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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
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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

Mental Status Examination / 7

Cranial Nerves /10

Motor Function / 17

Sensory Function / 19

Coordination / 20

Reflexes / 21

Stance & Gait / 21
Neurologic Examination in Special

Settings / 22

Coma/ 22

“Screening” Neurologic Examination / 23
Diagnostic Formulation / 23

Principles of Diagnosis / 23

Anatomic Diagnosis: Where Is the Lesion? / 23

Etiologic Diagnosis: What Is the Lesion? / 24
Laboratory Investigations / 26
General References / 26

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.
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CHAPTER 1

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 lliness

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).

2

5]

3 Stroke

%]

2 Alzheimer disease
§ Brain tumor

[0)

(%]

2

'§ Multiple sclerosis
[0

9]

2

'§ Migraine

) Epileps!

3 pilepsy

Time

Figure 1-1. Temporal patterns of neurologic disease
and examples of each.
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NEUROLOGIC HISTORY & EXAMINATION

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. llinesses

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,

disorders,

ataxia, neuromuscular 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 B, (thiamin) is responsible for the
Wernicke-Korsakoff syndrome and polyneuropathy in
alcoholics. Vitamin B, (niacin) deficiency causes pellagra,
which is characterized by dementia. Vitamin B, (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 B, (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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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

https://CafePezeshki.lR




NEUROLOGIC HISTORY & EXAMINATION
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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.

acutely in the setting of hypertensive encephalopathy,
ischemic stroke, or intracerebral or subarachnoid hemor-
rhage. Blood pressure that drops by 220 mm Hg (systolic)
or 210 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
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CHAPTER 1

A 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.)

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.

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

Involuntary hip and
knee flexion

B Brudzinski sign

A 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.)
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NEUROLOGIC HISTORY & EXAMINATION

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
Laseégue 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

Figure 1-6. Signs of lumbosacral nerve root irrita-
tion. The straight leg raising or Laségue 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.)

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).
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CHAPTER 1

Normal consciousness

Depressed consciousness

.4— Coma
L

Coherent |- O
Purposeful -
[0
[}
c
S
@
o) Semi- |
T purposeful
Reflexive |
or none . .
Verbal Tactile Painful
or visual
Stimulus

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.

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
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Table 1-1. Aphasia Syndromes.

Type Fluency Comprehension Repetition
Expressive (Broca) = A =
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.

(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

— @
O
Motor Language
speech area  Arcuate comprehension

(Broca) fasciculus area (Wernicke)

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.)

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.

. 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
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Figure 1-9. Unilateral (left-sided) neglectin 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.)

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 (Il) 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

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

Fovea i e N\ disk

Macula

A

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)
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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.)

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.

. 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
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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.

. 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 examiners.
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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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.

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 (lll), Trochlear (IV), and
Abducens (VI) Nerves

These three nerves control the action of the intraocular
(pupillary sphincter) and extraocular muscles.
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Table 1-2. Common Pupillary Abnormalities.

Reactivity
Name Appearance Reactivity (light) (accommodation) Site of Lesion
Adie (tonic) pupil Unilateral large pupil Sluggish Normal Ciliary ganglion
Argyll Robertson pupil Bilateral small, irregular Absent Normal Midbrain
pupils
Horner syndrome Unilateral small pupil and Normal Normal Sympathetic innervation
ptosis of eye
Marcus Gunn pupil Normal Consensual > direct Normal Optic nerve

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

Superior Inferior
rectus oblique
Lateral / l _, Medial
rectus \ rectus
Inferior Superior
rectus oblique

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 (lll) 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 P EER /\
in eye movement may result from either muscle or

nerve lesions. The oculomotor (III) nerve innervates all

the extraocular muscles except the superior oblique, e e
which is innervated by the trochlear (IV) nerve, and the

lateral rectus, which is innervated by the abducens (VI) A End-position B Nystagmus in
nerve. Because of their differential innervation, the pat- nystagmus primary position

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

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.)

D. Trigeminal (V) Nerve

the direction in which the separation of images is great- The trigeminal nerve conveys sensory fibers from the face
est. Each eye is then covered in turn and the patient is and motor fibers to the muscles of mastication. Facial
asked to report which of the two (near or far) images touch and temperature sensation are tested by touching
disappears. The image displaced farther in the direction and by placing the cool surface of a tuning fork on both
of gaze is always referable to the weak eye. Alternatively, sides of the face in the distribution of each division of the
one eye is covered with translucent red glass, plastic, or trigeminal nerve—ophthalmic (V1, forehead), maxillary

cellophane, which allows the eye responsible for each (V2, cheek), and mandibular (V3, jaw) (Figure 1-16). The
image to be identified. For example, with weakness of ~ patient is asked if the sensation is the same on both sides
the left lateral rectus muscle, diplopia is maximal on and, if not, on which side the stimulus is felt less well, or as
leftward gaze, and the leftmost of the two images seen

disappears when the left eye is covered.

. 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-

Ophthalmic
division

S Maxillar
tude (fine or coarse), precipitating factors such as divisior{
changes in head position, and associated symptoms,
such as Vertlgo. The d1rect10n.0f jerk nystagI.nuS (eg, Mandibular
leftward-beating nystagmus) is, by convention, the division

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 Figure 1-16. Trigeminal (V) nerve sensory divisions.
begins in infancy and is of equal velocity in both  (Used with permission from Waxman SG. Clinical
directions. Neuroanatomy. 26th ed. New York, NY: McGraw-Hill; 2010.)
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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.)

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 (VIIl) 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 1-18. Tests for hearing loss.

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-
Barany 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 (XIl) 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 (I) 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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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.

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
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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

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.)

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.

https://CafePezeshki.lR




CHAPTER 1

d Ve “Dull”

A Testing pain
discrimination

“Sharp” —

B Testing sense
of position

LEe)

C Testing
vibratory sense

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.)

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

2

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

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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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.)

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.

Dorsiflexion

Fanning

Dorsiflexion

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.)

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
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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.)

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.
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Figure 1-26. Anatomic patterns of involvement resulting from disorders affecting different sites in the nervous

system. Filled areas are affected.

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
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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 B,), combined systems disease (vitamin B,,)
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

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

Huntington disease

Amyotrophic lateral sclerosis

Spinal cord injury

Head injury

Epilepsy

Parkinson disease

Alzheimer disease

Stroke

Peripheral neuropathy
Headache

Back pain

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.

0 10

20 30 40 50
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.)
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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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CHAPTER 2

LUMBAR PUNCTURE
INDICATIONS

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/
UL 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.
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B. Equipment and Supplies

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

Gloves

Iodine-containing solution for sterilizing the skin
Sponges

Drapes

Lidocaine (1%)

Syringe (5 mL)

Needles (22- and 25-gauge)

Spinal needles (preferably 22-gauge) with stylets
Three-way stopcock

Manometer

— =
S A e

Collection tubes

[a—
[\

. 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.

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

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/uL, but counts
as low as about 50/uUL 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

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

Appearance Maximum Disappearance
Oxyhemoglobin  0.5-4 hours 24-35 7-10 days
(pink) hours
Bilirubin 8-12 hours 2-4 days 2-3 weeks
(yellow)

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:

Date and time performed.

Name of person or persons performing the procedure.
Indication.

Position of patient.

Anesthetic used.

Interspace entered.

Opening pressure.

Appearance of CSE including changes in appearance
during the procedure.

®© NN w D=

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.
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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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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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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 uV in A, 300 1V 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.
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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.
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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
MRL 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 B, 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
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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.)

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.
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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)

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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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. Aminoffs 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 M]J, 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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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).

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,
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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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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

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
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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 '8F-fluoro-2-deoxy-D-glucose or '8F-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-f (AB) 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 ("H-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 (*'P-MRS)
may be useful in the evaluation of metabolic muscle
diseases.

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.)

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.

https://CafePezeshki.lR




CHAPTER 2

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.

Gonzilez 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

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 DE 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 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
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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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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.

Posner JB, Saper CB, Schiff N, Plum E 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.

. 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.

COMA 47

. 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.

. 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).

. 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

Ensure adequacy of airway, ventilation, and
circulation

Next Later

If signs of meningeal irritation are present ECG
(see Figure 1-5), perform LP to rule out

meningitis. Obtain a history if possible

Draw blood for serum glucose, electrolytes, liver

and renal function tests, PT, PTT, and CBC examination

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

Draw blood for arterial blood gas determinations

Treat seizures (see Chapter 12, Seizures &
Syncope)

Perform detailed general physical and neurologic

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

Correct hyper- or hypothermia

Correct severe acid—base and
electrolyte abnormalities

Chest x-ray

Blood and urine toxicology
studies; EEG

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

GENERAL PHYSICAL EXAMINATION
Signs of Trauma

1. Inspection of the head may reveal signs of basilar skull
fracture, including the following:
A. Raccoon eyes—DPeriorbital 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.

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.

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 CSE 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).

COMA

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,
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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 (lll) nerve.
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dilated pupil in a comatose patient is transtentorial her-
niation of the medial temporal lobe from a supratentorial
mass.

. 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.

. 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).

. 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

. 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).

. 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 (IIT) 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.

¢ 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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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.

1. With cerebral dysfunction of only moderate severity, tends to occur when brain dysfunction has descended

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.

. 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.

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

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.

. Bilateral symmetric posturing may be seen in both

structural and metabolic disorders.

. Unilateral or asymmetric posturing suggests structural

disease in the contralateral cerebral hemisphere or
brainstem.

. 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.
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Table 3-3. Glasgow Coma Scale.

Motor
Score  Eye Opening Verbal Response Response
1 None None None
2 To pain Vocal but not verbal  Extension
3 To voice Verbal but not Flexion
conversational
4 Spontaneous Conversational but ~ Withdraws
disoriented 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.

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

Lateral
ventricles 1 Supratentorial
N ® mass
Uncus _
Tentorium
cerebelli

Aw

Brainstem

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.

Cerebellar tonsn

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.
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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 pontomedaullary lesions.

Central
hyperventilation

Ataxic

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,

COMA

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 EE. Diagnosis of
reversible causes of coma. Lancet. 2014;in press.
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Table 3-4. Pathophysiologic Assessment of the Comatose Patient.

Supratentorial Structural
Lesion

Pupil size and light  Usually normal size (3-4 mm)

Subtentorial Structural Lesion

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

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

Diffuse Encephalopathy/Meningitis

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

Usually normal; impaired by sedative drugs
or Wernicke encephalopathy

reaction and reactive; large (>7 mm)
and unreactive with
transtentorial herniation

Reflex eye Normal (gaze preference toward
movements side of lesion may occur)
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

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 3-5. Clinical Features of Subdural Hematoma.'

Acute? Subacute*  Chronic*
(82 Cases) (91 Cases) (216 Cases)
(%) (%) (%)
Symptoms
Depressed 100 88 47
consciousness
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 100 88 59
consciousness
Pupillary inequality 57 27 20
Motor asymmetry 44 37 41
Confusion and 17 21 27
memory loss
Aphasia 6 12 1
Papilledema 1 15 22
Hemianopia 0 4 3
Facial weakness 0 3 3

Data 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.

“More than 20 days after trauma.
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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.

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
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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

—

. 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.

»

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.

w

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

Table 3-6. Drug Therapy for Cerebral Edema.

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 DE 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.

Drug Dose

Route

Indications and Comments

Glucocorticoids

Dexamethasone 10-100 mg, then4 mg  Intravenous or orally
4 times daily

Prednisone 60 mg, then 25 mg Orally
4 times daily

Methylprednisolone 60 mg, then 25 mg Intravenous or orally
4 times daily

Hydrocortisone 300 mg, then 130 mg

4 times daily

Osmotic diuretic agents

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.

Mannitol 1.5-2 g/kg over

30 min-1h

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

Hypertonic saline Intravenously

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.

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/pL 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/uL (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. QJ Med. 2002;95:501-509.

COMA

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 CSE.

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 W], 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 ] 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.

COMA

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
y-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;

COMA

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 PO, and PCO, 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 ] Med. 2012;367:1930-1938

HYPERTHERMIA

Atbody 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 ] 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 ], 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.

COMA

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. BM]J. 2005;330:
406-409.
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BRAIN DE

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 patients PCO, 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 4

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 lliness

The history should establish the time course of the disor-

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

der and provide clues to its nature and cause. Confusional hyperalertness.
Table 4-1. Most Urgent Causes of Confusional States.
Cause Clinical Evidence Laboratory Confirmation Treatment
Hypoglycemia Tachycardia, sweating, and dilated Low plasma glucose IV glucose
pupils, sometimes progressing to
mimic herniation, with or without
lateralized signs
Bacterial meningitis Headache, fever, Brudzinski or Kernig Positive CSF Gram stain, low CSF IV antibiotics
sign glucose, and increased CSF
protein
Subarachnoid Headache, hypertension, retinal hemor-  Non-clearing red blood cells in CSF;  Surgical ablation of aneurysm or
hemorrhage rhages, Brudzinski or Kernig sign subarachnoid blood and other vascular malformation

Traumatic intracranial ~ Headache, hypertension,

hemorrhage lateralized neurologic signs
Wernicke Ophthalmoplegia, ataxia
encephalopathy

aneurysm or other vascular
malformation on CT scan

Epidural, subdural, or intracerebral ~ Surgical evacuation of epidural
hemorrhage on CT scan or subdural (or in some cases
intracerebral) hematoma

Macrocytic anemia may coexist IV thiamine and dextrose
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Table 4-2. General Physical Examination in
Confusional States.

Finding Most Suggestive of

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 Head trauma

raccoon eyes

Hemotympanum  Head trauma
CSF oto- or Head trauma
rhinorrhea

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

o]

. 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.

@]

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

=)

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

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

Seizures Ethanol or sedative drug withdrawal,
hypoglycemia, hyperglycemia, head

trauma
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Table 4-4. Laboratory Studies in Confusional States.

CHAPTER 4

Test

Blood

Finding

Most Suggestive of

WBC
PTand PTT

Arterial blood gases

Sodium

Urea nitrogen and creatinine
Glucose

Osmolality

Liver enzymes, ammonia
Thyroid hormones
Calcium

Drug screen

Cultures

FTA or MHA-TP

HIV antibody titer

Increased
Increased

Metabolic acidosis

Respiratory acidosis
Respiratory alkalosis
Decreased

Increased

Increased or decreased
Increased

Increased

Increased or decreased
Increased or decreased
Positive

Positive

Positive

Positive

Meningitis, encephalitis, sepsis
Hepatic encephalopathy

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

Pulmonary insufficiency, sedative drug overdose
Hepatic encephalopathy, pulmonary insufficiency, salicylates, sepsis
Hyponatremia

Uremia

Hyperglycemia, hypoglycemia

Alcohol intoxication, hyperglycemia

Hepatic encephalopathy

Hyperthyroidism, hypothyroidism
Hypercalcemia, hypocalcemia

Drug intoxication

Meningitis, sepsis

Syphilitic meningitis

HIV infection

Urine, gastric aspirate

Drug screen

Positive

Drug intoxication

Occult blood

Positive

Hepatic encephalopathy

Tachyarrhythmia

Anticholinergic or sympathomimetic intoxication

Cerebrospinal fluid (see also Table 4-5)

Glucose

WBC

RBC

Gram stain
AFB stain
India ink stain
Cultures
Cytology
Glutamine
VDRL
Cryptococcal antigen

Polymerase chain reaction

Decreased
Increased
Present
Positive
Positive
Positive
Positive
Positive
Increased
Positive
Positive

Positive

Bacterial or tuberculous meningitis, leptomeningeal metastases
Meningitis, encephalitis
Subarachnoid hemorrhage
Bacterial meningitis
Tuberculous meningitis
Cryptococcal meningitis
Infectious meningitis
Leptomeningeal metastases
Hepatic encephalopathy
Syphilitic meningitis
Cryptococcal meningitis

Meningitis, encephalitis (various etiologic agents)

(continued)
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CONFUSIONAL STATES

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

Test Finding Most Suggestive of

CT brain scan or MRI

Various Cerebral infarction, intracranial hemorrhage, head trauma, toxoplasmosis,

herpes simplex encephalitis, subarachnoid hemorrhage

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

Appearance oP RBC WBC Glucose Protein®  Glutamine Smears Cultures
Normal Clear, colorless 70-200mmH,0  0/uL <5 mononu- >45mg/dL  <45mg/dL  <25pug/dL - =
clear/uL
Bacterial meningitis Cloudy T Normal TT (PMN) S ) Normal Gram stain + +
Tuberculous meningitis Normal or cloudy T Normal T (MN) 4 ) Normal AFB stain + +
Fungal meningitis Normal or cloudy  Normal or T Normal T (MN) d T Normal India ink prep + + N
(Cryptococcus) §
Viral meningitis/encephalitis Normal Normal or T Normal® T (MN)e Normald Normalor ~ Normal - + r:;
)
I
Parasitic meningitis/encephalitis  Normal or cloudy ~ Normal or T Normal T (MN, E) Normal Normalor ~ Normal Amebas may be seen +
on wet mount
Leptomeningeal metastases Normal or cloudy  Normal or T Normal Normal or T NS Normalor ~ Normal Cytology + =
(MN)
Subarachnoid hemorrhage Pink or red T T Normal or T Normalor T Normal - -
(supernatant (PMN)e Je
yellow)
Hepatic encephalopathy Normal Normal Normal Normal Normal Normal T - -

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.

2Lumbar cerebrospinal fluid.

®Red blood cell count may be elevated in herpes simplex encephalitis.

‘PMN predominance may be seen early in course.

9Glucose may be decreased in herpes or mumps infections.

Pleocytosis and low glucose, sometimes seen several days after hemorrhage, reflect chemical meningitis caused by subarachnoid blood.
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60 - 17 Tremulousness and hallucinations

Percentage onset in each group

T = 75
0 1 2 3 4 5 6 7 14
Days after cessation of drinking

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 B-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 drugs 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
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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 (T,) and tetraiodothyronine
(T,)—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 pg, then 50-100
ug 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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CONFUSIONAL STATES

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.)

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 T,, free T,, T, and
free T, 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 T, 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

I TN

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

100

50 - <— Confusion

40
<«— Lethargy

30 - <— Coma

Plasma glucose (mg/dL)

20 |- <— Seizures

<—— Death

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 Adult-onset
insulin-dependent
Blood glucose 300-600 >800
(mg/dL)
Serum osmolality <350 >350
(mOsm/L)
Ketosis + —
Metabolic + -
acidosis
Coma Uncommon Common
Focal neurologic ~ — +
signs
Seizures = +

+, present; —, absent

https://CafePezeshki.lR



CONFUSIONAL STATES

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. BM].
2013;346:£945.

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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Figure 4-6. Relationship between serum sodium concentration and neurologic manifestations of hyponatremia.
(Adapted from Arieff Al, Llach F, Massry SG. Neurologic manifestations and morbidity of hyponatremia: correlation with

brain water and electrolytes. Medicine. 1976;55:121-129.)

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.

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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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.)

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.
] 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 B,). 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 4-8. 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.)

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.
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VITAMIN B, DEFICIENCY

Vitamin B, (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 B, 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 B,,
level. When this is low (<100 pg/mL), a Schilling test can
determine whether defective intestinal absorption of vita-
min B, (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 B, 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 B, 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 B , myelopathy (see

Figure 4-9. Peripheral blood smear from a patient
with vitamin B, , 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 B,
encephalopathy, which resolve with treatment.

Treatment

Treatment of neurologic manifestations is by prompt intra-
muscular administration of cyanocobalamin (1,000 pg), as
soon as blood is drawn to determine the serum vitamin B,
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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B, (typically 1,000 pig) 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 B, dose, but full
neurologic recovery, when it occurs, may take several
months.

Stabler SP. Vitamin B,, deficiency. N Engl ] 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

S

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.

(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
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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 managementincludes dialysis orkidney 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 E Rosenfeld MR. Neurological complications of
solid organ transplantation. Neurohospitalist. 2013;3:152-166.
Pruitt AA, Graus E, 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.

Antibiotics of

Age or Condition Etiologic Agents Choice
Neonate S. agalactiae Ampicillin?
E. coli +
L. monocytogenes  Ceftriaxone® or
cefotaxime®
Child S. pneumoniae Ceftriaxone® or
N. meningitidis cefotaxime®
H. influenzae +
Vancomycind
Adult <50y S. pneumoniae Ceftriaxone® or
N. meningitidis cefotaximef
+
Vancomycind
Adult >50y S. pneumoniae Ceftriaxone® or

N. meningitidis cefotaximef

L. monocytogenes  +
Vancomycin®
+

Ampicillin?

Ceftriaxone® or
cefotaximef

Immunosuppression  S. pneumoniae

L. monocytogenes

Gram-negative +
bacilli Vancomycind
+
Ampicillin9
Head trauma, neuro-  Staphylococci Vancomycin?
surgery, or CSF Gram-negative +
shunt bacilli Ceftazidime"

S. pneumoniae

*Ampicillin 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.

‘Cefotaxime 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.

¢Ceftriaxone dose for adults is 2 g IV every 12 hours.

fCefotaxime dose for adults is 2 g IV every 4-6 hours.

9Ampicillin dose for adults is 2 g IV every 4 hours.

"Ceftazidime 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
Meninagitis.

Percentage of
Feature Patients

Headache? 87
Neck stiffness? 83
Fever (=38°(C)? 77
Altered mental status® 69
Focal neurologic deficit 33
Skin rash 26
Papilledema 3

At least 2 of classic tetrad (*above) 95

Neck stiffness + fever + altered mental status 44

Laboratory findings

CSF pressure >200 mm water 82
CSFWBC =100/pL 92
CSF WBC =1,000/pL 78
Positive blood culture 66
Abnormal head CT scan® 34

Classic tetrad.

®Most 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/uL 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 CSE, 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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Table 4-9. Vaccinations Against Bacterial Meningitis.

Agent Routine Indications

H. influenzae type b Children ages 2, 4, 6, and 12-15 months

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

Travelers to endemic regions

S. pneumoniae Children ages 2, 4, 6, and 12-15 months

Adults age > 65 years

Special Indications

Bone marrow transplant, cancer chemotherapy, HIV infection, sickle

cell disease, splenectomy

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

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).

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.

Bhimraj A. Acute community-acquired bacterial meningitis in
adults: an evidence-based review. Cleve Clin ] 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.

Treatment
Duration
(days)

Etiologic Agents Antibiotics of Choice

Gram-positive cocci  Vancomycin® d
and
Ceftriaxone® or cefotaxime*
Gram-negative Penicillin G& d

cocci

Gram-positive Ampicillinf or penicillin G¢ ¢

bacilli and
Gentamicin?
Gram-negative Ceftriaxone,® cefotaxime,s ¢
bacilli or ceftazidime
and
Gentamicin?
CSF culture
S. pneumoniae Vancomycin® 10-14
and
Ceftriaxone® or cefotaxime*
H. influenzae Ceftriaxone® 7
N. meningitidis Penicillin G¢ 7
L. monocytogenes  Ampicillin 21
and
Gentamicin?
S. agalactiae Penicillin G¢ 14-21

Gram-negative Ceftriaxone® or cefotaxime  21-28

enteric bacilli and
Gentamicind
Pseudomonas Ceftazidime" 21-28
aeruginosa, and

Acinetobacter Gentamicin?

dVancomycin 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.

‘Cefotaxime dose for neonates is 50 mg/kg IV every 6 hours; dose
for adults is 2 g IV every 12 hours.

9Treat until CSF culture results are known, then modify treatment
based on organism and antibiotic sensitivity.

cPenicillin 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.

9Gentamicin 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 CSE 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 (IIT), trigeminal (V), abducens (VI), and optic
(IT) 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 y-globulin bands
(oligoclonal bands) not visible in normal CSE

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 x 10° 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
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Table 4-11. Causes of Chronic Meningitis.

Cause Distinguishing Features
wecioss |
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, History of treatment
allopurinol, lamotrigine, intrathecal agents, vaccination)

Uveomeningitis®

Sarcoidosis Erythema nodosum, dyspnea, facial (VII) nerve palsy, hilar adenopathy
on chest x-ray, positive biopsy
Behcet syndrome Painful orogenital ulcers, erythema nodosum-like skin lesions,
abducens (V) 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
Sjogren 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.

2Uveitis 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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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.)

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 x
10° 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

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

Enterovirus Echo, coxsackie, enterovirus 71 Summer, fall

Herpesvirus ~ Herpes simplex type 2 (HSV2) —
Varicella-zoster virus (VZV) —
Epstein-Barr virus (EBV) —

Other Human immunodeficiency —
virus (HIV)

Mumps Winter, spring

Lymphocytic choriomeningitis  Fall, winter

Human Rash, gastroenteritis, carditis

Human Neonates

Human Immunosuppression; rash

Human Teenagers; infectious mononucleosis syndrome

Human Immunosuppression

Human Especially boys; parotitis, orchitis, oophoritis,
pancreatitis

Mouse Pharyngitis, pneumonia; marked CSF pleocytosis,

low CSF glucose; transmissible by organ
transplantation

Encephalitis

Herpesvirus ~ Herpes simplex type 1 (HSV1) —

Varicella-zoster virus (VZV) —

Epstein-Barr virus (EBV) —

Arbovirus Japanese Asia
Tick-borne Europe, Siberia
St. Louis Western hemisphere
California North America
Western equine Western hemisphere
Eastern equine Western hemisphere
Venezuelan equine Western hemisphere
Powassan Northeast US
West Nile Summer
Rhabdovirus  Rabies —

Human Focal (especially temporal lobe); treatable with
acyclovir

Human Immunosuppression; rash

Human Teenagers; infectious mononucleosis syndrome

Mosquito Common; vaccine available; high mortality

Tick Vaccine available in Europe

Mosquito Common in US

Mosquito Common in US; includes La Crosse encephalitis

Mosquito Children

Mosquito Children

Mosquito Children

Tick Seizures (in children), focal neurologic signs

Mosquito Elderly; high mortality

Dog, bat, Postexposure prophylaxis available; fatal once
raccoon, symptoms (hyperexcitability, autonomic
skunk, dysfunction, hydrophobia) appear
fox

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 CSE 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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A

Figure 4-15. MRI in herpes simplex encephalitis. FLAIR | (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.)

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 E 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

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/uL 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/uL. 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/uL for 6 months. Increased intracranial
pressure should be managed by daily lumbar puncture or
surgical drainage of CSE.

C. Cerebral Toxoplasmosis

Cerebral toxoplasmosis produces intracerebral mass
lesions in patients with HIV infection and CD4 cell counts
of <200/uL. 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/UL. 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/uL. 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

https://CafePezeshki.lR




Table 4-13. Etiologic Agents in Fungal Meningitis.

CHAPTER 4

Name

Aspergillus
species

Blastomyces
dermatitidis

Candida species

Coccidioides
immitis

Cryptococcus
neoformans

Histoplasma
capsulatum

Mucor species

Actinomyces
israelii®

Nocardia species?

Opportunistic

4k

+ (HIV)

I+

+ (diabetes)

Systemic Involvement

Lungs, nasal sinuses

Lungs, skin, bones, joints,
viscera

Mucous membranes, skin,
esophagus, genitouri-
nary tract, heart

Lungs, skin, bones

Lungs, skin, bones, joints

Lungs, skin, mucous
membranes, heart,
viscera

Orbits, paranasal sinuses

Jaw, lungs, abdomen,
orbits, sinuses, skin

Lungs, skin

Distinctive CSF
Findings

Polymorphonuclear
pleocytosis, galac-
tomannan,
(1-3)-B-D-glucan

Gram stain

CSF complement
fixation

Viscous fluid, India
ink prep, crypto-
coccal antigen

Sulfur granules,
Gram stain, AFB
smear

Gram stain, AFB
smear

Treatment

Voriconazole 6 mg/kg intravenously every
12 hours for 2 doses, then 4 mg/kg intrave-
nously or 200 mg orally twice daily

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

Fluconazole 400 mg intravenously daily for
~2 weeks

Fluconazole 400-800 mg intravenously or orally
daily for 1 year

-or-

Itraconazole 200 mg orally two or three times
daily for 1 year

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

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

Amphotericin B (liposomal) 3-5 mg/kg daily
intravenously for 10-12 weeks, correction of
hyperglycemia and acidosis, and wound
debridement

Penicillin G 18-24 x 108 units intravenously daily
for 2-6 weeks, then orally for 6-12 months

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 | intravenously
for several weeks then orally

AFB, acid-fact bacilli; CSF, cerebrospinal fluid; HIV, human immunodeficiency virus.
9Actinomyces 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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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.)

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
] 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,

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 CSE. 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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Table 4-14. Parasitic Infections of the Central Nervous System.

Parasite Opportunistic Treatment

Protozoa

Plasmodium falciparum (malaria) - Quinidine/artesunate/quinine® then
Doxycycline® or
Tetracycline¢ or
Clindamycind

Toxoplasma gondii + Pyrimethamine®
and Sulfadiazine’

Naegleria fowleri (primary amebic meningoencephalitis) - Amphotericin B9 +
Rifampin? +
Fluconazoled +
Azithromycin9

Acanthamoeba or Hartmanella species (granulomatous amebic encephalitis) + Pentamidine®
Sulfadiazineh
Flucytosine”
Fluconazole”
Miltefosineh

ae
=3
+
+

Taenia solium (cysticercosis) - Albendazole’ +
Dexamethasone’ +
Surgeryk

Angiostrongylus cantonensis (eosinophilic meningitis) - Dexamethasonel *
CSF removal *
Albendazole!

Rickettsia rickettsii (Rocky Mountain spotted fever) - Chloramphenicol' or
Doxycycline®

®Quinidine 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.

Doxycycline dose is 100 mg PO twice daily for 7 days.

Tetracycline 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.

9Amphotericin 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.

PPentamidine 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.
'Albendazole dose is 400 mg PO twice daily for 10-15 days.

'Dexamethasoneone dose is 6 mg PO daily for 10-15 days.

“Hydrocephalus or intraventricular, subarachnoid, spinal, or ocular cysts.

'Chloramphenicol 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

D. Granulomatous Amebic Encephalitis 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,

Granulomatous amebic encephalitis results from infection
with Acanthamoeba/Hartmanella species and commonly
occurs with chronic illness or immunosuppression. The
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"

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)

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
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 lll, Gluckman SJ. Eosinophilic meningitis. Am J
Med. 2003;114:217-223.
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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.)

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

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

Gait disturbance 46
Headache 38
Altered mentation 25
Weakness 22
Back pain 18
Nausea or vomiting 12
Radicular pain 12
Paresthesia 10

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
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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CONFUSIONAL STATES

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 pg/kg/min and increased to as much as
10 pg/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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CHAPTER 4

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-Schonlein 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. ] 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-
