surgical complication rate of 3% or less can be 
anticipated.

Meschia JF, Bushnell C, Boden-Albala B, et al. Guidelines for the 
primary prevention of stroke: a statement for healthcare pro-
fessionals from the American Heart Association/American 
Stroke Association. Stroke. 2014;45:3754-3832.

TRANSIENT ISCHEMIC ATTACK &  
ACUTE ISCHEMIC STROKE

Transient ischemic attack, or TIA, is an episode of focal 
cerebral ischemia that resolves fully and rapidly, usually 
within 1 hour, without evidence of cerebral infarction. The 
goal of treatment is to prevent subsequent stroke, which 
occurs in up to 10% of patients in 2 days and up to 20% of 
patients in 90 days. In contrast to TIA, acute ischemic 
stroke implies a persistent focal neurologic deficit, which 
may be improving, stable, or worsening (stroke in evolu-
tion or progressing stroke) when the patient is seen.

Evaluation and treatment are largely the same in both 
cases; the major difference is that thrombolytic therapy is 
not usually considered for TIA, in which the vascular 
occlusion that caused symptoms is thought to have resolved 
with the resolution of symptoms.

`` Investigations
Admission to the hospital is recommended for patients 
with TIA presenting within 72 hours of the event with an 
ABCD2 score ≥3, and for patients with acute ischemic 
stroke. The ABCD2 scale assigns 2 points each for focal 
weakness or an event lasting ≥60 minutes, and 1 point each 
for age ≥60 years, blood pressure ≥140/90 mm Hg, speech 
impairment without weakness, an event lasting 10 to  
60 minutes, or diabetes. It is intended to identify patients 
with TIA who have a high short-term risk of stroke.

Patients should be evaluated urgently with blood tests 
(complete blood count, prothrombin and partial thrombo-
plastin time, erythrocyte sedimentation rate, treponemal 
test for syphilis, glucose) and ECG to identify underlying 
causes or mimics of cerebrovascular disease, and CT scan 
or MRI with diffusion-weighted imaging to document 
stroke and exclude other disorders.

Patients with symptoms or imaging findings consistent 
with anterior circulation ischemia who are good surgical 
candidates should undergo MR angiography, CT angiog-
raphy, or Doppler ultrasonography to detect operable 
lesions in the extracranial carotid artery.

Echocardiography should be performed if there is a 
predisposing cardiac disorder or if symptoms suggest car-
diogenic embolus (eg, recurrent TIAs with symptoms 
related to different territories).

`` Medical Treatment

1. Blood pressure should usually not be lowered acutely, 
except for patients with acute ischemic stroke in whom 
it is high enough (>185 mm Hg systolic or >110 mm Hg 
diastolic pressure) to make an otherwise suitable candi-
date ineligible for thrombolytic therapy (see later). 
When acute antihypertensive therapy is indicated, rec-
ommended drugs include intravenous labetalol or 
nicardipine.
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2. Hyperthermia, which may adversely affect outcome, 
should be corrected, and any infectious cause identified.

3. Hypoxia (oxygen saturation ≤94%) should be treated 
with supplemental oxygen.

4. Hypoglycemia (blood glucose <60 mg/dL) should be 
corrected.

5. Anticoagulation with heparin, given by continuous 
intravenous infusion to achieve an activated partial 
thromboplastin time (aPTT) 1.5 to 2.5 times control, 
followed by warfarin, given orally daily to achieve an 
INR of 2.5±0.5, or another oral anticoagulant (see 
Table 13-6), is indicated if a cardiac embolic source (eg, 
atrial fibrillation, mitral stenosis, or mechanical valve 
replacement) appears to be responsible for TIA or acute 
ischemic stroke.

6. Antiplatelet therapy with aspirin (325 mg orally once, 
followed by 81-325 mg orally daily) is recommended 
for presumed noncardiogenic TIA or acute ischemic 
stroke, unless the patient is to undergo thrombolysis.

7. Statins should be continued for patients receiving long-
term statin treatment.

`` Interventional Treatment
Interventional treatment is an option for selected patients 
with acute ischemic stroke, but is not used for TIA.

1. Intravenous thrombolysis—Intravenous administra-
tion of recombinant tissue plasminogen activator (rtPA 
or alteplase) within 4.5 hours of the onset of symptoms 
reduces disability and mortality from acute ischemic 
stroke. The drug is administered at a dose of 0.9 mg/
kg, up to a maximum total dose of 90 mg; 10% of the 
dose is given as an intravenous bolus and the remain-
der as a continuous intravenous infusion over 60 min-
utes. Treatment should be started within 60 minutes of 
the patient’s arrival at the hospital, which provides time 
for diagnosis and evaluation of possible 
contraindications.

  Contraindications to thrombolysis are designed to 
avoid unnecessarily treating patients who are improv-
ing spontaneously or unlikely to benefit, or exacer-
bating bleeding complications (including intracerebral 
hemorrhage). Contraindications designed to avert 
unnecessary or ineffectual treatment include the 
presence of only minor or resolving neurologic defi-
cits; onset of symptoms more than 6 hours prior  
to initiating treatment; and hypoglycemia (blood  
glucose <50 mg/dL), which can mimic stroke. 
Contraindications related to bleeding complications 
include recent trauma, surgery, or hemorrhage; blood 
pressure greater than 185 mm Hg systolic or greater 
than 110 mm Hg diastolic pressure; and impaired 
coagulation (INR >1.7, elevated aPTT, or platelet 
count <100,000/μL).

  Within the first 24 hours after administration of 
rtPA, anticoagulants and antiplatelet agents should not 
be given, blood pressure should be carefully monitored, 
and arterial puncture and placement of central venous 
lines, bladder catheters, and nasogastric tubes should 
be avoided.

2. Intraarterial thrombolysis—Intraarterial administra-
tion of rtPA may be beneficial in patients with acute 
ischemic stroke who are not candidates for intravenous 
thrombolysis, such as those treated 4.5 to 6 hours after 
the onset of symptoms or with a recent history of major 
surgery, and in patients in whom intravenous therapy is 
unsuccessful.

3. Clot retrieval—Mechanical thrombectomy with stent 
or coil retrievers (eg, Solitaire FR, Trevo or Merci), 
alone or in combination with rtPA, may also be useful 
for treating acute ischemic stroke, especially in patients 
who are not candidates for or who fail intravenous 
thrombolytic therapy. For example, the combination of 
intravenous rtPA and intraarterial treatment with a 
retrievable stent within 6 hours after onset of symp-
toms can improve functional outcome at 3 months in 
patients with occlusion of the distal intracranial inter-
nal carotid or proximal middle or anterior cerebral 
artery.

`` Surgical Treatment
1. Carotid endarterectomy (surgical removal of throm-

bus from a stenotic common or internal carotid artery 
in the neck) is indicated for patients with anterior 
circulation TIAs and high-grade (70%-99%) extracra-
nial internal carotid artery stenosis—and for selected 
patients with moderate (50%-70%) stenosis—on the 
side appropriate to account for the symptoms. The net 
benefit of endarterectomy assumes a combined peri-
operative morbidity and mortality of less than 6%.

2. Carotid artery stenting is as effective as endarterec-
tomy for treating extracranial carotid stenosis, assum-
ing a similar perioperative morbidity and mortality 
rate. Stenting is associated with an increased risk of 
periprocedural stroke, but a decreased risk of peripro-
cedural myocardial infarction. Considering the gener-
ally greater adverse effect of stroke than of myocardial 
infarction on quality of life, carotid endarterectomy 
probably remains superior overall, although stenting 
may be preferable for some (eg, younger) patients.

3. Posterior fossa decompression with evacuation of 
infarcted cerebellar tissue can be lifesaving when 
patients deteriorate as a consequence of brainstem com-
pression after cerebellar infarction.

4. Decompressive craniectomy is also sometimes used to 
prevent transtentorial herniation and death in patients 
younger than 60 years who deteriorate within 48 hours 
after large hemispheric strokes.
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Berkhemer OA, Fransen PSS, Beumer D, et al. A randomized 
trial of intraarterial treatment for acute ischemic stroke.  
N Engl J Med. 2015;372:11-20.

Jauch EC, Saver JL, Adams HP Jr, et al Guidelines for the early 
management of patients with acute ischemic stroke: a guide-
line for healthcare professionals from the American Heart 
Association/American Stroke Association. Stroke. 
2013;44:870-947.

Sonni S, Thaler DE. Transient ischemic attack: omen and oppor-
tunity. Cleve Clin J Med. 2013;80:566-576.

SECONDARY PREVENTION

Secondary prevention (ie, prevention of a subsequent cere-
brovascular event in patients with prior TIA or ischemic 
stroke) involves measures similar to those employed in 
primary prevention, with the following exceptions.

`` Statins
Treatment with a statin is recommended for all patients 
with prior TIA or ischemic stroke.

`` Antiplatelet Drugs
All patients with prior non-cardioembolic TIA or ischemic 
stroke should receive aspirin (81-325 mg/d); aspirin/
dipyridamole (25/200 mg twice daily) or clopidogrel  
(75 mg/d) alone are alternative options. For patients whose 
TIA or stroke occurred while taking aspirin, it is unclear if 
increasing the dose or substituting another antiplatelet 
drug confers additional benefit. There is no evidence that 
anticoagulation or the combination of antiplatelet therapy 
and anticoagulation is effective in this setting.

`` Anticoagulation
Patients with prior TIA or ischemic stroke and valvular 
atrial fibrillation or mechanical aortic or mitral valve 
replacement should be given long-term warfarin treat-
ment targeted to an INR of 2.5±0.5. Low-dose aspirin is 
added for patients with mechanical valves who are at low 
risk for bleeding complications. Nonvalvular atrial 
fibrillation should be treated with warfarin (INR 
2.5±0.5), apixaban, dabigatran or rivaroxaban. Short-
term (~3 months) anticoagulation with warfarin is indi-
cated for prior TIA or ischemic stroke with acute 
myocardial infarction or cardiomyopathy when either is 
complicated by mural thrombus. Warfarin for 3 to  
6 months followed by long-term low-dose aspirin is rec-
ommended for recipients of bioprosthetic valves. Either 
antiplatelet drugs or anticoagulation with warfarin can be 
used in rheumatic valvular disease without atrial 
fibrillation.

`` Surgical Treatment
Surgical treatment for secondary prevention of TIA or 
stroke (carotid endarterectomy or stenting) is as 
described earlier for treatment of TIA or acute ischemic 
stroke.

Davis SM, Donnan GA. Secondary prevention after ischemic 
stroke or transient ischemic attack. N Engl J Med. 2012; 
366:1914-1922.

Kernan WN, Ovbiagele B, Black HR, et al Guidelines for the 
prevention of stroke in patients with stroke and transient 
ischemic attack: a guideline for healthcare professionals from 
the American Heart Association/American Stroke 
Association. Stroke. 2014;45:2160-2236.

REHABILITATION

Most patients show spontaneous improvement in neuro-
logic function in the 3 to 6 months after stroke, reflecting 
the adaptive plasticity of the brain. Recovery of mobility 
and limb function can be enhanced by training and prac-
tice. Effective rehabilitative measures include fitness and 
strength training, over-ground gait training, constraint-
induced movement therapy, pharmacologic modulation of 
spasticity, speech and language therapy, and perhaps non-
invasive transcortical magnetic or direct current stimula-
tion. Early commencement of rehabilitative therapy and 
high-intensity regimens are recommended, and patient 
motivation is an important factor.

Dobkin BH, Dorsch A. New evidence for therapies in stroke 
rehabilitation. Curr Atheroscler Rep. 2013;15:331.

COMPLICATIONS

Medical complications are common after stroke and 
strongly affect outcome. They include infections (espe-
cially aspiration pneumonia and urinary tract infections), 
cardiac arrhythmias, dysphagia, gastrointestinal bleeding, 
deep vein thrombosis, pulmonary embolism, and depres-
sion. In some cases, such as arrhythmia and depression, 
complications may result directly from brain injury. These 
disorders are treated as under other circumstances.

Chollet F, Acket B, Raposo N, et al. Use of antidepressant medi-
cations to improve outcomes after stroke. Curr Neurol 
Neurosci Rep. 2013;13:318-324.

Hannawi Y, Hannawi B, Rao CP, Suarez JI, Bershad EM. Stroke-
associated pneumonia: major advances and obstacles. 
Cerebrovasc Dis. 2013;35:430-443.
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PROGNOSIS

Outcome after stroke is influenced by a number of factors, 
the most important being the nature and severity of the 
resulting neurologic deficit. The patient’s age, the cause of 
stroke, and coexisting medical disorders also affect prog-
nosis. Overall, somewhat fewer than 80% of patients with 
stroke survive for at least 1 month, and the 10-year survival 
rate is ~50%. Of patients who survive acutely, roughly one-
half to two-thirds regain independent function, whereas 
~25% require institutional care at 6 months.

Holloway RG, Arnold RM, Creutzfeldt CJ, et al. Palliative and 
end-of-life care in stroke: a statement for healthcare profes-
sionals from the American Heart Association/American 
Stroke Association. Stroke. 2014;45:1887-1916.

Lakshminarayan K, Berger AK, Fuller CC, et al. Trends in 
10-year survival of patients with stroke hospitalized between 
1980 and 2000: the Minnesota stroke survey. Stroke. 
2014;45:2575-2581.

▼▼ INTRACEREBRAL HEMORRHAGE

HYPERTENSIVE HEMORRHAGE

EPIDEMIOLOGY

Intracerebral hemorrhage causes ~10% of strokes, and 
hypertension is the most common underlying cause of 
nontraumatic intracerebral hemorrhage. The incidence is 
lower in whites than in other groups, which relates to rates 
of hypertension.

PATHOPHYSIOLOGY

`` Cerebral Autoregulation
Autoregulation (Figure 13-15) by changes in the caliber of 
small resistance cerebral arteries maintains constant cere-
bral blood flow as systemic blood pressure rises and falls. 
The range of autoregulated blood pressures is variable but 
normally wide.

In normotensive individuals, autoregulation is effective 
at mean arterial blood pressures above ~60 mm Hg. Below 
this level, cerebral blood flow declines, causing lighthead-
edness, confusion, and dimming of vision. At mean blood 
pressures less than ~35 to 40 mm Hg, somnolence and loss 
of consciousness occur. Conversely, above ~150 to 200 mm 
Hg, cerebral blood flow increases, which can lead to hyper-
tensive encephalopathy (see Chapter 4, Confusional States).

In chronically hypertensive individuals, the lower limit 
of the autoregulatory range rises, so cerebral blood flow 
declines at mean arterial blood pressures less than  
~120 mm Hg. Thus, elevated blood pressure is required to 
maintain normal cerebral perfusion.
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▲▲ Figure 13-15. Cerebrovascular autoregulation.  
(A) Cerebral blood flow is normally held constant over a 
wide range of blood pressures. At very low pressures, 
cerebral hypoperfusion occurs, producing syncope. 
Pressures above the autoregulatory range can cause 
hypertensive encephalopathy. (B) Chronic hypertension 
shifts the autoregulatory range to higher blood pres-
sures. Hypoperfusion and syncope can occur at normal 
pressures, and pressures associated with hypertensive 
encephalopathy are higher.

`` Chronic Hypertension
Chronic hypertension promotes changes in the walls of pen-
etrating small cerebral arteries and arterioles. These consist 
of lipohyalinosis (collagenous thickening and inflammation 
of the vessel wall) and fibrinoid necrosis (vessel-wall 
destruction with perivascular inflammation), which are 
associated with ischemic stroke and may also lead to the 
development of miliary (Charcot-Bouchard) aneurysms 
(Figure 13-16), which predispose to hemorrhage.

`` Acute Hypertension
The role of acute elevation of blood pressure in intracere-
bral hemorrhage is uncertain. Most patients are hyperten-
sive after intracerebral hemorrhage, but this may be due to 
a combination of baseline chronic hypertension and the 
vasopressor response to increased intracranial pressure 
(Cushing reflex). That some patients with intracerebral 
hemorrhage have no history of hypertension and lack signs 
of hypertensive end-organ disease suggests that acute 
hypertension might be at fault, as does the occurrence of 
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intracerebral hemorrhage in young patients after amphet-
amine or cocaine abuse.

`` Hematoma Effects
Hypertensive hemorrhage causes both destruction and 
compression of brain tissue. In addition, breakdown prod-
ucts of extravasated blood may cause inflammation and 
secondary injury. Perihematoma edema correlates with 
hematoma size, which predicts a poor outcome. Increased 
intracranial pressure results in tamponade of the ruptured 
vessel, but can also lead to brain herniation and death.

PATHOLOGY

Most hypertensive hemorrhages originate from long, nar-
row penetrating arterial branches along which lipohyalino-
sis, fibrinoid necrosis, and Charcot-Bouchard aneurysms 
are found at autopsy. These include the caudate and 
putaminal branches of the middle cerebral arteries, 
branches of the basilar artery supplying the pons, thalamic 
branches of the posterior cerebral arteries, branches of the 
superior cerebellar arteries supplying the dentate nuclei 
and the deep white matter of the cerebellum, and some 
white matter branches of the cerebral arteries, especially in 
the parietooccipital and temporal lobes. In the acute phase 
after intracerebral hemorrhage, there is edema surround-
ing the hematoma and often displacement of adjacent 
brain structures and ventricular effacement. About one-
half of hemorrhages, especially those arising in the puta-
men or thalamus, extend into the ventricles. In the chronic 
phase following intracerebral hemorrhage, the only abnor-
mality may be a slitlike defect corresponding to the 
resorbed hematoma, with pigmented margins containing 
hemosiderin-laden macrophages.

`` Clinical Findings
Hypertensive hemorrhage occurs without warning, most 
commonly while the patient is awake. Headache is present 
in ~50% of patients and may be severe; vomiting is com-
mon. Blood pressure is elevated, so normal or low blood 
pressure in a patient with stroke makes the diagnosis of 
hypertensive hemorrhage unlikely.

After hemorrhage, increasing edema produces clinical 
worsening over minutes to days. However, the duration of 
active bleeding is brief, and rebleeding usually does not 
occur.

Clinical features vary with the site of hemorrhage 
(Table 13-7).

`` Deep Cerebral Hemorrhage
The most common sites of hypertensive hemorrhage are 
the putamen and thalamus, which are separated by the 
posterior limb of the internal capsule. This segment of the 
internal capsule is traversed by descending motor and 
ascending sensory fibers, including the optic radiations 

A.  Cerebral hemispheres

B.  Brainstem and cerebellum

Anterior

Posterior

▲▲ Figure 13-16. Distribution of Charcot-Bouchard aneu-
rysms (stippling) underlying hypertensive intracerebral 
hemorrhage. Areas involved include subcortical white 
matter, basal ganglia, thalamus, pons, and cerebellum.
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(Figure 13-17). Pressure from an expanding lateral 
(putaminal) or medial (thalamic) hematoma, therefore, 
produces a contralateral sensorimotor deficit.

Putaminal hemorrhage typically leads to more severe 
motor deficit and thalamic hemorrhage to more marked 
sensory disturbance. Homonymous hemianopia may 
occur transiently after thalamic hemorrhage and is often 
persistent in putaminal hemorrhage. Putaminal hemorrhage 

Table 13-7. Clinical Features of Hypertensive Intracerebral Hemorrhage.

Location Coma Pupils Eye Movements
Sensorimotor 
Disturbance Hemianopia Seizures

Putamen Common Normal Ipsilateral deviation Hemiparesis Common Uncommon

Thalamus Common Small, sluggish Downward and medial 
 deviation may occur

Hemisensory 
 deficit

May occur 
 transiently

Uncommon

Lobar Uncommon Normal Normal or ipsilateral deviation Hemiparesis or 
hemisensory 
deficit

Common Common

Pons Early Pinpoint Absent horizontal Quadriparesis None None

Cerebellum Delayed Small, reactive Impaired late Gait ataxia None None

Thalamus

PinealCaudate

A

B

1

Pineal

Anterior limb of
internal capsule

Putamen

Third ventricle

Posterior limb of
internal capsule

Thalamus

Caudate

2

3

Pretectum
Anterior horn of
lateral ventricle

▲▲ Figure 13-17. Anatomic relationships in deep cere-
bral hemorrhage. Top: Plane of section. Bottom: 
Putaminal (1) and thalamic (2) hemorrhages can com-
press or transect the adjacent posterior limb of the 
internal capsule. Thalamic hemorrhages can also extend 
into the ventricles or compress the hypothalamus or 
midbrain upgaze center (3).

produces tonic eye deviation toward the affected side of the 
brain, whereas thalamic hemorrhage may cause tonic 
downward and medial deviation from pressure on the mid-
brain center for upgaze. Aphasia may occur if putaminal or 
thalamic hemorrhage exerts pressure on cortical language 
areas.

Amici S. Thalamic infarcts and hemorrhages. Front Neurol 
Neurosci. 2012;30:132-136.

Ghetti G. Putaminal hemorrhages. Front Neurol Neurosci. 
2012;30:141-144.

`` Lobar Hemorrhage
Hypertensive hemorrhages also occur in subcortical white 
matter underlying the frontal, parietal, temporal, and 
occipital lobes. Symptoms and signs vary according to the 
location, but can include headache, vomiting, hemiparesis, 
hemisensory deficits, aphasia, and visual field defects. 
Seizures are more frequent than with hemorrhages in other 
locations, whereas coma is less so.

Lunardi P. Lobar hemorrhages. Front Neurol Neurosci. 
2012;30:145-148.

`` Pontine Hemorrhage
Bleeding into the pons produces coma within seconds to 
minutes and usually death within 48 hours. Key findings 
are pinpoint pupils and absent or impaired horizontal eye 
movements; vertical eye movements may be preserved. 
There may be ocular bobbing—bilateral downbeating 
excursion of the eyes at about 5-second intervals. Patients 
are commonly quadriparetic with decerebrate posturing, 
and hyperthermia may be present. Pontine hemorrhage 
usually ruptures into the fourth ventricle, and often extends 
into the midbrain, producing midposition fixed pupils. 
Small pontine hemorrhages that spare the reticular 
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activating system are associated with less severe deficits 
and good recovery.

Moncayo J. Pontine infarcts and hemorrhages. Front Neurol 
Neurosci. 2012;30:162-165.

`` Cerebellar Hemorrhage
Cerebellar hemorrhage produces headache, dizziness, and 
vomiting of sudden onset, and inability to stand or walk 
within minutes. Patients may initially be alert or only 
mildly confused, but large hemorrhages lead to coma 
within 12 to 24 hours in most cases. When coma is present 
at onset, cerebellar hemorrhage may be indistinguishable 
from pontine hemorrhage.

Findings include impaired gaze toward or forced devia-
tion away from the lesion, caused by pressure on the pon-
tine lateral gaze center. Skew deviation, in which the eye 
ipsilateral to the lesion is depressed, may occur. The pupils 
are small and reactive. Impaired upgaze indicates upward 
transtentorial herniation of the cerebellar vermis and 
midbrain, and implies a poor prognosis. Ipsilateral facial 
weakness of lower motor neuron type occurs in ~50% of 
cases, but limb strength is normal. Despite prominent gait 
ataxia, limb ataxia is usually minimal. Plantar responses are 
flexor early, but become extensor with brainstem 
compression.

Cerebellar hemorrhage is especially important to diag-
nose early because it is treatable (see later). The main mis-
take to avoid is failing to consider the diagnosis when limb 
ataxia is absent and gait is not tested. Accordingly, stance 
and gait should be examined in any patient who presents 
acutely with headache, dizziness, or vomiting.

Witscha J, Neugebauer H, Zweckberger K, Jüttler E. Primary 
cerebellar haemorrhage: complications, treatment and out-
come. Clin Neurol Neurosurg. 2013;115:863-869.

DIFFERENTIAL DIAGNOSIS

Putaminal, thalamic, and lobar hypertensive hemorrhages 
may be difficult to distinguish from infarction in the same 
locations. However, severe headache, nausea and vomiting, 
and impaired consciousness suggest hemorrhage. CT or 
MRI (Figure 13-18) provides a definitive diagnosis.

Brainstem stroke and cerebellar infarction can mimic 
cerebellar hemorrhage, but are readily distinguishable by 
CT scan or MRI. Acute peripheral vestibulopathy also pro-
duces nausea, vomiting, and gait ataxia, but not headache 
or impaired consciousness. Although bloody CSF can con-
firm the diagnosis of hemorrhage, lumbar puncture may 
hasten herniation, and is therefore not advised if cerebellar 
hemorrhage is suspected.

▲▲ Figure 13-18. CT scan in hypertensive intracerebral 
hemorrhage. Blood produces a high-density signal at 
the site of hemorrhage in the thalamus (left arrow) and 
extends into the third ventricle (top arrow) and the 
occipital horns of the ipsilateral (bottom arrow) and 
contralateral (right arrow) lateral ventricles.

TREATMENT

`` Medical
Initial management of intracerebral hemorrhage includes 
airway support with ventilatory assistance if required and 
treatment of hypertension. Reducing systolic blood pres-
sure to ~140 mm Hg over 1 hour does not compromise 
perfusion of the perihematoma region or arterial water-
shed territories of the affected hemisphere, is as safe as 
more modest reduction to ~180 mm Hg over 6 hours, and 
may lead to a better outcome. Antihypertensive drugs that 
may be used in this setting include labetalol and nicardip-
ine. Neither corticosteroids nor antiedema agents are effec-
tive, and prophylactic administration of anticonvulsants is 
not recommended.

`` Surgical
1. Cerebellar hemorrhage—Neurologic deterioration, 

brainstem compression, and hydrocephalus are indica-
tions for decompressive posterior fossa surgery, which 
may avert a fatal outcome. Results are best in conscious 
patients.

2. Lobar hemorrhage—Surgical evacuation can also be 
useful for lobar hematomas, especially those larger than 
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30 mL in volume and located within approximately  
1 cm of the brain surface. Patients with good neurologic 
function who begin to deteriorate are optimal candi-
dates. Prognosis is related to the level of consciousness 
before surgery.

3. Deep hemorrhage—Surgery is not beneficial for pon-
tine or deep cerebral hypertensive hemorrhage.

Anderson CS, Qureshi AI. Implications of INTERACT2 and 
other clinical trials: blood pressure management in acute 
intracerebral hemorrhage. Stroke. 2015;46:291-295.

Gould B, McCourt R, Gioia LC, et al; ICH ADAPT Investigators. 
Acute blood pressure reduction in patients with intracerebral 
hemorrhage does not result in borderzone region hypoperfu-
sion. Stroke. 2014;45:2894-2899.

PROGNOSIS

Considerable return of neurologic function can occur after 
intracerebral hemorrhage, depending on its location and 
size. Mortality is 30% to 40%, most of which occurs within 
the first few days. At discharge from the hospital, about 
75% of patients have significant disability.

OTHER CAUSES OF INTRACEREBRAL
HEMORRHAGE

TRAUMA

Intracerebral hemorrhage is a frequent consequence of 
closed-head trauma. Traumatic hemorrhages may occur at 
(coup) or directly opposite (contrecoup) the site of impact. 
The most common locations are the frontal and temporal 
lobes. Traumatic hemorrhage is diagnosed by CT or MRI.

HEMORRHAGIC TRANSFORMATION OF 
CEREBRAL INFARCTS

Hemorrhage into a cerebral infarct is common and usually 
has no effect on outcome. Factors that predispose to hem-
orrhagic transformation include thrombolytic therapy, 
anticoagulation, cardioembolic stroke, massive infarction, 
cortical gray matter infarction, and thrombocytopenia. 
Treatment consists of discontinuing thrombolytic or anti-
coagulant drugs where applicable.

ANTICOAGULATION & THROMBOLYTIC 
THERAPY

Patients receiving anticoagulants or thrombolytic agents 
are at increased risk for developing intracerebral 
hemorrhage.

COAGULOPATHY

Intracerebral hemorrhage can complicate disorders involv-
ing either clotting factors (eg, hepatic failure, hemophilia, 

disseminated intravascular coagulopathy) or platelets (eg, 
idiopathic thrombocytopenic purpura).

CEREBRAL AMYLOID ANGIOPATHY

Cerebral amyloid (congophilic) angiopathy is character-
ized by β-amyloid deposits in the walls of leptomeningeal 
and cortical capillaries, arterioles, and small arteries. The 
disorder is most common in elderly patients and typically 
produces lobar hemorrhage at multiple sites. Risk factors 
include apolipoprotein E ε4 and ε2 alleles, anticoagulation 
or antiplatelet therapy, head trauma, and hypertension. 
Rare hereditary cases (eg, amyloid βA4 precursor protein 
mutations) are inherited in autosomal dominant fashion.

Auriel E, Greenberg SM. The pathophysiology and clinical pre-
sentation of cerebral amyloid angiopathy. Curr Atheroscler 
Rep. 2012;14:343-350.

VASCULAR MALFORMATIONS

Rupture of arteriovenous malformations (AVMs) or sac-
cular (berry) aneurysms can cause intracerebral hemor-
rhage. AVMs consist of tortuous arteries and dilated veins 
and arise developmentally when the intervening capillary 
beds fail to form. Saccular aneurysms are acquired lesions 
of arterial walls, located especially at branch points around 
the circle of Willis. AVMs may be asymptomatic or cause 
hemorrhage, seizures, headache, or focal neurologic defi-
cits. For unruptured AVMs, the risk of rupture is 1% to 3% 
per year. However, when rupture occurs it carries a 10% to 
30% mortality rate and, for survivors, a 6% risk of re- rupture 
over the next year. Anticonvulsants are the treatment of 
choice for AVMs that present with seizures. In the case of 
hemorrhage, however, surgical resection, endovascular 
embolization, or radiosurgery can prevent rebleeding.

Aneurysms usually present with subarachnoid hemor-
rhage, but at some sites (eg, middle cerebral artery) they 
may bleed into brain parenchyma to produce an intracere-
bral hematoma. Aneurysms are discussed in detail in 
Chapter 6, Headache & Facial Pain.

Al-Shahi Salman R, White PM, Counsell CE, et al; Scottish 
Audit of Intracranial Vascular Malformations Collaborators. 
Outcome after conservative management or intervention for 
unruptured brain arteriovenous malformations. JAMA. 
2014;311:1661-1669.

Zacharia BE, Vaughan KA, Jacoby A, et al. Management of rup-
tured brain arteriovenous malformations. Curr Atheroscler 
Rep. 2012;14:335-342.

AMPHETAMINE OR COCAINE ABUSE

Amphetamine or cocaine use can cause intracerebral hem-
orrhage, typically within minutes to hours after the drug is 
taken. Most such hemorrhages are located in subcortical 
white matter and may be related to acutely elevated blood 
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pressure, rupture of a preexisting vascular anomaly, or 
drug-induced arteritis.

HEMORRHAGE INTO TUMORS

Bleeding into primary or metastatic brain tumors is an 
occasional cause of intracerebral hemorrhage. Tumors 
associated with hemorrhage include melanoma, lung carci-
noma, glioma, breast carcinoma, renal cell carcinoma, and 
oligodendroglioma. Bleeding into a tumor should be con-
sidered when a patient with known cancer experiences 
acute neurologic deterioration; it may also be the present-
ing manifestation of cancer.

ACUTE HEMORRHAGIC LEUKOENCEPHALITIS

This rare monophasic demyelinating and hemorrhagic 
disorder typically follows respiratory infection in children. 
Multiple small perivascular hemorrhages are found in the 
brain. Clinical features include fever, headache, confu-
sional state, and coma. CSF shows a polymorphonuclear 
pleocytosis and CT or MRI may demonstrate hemorrhage. 
The classic clinical picture is of a fulminant course leading 
to death within several days, but some patients respond to 
corticosteroids or plasma exchange.

Wang QT, Tuhrim S. Etiologies of intracerebral hematomas. 
Curr Atheroscler Rep. 2012;14:314-321.

▼▼ GLOBAL CEREBRAL ISCHEMIA

ETIOLOGY

Global cerebral ischemia occurs when blood flow is inad-
equate to meet metabolic requirements of the brain, as in 
cardiac arrest. Global ischemia produces more severe brain 
injury than pure anoxia with preserved circulation (eg, 
primary respiratory arrest or carbon monoxide poisoning), 
presumably because it also impairs glucose delivery and 
removal of toxic metabolites.

PATHOLOGY

The severity of cerebral pathology from global ischemia is 
directly related to ischemia duration. The distribution of 
pathology is governed by the selective vulnerability of cer-
tain neuronal populations and of arterial watershed (bor-
derzone) regions. Selectively vulnerable neurons include 
CA1 pyramidal neurons of the hippocampus; cerebellar 
Purkinje neurons; pyramidal neurons of neocortical layers 
3, 5, and 6; thalamic reticular neurons; and medium-sized 
neurons in the caudate nucleus and putamen. Arterial 
watersheds are located at the border between the anterior, 
middle, and posterior cerebral arteries (Figure 13-19).

Reduced cerebral energy requirements, such as occur 
with deep anesthesia or hypothermia, can minimize or 

Anterior/middle
cerebral watershed

Middle/posterior
cerebral watershed

Anterior/middle
cerebral watershed

Middle/posterior
cerebral watershed

▲▲ Figure 13-19. Distribution of cerebral watershed 
(borderzone) infarcts (blue areas) associated with global 
cerebral ischemia.

prevent brain damage from ischemic insults, whereas 
hyperglycemia or hypermetabolic states (eg, status epilep-
ticus) can increase damage. Superimposed disease of the 
craniocervical arteries may lead to asymmetries in the 
distribution of cerebral damage from global ischemia.

CLINICAL FINDINGS

BRIEF ISCHEMIA

Reversible encephalopathies are common after brief circu-
latory arrest. In such cases, coma persists for less than  
12 hours. Transient confusion or amnesia may occur on 

Aminoff_ch13_p366-402.indd   400 09/03/15   3:19 pm



STROKE 401

awakening, but recovery is typically rapid and complete. 
Some patients show severe anterograde and variable retro-
grade amnesia and a bland, unconcerned affect with or 
without confabulation. This syndrome may reflect revers-
ible bilateral damage to the thalamus or hippocampus.

PROLONGED ISCHEMIA

`` Coma
Coma lasting for more than 12 hours after cardiac arrest 
may be associated with lasting focal or multifocal motor, 
sensory, and cognitive deficits upon awakening. It is dis-
cussed in Chapter 3, Coma.

`` Focal Cerebral Dysfunction
Focal neurologic signs after cardiac arrest include partial 
or complete cortical blindness, weakness of both arms 
(bibrachial paresis), and quadriparesis. Cortical blindness 
is usually transient and results from ischemia in the border 
zone between the middle and posterior cerebral arteries. 
Bibrachial paresis (man-in-a-barrel syndrome) results 
from bilateral infarction of the motor cortex in the border 
zone between the anterior and middle cerebral arteries.

`` Myoclonus and Seizures
Posthypoxic action myoclonus (Lance-Adams syn-
drome) after cardiac arrest produces multifocal myoclonus 
and is sometimes associated with signs of cerebellar dis-
ease, including dysarthria, dysmetria, ataxia, and intention 
tremor. It occurs in conscious patients without severe 
ischemic injury and typically improves over time. 
Treatment with clonazepam, valproic acid, or levetirace-
tam may be effective. Myoclonic status, which occurs in 
comatose patients, consists of generalized, bilateral, syn-
chronous twitching that usually affects the face and trunk. 
Its relationship to epileptic seizures is uncertain, as is the 
benefit of treatment, and it usually portends a fatal out-
come. Partial or generalized seizures, including status 
epilepticus, are also seen after cardiac arrest, and should be 
treated with anticonvulsants.

`` Persistent Vegetative or Minimally 
Responsive State

Some patients who are initially comatose after cardiac 
arrest survive and awaken, but remain functionally decor-
ticate and unaware of their surroundings. They typically 
regain spontaneous eye opening, sleep-wake cycles, roving 
eye movements, and brainstem and spinal cord reflexes. 
This persistent vegetative or minimally responsive state 
(see Chapter 3, Coma) is thus distinct from coma and 
appears to be associated with laminar necrosis of the neo-
cortex. In some apparently unaware patients, however, 
functional MRI or EEG can demonstrate responsiveness. 

Most such patients have traumatic rather than ischemic 
brain injury, but the possibility that a patient without overt 
behavioral responses remains subclinically aware and 
responsive should always be explored. A persistent vegeta-
tive state associated with an isoelectric (flat) EEG is termed 
neocortical death. Persistent vegetative states must be 
distinguished from brain death (see Chapter 3, Coma), in 
which both cerebral and brainstem functions are absent.

`` Spinal Cord Syndromes
Spinal cord injury from hypoperfusion is usually seen only 
with profound cerebral involvement. Although an arterial 
watershed occurs at the mid-thoracic level of the cord, 
autopsy studies show that ischemic injury after cardiac 
arrest affects large neurons in the anterior horns of the 
lumbar spinal cord most prominently. This may be due to 
the large size and high metabolic activity of these neurons, 
and is consistent with the clinical finding of flaccid para-
plegia associated with spinal cord injury after cardiac 
arrest.

D’Amore C, Paciaroni M. Border-zone and watershed infarc-
tions. Front Neurol Neurosci. 2012;30:181-184.

Fernández-Espejo D, Owen AM. Detecting awareness after 
severe brain injury. Nat Rev Neurosci. 2013;14:801-809.

TREATMENT

Treatment of global cerebral ischemia involves restoring 
cerebral circulation, eliminating arrhythmias, maintaining 
systemic blood pressure, and correcting acid-base or elec-
trolyte abnormalities. Ventilatory assistance and supple-
mental oxygen may be necessary.

Induced hypothermia to 32 to 34°C for 12 to 24 hours 
by surface or endovascular cooling can improve 6-month 
survival and neurologic outcome after out-of-hospital car-
diac arrest with ventricular fibrillation.

Schwartz BG, Kloner RA, Thomas JL, et al. Therapeutic hypo-
thermia for acute myocardial infarction and cardiac arrest. 
Am J Cardiol. 2012;110:461-466.

PROGNOSIS

Survival rates for patients with out-of-hospital cardiac 
arrest range from ~5% with asystole or pulseless electrical 
activity (electromechanical dissociation) to ~25% with 
ventricular fibrillation or pulseless ventricular tachycar-
dia. The goal of neurologic prognostication after cardiac 
arrest is to distinguish patients with and without a chance 
for meaningful recovery. In patients who have not under-
gone therapeutic hypothermia, meaningful recovery is 
excluded by myoclonus at 24 hours, or by pupillary or 
corneal areflexia or absent or decerebrate motor responses 
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to pain at 72 hours after arrest. These criteria assume 
normothermia and the absence of drug (eg, sedative) 
effects that can confound their interpretation. In patients 
who have undergone therapeutic hypothermia, these 
criteria are not as reliable because of the effects of hypo-
thermia per se, drugs administered in hypothermia  
protocols (eg, sedatives and paralytics), and hypother-
mia-induced changes in drug metabolism. Absent pupil-
lary reflexes at 72 hours remains the best clinical indicator 
of a poor prognosis, but somatosensory evoked potentials 
and neuroimaging findings may have superior predictive 
ability.

Friberg H, Rundgren M, Westhall E, Nielsen N, Cronberg T. 
Continuous evaluation of neurological prognosis after car-
diac arrest. Acta Anaesthesiol Scand. 2013;57:6-15.

Greer DM, Rosenthal ES, Wu O. Neuroprognostication of 
hypoxic-ischaemic coma in the therapeutic hypothermia era. 
Nat Rev Neurol. 2014;10:190-203.
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Appendix: Clinical Examination of Common 
Isolated Peripheral Nerve Disorders

CliniCal Examination of Common 
isolatEd PEriPhEral nErvE 
disordErs: introduCtion
The accompanying illustrations are a guide for examining 
sensory and selected motor function of certain peripheral 
nerves: radial (Figure A-1), median (Figure A-2), ulnar 
(Figure A-3), fibular (peroneal) (Figure A-4), and femoral 
(Figure A-5). The sensory distribution of the lateral 

femoral cutaneous and obturator nerves is also shown 
(Figures A-6 and A-7). It is not intended to illustrate the 
findings of a lesion at any particular level of the nerves 
depicted. Sensory deficits may be less extensive than the 
full sensory field of a nerve because the fields of two nerves 
overlap, because a distal nerve lesion affects only part of 
the field, or because different sensory modalities are dif-
ferentially involved.
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C. Extensor
 pollicis brevis
 (C7, 8)

B. Extensor
 pollicis longus
 (C7, 8)

D. Extensor 
 digitorum
 (C7, 8)

E. Abductor 
 pollicis longus 
 (C7, 8, T1)

F. Extensor carpi 
 radialis longus 
 (C6, 7)

A. Sensory distribution 
 of the radial nerve

Radial Nerve

Superficial branch

Posterior cutaneous 
nerve of forearm

Posterior cutaneous 
nerve of arm

Lateral cutaneous 
nerve of arm 

▲▲ figure a-1. Testing the radial nerve. (a) Sensory distribution. The radial nerve supplies the dorsolateral surface of 
the upper arm, forearm, wrist, and hand; the dorsal surface of the thumb; the dorsal surface of the index and middle 
fingers above the distal interphalangeal joints; and the lateral half of the dorsal surface of the ring finger above the 
distal interphalangeal joint. (B) Extensor pollicis longus. The thumb is extended at the interphalangeal joint against 
resistance. (C) Extensor pollicis brevis. The thumb is extended at the metacarpophalangeal joint against resistance.  
(d) Extensor digitorum. The fingers are extended at the metacarpophalangeal joints against resistance. (E) Abductor 
pollicis longus. The thumb is abducted (elevated in a plane at 90 degrees to the palm) at the carpometacarpal joint 
against resistance. (f) Extensor carpi radialis longus. The wrist is extended toward the radial (thumb) side against 
resistance.
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A. Sensory distribution of the median nerve

B. Flexor digitorum profundus I and II (C7, 8, T1)

C. Abductor pollicis brevis (C8, T1)

D. Opponens pollicis (C8, T1)

Median Nerve

▲▲ figure a-2. Testing the median nerve. (a) Sensory distribution. The median nerve supplies the dorsal surface of 
the index and middle fingers, the lateral half of the dorsal surface of the ring finger, the lateral two-thirds of the 
palm, the palmar surface of the thumb, index finger, middle fingers, and the lateral half of the palmar surface of the 
ring finger. (B) Flexor digitorum profundus I and II. The index and middle fingers are flexed at the distal interphalan-
geal joints against resistance. (C) Abductor pollicis brevis. The thumb is abducted (elevated at 90 degrees to the 
plane of the palm) at the metacarpophalangeal joints against resistance. (d) Opponens pollicis. The thumb is crossed 
over the palm to touch the little finger against resistance.
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A. Sensory distribution of the ulnar nerve

Ulnar Nerve

B. Flexor digitorum profundus III and IV (C8, T1) C. Abductor digiti minimi (C8, T1)

D. Adductor pollicis (C8, T1)

E. Dorsal interossei (C8, T1) F. First palmar interosseous (C8, T1)

▲▲ figure a-3. Testing the ulnar nerve. (a) Sensory distribution. The ulnar nerve supplies the dorsal and palmar sur-
faces of the medial one-third of the hand, the dorsal and palmar surfaces of the little finger, and the dorsal and pal-
mar surfaces of the medial half of the ring finger. (B) Flexor digitorum profundus III and IV. The index and middle 
fingers are flexed at the distal interphalangeal joints against resistance. (C) Abductor digiti minimi. The little finger is 
abducted against resistance. (d) Adductor pollicis. A piece of paper is grasped between the thumb and the palm 
with the thumbnail at 90 degrees to the plane of the palm while the examiner tries to pull the paper away. (E) Dorsal 
interossei. The fingers are abducted against resistance. (f) First palmar interosseous. The abducted index finger is 
adducted against resistance.
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A. Sensory distribution of 
    the fibular nerve

Lateral cutaneous
nerve of calf

Superficial fibular nerve

Deep fibular nerve

Fibular Nerve

D. Tibialis anterior (L4, 5; deep fibular nerve)

E. Fibularis (peroneus) longus and brevis
    (L5, S1; superficial fibular nerve)

B. Extensor hallucis longus
    (L5, S1; deep fibular nerve)

C. Extensor digitorum longus
     (L5, S1; deep fibular nerve)

▲▲ figure a-4. Testing the fibular (peroneal) nerve. (a) Sensory distribution. The common fibular (peroneal) nerve 
has three main sensory branches. The lateral cutaneous nerve of the calf supplies the lateral surface of the calf,  
the superficial fibular (peroneal) nerve supplies the lateral surface of the lower leg and the dorsum of the foot, and 
the deep fibular (peroneal) nerve supplies a roughly triangular patch of skin on the dorsum of the foot between the 
first and second toes. (B) Extensor hallucis longus. The large toe is extended (dorsiflexed) against resistance.  
(C) Extensor digitorum longus. The second, third, fourth, and fifth toes are extended against resistance. (d) Tibialis 
anterior. The foot is dorsiflexed at the ankle against resistance. (E) Fibularis (peroneus) longus and brevis. The foot is 
everted (rotated laterally) at the ankle against resistance.
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▲▲ figure a-5. Testing the femoral nerve. (a) Sensory distribution. The femoral nerve has three main sensory 
branches. The anterior femoral cutaneous nerve supplies the anterior surface of the thigh, the medial femoral cuta-
neous nerve supplies the anteromedial surface of the thigh, and the saphenous nerve supplies the medial surface of 
the lower leg, ankle, and foot. (B) Quadriceps femoris. The leg is extended at the knee against resistance.

Quadriceps 
femoris
(L2, 3, 4)

B.

Sensory 
distribution
of the 
femoral nerve

A.

Medial femoral
cutaneous nerve 

Anterior femoral
cutaneous nerve

Saphenous nerve

Femoral Nerve
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▲▲ figure a-6. Sensory distribution of the lateral femo-
ral cutaneous nerve.

Lateral femoral
cutaneous nerve

▲▲ figure a-7. Sensory distribution of the obturator 
nerve.

Obturator
nerve
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Index
Note: Page numbers followed by f and t indicate figures and tables, respectively.

A
Abarognosis, 221, 278
Abducens nerve, 15, 51f, 85, 162, 165f, 175, 176f, 178, 180, 182f, 

186f, 221, 289t, 293t
assessment, 13–15, 14f
lesions, 163, 175f, 181, 181t, 182f
nucleus, 50, 51f, 77, 163–164, 165f, 176f, 179, 186f, 379, 379f
palsy, 59, 77, 86t, 141, 148, 164, 174, 175f, 178, 179, 378, 380

Abductor digiti minimi innervation, 228t
Abductor pollicis brevis innervation, 228t
Abetalipoproteinemia, 215, 215t, 283t, 296
Ablative surgery, for parkinsonism, 325
Abnormal consciousness. See Depressed consciousness
Acanthamoeba species, 96, 96t
Acanthocytosis, 296. See also Chorea-acanthocytosis
Acetaminophen, 90, 154t, 155, 158, 249, 306
Acetazolamide, 148, 212, 265, 268
Acetylcholinesterase inhibitors, for Alzheimer disease, 115, 115t
Acid-fast bacillus stain, 69t, 84, 84f, 86t
Acoustic nerve assessment, 16–17, 17f
Acoustic neuroma, 147t, 200–201, 200f, 213–214
Acquired hepatocerebral degeneration, 108t, 109t, 127, 128, 

195, 196, 316, 340
Acromegaly, 178, 269, 283t, 284, 285, 290, 297
Actinomyces israelii, 94t
Acute confusional state. See Confusional state
Acute disseminated encephalomyelitis, 98
Acute hemorrhagic leukoencephalitis, 98
Acyclovir, 89t, 90–91, 150, 237, 240, 256, 306
Addison disease, 75, 148t, 311t
Adductors innervation, 228t, 229t
Adie pupil, 14t, 170, 171t
Adson test, 251
Aging, neurologic changes in, 106f, 106t
Agitation, treatment of, 72
Agraphesthesia, 9, 108t, 221, 278, 388
AIDS. See also HIV infection

epidural abscess in, 237–239
myopathies in, 267–268, 267t
neuropathies in, 290–291, 291t
polyneuropathy in, 285
stroke and, 383
vacuolar myelopathy in, 215, 215t, 239

Akathisia, 316, 337, 338
Akinesia, 195, 315, 324, 325, 327, 329
Alcohol abuse, and neurological disorders, 3
Alcohol intoxication, and confusional state, 69
Alcohol vestibulopathy, 197t, 201
Alcohol withdrawal

confusional state and, 69–71, 71f
myoclonus and, 314t
seizures, 69, 71, 350

systemic disorders and, 346
tremor and, 310t

Alcoholic myopathies, 269
Alcoholism

blackouts and, 131
cerebellar degeneration in 206-207, 207f

dementia in, 127–128
Korsakoff syndrome and, 132
polyneuropathy in, 294–295

Alien-hand sign, 118, 374
Allesthesia, definition of, 9, 108t
Allodynia, 2, 152, 277, 302
Almotriptan, 154t
Alzheimer disease, 1, 2f, 25f, 25t, 40, 41, 106, 107, 108t, 109, 

109t, 110–115, 110f, 111t, 112t, 113f, 114f, 115t, 116, 
117, 118, 121, 124, 125, 313t, 314t, 326

Amantadine, 236, 322–323, 323t, 325, 338
Amaurosis fugax. See Transient monocular blindness
Amebic meningoencephalitis, primary, 95, 96t
Aminoglycoside antibiotics, 191, 201, 222t, 256, 257f, 260
Aminoglycoside toxicity, 221t
Aminoglycoside vestibulopathy, 197t, 201
Amitriptyline, 150, 157t, 158, 248, 287, 307, 327
Amnesia, 7, 8, 72, 104, 106, 192, 212, 400–401

acute, 130–132, 130f
in alcoholism, 131
anterograde, 130, 130f
bilateral posterior cerebral artery occlusion in, 131, 131f
brain tumor and, 132
carbon monoxide poisoning and, 130
chronic, 132–133
dissociative, 130, 131–132
hypoxia and, 130
ischemia and, 130
in Korsakoff syndrome, 132
in limbic encephalitis, 132–133
organic, 132
overview of, 131–132
postencephalitic, 132
posttraumatic, 130, 130f
psychogenic, 8, 130, 131–132
retrograde, 130, 130f
transient global, 131
in Wernicke encephalopathy, 131

Amnestic syndromes, 106, 129–133, 203
Amphetamines, 72, 102, 199t, 314, 338, 346t, 384–385, 396, 

399–400
Amphiphysin, 270
Amphotericin B, 92, 94t, 95, 181
Ampicillin, 81t, 84t
Amyloid, 40, 111t, 112, 113t, 114, 116, 119, 120, 125, 226, 364t, 

368t, 369t, 399
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Amyloidosis, 278, 283t, 294, 296
Amyotrophic lateral sclerosis, 25f, 25t, 33, 117, 241, 246f, 247, 

247t
Amyotrophy

diabetic, 285, 289, 289t, 290
neuralgic, 251

Analgesia, 71, 72, 277, 301
Anatomic diagnosis, of neurologic disease, 23–24, 24f
Andersen-Tawil syndrome, 268
Anemia, pernicious, 3, 78, 259, 270, 300, 301
Anesthesia, 32, 145, 238, 263, 272, 277, 306, 357t, 400
Aneurysm

fusiform, 140
mycotic, 140
ruptured, 143
saccular, 140
in subarachnoid hemorrhage, 140, 140f, 143t
surgery for, 143
unruptured, 143

Angiography
CT, 37, 42, 391
magnetic resonance, 42, 391
in subarachnoid hemorrhage, 142

Angiostrongylus cantonensis, 96t, 97t, 98
Angle-closure glaucoma, 10, 146, 156t, 168
Anhidrosis, 171
Anisocoria, 14, 50, 77, 169, 170
Ankle reflex, 106t, 187t, 203, 207, 224t, 251t, 284, 294,  

298, 303
Ankylosing spondylitis, 304
Anomic aphasia, 9, 9t, 377
Anosmia, 90, 321
Anosognosia, 10, 108t, 375
Antalgic gait, 22
Anterior cerebral artery, and stroke, 374, 375f
Anterior horn cell disorders, 17, 219, 221, 221t, 222, 226, 228, 

230t, 231, 245–249, 294
Anterograde amnesia, 130, 130f
Antibiotics

for acute disseminated encephalomyelitis, 237
ataxia-telangiectasia and, 212
for bacterial meningitis, 66t, 81t, 82, 83, 84t, 86t
for botulism, 260
for brain abscess, 57
for dental disease, 159
for diabetic ketoacidosis, 75
eosinophilia and, 97t
for epidural abscess, 238
in equilibrium disorders, 191
for hepatic encephalopathy, 79
immune reconstitution inflammatory syndrome and, 80
for infective endocarditis, 386
low back pain and, 304
motor disorders and, 222
in myasthenia gravis, 256, 257f
seizures and, 201
for septic thrombosis, 385
for sinusitis, 159
for stroke, 391
Sydenham chorea and, 330
for systemic disorders, 347
in toxic vestibulopathies, 201

Antibodies
in bacterial meningitis, 80
in chronic meningitis, 86t
in disseminated intravascular coagulation, 102–103
in equilibrium disorders, 195, 201
in fungal meningitis, 93
hypercoagulable states and, 387
in inflammatory myopathies, 266
in Lambert-Eaton syndrome, 257f, 259
in limbic encephalitis, 132–133
in multifocal motor neuropathy, 255
in multiple sclerosis, 233, 234, 235, 235t
in myasthenia gravis, 256, 257f, 258
in neuromyelitis optica, 237
in neuromyotonia, 272
in neurosyphilis, 126
in optic neuritis, 177
in paraneoplastic cerebellar degeneration, 208, 208t
in paraneoplastic necrotizing myelopathy, 244
in paraneoplastic syndromes, 293, 294
in parasitic infections, 95
in stiff-person syndrome, 270
in syphilitic meningitis, 85
in systemic lupus erythematosus, 101
in viral encephalitis, 88
in viral infection, 240, 249
in viral meningitis, 88
in vitamin B12 deficiency, 78

Anticholinergics
chorea and, 311t
in confusional state, 72
diffuse encephalopathy and, 54t
hyperthermia and, 346
for Meniere disease, 199t
meningitis and, 54t
for neuroleptic malignant syndrome, 338
for parkinsonism, 322, 323t
for progressive supranuclear palsy, 327
for vertigo, 199t

Anticholinesterase drugs
for botulism, 260
for frontotemporal dementia, 117
for Lambert-Eaton syndrome, 259
for Lewy body disease, 118
for myasthenia gravis, 257, 258
for myasthenic syndrome, 259
and seizures, 346t

Anticipation
in Huntington disease, 328
in spinocerebellar ataxias, 209

Anticoagulation
for atrial myxoma, 386
for basilar artery thrombosis, 58
and cerebellar hemorrhage, 205
and cerebral amyloid angiopathy, 399
and chronic subdural hematoma, 121
for dilated cardiomyopathy, 386
for embolic occlusion, 58
and epidural hemorrhage, 241
and hemorrhagic transformation, 399
for infective endocarditis, 386
and intracerebral hemorrhage, 399
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for marantic endocarditis, 386
for rheumatic mitral stenosis, 386
for stroke, 392, 393, 394

Anticonvulsants
for arteriovenous malformation, 399
and athetosis, 312t
and cerebellar ataxia, 202t
and cerebellar hemorrhage, 398
for cervical spondylosis, 243
for chronic subdural hematoma, 122
for cluster headache, 157
and confusional state, 72
drug interactions with, 358–359, 359t
in drug intoxication, 157
and dystonia, 312t
for eclampsia, 346
and epilepsy, 3
and folate deficiency, 359
for head trauma, 345
for hyperthermia, 347
for idiopathic brachial plexopathy, 251
for migraine, 155, 156t
and myoclonus, 314t, 401
for neuralgic amyotrophy, 251
and nonconvulsive status epilepticus, 104
for nonepileptic seizures, 347
and nystagmus, 15, 175, 176
and ocular motor disorders, 157
for parasitic infections, 98
for paroxysmal kinesigenic choreoathetosis, 334, 334t
for porphyria, 345
for postherpetic neuralgia, 150
in pregnancy, 3, 359–360
for propriospinal myoclonus, 314
for seizures, 31, 32, 350–353, 352f–353f, 354t–355t, 357, 357t, 

358t, 360, 399, 401
side effects of, 358, 358t
for stroke, 345
for subarachnoid hemorrhage, 143
for syncope, 343
for systemic lupus erythematosus, 101
teratogenesis and, 359
for thalamic pain, 302
and tremor, 310t, 311
for trigeminal autonomic cephalalgias, 157

Antidepressants
for Alzheimer disease, 115
for back pain, 305
for cervical disk protrusion, 306
for cervical spondylosis, 243
for coma, 47
and confusional state, 72
for depression, 321
for facial pain, 150
for frontotemporal dementia, 117
and HIV infection, 92
and hypotension, 364t
for idiopathic brachial plexopathy, 251
for lumbar osteoarthropathy, 304
for migraine, 155, 156t
and movement disorders, 338
for multiple sclerosis, 236

and myoclonus, 314t
for neuralgic amyotrophy, 251
for peripheral nerve pain, 302
for posterior fossa malformations, 214
for postherpetic neuralgia, 150
for postherpetic pain syndrome, 150
for pseudodementias, 129
and seizures, 60, 346, 346t
and syncope, 361t
for thalamic pain, 302
and tremor, 310, 310t, 315

Antiemetics, 155t
Antihistamines

and confusional state, 72
for Meniere disease, 199, 199t
and seizures, 346t
for sinusitis, 159
for vertigo, 199t

Antihypertensive agents
for atherosclerosis, 383
and confusional state, 72
for focal cerebral ischemia, 387, 391, 392
for hypertensive encephalopathy, 146
for hypertensive hemorrhage, 398
for nonarteritic anterior ischemic optic neuropathy, 177
and orthostatic hypotension, 364t
for stroke, 392

Antiparkinsonian treatment
and corticobasal degeneration, 118, 327
and Lewy body disease, 326
and normal-pressure hydrocephalus, 124
and parkinsonism, 318, 322f, 324, 325
and progressive supranuclear palsy, 327

Antiplatelet therapy
and cerebral amyloid angiopathy, 399
for cerebrovascular disease, 391t
and moyamoya, 384
and non-inflammatory cerebrocervical  

arteriopathies, 384
and polycythemia, 387
for stroke, 385, 386, 392, 393, 394
for subarachnoid hemorrhage, 143
for vascular dementia, 122

Antipsychotics
and akathisia, 337
and Alzheimer disease, 115
and athetosis, 312t
and chorea, 311t
and confusional state, 72
and dystonia, 312t
for Gilles de la Tourette syndrome, 340
for Huntington disease, 330
and hyperthermia, 62
for Lewy body disease, 326
and neuroleptic malignant syndrome, 338
for parkinsonism, 325, 336, 337f
and seizures, 346, 346t
side effects of, 336t
and tardive dyskinesia, 337–338

Anton syndrome, 179
Aortic aneurysm, 7, 241, 305, 361, 361t, 363
Aortic stenosis, 343, 361t, 362

Aminoff_Index_p411-442.indd   413 09/03/15   6:04 pm



INDEX414

Aphasia, 8, 9, 9f, 9t, 23, 47, 52, 53, 54, 67, 85, 90, 92, 97, 104, 
106, 108t, 114, 116, 220, 227, 370, 371t, 376, 376f, 397. 
See also individual causes and disorders

APOE gene, 112, 112t, 114, 399
Apolipoprotein E, 112, 112t
Apomorphine, 323t, 324
Apoptosis, 373
APP gene, 112, 112t, 113f
Apraxia

in Alzheimer disease, 114
constructional, 10, 375, 388
contralateral neglect, 388
in corticobasal degeneration, 118
definition of, 10
in dementia, 106
dressing, 375
gait, 10, 108t, 121, 122, 123, 225
limb, 22, 108t, 118, 327
in normal-pressure hydrocephalus, 122

Apraxic gait, 10, 22, 108t, 121, 122, 123, 225
Arachnoiditis, 43, 240–241, 300, 305
Arbovirus, in viral encephalitis, 89t
Arcuate fasciculus, 9f
Areflexia, 23, 24, 126, 206, 212, 215, 216, 224, 288t, 289t, 291, 

295, 296, 401
Argyll Robertson pupils, 14t, 50, 61, 108t, 126, 170, 171t, 299
Arnold-Chiari malformation, 25t, 192, 214, 235, 243, 300
Arrhythmias, stroke and, 5, 72, 385
Arsenic poisoning, 221t, 254–255
Arteriography, 41–42, 142, 149, 181, 363
Arteriovenous fistula, 242, 290, 304
Arteriovenous malformation, 6, 36, 42, 138, 179, 181t, 205, 242, 

242f, 368t, 389, 399
hemorrhage and, 399
imaging of, 141–142
subarachnoid hemorrhage and, 140

Arteritis, giant cell, 45, 135t, 136, 137, 138, 146–147, 177, 178, 
181, 183t, 268, 283t, 292, 293t, 381t, 383, 388, 389

Artery biopsy, 45, 178, 383
α-secretase, 111t, 112, 113f
Aspergillus species

in brain abscesses, 80
in fungal endocarditis, 386
in fungal meningitis, 93, 94t

Aspirin, 29, 85, 154t, 157t, 158, 177, 241, 249, 304, 385, 386, 
387, 391, 392, 393, 394

Astasia-abasia, 227
Astereognosis, 9, 108t, 221, 278, 388
Asterixis

acquired hepatocerebral degeneration and, 128
confusional state and, 67, 67t
with dementia, 108t
in diffuse encephalopathies, 53
in equilibrium disorders, 196
in hepatic encephalopathy, 61, 79, 79f
hyponatremia and, 75
myoclonus and, 313
postural tremor and, 310–311
pulmonary encephalopathy and, 80
sepsis-associated encephalopathy and, 100
uremia and, 80

Astrocytomas, cerebellar, 213, 213t

Asymmetric pupils, 50
Asymmetry, reflex, 68, 225
Asynergia, 187, 228
α-synuclein, 111t, 118, 318, 319t, 326
Ataxia

in acquired hepatocerebral degeneration, 128
AIDS and, 239
alcohol intoxication and, 68
autosomal dominant spinocerebellar, 190t, 196, 202, 209, 

210t, 211f
in brainstem lesions, 180
cerebellar, 21, 97, 119t, 125, 183, 186–188, 190t, 191, 192, 

202t, 205, 206, 209, 214, 224, 237, 296, 300, 329, 378
cerebellar degeneration and, 206, 207, 208
cerebellar hemorrhage and, 205, 398
cerebellar lesions and, 228
chronic meningitis and, 86t
coma and, 60
confusional state and, 66t, 67t, 88, 92, 192
in Creutzfeldt-Jakob disease, 322
definition of, 20
dementia and, 121, 123
in dentatorubral pallidoluysian atrophy, 209
diabetes and, 4
drug induced, 358t
drug intoxication and, 71, 202
dystonia and, 332
episodic, 209–212
in equilibrium disorders, 185–189, 187t, 190–191,  

195, 202t
in essential tremor, 317 
Friedreich, 196, 215–216, 215f, 215t, 283t, 296
gait and, 192
Gerstmann-Straussler syndrome and, 119
headche and, 139
hypertensive intracerebral hemorrhage and, 397t
hypothyroidism and, 72, 128, 207
with intention tremor, 21
ipsilateral, 380
Korsakoff amnestic syndrome and, 132
limb, 20–21, 24, 128, 185, 187t, 190t, 203, 204, 205, 206, 207, 

208, 209, 213, 215, 311, 398
migraine and, 151, 153
in multiple sclerosis, 206, 233t
muscle tone and, 195
posterior fossa subdural lesion and, 59
progressive multifocal leukoencephalopathy and, 127
sensory, 21, 126, 188–189, 192, 196, 214–216, 215f, 215t, 294, 

295
stroke and, 371, 380, 398, 401
truncal, 21, 228
vertebrobasilar infarction and, 203
vertebrobasilar ischemia and, 203
vertigo and, 190
vestibular, 185–186, 192
in vitamin B12 deficiency, 78
in Wernicke encephalopathy, 77, 131, 202, 203

Ataxia-telangiectasia, 192, 196, 202t, 211f, 212
Ataxic hemiparesis, 196, 380
Ataxic quadriparesis, 196
Ataxin proteins, 210t
Atenolol, 71, 156t, 317
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Atherosclerosis
focal cerebral ischemia and, 381t
fusiform aneurysms and, 140
moyamoya and, 384
with small artery occlusion, 374
stroke and, 381–383, 382f
vascular disorders of brain and, 166
vascular disorders of cranial nerves and, 166
vascular disorders of eye and, 166

Athetosis, 2, 119, 128, 195t, 309, 312–313, 312t, 333, 340
Atrial fibrillation, 5, 361, 361t, 367, 367t, 381t, 385, 386, 389, 

392, 393, 394
Attention

acquired hepatocerebral degeneration and, 128
confusional states and, 67
head trauma and, 125
in mental status examination, 8, 108t, 109t

Attention deficit disorder, 316, 339, 340
Audiometry, in equilibrium disorders, 197, 199,  

200, 201
Auditory artery occlusion, 203, 203f
Auditory evoked response, 32, 196, 201, 206, 234
Auditory meatus, external, pain in, 137, 149, 365
Augmentation, definition of, 340
Aura, migraine with, 150, 151, 151t, 152–153, 152f,  

153f, 385
Automatism, 104, 348, 349
Autonomic function testing, 36
Autonomic neuropathy, 36, 59, 171t, 285, 291, 291t, 294, 295, 

297, 363, 364
Autosomal dominant spinocerebellar ataxias, 190t, 196, 202, 

209, 210t, 211f
AVM. See Arteriovenous malformation
Axial dystonia in extension, 327
Axillary nerve, 228t, 251, 252f, 279f, 280f
Azathioprine, 102, 236, 258, 259, 266, 288

B
Babinski sign, 21, 22f, 225, 347
Back pain, 7, 25f, 44, 99t, 236, 239, 242, 261t, 262, 286, 291, 

303–305
Back trauma, 303
Baclofen, 232
Bacterial meningitis, 6, 25t, 59t, 66, 66t, 68, 69t, 70t, 81–83, 

81t–84t, 84, 86t, 88, 89, 142, 144, 238
β-amyloid protein, in Alzheimer disease, 111t, 112, 113f
Bandlike pain, in headache, 137
Bannwarth syndrome, 87
Barbiturates, 60
Barognosis, 278
Basal ganglia, in parkinsonism, 223, 318, 320f
Basilar artery

aneurysm, 140f
insufficiency, 363
occlusion, 204–205
in stroke, 377f, 378, 379f
thrombosis, 58

Basilar invagination, 243
Basilar meningitis, 197t, 202
Basilar skull fracture, signs of, 48
Battle sign, 5, 6f, 48, 67t
Baylisascaris procyonis, 97t

β-blockers, 222t
disease, 264
Becker dystrophy, 260, 261t
Behavior, in mental status examination, 8
Behavioral variant frontotemporal dementia, 116
Behçet syndrome, 86t
Bell palsy, 256
Benedikt syndrome, 205
Benign essential tremor, 310, 317, 321
Benign febrile convulsions of childhood,  

344t, 345
Benign hereditary chorea, 311t, 329
Benign monoclonal gammopathy, 294
Benign positional vertigo, 191, 193, 197–198, 197t,  

198f, 200
“Bent spine syndrome,”, 262
Benzodiazepines, 60, 199t
Biceps innervation, 228t
Biceps reflex, 19f, 224t
Bickerstaff brainstem encephalitis, 98
Bifrontal function assessment, 8
Bilateral posterior cerebral artery occlusion, 131, 131f
Bilateral sensory discrimination, 278
Binocular disorders, 175, 178–179
Binswanger disease, 120
Biopsies, 44–45. See also specific organ biopsy
Bitemporal hemianopia, 13f, 178
Blackouts, alcoholic, 131
Blastomyces dermatitidis, 94t
Blepharoclonus, 321
Blepharospasm, 319t, 321, 331, 332, 336, 338
Blind spot, 11, 12, 13f, 153f, 161f, 166, 168, 169, 177
Blood pressure

in coma, 48
in headache, 138
in neurological examination, 4–5
in subarachnoid hemorrhage, 140

Blood tests. See also specific disorders.
for dementia, 109t
for equilibrium disorders, 196
for movement disorders, 316
for stroke, 389

B-mode ultrasonography, 44
Bobble-head syndrome, 339
Bone marrow transplantation, 80
Border zone, in cerebral ischemia, 372, 401
Borrelia burgdorferi, 85, 87, 88f, 311t
Botulinum toxin, 332, 340
Botulism, 3, 36, 221t, 229, 257f, 259–260
Bovine spongiform encephalopathy, 119, 119t
Brachial plexopathy, idiopathic, 251, 252f, 253, 284, 299
Brachioradialis innervation, 228t
Brachioradialis reflex, 21, 22f, 224t, 243, 250, 284
Bradyarrhythmias, syncope from, 362
Bradycardia, 61, 67t, 72, 74, 108t, 157t, 236, 360, 361, 361t, 362, 

363, 365, 385
Bradykinesia, 114, 118, 119, 315, 320, 325, 326, 327, 331
Brain abscess, 25t, 40, 44, 56–57, 57t, 90, 93, 137, 138, 139, 145, 

147, 391
Brain biopsy, 44, 92, 102, 127
Brain death, 33, 64, 401
Brain edema, stroke and, 372
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Brainstem
auditory evoked potentials, 234
gaze centers, 164
lesions, 24, 24f, 180, 282
reticular activating system, 46, 47f

Brain tumor, 57-58
and amnesia, 132
and dementia, 124–125
and headache, 147
symptoms of, 148t

Breast cancer, 99f, 208, 213, 299
β-receptor antagonists, 157t
Broca aphasia, 9, 9t
Broca area, 9f, 375, 376f
Bromocriptine, 322f. 323t, 324
Brown-Séquard syndrome, 227, 281–282, 282f
Brudzinski sign, 6, 6f, 48, 82, 139
Brugada syndrome, 362
β-secretase, 112
β-site APP cleaving enzyme, 112
Bulbar palsy, 246, 247
Bulbospinal neuronopathy, 248
Busulfan, 80
Butorphanol, 154t
Butterbur, 156t

C
Calcarine cortex, 161
Calcium channel antagonists, for migraine, 156t
California virus, in viral encephalitis, 89t
Caloric stimulation, 23, 50, 173, 174, 175, 179, 183, 193, 197, 

205
Caloric testing, in equilibrium disorders, 193, 199, 201, 203
Canalolithiasis, 197, 198f
Candida species

in brain abscesses, 57
in fungal meningitis, 94t

Capsaicin, 287
Carbamazepine, 270t, 287, 311t, 334t, 338, 353f, 354t, 358t, 359t

for seizures, 351, 354t, 358t–359t
for trigeminal neuralgia, 149

Carbidopa, 322f, 323, 323t
Carbon monoxide poisoning

amnesia and, 130
in parkinsonism, 318

Cardiac arrest, syncope from, 361, 361t
Cardiac inflow obstruction, syncope from, 361t, 362
Cardiac outflow obstruction, syncope from, 361t, 362
Cardiodysrhythmic periodic paralysis, 268
Cardiomyopathy, 215–216

hypertrophic, 343, 361t, 362–363
Cardiovascular syncope, 360–363, 361t
Carotid artery

aneurysm, 140f
dissection, cerebral vascular, 384
internal, in stroke, 377

Carotid bruits, 139, 388
Carotid endarterectomy, 42, 44, 144, 392, 393, 394
Carotid sinus syncope, 360t, 363–364
Carotid stenosis, 367t, 388, 389, 392, 393
Carpal tunnel syndrome, 3, 207, 222, 276, 285, 290, 296, 297, 

298

Carpopedal spasm, 76, 77f, 207, 222, 270t, 272, 276, 285, 290, 
296, 297, 298

Catechol-O-methyltransferase (COMT), 324
Cauda equina syndrome, 304
Causalgia, 302
Cavernous sinus lesions, 180
Cefotaxime, 81t, 84t

in brain abscess treatment, 57
in lyme disease treatment, 88

Ceftazidime, 81t, 84t
Ceftriaxone, 81t, 84t, 88

in brain abscess treatment, 57
in lyme disease treatment, 88
in tuberculous meningitis treatment, 85

Cellular therapies, for parkinsonism, 325
Central nervous system 

disorders, 270–271
parasitic infections of, 96t
vs. peripheral nervous system, 23 

Central pontine myelinolysis, 63, 76
Central scotoma, 12, 13f, 167, 177
Central vertigo, 185, 187t
Central visual pathways, 137, 161, 162f
Cerebellar artery, 203, 203f, 204, 204f, 370f, 377f, 378,  

379f, 380, 382f
Cerebellar astrocytomas, 213
Cerebellar ataxia, 20, 20f, 21, 97, 119t, 125, 128, 151t, 183, 

186–188, 187t, 190t, 191, 192, 195, 202, 202t, 205, 209, 
212, 214, 224, 237, 290, 296, 300, 329, 378

of childhood, 206
Cerebellar ataxic gait, 21
Cerebellar decompression, 398
Cerebellar disorders, 18, 188, 195, 196, 202–214, 226, 310, 310t

acute, 202–206
acute disseminated encephalomyelitis and, 206
alcoholic, 206–207, 207f
ataxia-telangiectasia and, 212
auditory artery occlusion and, 203, 203f
from bacterial infection, 206
chronic, 206–214
Creutzfeldt-Jakob disease and, 212–213
drug intoxication and, 202
Friedreich ataxia and, 215–216
gait in, 226
Guillain-Barré syndrome, Fisher variant, 206
hypothyroidism and, 207
inflammatory, 205–206
medullary infarction and, 203, 204f
multiple sclerosis and, 206
myelopathy, 214
paramedian, 205f
paraneoplastic, 208–209, 208t
sensory neuropathy, 214
toxin-induced, 207
tumors and, 213–214
vertebrobasilar ischemia and infarction as, 203–205
from viral infection, 205
Wernicke encephalopathy and, 202–203
Wilson disease and, 212

Cerebellar divisions, 189f
Cerebellar functional organization, 190f
Cerebellar hemorrhage, 52, 58–59, 191, 196, 205, 398, 398f
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Cerebellar infarction, 58–59, 196, 203–205, 204, 204f, 393, 398
Cerebellar lesions, 188, 193, 196, 224, 228–229
Cerebellar peduncles, 186, 188f, 204, 378
Cerebellopontine angle tumor, 149, 194, 197t, 200–201, 200f
Cerebral amyloid angiopathy, 112, 120, 399
Cerebral angiography, in subarachnoid hemorrhage, 142
Cerebral artery

aneurysm, 140f
anterior, in stroke, 374, 375f–376f
middle, in stroke, 374–377, 375f–376f
occlusion, amnesia and, 131, 131f
posterior, in stroke, 375f–377f, 377–378

Cerebral autoregulation, 395, 395f
Cerebral autosomal dominant arteriopathy with subcortical 

infarcts and leukoencephalopathy (CADASIL), 121, 151, 
151t, 368t, 369t

Cerebral circulation, 199, 370–371, 370f, 371t, 372, 373, 381, 
388, 401

Cerebral contusion, 54, 55
Cerebral edema, 56, 56t
Cerebral infarction, 55, 57, 67t, 69t, 81, 83, 88, 93, 144, 243, 371, 

392, 399
Cerebral ischemia, 39, 40, 58, 144, 146, 360, 373, 374, 383, 392
Cerebral toxoplasmosis, 92, 95, 97f
Cerebrospinal fluid

in acute disseminated encephalomyelitis, 237
in bacterial meningitis, 81t, 82
in cerebellar hemorrhage, 205
in cerebellopontine angle tumor, 201
in confusional state, 70t
in Creutzfeldt-Jakob disease, 119
in cysticercosis, 97
in dementia, 109t
eosinophilia, 97t
in equilibrium disorders, 196
in fungal meningitis, 93, 94t
in Guillain-Barré syndrome, 287
in herpes simplex encephalitis, 90
in HIV-1 meningitis, 91
in leptomeningeal metastases, 99t
in limbic encephalitis, 133
in Lyme disease, 87
in multiple sclerosis, 206, 234
in neurosyphilis, 126–127
in normal-pressure hydrocephalus, 122–123, 123f
in poliomyelitis, 249
in postinfectious encephalitis, 98
in primary amebic meningoencephalitis, 95
in progressive multifocal leukoencephalopathy, 127
in spinal tumors, 244
in subarachnoid hemorrhage, 142
in syphilitic meningitis, 85
in systemic lupus erythematosus, 101
in toxoplasmosis, 95
in tuberculous meningitis, 84–85
in viral meningitis/encephalitis, 88–89

Cerebrovascular syncope, 363–364
Ceruloplasmin, 109t, 196, 301, 316, 322, 329, 334, 335,  

336, 339
Cervical disk prolapse, 249, 250f
Cervical disk protrusion, 306
Cervical nerve, 135, 136f, 332

Cervical rib syndrome, 251, 298
Cervical spine disease, headache and, 135t, 159
Cervical spondylosis, 43, 242–243, 247, 249, 298, 306, 378
Charcot-Marie-Tooth hereditary neuropathies, 215,  

284, 295
Chest x-ray, in equilibrium disorders, 196, 213
Cheyne-Stokes breathing, 5
Chiasmal lesions, 178
Chloroquine, 222t, 269, 286t
Chlorpromazine, 155t, 254, 336t
Cholesteatomas, 200
Cholinergic replacement therapy, 115
Chorea, 2, 76, 108t, 118, 119, 128, 195t, 196, 209, 226, 309, 

311–312, 311t, 312t, 315, 316, 328, 329, 332, 333, 335, 
338, 340

Chorea gravidarum, 311t, 330
Chorea-acanthocytosis, 312t, 329, 333
Choreic gait, 22
Choreoathetosis, 212, 311t.  See also Athetosis;  

Chorea.
Chronic simple tics, 314
Chvostek sign, 76, 270t, 272
Cinchonism, 202
Circumduction, in gait, 21, 226
Cisplatin, 202
Cisternography, normal-pressure hydrocephalus, 124
Clasp-knife phenomenon, 223, 320
Click-murmur syndrome, 362
Clinically isolated syndrome (CIS), 235
Clofibrate, 222t, 269
Clonazepam

for autonomic disturbances, 287
in Gilles de la Tourette syndrome treatment, 340
in myoclonus treatment, 401
in paroxysmal nonkinesigenic dyskinesia treatment, 333
in propriospinal myoclonus treatment, 314
in REM sleep behavior disorder treatment, 325
in seizures treatment, 351
in startle syndromes treatment, 270t, 271, 334t, 351, 354t, 

358t, 359t
in tardive dyskinesia treatment, 338

Clonidine, 340
Clonus, 224t, 225
Clopidogrel, 394

for cardiac disorders, 386
Clumsy hand syndrome, 380
Cluster headache, 135t, 136, 137, 137f, 139, 146, 157–158, 157f, 

158, 171t
Coagulation, disseminated intravascular, 100t, 102, 271
Coagulopathies, 387, 399
Cocaine, 72, 346, 346t, 384, 385, 396, 399–400
Coccidioides immitis, 94t, 97t
Cochlin gene, 198
Codeine, 71, 154t, 249
Coenzyme Q, 156t
Cognitive disorders. See Confusional state; Dementia
Cognitive function assessment, 7, 8–10
Cogwheel rigidity, 223, 320
Coitus, headache and, 135t, 146
Cold-water caloric testing, 50, 58, 60, 64
Colistin, 222t
Collagen vascular disease, neuropathy in, 292–293, 293t
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Coma
basilar artery thrombosis and, 58
blood pressure in, 48
brain abscess and, 56–57, 57t
vs. brain death, 64
causes of, 54–62
cerebellar hemorrhage and, 58–59
cerebellar infarction and, 58–59
cerebral contusion and, 55
definition of, 46, 401
diagnostic approach to, 46–54
differential diagnosis, 62–64
diffuse encephalopathies and, 59–62
drug intoxication and, 60–61
embolic occlusion and, 58
emergency management in, 47, 48t
encephalitis and, 59
epidural hematoma and, 55, 55f, 59
eye movements in, 50, 51f
Glasgow Scale for, 52, 52t
history in, 47
intracerebral hemorrhage and, 55–56
vs. locked-in syndrome, 63
metabolic, 48t
motor response to pain in, 23, 50–51
neurologic examination in, 22–23, 49–52
pathophysiologic assessment of, 52–54, 54t
vs. persistent vegetative state, 63
physical examination in, 48–49
pontine hemorrhage and, 58
prolonged postictal state and, 62
vs. psychogenic unresponsiveness, 62–63
pupils in, 23, 49–50, 49f
seizures and, 62
stroke and, 57
subdural hematoma and, 54, 54t, 55f, 59
tumors and, 57–58
ventilatory patterns in, 53f

Communicating artery, aneurysm, 139,  
140f

Communicating hydrocephalus, 37, 93, 122
Complete heart block, syncope from, 362
Complex regional pain syndrome, 302
Compressive lesions, 180, 239, 278, 289–299
Computed tomography, 36–37, 37f, 43

of alcoholic cerebellar degeneration, 207, 207f
angiography, 37, 42, 391
of cerebellar infarction, 204
of cerebral artery occlusion, 131
in dementia, 37
description of, 36
in equilibrium disorders, 196
indications for, 36–37
in motor disorders, 230
in movement disorders, 316
of myasthenia gravis, 258
in normal aging, 107f
of normal-pressure hydrocephalus, 124f
single-photon emission, 41
in spinocerebellar ataxias, 209, 212f
in stroke, 36, 389, 390f
of subarachnoid hemorrhage, 37, 141–142, 141f

of subdural hematoma, 122, 122f
in trauma, 37
in tumor, 36

COMT inhibitors, 323t, 324
Concussion, 66, 103
Conduction aphasia, 9, 9f, 9t
Cones, 161
Confabulation, 129, 132, 133, 401
Confrontation technique, 12, 12f, 166–168, 168f
Confusional state

alcohol intoxication and, 69
alcohol withdrawal and, 69–71, 71f
bacterial meningitis and, 66, 66t, 68, 69t, 70t, 81–83
causes of, 66t, 68–104
cerebrospinal fluid profiles in, 70t
vs. dementia, 107t
diagnostic approach to, 66–68
diffuse cerebral disorders and, 67
disseminated intravascular coagulation and, 102
drugs and, 68–72
electrolyte disorders and, 75–77
endocrine disorder and, 72–75
focal cerebral disorders and, 67
fungal meningitis and, 93–95, 94t
head trauma and, 103
hepatic encephalopathy and, 79–80
herpes simplex virus encephalitis and, 90–91
HIV infection and, 91–93
hyperadrenalism and, 75
hypercalcemia and, 76
hyperglycemia and, 74–75
hyperthyroidism and, 72–73, 73f
hypoadrenalism and, 75
hypocalcemia and, 76–77
hypoglycemia and, 73–74
hyponatremia and, 75–76, 76f
hypothyroidism and, 72, 73f
inhalants and, 72
intracranial hemorrhage and, 103
laboratory investigation in, 68t–69t
leptomeningeal metastases and, 99–100
Lyme disease and, 85–88
neurologic examination in, 66–68, 67t
in nondominant hemispheric infarction, 101
nutritional disorders and, 77–79
opiates and, 71–72
organ system failure and, 79–81
organ transplantation and, 80–81
parasitic infections and, 95–98, 96t
physical examination in, 66, 67t
postinfectious encephalitis and, 98
psychiatric disorders and, 104
pulmonary encephalopathy and, 80
sarcoidosis and, 98–99
sedative intoxication in, 71
sedative withdrawal in, 71
seizures and, 104
sepsis-associated encephalopathy and, 100
sympathomimetics and, 72
symptoms of, 1–2, 66-67
syphilitic meningitis and, 85
systemic lupus erythematosus and, 101
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thrombotic thrombocytopenic purpura and, 102–103
in tuberculous meningitis, 83–85
uremia and, 80
vascular causes of, 100t
vascular disorders in, 100–103
vasculitis and, 101–102
vertebrobasilar ischemia and, 101
viral meningitis and, 88–90
vitamin B12 deficiency and, 78–79
Wernicke encephalopathy and, 77, 202

Congenital myopathies, 261t, 262–263
Congenital spinal anomalies, 243
Congruous homonymous hemianopia, 179
Connective tissue disorders, 285
Consciousness

altered, 32. See also Coma, Confusional state, and individual 
disorders.

episodic loss of, 343–344
level of, 7
loss of, and headache, 137

Constrictive pericarditis, 361t, 362
Constructional apraxia, 10, 375, 388
Content of thought, in mental status examination, 8, 108t
Conversion disorder, 62, 192, 282, 333, 347, 365
Coordination, in motor deficits, 224
Copper deficiency, 301
Coprolalia, 339
Coproporphyria, 254
Corneal reflex, 16, 139, 193, 201, 205
Cortical blindness, 101, 130, 151t, 162, 179, 377, 378, 401
Corticobasal degeneration, 108t, 109, 111t, 118, 321, 327–328
Corticospinal lesions, gait and, 225–226
Corticospinal tract, 3, 17, 18, 19, 21, 23, 78, 176, 215, 215f, 219, 

220f, 223, 225, 241f, 281, 281f, 282f, 380
Corticosteroids, 80

for idiopathic intracranial hypertension, 148
as impairing neuromuscular transmission, 222t
for multiple sclerosis, 235t, 236
for myasthenia gravis, 258
for spinal cord trauma, 232
for systemic lupus erythematosus, 101
for tuberculous meningitis, 85

Cough syncope, 364–365
Coxsackievirus, as cause of weakness, 221t
Cramps, 75, 115t, 247, 248, 255, 264, 270, 271, 290
Cranial fossae, 136f
Cranial imaging, 36–42
Cranial nerve examination, in headache, 139
Cranial nerve nuclei, 163–164, 219, 378, 380
Cranial nerves, 7, 10, 23, 67t, 83, 85, 108t, 147, 161, 162–163, 

166, 182f, 192–194, 201, 202, 221, 227, 237, 245, 246, 
292, 300, 380

Cranial nerves assessment, 10–17
Cranial vault, pain-sensitive structures in, 135, 136f
Cremasteric reflex, 225
Creutzfeldt-Jakob disease, 32, 44, 108t, 109t, 111t, 115,  

118–121, 119t, 120f, 190t, 192, 195, 196, 202t, 212–213, 
314t, 322

Critical illness myopathy, 269
Cryptococcus meningitis, 69t, 80, 91, 92, 93, 95f, 345, 383. See 

also Fungal meningitis
Cryptococcus neoformans, 92, 94t

Cryptogenic seizures, 344t, 345
Culmen, 189f
Cushing syndrome, 75, 75f, 178, 258
Cyanocobalamin, 78
Cyclosporine, 80, 288, 346t
Cysticercosis, 86t, 96t, 97–98, 344t, 345
Cytomegalovirus encephalitis, 90, 92
Cytomegalovirus myelopathy, 240

D
Dantrolene, 232
Dapsone, 222t, 286t, 292
Decerebrate response to pain, 51
Declarative memory, 129
Declive, 189f
Decorticate response to pain, 51
Decremental response, in myasthenia gravis, 258
Deep brain stimulation, 316, 324, 325, 330, 331, 338, 340, 356
Deep pressure sensation, 278
Dejerine-Roussy syndrome, 282, 302. See also Thalamic pain
Dejerine-Sottas disease, 215, 295
Delirium tremens, in alcohol withdrawal, 71, 71f
Deltoid innervation, 228t
Dementia

vs. acute confusional state, 107t
in alcoholism, 127–128
in Alzheimer disease, 110–115, 112t, 113f
behavioral variant frontotemporal, 116
blood tests for, 109t
brain tumor and, 124–125
cerebrospinal fluid tests for, 109t
in chronic subdural hematoma, 122
common causes of, 109, 110f
in corticobasal degeneration, 118
in Creutzfeldt-Jakob disease, 118–121, 119t, 120f
CT scan in, 37
definition of, 105
depression and, 129, 129t
diagnostic approach in, 106–109
dialysis, 128
differential diagnosis of, 108t, 109–110
frontotemporal, 116–118, 117f
history in, 106–107
HIV-associated, 108t, 125–126, 126f
in Huntington disease, 108t, 118
in hypothyroidism, 128
from infections, 125–127
laboratory studies in, 108, 109t
with Lewy bodies, 118
in meningeal neoplasia, 125
mental status examination in, 107, 108t–109t
in metabolic disorders, 127–128
MRI in, 39
neurodegenerative proteinopathies in, 110–121, 111f, 111t
neurologic examination in, 108, 108t
in neurosyphilis, 126–127
in non-Wilsonian hepatocerebral degeneration,  

128–129
in normal-pressure hydrocephalus, 122–124
Parkinson disease with, 118
physical examination in, 107, 108t
in progressive multifocal leukoencephalopathy, 127, 127f
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Dementia (Cont.):
in progressive supranuclear palsy, 118, 326
pseudodementias, 110, 129, 129t
reversible causes of, 109
semantic, 116
synucleinopathies and, 118
in systemic disorders, 125–129
trauma and, 125
vascular, 120, 121f
in vitamin B12 deficiency, 128
in Wilson disease, 129

Dementia pugilistica, 125, 318
Demyelinating myelopathies, 232–237
Dental disease, headache and, 159
Dentatorubral pallidoluysian atrophy, 209, 211f, 312t, 329, 330
Depressed consciousness, 7. See also Coma, Confusional state
Depression, 110, 114, 125, 128, 151, 152, 255, 333

dementia and, 129, 129t
neuronal, 61
vs. parkinsonism, 321
respiratory, 53, 60, 71, 74, 357t

Dermatomyositis, 265–266, 265t
Desipramine, 150, 157t, 340
Dexamethasone, 56t, 75, 83, 96t, 200, 235t, 248
Dextrose, 47, 48t, 60, 66t, 74, 77, 95, 254, 256, 356t, 357t
Diabetes, 4, 74t, 114, 166, 183t, 202, 216, 266, 278, 283t, 302, 

367t, 391
acoustic neuropathy and, 197t
polyneuropathy in, 289–290, 289t

Diabetic amyotrophy, 285, 289, 289t, 290
Diabetic ketoacidosis, 48t, 68t, 74, 74t, 75, 389
Diabetic ophthalmoplegias, 181
Diagnostic approach

to coma, 46–54
to confusional states, 66–68
dementia and, 106–109
to equilibrium disorders, 185–197
to facial pain, 135–139
to headache, 135–139
to motor disorders, 219–231
to neuro-ophthalmic disorders, 161–176
to seizures and syncope, 343–344
to somatic sensation disorders, 275–283
to stroke, 367–372

Dialysis dementia, 128
Dialysis disequilibrium syndrome, 80
Diazepam, 69, 71, 104, 128, 199t, 208t, 231, 303, 314,  

331, 357t
for benign febrile convulsions, 345
for cramps, 271
for painful spasms, 232, 249, 270t
for status epilepticus, 357t
for tetanus, 240, 270t

Diffuse Lewy body disease, 321, 325–326
Diffusion tensor magnetic resonance imaging, 40, 235
Diffusion weighted magnetic resonance imaging, 39, 40, 120f, 

389, 392
Digital subtraction angiography, 391
Dihydroergotamine, 154t, 155, 157, 158, 287
Dilated cardiomyopathy, 386
Dimenhydrinate, 72, 199t
Dimethyl fumarate, 236

Diphtheria, 215t, 221t, 253–254, 283t, 284, 292
Diplopia, 2, 14–15, 84, 101, 147, 162, 174, 175, 181, 190, 209, 

221, 233t, 256, 257t, 259, 276, 358t, 363, 371t, 378
Disseminated intravascular coagulation, confusional state and, 

100t, 102
Dissociated sensory loss, 284
Dissociative amnesia, 130, 131–132
Distal axonopathies, 284
Distal myopathy, 261t, 262
Distal neuropathic weakness, 19, 195
Dix-Hallpike maneuver, 17, 193, 197
Dizziness, 2 

vs. vertigo, 185
Doll’s head maneuver, 50, 173, 179
Donepezil, for Alzheimer disease, 115, 115t
Dopamine agonists, 323, 323t, 324, 338, 340
Dopa-responsive dystonia, 312t, 331
Doppler ultrasonography, in stroke, 44, 389, 392
Down syndrome, Alzheimer disease and, 112, 112t
Doxycycline, 85, 96t
Dronedarone, 385
Drug intoxication

cerebellar disorders and, 202
sedative, 60, 61, 64, 67t, 71, 180, 190t, 192

Drug overdose, 60, 61
seizures and, 346, 346t

Drug withdrawal, 67t, 71, 121, 314t, 344t
seizures and, 346

Drug-induced movement disorders, 336–338, 336t, 337f
Drug-induced myopathies, 269
Drug-induced neuropathies, 284, 294–295
Drug-induced parkinsonism, 318, 336, 337f
Duchenne dystrophy, 260, 261t
Duloxetine, 287
Duplex instruments, for ultrasonography, 44
Dysarthria, 9, 16, 17, 57t, 60, 68, 71, 72, 76, 77, 121, 126, 127, 

128, 153, 185, 186, 187, 187t, 188, 189, 190t, 199, 202, 
203, 204, 206, 207, 208, 209, 212, 213, 215, 229, 233t, 
247, 257t, 276, 289t, 371t, 380

Dysautonomic symptoms, 287, 321
Dysdiadochokinesia, 228
Dysesthesia, 276, 286, 292, 296, 299, 306
Dyskinesia, 323, 324, 332, 336. See also individual causes and 

disorders
Dysmetria, 187, 193, 228
Dyspnea, 236, 286, 362, 363

headache and, 137
Dyssynergia, 228
Dystonia, 226, 312–313, 312t, 321, 336. See also individual 

causes and disorders
Dystonia-parkinsonism, 312t, 332
Dystrophic gait, 22
Dystrophin, 260

E
Ears, physical examination of, 6
Eastern equine virus, in viral encephalitis, 89t, 90
Echo virus, in viral meningitis, 89t
Echocardiography

for cardiac lesions, 391
in equilibrium disorders, 196
for hypertrophic cardiomyopathy, 363
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for mitral valve prolapse, 362
for rheumatic mitral stenosis, 386
to stroke, 391
for transient ischemic attack, 392

Echolalia, 339
Echopraxia, 339
Eclampsia, 3, 100, 344t, 346
Edrophonium test, 182, 257, 258
El Escorial criteria, 247t
Electrocardiogram, 47, 76, 263

and stroke, 389
in subarachnoid hemorrhage, 142

Electrocorticography, 356
Electroencephalography, 31–32

in bacterial meningitis, 82
in Creutzfeldt-Jakob disease, 119, 120f
in dialysis dementia, 128
epilepsy and, 31
in hepatic encephalopathy, 79
in HSV encephalitis, 90
intracranial, 356
in limbic encephalitis, 133
in movement disorders, 316
neurologic disorders and, 31f, 32
in seizures, 31–32, 347, 350f
in sepsis-associated encephalopathy, 100
status epilepticus and, 32
in uremia, 80

Electrolyte disorders, confusional state and, 75–77
Electromyography, 33–34, 158, 230, 230t, 266, 268, 271, 303, 316

for anterior horn cell disorders, 245
for cervical rib syndrome, 251
for demyelinating neuropathies, 286
motor unit action potential and, 34f
for myotonic disorders, 263
for radiculopathy, 243, 299

Electronystagmography, 197
Electrophysiologic studies, 31–36, 253, 254, 255, 259, 265, 

269, 287, 288, 297, 298, 301, 316, 356. See also 
Electroencephalography, Electromyography, Nerve 
conduction studies.

Eletriptan, 154t
Embolic occlusion, 58, 377f
Embolic stroke, 372, 385, 386, 388
Embolism, 372, 378

retinal artery, 144
Emery-Dreifuss dystrophy, 261t, 262
Emetine, 222t, 269
Empty sella syndrome, 178
Encephalitis

amnesia from, 132
Bickerstaff brainstem, 98
coma and, 59
cytomegalovirus, 92
granulomatous amebic, 96–97, 96t
headache and, 144
herpes simplex virus, 90–91
in HIV-infected patients, 92
lethargica, 316, 317
Listeria, 80
neonatal HSV, 90
paraneoplastic limbic, 132–133, 133f, 208t

seizures and, 345
viral, 88–90, 89t

Encephalomyelitis
acute disseminated, 40, 206, 208t, 237, 238f
paraneoplastic, 244
postinfectious, 98

Encephalopathy. See also Confusional state
bovine spongiform, 119, 119t
chronic traumatic, 125
diffuse, 53, 59–62
feline spongiform, 119t
hepatic, 61, 70t, 79–80, 346
hyperglycemic, 74–75, 74t
hypertensive, 100–101, 100f, 145–146, 346
pulmonary, 80
sepsis-associated, 100
transmissible mink, 119t
Wernicke, 77

Endarterectomy, carotid, 42, 44, 144, 392, 393, 394
Endocarditis, stroke and, 386
Endocrine disorders, confusional state and, 72–75
Endocrine myopathies, 269
Endocrinopathies, 290
Endolymphatic hydrops, 199
Entacapone, 322f, 323, 324
Enterovirus, in viral meningitis, 88, 89t
Entrapment neuropathies, 3, 283t, 290, 292, 293t, 296, 297–298
Eosinophilic meningitis, 96t, 97t
Ependymomas, 214, 243
Ephedrine, 72, 199t, 346t, 384
Epidural abscess, 237–239, 244, 304
Epidural hematoma, 55, 55f, 59, 103, 103f, 304
Epidural hemorrhage, 241–242, 372
Epilepsia partialis continua, 313
Epilepsy, 3, 25f, 41, 66, 313, 329, 344, 345, 348, 357–360. See 

also Seizures
electroencephalography in, 31, 350f
evaluation of suspected, 31

Episodic ataxias, 209–212, 211f
Episodic disequilibrium, 191
Episodic memory, 129
Epley maneuvers, 197, 198f
Epstein-Barr virus, 89t, 232
Equilibrium disorders

acute peripheral vestibulopathy and, 199, 199t
alcoholic cerebellar degeneration in, 206–207, 207f
ataxia in, 185–189, 187t, 190–191, 202t
ataxia-telangiectasia and, 212
central vestibular disorders and, 202–214
cerebellar disorders and, 202–214
cerebellar infarction and, 203–205, 204f
cerebellopontine angle tumor and, 200–201, 200f
in cerebellum vs. other motor systems, 195t
cerebrospinal fluid in, 196
chronic, 191
coordination in, 195
Creutzfeldt-Jakob disease and, 212–213
diagnostic approach in, 185–197
episodic, 191
Friedreich ataxia and, 215–216
gait in, 192
genetics, 211f
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Equilibrium disorders (Cont.):
head trauma and, 200
history in, 189–192
imaging in, 196
investigative studies in, 196–197
laboratory studies in, 196–197
medullary infarction and, 203, 204f
Ménière disease and, 198–199, 199t
mental status examination in, 192
motor system, 194–196, 195t
multiple sclerosis and, 206
muscle tone and, 195
myelopathy, 214
neurologic examination in, 192–196
onset of, 191
otosclerosis and, 199–200
paramedian midbrain disorders and, 204–205, 205f
peripheral vestibular disorders in, 197–202
physical examination in, 192
posterior fossa tumors and, 213–214, 213t
progressive, 191
sensory ataxias and, 214–216, 215f, 215t
sensory neuropathy, 214
sensory system, 196
signs in, 189–191
stance in, 192
sudden, 191
symptoms of, 189–191
time course of, 191
toxic vestibulopathies and, 201–202
vertigo in, 185, 187t, 189–190, 199t
vestibular migraine, 206
vestibulocochlear neuropathy and, 202
weakness in, 195–196
Wernicke encephalopathy and, 202–203
Wilson disease and, 212

Erb-Duchenne paralysis, 249–250
Ergot alkaloids, 151, 154t, 155
Ergotamine/caffeine, 154t
Erythema migrans, 87, 88f
Eslicarbazepine, 351, 355t, 358t, 359t
Ethambutol, 85, 166, 177, 286t, 291
Ethanol, 61
Ethosuximide, 351, 354t, 358t, 359t
Etiologic diagnosis, of neurologic disease, 24–26, 25t
Evoked potential testing, 32–33, 196, 234
Excitotoxicity, 246, 373
Exophthalmos, 6, 14, 73f, 173, 181, 183
Expressive aphasia, 9, 9f, 9t, 116, 375
Extensor carpi radialis longus innervation, 228t, 404f
Extensor carpi ulnaris innervation, 228t
Extensor digitorum brevis innervation, 229t
Extensor digitorum longus innervation, 229t, 407f
Extensor spasms, 222, 231, 232
External auditory meatus, pain in, 137, 365
Extinction, definition of, 9
Extramedullary spinal tumors, 243
Extraocular muscles, 14–15, 139, 162, 164f, 257,  

261t, 292
Extrapyramidal disorders. See Movement disorders
Extrapyramidal system, overview of, 219
Eyes. See also Pupils

movement of (See Eye movements)
physical examination of, 6
rhythmic oscillation of (See  Nystagmus) 

Eye movements, 14–15, 14f, 49, 50, 51f, 58, 71, 74, 173–176, 
175f, 192–193, 228, 397t

abnormalities of, 187
pupillary reaction to light and, 23
reflex, 54t
supranuclear control of, 164–165

Eyelids, 14, 173. See also Palpebrae
Ezogabine, 351, 355t, 358t–359t

F
Fabry disease, 45, 86t, 283t, 284, 285, 296–297, 368t
Face, in headache physical examination, 138–139
Facial nerve assessment, 16, 16f
Facial pain

acute, 135
atypical, 150
causes of, 135t
in cerebellopontine angle tumor, 201
characteristics of, 136–137
chronic, 136
classification of, 135–136
in dental diseases, 159
diagnostic approach to, 135–139
glossopharyngeal neuralgia, 149
history in, 135–138
location of, 137
pathophysiology of, 135
persistent idiopathic, 150
physical examination in, 138–139
postherpetic neuralgia, 150, 150f
subacute, 135–136
in trigeminal neuralgia, 149, 149f

Facioscapulohumeral dystrophy, 261t, 262
Fahr disease, 332
False memory, 129
Familial Alzheimer disease, 112, 112t, 113f
Familial dysautonomia, 296
Familial essential tremor, 317
Familial hemiplegic migraine, 151, 151t, 209
Familial parkinsonism, 318
Fasciculations, 17–18, 195t, 222, 227, 230t,  

248, 255
Fatal familial insomnia, 111, 119, 119t
Fatty streak, 382, 382f
Feline spongiform encephalopathy, 119t
Femoral nerve, 7, 7f, 229t, 279f, 298, 408f
Femoral neuropathy, 298
Festination, 22, 226
Fever. See Hyperthermia 
Feverfew, 156t
Fibrinoid necrosis, 374, 395, 396
Fibroblast growth factor 14, 210t
Fibromuscular dysplasia, 171t, 381t, 384, 389
Fibular nerve, 229t, 407f
Fibular (peroneal) neuropathy, 298
Fine finger movements, 19, 23
Finger reflex, 224t
Finger-to-nose test, 20f, 21, 224
Fingolimod, 236
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First dorsal interosseous innervation, 228t
Fisher variant, of Guillain-Barré syndrome, 206, 214
Fixed pupils, 49–50, 58, 71, 397
Flexor carpi radialis innervation, 228t
Flexor carpi ulnaris innervation, 228t
Flexor spasms, 63, 222
Fludarabine, 80
Fluent aphasia, 9, 67, 116
Flumazenil, 47, 60, 71
Flunarizine, 156t
Focal cerebral dysfunction, 401
Focal cerebral ischemia, 372–395. See also Stroke
Focal dystonia, 312, 331, 332, 338
Focal torsion dystonia, 332
Folium vermis, 189f
Food, migraine and, 155
Foot drop, 226, 253, 262, 298
Fosphenytoin, 354t, 357t
Fossae, cranial, 136f
Fovea, 10f, 161, 161f, 175
Frataxin gene, 215, 296
F-response studies, 35
Friedreich ataxia, 192, 195, 196, 211f, 212, 215–216, 215f, 215t, 

283t, 296
Frontal disorders, gait and, 226
Frontal lobe seizures, 347
Frontotemporal dementia (FTD), 40, 107, 108t, 109t, 111t, 113, 

116–118, 117f, 125, 226, 247
Frovatriptan, 154t
Functional magnetic resonance imaging, 41, 41f
Fungal meningitis, 70t, 85, 93–95, 94t
Fused-in-sarcoma (FUS), 111, 111t, 116, 245
Fusiform aneurysm, 140

G
GABAergic synapses, 270, 351, 352f
Gabapentin, 80, 150, 156t, 157, 159, 248, 270t, 271, 287, 302, 

307, 317, 340, 346, 351, 353f, 354t, 358t, 359t
Gadopentetate dimeglumine, 39
Gait

assessment, 21–22
in cerebellar hemorrhage, 398
in combined dystonia, 332
in equilibrium disorders, 192
in extrapyramidal disorders, 226
in Friedreich ataxia, 296
in hypertensive intracerebral hemorrhage, 397t
in motor disorders, 225–227
in normal-pressure hydrocephalus, 108t, 122, 123
in parkinsonism, 22, 23f, 320–321, 321f
in progressive supranuclear palsy, 326
in rehabilitation, 394
in stiff-person syndrome, 270

Gait ataxia, 68, 78, 132, 139, 185, 187, 190t, 192, 195, 201, 202, 
205, 206, 207, 209, 213, 215, 397t, 398

Galantamine, for Alzheimer disease, 115, 115t
Gastrocnemius innervation, 229t
Gaze, 14, 15, 23, 173–175, 176f, 179, 192, 193
Gaze centers, 164
Gaze palsy, 77, 173, 174–175, 176f, 179, 180f, 203, 204, 205, 327, 

332, 377, 380
Gaze-evoked nystagmus, 175, 176, 192

General paresis, 126
Genetics

in Alzheimer disease, 112, 112t
in autosomal dominant spinocerebellar ataxias,  

209, 210t
cerebellopontine angle tumors and, 201
in episodic ataxia, 209–212
in Friedreich ataxia, 215
in frontotemporal dementia, 116
hereditary ataxias, 211f
in Huntington disease, 118, 328
in Ménière disease, 198
in migraine, 151, 151t
in motor neuron disease, 245–246
movement disorders and, 316
in multiple sclerosis, 232–233
muscular dystrophies, 261t
in parkinsonism, 318
in restless legs syndrome, 340
in stroke, 367, 368t–369t
in Wilson disease, 129, 212

Gentamicin, 84t, 199, 201, 260
Gerstmann-Sträussler syndrome, 119, 119t
Giant cell arteritis, 136, 137, 138, 146–147, 178, 181, 183, 268, 

283t, 292, 293t, 381t, 383, 388, 389
Gilles de la Tourette syndrome, 314, 316, 338–340
Glabellar reflex, 21
Glasgow Coma Scale, 52, 52t
Glatiramer acetate, 235, 235t, 236
Glaucoma, angle-closure, 146, 156t
Gliomas, 40, 41, 124, 201, 243
Global aphasia, 9, 9t, 388
Global cerebral ischemia, 60, 63, 344t, 346, 369–370, 400–402, 

400f
Glossopharyngeal nerve, 135, 149
Glossopharyngeal nerve assessment, 17
Glossopharyngeal neuralgia, 135t, 136, 137, 139,  

149, 365
Glutamate receptor antagonist, for Alzheimer disease,  

115, 115t
Glutamatergic synapses, 351, 353f
Glutamic acid decarboxylase (GAD), 270
Glutamine, in hepatic encephalopathy CSF, 69t, 70t,  

79, 79f
Gluteal nerves, 229t
Gluteus maximus innervation, 229t
Gluteus medius innervation, 229t
Gluteus minimus innervation, 229t
Gnathostoma spinigerum, 97t
Gowers sign, 260
Granulomatous amebic encephalitis, 96–97, 96t
Granulomatous angiitis, 101, 383
Graphesthesia, 275, 278, 375
Graves disease, 72, 173f
γ-secretase, 112, 113f
Guanfacine, 340
Guanidine hydrochloride, 260
Guillain-Barré syndrome, 25f, 178, 214, 249, 253, 254, 283t, 284, 

286, 287–288, 288t, 291, 294, 364t
as cause of weakness, 221t
Fisher variant of, 206

Gunn pupillary test, 173

Aminoff_Index_p411-442.indd   423 09/03/15   6:04 pm



INDEX424

H
Haemophilus, in bacterial meningitis, 81
Hallervorden-Spatz disease, 332, 333f
Hallucination, 8, 69, 71, 72, 76, 78, 108t, 118, 133, 179, 324, 325, 

326, 335, 343
in alcohol withdrawal, 69, 71f

Hallucinogens, 72, 202
Hamstrings innervation, 229t
Hartmannella species, 96t
Hashimoto thyroiditis, 72
Head 

physical examination of, 5-6, 6f
trauma (See Trauma, head)

Headache
acute, 135, 140–146
angle-closure glaucoma and, 146
associated symptoms, 137
blood pressure in, 138
brain tumor and, 147
causes of, 135t
cervical spine disease and, 159
characteristics of pain in, 136–137
chronic, 136, 150–159
classification of, 135–136
cluster, 157–158, 157f, 158
dental disease and, 159
diagnostic approach to, 135–139
encephalitis and, 144
exacerbating conditions, 138
focal, 137
giant cell arteritis and, 146–147
history in, 135–138
hypertensive encephalopathy and, 145–146
idiopathic intracranial hypertension and, 148, 148t
location of pain in, 137
lumbar puncture and, 29, 145, 146f
medication overuse, 153, 155
meningitis and, 144
migraine, 150–155, 151t, 152f–153f, 154t–155t, 156t
neurologic examination in, 139
overview of, 135
pathophysiology of, 135
physical examination in, 138–139
precipitating factors in, 136
prodromal symptoms with, 136
pulse in, 138
relieving conditions, 138
respiration in, 138
seizures and, 145
sentinel, 141
sexual intercourse and, 145
sinusitis and, 159
in stroke, 388
subacute, 135–136, 146–150
in subarachnoid hemorrhage, 140–144, 140f–141f, 143t
temperature in, 138
temporal pattern of, 137, 137f
tension-type, 158, 158f
unilateral, 137

Hearing, equilibrium disorders and, 193
Hearing loss, 99t, 176, 185, 187t, 190, 197t, 199–200

assessment, 193t

sensorineural, 17, 193, 193t, 198, 199, 201, 202
tests for, 16-17, 17f (See also specific tests)

Heat stroke, 62, 272t
Heavy metal neuropathy, 283t, 295
Heel-knee-shin test, 20f, 21, 206, 224
Heliotrope rash, 266
Helminths, in parasitic infection of CNS, 96t
Hemangioblastoma, 213t, 214
Hematomyelia, 221t, 241
Hemiataxia, 195, 213, 389
Hemiballismus, 312
Hemifacial spasm, 270t, 272, 313t
Hemiparesis

ataxic, 196, 380
contralateral, 196
definition of, 223
pure motor, 380

Hemiplegia, 223, 377, 378
Hemiplegic gait, 21, 23f
Hemispheric lesions, 5, 24, 24f, 179, 180f, 187–188, 221
Hemorrhage, intracerebral, 55–56, 103, 144
Hemorrhage, intracranial

anticoagulation therapy for, 399
causes of, 399–400
cerebellar, 205
coma and, 55–56
confusional state and, 103
differential diagnosis in, 398
epidural hematoma, 103, 103f
hematoma effects of, 396
prognosis for, 399
stroke from, 372, 395–400
subarachnoid, 140–144, 140f–141f, 143t

vs. bacterial meningitis, 82
cerebrospinal fluid profile in, 70t
confusional state and, 101
retinal hemorrhage in, 139, 139f
stroke from, 372

subdural hematoma, 103f
thrombolytic therapy for, 399
traumatic, 103, 399
treatment of, 56

Hemotympanum, 48
Heparin

for cerebrovascular disease, 391t
for marantic endocarditis, 386
for pulmonary embolism, 288
for stroke, 393

Hepatic encephalopathy
cerebrospinal fluid profile in, 70t
coma and, 61
confusional state and, 79–80
seizures and, 346

Hepatocerebral degeneration
acquired, 108t, 340
non-Wilsonian, 128–129

Hereditary inclusion-body myopathy, 267
Hereditary motor & sensory neuropathies, 272, 283, 284, 295
Hereditary neuropathies, 283t, 295–297
Hereditary parkinsonism, 319t
Hereditary sensory and autonomic neuropathies,  

283t, 295–296
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Herpes simplex virus, 90–91, 132
Herpes zoster, 138, 150, 256, 302, 306–307
Herxheimer reaction, 127
Heterochromia iridis, 171
Hexosaminidase deficiency, 248
Hippocampus, memory and, 129
Histoplasma capsulatum, 94t
HIV infection. See also AIDS

confusional state and, 91–93
myopathies in, 267–268, 267t
neurologic complications of, 91
neuropathies in, 290–291, 291t
prognosis of, 125
progressive multifocal leukoencephalopathy in, 127
spinal cord lesions in, 221t
treatment of, 125

HIV-1 meningitis, 89t, 91–92
HIV-associated dementia, 108t, 109, 125–126, 126f, 239, 314t
Hodgkin disease, 87t, 208, 212, 294
Holmes-Adie syndrome, 170, 171t
Homonymous hemianopia, 13f, 167f, 179, 375, 377, 397
Horn cell disorders, anterior, 221t, 230t, 245,  

248–249
Horner syndrome, 14, 14t, 139, 157, 157f, 164, 171, 171t, 172f, 

203, 251, 300, 378
Human T-lymphotropic virus, 239
Huntingtin gene, 118, 328, 329
Huntington disease, 3, 25f, 40, 108t, 109, 111t, 118, 209, 223, 

315, 316, 322, 328–330, 328f, 335, 337
Huntington disease-like disorders, 329
Hydrocephalus, 214, 398

communicating, 122
noncommunicating, 123
nonobstructive, 123
normal-pressure, 122–124, 123f–124f, 322
obstructive, 123
subarachnoid hemorrhage and, 142–143

Hydrocortisone, 56t, 72, 73, 75
Hypalgesia, 277
Hyperadrenalism, confusional state and, 75
Hyperalgesia, 277, 282
Hypercalcemia, confusional state and, 76
Hypercoagulable states, 387
Hyperekplexia, 271
Hyperesthesia, 2, 277
Hyperglycemia, confusional state and, 74–75, 74t
Hyperkalemia, 221t, 268
Hyperosmolar nonketotic hyperglycemia, 53, 74, 75, 313, 346, 

389
Hyperosmolar states

coma and, 61
seizures and, 346

Hyperpathia, 277, 284, 297
Hyperreflexia, 60, 61, 73, 104, 125, 128, 185, 224–225, 233t, 270, 

319t, 335
Hypertension

intracranial, 3, 178
disorders associated with, 148t
idiopathic, 148, 148t

pulmonary, 363
stroke and, 382
treatment of, 72

Hypertensive encephalopathy, 5, 48, 100–101, 100t, 135t,  
145–146, 346, 395, 395f

Hypertensive hemorrhage, 395–399, 397t
Hyperthermia, 5

coma and, 48, 62
headache and, 135, 136, 137, 138
malignant, 272–273, 272t
seizures and, 346–347

Hyperthyroidism
confusional state and, 72–73, 73f
ocular myopathy and, 183

Hypertonia, 195, 223
Hypertrophic cardiomyopathy, 361t,  

362–363
Hypertrophic pachymeningitis, 86t
Hypervitaminosis A, 3
Hypesthesia, 2, 150f, 277
Hypoadrenalism, confusional state and, 75
Hypocalcemia

confusional state and, 76–77
seizures and, 346
tetany and, 272

Hypoglossal nerve assessment, 17
Hypoglycemia, 346

clinical findings in, 74f
coma and, 59–60
confusional state and, 73–74
seizures and, 346

Hypokalemia, 221t, 222t, 268, 269
Hypokalemic periodic paralysis, 268
Hypokinesia

and bradykinesia, 315, 320
in parkinsonism, 311, 320

Hypomimia, 320
Hyponatremia

clinical findings in, 76f
coma and, 61
confusional state and, 75–76
neurologic manifestations of, 76f
seizures and, 346
in subarachnoid hemorrhage, 143

Hypophonia, 320
Hyporeflexia, of legs, 196
Hypotension

orthostatic, 364
spontaneous intracranial, 145, 146f

Hypothalamic neurons, 171
Hypothermia, 5

coma and, 48, 61–62
with dementia, 108t

Hypothyroidism
acoustic neuropathy and, 197t
cerebellar disorders and, 207
confusional state and, 72, 73f
dementia in, 128
polyneuropathy in, 290
vestibulocochlear neuropathy and, 202

Hypotonia, 195
cerebellar ataxia and, 186–187
motor disorders and, 223

Hypoxia, 374, 393
amnesia and, 130
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I
Ibuprofen, 97t, 154t, 249
Icepick-like pain, 135, 136–137, 158
Idiopathic anterior horn cell disorders, 245–248
Idiopathic brachial plexopathy, 251, 253, 284
Idiopathic intracranial hypertension, 3, 148, 178
Idiopathic orthostatic hypotension, 364, 364t
Idiopathic parkinsonism, 317, 318, 337
Idiopathic seizures, 345
Idiopathic torsion dystonia, 315
Iliopsoas innervation, 229t
Imbalance, dizziness and, 2
Imipramine, 158, 222t, 286t
Immediate recall, in memory testing, 8, 108t, 131
Immune reconstitution inflammatory syndrome (IRIS), 80
Immune restoration inflammatory syndrome, 267–268
Immunizations, for neurologic diseases prevention, 3
Immunoglobulins, for myasthenia gravis, 258
Immunosuppressive drugs, confusional state and, 80
Impulse control disorders, 339
Impulsion, 185
Inclusion-body myositis, 266–267
Incoordination, cerebellar ataxia and, 185, 187
Infantile spinal muscular atrophy, 245
Infarction

cerebellar, 203–205, 204f
cerebral, 399
lacunar, 374, 380–381, 381f, 384
large vessel territory, 374
medullary, 203, 204f
nondominant hemispheric, 100t, 101
paramedian midbrain, 204–205, 205f
posterior cerebral artery, 131, 131f
of spinal cord, 241, 241f
vertebrobasilar, 203–205

Infected tooth extraction sites, 159
Infections, confusional states and, 80, 81, 88, 93, 95
Infective endocarditis, 7, 137, 140, 381t, 384, 386
Infective myopathy, 267
Infective neuropathies, 283t, 290–292, 291t
Inferior quadrantanopia, 13f, 167f, 179
Inflammatory demyelinating polyneuropathy, 291
Inflammatory disorders, of cerebellum, 205–206
Inflammatory myopathies, 265–268, 265t
Infraspinatus innervation, 228t
Inhalants, 72
Insomnia, fatal familial, 119, 119t
Integrative motor function, in mental status examination, 10, 

108t
Integrative sensory function, in mental status examination, 

9–10, 108t
Intention tremor, 21, 187, 195, 195t, 196, 228, 233t, 310, 310t, 

311, 401
Interdigital neuropathy, 297
Interferons, 235–236, 235t
Intermediate spinal muscular atrophy, 245
Intermittent claudication of spinal cord, 304
Internal carotid artery, and stroke, 377
Internuclear ophthalmoplegia, 53, 175, 175f, 179–180, 206, 

233t, 377, 388
Intervertebral disk prolapse, 249, 250f, 298, 303–304
Intoxication

cerebellar disorders and, 202
coma and, 60–61
ethanol and, 61
opioids and, 61
sedative drugs in, 60

Intracerebral contusion, 103
Intracerebral hemorrhage, 144
Intracranial hypertension

disorders associated with, 148t
idiopathic, 148, 178

Intracranial hypotension, spontaneous, 145, 146f
Intracranial mass, 56, 67t, 135t, 138, 147–148, 178
Intracranial pressure, papilledema and, 11, 169
Intramedullary spinal tumors, 243
Intravascular coagulation, disseminated, 100t, 102, 271
Intravenous immunoglobulins, 258, 288
Ipsilateral rhinorrhea, headache and, 137
Iritis, acute, 135t, 137, 146
Isaacs syndrome, 271
Ischemia. See also Stroke

amnesia and, 130
vertebrobasilar, 101, 203–205

Isoniazid, 85, 166, 215t, 286t, 291, 295, 346, 346t, 359t

J
Jacksonian march, 349
Japanese virus, in viral encephalitis, 89t
Jaw claudication, 147
Jaw reflex, 224t
JC virus, 92, 127, 235
Jendrassik maneuver, 224
Jerk nystagmus, 15, 175, 176, 193, 228
Joint position sense, 20, 20f, 78, 196, 233t, 239, 278, 281, 282, 

284, 299, 300

K
Kayser-Fleischer rings, 6, 108t, 128, 192, 316, 322, 329,  

334–335, 335f
Kearns-Sayre-Daroff syndrome, 183, 263
Kernig sign, 6f, 7, 66t, 82
Ketoprofen, 154t
Kinesthesis, 188
Kinetic tremor, 310, 311
Klumpke paralysis, 251
Knee reflex, 224t, 266, 290, 298
Korsakoff syndrome, 132
Krabbe disease, 283t, 284, 296, 312t
Kugelberg-Welander disease, 245
Kuru, 111t, 119, 119t

L
Laboratory investigations

in Alzheimer disease, 115
in bacterial meningitis, 82
in cerebellopontine angle tumor, 201
in dementia, 109t
in fungal meningitis, 93
in giant cell arteritis, 147
in herpes simplex encephalitis, 90
in motor disorders, 229–231, 230t
in movement disorders, 316
in parasitic infections of CNS, 96t
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in peripheral neuropathy, 286
in status epilepticus, 356t
in stroke, 389–391
in subarachnoid hemorrhages, 141–142
in syphilitic meningitis, 85
in viral meningitis/encephalitis, 88–89

Labyrinthitis, acute, 199
Lacosamide, 351, 355t, 358t–359t
Lacrimation, headache and, 137, 139
Lactulose, 79
Lacunar infarction, 374, 380–381, 381f, 381t, 384, 388
Lambert-Eaton syndrome, 36, 208t, 259
Lamotrigine, 86t, 149, 248, 287, 302, 311, 351, 353f, 354t, 358, 

358t–359t, 359, 360
Lance-Adams syndrome, 401
Lancinating pain, 136, 137, 287
Language, in mental status examination, 8–9
Lasègue sign, 7, 7f, 249, 303
Lateral femoral cutaneous neuropathy, 3, 298
Lateral geniculate body lesions, 178
Lateral geniculate nuclei, 10, 161
Lateral medullary syndrome. See Wallenberg syndrome 
Lead toxicity, 255
Lead-pipe rigidity, 223
Learning difficulties, 339
Length-dependent neuropathy, 278
Lepromatous leprosy, 292
Leprosy, 283t, 284, 291–292
Leptomeningeal metastases, 69t, 99–100, 99f, 99t, 109t
Leukocytosis, 82, 89, 126, 238, 254, 357, 381t, 387
Leukoencephalitis, acute hemorrhagic, 98, 400
Leukoencephalopathy, progressive multifocal, 80, 92, 109, 127, 

127f, 235
Levetiracetam, 80, 271, 314, 346, 351, 353f, 354t, 359, 401
Levodopa, 117, 129, 311t, 312t, 313t, 314, 314t, 315, 319t, 323–

324, 323t, 326, 331, 332, 336, 338, 340, 364t
Lewy bodies

dementia with, 118
diffuse disease, 321, 325–326
in parkinsonism, 318

Lhermitte sign, 78, 281, 295, 300
Lid reaction, 173
Light touch, 19, 20f, 23, 203, 277, 284, 295, 299, 332
Light-near dissociation, 169–170, 179
Limb ataxia, 20–21, 24, 128, 185, 187t, 190t, 203, 204, 205, 206, 

207, 208, 209, 213, 215, 311, 398
Limb-girdle dystrophy, 261t, 262
Limbic encephalitis, paraneoplastic, 132–133, 133f, 208t
Lingula, cerebellar, 189f
Lipodystrophy, 267
Lipohyalinosis, 374, 395, 396
Listeria meningitis, 80
Lithium, 207, 222t, 248, 256, 310, 310t, 311t, 313t, 315, 338, 

346t
Liver disease, sensory neuropathy and, 290
Lobar hemorrhage, 55, 397, 398, 399
Localization of lesion, in motor disorders, 227–229
Locked-in syndrome, 32, 63, 63f, 76, 378
Long-term memory, 131, 132
Long-term potentiation, memory and, 129
Lorazepam, 69, 71, 104, 357t
Loss of consciousness, headache and, 137

Low back pain, 303–305
Lower motor neurons, 17, 24, 219, 219f, 223, 246, 246f, 247, 248

lesions, 17, 223, 227–228
Lumbar disk prolapse, 249, 250f, 303–304
Lumbar osteoarthropathy, 304
Lumbar puncture, 28–31, 48t, 57, 59, 89, 92, 98, 100, 104, 135t, 

138, 146, 148, 196, 205, 238, 242, 256, 356, 356t, 398. See 
also Cerebrospinal fluid

in bacterial meningitis, 82, 83
for cerebral contusion, 55
complications of, 29
contraindications of, 28
headache and, 145
indications for, 28
lateral decubitus position for, 28f
in neurosyphilis, 126
in normal-pressure hydrocephalus, 123, 124
positining for, 28, 28f
preparation in, 28
procedure, 29
result, analysis of, 29–30
site of, 28
in stroke, 389
in subarachnoid hemorrhage, 142

Lumbosacral plexopathy, 253, 299
Lumbosacral polyradiculopathy, 291
Lung cancer, 3, 133, 208, 213, 214, 222, 251, 259, 294
Lyme disease, 33, 85–88, 86t, 88f, 256, 286, 299
Lymphocytic choriomeningitis virus, in viral meningitis, 88, 

89t, 205
Lymphoma

anterior horn cell disease and, 248
primary CNS, 92

M
Machado-Joseph disease, 209
Macula, 10f, 11, 161, 162f, 169, 179
Macular sparing, 13f, 167f, 179
“Mad cow disease,”, 119, 119t
Magnesium, 156t
Magnetic resonance angiography, 42, 142, 391
Magnetic resonance imaging, 37–40, 38f–39f, 43–44, 43f.  

See also individual disorders.
of acute disseminated encephalomyelitis, 237, 238f
of cerebellar infarction, 204
of cerebral artery occlusion, 131f
of cerebral toxoplasmosis, 97f
contraindications for, 40
description of, 37–39
diffusion tensor, 40
diffusion weighted, 40
in equilibrium disorders, 196
functional, 41, 41f
of herpes simplex encephalitis, 90, 91f
in HIV-associated dementia, 126f
of hypertensive encephalopathy, 100f
indications for, 39–40
of leptomeningeal metastases, 99f
of limbic encephalitis, 133, 133f
in motor disorders, 230
in movement disorders, 316
of multiple sclerosis, 234, 234f
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Magnetic resonance imaging (Cont.):
perfusion weighted, 40
of progressive multifocal leukoencephalopathy, 127, 127f
in stroke, 39, 389, 390f
in vascular dementia, 121, 121f
of Wernicke encephalopathy, 77f

Magnetic resonance spectroscopy, 41
Malaria, 95, 96t
Malignant hyperthermia, 62, 72, 263, 270t, 272–273, 272t, 347
Malingering, 62, 131, 192, 253, 347
Mandibular nerve, 15, 182f
Mannitol, 56, 56t, 95
MAO-B inhibitor, 323t, 324
Marantic endocarditis, 386
Marche à petit pas, 226
Marchiafava-Bignami syndrome, 127
Maxillary nerve, 15, 182f
Meclizine, 199t
Medial longitudinal fasciculus, 50, 51f, 165f, 175, 176f, 179, 180, 

186f, 190–195
Median nerve, 228t, 252f, 292, 293, 405f
Median nerve compression, 3, 207, 222, 276, 285, 290, 296, 297, 

298
Medication-related neuropathy, 291
Medullary infarction, 203, 204f
Medulloblastoma, 99, 147t, 213, 213t, 214
Megaloblastic madness, 3, 78
Memantine, 117, 118, 156t, 325

for Alzheimer disease, 115, 115t
Memory, 8

in aging, 106
in amnestic syndromes, 129–133
declarative, 129
episodic, 129
false, 129
long-term, 129
nondeclarative, 129
phases of, 129
procedural, 129
semantic, 129
short-term, 129
working, 129

Ménière disease, 191, 197t, 198–199, 199t, 200
Meningeal arteries, 55, 103, 135
Meningeal irritation, 6f, 48–49, 48t, 59, 81, 82, 84, 85, 87, 88, 93, 

95, 103, 137, 139, 141, 144, 237, 249
Meningeal neoplasia, 125
Meningeal signs, 6, 59, 101, 139, 356
Meningeal syphilis, 126
Meningiomas, 42, 139, 147t, 148t, 200, 201, 213t, 214, 243, 245
Meningismus, 81, 108t
Meningitis

bacterial, 70t, 81–83, 81t–84t, 86t
basilar, 197t, 202
chemical, 86t, 142
coma and, 59
cryptococcal, 92, 95f
Cryptococcus, 80
eosinophilic, 96t, 97t
fungal, 70t, 86t, 93–95, 94t
headache and, 144
HIV-1, 91–92

in HIV-infected patients, 91–92
from leptomeningeal metastases, 99–100, 99f
Listeria, 80
Mycobacterium tuberculosis, 80
neoplastic, 86t
parasitic, 70t, 86t
seizures and, 345
syphilitic, 85
tuberculous, 70t, 83–85, 86t
viral, 70t, 86t, 88–90, 89t

Meningoencephalitis, 87, 88, 92, 126, 249, 299, 311t, 322
primary amebic, 95, 96t

Meningovascular syphilis, 122, 126
Mental status examination

in confusional state, 66–67
in dementia, 107, 108t–109t
in equilibrium disorders, 192
in headache, 139

Meperidine, 71, 154t, 346t
Meralgia paresthetica, 3, 298
Metabolic coma, 48t, 53, 62
Metabolic disorders, 285, 296, 313, 314t

alcoholism, 127–128
dementia in, 127–128
hypothyroidism, 128
polyneuropathy and, 285
vitamin B12 deficiency, 128

Metabolic myopathies, 268–269
Metabolic neuropathies, 289–290
Metachromatic leukodystrophy, 283t, 284, 285, 296, 312t
Metastases, 213

carcinomatous, 243
extradural, 244
leptomeningeal, 69t, 70t, 99–100, 99f, 99t, 109

Methylprednisolone
for acute disseminated encephalomyelitis, 237
for acute transverse myelitis, 239
for autoimmune optic neuritis, 177
for cerebral edema, 56t
for giant cell arteritis, 147, 178
for multiple sclerosis, 235t, 236
for neuromyelitis optica, 237
for paraneoplastic cerebellar degeneration, 177
for postinfectious encephalomyelitis, 98
for sarcoidosis, 99
for vasculitis, 102

Metoclopramide, 155t, 318, 337, 338
Metoprolol, 156t
Mexiletine, 287
Microtubule-associated protein tau, 111t, 112, 113f, 116
Micturition syncope, 365
Midazolam, 345, 357t
Midbrain lesions, 52, 54t, 179
Middle cerebral artery, and stroke, 374, 376–377, 376f
Midline lesions, 187, 228
Migraine, 136–138, 139, 144, 146, 150–155, 151t, 152f–153f, 

154t–155t, 156t, 158, 191, 363, 381t, 385
vestibular, 206

Mild cognitive impairment, 40, 105, 107
in Alzheimer disease onset, 114, 114f

Minimental status examination, 107, 109t
Mitochondrial myopathies, 263, 267
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Mitochondrionopathies, 312t, 333
Mitral valve prolapse, 362
Mixed connective tissue disease, 283t, 293, 293t
Monoclonal gammopathy, 248, 294
Monocular disorders, 176–178
Mononeuropathy, 34, 278, 285, 292
Mononeuropathy multiplex, 34, 255, 283, 289, 289t, 291, 291t, 

292, 293, 293t
Mononeuropathy simplex, 256, 283, 289, 289t, 291,  

291t, 293t
Monoparesis, 223, 239, 271t
Monoplegia, 223
Mood, in mental status examination, 8
Motor aphasia. See Aphasia.
Motor disorders

anterior horn cell disorders in, 245–249
associated symptoms in, 221
cerebellar lesions in, 228–229
coordination in, 20–21, 224
course in, 219
developmental history in, 222
diagnostic approach to, 219–231
distribution of symptoms in, 220–221
drugs associated with, 222t
electrodiagnostic studies, 230
family history in, 222
gait in, 225–227
investigative studies in, 229–231, 230t
localization of lesions in, 227–229, 228t–229t
lower motor neuron lesions in, 223, 227–228
mode of onset in, 219
motor-unit hyperactivity states in, 270–273, 270t
muscle appearance in, 222
muscle biopsy in, 231
muscle power in, 223–224, 224t
muscle tone in, 222–223
myasthenic syndrome in, 259
myopathic disorders in, 229, 260–270
nerve root lesions in, 249–253, 250f
neurologic examination in, 222–227
neuromuscular transmission disorders in, 229, 256–260
past medical history in, 222
in peripheral nerve lesions, 284
plexus lesions in, 249–253
serum enzymes, 230–231
severity of symptoms in, 221
spinal cord disorders in, 231–244
upper motor neuron lesions in, 223, 227

Motor function assessment, 17–19, 23, 67t, 219-231
Motor neuron disease

in adults, 245–248, 246f
in children, 245
classification of, 246–247
clinical findings in, 247
differential diagnosis in, 247
treatment of, 247–248

Motor neuronopathy, 294
Motor neurons, lower, 17, 219, 219f, 222, 223, 246f, 248
Motor neurons, upper, 17, 219, 219f, 220f, 246f
Motor response to pain, in coma, 49f, 50–51
Motor-unit hyperactivity states, 270–273, 270t
Movement disorders, 309-340. See also specific disorders.

abnormal movements in, 309–315
clinical evaluation of, 315–316
drug-induced, 336–338, 336t, 337f
history in, 315–316
parkinsonism as, 317–325

Moyamoya, 368t, 381t, 384, 384f
MPTP, 318
Mucormycosis, 181
Mucor species, in fungal meningitis, 93, 94t
Multifocal motor neuropathy, 247, 255
Multiple myeloma, 76, 293, 294
Multiple sclerosis, 2f, 25t, 26, 33, 37, 39–40, 110f, 127, 149, 166, 

171t, 175, 177, 178, 180, 190t, 195, 196, 202, 202t, 206, 
215t, 221t, 232–236, 233t, 235t, 237, 243, 334t, 364t

Multisystem atrophy, 321, 326, 364, 364t
Mumps virus, in viral meningitis, 89t
Muscles

atrophy, 17–18, 210t, 222
biopsy, 44, 183, 230t, 231, 245, 262, 263, 263f, 264, 265, 266, 

267, 269
bulk, 17–18
disorders, 221t, 226, 272–273 (See also Myopathy(ies))
power, 219, 223–224, 224t
strength, 19, 19f, 260
tone, 18–19, 61, 62, 186, 195, 222–223, 227

Muscle-wasting syndrome, 267
Muscular dystrophies, 183, 245, 260–262, 261t, 262
Musculocutaneous nerve, 228t
Myalgias, headache and, 137
Myasthenia gravis, 35–36, 165, 173, 180, 182–183, 221, 221t, 

223, 229, 256–259, 257f, 257t, 260, 336
Myasthenic syndrome, 36, 259
Mycobacterium tuberculosis, 80, 83, 84f
Mycophenolate mofetil, 237, 258, 266
Mycotic aneurysms, 140, 386
Myelogram, 43, 44, 230
Myelography, 43, 97, 230t, 235, 238, 242, 243, 244, 249, 303, 

304, 306
Myelopathy, 214, 215t

demyelinating, 232–237
from herpes viruses, 239–240
infective, 237–241
nutritional, 242
in somatic sensory disorders, 299–301
spondylotic, 242–243
traumatic, 231–232
vacuolar, 239
vascular, 241–242, 241f–242f

Myerson sign, 21, 321
Myocardial infarction, 381t, 385, 389, 393, 394
Myoclonic dystonia, 312t, 332
Myoclonus, 313–314, 313t–314t, 401

antibodies and, 208t
with dementia, 108t
in equilibrium disorders, 196
nocturnal, 313
palatal, 313
propriospinal, 313–314
segmental, 313
tardive, 338

Myoglobinuria, 269–270, 272
Myokymia, 271
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Myopathy(ies), 33, 34, 223, 229, 260–270
in AIDS/HIV, 267–268, 267t
alcoholic, 269
congenital, 261t, 262–263
critical illness, 269
distal, 261t, 262
drug-induced, 269
endocrine, 269
hereditary inclusion-body, 267
inflammatory, 265–268, 265t
metabolic, 268–269
mitochondrial, 263, 263f, 267
necrotizing alcoholic, 269
nemaline/rod-body, 262, 267, 267t
ocular, 166, 183
proximal myotonic, 264

Myositis, inclusion-body, 265t, 266–267
Myotonia, 33, 263–265, 270t, 272
Myotonia congenita, 264
Myotonic disorders, 263–265, 264f
Myotonic dystrophy, 33, 183, 261t, 263–264
Myxomas, 362, 386

N
Nadolol, 156t
Naegleria fowleri, 95, 96t
Naloxone, 47, 48t, 50, 61, 71, 72
Naproxen sodium, 156t, 157t
Naratriptan, 154t
Natalizumab, 235, 235t
Nausea, headache and, 137
Neck examination, 388

in headache, 139
in neurologic disorders, 6–7

Neck pain, 305–306
Necrotizing alcoholic myopathy, 269
Neglect of external space, 9–10
Neisseria meningitidis, in bacterial meningitis, 81–83, 81t, 83t, 84t
Nemaline myopathy, 262–263, 267, 267t
Neoplastic neuropathies, 293–294
Neostigmine, 258
Nerve biopsy, 44–45
Nerve conduction studies, 34–35, 230, 251, 286

arrangement for, 35f
Nerve conduction velocity, 230t, 254, 295
Nerve root avulsion, traumatic, 249–251
Nerve root lesions, 249–253, 250f, 251t, 278–281, 279f–280f, 

298–299
Neuralgia

glossopharyngeal, 135, 135t, 136, 137, 139, 149, 365
postherpetic, 4, 135t, 137, 138, 139, 150, 150f, 287, 306–307
trigeminal, 135t, 136, 137, 149, 149f, 150

Neuralgic amyotrophy, 251, 298
Neurally mediated syncope, 360
Neurilemmoma, 200
Neurinoma, 200
Neuritic plaques, in Alzheimer disease, 112
Neurocardiogenic syncope, 360
Neurodegeneration with brain iron accumulation (NBIA), 332
Neurodegenerative proteinopathies, 110–121, 111f, 111t, 246, 318
Neuroferritinopathy, 312t, 329, 332–333
Neurofibrillary tangles, in Alzheimer disease, 111t, 112–113, 113f

Neurofibromas, 138, 201, 243
Neurofibromatosis 1, 201
Neurofibromatosis 2, 201
Neurofibromin 1 gene, 201
Neurofibromin 2 gene, 201
Neuroleptic malignant syndrome, 62, 272, 272t, 338
Neurologic examination, 7–23. See also specific disorders.

in coma, 22–23, 49–52, 49f
in dementia, 108, 108t
diagnostic formulation, 23–26
in equilibrium disorders, 192–196
in headache, 139
laboratory investigations in, 26
in motor disorders, 222–227
in movement disorders, 316
in neuro-ophthalmologic disorders, 166-176 
screening in, 23
in sensory disorders, 277-282 
in special settings, 22–23
in stroke, 388–389

Neurologic history, general, 1–4. See also specific disorders.
age, 1
chief complaint, 1–2
of family, 3, 4f
past medical, 3
of present illness, 2–3, 2f
review of systems, 4
of social, 3–4

Neuroma, acoustic, 147t, 200–201, 200f, 213–214
Neuromuscular junction disorders, 221t, 223, 229, 230t, 

256–260
Neuromyelitis optica, 177, 237, 239
Neuromyotonia, 208t, 270t, 271–272, 294
Neuronitis, vestibular, 199
Neuronopathy 

motor, 294
sensory, 208t, 214, 215t,  284, 293-294, 295

Neuro-ophthalmic disorders
diagnostic approach to, 161–176
eye movement disorders, 179–183
history in, 165–166
neuro-ophthalmologic examination in, 166–176
visual system disorders, 176–179

Neuropathic pain, 2
Neuropathy(ies)

in AIDS, 290–291, 291t
autonomic, 291, 294, 295–296
chronic inflammatory demyelinating, 294
drug-induced, 294–295
entrapment, 297–298
femoral, 298
granulomatous, 283t, 290–291
heavy metal, 295
hereditary, 295–297
idiopathic inflammatory, 287–289
infective, 283t, 290–292, 291t
interdigital, 297
lateral femoral cutaneous, 298
length-dependent, 278
medication-related, 291
metabolic, 289–290
multifocal motor, 255
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nonarteritic anterior ischemic optic, 177, 178
nutritional, 283t, 289–290
obturator, 298
paraneoplastic, 293–294
peripheral, 4, 25f, 44, 78, 88, 222, 224, 236, 242, 253–256, 

283t, 284, 285, 286, 286t, 291, 302, 329
radial, 297–298
saphenous, 298
sensorimotor, 290
sensory, 208t, 210t, 214, 215t, 226, 272, 278, 283t, 284, 286t, 

290, 291, 294, 295
toxic, 283t, 294–295
ulnar, 297
vasculitis and, 292–293, 293t
vestibulocochlear, 197t, 202

Neurosyphilis, 25t, 33, 50, 85, 97t, 108t, 109t, 126–127, 170, 
171t, 177, 193, 195, 196, 214, 215t, 299, 316, 383, 389

Niacin deficiency, 3, 127
Nicotinic acid deficiency, 127
Nimodipine, for subarachnoid hemorrhage patients, 143
Nitrites, migraine and, 151, 155
Nocardia species

in brain abscesses, 57, 80
in fungal meningitis, 57, 94t

Nocturnal myoclonus, 313, 314t
Nodulus, 189f
Noncommunicating hydrocephalus, 123
Noncommunicating syringomyelia, 299, 300
Noncongruous homonymous hemianopia, 178
Nonconvulsive status epilepticus, 32, 104
Nondeclarative memory, 129
Nondominant hemispheric infarction, 101
Nondystrophic myotonias, 264–265
Nonepileptic seizures, 347
Nonfluent aphasia, 9, 108t

progressive, 116
Nonobstructive hydrocephalus, 123
Nonreactive pupils, 169
Non-Wilsonian hepatocerebral degeneration, 128–129
Normal-pressure hydrocephalus, 108t, 109, 109t, 122–124, 123f, 

124f, 322
Normokalemic periodic paralysis, 268–269
Nortriptyline, 150, 157t, 158, 287
Nuchal rigidity, 48, 55, 57t, 59, 139, 141, 142, 205
Nutritional disorders, confusional state and, 77–79
Nutritional myelopathies, 242
Nutritional neuropathies, 289–290
Nylen-Bárány maneuver, 17, 193, 197
Nystagmus, 50, 59, 60, 61, 62–63, 67, 67t, 68, 71, 72, 77, 79, 104, 

128, 132, 179, 185–186, 187, 187t, 190t, 194f, 197, 199, 
201, 202, 203, 204, 205, 206, 207, 208, 212, 213, 214, 228, 
233t, 235, 378, 380, 388

in equilibrium disorders, 192–193, 194t
in neurologic disorders, 15, 15f, 18f
optokinetic, 173
overview of, 175–176
positional, 197

O
Obsessive-compulsive disorder, 316, 333, 339, 340
Obstetric history, 3
Obstructive hydrocephalus, 123, 214

Obturator nerve, 3, 229t, 279f, 280f, 298, 403, 409f
Obturator neuropathy, 298
Occipital cortex, 100f, 131, 151, 152f, 163f

lesions of, 179
Occipital pain, in headache, 136f, 137, 144, 145, 158, 242, 363
Occupational history, polyneuropathy and, 285
Ocular abnormalities, in cerebellar ataxia, 187, 193
Ocular alignment, 192
Ocular disorders, headache and, 146
Ocular dystrophy, 183, 261t, 262
Ocular excursion, 173–175
Ocular motor system anatomy, 162–165, 164f
Ocular muscular dystrophy, 183
Ocular myopathies, 166, 183
Ocular nerve palsy, 84, 93, 173–174, 176, 180–182, 192
Ocular oscillations, 2, 15, 187
Ocular pain, 137
Oculocephalic maneuver, 50, 173
Oculocephalic reflex, 50
Oculomotor nerve, 14, 50, 162–163, 170f, 174, 182f, 186f, 205f

assessment, 13–15, 14f
lesions, 171, 180, 181t
nucleus, 163, 179
palsy, 59, 139, 141, 173–174, 175, 377, 378, 380

Oculopharyngeal dystrophy, 173, 183, 261t, 262
Oculopharyngeal muscular dystrophy, 183
Oculosympathetic pathways, 171, 172f
Oculovestibular reflex, 49, 50, 327
Oculovestibular stimulation, 50, 173
Olfactory nerve assessment, 10
Oligoclonal bands, 29, 85, 88, 125, 126, 206, 234, 235, 237
Onabotulinum toxin A, 156t
Onconeural antibodies, 208, 208t
One-and-a-half syndrome, 175, 176f
On–off phenomenon, 323
Ophthalmic nerve, 15, 136f, 182f
Ophthalmoplegia

definition of, 162
with dementia, 108t
diabetic, 181
internuclear, 53, 175, 175f, 179–180, 233t, 377, 388
in neurologic disorders, 14, 67t, 77, 99t, 131, 163, 166, 202, 

206, 299
painful, 181–182, 183t
progressive external, 183, 209, 262, 263
supranuclear, 118, 326, 327
in Wernicke encephalopathy, 66t, 77, 202

Ophthalmoscopy, 10–11, 10f, 168–169
Opiates/opioids, 

in confusional state, 71–72
intoxication, and coma, 61

Opisthotonos, 240
Opponens pollicis innervation, 228t
Opsoclonusmyoclonus, 208t
Optic chiasm, 10, 13f, 161, 162f, 163f, 167f
Optic disk, 10–11, 10f, 11f, 23, 161f, 166, 167, 168–169, 178
Optic fundi, 49, 59
Optic nerve, 10–13, 13f, 14t, 137, 161, 161f, 162f, 163f, 167f, 

169, 170f, 177, 178, 237
Optic neuritis, 13f, 85, 137, 139, 167t, 169, 177, 206, 233, 237
Optic radiations, 161, 162, 163f, 396

lesions of, 179
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Optic tract, 10, 13f, 161, 162f, 163f, 167f, 170f, 178
Optic tract lesions, 178
Optokinetic response, 173, 175, 179
Orbit lesions, 139, 180, 181
Organ system failure

confusional state in, 79–81
dementia in, 128–129

Organ transplantation, confusional state and, 80–81, 89t
Organophosphate toxicity, 221t, 255
Oromandibular dystonia, 312, 331, 332, 338
Orthostatic hypotension, 5, 5f, 170, 185, 190, 192, 291, 294, 324, 

343, 360t, 363, 364, 364t
Oscillopsia, 185
Osmotic demyelination syndrome, 76
Osteitis deformans, 197t
Osteoarthropathy, lumbar, 304
Osteomalacia, 269
Osteoporosis, 302, 304–305, 358t
Otosclerosis, 197t, 199–200
Ovarian cancer, 208
Overlap syndromes, 117
Oxcarbazepine, 270t, 271, 351, 358t, 359, 359t

for seizures, 354t
for trigeminal neuralgia, 149

P
Paget disease

of skull, 138, 197t, 202
of spine, 305

Pain discrimination, 20, 20f
Pain-sensitive structures

in cranial vault, 135, 136f
extracranial, 135

Palatal myoclonus, 313, 313t
Palilalia, 339
Pallidotomy, 325
Palmar grasp reflex, 21
Palmomental reflex, 21
Palpebrae, 14, 162, 163, 173
Palsy

abducens nerve, 59, 86t, 141, 148, 164, 174, 175f, 178, 179, 
181, 378, 380

Bell, 256
gaze, 173, 174–175, 176f, 179, 180f, 203, 204, 205, 327, 332, 

377, 380
ocular nerve, 24, 84, 93, 180–182, 192, 203, 204, 257, 388
oculomotor nerve, 139, 141, 173–174
progressive bulbar, 246, 247
progressive supranuclear, 40, 108t, 111t, 117, 118, 121, 183, 

247, 312t, 321, 326–327
pseudobulbar, 118, 121, 124, 226, 246–247, 326–327

with dementia, 108t
trochlear nerve, 174, 174f, 181

PANDAS, 330
Pannecrosis, 372
Papilledema, 23, 49, 54t, 58, 59, 67t, 68, 75, 76, 80, 82t, 84, 85, 

93, 99t, 100, 122, 123, 132, 139, 148, 178, 213, 214, 316, 
356t, 385

with dementia, 108t
with disequilibrium, 193
in ophthalmoscopy, 11, 11f, 169

Paradoxic embolus, 386

Paramedian midbrain infarction, 204–205, 205f
Benedikt syndrome and, 205

Parameningeal infection, 81, 86t
Paramyotonia congenita, 264–265, 268
Paranasal pain, 137
Paraneoplastic cerebellar degeneration, 190t, 196, 202t, 208–

209, 208t
Paraneoplastic disorders, 28, 244, 284, 313t
Paraneoplastic limbic encephalitis, 132–133, 133f
Paraneoplastic syndromes, 25t, 191, 192, 208t, 283t, 284, 

293–294
Paraparesis, 76, 78, 84, 93, 222, 226, 227, 231, 233, 233t, 238, 

239, 241, 242, 249, 300, 306
definition of, 223
in equilibrium disorders, 195

Paraplegia, 33, 223, 231, 238, 243, 244, 304, 401
Paraplegic gait, 21, 23f
Paraproteinemias, 283t, 294, 387
Parasitic infections, confusional state and, 95–98, 96t, 97f
Parasitic meningitis, 70t
Paraspinal dystrophy, 261t, 262
Paratonia, 223
Parenchymatous neurosyphilis, 85, 126
Paresthesia, 2, 76, 78, 98, 99t, 128, 156t, 233t, 236, 239, 241, 244, 

249, 255, 259, 276, 281, 284, 289, 289t, 290, 291, 296, 
297, 298, 300, 302, 343, 358t, 380

Parinaud syndrome, 164, 173, 179
Parkinsonian gait, 22, 23f
Parkinsonism, 72, 117, 118, 124, 209, 226, 310t, 311, 315, 316, 

317–325, 319t, 320f, 321f, 331, 332, 333, 336, 337f, 338, 
364t

Paroxysmal choreoathetosis, 311t, 329
Paroxysmal dyskinesias, 316, 333–334, 334t
Paroxysmal exercise-induced dyskinesias, 334
Paroxysmal kinesigenic choreoathetosis, 334, 334t
Paroxysmal nonkinesigenic dyskinesia, 333
Parsonage-Turner syndrome, 251
Partial seizures, complex, 32, 69t, 93, 104, 132, 185, 349–350, 

356
Patrick sign, 305
Pellagra, 3, 127
Pendular nystagmus, 15, 175, 192–193
Penicillamine, 222t, 255, 256, 286t, 335, 336
Penicillin G, 57, 84t, 94t, 260, 330
Pentobarbital, 357t
Penumbra, in cerebral ischemia, 372
Perampanel, 351, 355t, 358t, 359t
Perfusion weighted magnetic resonance imaging, 40
Pergolide, 324
Pericardial tamponade, 362
Pericarditis, constrictive, 361t, 362
Periodic paralysis syndromes, 268–269
Peripheral nerve disorders, 35, 221t, 226, 253–256, 271–272, 

286. See also Nerve conduction studies; Nerve root 
lesions; Neuropathy(ies); Polyneuropathy; and 
individual disorders.

Peripheral nerve lesions, 17, 225, 278, 283–287, 283t, 302
Peripheral nerve pain, 302
Peripheral vertigo, 185, 187t
Peripheral vestibular apparatus, 175, 176, 190
Peripheral vestibular disorders, 193, 197–202, 197t
Peripheral visual pathways, 161, 162f
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Pernicious anemia, 3, 78, 259, 270, 300, 301
Peroneal nerve, 3, 21, 229t, 292, 293, 298, 407f
Peroneal nerve lesions, 298
Peronei innervation, 229t
Persistent tics, 314
Persistent vegetative state, 60, 63, 401
Pes cavus, 215
Petechiae, 5
Phalen maneuver, 297
Pharynx, pain in, 137
Phenobarbital, 77, 90, 345, 354t, 357t, 359, 359t
Phenothiazines, 150, 222t, 254, 303, 318, 331, 336, 337, 340, 

346t, 361t, 364t
Phenytoin, 143, 149, 150, 191, 207, 222t, 254, 256, 264, 287, 351, 

354t, 357t–359t
Photophobia, headache and, 137
Physical examination. See also individual disorders.

of abdomen, 7
cardiovascular, 7
of chest, 7
in coma, 48–49
in dementia, 107, 108t
of ear, 6
in equilibrium disorders, 192
extremities and back, 7
of eye, 6
in facial pain, 138–139
of head, 5–6
in headache, 138–139
of neck, 6–7
in neurologic disorders, 4–7
of rectal and pelvic, 7
in stroke, 388
vital signs and, 4–5

Physiologic anisocoria, 14, 50, 169
Pinpoint pupils, 50, 52, 53, 58, 71, 397
Pinprick appreciation, 277, 283
Pituitary apoplexy, 178
Plantar grasp reflex, 21
Plaques, neuritic, in Alzheimer disease, 112
Plasmapheresis, 236, 237, 248, 255, 258, 259, 267, 288, 290, 291, 

294, 296
Plasmodium falciparum, 95, 96t, 97f
Plasmodium species, 95, 97f
Platybasia, 243
Plexopathy

brachial, 251–253
lumbosacral, 253

Plexus lesions, 249–253, 250f, 298–299
Pneumocystis carinii pneumonia, 92
POEMS syndrome, 294
Poliomyelitis, 248–249
Poliovirus, 3, 205, 221t, 248
Polyarteritis nodosa, 241, 285, 381t, 383
Polycythemia, 4, 122, 148t, 214, 311t, 312, 315, 316, 318t, 387, 389
Polymyalgia rheumatica, 138, 147, 178, 268
Polymyositis, 4, 33, 44, 231, 265–266, 265t, 267, 268, 269
Polymyxin, 222t
Polyneuropathy, 3, 4, 5, 19, 21, 24, 24f, 34, 78, 127, 132, 189, 

192, 195, 196, 206, 207, 209, 225, 253–255, 271, 278, 
283, 284, 286, 287–297, 289t, 293t, 358t, 364t

age and, 285

chronic inflammatory demyelinating, 288–289, 289t
in critical illness, 253, 292
diphtheritic, 253–254
with hyporeflexia, in dementia, 108t
inflammatory demyelinating, 291
occupational history and, 285
organophosphate, 255
predominantly sensory, 290
sensory changes in, 278
time course in, 284–285

Polyradiculopathy, acute inflammatory. See Guillain-Barré 
syndrome

Pontine hemorrhage, 48, 52, 58, 61, 62, 71, 175, 378,  
397–398

Pontine lesions, 50, 58, 179
Porphyria, 221t, 254, 283t, 284, 285, 286, 296, 344t, 346
Positional nystagmus, 15, 176, 193, 194t, 197, 199
Positional tests, in equilibrium disorders, 193, 194f
Positron emission tomography, 40–41, 115, 316
Postanoxic action myoclonus, 314
Postencephalitic amnesia, 132
Posterior cerebral artery occlusion, amnesia and, 131, 131f
Posterior cerebral artery 

spasm, 144
and stroke, 377–378, 377f

Posterior fossa malformations, 202t, 214
Posterior fossa tumors, 195, 196, 202, 213–214, 213t
Posterior reversible encephalopathy syndrome, 80, 101
Postganglionic sympathetic neurons, 171, 364
Postherpetic neuralgia, 4, 135t, 137, 138, 139, 150, 150f, 287, 

306, 307
Postictal pleocytosis, 356
Postictal state, 66, 69t, 71, 93, 104, 344, 347, 349
Postinfectious encephalitis, 98
Postpolio syndrome, 249
Posttransplant lymphoproliferative disorder, 81
Posttraumatic amnesia, 130, 130f
Postural headache, 138, 145, 146f
Postural tremor, 118, 310, 310t, 317, 335, 338
Potentiation, long-term, 129
Pott disease, 239, 304
Powassan virus, in viral encephalitis, 89t
Pramipexole, 322f, 323, 324, 340
Prechiasmal lesions, 161
Prednisone

for cerebral edema, 56t
for giant cell arteritis, 147
for inflammatory myopathies, 266

Preeclampsia, 346
Pregabalin, 150, 287, 302, 307, 340, 341, 346, 353f, 355t, 358t
Preganglionic sympathetic neurons, 171, 364
Pregnancy, epilepsy and anticonvulsants in, 3, 359–360
Presenilin 1 protein, 112, 112t
Presenilin 2 protein, 112, 112t
Presyncope, 2
Primary amebic meningoencephalitis, 95, 96t
Primary angiitis, central nervous system, 101, 381t, 383
Primary CNS lymphoma, 92
Primary generalized torsion dystonia, 330–331
Primary lateral sclerosis, 247, 248, 264f
Primary-progressive multiple sclerosis, 234, 236
Prion diseases, 119t. See also individual disorders.

Aminoff_Index_p411-442.indd   433 09/03/15   6:04 pm



INDEX434

Procainamide, 222t, 256, 264, 270t, 361t
Procedural memory, 129
Prochlorperazine, 155t
Programmed cell death, 373
Progressive bulbar palsy, 246, 247
Progressive external ophthalmoplegias, 183
Progressive multifocal leukoencephalopathy (PML),  

127, 127f
Progressive nonfluent aphasia, 108t, 116
Progressive supranuclear palsy, 40, 108t, 111t, 117, 118, 121, 

183, 247, 308, 312t, 321, 326–327
Progressive systemic sclerosis, 293, 293t
Prolapse, acute intervertebral disk, 249, 298, 303–304
Prolonged postictal state, 62, 71, 104, 344
Prolonged QT syndrome, syncope from, 362
Promethazine, 155t, 199t
Pronator drift, 19
Prophylaxis, malaria, 95
Propofol, 71, 340, 357t
Propranolol

for cardiac dysrhythmias, 361t
for cardiac sinus syncope, 363
for familial tremor, 317
for hypertrophic cardiomyopathy, 362
for migraine headache, 157
for tachycardia, 73, 254
for tension-type headache, 158, 317

Propriospinal myoclonus, 313–314, 313t
Proptosis, 14, 73, 93, 139, 173, 181
Prosopagnosia, 378
Prosthetic heart valves, 385–386
Protective therapy, for parkinsonism, 325
Protriptyline, 157t
Proximal myotonic myopathy, 264
Proximal weakness, 19, 24, 245, 248, 264, 266, 269
PS1 gene, 112, 112t
PS2 gene, 112, 112t
Pseudobulbar affect, 120, 327
Pseudobulbar palsy, 108t, 118, 121, 124, 226, 246–247, 326, 327
Pseudodementias, 106, 110, 129, 129t
Pseudohypertrophy, 222, 260
Pseudotumor cerebri, 3, 30, 135t, 139, 148, 178
Psychiatric disorders, confusional state and, 104
Psychogenic amnesia, 8, 130, 131–132
Psychogenic dystonia, 333
Psychogenic gait disorder, 227
Psychogenic seizures, 347
Psychogenic syncope, 365
Psychogenic unresponsiveness, 62–63
Psychomotor seizures, 104, 349
Ptosis, 14, 14t, 93, 157f, 163, 164, 171, 173, 173f, 183, 256, 257, 

259, 262, 264, 299
Pulmonary embolus, 361, 363
Pulmonary encephalopathy, confusional state and, 48, 80
Pulmonary hypertension, 361t, 363
Pulmonary stenosis, 361t, 362
Pulse, examination of, 5 
Pulseless arteritis, 363
Pupillary abnormalities, 14, 14t, 58, 77, 169, 171t, 203
Pupillary constriction, 14, 61, 71, 163, 169, 170
Pupillary light reflex, 53, 60, 131, 170f, 173, 180, 292
Pupils

in anticholinergics overdose, 72
in autoimmune optic neuritis, 177
in basilar artery thrombosis, 58
in botulism, 259
in cerebellar hemorrhage, 205, 398
in coma, 49–50, 49f
in confusional states, 66t
in diabetic opthalmoplegias, 181
in differential diagnosis of dementia, 108t
in diffuse encephalopathies, 53
in drug intoxication, 60, 61
in embolic occlusion, 58
in generalized tonic-clonic seizures, 347
in global cerebral ischemia, 60
in hypertensive intracerebral hemorrhage, 397t
in hyperthermia, 62
in midbrain lesions, 179
neurologic changes in, 106t
in neurologic examination, 14, 67t, 72
in neuro-ophthalmic examination, 169–173, 170f, 171t
in opiate overdose, 71
in opthalmoscopy, 10
in parenchymatous neurosyphilis, 126
in pathophysiologic assessment, 52
in pontine hemorrhage, 397
in psychogenic unresponsiveness, 62
in sedative drug intoxication, 71
in tabes dorsalis, 299
in vasovagal syncope, 360

Pure motor hemiparesis, 380
Purpura, thrombotic thrombocytopenic, 62, 100t, 102–103
Pursuits, eye, 165, 193
Pyramidal system, overview of, 219
Pyramidal tract, 17, 204f
Pyramidal weakness, 19
Pyramis, 189f
Pyrazinamide, 85
Pyridoxine

as a cause of polyneuropathy, 3
as cause of sensory ataxia, 215t
as the drug inducing peripheral neuropathy, 286t
in drug-induced and toxic neuropathies, 295
in sensory neuropathy, 214
in treatment of tuberculous meningitis, 85

Q
Quadriceps femoris innervation, 229t
Quadriparesis, 76, 196, 223, 227, 231, 239, 242, 248, 254, 397t, 

401
Quadriplegia, 32, 223, 231, 249, 255, 378
Quinidine

as cardiovascular cause of syncope, 361t
in motor disorders, 222t
in myasthenia gravis, 256
in parasitic infections, 95, 96t
in toxic vestibulopathies, 202
in treatment of pseudobulbar affect, 327

Quinine
in differential diagnosis of peripheral vestibular disorders, 

197t
in motor disorders, 222t
in motor-unit hyperactivity states, 270t
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in myasthenia gravis, 256
in parasitic infections, 96t
in peripheral nerve disorders, 271
in toxic vestibulopathies, 202

Quinine vestibulopathy, 197t, 202

R
Rabbit syndrome, 338
Rabies, in viral encephalitis, 89t, 90
Raccoon eyes, 6, 6f, 48, 67t
Radial nerve, 228t, 251, 252f, 255, 279f, 297, 404f
Radial neuropathy, 297–298
Radicular pain, 7, 99t, 241, 242, 243, 244, 249, 300, 302, 303, 

306
Radiculomyelopathy, 239
Radiculopathies, 286
Radionuclide cisternography, and normal-pressure 

hydrocephalus, 124
Ragged-red muscle fibers, 263, 263f
Ramsay Hunt syndrome, 256, 306
Rapid alternating movement, 20, 224, 228
Rasagiline, 322f, 324

in protective therapy, 325
in treatment of Parkinson disease, 323t

Rebound phenomenon, 228
Recent memory, 8, 77, 108t, 114, 131, 133
Receptive aphasia, 9, 9f, 9t, 67, 116, 376, 377
Red-green color vision, 12, 166
Referred pain, 305
Reflex sympathetic dystrophy, 302
Reflexes

in aging, 106t
assessment of, 21
asymmetry in, 225
in equilibrium disorders, 196
in motor disorders, 224–225, 224t
in peripheral nerve lesions, 284
superficial, 21, 225
tendon, 21, 22f, 224–225

Refsum disease, 215t, 283t, 284, 296
Registration, in memory, 8, 129, 130, 131, 132, 133
Relapsing-remitting multiple sclerosis, 233, 235–236
Relative afferent pupillary defect, 173
Remote memory, 8, 108t, 130, 131, 133
Repetitive nerve stimulation, 35–36, 230, 259
Repositioning maneuvers, 197, 198f
Respiration, in headache, 138
Rest tremor, 310, 310t, 311, 340
Restless legs syndrome, 340–341
Reticular activating system, 46, 47f, 50, 58, 63f, 164, 343
Retina, 161, 161f, 162, 167f
Retinal artery embolism, 144
Retinal hemorrhage, in subarachnoid hemorrhage, 139, 139f
Retrieval, memory, 129
Retrochiasmal lesions, 161, 178–179
Retrograde amnesia, 130, 130f
Retroorbital pain, 137
Rhabdomyolysis, acute, 267t, 268, 269
Rhabdovirus, in viral encephalitis, 89t
Rheumatic heart disease, 385, 386
Rheumatoid arthritis, 256, 266, 283t, 284, 285, 292, 293t, 295, 

304, 305

Rhinorrhea, headache and, 137, 139
Riboflavin, 156t
Rickettsia rickettsii, 96t, 98
Rifampin, 82

in treatment of tuberculous meningitis, 85
Rifaximin, 79
Rigidity, 48, 55, 57, 59, 75, 79, 100, 114, 118, 124, 128, 139, 141, 

142, 195, 205, 240, 270, 270t, 272t, 322, 325, 326, 327, 
338, 340

with dementia, 108t
in motor disorders, 18, 223
in parkinsonism, 320

Riley-Day syndrome, 296
Riluzole, for ALS, 247–248
Rinne test, 16–17, 17f, 193, 193t
Risus sardonicus, 240
Rivaroxaban, 392, 394

in the treatment of cerebrovascular diseases, 391t
Rivastigmine, for Alzheimer disease, 115, 115t
Rizatriptan, 154t
Rocky Mountain spotted fever, 96t, 98
Rod-body myopathy, 267
Rods, 161
Romberg sign, 21, 126, 187t, 192, 201, 214, 295, 299
Romberg test, 278
Rooting reflex, 21
Ropinirole, 322f, 323t, 324, 340
Roth spots, 6

S
Saccades, 165, 193, 327
Saccular (berry) aneurysm, 140
Salicylate vestibulopathy, 197t, 202
Salicylism, 202
Saphenous neuropathy, 298
Sarcoidosis, 44, 86t, 98–99, 178, 202, 256, 265, 283t, 292
Sarcolemma, 263
Saxitoxin, 254
Scalp, in headache physical examination, 138–139
Schilling test, 78
Schwannoma, 171t, 200, 213t
Sciatic nerve, 7, 7f, 229t, 303
Scissor-like gait, 226
Scleroderma, 266, 283t, 293
Sclerotic myeloma, 294
Scopolamine, 199t
Scotoma, in migraine, 152, 153f
Scrapie, 119t
Secondary-progressive multiple sclerosis, 233, 236
Sedative intoxication, in confusional state, 71
Sedative withdrawal, in confusional state, 71
Segmental dystonia, 312
Segmental myoclonus, 313, 313t
Seizures, 344–360, 401

absence, 348, 349f
alcohol withdrawal, 69, 71
anticonvulsants for, 352f–353f, 354t–355t, 358t
assessment of, 32
atonic, 349
classification of, 31–32, 347
clonic, 348
coma and, 62
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Seizures (Cont.):
complex partial, 349–350
confusional state and, 104
cryptogenic, 345
definition of, 343
diagnosis of, 343–344, 350, 351t
electroencephalography in, 31–32
etiology of, 344–347, 344f, 344t
events after, 343–344
events during, 343
generalized, 347–349, 348f–349f
generalized tonic clonic, 347, 348f
headache and, 145
idiopathic, 345
myoclonic, 348–349
neurologic disorders and, 345
partial, 349–350
petit mal, 348, 349f
in pregnancy, 359–360
prognosis for, 32, 360
recurrent, 351–356
status epilepticus, 347, 356–357, 356t–357t
stroke and, 388
subarachnoid hemorrhage and, 143
systemic disorders and, 345–347
therapy for, 350–360, 358t
tonic, 348

Selective neuronal necrosis, 372
Selective vulnerability, 372, 400
Selegiline, 323t, 324, 325
Semantic dementia, 116
Semantic memory, 129
Sensorimotor neuropathy, 290, 294, 295
Sensorimotor polyneuropathy, 253, 254, 285, 290, 291t,  

292–293, 294
Sensory ataxia, 21, 187t, 188–189, 190, 192, 214–216, 215f, 215t

joint position sense in, 196
vibration sense in, 196

Sensory ataxic gait, 21
Sensory cortex lesions, 282
Sensory examination, 139, 277–278
Sensory function assessment, 17, 19–20, 20f, 23
Sensory integration disorders, 9–10
Sensory interpretation assessment, 9–10
Sensory modalities, primary, 9, 275, 277–278, 388
Sensory neuronopathy, 208t, 215t, 293–294, 295
Sensory neuropathy, 214, 215t, 286t
Sensory receptors, 275
Sensory tics, 339
Sepsis

confusional state and, 100
polyneuropathy and, 292

Serum enzymes, in motor disorders, 230–231
Sexual intercourse, headache and, 145
Shellfish poisoning, 221t, 254
Shingles, 150, 306–307
Short-term memory, 125, 129, 130, 131, 132
Shunting, in normal-pressure hydrocephalus, 124
Shy-Drager syndrome, 326, 364
Sick sinus syndrome, 156t, 361t, 362
Sickle cell disease, 381t, 384, 387, 389
Sinemet, 323t. See Levodopa.

Single-photon emission computed tomography, 41, 316, 327, 
330

Sinoatrial node disease, syncope from, 362
Sinus thrombosis, 42, 138, 148t, 381t, 385, 388
Sinusitis, headache and, 135t, 138, 159
Sjögren syndrome, 86t, 266, 283t, 293, 293t
Skew deviation, 398
Skin

in equilibrium disorders, 192
in headache physical examination, 138
in Lyme disease, 87
in neurologic disorders, 5

Skin biopsy, 45
Snout reflex, 21
Sodium nitroprusside, in hypertensive encephalopathy, 101
Sodium valproate, 80, 270t, 271, 287, 310, 310t, 351
Sodium-channel myotonias, 265
Soleus innervation, 229t
Somatic sensation disorders

diagnostic approach to, 275–283
history in, 276
organic vs. psychogenic, 282–283
peripheral nerve lesions in, 283–287
polyneuropathies in, 287–297

Somatic sensory pathway anatomy, 275–276, 276f, 277f
Somatosensory evoked potentials, 33, 234, 301, 316, 402
Spasmodic torticollis, 332
Spasticity, 18, 74, 79, 114, 123, 127, 195, 205, 223, 226, 227, 231, 

233t, 236, 239, 300, 320, 332
Speech, in mental status examination, 9
Spinal accessory nerve assessment, 17
Spinal artery, anterior, 203f, 241, 241f, 282f, 370f, 379f
Spinal cord degeneration 

subacute combined, 242, 300–301, 301f
vitamin E deficiency and, 3

Spinal cord disorders, 231–244
acute disseminated encephalomyelitis in, 237, 238f
arteriovenous malformation in, 242f
chronic adhesive arachnoiditis in, 240–241
demyelinating myelopathies in, 232–237
multiple sclerosis in, 232–236, 233t, 234f, 235t
neuromyelitis optica in, 237
traumatic myelopathy in, 231–232
vascular myelopathies in, 241–242, 241f–242f

Spinal cord 
hemisection, 281–282
infarction, 241, 241f
lesions, 24, 221t, 228, 281–282, 281f, 282f
syndromes, 401
transection, 231
tumors, 178, 243–244

Spinal dysraphism, 43, 305
Spinal imaging, 43–44, 304
Spinal muscular atrophy, 245, 246f, 247, 248, 295
Spinal shock, 231, 241
Spinal stenosis, 43, 304, 305
Spinocerebellar ataxias, 195, 196, 209, 210t, 211f, 212f
Spondylitis, ankylosing, 304
Spondylosis, cervical, 43, 242–243, 247, 306, 378
Spontaneous intracranial hypotension, 145, 146f
St. Louis virus, in viral encephalitis, 89t, 205
Stalevo, 324

Aminoff_Index_p411-442.indd   436 09/03/15   6:04 pm



INDEX 437

Stance, 23, 185, 187, 187t, 205, 214, 225, 227, 278, 398
in equilibrium disorders, 192
in neurologic disorders, 21–22

Startle syndrome, 271
Static tremor, 310
Status epilepticus, 32, 62, 347, 356–357, 356t–357t
Steele-Richardson-Olszewski syndrome. See Progressive 

supranuclear palsy
Steppage gait, 21–22, 23f, 192, 226
Stereognosis, 275, 278, 375
Stiff-person syndrome, 208t, 270–271, 270t, 294
Stocking-and-glove sensory loss, 278, 283
Storage, memory, 129
Streptococcus pneumoniae, in bacterial meningitis, 81, 81t, 82, 

83, 83t, 84t
Stroke

acute, 392–394
AIDS and, 383
amphetamines and, 384
anterior cerebral artery in, 374, 375f–376f
antihypertensive agents for, 392
antiplatelet therapy for, 392
arrhythmias and, 385
artery dissection and, 384
aspirin for, 392
atherosclerosis and, 381–383, 382f
atrial fibrillation and, 385
atrial myxoma and, 386
basilar artery in, 377f, 378, 379f
cardiac disorders and, 381t, 385–386
carotid endarterectomy for, 392
as cause of weakness, 221t
cerebellar decompression for, 398
cerebral circulation and, 370–371, 370f, 371t
circumferential vertebrobasilar branches in, 370f, 378–380
clinical findings in, 387–389
clinicoanatomic correlation in, 374–381
clopidogrel for, 394
clot retrieval for, 393
cocaine and, 384
coma and, 57
complications of, 394
CT scan in, 36
definition of, 367, 369
diagnostic approach in, 367–372
differential diagnosis in, 391
dilated cardiomyopathy and, 386
duration of deficits in, 369f, 371
embolic, 372, 388
endocarditis and, 386
etiology of, 381–387
in evolution, 369, 369f
fibromuscular dysplasia and, 384
focal cerebral ischemia and, 372–395
focal involvement in, 369–370, 370f, 371t
genetics and, 367, 368t–369t
giant cell arteritis and, 383
global cerebral ischemia and, 400–402, 400f
granulomatous angiitis and, 383
headache and, 388
hematologic disorders and, 381t, 387
hemorrhagic, 372

heparin for, 393
history in, 387–388
hypercoagulable states and, 387
hypertension and, 382
from hypertensive hemorrhage, 395–399, 397t
imaging in, 389–391, 392
incidence of, 367
internal carotid artery in, 377
from intracerebral hemorrhage, 395–400
investigative studies in, 389–391
from ischemia, 371t, 372
lacunar infarction and, 374, 380–381, 381f, 384
leukocytosis and, 387
lupus and, 383
middle cerebral artery in, 374–377, 375f–376f
migraine and, 385
mitral valve prolapse and, 386
moyamoya and, 384, 384f
MRI in, 39
myocardial infarction and, 385
neurologic examination in, 388–389
noninvasive brain stimulation, 394
onset of, 369, 387–388
paradoxic embolus and, 386
penetrating paramedian vertebrobasilar branches in, 380
physical examination in, 388
polyarteritis nodosa and, 383
polycythemia and, 387
posterior cerebral artery in, 375f–377f, 377–378
prevention of recurrence of, 394
prognosis for, 395
progressing, 369, 369f
prosthetic heart valves and, 385–386
pure sensory, 380
rehabilitative therapy for, 394
rheumatic heart disease and, 386
risk factors, 367t
seizures and, 345, 388
short basal vertebrobasilar branches in, 380
sickle cell disease and, 387
sinus thrombosis and, 385
stents for, 392
surgery for, 393–394, 398–399
syphilitic arteritis and, 383, 383f
thrombocytosis and, 387
thrombolytic therapy for, 393
thrombotic, 372, 388
vs. TIA, 371
treatment of, 391–394, 391t, 398–399, 401
vascular disorders and, 381–385, 381t, 382f–385f
vascular origin of, 371–372
venous thrombosis and, 385
warfarin for, 392–393

Subarachnoid hemorrhage, 100t, 140–144, 140f–141f, 143t
vs. bacterial meningitis, 82
cerebrospinal fluid profile in, 70t
coma and, 59
confusional state and, 101
CT scan in, 37
retinal hemorrhage in, 139, 139f
stroke from, 372
symptoms of, 140–141
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Subarachnoid space lesions, 180
Subclavian steal syndrome, 363, 378
Subdural hematoma, 103f, 147

chronic, 108t, 122, 122f
coma and, 54, 54t, 55f, 59
traumatic, 103

Subdural hemorrhage, 241–242, 372
Subhyaloid hemorrhages, 139
Substantia nigra, 118, 205f, 309, 310f, 318, 320f, 325,  

328f, 337f
Subtentorial structural lesions, 52–53, 58–59
Suck reflex, 21
Sudden onset of disequilibrium, 191
Sulfonamides, 222t, 254, 286t, 359t
Sumatriptan, 154t,155, 157
Superficial reflexes, 21, 225
Superior quadrantanopia, 13f, 167f, 179
Supranuclear control of eye movements, 164–165
Supranuclear ophthalmoplegia, 118, 327
Supranuclear palsy, progressive. See Progressive supranuclear 

palsy
Suprascapular nerve, 228t, 252f
Supraspinal lesions, 221t
Supraspinatus innervation, 228t
Supratentorial structural lesions, 52, 52f, 53, 54–58, 54t
Supraventricular tachyarrhythmias, syncope from, 361
Surgery

for parkinsonism, 325
for stroke, 393–394, 398–399
for subarachnoid hemorrhage, 143

Surgical complications, encephalopathy and, 80
Sydenham chorea, 311t, 315, 330, 339
Sympathomimetics, 72, 199t, 346t
Synaptic dysfunction, in Alzheimer disease, 114
Syncope, 360–365

from aortic stenosis, 362
from basilar artery insufficiency, 363
from bradyarrhythmias, 362
from cardiac arrest, 361
from cardiac inflow obstruction, 362
from cardiac outflow obstruction, 362
cardiovascular, 360–363, 361t
carotid sinus, 363–364
cerebrovascular, 363–364
common causes of, 360t
from complete heart block, 362
cough, 364–365
definition of, 343
diagnostic approach to, 343–344
from dissecting aortic aneurysm, 363
from glossopharyngeal neuralgia, 365
from hypertrophic cardiomyopathy, 362–363
micturition, 365
from migraine, 363
from mitral valve prolapse, 362
neurally mediated, 360
from orthostatic hypotension, 364
posture in, 343
from prolonged QT syndrome, 362
psychogenic, 365
from pulmonary embolus, 363
from pulmonary hypertension, 363

from pulmonary stenosis, 362
from sinoatrial node disease, 362
from subclavian steal syndrome, 363
from supraventricular tachyarrhythmias, 361
from tachyarrhythmias, 361–362
from Takayasu disease, 363
vasovagal, 360
from ventricular tachyarrhythmias, 361–362

Syphilis, 4, 29, 85, 86t, 93, 101, 122, 126, 178, 239, 285, 286, 291, 
299, 389, 392

Syphilitic arteritis, 381t, 383, 383f, 389
Syphilitic meningitis, 68t, 69t, 85, 87f, 126
Syringobulbia, 180, 300, 364t
Syringomyelia, 25t, 214, 243, 281, 299–300, 300f
Systemic disorders, 125–129, 344, 344t, 345–347, 387
Systemic lupus erythematosus (SLE), 100t, 101, 109, 283t, 285, 

292–293, 293t, 311t, 315, 316, 330, 381t, 383

T
Tabes dorsalis, 85, 126, 192, 196, 214, 215f, 215t, 226, 278, 285, 

299, 364t, 383
Taboparesis, 126
Tachyarrhythmias, syncope from, 361–362, 361t
Tachycardia-bradycardia syndrome, 362
Tacrine, for Alzheimer disease, 115, 115t
Tacrolimus, 80, 346t
Taenia solium, 96t, 97, 97t
Takayasu disease, 363
Tamponade, pericardial, 362
Tandem gait, 192
Tangier disease, 45, 278, 283t, 296
Tangles, neurofibrillary, in Alzheimer disease, 111t, 112, 113f, 

115, 116
Tardive akathisia, 338
Tardive dyskinesia, 315, 329, 337–338
Tardive dystonia, 338
Tardive myoclonus, 338
Tardive tic, 314, 338
Tardive tremor, 338
Tarsal tunnel syndrome, 298
Tau tubulin kinase-2, 210t
Tauopathies, 113, 326
Temperature

in coma, 48
in headache, 138
in subarachnoid hemorrhage, 141

Temperature sensation, 15, 20, 24, 214, 276f, 277, 282, 282f, 283, 
296, 378

Temporal arteritis, 135t, 146–147, 177, 178, 383. See also Giant 
cell arteritis

Temporal lobe seizures, 104, 343, 347, 349–350, 356
Temporal pattern, of headache, 137, 137f
Temporomandibular joint dysfunction, 136, 159
Tendon reflex, 17, 21, 22f, 23, 72, 76, 78, 80, 128, 170, 187, 195t, 

196, 224–225, 231, 243, 245, 255, 259, 278, 281, 284, 
285, 287, 289, 290, 292, 295, 296, 300, 318, 321, 327

Tensilon test, 257
Tension-type headache, 158, 158f
Tensor fasciae latae innervation, 229t
Teriflunomide, 236
Terminal dysmetria, 187
Tetanus, 3, 240, 270, 271, 272
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Tetany, 76, 77f, 80, 270, 272, 346
Tetracycline, 96t, 148t, 222t, 256
Tetraparesis, 223
Tetraplegia, 223
Thalamic lesions, 282
Thalamic pain, 302–303
Thalamic pupils, 49
Thalamotomy, 312, 317, 325, 331, 340
Thalamus, in parkinsonism, 320f
Thallium poisoning, 254–255
Thiamine

for comatose patients, 47, 47t
in drug-induced and toxic neuropathies, 294, 295
in korsakoff amnestic syndrome, 132, 133
in toxin-induced cerebellar degeneration, 207
in Wernicke encephalopathy, 66t, 68, 69, 77, 131, 166,  

202, 203
Thiamine deficiency, 77, 131, 132, 166, 207, 294
Third-degree atrioventricular block, 362
Thoracic outlet syndrome, 253, 298
Thoracoabdominal radiculopathy, 285, 289t
Throbbing pain, 136
Thrombocytosis, 4, 122, 147, 148t, 381t, 387, 389
Thrombolytic agents, 40, 399
Thrombotic stroke, 372, 388
Thrombotic thrombocytopenic purpura, 62, 100t, 102–103
Thymectomy, 258
Thyrotoxicosis, 67t, 256, 268, 310, 310t, 311t, 312
Tiagabine, 354t, 358t–359t
Tibial nerve, 229t, 298
Tibialis anterior innervation, 229t, 407f
Tibialis posterior innervation, 229t
Tick-borne, in viral encephalitis, 89t
Tics, 309, 314–315, 333, 338, 339, 340
Tightness, in headache, 136
Timolol, 156t
Tinel sign, 297
Tinnitus, 185
Titubation, 187, 190, 192, 195, 196
Tizanidine, 232
Tobacco use, and neurological disorders, 3
Tocopherol deficiency, 3
Todd paralysis, 349
Tolcapone, 322f, 323t, 324
Tonic pupil, 14t, 170–171, 171t
Tonsil, cerebellar, 52f, 146, 189f, 214, 300
Tooth extraction sites, infected, 159
Top of the basilar syndrome, 101, 378
Topiramate, 148, 156t, 248, 287, 314, 317, 340, 351, 353f, 354t, 

358t–359t, 359
Torsion dystonia, 330–331
Torticollis, 312, 331, 332, 336, 338
Toxic neuropathies, 294–295
Toxic vestibulopathy, 197t, 201–202
Toxin-induced parkinsonism, 318
Toxoplasma gondii, 95, 96t, 311t
Toxoplasma, in brain abscesses, 80
Toxoplasmosis, cerebral, 91, 92, 95, 97f, 315
Tongue, biting of, 344
Tractography, 40
Transcortical aphasia, 9, 9f, 9t
Transcranial doppler studies, 44, 142, 387

Transient global amnesia, 131
Transient ischemic attacks, 55, 126, 144, 177, 191, 203, 363, 367, 

371, 392–394
Transient loss of consciousness, headache and, 137
Transient monocular blindness, 176, 177, 383
Transient simple tics, 314
Transmissible mink encephalopathy, 119t
Transplant rejection, 80, 81
Transverse myelitis

acute, 215, 239
as cause of weakness, 221t

Trauma, head, 5, 6f, 55, 56, 63, 66, 67t, 68, 69t, 81t, 122, 127, 
136, 148t, 181, 314, 343, 344t, 350

amnesia and, 130, 130f
confusional state and, 103
CT scan in, 37 
dementia and, 125
equilibrium disorders and, 197t, 200
intracranial hemorrhage and, 399
MRI in, 39
seizures and, 345

Trauma prevention, in peripheral nerve lesions, 286–287
Traumatic lesions, 298–299
Traumatic myelopathy, 231–232
Traumatic nerve root avulsion, 249–251
Tremor

benign essential, 310, 310t, 317
benign familial, 321
carbon monoxide poisoning in, 310t
causes of, 310t
definition of, 309
with dementia, 108t
familial essential, 317
gait in, 226
intention, 21, 187, 195, 195t, 196, 228, 233t, 310, 310t, 311, 401
kinetic, 310, 311
in parkinsonism, 319
postural, 118, 310, 310t, 317, 335, 338
rest, 310, 310t, 311, 340
static, 310
tardive, 338

Tremulousness, in alcohol withdrawal, 69, 71, 71f
Treponema pallidum, 85, 126, 290, 311t
Triceps innervation, 228t
Triceps reflex, 224t
Trichinosis, 265
Trientine hydrochloride, 336
Trigeminal autonomic cephalalgias, 157–158
Trigeminal nerve, 15, 135, 136f, 137, 150, 172f, 180, 204f
Trigeminal nerve assessment, 15–16, 15f
Trigeminal neuralgia, 135t, 136, 137, 149, 149f
Triptans, 154t,155, 158
Trismus, 240, 271
Trisomy 21, Alzheimer disease and, 112, 112t
Trivalent antitoxin (ABE), 260
Trochlear nerve, 163, 182f

assessment, 13–15, 14f
lesions, 181, 181t
nucleus, 163
palsy, 174, 174f

Tropical spastic paraparesis, 239
Trousseau sign, 76, 270t, 272
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Truncal ataxia, 21, 195, 213, 226, 228
TTP. See Thrombotic thrombocytopenic purpura
Tuber vermis, 189f
Tuberculoid leprosy, 292
Tuberculosis, 4 

myelopathy in, 239
Tuberculous meningitis, 69t, 70t, 83–85, 97t

differential diagnosis in, 86t
Tumors

amnesia and, 132
cerebellopontine angle, 149, 194, 196, 197t, 200–201, 200f, 

213, 214
coma and, 57–58
CT scan in, 36
dementia and, 124–125
headache and, 147, 147t–148t
hemorrhage into, 400
MRI in, 39
posterior fossa, 195, 196, 202, 202t, 213–214, 213t, 364t
seizures and, 345
spinal cord, 221t, 243–244

Two-point discrimination, 9, 108t, 221, 278
Tyramine, migraine and, 136, 155

U
Ubiquitin, 112, 116
Ulnar nerve, 35f, 228t, 252f, 285, 297, 406f
Ulnar neuropathy, 297
Ultrasonography, 44, 383, 389

Doppler, 44, 389, 392
Uncal syndrome, 52
Unilateral neglect, definition of, 10f
Unruptured aneurysm, 143
Unsteady gait, in elderly, 226–227
Upper motor neurons, 17, 24, 219, 219f–220f, 246f

lesions, 17, 223, 224, 227, 231
Uremia, 68t, 80, 101, 271, 283t, 285, 290, 313t, 314t, 344t, 346
Urine tests, for movement disorders, 316
Uveomeningitisa, 86t
Uvula, cerebellar, 189f

V
Vaccination 

against bacterial meningitis, 83t
for neurologic diseases prevention, 3

Vacuolar myelopathy, 125, 215t, 239
Vagus nerve, 135, 204f
Vagus nerve assessment, 17
Valproic acid, 156t, 157, 248, 314, 315, 330, 338, 345, 351, 354t, 

358t, 359, 359t, 401
Valsalva doctrine, 24
Vancomycin, 57, 81t, 84t, 238
Varicella-zoster virus, 89t, 90, 150, 243, 256
Variegate porphyria, 296
Vascular dementia, 108t, 109, 109t, 110f, 115, 116, 120, , 122f, 

124, 247
Vascular disorders, 381–385, 381t

confusional state and, 100–103, 100f
dementia and, 121–122, 121f

Vascular involvement, in Alzheimer disease, 114
Vascular malformations, 215t, 344t, 385

hemorrhage and, 399

seizures and, 345
Vascular myelopathies, 241–242, 241f–242f
Vascular parkinsonism, 318
Vasculitis

associated with neuropathies, 293t
in brain biopsy, 44
in chorea, 311
confusional state and, 100t, 101–102
in diffuse encephalopathies, 62
in drug abuse, 385
in encephalitis, 59
in fungal meningitis, 93
in giant cell arteritis, 146
in meningitis, 59
in nerve biopsy, 45
in spinal epidural abscess, 237
systemic necrotizing, 292
in tobacco use, 3

Vasospasm, 42, 44, 100, 142, 143, 372, 385
Vasovagal syncope, 360
Venezuelan equine virus, in viral encephalitis, 89t
Venlafaxine, 287
Venous sinuses, 135, 372, 385f, 389
Venous thrombosis, 385
Ventilatory assistance, 254, 260, 286, 398, 401
Ventricular tachyarrhythmias, syncope from, 361–362
Verapamil, 156t, 187, 248
Vergence movements, 164
Version movements, 164
Vertebral artery

aneurysm, 140f
dissection, cerebral vascular, 384

Vertebrobasilar infarction, 195, 203–205
Vertebrobasilar ischemia, 67t, 100t, 101, 202, 202t, 203–205, 

343, 363
Vertigo, 2, 15, 17, 54t, 59, 128, 153, 176, 185, 187t, 189–190, 

193, 194f, 194t, 197–198, 199t, 200, 201, 202, 203, 204, 
206, 213, 214, 276, 358t, 363, 371, 371t, 378

positional, 18f, 198f
Vestibular ataxia, 185–186, 187t, 192
Vestibular disorders

central, 193, 202–214
gait in, 226
peripheral, 193, 197–202, 197t

Vestibular nerve, 16, 186f
Vestibular nystagmus, 176
Vestibular pathways, 186f
Vestibulocochlear neuropathy, 197t, 202
Vestibulopathy

acute peripheral, 197t, 199, 199t
toxic, 197t

Vibration sense, 20, 20f, 23, 106t, 189, 196, 214, 215, 231, 278
Vigabatrin, 270t, 271, 351, 352f, 354t, 358t–359t
Vincristine, 286t, 291
Viral encephalitis, 25t, 88–90, 89t, 132, 314, 314t
Viral meningitis, 70t, 88–90, 89t
Visual acuity, 11–12, 166
Visual cortex, 162
Visual disturbances, 57t, 80, 100, 119t, 322

headache and, 137
in migraine, 153, 153f

Visual evoked potentials, 32, 196, 234
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Visual fields, 12–13, 12f, 13f, 23, 148, 161, 162f, 166–168, 167f
Visual pathways, 161–162, 161f, 162f, 163f
Visual system anatomy, 161–162, 161f, 162f, 163f
Visual system disorders, 176–179
Vitamin B1. See Thiamine 
Vitamin B6, overconsumption of, 3
Vitamin B3 deficiency, 3
Vitamin B12 deficiency, 195, 196, 215f, 226, 300

in autoimmune optic neuritis, 177
confusional state and, 78–79
dementia in, 128, 192
hematologic abnormalities in, 78f
myelopathy in, 242
polyneuropathy and, 290
subacute combined spinal cord degeneration in, 300–301, 

301f
Vitamin E deficiency, 3
Vogt-Koyanagi-Harada syndrome, 86t
Vomiting, headache and, 55, 137, 145, 150, 151t, 153, 154t, 158
Von Recklinghausen disease, 138, 201

W
Waddling gait, 22, 226, 260
Waldenström macroglobulinemia, 294
Wallenberg syndrome, 24, 203, 204f, 378, 389
Warfarin, 359t, 385, 386, 389, 391t, 392–393, 394
Wasting disease of deer and elk, 119t
Weakness, 219

causes of, 221t
distribution of, 220–221
in equilibrium disorders, 195–196
as neurologic complaint, 2

proximal, 19, 24, 245, 248, 264, 266, 269
pyramidal, 19

Wearing-off effect, 323
Weber test, 17, 17f, 193, 193t
Wegener granulomatosis, 86t, 102, 283t, 285, 292
Weight loss, headache and, 137, 138
Werdnig-Hoffman disease, 245
Wernicke aphasia, 9, 9t, 67
Wernicke area, 9f, 375, 376f
Wernicke encephalopathy, 5, 25t, 47, 48, 54t, 61, 66, 66t, 67t, 

69, 77, 131, 132, 166, 180, 190t, 192, 202–203, 202t, 206, 
207, 208, 294, 364t

Wernicke-Korsakoff syndrome, 3
West Nile virus, 221t, 249, 316

in viral encephalitis, 89t
Western equine virus, in viral encephalitis, 89t
Westphal variant, 329
Whiplash, 231, 305
Wilson disease, 3, 6, 108t, 109t, 128, 129, 190t, 192, 195, 196, 

202t, 212, 310, 310t, 311, 312t, 313, 314t, 315, 316, 322, 
329, 332, 334–336, 335f, 339

Working memory, 129
Writer’s cramp, 312, 332

X
X-rays, 37, 43, 196, 212, 230, 243, 251, 292, 305, 316

Z
Zidovudine, 222t, 267, 267t, 269
Zolmitriptan, 154t, 157
Zonisamide, 314, 317, 351, 354t, 358t, 359t
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